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Preface
This e-textbook addresses the perceived need in Australia and New
Zealand, for a parasitology teaching resource for veterinary and animal
bioscience students. From its original conception in 2007, the current
design, material and format reflects the evolving knowledge around
host-parasite interactions, diagnosis and treatment, especially integrated
parasite management, as well as the changing impact of electronic
information in teaching and learning. It has deliberately concentrated
on providing a teaching resource, rather than a complete reference text,
and links to additional external material have been incorporated where
necessary or relevant.
This resource represents the collaborative efforts of many past and
present Australasian parasitologists who have not only provided expert
opinion and editing in the written text, but have provided invaluable
access to original images.
The authors and editors received enthusiastic encouragement and
financial support from the Australian Society for Parasitology (ASP),
with addition financial support from Australian Wool Innovation
Ltd (AWI) and Meat and Livestock Australia Ltd (MLA). The editors
acknowledge and appreciate this ongoing support.
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Chapter 1: INTRODUCTION

1. Introduction
1.1 Parasitism and Parasites
Species relationships. There are several types of relationships between
organisms, the most extreme of which is parasitism.
• Mutualism is any relationship between individuals of different
species where both individuals benefit (e.g. ruminants and their
rumenal microflora, mammalian gut microflora).
• Commensalism is a relationship between two living organisms
where one benefits and the other is not significantly affected
(many bacteria in the gut, temnocephalans).
• Symbiosis is a close and often long-term interaction between two
or more different biological species. Symbiotic relationships may
refer to persistent mutualism, but can be extended to encompass
any type of persistent biological interaction (i.e. mutualism,
commensalism, or parasitism). Some symbiotic relationships are
obligate, where both symbionts entirely depend on each other for
survival. Other symbioses are facultative where symbionts do not
have to live with the other organism.
Parasitism has been variously defined as;
• a relationship between two species of plants or animals in which
one benefits at the expense of the other, sometimes without
killing it;
• a non-mutual relationship between organisms of different
species where one organism, the parasite, benefits at the expense
of the other, the host;
• an organism that spends a significant portion of its life in or on
the living tissue of a host organism and which causes harm to
the host without immediately killing it; or simply,
-5-
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• a relationship where one organism is dependent upon another
for food or shelter.
There is no universally accepted definition of parasitism.
Animal parasitism. Nearly every animal and every organ system
in animals has been parasitised! Parasites themselves may become
parasitised as is the case with many arthropods that are vectors or
intermediate hosts for protozoal disease agents (e.g. the cattle tick,
Rhipicephalus australis (=microplus), is an obligatory intermediate host
for the agent of tick fever, Babesia bovis).
Parasites exploit their hosts for resources necessary for their survival, e.g.
food, water, heat, habitat, and transmission. In any biological system it
is not advantageous for parasites to kill their host before they complete
their development and /or reproduction to enable their ongoing presence
in the environment (eggs or pupae) or their ingestion by vectors (bloodborne parasites) or intermediate hosts (tapeworm cysts). This is part of the
co-evolutionary relationship between host and parasite and is exemplified
in the attenuation of virulent organisms which initially cause lethal
infections in new hosts or naïve host populations (e.g. rabbit myxoma and
caliciviruses). In other cases, the intermediate stages can weaken the host
this may facilitate transmission to a predator final host (e.g.many cestodes
or tapeworms)! The ecology of this adaptation and its incredible history
is beyond the scope of this text. Where hosts are infected by multiple
parasite species (such as gastrointestinal nematodes in ruminants),
competition may occur between parasites for location and resources.
The more “virulent” parasites are those which are able to develop and
reproduce more rapidly if the host is going to die, giving them better
“fitness” in this competitive environment.
Parasitism is differentiated from parasitoidism, where the host is always
killed by the parasite. Animal parasitism is also different from the social
parasitism practiced by many ant species.
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Types of parasites. Parasites may be classed as macroparasites which
includes “worms” (nematodes, cestodes and trematodes) and various
insects and arachnids. The microparasites include protozoa fungi,
bacteria and viruses.
Types of parasites (location). Parasites that are present on the external
surface of animals (principally skin) are termed ectoparasites (ticks,
fleas, leeches, lice, mites and flies and their maggots). Internal parasites
present in organ systems, tracts and blood are termed endoparasites.
Because of their size, they are principally intercellular or extracellular
(inhabiting spaces or fluids in the body), but some protozoa are
intracellular (inhabiting host cells).
Types of parasites (host range). Parasites which become adapted to
a single host have a narrow host range (mites and lice), while those
capable of infecting and reproducing in a number of animal species have
a broad host range (Trichostronglus axei, hydatids, cat fleas). Amongst
the parasites with a broad host range, those which can be transmitted
between (or infect) both animals and humans are termed zoonotic
parasites (e.g. hydatids).
Types of parasites (degree and length of association). There are several
other definitions based on the host-parasite association:
• permanent parasite: e.g. lice which remain on the host for
their entire life cycle;
• temporary parasite: e.g. the mosquito which is only associated
with a host briefly during its life cycle;
• obligate parasite: a host is required for the completion of the
life cycle (most parasites fall into this category) and;
• facultative parasite: e.g. some blowflies which can survive
without a host but opportunistically can become parasites.
Parasite classification is presented in Chapter 2.
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1.2 Other Parasitological Definitions
1.2.1 Developmental-related definitions
Moulting and ecdysis. In arthropods, such as insects, arachnids and
crustaceans, moulting is the shedding of the exoskeleton ( often called
the “shell”), enabling the organism to grow to a larger size. The process
is called ecdysis. Amongst parasites, this occurs in lice, mites and ticks
where the larval stage is a smaller version of the next larval stage or
the adult. Ecdysis also occurs in nematodes. The process differs from
metamorphosis, which is a change of form as larva change to pupae
and then the adult form (e.g. fleas, flies, butterflies).
Competency (vector). For a vector, competency refers to the ability of
the invertebrate host to support the development of a parasite to the
stage which is infective for the vertebrate host and the ability to transmit
the infective stage to the vertebrate host.
Infective/ parasitic third-stage larvae (L3). See life cycles (1.4) below.
The environmental stage of many nematodes which are ingested and
establish infection in the final host is the infective L3. Once ingested,
the infective L3 sheds its external sheath and takes up residence in the
host as the parasitic L3 stage.
Larval stages of tapeworms. The larval (metacestode) stage of cestodes
(tape-worms) in the family Taeniidae, in the intermediate host is called
a cysticercus. It consists of an invaginated scolex surrounded by a fluidfilled cyst cavity (see 1.4) and may be attached to tissues (intestines,
peritoneum), or develop within organs (liver, muscle or CNS). The
intermediate stage of many other tapeworms occurs in invertebrates and
is termed a cysticercoid. In other tapeworms from aquatic environments,
the first intermediate stage in an arthropod is a procercoid and the second
stage in a vertebrate intermediate host is a pleocercoid.
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hatches from the egg and infects a mollusc is termed a miracidium.
Asexual reproduction within the mollusc involves stages termed redia
and sporocyst. The stage which emerges from the mollusc is termed a
cercaria and if it encysts on vegetation or enters a second intermediate
host, it is termed a metacercaria.
Arrested/ inhibited/retarded development (hypobiosis). Arrested
development can be defined as a temporary halt in the parasitic phase of
development at a specific point in the life cycle in the vertebrate host. It
is particularly prevalent amongst gastrointestinal nematodes (GIN), and
may affect a small or large proportion of the population, depending on
the stimulus. Epidemiological and experimental evidence has identified
three factors responsible for the initiation of arrested development.
• Seasonal influences on infective larvae on pasture. This is a
genetic attribute of nematode species with relatively short
adult life spans. In these species, hypobiosis is initiated by an
environmental signal received by infective L3s on pasture.
When these L3s are ingested, a proportion does not develop
continuously through to adults in the final host, but becomes
arrested in host tissues either as exsheathed L3s or as early
L4s (fourth stage larvae). Biologically, it is a mechanism for
nematodes to survive a period of harsh climatic conditions such
as summer heat or severe winter cold which would be hostile to
survival of their progeny if they developed normally. In seasonal
hypobiosis, the trigger to resume development is not known,
but appears to have a time component (to cover the inhospitable
environmental period), or to be linked to the breeding cycle of
the host to resume around parturition and contaminate pastures
for infection of susceptible neonatal hosts (see the periparturient
relaxation of host resistance- PPR). This is a particular feature of
Ostertagia infections in cattle (see Chapter 4.3.1).

Larval stages of flukes (trematodes). All trematodes have molluscs as
intermediate hosts in their life-cycles. The stage of the trematode which
-8-
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• Host immune responses inhibit the normal development of
the parasitic phase of the life cycle, especially GINs. Under
continual parasite infection, one of the manifestations of the
developing host immune response is the inhibition of larvae
inside the host. While the majority of incoming L3s may
be rejected outright, the survivors are more likely to arrest
if there is already an established population of worms in the
host. Arrested stages may be ultimately rejected or resume
development around parturition.
• A physiological response to overcrowding whereby the
presence of adult worms or other worm populations causes
the “feedback” inhibition of incoming infective larvae which
are either rejected immediately or go into arrest until the
worm population decreases in number or is eliminated (e.g.
by drenching). This is particularly apparent in Haemonchus
contortus (Barber’s pole worm- Hc) infections where established
populations of Trichostrongylus or Ostertagia / Teladorsagia spp.
reduce the establishment of Hc L3s stages in the abomasum.
It should be noted that hypobiotic stages are also metabolically inhibited
and may be less susceptible to anthelmintics, which affects the choice of
drench class to be utilised.
Fecundity. Parasite fecundity reflects the daily output of eggs or
microfilariae (first stage larvae) from female parasites, depending on
whether the parasites are oviparous (egg-laying) or viviparous (give birth
to live young, L1s or microfilariae).
Faecal egg counts (fec) or worm egg counts (wec) in faeces. The
flotation and subsequent counting of parasite eggs/ L1s (helminths) or
oocysts/cysts (protozoa) in the faeces of final hosts is the most widely
used method for determining host parasitism, defining the efficacy
of treatments and assessing pasture contamination (see Chapter 5 for
methods). Egg counts are expressed as eggs/gm faeces (epg) and where
the seasonal infection levels and local parasite fauna are known, fec/
- 10 -
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wec can be used to decide when treatments should be undertaken. The
morphology of eggs is characteristic for many parasite species. However,
since many common GIN worms produce morphologically similar
(“strongyle-type”) eggs in mixed infections and worm fecundity differs
between species, culture of eggs to the L3 stage is necessary to determine
which worm species are present.
To determine whether a chemical treatment is effective or if drench
resistance is developing, a faecal egg count reduction test (FECRT) is
performed (see Chapter 3.3). A faecal sample taken from untreated and
treated groups of animals 7-14 days after dosing is counted to determine
the percentage reduction in the treated group. In an alternative
resistance test, eggs harvested from infected animals can be incubated
in vitro with increasing concentrations of anthelmintics. This is called
a larval development assay (LDA). Resistance is indicated when the
development to L3 occurs at previously lethal concentrations of the
anthelmintic (see Chapter 3.4).
Prepatent period. This is the period between infection of the host
(i.e. the ingestion of infective L3s for most nematodes, ingestion of
the larval stages of tapeworms or of the infective stages (metacercariae)
of trematodes) and the earliest time at which eggs or larvae can be
recovered from faeces, urine or blood. It is usually similar to the time
taken for female worms to mature, mate and produce eggs and is around
three weeks for GINs. The prepatent period is very important in parasite
control because if a treatment effectively removes all worms in the
host (and the host becomes re-infected immediately), then we would
not expect to find worm eggs in faeces before the prepatent period for
the new infection is reached (around three weeks). So the efficacy of
a treatment can be tested if egg counts are done within the prepatent
period; if eggs are present, the treatment did not remove all resident
parasites!

- 11 -
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1.2.2 Host response definitions.

1.2.3 Control related definitions

Host resistance (HR). With ongoing infection from an early age,
animals develop differing degrees of acquired immunity to parasites,
so that adults are more resistant than young animals. This immunity is
termed parasite resistance and affects all stages of parasite development
(establishment, migration, growth and fecundity) in the host and has a
genetic heritability (h2) of around 0.3 (see Chapter 3.1).

Integrated parasite (pest) management (IPM). In essence, IPM arose
in the livestock and plant industries from the increasing resistance of
disease agents and parasites to the armoury of chemical treatments,
together with consumer resistance to the presence of chemical residues
in food or livestock products. The intention was that parasite numbers
would be monitored and chemicals only applied when pest burdens
reached economically intolerable or predetermined thresholds. It
stemmed from a realisation that reliance on chemicals alone is not
sustainable in the longer term.

Host resilience. Host resilience is the ability of hosts to maintain
productivity (grow, produce and reproduce) under normal levels of
parasite challenge. Resilience is usually measured by live weight gain or
reproductive success and reflects an ability to counter the deleterious
effects of parasitism on productivity. The mechanism may be through
more efficient metabolism (for weight gains) or haemopoiesis (to
counter blood loss), but it is not known whether the basis may be
increased food intake. Resilience has a low heritability of around 0.1.
Periparturient relaxation of host immunity (PPR). During late
pregnancy and lactation, acquired parasite immunity often breaks down,
resulting in elevated levels of nematode parasitism as witnessed by
increased fec/wec. The increased parasitism can result from:
• resumed development of arrested or hypobiotic parasite stages;
• increased fecundity of incumbent adult female worms; or
• increased establishment of ingested parasites.
This periparturient relaxation of immunity (PPR / PPRI) ensures that
lactating hosts become important sources of infection for their parasitenaïve offspring. The mechanism was originally thought to reflect
increasing levels of prolactin, but PPR can be ameliorated by increased
metabolizable protein (MP) in the diet, especially the amino acids
methionine and leucine. This suggests changes to nutrient partitioning
for the demands of lactation and a need to increase dietary protein.
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IPM therefore encompasses a range of initiatives with the host, the
environment and management practices. It embraces the reality that
zero levels of infection are neither achievable nor desirable and that
the repertoire of new chemical treatments is limited. Since chemical
treatment still remains the mainstay of IPM programs, the principle is
to reduce the frequency of chemical treatments to diminish the selection
pressure for resistance and prolong the life of chemicals.
Manipulations for the host include:
• breeding for parasite resistance by selecting animals with a
biomarker such as a low egg count or dag score;
• breeding for  resilience by superior productivity under parasite
challenge;
• increasing host resistance through nutrition, especially protein
supplementation;
• managed exposure to parasites on pasture by grazing
management (see Chapter 4.2);
• modification or selection for conformation such as is used to
reduce the susceptibility of sheep to fly strike (especially with
threats over the continuing use of the Mules operation);

- 13 -
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• handling susceptible groups  (weaners and pregnant females)
differently from more resistant (adult) animals; and
• biological control of intermediate hosts.
The focus on the environment reduces parasite levels on pasture or limits
access or ingestion of parasites by the host. Tactics include:
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Maximum residue limits (MRLs). After applications of parasiticides
(usually topical treatments), MRLs specify the highest concentrations of
chemical in animal products that are permitted to enter the food chain
(meat, milk) or for processing (wool).

• zero grazing and cropping or tilling,

Off-label use. Parasiticides are registered for specific uses and in
particular species that are described on the registration label. Any use
for other parasites or in other species (e.g. wildlife), other than specified
on the label is termed “off-label” use and the manufacturer is NOT
responsible for any outcome or lack of efficacy.

• decontamination with an alternate host or grazing with older
animals which have greater host resistance; and

1.3 Disease

• pasture spelling during those times when climatic conditions are
inimical to survival of infective stages (e.g. hot summer months);

• strip grazing so that only the tops of the pasture is eaten, leaving
the majority of parasites close to the ground in the sward.
Insect growth regulators (IGRs). An insect growth regulator (IGR) is a
substance (chemical) that inhibits the life cycle of an insect (see Chapter
3.4). There are generally two types:
• Hormonal IGRs typically work by mimicking or inhibiting the
juvenile hormone (JH), causing premature moulting of juvenile
stages or disrupting larval development. IGRs that inhibit
JH production can cause insects to moult prematurely into a
nonfunctional adult. IGRs can also inhibit another moulting
hormone, ecdysone, causing pupal mortality by interrupting
the transformation of larval tissues into adult tissues during the
pupal stage.
• Chitin synthesis inhibitors work by preventing the formation
of chitin, a carbohydrate needed to form the arthropod’s
exoskeleton. The inhibitors prevent the new exoskeleton from
forming properly during moulting, causing the arthropod to die.
Withholding period (WHP), Export slaughter interval (ESI). These
terms specify the periods after application of chemical treatments that
animals or products must not enter the food chain (WHP) or be sold or
slaughtered for export (ESI).
- 14 -

A disease is a pathological condition of an organ or system of an
organism resulting from infection, genetic defects, cancer, toxins,
deficiencies or stress, and characterized by an identifiable range of
signs, symptoms or behaviours. Alternatively, disease is any abnormal
condition in an organism that interferes with its expected physiological
processes or productivity benchmarks and is caused by pathogenic
microorganisms, parasites, or unfavourable environmental, genetic or
nutritional factors.
In contrast to bacterial and viral infections, parasitic diseases are usually
chronic. Symptoms of infection or infestation may be specific for the
organ invaded, or more commonly, non-specific such as “ill-thrift”
(failure to thrive), inappetance, listlessness, anaemia or diarrhoea,
which may have multiple causes. In herds or flocks, ill-thrift may only
be revealed if the performance of the flock is measured and compared
against industry benchmarks for productivity in the farming enterprise
and region.
Infection by parasites can cause disease in many different ways,
depending on the quantum of infection, the pathogenesis of the
parasitism, host factors and the host-parasite relationship (see Chapter
3.1 for more detail). Briefly, disease may occur when:

- 15 -
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• parasites migrate through host organs such as liver or brain;
• parasites develop and grow in organs or tracts and cause
collateral damage to tissue or block the optimal functioning of
organs such as heart (heartworm) or gut (roundworms);
• parasites change the structural integrity and function of their
site of residence or attachment (intestinal nematodes and
lungworms);
• parasites remove host metabolites to grow (blood) and cause
deficiencies (anaemia) or inflammation from feeding sites
(hookworms in the gut cause diarrhoea, ticks and fleas on skin
cause scratching); and
• parasites provoke an excessive response from the host (fleaallergy dermatitis, demodectic mange) or the host scratching
causes secondary infection.

1.4 Life Cycles
Parasite life cycles involve the exploitation of one or more hosts.
Parasites that infect more than one host species to complete their life
cycles are said to have indirect life cycles, while those that infect a single
species have direct life cycles. Both life cycles can involve environmental
stages. Parasites which must infect a host to complete the life cycle are
termed obligate parasites of that host.
Consequently, hosts may be described as;
• intermediate hosts- where an obligatory developmental stage
of the parasite occurs before infection of the final host can
happen (many cestodes (tapeworms) and trematode (flukes)).
Parasites do not reproduce or may reproduce asexually (many
protozoa, trematodes), but the parasite always develops to a
new stage in intermediate hosts. Some parasites may utilise
several intermediate hosts (e.g. Spirometra erinacei) up the food
chain before the penultimate intermediate host containing the
infective stage of the parasite is ingested by the final host;
- 16 -
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• final, primary or definitive hosts- the animal in which the
adult stages of the parasite develop and sexual reproduction
occurs. In some cases, autogenous infection can occur when
excreted parasites are ingested by the same host (e.g. the human
pinworm, Enterobius vermicularis and the horse pinworm,
Oxyuris equi).
An alternative definition of a definitive host is the host in which the
sexual stages of a parasite occurs and the intermediate host is the stage
in which the non- sexual stages occur. This division works well for most
parasites, but in the case of blood protozoa such as Babesia, Theileria and
Plasmodium, the sexual stage actually occurs in the arthropod host.
• paratenic (transport) hosts- an animal species that can be
infected but is not necessary for the parasite to complete its
life cycle. In paratenic hosts, usually no development and/or
migration of the parasite occurs. Disease may ensue, but often
parasites are ultimately suppressed by host reactions. Examples
include Toxocara canis (dog roundworm) infection in humans,
Echinococcus granulosus (hydatids) and Taenia solium (pork
tapeworm) neurocycticercosis, both in humans. Activation of
inhibited stages of Toxocara canis in the tissues of the pregnant
bitch (a paratenic host in this instance) enables transplacental
infection of pups during gestation or transmammary infection
of neonatal pups during suckling.
Vectors are a type of host and may be:
• a conventional intermediate host (also called a competent
vector) in which an obligatory stage of parasite development
occurs (e.g. heartworm in mosquitoes, protozoan agents such
as Theileria and Babesia in ticks, trypanosomes in tsetse flies,
Plasmodium [malaria] in mosquitoes); or,
• a mechanical vector which can transmit parasites from host to
host while feeding (e.g. trypanosomes by biting flies). In these
cases, a sufficient quantum of parasites needs to be inoculated
- 17 -
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to establish infection, or the parasite multiplies in the second
(naïve) host (trypanosomes).
In the most typical life cycles (there are exceptions of course), parasites
undergo development from eggs through to adult stages, before mating
and reproducing the next generation.
In GINs, the embryonic mass inside the egg develops to the first-stage
larva (L1) that hatches and develops through the second (L2) to the
third-stage larva (L3). This is the most common infective stage for the
host. In the environment, this L3 is an infective L3. Once inside the
host, the infective L3 sheds its protective cuticle (termed exsheathment
under reducing conditions and anoxia) and becomes a parasitic L3.
Within the host, the parasite develops through fourth stage larva (L4)
before a final moult to the adult male and female worms. After several
days, these are sexually mature, mate, and females lay eggs which pass
into the environment.
Generally, those parasites with direct life cycles (e.g. many nematodes
and some protozoa) are excreted from the definitive host as eggs in
faeces or protozoal cysts in faeces, and may:
• undergo limited development in the egg to L1 and hatch (most
nematodes) and develop to infective L3, or develop to the L3
inside the egg as the infective stage (ascarid roundworms) or just
to the L1 in the case of trichurid roundworms (whipworms).
Remaining inside the egg provides protection from dessication
and increases longevity.
• be secreted by the female worm as embryonated eggs, but
because these take several days to be shed, eggs may hatch
in the gastrointestinal tract and L1s are shed in faeces (e.g.
Dictyocaulus, lungworm).
Those parasites with indirect life cycles must have developmental stages
available for ingestion, infection or uptake by the intermediate host or
(competent) vector.
- 18 -
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• Trematodes (“flukes”) always have molluscs as the first
intermediate host. Asexual multiplication can cause substantial
damage to the intermediate host before the infective stage is
released for ingestion (by ruminants) or penetrates skin or
external epithelium (aquatic trematode parasites- schistosomes).
• The intermediate hosts of cestodes (“tapeworms’) are usually
“prey species”, which are eaten by the predator or scavenger as
the final host. Development of the metacestode into the tissue
cyst (termed the cysticercus in mammals) in the intermediate
host can cause little to severe pathology depending on whether
it is present on, or in, host tissue, perhaps predisposing it more
readily to predation. In many intermediate hosts, the site of
parasite development occurs in organs favoured by predators
(liver and intestines for rapid feeding, or muscles if the entire
prey is consumed).
• Arthropod-borne parasites (haemoprotozoa, the dog
heartworm, Dirofilaria) must reach the bloodstream to be
available for uptake during blood feeding by intermediate hosts
(ticks and biting dipterids- mosquitoes, other biting flies and
midges). These stages are usually within erythrocytes (Theileria,
Babesia) or extracellular as microfilariae (heartworm) or
infective “stumpy” forms (trypanosomes). After their obligatory
development in the arthropod host, infective stages migrate to
the salivary glands or adnexa so they can be inoculated into the
final host with saliva during a blood meal.

1.5 Epidemiology, economics and public health
Parasites can cause death or overt disease in one or several species,
or incur production losses in livestock. Globally, roundworms,
hookworms, and whipworms infect around 1.47 billion, 1.05 billion,
and 1.30 billion humans, respectively, while an additional 200 million
suffer schistosome infections. The total economic cost of human
parasitic disease comprises opportunity costs of reduced human
- 19 -
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productivity, economic development and cognitive ability http://rspb.
royalsocietypublishing.org/content/early/2010/06/29/rspb.2010.0973.
full. Across the veterinary species and wildlife, the losses of productivity
(weight gains, reproductive performance and sale value), costs of
mortalities, treatment and control and tourist potential, are all economic
costs. In Australia, the annual cost of parasites to the sheep industry
has been estimated at $A367m http://www.mla.com.au/Research-anddevelopment/Final-report-details?projectid=3578. In addition, meat
inspection services safeguard food for human and companion animal
consumption, particularly for zoonotic parasites. Sanitation aims to
prevent transmission from humans to animals, which is especially
important for water-borne parasites.

• seasonal availability and development of environmental stages
of the parasite which is favoured by moist, warm conditions;

Parasites have evolved with their hosts to support their own reproductive
success. The intensification of pasture-based livestock production
has generally favoured parasites by concentrating suitable hosts and
increasing chances of ingestion for intestinal species or inoculation of
vector-borne parasites (see Section 4.1; 4.3). Climate influences parasite
survival and development as well as the seasonal reproductive patterns,
so that the latter generally coincide with maximal availability of parasite
infective stages (e.g. L3s). Transmission of parasites with indirect life
cycles may also show an annual pattern and distribution dependent on
the seasonal availability or geographical distribution of the intermediate
host or vector.

The epidemiological aspects of intensive livestock production (stocking
rates, grazing regimes, parturition and weaning) and the seasonality
of parasite availability have been utilised for the development of
strategic parasite control (termed IPM, above). The previous “treat on
demand” approach has led to substantial and widespread anthelmintic,
insecticidal and acaricidal resistance (see section 3.4). IPM programs
tailored to various climatic regions and enterprises (such as the statebased programs for the control of nematode parasites of sheep “Wormbuster”, “Drenchplan”, “Wormkill”) have emerged to prolong
the effective life of antiparasitic drugs by reducing the the frequency of
treatment, and at the same time reducing the numbers of parasites in
the environment using methods such as by grazing management.

Consequently, both (integrated) control measures and diagnosis for
parasitism take account of the seasonal patterns of parasite infection and
use these to break life cycles and transmission.
Epidemiology is the study of disease in populations and is particularly
applicable for livestock herds as well as populations of companion
animals in breeding colonies or communal runs. Climate, particularly
rain and temperature, is a critically important determinant of the:
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• survival of environmental stages of the parasite which are also
favoured by moist and warm conditions. In this instance,
the microenvironment of the dung pat and pasture sward are
especially favourable for survival.
• Levels of host immunity. Immunity to parasites develops slowly
(see Chapter 3.1) and its maintenance is critically dependent
on adequate nutrition and low levels of ongoing infection. In
summer rainfall zones where short periods of rainfall may limit
larval availability on pasture, immunity may wane between
bouts of infection (e.g. haemonchosis).

1.6 Diagnosis
Diagnosis of parasitic infections is more than “going through the
motions”. The principles used for clinical diagnosis and disease
investigation are applied (see Appendices, section 5, for descriptions of
methods and techniques). This includes the clinical assessment, involving:
• the history of the event with definition in space and time,
including all managerial influences (treatment regimes and
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efficacy of treatments used, stocking rates, nutrition etc),
season, region, climate, animal behaviours and opportunity for
infection;

Chapter 1: INTRODUCTION

When making a diagnosis of parasitosis, four factors need to be
considered (Chapter 3.1):

• clinical examination of physiological responses and behaviour;

• the season and history is consistent with the opportunity and
signs of parasitosis;

• necropsy where appropriate (usually livestock species for herd
diagnosis of endoparasitism);

• the number of parasites and the parasite species is consistent
with the severity of the disease;

• sample collection to;

• the lesions are typical of those caused by the parasite species,
and;

o identify the parasite (ectoparasites such as ticks, lice and
mites);
o test for the presence of parasites by measuring parasite
products (eggs, antigens, DNA). Some of these assays
are quantitative, where the number (eggs) or positivity
of the test (PCR or heartworm antigen) is proportional
to the number of parasites present. Although faecal
eggs counts (or wec) are relatively cheap and easily
performed, they are mostly semi-quantitative at best
and often underestimates parasitism, since immature
and arrested parasites do not produce eggs and parasites
in mixed infections have differing egg outputs.
o find the parasite in host tissues (skin, necropsy samples
such as brain, lung or liver); or,
o analyse for host organ dysfunction and immune
recognition of the parasite (serum, biopsies).
• clinical laboratory support to analyse samples by histopathology,
microscopy, immunological assays or molecular techniques
(PCR). These are usually provided by government departments,
universities or specific veterinary service providers.
It is essential to know what samples are needed to diagnose parasitism to
resolve a differential diagnosis, and how to store (fixatives, temperature
sensitivity), package and post samples based on knowledge of the assays
required.
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• the clinical signs are consistent with the pathogenetic
mechanisms of the parasite.

1.7 The role of veterinarians and bioscientists in
parasitology
Australasia was a region devoid of placental mammals until the
introduction of dingoes around 4,000 years ago. More recent settlement
was accompanied by the importation of a range of European and
South African breeding livestock, companion animals, horses and
game (vermin) together with their parasite fauna into unique southern
hemisphere ecosystems. While the continent has remarkably remained
free of all of the major infectious diseases of livestock (except bluetongue
virus), many serious exotic parasites including screw-worm fly,
Trichinella and verroa mite (bees), occur in neighbouring countries,
while several agents, including sheep scab, Psoroptes ovis, have been
eradicated.
There are four main factors of parasitological importance for the
security, health and welfare of Australasian mammals and wildlife;
• several introduced parasites have established sylvatic life cycles
in native and feral (introduced game) mammals. Examples
include:
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o hydatids in macropods (intermediate host) and dingo/
fox as final hosts;
o toxoplasmosis in macropods and bandicoots with cats
as final hosts;
o liver fluke in kangaroos and wallabies
• Several important exotic species are present in the immediate
South-east Asian region (screw-worm fly, Trichinella spiralis);
• climatic conditions of the Australian ecosystems and
the indiscriminate use of parasiticides have required the
development of region-specific parasite control measures
to counter widespread drug resistance and to maintain the
economic profitability of the principal livestock industries.
• The parasitological status, susceptibility and biosecurity
implications of the endemic fauna is only slowly being
appreciated.
Consequently, veterinarians and animal bioscientists have crucial roles
in developing the policies and practice of animal health, production and
welfare. These roles have included;
• safeguarding food security through participation in research to
develop:
o parasite control programs for herd health and
production (IPM);
o registration of new parasiticides which are normally
tested first in animals;
o design and development of parasite vaccines;
o policies to ensure that pre-border, border and postborder quarantine procedures for importation of animal
products does not compromise Australasian parasite
status, and maintaining food quality through;
o meat inspection at domestic and export abattoirs; and
o participation in the development of front-line measures
to combat incursions of exotic parasites.
- 24 -
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2.1. Introduction
The following section introduces the parasites of significance in the
host species of primary veterinary interest, namely, dogs, cats, sheep,
goats, cattle, horses, pigs and domestic poultry. Some parasites of
humans are also included in this section while others are included in
the supplement on human parasites. A classification of the various
parasites of veterinary significance is provided. Classifications are in a
continual state of flux and need to represent a balance between scientific
advances in our understanding of the relationships between parasitic
organisms, particularly their evolutionary relationships, and the need
for a stable system of nomenclature for those working on the more
applied aspects of parasitic diseases. The tension between these two aims
is clearly evident in the case of the protists, or unicellular parasites, and
therefore in the introduction to this group of parasites, an explanation
is provided for the varying systems currently involved in classification.
Similar difficulties are highlighted in the text related to diverse groups of
parasites such as myxozoans and ticks.
In sections following the classification, individual parasites are treated
in a concise fashion under the headings of morphology, which includes
basic information for identification, the host species in which they
occur or on which they feed and, if relevant, the site within or on the
host where the parasite is found, an indication of the geographical
distribution of the parasite, a brief comment on its clinical and, if
appropriate, zoonotic significance and finally a very brief account of its
life history or any other relevant aspects of its biology. The accounts
are intended to be as concise as possible. Additional information on
parasites can be found in sections dealing with the specific host species.
Not all species included in the classification below are dealt with in this
section; some are dealt with in the appendices.
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CLASSIFICATION:

Host

Abbreviations: DH, definitive host; IH, intermediate host; CNS, central
nervous system; S, significance based on pathogenicity and prevalence

Vector

S

CNS

Normally free-living ***

Kidney

Direct

*

Liver

Blood-sucking
arthropods

**

Order SCHIZOPYRENIDA
Family NAEGLERIIDAE
Naegleria

Man

Phylum APICOMPLEXA

Subkingdom PROTOZOA
Host

Site

Site

Vector

S

Phylum SARCOMASTIGOPHORA

Subphylum SPOROZOA
Order EUCOCCIDIIDA
Suborder ADELEINA

Subphylum MASTIGOPHORA

Family ADELEIDAE

Order KINETOPLASTIDA

Klossiella

Family TRYPANOSOMATIDAE
Trypanosoma

Vertebrates

Blood and tissue
fluids

Bloodsucking
invertebrates

****

Leishmania

Vertebrates

Endothelial and
macrophage cells

Phlebotomus

****

Mammals

Family HEPATOZOOIDAE
Hepatozoon

Mammals, birds,
reptiles

Suborder EIMERIINA

Order TRICHOMONADIDA

Family EIMERIIDAE

Family TRICHOMONADIDAE

Eimeria

Non-carnivorous
vertebrates

Intestine, occasionally other sites

Direct

****

Cystoisospora
(Isospora)

Carnivorous
vertebrates, birds

Intestine

Direct or indirect

**

Isospora
(Atoxoplasma)

Birds

Intestine

Direct

*

Toxoplasma

Mammals and birds Intestine and
Direct and/or
various tissues
indirect
(DH)
Various tissues (non
feline hosts)

****

Neospora

Dogs (possibly
other mammals)

Nervous tissue

****

Hammondia

Mammals

Intestine (DH)
Indirect
Various tissues (IH)

**

Besnoitia

Mammals, reptiles

Intestine (DH)
Skin and other
tissues (IH)

Indirect

*

Sarcocystis

Mammals, birds

Intestine (DH)
Muscles and CNS
(IH)

Indirect

***

Cryptosporidium

Mammals, birds,
reptiles

Intestine,
respiratory system
(birds)

Direct

****

Trichomonas,
Tritrichomonas

Mammals, birds

Alimentary and
urinogenital tract

Direct

**

Caeca and liver

Paratenic host
(Heterakis), may be
direct

**

Family MONOCERCOMONADIDAE
Histomonas

Chicken, turkey

Order DIPLOMONADIDA
Family HEXAMITIDAE
Spironucleus

Birds, mammals

Small intestine

Direct

*

Giardia

Mammals

Small intestine

Direct

***

Subphylum SARCODINA
Order AMOEBIDA
Family ENTAMOEBIDAE
Entamoeba

Mammals

Alimentary tract,
liver

Direct

Acanthamoeba

Man

CNS

Normally free-living **
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Site
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Vector

S

Phylum PLATYHELMINTHES
Genus
Definitive Hosts

Suborder HAEMOSPORINA
Family PLASMODIIDAE
Plasmodium

Birds, mammals,
reptiles

Red blood cells and Mosquitoes
other tissues

****

Family LEUCOCYTOZOIDAE
Leucocytozoon

Birds

Sub-Kingdom METAZOA

Class TREMATODA
Subclass DIGENEA

Blood cells and
other tissues

Simuliids

**

Fasciola

Mammals

Bile ducts

Lymnaea tomentosa, ****
L. columella, L viridis

Fasciolopsis

Man, pig

Intestine

Planorbid snails

Rumen and
reticulum

Planorbid snails

Alimentary tract

Aquatic snails,
freshwater fish

Haemoproteus

Birds and reptiles

Red blood cells and Hippoboscid flies
blood vessels

**

Family PARAMPHISTOMIDAE

Hepatocystis

Mammals

Blood cells and liver Ceratopogonids

**

Paramphistomum,
Calicophoron,
Orthocoelium

Order PIROPLASMIDA
Red blood cells

Ixodid ticks

****

Blood cells, lymph
nodes, spleen

Ixodid ticks

***

Family THEILERIIDAE
Theileria

Ruminants

Cattle, sheep

Phylum CILIOPHORA
Family BALANTIDIIDAE

Echinostoma

Birds, mammals

Family OPISTHORCHIIDAE
Opisthorchis

Fish-eating
mammals

Bile ducts

Aquatic snails,
freshwater fish

Clonorchis

Man, dog, cat, pig,
weasel

Bile ducts

Aquatic snails,
freshwater fish

Small intestine

Aquatic snails, fish

Bile ducts and gall
bladder

Terrestrial snails,
formicid ants

Lungs

Aquatic snails,
crustaceans

Balantidium

Pigs, primates

Large intestine

Direct

**

Family HETEROPHYIDAE

Ichthyophthirius

Fish

Skin

Direct

*

Heterophyes

Dog, cat, occ. man

Phylum MICROSPOREA

Family DICROCOELIIDAE

Order MICROSPORIDIA

Dicrocoelium

Ruminants

Family GLUGEIDAE
Encephalitozoon

Mammals

Kidney, CNS

Direct

****

Family TROGLOTREMATIDAE:

Nosema

Insects (bees)

Various tissues

Direct

****

Paragonimus

Thelohania

Insects, crustaceans

Various tissues

Direct

****

Intestine

Direct

*

Uncertain Taxonomic Affiliation
Blastocystis

Humans, other
mammals, birds

**

Family ECHINOSTOMATIDAE

Family BABESIIDAE
Mammals

Intermediate Hosts S

Family FASCIOLIDAE

Family HAEMOPROTEIDAE

Babesia

Site

Carnivorous
mammals

****

**

Family SCHISTOSOMATIDAE
Schistosoma

Birds, mammals

Blood vessels

Aquatic snails

****

Austrobilharzia

Aquatic birds

Blood vessels

Aquatic snails

*

Gills

None

***

Class MONOGENEA
Gyrodactylus
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Class CESTODA

Phylum ACANTHOCEPHALA

Subclass EUCESTODA

Family OLIGACANTHORHYNCHIDAE

Order CYCLOPHYLLIDEA

Macracanthorhynchus Pig

Small intestine

Beetles

*

Family TAENIIDAE

Oncicola

Small intestine

Beetles

*

Small intestine

Copepods

*

Definitive Site

Life Cycle

Small intestine

Direct
(transcolostral in
some species)

**

Direct

*

Taenia

Carnivores, man
(DH)

Small intestine

Non-carnivorous
mammals

******

Echinococcus

Carnivores (DH)

Small intestine

Non-carnivorous
mammals

****

Herbivorous
mammals

Small intestine

Soil mites, insects

**

Polymorphus

Ducks

Subclass SECERNENTEA (PHASMIDIA)
Order RHABDITIDA
Superfamily RHABDITOIDEA
Family STRONGYLOIDIDAE

Family DIPYLIDIIDAE
Dipylidium

Family POLYMORPHIDAE

Phylum NEMATODA
Genus
Definitive Hosts

Family ANOPLOCEPHALIDAE
Anoplocephala,
Anoplocephaloides,
Equinia, Moniezia,
Thysaniezia

Cat

Dog, cat

Small intestine

Fleas and lice

**

Strongyloides

Mammals, birds

Family DILEPIDIDAE
Amoebotaenia

Poultry

Small intestine

Earthworms

*

Choanotaenia

Poultry

Small intestine

Molluscs

*

Family DAVAINEIDAE

Family RHABDITIDAE
Rhabditis, Pelodera

Accidental parasites Skin
with no specificity

Davainea

Poultry

Small intestine

Slugs and terrestrial
snails

Order STRONGYLIDA

Raillietina

Poultry

Small intestine

Ants, beetles and
cockroaches

Family TRICHOSTRONGYLIDAE

Superfamily TRICHOSTRONGYLOIDEA

Family HYMENOLEPIDIDAE
Hymenolepis

Birds, small
mammals, man

Small intestine

Arthropods

**

Order DIPHYLLOBOTHRIIDEA (formerly PSEUDOPHYLLIDEA)
Family DIPHYLLOBOTHRIIDAE
Diphyllobothrium

Spirometra

Fish-eating
mammals

Dog, cat, fox

Small intestine

Small intestine
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Copepods
****
(procercoid);
freshwater fish,
vertebrate paratenic
hosts (plerocercoid)
Copepods
**
(procercoid); frogs,
vertebrate paratenic
hosts (plerocercoid)

Trichostrongylus

Herbivorous
mammals, birds

Small intestine,
stomach

Direct

***

Ostertagia

Ruminants

Abomasum

Direct

****

Teladorsagia

Ruminants

Abomasum

Direct

***

Haemonchus

Ruminants

Abomasum

Direct

****

Cooperia

Ruminants

Small intestine

Direct

***

Nematodirus

Ruminants

Small intestine

Direct

***

Hyostrongylus

Pig

Stomach

Direct

*

Stomach

Direct

*

Family OLLULANIDAE
Ollulanus

Cat, pig, fox
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Definitive Hosts

Definitive Site
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Life Cycle

Genus

Definitive Hosts

Definitive Site

Life Cycle

Superfamily STRONGYLOIDEA

Family PROTOSTRONGYLIDAE

Family STRONGYLIDAE

Protostrongylus,
Muellerius

Sheep, goats

Alveoli, bronchioles Molluscs (IH)

*

Parelaphostrongylus

Cervids

Meninges

Land and aquatic
snails (IH)

*

Elaphostrongylus

Cervids

Muscles

Snails (IH)

*

Subfamily STRONGYLINAE
Strongylus

Equines

Caecum and colon

Direct

***

Triodontophorus

Equines

Caecum and colon

Direct

**

Caecum and colon

Direct

****

Subfamily CYATHOSTOMINAE
Cyathostomum,
Poteriostomum, etc

Equines

Family ANGIOSTRONGYLIDAE
Aelurostrongylus

Cat

Lung parenchyma
and small
bronchioles

Molluscs (IH);
**
vertebrate paratenic
hosts

Angiostrongylus

Dog

Pulmonary artery,
right ventricle

Molluscs (IH);
other invertebrate
and vertebrate
paratenic hosts

Parastrongylus
(formerly
Angiostrongylus)

Rat

Pulmonary artery

Molluscs (IH); other
invertebrate and
vertebrate paratenic
hosts

Family CHABERTIIDAE
Chabertia

Ruminants

Caecum and colon

Direct

***

Oesophagostomum

Ruminants, pigs,
man

Caecum and colon

Direct

***

Kidneys, ureter

Earthworm
paratenic host

**

Trachea

Paratenic hosts, e.g. *
earthworm

Family STEPHANURIDAE
Stephanurus

Pig

Family SYNGAMIDAE
Syngamus

Birds

Superfamily ANCYLOSTOMATOIDEA
Family ANCYLOSTOMATIDAE
Ancylostoma

Dog, cat, man

Small intestine

Direct

****

Uncinaria

Dog, cat, fox

Small intestine

Direct

***

Necator

Man, pig

Small intestine

Direct

***

Bunostomum

Ruminants

Small intestine

Direct

**

Globocephalus

Pig

Small intestine

Assumed to be
direct

*

Gaigeria

Sheep

Small intestine

Assumed to be
direct

*

Superfamily METASTRONGYLOIDEA

Family FILAROIDIDAE
Filaroides

Dog, mustelids

Lung parenchyma

Direct or indirect

**

Oslerus

Dog

Trachea

Direct

**

Order ASCARIDIDA
Superfamily ASCARIDOIDEA
Family ASCARIDIDAE
Ascaris

Pig, man

Small intestine

Direct

****

Parascaris

Horses

Small intestine

Direct

**

Toxascaris

Dogs, fox, cats

Small intestine

Direct, may use
paratenic hosts

**

Toxocara

Dogs, cats,
bovines

Small intestine

Usually trans****
colostral or
transplacental. May
be direct or via
paratenic host

Baylisascaris

Raccoons, dogs

Small intestine

Direct, or via
vertebrate paratenic
hosts

Family DICTYOCAULIDAE
Dictyocaulus

Cattle, sheep, goat, Bronchioles,
Direct
deer, camels, horses bronchi and trachea

**

Family METASTRONGYLIDAE
Metastrongylus

Pig

Bronchi
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*

**
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Family ANISAKIDAE
Anisakis

Family SPIROCERCIDAE
Whales,
dolphins

Small intestine

Copepods, fish (IH) ***

Superfamily HETERAKOIDEA
Family HETERAKIDAE
Heterakis

Birds

Caecum

Direct, earthworm
paratenic host

***

Birds

Small intestine

Direct, may use
paratenic hosts

***

Family OXYURIDAE
Oxyuris

Horse

Large intestine

Direct

**

Enterobius

Man

Large intestine

Direct

**

Passalurus

Rabbit

Large intestine

Direct

*

Syphacia

Rodents

Large intestine

Direct

*

Order SPIRURIDA
Superfamily SPIRUROIDEA
Family HABRONEMATIDAE
Stomach

Muscid flies (IH)

***

Family GONGYLONEMATIDAE
Gongylonema

Cattle, Sheep

Oesophagus

Beetles (IH)

*

Family
TETRAMERIDAE
Tetrameres

Birds

Proventriculus

Grasshopper,
cockroach (IH)

*

Ascarops, Physocephalus Pig

Stomach

Beetle and
vertebrates (IH)

*

Cylicospirura,
Cyathospirura

Stomach

?Beetles (IH)

*

Stomach

Copepod plus fish,
frog or snake (IH)

*

Cat, fox,
dasyurids

Gnathostoma

Cat, pig

Parafilaria

Horses, cattle

Connective tissue

Flies (IH)

*

Stephanofilaria

Cattle

Skin

Flies (IH)

*

Connective tissue

Family ONCHOCERCIDAE
Onchocerca

Man, horse,
cattle

Ceratopogonids,
simuliids (IH)

****

Dirofilaria

Dog (rarely cat), Heart or
Mosquitoes (IH)
man
subcutaneous tissue

****

Dipetalonema

Man, dog, camel Connective tissue
and serosae

Blood sucking
arthropods (IH)

**

Wuchereria

Man

Lymphatics

Mosquitoes (IH)

**

Brugia

Man, cat

Lymphatics

Mosquitoes (IH)

**

Setaria

Sheep, cattle and Peritoneum, pleura, Mosquitoes (IH)
horses
eye, scrotum

*

Poultry

Gizzard

Various arthropods
(IH)

*

Thelazia

Cattle, horse

Conjunctiva

Muscid flies (IH)

*

Oxyspirura

Birds

Eye

Cockroach (IH)

*

Stomach

Beetles (IH)

*

Family PHYSALOPTERIDAE
Cat
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Order ENOPLIDA
Superfamily TRICHINELLOIDEA

Family THELAZIIDAE

Physaloptera

**

Sub-class ADENOPHOREA (APHASMIDIA)

Family ACUARIIDAE
Acuaria, Cheilospirura,
Dispharynx

Beetle and
vertebrates (IH)

Family FILARIIDAE

Superfamily OXYUROIDEA

Horse

Oesophagus, aorta

Superfamily FILARIOIDEA

Order OXYURIDA

Habronema, Draschia

Dog

Family GNATHOSTOMIDAE

Family ASCARIDIIDAE
Ascaridia

Spirocerca

Family TRICHURIDAE
Trichuris

Mammals

Caecum

Direct

***

Capillaria (Eucoleus)

Mammals, birds

Many sites

Some direct, others
indirect

*

Adult in the small
intestine, larvae in
muscle

Direct

***

Family TRICHINELLIDAE:
Trichinella

Mammals
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Phylum ARTHROPODA
Class INSECTA

Family REDUVIIDAE (= TRIATOMIDAE)
Triatoma

Man and other
animals

Skin

***

Ctenocephalides

Dog, cat, man

Skin

****

Xenopsylla

Rats, man, dog, cat

Skin

***

Pulex

Man, dog, cat

Skin

**

Spilopsyllus

Rabbit

Skin

**

Echidnophaga

Mammals, birds

Skin

***

Man, other
mammals

Skin

***

Order PHTHIRAPTERA
Order SIPHONAPTERA

Suborder ANOPLURA
Genus

Host

Site

S

Family HAEMATOPINIDAE
Haematopinus

Horses, pigs, cattle

Skin and hair

***

Family LINOGNATHIDAE
Linognathus
Solenopotes

***

Family PULICIDAE

Ruminants, dogs,
foxes

Skin and hair

Cattle

Skin and hair

***

Tunga

Man and other
primates

Skin and hair

***

Order DIPTERA

Man

Skin and hair

Family PEDICULIDAE
Pediculus
Phthirus

Suborder NEMATOCERA
*

Family CERATOPOGONIDAE

Suborder MALLOPHAGA

Culicoides (including Lasiohelea)

Superfamily ISCHNOCERA

Family SIMULIIDAE

Family TRICHODECTIDAE

Simulium, Austrosimulium

Mammals and birds Skin

*

Mammals and birds Skin

*

Mammals and birds Skin

*

Trichodectes

Dogs

Skin and hair

**

Family PSYCHODIDAE

Bovicola (=Damalinia)

Sheep, cattle

Skin, hair, fleece

***

Phlebotomus

Werneckiella (=Damalinia)

Equines

Skin and hair

**

Family CULICIDAE

Felicola

Cats

Skin and hair

**

Anopheles

Mammals and birds Skin

****

Culex, Aedes, Mansonia

Mammals and birds Skin

***

Mammals

**

Family PHILOPTERIDAE
Lipeurus, Goniocotes

Birds

Skin and feathers

***

Suborder BRACHYCERA

Superfamily AMBLYCERA

Family TABANIDAE

Family MENOPONIDAE

Chrysops, Tabanus

Menopon, Menacanthus

Birds

Skin and feathers

***

Family BOOPIIDAE
Heterodoxus

Skin

Suborder CYCLORRHAPHA
Family MUSCIDAE

Dog, macropods

Skin and hair

**

Musca

Nonparasitic

Order HEMIPTERA

Stomoxys

Mammals

Skin

**

Family CIMICIDAE

Haematobia (= Lyperosia)

Bovines

Skin

**

Glossina

Mammals

Skin

***

Cimex

Man, mammals,
poultry
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Family CALLIPHORIDAE

Suborder MESOSTIGMATA

Chrysomya, Lucilia, Calliphora,
Cochliomya

Sarcophaga

Sheep, cattle and
other animals

Free-living

Larvae obligate
****
parasites of skin,
subcutaneous
tissues, some species
non-obligate
Non-obligate
secondary parasite
of cutaneous tissue

**

Pneumonyssoides

Dogs, primates

Nasal passages, sinuses

*

Raillietia

Cattle, goat, others

Ears

**

Sternostoma

Canary and other birds

Nasal passages, bronchi

*

Dermanyssus, Ornithonyssus Poultry, man and other
animals

Skin and feathers

***

Varroa

Honeybee

Ectoparasite

***

Suborder PROSTIGMATA

Family OESTRIDAE
Gasterophilus

Equines

Stomach

**

Eutrombicula,
Neotrombicula, Guntheria

Mammals, birds

Skin

**

Oestrus

Sheep

Nasal sinuses

**

Psorergates

Sheep

Skin

**

Hypoderma

Cattle

Subcutaneous
tissues, spinal cord
and oesophageal
wall

*

Cheyletiella

Cat, dog, rabbit

Skin

**

Demodex

Mammals

Hair follicles and sebaceous ***
glands

Dermatobia

Suborder ASTIGMATA

Cattle, man

Skin

Melophagus

Sheep

Skin, fleece

**

Hippobosca

Mammals (horses)

Skin

*

Family PSOROPTIDAE

Family HIPPOBOSCIDAE:

The families STREBLIDAE and NYCTERIBIIDAE comprise species permanently
ectoparasitic on bats.

Psoroptes

Sheep, goats, cattle, horses, Skin surface
rabbits

***

Otodectes

Dogs, cats, foxes, ferrets

External ear; skin surface

**

Chorioptes

Sheep, cattle, horses

Skin

**

Sarcoptes

Man, dogs and other
animals

Epidermis

****

Notoedres

Cats, rabbits, rats and other Epidermis
animals

**

Trixacarus

Guinea pigs

*

Family SARCOPTIDAE

Class ARACHNIDA
Order ACARINA
Suborder IXODOIDEA
Family ARGASIDAE

Epidermis

Argas

Birds

Skin

***

Family LISTROPHORIDAE

Ornithodoros, Otobius

Mammals

Skin

**

Lynxacarus

Cats

Skin

Leporacarus

Rabbits and hares

Skin

Guinea pigs

Skin

Family IXODIDAE
Ixodes

Mammals and birds

Skin

***

Family ATOPOMELIDAE

Rhipicephalus (=Boophilus) Mammals

Skin

**

Chirodiscoides

Haemaphysalis

Mammals

Skin

**

Family KNEMIDOCOPTIDAE

Amblyomma (Aponomma)

Mammals and reptiles

Skin

**

Boophilus

Mammals

Skin

***

Knemidocoptes,
Neocnemidocoptes

Dermacentor

Mammals

Skin

**
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Family LAMINOSIOPTIDAE
Laminosioptes

Birds

Subcutaneous

**

Poultry

Air sac

**

Mice

Skin, hair

*

Family CYTODITIDAE
Cytodites
Family MYOCOPTIDAE
Myocoptes

Suborder CRYPTOSTIGMATA (ORIBATIDA)
Free-living pasture mites.

Opportunistic

Subphylum CRUSTACEA
Class COPEPODA
Ergasilus, Lernaea

Fish

Gills

*

Fish

Skin surface

**

Class BRANCHIURA
Argulus

Subphylum PENTASTOMIDA (tongue worms)
Linguatula

Dog, fox, occasionally
horse, goat, sheep, man

Nasal and respiratory
passages

*

Porocephalus

Snakes

Respiratory passages

*

Fish

Musculature

**

Phylum MYXOZOA
Class MYXOSPOREA
Family KUDOIDAE
Kudoa

2.2 Protozoa
Protozoa were first observed and described by Anton van Leeuwenhoek,
who was the first to see the medically and veterinary important parasites
under his microscopes in the 17th century. The majority of protozoa are
microscopic, free-living organisms; only the minority of these organisms
have adopted a parasitic life style. Protozoa are by definition single celled
organisms. Many of these species contain more than one nucleus for
part of, or their entire life cycle. They are eukaryotes because the nucleus
is surrounded by a nuclear membrane. All functional and metabolic
activities are performed by a single cell and its specialised compartments.
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Curiously enough, ultrastructural, molecular and biochemical studies
have shown that despite the enormous diversity, the core biochemical
pathways and organelle functions do not differ dramatically from their
metazoan counterparts. The important message from these studies is
that the distinction at the molecular level between a single cell parasite
and its multicellular host is very discrete. However, each of these discrete
modifications are important avenues explored by parasitologists as
targets of known and future pharmaceuticals.
The diversity of protozoa is enormous, each vertebrate alone is parasitised
by multiple species, some being host specific some less host specific. These
organisms cause serious debilitating and often fatal disease in animals and
man worldwide more than any other groups of disease organisms. The
parasitic protozoa are generally highly adapted to a parasitic way of life
and most are obligate parasites. Some species are of little or no significance
to their hosts, others are highly pathogenic causing serious disease. Many
of the important species are intracellular parasites.
A knowledge of the general characteristics of protozoa is important in
order to understand their relationships and life cycles. All protozoa are
motile. Some forms have no obvious external locomotory organelles.
These move by distorting their shape resulting in bending or gliding
movement. The gliding movement is typical for apicomplexan zoites
(e.g. Eimeria tenella merozoites). Amoebae, e.g. Entamoeba invadens,
move by means of pseudopodia (singular pseudopodium). A
pseudopodium is a temporary prolongation of the cell in the direction
of the movement, permitted by a flexible cell membrane to move or
engulf food. Some species have a number of long, whip-like permanent
locomotory organelles, each of which is a flagellum (plural flagella).
Each flagellum is connected to internal cell structures and comprises
a central fibrillar axis and a cytoplasmic sheath. Flagella usually move
rapidly, propelling or dragging the organism through the environment
(e.g. Giardia duodenalis trophozoite). In some instances the flagellum
is attached along the animal’s body by what is named an undulating
membrane (e.g. Trypanosoma evansi). Other protozoa have large
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numbers of shorter filamentous cilia (singular cilium). These cilia act
in a co-coordinated manner, beating in sequence and allowing rapid
movement or feeding (e.g. Balantidium coli). Some protozoa have more
than one type of organelle, or there may be changes in those methods
of locomotion between stages in the life cycles, for example Toxoplasma
gondii invasive stages, tachyzoites, move by gliding, but their sexual
stages, microgametes, have flagella.
Soluble nutrients are absorbed directly through the cell wall, or enter
through pores in the cell wall or by the formation of vesicles. Solid
particles of food are engulfed by pseudopodia or are wafted by cilia into
a cytostome (‘mouth’).
Reproduction may be sexual or asexual, although many protozoa alternate
these two forms according to the environmental or host conditions. The
asexual form is a binary fission of one mother cell into two daughter
cells. Binary fission is a typical mode of division for flagellated protozoa,
including trypanosomes and trichomonads. Multiple fission is typical
for apicomplexans in the form of merogony (also called schizogony).
During this type of division, compartments divide multiple times before
the cell splits at the periphery of the mother cell. During this process the
cell is called a meront (schizont) and produces almost simultaneously
large number of daughter cells called merozoites. These eventually
rupture from the host cell and invade other host cells. Merozoites may
undergo a new multiple fission or transform into sexual stages, gamonts
or gametocytes, a process termed gametogony. After the fusion of
gametes, a new type of binary fission is recognised, sporogony, which
results in an often environmentally resistant spore. Another type of asexual
reproduction is known as endopolygeny or internal budding. This
process resembles merogony, but the merozoites are formed internally
within their own membrane. A simplified version of this latter form is
endodyogony, during which only two daughter cells emerge from inside
the mother cells. On the other hand, the sexual form of reproduction is
preceded by fusion of two structurally different forms, male and female
gametes formed during gametogony. The cells producing gametes
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are recognised as gamonts. Microgametocytes produce numerous
microgametes (male), which are released from the microgametocyte and
locate a macrogametocyte containing a single macrogamete (female).
The microgame fuses with a macrogamete to form a zygote.
Life forms
Understanding the terminology of the various life forms of protozoa is
very important.
Zoite
The term trophozoite is a very broad term for a stage of the life cycle
that is actively feeding and reproducing but generally is not capable
of infecting a new host. In apicomplexans, the motile stage is termed
a zoite (Toxoplasma, Sarcocystis, Eimeria). Because the life cycle of
apicomplexans is complex, a variety of prefixes are added to the term
zoite to describe the motile life form during the life cycle. Asexual
stages are known as merozoites. However, in Toxoplasma gondii these
asexually reproducing zoites are termed either tachyzoites, rapidly
reproducing and responsible for the acute phase of toxoplasmosis, or
slowly reproducing bradyzoites responsible for the chronic stage of the
infection with the capacity to infect another host.
Cyst
The opposite of the trophozoite is a cyst, which is a dormant phase
of an organism. The cyst is enclosed in a protective wall. Cystic stages
are either exogenous, thus environmentally very resistant, or internal
within the body of the host. The resting exogenous cysts encapsulate
one or more individual organisms (such as in a Giardia cyst). A term
oocyst is used only for exogenous stages of coccidia (Eimeria oocyst).
These oocysts are unsporulated when first shed and are not infectious.
They undergo sporulation under suitable climatic and environmental
conditions to become infectious as sporulated oocysts. Sporulated
oocysts contain sporocysts, each of which encloses sporozoites. The
number of sporocysts and sporozoites is a characteristic of the genus.
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Unlike exogenous cysts, the internal cysts are localised in particular
tissue types and thus acquire respective names (i.e. muscle cyst) or the
common descriptive term tissue cysts (Toxoplasma gondii tissue cysts in
intermediate hosts).
Encysted stages can remain infective for another animal in the
exogenous or host environment for substantial periods of time. The cyst
stage is the parasite’s adaptation to remain infectious and maintain the
life cycle even if climatic conditions or host availability are limiting.

Classification of protozoa
The term protozoa is frequently used as an informal term to name diverse,
seemingly unrelated groups of single celled organisms. However, the
formal classification does not recognise the term protozoa. In some texts
we might find the term protista, which is an even more general term for
single celled organisms, and represents a grab-bag of any living singlecell eukaryotic organism apart from fungi, plants and animals. Neither
of these terms, protozoa or protista, imply that all organisms are closely
related; hence, their absence from the current formal classification.
Before discussing the formal classification, it should be stressed that any
classification is only a temporary platform that reflects current opinion.
Such classification systems are prone to change in the near or distant
future and it is vital to modify such schemes to reflect new opinions.
The purpose of the classification is to standardise identification
and communication between experts in different disciplines. The
classification has as its fundamental objective to represent the
relationships and evolution of individual organisms, which leads to a
better understanding of the functionalities of these organisms. Here, we
focus on the parasites of veterinary importance, specifically those that
fall under the umbrella term ‘protozoa’.
We have already mentioned that protozoa are eukaryotes. These organisms
can be broadly classified into large ‘kingdoms’, that reflect the actual
relationships among major eukaryotes. The following paragraph briefly
describes three of those and includes important veterinary representatives.
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• Excavata (flagellates)
These are heterotrophic flagellates. Parasites of major veterinary
importance belong to this kingdom including trypanosomatids
(Trypanosoma), diplomonads (Giardia) and trichomonads
(Trichomonas). These organisms have greatly modified
mitochondria that are not used for oxidative phosphorylation,
unlike the mitochondria of vertebrates, but are adapted to lowoxygen habitats including animal guts.

• Amoebozoa (amoebae)
These have cells that feed using broad finger-like pseudopodia,
and are known as amoebae. Most amoebae are free-living
heterotrophs. There are several facultative or obligate parasites
including those of the genus Entamoeba with greatly reduced
mitochondria similarly to the mitochondria of the excavates.

• Chromoalveolates (ciliates and apicomplexans)
These have all evolved from an ancestral organism containing a
plastid (=chloroplast) via a secondary endosymbiosis. In many
organisms the plastid has been secondarily lost, reduced or
re-acquired depending on the nature of the organism. Some
plastid-containing organisms may still be photosynthetically
active, but many have lost their photosynthetic ability. The latter
group comprises the ciliates (Balantidium) and apicomplexans
(Toxoplasma, Plasmodium). Both have a homologous type of food
ingestion through pores and alveoli, and are thus grouped into
alveolates. In apicomplexans the vestigial chloroplast is called an
apicoplast. Due to the absence of an apicoplast in mammalian
hosts it is a prime target for new anti-apicomplexan drug
development. A single mitochondrion is usually well developed.
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Practically speaking, beside this formal classification, the protozoa can
be divided into four major general categories: flagellates, amoebae,
apicomplexans and ciliates. Flagellates are a diverse assemblage of
apparently unrelated groups of parasites. From a clinical point of view,
flagellates are grouped into smaller categories according to the body
system they occupy, thus haemo-flagellates (Trypanosoma, Leishmania)
or intestinal-flagellates (Giardia).
Traditionally, two additional groups Microsporidia and Myxozoa
are covered in veterinary protozoology. Both groups are eukaryotes.
Microsporidia are now recognised as greatly modified fungi. However,
Myxozoa apparently evolved from multicellular animals (=metazoans)
and may be classified with cnidarians (jelly fish, anemones, corals).
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2.2.2. MASTIGOPHORA - FLAGELLATES
Trypanosoma
The trypanosomes are major causes of disease in livestock overseas,
particularly in Africa. None of the highly pathogenic species is present
in Australia and New Zealand although the nonpathogenic species
of sheep, Trypanosoma melophagium, transmitted by the sheep ked,
Melophagus ovinus, is present.

Morphology
Trypanosomes in domestic animals are elongate, leaf-like protists with a
single flagellum arising from a kinetosome or basal body.

Hosts and site
Most trypanosomes are extracellular in the blood of their hosts; T. evansi
can be intracellular.
The important species are:
T. vivax
T. congolense
T. brucei
T. equiperdum
T. evansi
T. cruzi

ruminants and equids
ruminants, equids and other animals
most domestic animals
horses
most domestic animals
humans and a range of domestic and
wild mammals

Geographic distribution
T. vivax, T. congolense and T. brucei are restricted to tropical Africa.
T. equiperdum occurs in Africa, Asia and India.
T. evansi occurs in northern Africa, India, South-east Asia, central and
south America.
T. cruzi is restricted to central and south America.
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Significance

T. equiperdum is a venereal disease of horses and does not have vectors.

T. vivax, T. congolense and T. brucei are the agents of nagana in cattle and
horses. Two subspecies of T. brucei cause sleeping sickness in humans.

T. evansi was originally a parasite of camels and its original distribution
paralleled that of the two species of camels. It is transmitted
mechanically by biting flies, usually tabanids, but can be transmitted by
Stomoxys and Haematobia. There is no development of the parasite in
the vector.

T. equiperdum is the cause of dourine in horses, and is usually fatal.
T. evansi is the cause of surra, an often fatal disease of horses, but is less
severe in cattle and camels.
T. cruzi is the cause of Chagas’ disease, chronic and potentially fatal
disease of humans.

Biology
Trypanosomes were originally parasites of insects, and many species still
occur only in insects. The species of veterinary and medical importance
use insects asvectros where they take different forms known as the
amastigote (without an obvious flagellum), the promastigote and
epimastigote (with short flagella) and finally the trypomastigote (with a
fully developed flagellum). This is the form usually found in mammals.

T. cruzi is transmitted by reduviid bugs of the subfamily Triatominae.
After ingesting the trypanosomes (trypomastigotes) in the blood from
the host, they turn into amastigote and epimastigote forms in the gut
of the insect. In the rectum they again become trypomastigotes and are
passed in the faeces in this form. Mammals become infected when faeces
are deposited on the skin as the trypomastigotes can penetrate the skin
or mucous membranes.

Leishmania
This genus contains a number of species which affect domestic animals
(primarily dogs) as well as humans. The genus is represented in Australia
by a single species found in kangaroos and wallabies in the Northern
Territory.

Morphology
The stage seen in mammals is the amastigote, and it occurs in cells of the
reticuloendothelial system, mainly macrophages. It can also be seen in
leucocytes. It is ovoid and only the nucleus and kinetoplast are visible.
Fig. 2.1. Forms of trypanosomes: A, amastigote; B, promastigote; C, epimastigote,
D, trypomastigote. Redrawn from Levine (1985).

T. vivax, T. congolense and T. brucei are transmitted by tsetse flies, Glossina
spp. In the fly, the trypanomastigotes migrate to the salivary glands and
multiply as epimastigotes. Finally these become trypomastigotes again and
are injected into the vertebrate host when the fly next feeds.
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Hosts and site
These parasites occur in a wide range of mammals and are distributed
through the body in reticuloendothelial cells.
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Geographic distribution

Significance

L. donovani occurs in Africa, China and India, while L. infantum occurs
mainly in Mediterranean countries. L. major occurs in Asia.

T. foetus causes infertility and abortion in cattle.

Biology

Significance
L. donovani causes both visceral and cutaneous leishmaniasis in dogs and
is the cause of kala-azar, a frequently fatal disease of humans. L. infantum
is a common parasite of dogs in some Mediterranean countries. L. major
causes cutaneous leishmaniasis in dogs and humans in the Middle East.

The only known mode of transmission is venereal.

Trichomonas
A single species, T. gallinae, is found in domestic birds.

Morphology

Biology
The vectors are sandflies of the genera Phlebotomus and Lutzomyia. The
insects ingest the amastigote form in a blood meal and these multiply as
the promastigote form in the gut.

T. gallinae is 5-20 µm long, with a single nucleus, four anterior flagella
and a recurrent flagellum undulating membrane which does not reach
the end of the body.

Hosts and site

Tritrichomomas

T. gallinae is common in pigeons and turkeys but relatively rare in chickens.

A single species, T. foetus in cattle, is of veterinary significance.

It is found in the mouth, pharynx and oesophagus.

Morphology

Geographic distribution

T. foetus is spindle to pear shaped, 10-25 µm long, with a single nucleus,
three anterior flagella and a recurrent flagellum with an undulating
membrane.

This parasite is cosmopolitan in its distribution including Australia and
New Zealand.

Hosts and site

T. gallinae is the cause of ‘canker’ in various bird species. The disease
varies from mild to fatal and mainly affects young birds.

T. foetus is found in the genital tract of cattle, in the vagina of cows and
in the prepuce of bulls.

Geographic distribution
This parasite is cosmopolitan in its distribution including Australia and
New Zealand.
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Significance

Biology
T. gallinae is transmitted in crop milk when pigeons are feeding squabs,
or in the case of chickens and turkeys in contaminated water.
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Geographic distribution
This parasite is cosmopolitan in its distribution including Australia and
New Zealand.

Significance
H. meleagridis is the cause of ‘blackhead’ in turkeys, an often fatal disease.
It is a common parasite of chickens but causes disease less frequently.

Biology
Fig. 2.2. Trichomonas sp. Redrawn from Levine (1985).

Histomonas

H. meleagridis multiplies by binary fission and no sexual stages are known.
Transmission can be by ingesting fresh faeces, although the trophozoites
only survive for a few hours in faeces. Transmission occurs via the eggs of
Heterakis gallinarum, the common caecal nematode of poultry.

A single species, H. meleagridis, is found in domestic birds.

Spironucleus

Morphology

Species of this genus have also been placed in Hexamita. The main
species of veterinary significance is S. meleagridis.

Morphology in this species is highly variable and four types or stages
are recognized. The invasive form is 8-17 µm long and is rounded with
pseudopodia.The vegetative stage is rounded and larger, 12-21 µm in
diameter with a basophilic cytoplasm. The so-called “resistant stage”
is smaller, 4-11 µm in diameter, with eosinophilic cytoplasm. The
flagellated form occurs but is uncommon.

Morphology
The body of this protist is pyriform in shape and contains two nuclei. It
has two pairs of anterior flagella, one pair of antero-lateral flagella and
one pair of recurrent flagella.

Hosts and site
H. meleagridis is most common in turkeys but also occurs in chickens
and other gallinaceous birds. It is found mainly in the caeca and liver.
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range, while others have a wide host range including humans. As the
validity of several of the species names is questionable, it is regarded
here as G. lamblia, in full knowledge that several species exist under this
name.

Morphology
Giardia is a pyriform organism about 12-15 µm long with two nuclei
and an adhesive disk on the ventral surface. There are 8 flagella in four
pairs (Fig. 2.4).
Fig. 2.3. Spironucleus meleagridis. Redrawn from Levine (1985).

Hosts and site
The principal host is the turkey, although it also occurs in other
gallinaceous birds including chickens. It occurs in the duodenum.

Geographic distribution
This parasite is cosmopolitan in its distribution including Australia and
New Zealand.
Fig. 2.4. Giardia sp. trophozoite Redrawn from Levine (1985).

Significance
S. meleagridis causes mortalities in turkey poults.

Biology

Hosts and site
All domestic animals and humans can act as hosts for Giardia. The
parasites occur primarily in the duodenum.

Transmission occurs via contaminated feed and water.

Geographic distribution

Giardia

These parasites are cosmopolitan in its distribution including Australia
and New Zealand.

Giardia is a highly significant group of protozoan parasite in both
animals and humans. The taxonomy of the genus is far from stable;
numerous genotypes are recognized, some of which have a narrow host
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Significance
Giardia is a common cause of chronic diarrhoea.
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Biology

Biology

Transmission usually occurs by ingestion of the cyst form in
contaminated food or drinking water. Trophozoites are passed in faeces
but are short-lived in the environment.

E. histolytica replicates by binary fission. Transmission occurs by
ingestion of the cysts in contaminated water or food. This is a case of
a zoonosis being transmitted from humans to animals rather than the
other way round.

2.2.3. SARCODINA - AMOEBAE
Entamoeba
This genus contains many species but only a small number of species
such as E. histolytica and E. invadens cause disease.

2.2.4. APICOMPLEXA
Klossiella

Morphology

Several species are known in this genus with most now known from
Australian marsupials. There is a single species in domestic animals, K.
equi in the kidney of the horse.

The trophozoite is rounded and contains a single nucleus. The cyst form
is smaller and contains four or sometimes eight nuclei.

Morphology

Hosts and site
Humans are a primary host with apes, dogs, cats and pig as additional
hosts.
E. histolytica occurs in the large intestine. E. invadens occurs in reptiles.

Meronts 8-12 µm in diameter and containing 20-30 nuclei are found in
the endothelial cells of Bowman’s capsule. Second generation meronts
with 15-20 merozoites are found in the proximal convoluted tubules.
Gametogenous stages occur in the Loop of Henle.

Hosts and site
K. equi occurs in the kidney of the horse.

Geographic distribution
This parasite is cosmopolitan in its distribution including Australia and
New Zealand.

Significance
E. histolytica is the cause of amoebic dysentery.

Geographic distribution
This parasite is cosmopolitan in its distribution including Australia and
New Zealand.

Significance
K. equi appears to be non-pathogenic.
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Biology

Eimeria

Sporocysts, released into the lumen of the kidney tubule, pass out into
the environment in the urine. Infection presumably occurs by ingestion
of the sporocyst.

A large number of species of this coccidian genus occurs in domestic
animals. Here a broad overview only is presented and it will be necessary
to consult the host sections for additional details.

Hepatozoon

Morphology

Numerous species have been described within this genus, principally from
rodents. A single species occurs in domestic animals, H. canis, in the dog.

Morphology
Meronts of this species can be seen in the spleen and bone marrow,
while gamonts are seen in polymorphonuclear leucocytes (PML).

Species of Eimeria are identified based on the morphology of the oocysts
found in faeces. Newly passed oocysts are unsporulated and are difficult
to identify. Once they have sporulated, identification is easier. Oocysts
of Eimeria are characterised by the possession of four sporocysts each
containing two sporozoites. Further identification is based on the host
of origin and the details of the morphology of the sporulated oocyst.

Hosts and site

Hosts and site

This parasite is probably cosmopolitan in its distribution but is easily
overlooked.

Chickens, sheep, goats, cattle, pigs and horses are each infected with
their own species of Eimeria. In the horse, there is only a single species
(E. leukarti) but each other host species can be infected with 10 or more
different species of Eimeria. Most species occur in the small intestine of
the host. The only exception is E. tenella of chickens, which is found in
the caeca.

Significance

Geographic distribution

H. canis occurs in the spleen, bone marrow and in leucocytes of dogs.

Geographic distribution

Infection with H. canis can be sub-clinical or the parasite can cause
anaemia, emaciation, splenomegaly and death.

Species of Eimeria are cosmopolitan in their distribution including
Australia and New Zealand.

Biology

Significance

The intermediate host is the brown dog tick, Rhipicephalus sanguineus.
After the tick ingests gamonts in its blood meal, oocysts develop in the
haemocoel. The life cycle is completed if the dog ingests an infected tick.
There is trans-stadial transmission (larva to nymph and nymph to adult)
but no transovarial transmission (female to larva).
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Coccidiosis is a major problem within the poultry industry. Coccidia
also cause diarrhoea in young lambs, calves and pigs.
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Biology
The basic life cycle has numerous variations; the pattern described here
is a generalised version.
Oocysts are shed in the faeces and after several days with suitable
temperatures and oxygen tensions, the oocysts sporulate to produce four
sporocysts within each of which are two sporozoites.
When an oocyst is ingested, it releases the sporozoites which enter
enterocytes and form meronts (schizonts) containing numerous
merozoites. The meront then bursts, disrupting the host cell and
releasing merozoites which enter additional enterocytes and again
undergo merogeny. The number of generations of meronts (schizonts)
varies but is usually two or three. In the case of the second or third
generation, the meronts (schizonts) may be in the lamina propria rather
than in the epithelium. Meronts discharging merozoites more deeply
embedded in the tissues cause more damage to the mucosa than meronts
in enterocytes and, therefore, the position of the later stage meronts
within the intestinal wall is a major factor affecting pathogenicity.
Merozoites eventually enter enterocytes to form either macro- or
microgametocytes. Microgametocytes produce numerous microgametes
which are released and find macrogametocytes containing a single
macrogamete. A microgamete penetrates the macrogametocyte and
fuses with the macrogamete to form a zygote. The zygote then develops
into an oocyst which is released into the intestine and passes into the
environment in the faeces.

Fig. 2.5. Structures of a sporulated Eimeria oocyst. Redrawn from Levine (1985).

Oocysts are highly resistant and can survive desssication as well as
standard disinfectants.
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Cystoisospora (Isospora)
Oocysts containing two sporocysts each with four sporozoites were
originally all classified in the genus Isospora. Subsequently, the genus
was split with the species occurring in birds remaining in Isospora, but
those in dogs and cats being transferred to a new genus Cystoisospora.
The main species in domestic carnivores are C. felis in cats and C. canis
in dogs. Additional species occur (C. ohioensis and C. rivolta) but are of
lesser importance.

Morphology
Species of Cystoisospora are identified primarily based on the morphology
of sporulated oocysts which contain two sporocysts each with four
sporozoites.

Hosts and site
C. canis and C. felis are the principal species occurring respectively in the
small intestines of the dog and cat.

Geographic distribution
Species of Cystoisospora are cosmopolitan in their distribution including
Australia and New Zealand.

Significance
Species of this genus are only mildly pathogenic causing diarrhoea in
pups and kittens.

Biology
Fig. 2.6. The life-cycle of Eimeria tenella. (Redrawn from Eckert et al., 2005).
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The life cycle is similar to that of Eimeria except that in Cystoisospora,
cysts can also develop in rodents and be ingested by the carnivore
definitive host.
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Isospora (= Atoxoplasma)

Toxoplasma

This genus resembles Eimeria but its oocysts have two sporocysts each
with four sporozoites. The genus occurs primarily in birds. Species
formerly classified in Atoxoplasma are now considered to belong to
Isospora.

This genus contains a single species, T. gondii, which has a cosmopolitan
distribution.

Morphology
Species of Isospora are identified primarily based on the morphology
of sporulated oocysts which contain two sporocysts each with four
sporozoites.

Hosts and site
Numerous species have been described from birds all of which are found
in the small intestine. In some species (formerly Atoxoplasma), stages
may be found in extraintestinal organs and in mononuclear cells.

Geographic distribution
Species of Isospora are cosmopolitan in their distribution including
Australia and New Zealand.

Significance
Most species of this genus are only mildly pathogenic causing a mild
enteritis. Some species with disseminated stages may cause the death of
birds.

Morphology
Oocysts passed in the faeces of cats resemble those of Cystoisospora (two
sporocysts each with four sporozoites) but are usually much smaller and
are round (10 µm).

Hosts and site
The definitive hosts of Toxoplasma are cats (members of the Felidae)
with the developmental stages of the parasite occurring in the
enterocytes of the small intestine. Any species of mammal, including
humans, and various species of birds act as intermediate hosts. The cysts
of Toxoplasma occur mainly in the striated muscles and the nervous
tissues of the intermediate host.

Geographic distribution
T. gondii is cosmopolitan in its distribution including Australia and New
Zealand.

Significance

Biology

Toxoplasmosis is of relatively minor significance in domestic animals
but can a be significant cause of abortion in sheep. Its major significance
is as a zoonosis, causing abortion or hydrocephaly (occasionally,
microcephaly) and ocular lesions in newborn children.

The life cycle is similar to that of Eimeria except that in some species,
dissemination can occur to the blood and tissues.

Biology
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In cats, the life cycle resembles that of Eimeria with merogenous
and gametogenous stages occurring in the intestinal epithelium and
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release of oocysts in the faeces. If the oocyst is ingested by a non-felid,
sporozoites migrate to various tissues of the body and form either
tachyzoites in rapidly dividing small cysts or bradyzoites in large,
slowly-replicating cysts. If either of this type of cyst is ingested by a felid,
then merogenous and gametogenous stages develop in the intestine with
the release of oocysts in the faeces.

Toxoplasma gondii

Oocysts are highly resistant in the environment and represent a
source of infection for humans. However, humans are more likely to be
infected by bradyzoites in poorly cooked meat, particularly lamb.

Fig. 2.7. The life-cycle of Toxoplasma gondii (Redrawn from Eckert et al, 2005)
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Sarcocystis

Biology

There are numerous species of Sarcocystis in domestic animals. Only
the principal ones are included here. All of these species of Sarcocystis
have either the dog or the cat as a definitive host and a herbivore as the
intermediate host.

Sporocysts passed in the faeces of the definitive host are ingested by
the intermediate host. The sporozoites are released and enter the blood
stream forming first geneartion meronts in arteriole endothelial cells.
Third generation meronts develop as tissue cysts in striated muscle.
Those of S. tenella in the muscle of sheep are microscopic and only 0.5
mm long, while those of S. gigantea in the oesophagus of sheep are up
to 1 cm long. When the sarcocyst is ingested by the definitive host,
the zoites released enter enterocytes and undergo gametogony and then
the formation of oocysts which are released into the gut lumen and are
passed in the faeces.

Morphology
Oocysts sporulate in the intestine of the dog or cat and are passed in the
faeces as sporocysts. They are tiny, about 10-14 µm long, and contain
four sporozoites.
Sarcocysts can be microscopic or macropscopic and are found in the
striated musculature.

Hosts and site
Species
Definitive host
S. gigantea
cat
S. tenella
dog
S. miescheriana
dog
S. bertrami
dog

Intermediate host
sheep
sheep
pig
horse

Geographic distribution
Species of Sarcocystis are cosmopolitan in distribution including Australia
and New Zealand.

Significance
Infections in definitive hosts are generally sub-clinical. Infection in the
intermediate host is also generally sub-clinical, although S. tenella in
sheep can affect growth rates during the development of the first and
second generation meronts in heavy infections.
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Neospora
There is a single well-documented species in this genus, N. caninum,
which in the past was confused with T. gondii. Not all aspects of its life
cycle are known.

Morphology
Oocysts passed in the faeces of dogs resemble those of T. gondii with two
sporocysts each with four sporozoites. Cysts in the tissues of cattle also
resemble those of T. gondii.

Hosts and site
The gametogenous stages occur in the intestinal epithelium of dogs.
Catlle are the most important intermediate hosts.

Geographic distribution
It is presumed that this parasite is cosmopolitan in its distribution,
including Australia and New Zealand.
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Significance

Biology

N. caninum causes neurological disease in pups and abortion in cattle.

The intermediate hosts of H. hammondi are rats and mice, with meronts
resembling those of Toxoplasma found in muscle tissues. If the mouse
or rat is eaten by a cat, the meronts release merozoites which invade the
enterocytes and undergo gametogony. Unsporulated occysts are passed
in the faeces of the cat.

Biology
The presumed life cycle of this parasite resembles that of T. gondii in
cats. Gametogenous stages occur in the intestinal epithelium of canids.
Cattle and sometimes sheep can act as intermediate hosts. In addition,
transplacental infection can occur in dogs resulting in neurological
disease in pups.

Hammondia
A single species, H. hammondi, is of veterinary significance and has the
cat as its definitive host.

Besnoitia
Several species occur in this genus, with only B. wallacei known from
Australia. The most pathogenic species, B. besnoiti, occurs in cattle in
the tropics and subtropics, but apparently not in Australia. Cats are
the definitive hosts of all species. The following comments refer to B.
wallacei.

Morphology

Morphology
Oocysts passed in the faeces are about 11 µm in diameter and contain
two sporocysts each with four sporozoites.

Oocysts are passed unsporulated in the faeces of cats. When sporulated
there are two sporocysts with four sporozoites in each. The oocysts
resemble those of Toxoplasma.

Hosts and site

Hosts and site

H. hammondi is found in the small intestines of cats. Intermediate hosts
are rats and mice.

B. wallacei occurs in the small intestine of cats.

Geographic distribution

Geographic distribution
H. hammondi is cosmopolitan in its distribution including Australia and
New Zealand.

B. wallacei is assumed to have a cosmopolitan distribution.

Significance
It does not cause disease in cats.

Significance
H. hammondi does not cause disease in cats.
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Biology

Biology

The intermediate hosts are rats. Meronts are found in various tissues of
the body. When eaten by a cat, the meronts release merozoites which
invade the enterocytes and undergo gametogony. Unsporulated oocysts
are passed in the faeces of the cat.

Transmission occurs by the ingestion of oocysts, usually in contaminated
water or food. Sporozoites enter the brush border and produce two
generations of meronts followed by gamonts by three days after
infection. In birds, infections with Cryptosporidium occur in the trachea.

Cryptosporidium

Plasmodium

Species of Cryptosporidium are major causes of diarrhoea in domestic
animals and humans. Many species have been named but are often not
distinguishable morphologically and the validity of some is disputed.
Additional genotypes probably represent as yet un-named species.
Some species in birds occur in the respiratory system rather than in the
intestine.

The only species of this genus causing disease in domestic animals is P.
gallinaceum in poultry (Fig. 2.8).

Morphology
The oocyst shed in faeces is tiny, about 2-5 µm in diameter, and contains
four naked sporozoites.

Hosts and site
Cryptosporidium develops in the brush border of the enterocytes.

Geographic distribution
Cryptosporidium is cosmopolitan in its distribution including Australia
and New Zealand.

Significance
Species of this genus cause diarrhoea in domestic animals and humans.
Some species/genotypes are zoonotic.

Fig. 2.8. Plasmodium gallinaceum stages in red blood cells. A, young trophozoite
(ring stage); B, immature meront; C, mature meront; D, macrogamont; E,
microgamont; F, Haemoproteus columbae macrogamont. Redrawn from Levine (1985).

Morphology
Meronts seen in erythrocytes are rounded rather than elongate.
Gamonts are also found in erythrocytes.

Hosts and site
P. gallinaceum affects chickens and other gallinaceous birds. The stages
seen in infected birds are in erythrocytes.
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Geographic distribution

Leucocytozoon

P. gallinaceum occurs primarily in South-east Asia.

Species of Leucocytozoon are significant parasites of ducks, turkeys and
chickens. Several species are involved.

Significance
Infections result in anaemia, splenomegaly and mortality.

Biology
The intermediate hosts of P. gallinaceum are mosquitoes. Mosquitoes
ingest gamonts when they feed and fertilization occurs in the mid-gut of
the mosquito. The zygote or ookinete penetrates the gut wall and forms
an oocyst on its outer surface. The oocyst sporulates and sporozoites
emerge and migrate to the salivary gland and are injected into the
chicken when the mosquito takes its next blood meal. In the chicken,
the sporozoites enter erythrocytes and form meronts. Merozoites
escaping from ruptured erythrocytes re-enter erythrocytes and form
either more meronts or gamonts.

Morphology
Macro and microgamonts are seen in leucocytes (occasionally in
erythrocytes). Meronts are found in the liver, kidney and heart.

Hosts and site
The principal hosts are ducks, turkeys and chickens.

Geographic distribution
The genus Leucocytozoon is cosmopolitan in its distribution.

Significance
Infections can cause anaemia, splenomegaly, hepatomegaly and death.

Biology
Intermediate hosts are species of Simulium and Culicoides. The life cycle
is similar to that of Plasmodium except that merogony takes place in the
liver and kidney rather than erythrocytes and that gamonts are found in
leucocytes.

Haemoproteus
Species of Haemoproteus are significant parasites of ducks, turkeys and pigeons.

Morphology
Gamonts seen in erythrocytes are elongate. Merogony occurs in
endothelial cells, not in erythrocytes.
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Hosts and site
Gametogenous stages of Haemoproteus spp. are found in the blood of
ducks, turkeys and pigeons (Fig. 2.8).

Geographic distribution
The genus Haemoproteus is cosmopolitan in its distribution.

Significance
Species of Haemoproteus are only slightly pathogenic.

Biology
The vectors of Haemoproteus are hippoboscid flies and species of
Culicoides.
The life cycle is similar to that of Plasmodium with the exception that
merogony takes place in endothelial cells rather than erythrocytes.

Fig 2.9. Babesia bovis and B. bigemina in cattle erythrocytes. Note that they are
differentiated both by the size of the zoites and the angle between the pair of zoites.
(original).

Hosts and site
All species of Babesia are found in erythrocytes.

Babesia
Species of Babesia occur in most domestic animals. However, they are of
greatest significance in cattle and dogs and only parasites of these hosts
are considered here.

Morphology
Babesia spp. occur as pairs of pyriform organisms in erythrocytes joined
at their apex (Fig. 2.9).
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Species
Host
B. bovis
cattle
		
B. bigemina cattle
		
B. canis
dog
		
B. vogeli
dog
		
B. gibsoni
dog
		

small species, obtuse angle between
pairs of merozoites
large species, acute angle between
pairs of merozoites
large species, acute angle between
pairs of merozoites
medium sized species, acute angle
between pairs of merozoites
small species, obtuse angle between
pairs of merozoites
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Geographic distribution
The species of Babesia listed above occur in most tropical and
subtropical regions of the world. The species listed above are present in
Australia but not in New Zealand.

Significance
Species of Babesia cause anaemia, jaundice, haematuria and death in
their hosts often with neurological signs.

Biology
Ticks are intermediate hosts for species of Babesia. These include Boophilus
microplus in the case of species found on cattle and Rhipicephalus
sanguineus or Haemaphysalis longicornis for the species found in dogs.
Trans-stadial and transovarian transmission occurs in the ticks.

Fig. 2.10. The life cycle of Babesia canis. Redrawn from Eckert et al. (2005).
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2.2.5. CILIOPHORA - CILIATES

Theileria
Theileria annulata and T. parva are important diseases of cattle overseas
but neither occurs in Australia or New Zealand. The species present
in Australian and New Zealand cattle was formerly identified as T.
mutans, but is now thought to be T. orientalis (T. buffeli). In Australia,
T. orientalis is represented by three strains, buffeli (which is nonpathogenic), ikeda and chitose.

Morphology
Theileria merozoites in erythrocytes are small, round, ovoid or
bacilliform. Meronts in lymphocytes are rounded and contain several
merozoites.

Balantidium
A single species, Balantidium coli, is dealt with here.

Morphology
The trophozoite is covered with cilia, has a macro- and a micro-nucleus,
contractile vacuoles and a cytostome (mouth). The cyst is smaller than
the trophozoite and 40-60 µm in diameter (Fig. 2.11).

Hosts and site
Theileria is found in the lymphocytes and erythrocytes of cattle.

Geographic distribution
T. buffeli and T. orientalis occur in eastern Asia and Australia. In
Australia, the parasite occurs in the north of the country, extending
down the east coast as far as Victoria.

Fig. 2.11. Balantidium coli. A, trophozoite; B, cyst. Redrawn from Kudo (1954).

Significance

Hosts and site

Infection is characterized by fever, anaemia and mortalities.

B. coli occurs in the large intestine of the pig. It can also infect humans
and other primates.

Biology
Theileria is transmitted by ticks. It has been suggested that species
of Haemaphysalis, H. longicornis and H. bancrofti, are involved in its
transmission in Australia. Transtadial but not transovarian transmission
occurs.
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Geographic distribution
B. coli is cosmopolitan in its distribution including Australia and New
Zealand.
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Significance
This protist is usually a commensal, but can be a secondary invader and
cause intestinal lesions.

Biology
Transmission occurs by the ingestion of cysts or less frequently of
trophozoites.

2.2.6. Microsporidia
This group of parasites is dealt with in section 4.10 (Aquatic animals).

2.2.7. Myxozoa
This group of parasites is dealt with in section 4.10 (Aquatic animals).

2.3. Phylum PLATYHELMINTHES
2.3.1. Introduction
Members of this phylum are soft bodied and have no body
cavity (acoelomate). The internal organs are embedded in spongy
parenchymatous tissue. The majority of platyhelminths are dorsoventrally flattened, hence the name flatworm.
The three classes of primary veterinary interest (Monogenea, Digenea
and Cestoda) are composed entirely of parasitic flatworms. Most other
members of the phylum are free-living, marine or freshwater flatworms.
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The gut is sac-like or in the form of blind tubes (Monogenea and
Trematoda) or absent (Cestoda). The body covering is a living,
metabolically active, tegument across which nutrients are absorbed and
waste products are excreted. There is neither a circulatory nor respiratory
system. Diffusion of oxygen and carbon dioxide takes place across
the tegument. Parasitic flatworms are almost all hermaphroditic. The
majority are intestinal parasites, although representatives are found in
virtually all organ systems. Attachment organs such as suckers, hooks
and spines are present in almost every species.
The monogeneans and trematodes (flukes) are often leaf-like and range
in size from minute to a maximum length of approximately 4 cm. The
cestodes (tapeworms) are usually long, segmented, ribbon-like parasites
comprising an anterior attachment organ, the scolex, and a body
consisting of proglottids usually in increasing order of sexual maturity.
Tapeworms range from a few millimetres to many metres in length.
Trematodes and cestodes have complex, indirect life cycles which involve
at least two host species.

2.3.2. Class MONOGENEA
Monogeneans are primarily ectoparasitic on the skin and gills of fish,
but a few are internal parasites of fish, turtles and frogs. They are
characterised by high host and site specificity with well-developed
adhesive organs, often uniquely adapted for attachment to a particular
region of the gills or the external surface of fish hosts. All are
hermaphroditic with simple direct life cycles involving only one larval
stage, an oncomiracidium. As parasites of fish, the Monogenea are not
usually regarded as hazardous to wild populations. However, they are
increasingly recognised as a serious threat, and of considerable economic
importance, when fish are crowded together in aquaculture.
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2.3.3. Class TREMATODA
Members of this class are all endoparasitic or ectoparasitic,
unsegmented flatworms with functional alimentary tracts and well
developed attachment organs. Life-cycles are indirect, characterized
by an alternation of sexual and asexual generations, and one or more
intermediate hosts, the first of which is always a mollusc. The majority
(except schistosomes) are monoecious, having both male and female
reproductive systems. Fertilization is internal, either by self- or crossfertilization.

Fig. 2.12. General features of a monogenean (Gyrodactylus sp.). Redrawn from Mehlhorn
(1988).

Fig. 2.13. General features of a trematode, Dicrocoelium dendriticum. Redrawn from Mönnig (1934).
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Family Fasciolidae
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Significance

Fasciola hepatica
Morphology
These are large leaf-like flukes up to 15 mm long. The oral and ventral
suckers are quite close together. The gut and reproductive organs are
branched. The eggs are large (130-150 x 65-90 µm), unembryonated,
yellow-brown, with a terminal operculum.

Hosts and site
Adults are found in the bile ducts or intestine of mammals (depending
on the stage of development). Freshwater snails of the genus Lymnaea
(Gabbia) are intermediate hosts.

Geographic distribution
Worldwide, including Australia and New Zealand, although absent
from Western Australia.
Within Australia, F. hepatica occurs from south-eastern Queensland,
along the Dividing Range into eastern and central Victoria. In South
Australia, it is restricted to the South-east and the Murray region; it is
wide spread in Tasmania.
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Fasciola hepatica is the cause of acute disease, particularly in lambs,
during the early stages of infection when the juvenile flukes invade and
migrate through the liver. Adult flukes in the bile ducts are responsible
for a chronic disease condition, typified by thickened bile ducts,
anaemia, and progressive weakness. Because suitable intermediate hosts
are present in the southwest of Western Australia, and because there has
been the development of drug resistance, a preventative control program
has been established whereby all imported livestock must be treated and
checked for eggs in faeces.

Biology
There is a 2-host life cycle. Snail intermediate hosts in Australia and
New Zealand are Lymnaea tomentosa, L. viridis and L. columella. Other
species of Lymnaea act as intermediate hosts elsewhere. Not all species of
Lymnaea are susceptible to infection with F. hepatica, including several
in Australia. Eggs released into water hatch to release a free-swimming
miracidium. Snails are infected by penetration by the miracidium stage
which hatches from an egg passed in the faeces of the definitive host.
Asexual reproduction takes place in the snail intermediate host, with the
production of sporocysts, rediae, and cercariae. Cercariae emerge from
the snail to encyst as metacercariae on vegetation. The definitive host
becomes infected by ingesting metacercariae. Many species of mammals
can be definitive hosts, including cattle, sheep, horses, kangaroos and
even humans. The prepatent period is 6-12 weeks. even humans. The
prepatent period is 6-12 weeks.
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Family Paramphistomidae
The paramphistomes (Paramphistomum,
Calicophoron, Orthocoelium )
Morphology
Paramphistomes are large conical flukes with a large posterior sucker in
addition to the oral sucker.

Hosts and site
Adults are found in the rumen and reticulum of ruminants. Freshwater
snails of the family Planorbidae are intermediate hosts.

Geographic distribution
Numerous paramphistome species are found in ruminants throughout
the world. Calicophoron calicophorum is the main species found in
Australia and New Zealand.

Significance
Adult paramphistomes in the rumen and reticulum seldom cause any
serious problems, although they may be responsible for production
losses. However, immature flukes migrating in the mucosa of the small
intestine can cause severe diarrhoea and anaemia, particularly in young
cattle and sheep.

Biology
The life cycle is a 2-host life cycle. Snail intermediate hosts are flat-coiled
planorbids, found in fresh water.
Fig. 2.14. The life-cycle of Fasciola hepatica. Redrawn from Eckert et al. (2005).
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Family Dicrocoeliidae

Family Troglotrematidae

Dicrocoelium dendriticum

Paragonimus westermani, P. kellicotti

Morphology

Morphology

Dicrocoelium is a thin translucent fluke, about 6-10 mm long and 1.52.5 mm wide.

These are medium sized thick-bodied flukes covered in tiny spines.
Diagnosis is based on finding eggs in the sputum or faeces. The eggs are
about 100 µm long, with a distinct operculum, and are unembryonated
when passed.

Hosts and site
Adults are found in the bile ducts of ruminants, pigs, and occasionally
humans. Several species of terrestrial snails can be the first intermediate
hosts, and ants are the second intermediate hosts.

Geographic distribution
Although not present in Australia or New Zealand, this parasite has
been reported from Europe, North Africa, Asia, North America and
South America.

Significance
It is of significance only in adult sheep, in which a progressive cirrhosis
of the liver may develop. It is not as important as Fasciola, and in most
light infections there are no clinical signs.

Biology
Unlike most trematodes, this parasite does not require any aquatic
hosts. The first intermediate host is a terrestrial snail in which there are
2 sporocyst generations. Cercariae are excreted in mucus which an ant
second intermediate host eats. Metacercariae develop in the ant, and
these cause this host to alter its behaviour in such a way that it is more
likely to be ingested by a grazing ruminant, the definitive host.
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Hosts and site
Adults are found in the lungs and some other tissues of many mammals
including humans. Freshwater snails living in fast-moving streams act
as first intermediate hosts, and several species of freshwater crabs and
crayfish serve as second intermediate hosts. Metacercariae develop in the
muscle tissue and gill vessels of the crabs and crayfish.

Geographic distribution
Paragonimus westermani is present in China and South-east Asia, and P.
kellicotti is found in North America.

Significance
Since not all developing worms end up in the lungs, the pathology
depends on the site of establishment. In all sites, pairs of adults become
encapsulated in cysts, and in the lungs, these cysts are responsible for a
chronic pneumonia. Other sites include the brain, liver and abdominal
cavity.
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Biology

Biology

Humans become infected by ingesting raw or undercooked freshwater
crustaceans. Other mammals such as pigs, cats and dogs are the primary
definitive hosts. The young flukes penetrate the intestinal wall, and
several days later the diaphragm, then the lungs.

Humans become infected by ingesting raw or undercooked freshwater
fish. The metacercariae excyst in the duodenum and travel to the liver
via the bile duct. Occasionally they migrate into the pancreatic duct.

Family Heterophyidae

Family Opisthorchiidae

Heterophyes heterophyes

Clonorchis sinensis

Morphology

Morphology
These are slender, flat, translucent flukes up to 20 mm long. The eggs
are small (30 x 16 µm), embryonated and thick-shelled with a distinct
operculum.

These flukes are 1-1.5 mm long and 0.3-0.7 mm wide. The eggs are
small (30 x 16 µm), embryonated and thick-shelled with a distinct
operculum set in a thickened rim.

Hosts and site

Hosts and site
Adults are found in the bile ducts or pancreatic ducts of humans, dogs
and cats. Freshwater snails act as first intermediate hosts, and freshwater
fish serve as second intermediate hosts. Metacercariae develop in the
tissues of the fish.

Adults are found in the small intestine of dogs, cats, foxes and humans.
Freshwater snails act as first intermediate hosts, and freshwater fish serve
as second intermediate hosts. Metacercariae develop in the tissues of the
fish.

Geographic distribution

Geographic distribution
Clonorchis sinensis is called the Chinese liver fluke. It is present mainly in
southern China, Vietnam, Japan and Korea.

This species is found primarily in the Middle East and east Asia, but not
in Australia or New Zealand.

Significance

Significance
Repeated exposure results in cirrhosis of the liver in humans.
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Although these flukes penetrate the mucosa they are generally nonpathogenic.
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Biology

Significance

Humans become infected by ingesting raw or undercooked freshwater
fish. In Egypt, salted fish is a delicacy, and metacercariae appear to
survive the salting process for several days, so freshly prepared salted fish
pose an infection risk.

Schistosomiasis is the second most prevalent tropical disease of humans
after malaria. Over 200 million people are thought to be infected with
Schistosoma, and as many as 20 million endure severe consequences.
Pathological effects are mostly caused by the eggs as they move through
the intestinal wall or become trapped in the liver or bladder depending
on the species involved.

Family Schistosomatidae
Schistosoma spp.
Morphology
Adult blood flukes are long and thin. The sexes are separate (dioecious)
but they are found paired, with the female in the gynaecophoric canal
of the male. Worms of both sexes are up to 25 mm long, but only 1-2
mm wide. The eggs are large (150 x 60 µm) and some species have a
distinctive spine.

Hosts and site
Adults blood flukes are found mostly in the mesenteric veins. There are
several important species found in humans including S. mansoni, and S.
japonicum. Freshwater snails act as intermediate hosts, within which two
generations of sporocysts develop.

Biology
Eggs are deposited unembryonated, but by the time they have passed
through the intestinal wall or bladder (depending on the species),
they usually contain a miracidium ready to hatch. In an aquatic snail
intermediate host, 2 sporocyst generations are followed by cercarial
production. Infection of a human or other mammalian definitive host
takes place when cercariae penetrate the skin.

Interest Box
Many species of schistosomes belonging to several genera infect birds
such as ducks swans and gulls (Trichobilharzia, Austrobilharzia).
Cercariae of some of these species are known to penetrate the skin of
humans. They are unable to complete their normal development and
die in the skin where they are attacked by the immune system. In some
people a hypersensitivity reaction occurs resulting in the condition
known as “swimmers’ itch”.

Geographic distribution
Schistosoma mansoni adults are found in the mesenteric veins of humans
in Africa and South America, and S. japonicum is found in humans and
most domestic animals in China, Japan and South-east Asia. Schistosoma
haematobium occurs in the vessels of the urinary bladder of humans in
Africa and southeast Asia. Several species live in the veins of ruminants,
including S. bovis of Southern Europe, Africa and Asia, and S. nasalis in
the nasal veins of ruminants in Pakistan and India.
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Class CESTODA
Members of this class are all endoparasitic flatworms which lack a
mouth and a gut. Tapeworm adults exhibit external ‘segmentation’
and the internal, serial repetition of reproductive organs (proglottids
or segments). They have a specialized attachment organ (scolex) at the
anterior end and are usually hermaphroditic with indirect life cycles.
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There are numerous orders of cestodes, but only two, the Cyclophyllidea
and the Diphyllobothriidea (formerly known as the Pseudophyllidea),
contain representatives of veterinary or medical importance.

Order CYCLOPHYLLIDEA
The adults are usually parasites of the small intestine (a few in the large
intestine or bile ducts) of birds and mammals, and possess a scolex,
with or without a muscular retractable rostellum often with a circle of
hooks, and with four suckers which may also in a few representatives
have hooks. Proglottids differentiate in the neck of the scolex, the
most mature proglottids being distal to the scolex. Each proglottid is
hermaphroditic, with single or paired reproductive organs, and genital
pores which usually open laterally. Eggs develop in the uterus and are
released by the rupture or disintegration of gravid proglotttids, usually
after being passed from the host in the faeces. Life-cycles are indirect,
and usually with only one intermediate host.

Fig. 2.15. General features of a cestode of the order Cyclophyllidea, Davainea
proglottina. Redrawn from Mönnig (1934).
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Family Taeniidae
Taenia spp., Echinococcus spp.
Morphology
Adult taeniid tapeworms parasitise the small intestines of carnivorous
mammals including humans, and the intermediate hosts are all
mammalian. There are two important genera which as adults differ
greatly in length; Taenia may be several metres long, with thousands
of proglottids, whereas Echinococcus is only a few millimetres long,
with three or four proglottids. All species, apart from Taenia saginata,
have an armed rostellum on their scolex with a double row of hooks.
The reproductive organs develop singly (unpaired) in each proglottid
and the genital pores open in an irregular sequence on either side of
the proglottids. The shape of the proglottids change as they mature;
the immature ones are broader than long; those with a fully developed
genital apparatus are square; and, the gravid ones are longer than broad.
Diagnosis in the definitive host can be made by finding either free eggs
or gravid proglottids in the faeces which will contain eggs (30-45 µm)
with radially-striated, hardened shells. The larval or metacestode stages
are fluid-filled, cystic structures found in the tissues or internal organs
of the intermediate host and, depending on the parasite species, may be
a cysticercus (containing one scolex), a strobilocercus (containing one
scolex but with a segmented region following the scolex), a coenurus
(many scoleces on the interior surface of a single cyst) or a hydatid
(containing many cysts, each with many scoleces) (Fig. 2.16).

Fig. 2.16. Larval or metacestode stages of taeniid cestodes. A, a cysticercus;
B, a st robilocercus; C, a coenurus; D, a hydatid cyst with daughter cysts. PR =
protoscolex; SC = scolex; TB = terminal bladder. G = germinal layer; BR = brood
capsule; LL = laminar layer. Redrawn from Mehlhorn (1988).
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Hosts and site

Geographic distribution

Adults are found in the small intestine of carnivorous or omnivorous
mammalian hosts. There is usually a high degree of host-specificity
at the adult stage. For example, Echinococcus granulosus develops to
the adult stage only in dogs and dingoes, although small numbers of
adults may be found in foxes. Intermediate hosts are herbivorous or
omnivorous mammals. The metacestode stage in the intermediate host
is found in various organs depending on the species.

Taeniids are found in all parts of the world, but many species are
restricted to particular geographic areas. For example, Echinococcus
granulosus is widely distributed on every continent but has a localised
distribution in Australia, particularly in sheep-raising areas of
southeastern Australia, parts of Queensland and the Northern Territory,
and the outskirts of the Perth metropolitan area. The parasite was
eradicated from New Zealand and Tasmania.

The species found commonly in Australia and New Zealand are listed
below (E. granulosus has been eradicated from New Zealand):

Significance
The adult parasites rarely do any harm or cause clinical symptoms in the
definitive host. It is the metacestode stages infecting livestock that may
be economically significant, leading to condemnations at the abattoir
and possible loss of production. In humans, cysticerci of T. solium and
the hydatid cysts of Echinococcus spp. may be life threatening; major
surgery is usually required for treatment.

Species

Definitive host

Intermediate host Site

Taenia hydatigena

Dog

Sheep

Peritoneum

Type of larva
(metacestode)
cysticercus

Taenia ovis

Dog

Sheep

Muscle

cysticercus

Taenia pisiformis

Dog

Rabbit

Peritoneum

cysticercus

Taenia serialis

Dog

Rabbit

Muscles

coenurus

Biology

Taenia taeniaeformis

Cat

Mouse, rat

Liver

strobilocercus

Echinococcus

Dog

Sheep, kangaroos Liver, lungs

hydatid

Cattle

cysticercus

Intermediate hosts are infected by accidentally ingesting taeniid eggs
from the faeces of infected definitive hosts. Definitive hosts are infected
by ingesting tissues of an infected intermediate host. The essential
element in control is to ‘break the cycle’ to interrupt transmission. This
usually requires a combination of surveillance, targeted education and
drug treatment of definitive host populations.

Uncommon taeniid parasites
Taenia saginata

Humans

Muscle

(generally brought into Australia and New Zealand by travellers from
overseas)
Taenia solium

Humans

Pigs (and
various tissues cysticercus
humans)
(rare in overseas travellers but occasional cases of neurocysticercosis are
diagnosed in Australians who have lived in endemic countries)
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Interest Box
Echinococcus mutilocularis is a related species which does not occur in
Australia but is found in North America, eastern Europe and northern
Asia. The principal definitive hosts are foxes and the major intermediate
hosts are voles. The larval stage can infect humans producing so-called
“alveolar” cysts primarily in the liver. The cysts have less fluid than those
of E. granulosus but can be more invasive.
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Family Anoplocephalidae
The anoplocephalids
Morphology
Adult anoplocephalid tapeworms are parasitic in the small intestine
or bile ducts of herbivorous mammals, birds and reptiles. The genera
of greatest importance parasitise herbivorous mammals. The scolex
is devoid of hooks (unarmed) and proglottids are wider than long.
Diagnosis is made by finding proglottids in faeces which contain
eggs and which can be identified by the possession of a ‘pyriform
apparatus’ (Moniezia in sheep, Anoplocephala and Equinia (formerly
Anoplocephaloides) in horses) or the grouping of the eggs together
in a paruterine organ (Thysaniezia in cattle). The metacestode is a
cysticercoid in an arthropod intermediate host, usually an oribatid mite.

Hosts and site
In horses, Anoplocephala is found in the small and large intestine, while
Equinia is in the small intestine and occasionally stomach. Moniezia and
Thysaniezia occur in the small intestine of ruminants, but Stilesia and
Thysanosoma are found in the bile ducts of ruminants.

Geographic distribution

Fig. 2.17. The life-cycle of Echinococcus granulosus. Redrawn from Eckert et al. (2005)

Anoplocephala spp. and Moniezia spp. are found in all parts of the
world, although some other species have more restricted distributions.
For example, Stilesia hepatica is found only in Africa and Asia, and
Thysanosoma actinioides in the Americas.

Significance
They are common tapeworms of livestock and horses, particularly young
animals. However, they are rarely associated with clinical symptoms. The
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sole exception is Anoplocephala perfoliata in the horse, which can cause
severe enteritis and intersussception.

Biology
The 2-host life-cycle involves herbivorous mammalian definitive hosts
and arthropod intermediate hosts (oribatid mites or psocid insects),
both commonly associated with pasture. The host specificity is high for
both definitive and intermediate hosts.

Family Dipylidiidae
Dipylidium caninum
Morphology
Adult Dipylidium caninum is a smaller tapeworm than Taenia with a
small muscular scolex with four suckers and a rostellum armed with
several rows of tiny hooks. Each mature proglottid contains two sets of
reproductive organs, with 2 lateral genital pores, one on each side. The
eggs are formed within packets (20-30 per packet) and are relatively
thin-shelled, each containing a six-hooked oncosphere. Diagnosis
is made by finding the characteristic ‘barrel-shaped’ proglottids in
faeces. The metacestode is a cysticercoid which develops in a flea
(Ctenocephalides) or louse (Trichodectes).

Section 2: PARASITES

Significance
Of minor clinical importance. Proglottids released from adult
tapeworms may cause irritation around the perianal area of infected
definitive hosts.

Biology
The definitive host harbours the adult tapeworm in the small intestine.
Gravid proglottids containing eggs in packets pass out with the faeces
and distribute egg packets into the environment. Egg packets eaten
by larvae of the dog or cat flea Ctenocephalides spp. or less commonly
the biting louse Trichodectes, develop into the larval metacestode, a
cysticercoid, in the body cavity of the arthropod intermediate host.
Cysticercoids are fully developed within 3 weeks and infected adult fleas
or lice are eaten while the definitive is grooming; ingested cysticercoids
develop into adult tapeworms in the small intestine. The pre-patent
period is 3-4 weeks (Fig. 2.18).

Hosts and site
The adult tapeworms are parasitic in the small intestine of dogs, cats,
foxes, dingoes and occasionally humans.

Geographic distribution
Ubiquitous, wherever the flea and louse intermediate hosts are distributed.
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Family Dilepididae
Amoebotaenia sphenoides
Morphology
These are small tapeworms up to about 4 mm in length with few
proglottids, a single row of hooks on the rostellum and more than three
testes.

Hosts and site
Amoebotaenia is found in the small intestine of poultry.

Geographic distribution
This cestode is cosmopolitan in its distribution including Australia and
New Zealand.

Significance
This species is only mildly pathogenic. It has earthworms as intermediate
hosts.

Choanotaenia infundibulum
Morphology
These tapeworms are up to 25 cm in length with numerous proglottids,
a single row of hooks on the rostellum and more than three testes.
Fig. 2.18. The life-cycle of Dipylidium caninum. Redrawn from Eckert et al. (2005)

Hosts and site
Choanotaenia is found in the small intestine of poultry and pigeons.
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Geographic distribution

Biology

This cestode is cosmopolitan in its distribution including Australia and
New Zealand.

Significance

Gravid proglottids are found in faeces 14 days after infection. The
intermediate hosts are several species of terrestrial gastropod molluscs, in
which the cysticercoid develops after ingestion of the eggs. Poultry are
infected by ingestion of infected molluscs.

This species is only mildly pathogenic. It has beetles and flies as
intermediate hosts.

Raillietina spp.
Morphology

Family Davaineidae

These tapeworms are up to 10 cm long with numerous segments
and have a scolex armed with a ring of numerous small hooks. The
suckers are often armed with small hooks. Segments have a single set of
reproductive organs.

Davainea proglottina
Morphology
These are small triangular-shaped worms, no more than 3 mm in length.
There are only 4 to 9 proglottids, each with a single set of reproductive
organs. The genital pores alternate regularly. The rostellum and the 4
suckers are armed with many minute hooks.

Hosts and site
Raillietina spp. are found in the small intestine of poultry.

Geographic distribution
Raillietina spp. are found in poultry throughout the world.

Hosts and site
Davainea is found in the duodenum of poultry and pigeons.

Significance
Heavy infections with Raillietina spp. can cause production losses.

Geographic distribution
This species is present in poultry in most parts of the world.

Biology

Significance

Gravid segments are passed in the faeces and insects act as intermediate
hosts. The developmental stage in the insects is a cysticercoid.

Davainea proglottina is regarded as the most pathogenic of the poultry
tapeworms and may occur in very large numbers, penetrating deeply
into the mucosa. In heavy infections it may cause mortalities.
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Family Hymenolepididae

Biology

Hymenolepis spp.

The 2-host life cycle involves vertebrate definitive hosts and invertebrate
intermediate hosts (usually arthropods but also annelids and molluscs).
Hymenolepis nana is atypical since transmission may be direct following
ingestion of eggs voided in the faeces of the definitive host.

Morphology
The adults are mostly small tapeworms, with a conical rostellum bearing
a single row of hooks, or no hooks (unarmed). There is a single set of
reproductive organs in each proglottid. Diagnosis is made by finding
the proglottids and eggs in the faeces. The metacestode is a cysticercoid,
developing in numerous species of invertebrates depending on the
species of parasite.

Hosts and site
Hymenolepidids are found in the small intestine and occasionally the
bile ducts of birds and mammals. Most species of veterinary importance
are parasites of poultry.

Geographic distribution

Order DIPHYLLOBOTHRIIDEA (formerly
PSEUDOPHYLLIDEA)

The adults are parasitic in the small intestine of some carnivorous
mammals, fish-eating mammals, birds and humans. The scolex is never
armed with hooks and possesses two elongate grooves (bothria) instead
of suckers. The genital organs and pores are always centrally placed in
the proglottid, and the majority of proglottids are in the same stage of
development. Eggs are laid in the gut of the definitive host through the
uterine pore, and proglottids are shed only when they are old and no
longer capable of producing eggs. Life-cycles are indirect, with more
than one intermediate host, and often paratenic hosts.

Cosmopolitan.

Significance
Species of Hymenolepis, such as H. diminuta and H. nana, are common
parasites of humans, particularly children in developing countries.
Frequent, chronic infections in children may be associated with
nutritional disorders. Both tapeworm species are also natural parasites of
rodents and thus have been widely used as standard laboratory models
of cestode infections. Species of Hymenolepis and other related genera are
also common parasites of poultry.
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contains a single set of reproductive organs with genital and uterine
pores centrally placed in the mid-line of each proglottid. This gives the
appearance of a zipper down the middle of the worm from which the
common name ‘zipper worm’ is derived. In the gravid segments, the
eggs are contained in a central, coiled uterus. The eggs of Spirometra are
oval, 70 µm x 50 μm with a smooth, thin shell and an operculum at one
end. They are unembryonated when passed in the faeces.

Hosts and site
Adult worms are found in the small intestine of dogs, cats and foxes.
Vertebrate second intermediate hosts and paratenic hosts are also
involved in the life cycle; in these hosts the metacestode, called a
plerocercoid or sparganum, is found in connective tissue of the muscle
or in subcutaneous tissues.

Geographic distribution

Fig. 2.19. Proglottid (segment) of a member of the Diphyllobothriidea. Redrawn from
Mönnig (1934).

Family Diphyllobothriidae
Spirometra erinaceieuropaei
This species is also known as Spirometra erinacei.

Morphology
Adult Spirometra are large tapeworms up to 1 m in length and have an
anterior scolex that lacks muscular suckers, a rostellum and hooks, but
has two lateral muscular grooves called bothria. Each mature proglottid
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Spirometra erinaceieuropaei is found in Australia, New Zealand and parts
of Asia. In North America, another species S. mansonoides is found in
dogs, cats and raccoons, while in parts of Asia, S. mansoni is found in
dogs and cats.

Significance
Spirometra is of little clinical significance to the definitive host and it
is only really humans as paratenic hosts that may suffer from damage
caused by the prolonged migration of plerocercoids which may take
variable routes and initiate severe inflammatory reactions. Humans
can become infected in a variety of ways, most commonly by ingesting
plerocercoids in flesh that has not been cooked, or poorly cooked; for
example from feral pigs or reptiles. In addition humans may contract
infection by drinking fresh water containing infected copepods.
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Biology
The life cycle requires a minimum of three hosts. Eggs are released
directly into the gut of the definitive host through the uterine pore
and are passed unembryonated in the faeces, rather than in shed
proglottids. Embryonation takes place in freshwater, and after a few
days of development in this aquatic environment, a ciliated, motile
six-hooked coracidium (cf. oncosphere of cyclophyllidean cestodes)
develops within each egg and is released into the surrounding water
through the operculum. The free-swimming coracidium is ingested
by a copepod crustacean and develops into a procercoid larva. The
second intermediate hosts ( amphibians and other vertebrates) become
infected by eating infected copepods, following which the procercoid
develops into the metacestode (a plerocercoid) in subcutaneous tissues.
Plerocercoids may pass through several paratenic hosts before infection
of the definitive host. Host specificity is low for the second intermediate
and paratenic hosts. The prepatent period in the dog is 2-4 weeks (Fig.
2.20).

Fig. 2.20. The life-cycle of Spirometra erinaceieuropaie. Redrawn from Eckert et al. (2005).
- 114 -

- 115 -

Section 2: PARASITES

Section 2: PARASITES

2.4. Phylum ACANTHOCEPHALA
Species of this phylum are commonly referred to as ‘thorny headed
worms’ referring to the retractible proboscis at the anterior end of the
body. The name literally means ‘hooks on the head’.
These parasites are bilaterally symmetrical, pseudoceolomate and
unsegmented (Fig. 2.21).
They are characterised by an anterior proboscis with rows of hooks,
which is used to attach to the gut wall of the host. The proboscis can
be retracted within a muscular sac termed the proboscis receptacle. The
sexes are separate. The male has two testes, with a number of accessory
or ‘cement glands’ attached to the duct leading from the testes to the
copulatory bursa. In the female, the ovaries lead into a ‘uterine bell’.
Eggs are thick shelled and contain an acanthor with 6 or 8 hooks. The
intermediate host is usually an arthropod and the parasite develops
to a stage called the acanthella within the arthropod. The life cycle is
completed when the definitive host ingests the arthropod.

Fig. 2.21. Male of the acanthocephalan Polymorphus boschadis.
(1934).
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Macracantharhynchus

Host and site

This genus contains a single species of veterinary significance, M.
hirudineus, the thorny headed worm of the pig.

O. pomatostomi is found in the small intestines of cats, foxes and
dingoes. The acanthella stage is found in the sub-cutis of the neck region
of passerine birds.

Morphology
A large worm up to 15 cm long with a proboscis at its anterior end.

Geographical distribution
This species is restricted to Australia.

Host and site
M. hirudinaceus occurs in the small intestine of pigs.

Significance
Infections are not known to be clinically significant.

Geographical distribution
This species is cosmopolitan including Australia and New Zealand.

Biology

Significance

It is presumed that there is an arthropod intermediate host and that
birds are paratenic hosts.

Infections are normally subclinical although occasionally parasites may
perforate the wall of the small intestine, leading to peritonitis.

Polymorphus

Biology
Christmas beetles and dung beetles act as intermediate hosts.

Oncicola
A single species of this genus, O. pomatostomi, occurs in cats, mainly
feral cats, in Australia. Birds are a second intermediate host.

This genus occurs in domestic waterfowl. The intermediate hosts are
aquatic crustaceans.

Morphology
Species of this genus are 1-3 cm in length with a proboscis at the
anterior end.

Host and site

Morphology

Species of Polymorphus occur in the small intestine of ducks.

This parasite is up to 5 cm long and has a proboscis armed with few
rows of hooks at its anterior end.

Geographical distribution
The genus is cosmopolitan in its distribution, including Australia and
New Zealand.
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Significance
Heavy infections can cause severe enteritis and even death.

Biology
Intermediate hosts are fresh-water crustaceans.

2.5. Phylum NEMATODA
2.5.1. Introduction
The nematodes are unsegmented acoelomate invertebrates. The name
derives from the Greek word “nema” which means “thread”.
A vast number of free-living species exist, occurring in soil, fresh-water
and marine sediments. There are probably more species of nematodes
than there are insects.
They are important as plant parasites - causing nodule formation in
roots, galls, transmitting bacteria (Corynebacterium) to grasses which
produce a toxin which is fatal if ingested by sheep (rye grass toxicity).
Many are parasitic in insects and can be used in biological control
programs such as those for Sirex wasps and Portuguese millipedes. Freeliving nematodes are extremely abundant in soil - with estimates of up
to 2 x 109 per acre, all in the topsoil.
Very few species are parasitic and the known parasitic groups have
evolved from free-living forms.

Fig. 2.22. General features of nematodes. Female on left hand side, male on right
hand side. Redrawn from Lee (1965).
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Morphological features of nematodes
Cuticle
The body surface of nematodes is a cuticle which is secreted by the
underlying hypodermis. It also lines orifices. The outer layer is a
keratin-like protein while the inner layer is mainly collagen. The cuticle
is shed at each moult. There are five stages in the life cycle of every
nematode, four larval stages and the adults. The first four larval stages
are often indicated by the abbreviations L1, L2, L3 and L4.

Pseudocoelomic cavity
The cavity inside the body is termed the pseudocoelom; the
pseudocoelomic fluid is maintained at a high hydrostatic pressure and
provides rigidity to the nematode body.

Section 2: PARASITES

buccal capsule. Cutting plates and teeth help in destroying host tissues
during feeding. Leaf crowns occur in nematodes which feed on gut
content and help waft food into the oral cavity. A ‘dorsal gutter’, present
in some large nematodes, acts as a conduit for digestive enzymes or
anticoagulants produced by glands in the oesophagus, translocating
them to the mouth opening, directly on to host tissues.
Depending on the species, nematodes may feed on gut content, blood
or the tissues of the host.
The oesophagus acts as a simple pump to force food into the intestine.
It frequently has valves.
The intestine consist of a single ring of columnar cells, with micro-villi
and a brush border. An anus is present in females; a cloaca is present in
males.

Excretory system

Muscles
Nematodes have longitudinal muscles only, arranged in four groups. Acetyl
choline is involved in neuromuscular transmission and, consequently, any
substances which block acetyl choline will paralyse worms.

The excretory system is tubular and opens at the excretory pore on the
ventral surface, usually at the level of the oesophagus. Secretions of the
excretory glands are usually immunogenic.

Genital organs: male

Nervous system
The nervous system consists of a ring around the oesophagus with
dorsal, ventral and 2 lateral nerves running posteriorly from it.
Both acetyl choline and gamma-amino-butyric acid (GABA) act as
transmitters at synapses. Some anthelmintics interfere with these
transmitters leading to paralysis.

Digestive system
The mouth may be enlarged to form a buccal capsule with sclerotised
walls. The buccal capsule can be modified with cutting plates or a
leaf crown at the anterior extremity. Teeth may be present within the
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In nematodes the sexes are separate and there is considerable sexual
dimorphism.
In the male, the testes are usually single and tubular. From the testis
a vas deferens leads posteriorly into a seminal vesicle and then via a
muscular ejaculatory duct into the cloaca. There may be a number of
accessory structures:
Spicules: are usually elongate, pointed, and contained within pouches
in the side wall of the cloaca. There are muscles associated with them.
Spicules vary in shape, size and length and these differences are used
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taxonomically. Their function is to assist in copulation by dilating the
vagina of the female and directing the flow of sperm.

2.5.2. Order Rhabditida

Gubernaculum (gubernator = pilot): a plate located in the dorsal wall of
the cloaca which helps direct the spicules.

Family Strongyloididae

Telamon: a curved structure on the ventral side of the cloaca helping to
direct the spicules.

Strongyloides

Copulatory bursa: a posterior expansion of the cuticle with varying
degrees of muscular development. Usually consists of three lobes, one
dorsal and two lateral, each with muscular rays. This structure assists in
copulation by clasping the female.

Morphology
These nematodes are tiny and thread-like, up to 1 cm long and barely
visible to the naked eye.

Hosts and site

Genital organs: female
The female has one or two tubular ovaries containing germinal cells. A
tubular oviduct leads from the ovary into a seminal receptacle which in
turn opens into the tubular uterus. The uteri meet and open into the
vagina which opens to the exterior at the vulva. In some species the
vagina forms a muscular ovejector.
Female nematodes may be:
1. Oviparous - eggs with at the most a segmented morula contained
within when they are released from the female.

All species occur in the small intestine. The most important species are:
Species
S. papillosus
S. ransomi
S. westeri
S. stercoralis
S. cati (planiceps)
S. fuelleborni

Host
sheep, cattle
pig
horse
dog, cat, man
cat
apes/man

2. Ovoviviparous - eggs contain a fully developed L1 when released from
the female worm.

Geographic distribution

3. Viviparous - eggs hatch inside the female and living larvae are released
from the vulva.

Worldwide, including Australia and New Zealand. S.ransomi has not
been found in New Zealand.

Significance
Mainly cause diarrhoea and wasting in young animals. S. ransomi in
pigs and S. westeri in horses are the two most pathogenic species. Some
species are zoonotic.
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Biology
Parthenogenetic females are present in the small intestine and lay
eggs. The eggs may pass out in faeces or they may hatch to produce
rhabditiform L1s in the faeces. Some L1s moult to L2s then
strongyliform L3s which penetrate the skin of host, enter the lymphatics
then the venous system and are carried to lungs; larvae enter alveoli,
undertake a tracheal migration and return to intestine, moult twice
and begin to lay eggs. Larvae may also be ingested, but is generally a
less important route of infection. The prepatent period is 5-12 days.
Other L1 develop to adult males and females in soil, the adults mate,
and the female lay eggs, which hatch and develop to a strongyliform L3
which can penetrate the skin of the host. There can be several free-living
generations, but nematodes cannot persist indefinitely by this means.
In some species, auto-infection can occur. L1s hatch in the intestine,
develop to L3s in the intestine then penetrate the gut wall, undergo
a tracheal migration and return to lumen of intestine. Trans-colostral
transmission occurs in S. ransomi, S. papillosus and S. westeri. Prenatal
infection has been demonstrated experimentally in S. ransomi and S.
papillosus (Fig. 2.23).

Fig. 2.23. The life-cycle of Strongyloides ransomi. Redrawn from Eckert et al. (2005).
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Family Rhabditidae
Rhabditis, Pelodera
These are free-living nematodes which multiply in moist detritus. They
may occasionally invade wounds in recumbent animals, or invade
orifices such as the teat canal and migrate via the blood stream to
internal organs.

Section 2: PARASITES

All have a direct life-cycle with eggs passed in faeces, development to the
L3 occurring in the external environment, the retention of the cuticle
of the L2 forming a sheath around the L3 and infection occurring by
ingestion of the L3 (in species occurring in domestic animals). In the
gut, the L3 exsheaths and usually migrates into the gastro-intestinal
mucosa, where it moults to the L4 then returns to the lumen and
moults into an adult.

2.5.3. Order Strongylida
Nematodes of this order are characterised by an expansion of the tail of
the male known as the copulatory bursa.
There are four major superfamilies in the order:
Trichostrongyloidea – commonly referred to as “trichostrongyles” and
found mainly in the abomsum, stomach and small intestine.
Strongyloidea – commonly referred to as “strongyles” and found
mainly in the large intestine (exceptions occur).
Ancylostomatoidea – commonly referred to as “hookworms” and
found in the small intestine.
Metastrongyloidea – commonly referred to as “lungworms” and found
in the lungs or in other associated organs.

Superfamily Trichostrongyloidea
Nematodes of this superfamily have a very small buccal capsule and
occur in the stomach/abomasum or small intestine (one species occurs
in the caecum of birds).
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Family Trichostrongylidae
This family contains some of the most important gastro-intestinal
parasites of ruminants.
The life-cycle is as described above for the superfamily.

Trichostrongylus
Morphology
These are small hair-like nematodes up to about 1 cm long and are
barely visible to the naked eye. They are identified primarily by the
morphological features of their spicules.

Host and site
Four species are found commonly in Australia and New Zealand.
Species
T. axei
T. colubriformis
T. rugatus
T. vitrinus

Host
sheep, goats, cattle,
horses, pigs, humans
sheep, goats
sheep, goats
sheep, goats

Site
abomasum,
stomach
duodenum
duodenum
duodenum

Geographic distribution
Found throughout sheep raising areas of Australia and New Zealand.
Most common in high rainfall areas. Although all species can cooccur, T. colubriformis tends to dominate in summer rainfall zones, T.
vitrinus in winter rainfall zones and T. rugatus in lower rainfall zones.
T. colubriformis and T. vitrinus are cosmopolitan parasites of sheep. T.
rugatus is known only from Australia and South Africa and has not been
found in New Zealand.
Fig. 2.24. The life-cycle of Ostertagia ostertagi. Redrawn from Eckert et al. (2005).
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Significance

Significance

Economically one of the most important genera of nematodes in sheep
in southern and eastern Australia. Heavy infestations can kill young
lambs or result in reduced weight gains and wool production. Their
common name is the ‘black scour worm.’

O. ostertagi is amongst the most significant gastro-intestinal parasite of
cattle in temperate regions of the world.

Biology
See information on life cycle above. Nematodes are found principally in
the duodenum and embed themselves in the mucosa by forming tunnels
composed of enterocytes. Villus atrophy leading to reduced absorption,
protein leakage into the gut, anorexia and increased gastro-intestinal
motility are the primary patho-physiological processes involved.

Ostertagia ostertagi
Morphology
Small brown to reddish nematodes, 10-15 mm long. Identified
microscopically by the presence of longitudinal ridges on the body,
prominent cervical papillae and by the morphology of the spicules.
This group of parasites is unusual in that the males can occur in two or
more different morphological types referred to as “morphs”. Its common
name is the “brown stomach worm”.

Host and site
Found in the abomasum of cattle (primary host) but can occur in goats
and more rarely in sheep.

Geographic distribution

Biology
The life cycle follows the basic pattern for the family with ingested
L3s exsheathing in the abomasum, entering abomasal glands where
they moult to the L4 which emerges into the lumen and moults to the
adult stage. The pre-patent period is about 21 days. The development
of larvae in abomasal glands leads to reduced acid secretion and a rise
in pH in the abomasum, reducing its digestive capacity. Damage to
glands also leads to leakage of plasma proteins into the gut lumen
and leakage of pepsinogen (which cannot be converted to pepsin
in the absence of HCl) into the circulatory system. Anorexia due to
unidentified mechanisms and increased gastro-intestinal motility due to
parasympathomimetic substances released by larvae also occur. Heavy
burdens of O. ostertagi result in weight loss and diarrhoea and the
disease is referred to as Type 1 ostertagiosis (Fig. 2.24).
An important aspect of the biology of this nematode is its ability to
undergo hypobiosis. In this state, the parasite remains dormant within
abomasal glands for several months before resuming its development.
In southern Australia, larvae become hypobiotic in spring when
temperatures rise, remain dormant over summer when conditions on
pasture are not suitable for larval development, and emerge in autumn
when external conditions are more favourable. In cold climates such
as in Europe and North America, larvae become inhibited in autumn,
remain hypobiotic over winter and emerge in spring. If larvae emerge
synchronously, they can cause severe damage to the abomasal mucosa
and result in a disease termed Type 2 ostertagiosis.

This parasite is found in cattle in all temperate regions of the world
including southern Australia and New Zealand.
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Teladorsagia
The principal parasite in this genus, Teladorsagia circumcincta, was
formerly known as Ostertagia circumcincta.

Morphology
Small brown to reddish nematodes, 10-15 mm long. Identified
microscopically by the presence of longitudinal ridges on the body,
prominent cervical papillae and by the morphology of the spicules.
Males can occur in two or more different morphological types referred
to as “morphs”. Its common name is the “brown stomach worm”.

Host and site
Found in the abomasum of sheep and goats.

Geographic distribution
This parasite is found in sheep and goats in all temperate regions of the
world including southern Australia and New Zealand.

Significance
This parasite is a significant cause of ill-thrift and diarrhoea in sheep and
goats.

Biology

Fig. 2.25. Features of trichostrongyle nematodes. All illustrations are of Haemonchus
contortus. A, Anterior end showing very small buccal capsule and tooth; B, posterior
end of male showing bursa and spicules; note that the dorsal ray is positioned to
one side of the mid-line; C, vulval region of female showing prominent vulval flap.
Redrawn from Mönnig (1934).
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The life cycle follows the same pattern as for O. ostertagi with ingested
L3s exsheathing in the abomasum, entering abomasal glands where
they moult to the L4 which emerges into the lumen and moults to the
adult stage. The pre-patent period is about 21 days. The development
of larvae in abomasal glands leads to reduced acid secretion and a rise
in pH in the abomasum, reducing its digestive capacity. Damage to
glands also leads to leakage of plasma proteins into the gut lumen
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and leakage of pepsinogen (which cannot be converted to pepsin
in the absence of HCl) into the circulatory system. Anorexia due to
unidentified mechanisms and increased gastro-intestinal motility due to
parasympathomimetic substances released by larvae also occur.

Haemonchus
Large reddish-white nematode, 2-3 cm long. The pseudo-coelomic cavity
is red in colour due to the presence of host-derived haemoglobin while the
white female genital ducts (ovaries) are arranged in a spiral fashion along
the body. As a result, the common name of this nematode is the “barber’s
pole worm”. Microscopically, there is a tooth in the buccal capsule (for
sucking blood), the cervical papillae are prominent and the dorsal ray of
the bursa of the male arises asymmetrically; in the female there is usually a
very prominent vulval flap or appendage (Fig. 2.25).

Haemonchus contortus is particularly pathogenic in sheep and goats
causing mortality and severe anaemia. It is the most important parasite
of sheep in northern New South Wales and Queensland. Haemonchus
placei is a significant pathogen in young cattle in northern Australia.

The life cycle follows the basic pattern for the family with ingested
L3s exsheathing in the abomasum, entering abomasal glands where
they moult to the L4 which emerge into the lumen and moult to
the adult stage. The pre-patent period is about 21 days. Both the
adults and fourth stage larvae feed on blood causing anaemia and
hypoproteinaemia in the host.

Cooperia
Morphology

Host and site

H. placei

Significance

Biology

Morphology

H. contortus
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Host
Site
sheep, goats
abomasum
(very difficult to establish in cattle)
cattle
abomasum
(will also infect sheep)

The two species are very similar morphologically but are cytologically
different and when crossed, produce female offspring of reduced
viability and infertile males.

Small, hair-like nematodes about 12 mm long, in single coil, reddish
when alive; recognised microscopically by cephalic inflation and
characteristic spicules. Their common name is “wire-worm”.

Host and site
Mainly parasitic in cattle, they are found occasionally in sheep; they
occur in the small intestine.

Cooperia onchophora is the main species in temperate climates
(C. surnabada is a morph of this species)

Geographic distribution
Both species are primarily tropical and sub-tropical in distribution but also
survive in temperate environments. Their distribution is cosmopolitan
including Australia and H. contortus occurs in New Zealand.

C. pectinata and C. punctata are common in tropical and
sub-tropical regions.
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Hosts and site

Geographic distribution
Their distribution is cosmopolitan including Australia and New
Zealand.

All species occur in the small intestine.
Species		
N. abnormalis		
N. battus (not in Australia)
N. filicollis		
N. helvetianus		
N. spathiger		

Significance
C. oncophora is common but not highly pathogenic, causing mild
diarrhoea; C. pectinata and C. punctata are more pathogenic and large
numbers can be fatal in calves.

Host
sheep
sheep, cattle
sheep
cattle		
sheep

Geographic distribution

Biology
Ingested larvae exsheath and develop among the villi of the small
intestine; the prepatent period is about 15 days. Heavy burdens cause
villus atrophy, hypoproteinaemia and diarrhoea. Species of the genus
often determine the highter dose rates for macroycyclic lactones.

Nematodirus
Morphology
These nematodes are about 10-30 mm long, often with a spiral coil in
the mid-body region. They are identified microscopically by a cephalic
inflation, a spike on the tail of the female, very large eggs and long thin
spicules in the male. Their common name is “thin-necked intestinal
worm”.
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Most species are cosmopolitan including Australia and New Zealand. N.
battus does not occur in Australia and is not endemic in New Zealand.

Significance
These nematodes can cause severe diarrhoea and even mortalities in
young lambs and calves but are not highly pathogenic in adult animals.
N. battus is the most highly pathogenic species.

Biology
The biology of these nematodes differs from other trichostrongyles
in that the first two moults occur in the egg. Consequently they are
able to persist under drier conditions than other trichostrongyles.
Eggs may hatch spontaneously or may hatch synchronously following
flooding after a dry period or following warming after a cold period.
Consequently, eggs may persist in the environment for a relatively long
time (e.g., over winter or over summer). Hypobiosis occurs but larvae
are not known to emerge synchronously. The prepatent period is about
21 days.
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Host and site

Hyostrongylus

This nematode is found in the stomach of the cat and the pig.

Morphology
There is a single species, Hyostrongylus rubidus.

Geographic distribution

These nematodes are small and hair-like, about 5-10 mm long and
reddish in colour.

This species is probably cosmopolitan, including Australia and New
Zealand, but because of its small size can be overlooked. Absence in
some countries may reflect simply lack of looking.

Host and site
They occur in the stomach of the pig

Significance

Geographic distribution

The significance of infection is uncertain but it appears to be relatively
non-pathogenic. Can cause a mild catarrhal gastritis.

Cosmopolitan including Australia and New Zealand.

Significance
These nematodes can cause wasting and diarrhoea in pigs, but because
of the direct life-cycle can be easily controlled in pigs housed on
concrete floors by the regular removal of faeces.

Biology
Ingested L3 exsheath and enter gastric glands to moult then return to
the lumen for the final moult. The prepatent period is about 21 days.
These nematodes also undergo hypobiosis.

Ollulanus
Morphology
A singles species is known, Ollulanus tricuspis. The nematode is
microscopic, just 1 mm long and not visible to the naked eye. The
female is readily identifiable microscopically by its trifid tail.
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Biology
The biology of this nematode is highly unusual. Females are viviparous
and larvae have not been found in the faeces. It is believed that
transmission occurs (at least between cats) when a cat ingests the fresh
vomit of an infected cat.

Superfamily Strongyloidea
Nematodes of this superfamily have large cylindrical or globular buccal
capsules often armed with teeth and with a leaf crown at the mouth
opening. They occur in the large intestine except for one species which
occurs in the perirenal area of pigs and genera which occur in the
trachea of birds and mammals.
All have a direct life-cycle with eggs passed in faeces, development to the
L3 occurring in the external environment, the retention of the cuticle
of the L2 forming a sheath around the L3 and infection occurring by
ingestion of the L3 (in species occurring in domestic animals). In the
gut, the L3 exsheaths and usually migrates into the gastro-intestinal
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mucosa, where it moults to the L4 then returns to the lumen and
moults into an adult. Some extra-intestinal migrations occur.
The four principal families in domestic animals occur in different hosts:
Strongylidae – horses
Chabertiidae – ruminants and pigs
Stephanuridae – one species in the pig
Syngamidae – in birds and mammals (in the trachea)

Family Strongylidae
This family contains some of the most important gastro-intestinal
parasites of horses and donkeys, all parasitic in the caecum and colon.
The life-cycle is as described above for the superfamily, except that
some life-cycles involve extra-intestinal migrations. Morphologically,
the family is identified by the presence of three pairs of branches in the
dorsal ray.

Strongylus

Fig. 2.26. Buccal capsules of the principal species of Strongylus. A S. equinus; B S.
edentatus; C S. vulgaris. Redrawn from Mönnig (1934).

Host and site
All species are parasites of the large intestine (caecum and colon) of
horses and donkeys.

Geographic distribution

Morphology
These nematodes are large (2-6 cm) and very stout. They are reddish in
colour and hence are commonly referred to as “red-worms” or “blood
worms”. An alternative common name, used frequently, is “large
strongyles”. Microscopically they are readily identifiable by their large
globular buccal capsules. The three commonest species are distinguished
by the teeth in the buccal capsule: S. equinus has three pointed teeth, S.
vulgaris has two rounded teeth and S. edentatus has no teeth (Fig. 2.26).
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These species are cosmopolitan, including Australia and New Zealand.
S. equinus is more common in tropical and sub-tropical region. A fourth
species, S. asini does not occur in Australia and New Zealand.

Significance
These species have been among the most important parasites of horses.
However, the widespread use of macrocyclic lactones has led to a
substantial decrease in prevalence.
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Biology
In all species, ingested L3 exsheath and migrate into the wall of the large
intestine. From here, the migration pathway varies depending on the
species (Fig. 2.30).

S. vulgaris
The initial larval stages of this species do not develop at temperatures
lower than 8ºC. Larvae migrate from the wall of the large intestine in
the intima of the arterial system towards the cranial mesenteric artery
where they remain for several weeks before returning to the large
intestine via the arterial system. The prepatent period is about 6 months.
During their migration they can cause a severe verminous arteritis
resulting also in thrombus release into the arterial system causing
intermittent or persistent colic. The adults can cause anaemia and
hypoproteinaemia (Fig. 2.27).

S. edentatus
Larvae migrate from the wall of the large intestine via the blood stream
to the liver and develop in the liver. They then migrate into the subperitoneal tissues and return to the large intestine via the mesentery.
The prepatent period is about 10 months. Aberrant larvae cause
haemorrhages in many tissues including abdominal muscles, kidney
lung and testes. The adults can cause anaemia and hypoproteinaemia.

S. equinus
Larvae migrate from the wall of the large intestine via the abdominal
cavity to the liver and develop in the liver. They then migrate back to the
large intestine via the pancreas. The prepatent period is about 8 months.
The adults can cause anaemia and hypoproteinaemia.
Fig. 2.27. The life-cycle of Strongylus vulgaris. Redrawn from Eckert et al. (2005).
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Triodontophorus

Significance

Several other genera of so-called “large strongles” occur in the large
intestines of horses. These include Oesophagodontus and Craterostomum.
Here a single genus, Triodontophorus is used to illustrate the features of
this group of genera.

As they occur in mixed infections with other strongyles, their precise
significance is not understood. They cause ulceration of the caecal and
colonic mucosa.

Biology

Morphology
These worms are 1-2 cm long and their appellation as “large strongyles”
is both contentious and confusing. DNA sequence data indicate that
they belong with the cyathostomes or “small strongyles”, but older texts
continue to group them with the “large strongyles”. The nematodes are
readily recognizable microscopically by their relatively cylindrical buccal
capsule, leaf crown and three prominent teeth in the buccal capsule (Fig.
2.28). There are several species.

Ingested L3 exsheath and enter glands in the wall of the large intestine
where they moult. The L4 return to the lumen for the final moult. There
is no extra-intestinal migration. Their prepatent period is about 9 weeks.

Cyathostomum
The sub-family Cyathostominae is characterised by a cylindrical buccal
capsule and is represented by 13 genera and 51 species in equids. They
are commonly referred to as cyathostomes, cyathostomins or “small
strongyles”. For the sake of simplicity, a single genus, Cyathostomum, is
considered here to represent the subfamily.

Morphology
These are generally small nematodes 10-20 mm in length and grey or
red in colour depending upon the species. They often occur in vast
numbers in the intestine. Microscopically they are identified by their
cylindrical buccal capsules and leaf crowns (Fig. 2.29).

Fig. 2.28. Buccal capsule of Triodontophorus serratus. Redrawn from Mönnig (1934).

Host and site
These nematodes occur in the large intestines of horses and donkeys.

Geographic distribution
This genus is cosmopolitan, including Australia and New Zealand.
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Fig. 2.29. Buccal capsule of Cyathostomum tetracanthum. Redrawn from Mönnig (1934).

Host and site
These nematodes occur in the large intestines of horses and donkeys.

Geographic distribution
This genus is cosmopolitan, including Australia and New Zealand.

Significance
The adults are extremely common but feed on gut content and are
therefore relatively non-pathogenic. However, numbers in the order of
1 million will cause diarrhoea. Larval stages in the gut wall can undergo
hypobiosis and synchronous emergence of large numbers can cause
severe mucosal damage and diarrhoea.

Biology
Ingested L3 exsheath and enter glands in the wall of the large intestine
where they moult. The L4 return to the lumen for the final moult.
There is no extra-intestinal migration. Their prepatent period is about 5
weeks. This is a minimum number as the prepatent periods of individual
species are not known (Fig. 2.30).
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Fig. 2.30. Migratory patterns of strongylid nematodes of horses. A, Strongylus
vulgaris; B, Strongylus edentatus; C, Strongylus equinus; D, Cyathostomum spp.
ST5 = immature adults. Redrawn from Reinecke (1983).
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Family Chabertiidae

Host and site

This family contains some important gastro-intestinal parasites of
ruminants and pigs, all parasitic in the caecum and colon. The life-cycle
is typical of the superfamily. Morphologically, the family is identified by
the presence of two pairs of branches in the dorsal ray.

This species occurs in the colon of sheep and cattle.

Chabertia

Significance

Morphology

Can cause mucoid diarrhoea in young animals. Adult sheep and cattle
develop a strong immunity and rarely harbour large burdens.

There is a single species, Chabertia ovina. It is readily distinguished by
its size, 1-2 cm, being a stout white worm, readily visible to the naked
eye. Microscopically, it is identifiable by its globular buccal capsule and
vestigial leaf crown (Fig. 2.31). Its common name is the “large-mouthed
bowel worm”.

Geographic distribution
This genus is cosmopolitan, including Australia and New Zealand.

Biology
Ingested L3 exsheath and enter glands in the wall of the ileum where
they moult. The L4 return to the lumen of the colon for the final moult.
There is no extra-intestinal migration. Their prepatent period is about 8
weeks.

Oesophagostomum
Morphology
These are stout white worms about 15-25 mm long. They are identified
microscopically by their cylindrical buccal capsule, prominent leaf
crown and a distinct anterior inflation of the cuticle termed a cervical
collar. The common name is “nodule worm” (Fig. 2.32).

Fig. 2.31. Buccal capsule of Chabertia ovina. Redrawn from Mönnig (1934).

- 150 -

- 151 -

Section 2: PARASITES

Section 2: PARASITES

Geographic distribution
The genus is cosmopolitan and all species occur in Australia and New
Zealand apart from Oe. columbianum which is not endemic in New
Zealand. Oe. radiatum occurs primarily in tropical and sub-tropical
regions. Oe. columbianum likewise prefers warmer climates and occurs
mainly in Africa and North America. It is now rare in Australia and has
been replaced by Oe. venulosum which is cosmopolitan in cooler climates.

Significance
The adults feed on gut content and are therefore relatively nonpathogenic causing at most a transient diarrhoea. Immunological
reactions to migrating larvae result in encapsulation of larvae with
consequent “nodule” formation, anaemia, hypoproteinaemia and
diarrhoea. Oe. venulosum does not cause nodule formation and is
therefore relatively non pathogenic.

Biology
Fig. 2.32. Anterior ends of Oesophagostomum venulosum (right hand side) and Oe.
radiatum (left hand side), dorsal views. Redrawn from Mönnig (1934).

Host and site
All species occur in the caecum and colon. The principal
species are as follows:
Species
Host
Oe. radiatum
cattle
Oe. dentatum
pig
Oe. columbianum
sheep
Oe. venulosum
sheep, cattle

Ingested L3 exsheath and enter glands in the wall of the ileum and colon
where they moult. The L4 return to the lumen of the colon for the final
moult. There is no extra-intestinal migration. The prepatent period is
about 5 weeks.

Family Stephanuridae
This family contains a single species in domestic animals, Stephanurus
dentatus, a parasite of the pig.

Stephanurus
Morphology
This nematode is about 2-5 cm long, stout and has a reddish colour
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with white reproductive organs visible through the translucent cuticle.
Commonly referred to as the “kidney worm” of the pig.
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Host and site

in the trachea of mammals and birds. Here only the common “gape
worm” of poultry, Syngamus trachea, is covered here, but additional
genera (Cyathostoma) occur in the tracheae of waterfowl and
(Mammomonogamus) in the tracheae of ruminants.

Adults of this species are found in nodules in the peri-renal area in pigs,
with the cysts connected to the ureters.

Syngamus
Morphology

Geographic distribution
Common in free-ranging and wild pigs in tropical and sub-tropical
areas. Now uncommon in Australia except in wild pigs in north-eastern
coastal areas. It occurs in New Zealand.

The most common species, Syngamus trachea, also known as the “gapeworm” is readily recognisable as it is up to 4 cm long, red in colour with
an enlarged mouth and with the small male (2-5 mm long), permanently
attached to the vulva of the female, so that each pair of worms is Y-shaped.

Significance

Host and site

During migration of larvae towards the kidneys, many larvae undertake
aberrant migrations and cause abscess formation in various parts of the
carcass. Infected carcasses are condemned, resulting in economic loss.

S. trachea occurs in the trachea of poultry and wild birds.

Geographic distribution
This genus is cosmopolitan, including Australia and New Zealand.

Biology
Eggs are passed in the urine, not in the faeces and the L3 may be
ingested or may penetrate the skin. Earthworms may also act as
transport hosts. Larvae ingested migrate to the liver via the portal
system. Those penetrating the skin migrate via the lungs and the
aorta to the liver. Larvae develop in the liver for a period of weeks and
then migrate to the peri-renal area. Many larvae undertake aberrant
migrations and form abscesses in various parts of the carcass. The
prepatent period is about 9 months.

Family Syngamidae
This family contains a number of genera of nematodes, all parasitic
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Significance
Heavy infections cause occlusion of the trachea, difficulty in breathing
and can cause death.

Biology
Eggs are coughed up, swallowed and appear in the faeces. The L3
develops within the egg. The egg itself may be infective or slugs, snails or
earthworms may act as paratenic hosts. Ingested larvae migrate via the
liver to the lungs, then to the alveoli and trachea. The prepatent period
is 2 weeks.
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Superfamily Ancylostomatoidea
Nematodes of this superfamily are commonly referred to as
“hookworms” and have a very large buccal capsule which is bent
(dorsally) (hence the common name). The mouth opening is armed
with an array of teeth or cutting plates. These nematodes occur in the
small intestine of mammals.
All have a direct life-cycle with eggs passed in faeces, development to the
L3 occurring in the external environment, the retention of the cuticle
of the L2 forming a sheath around the L3. Infection occurs primarily
either by ingestion of the L3 or by skin penetration. In the gut, the
L3 exsheaths and usually migrates into the gastro-intestinal mucosa,
where it moults to the L4 then returns to the lumen and moults into
an adult. Larvae which penetrate the skin exsheath and then migrate in
the venous system to the lungs and then via a tracheal migration to the
gastro-intestinal tract.

Family Ancylostomatidae
There is only a single family with the same characteristics as the superfamily.

Ancylostoma
Morphology
These are small worms about 1-2 cm long and white. Microscopically
they are identified by their enlarged, bent buccal capsule and teeth at the
mouth opening (Fig. 2.33).

Fig. 2.33. Buccal capsules of hookworms. A, Ancylostoma caninum with three pairs
of teeth; B, Ancylostoma braziliense with two pairs of teeth. Redrawn from Mönnig (1934).

Host and site
All are parasites of the small intestine. The principal species are:
Species
A. caninum
A. braziliense
A. ceylanicum
A. tubaeforme
A. duodenale

Host
dog, man
dog, cat, man
cat, dog
cat
man

No. of pairs of teeth
3
2
2
3
3

All species are found in the small intestine. A. caninum is the most
important species as it is the most common and most pathogenic species
in dogs. A. duodenale is highly pathogenic in man.
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Geographic distribution
The genus is cosmopolitan in distribution, but is most common in
tropical and sub-tropical areas. The common species of domestic
animals occur both in Australia and New Zealand.

Significance
A. caninum is a major parasite of dogs in tropical and sub-tropical areas
and causes eosinophilic eneteritis in humans in north Queensland. As
it is blood feeder, the principal clinical signs are those of anaemia. A.
braziliense causes cutaneous larva migrans in humans. A. duodenale is
a major cause of anaemia in many parts of the world but is no longer
present in Australia.

Biology
Hosts are infected both by ingestion and skin penetration of larvae. In
A. caninum, transplacental and transcolostral infection also occur and
can result in fatal anaemia in young pups. The prepatent period is 2
weeks in the case of skin penetrating larvae and 3-4 weeks if the larvae
are ingested. In the case of transcolostral infection, the prepatent period
is about 2 weeks (Fig. 2.34).

Fig. 2.34. The life-cycle of Ancylostoma caninum. Redrawn from Eckert et al. (2005).
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Uncinaria

Host and site

Morphology

Only one species occurs in domestic animals, namely U. stenocephala. It
is primarily a parasite of dogs but can also occur in cats.

These are small worms about 15-15 mm long and white in colour.
Microscopically they are identified by their enlarged bent buccal capsule
and a pair of cutting plates at the mouth opening (Fig. 2.35).

Geographic distribution
This species is cosmopolitan but occurs primarily in temperate areas.

Significance
U. stenocephala is a blood feeder but is considerably less pathogenic than
A. caninum.

Biology
The main route of infection is oral. The prepatent period is about 15
days.

Necator
Morphology
These are small worms about 1 cm long and white in colour.
Microscopically they are identified by their enlarged bent buccal capsule
and a pair of cutting plates at the mouth opening.

Host and site
Fig. 2.35. Buccal capsule of Uncinaria stenocephala. Redrawn from Mönnig (1934).

A single species, Necator americanus, is found in the small intestine of
primates (including humans) and pigs.

Geographic distribution
This hookworm species is widely distributed, mainly in tropical and subtropical countries, but no longer occurs in Australia. It is not endemic in
New Zealand.
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Significance

Biology

N. americanus is a major parasite of humans in underdeveloped
countries, causing severe anaemia.

The primary route of infection is percutaneous. Oral infection can occur
but is of limited significance. Transcolostral infection also occurs. The
prepatent period is about 7 weeks.

Biology
Infection occurs primarily by percutaneous infection. The prepatent
period is 40-100 days.

Globocephalus

Bunostomum

In this genus of hookworms, the buccal capsule is large and sub-globular
but is only slightly deviated and has neither teeth nor cutting plates at
the mouth opening. The worms are 5-8 mm long.

Morphology
These are small worms about 1-2 cm long and white in colour.
Microscopically they are identified by their enlarged bent buccal capsule
and a pair of cutting plates at the mouth opening. The ventral lancets in
the buccal capsule are small.

Host and site

Morphology

Host and site
The most important species in this genus, G. urosubulatus, occurs in the
small intestine of the pig.

Geographic distribution

Both species occur in the small intestine.
Species
Host
B. phlebotomum
cattle
B. trigonocephalum
sheep

This parasite is widely distributed in pigs in tropical and sub-tropical
regions of the world including Papua New Guinea. It is not known to
occur in Australia but is reported from New Zealand.

Significance
Geographic distribution
Both species are widely distributed but are most common in tropical
and sub-tropical regions. Both occur in Australia and new Zealand but
are now uncommon in Australia.

Significance
Both species can cause significant anaemia and even death in heavy
infections (more than 1,000 nematodes).
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Its clinical significance is not well established, but it is presumed to cause
anaemia in pigs.

Biology
The biology of this species has not been studied in detail. Infection can
be achieved by the oral route experimentally and the prepatent period is
about 4-7 weeks.
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Gaigeria
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There are three types of life cycles, but the life cycles of metastrongyles
differ from the other strongylid nematodes in that the L1 rather than an
egg is passed in the faeces (except in pigs) (Fig. 2.36).

Morphology
These are small whitish worms,10-20 mm long. The species is
morphologically similar to Bunostomum but has elongated ventral
lancets in the buccal capsule which reach the dorsal cone.

Host and site
This species occurs in the small intestine of ruminants.

Geographic distribution
G. pachyscelis is known from sheep and goats in Africa, India and
Indonesia. It does not occur in Australia and New Zealand.

Significance
It is highly pathogenic with infections of only 25 nematodes being fatal.

Biology
Infection is by the percutaneous route and the prepatent period is about
8 weeks. There is no transcolostral transmission.

Superfamily Metastrongyloidea
Nematodes of this superfamily are commonly referred to as
“lungworms” although not all members reside in the lungs and may
be found in the pulmonary artery, the meninges or the intermuscular
connective tissues. They have a very small buccal capsule and in many
instances the bursa of the male is also reduced. In this superfamily,
nematodes are arranged in a number of families which only correspond
roughly with the host group.
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1.
Direct life cycles in which the L3 is ingested. This life cycle is
similar to that seen in the trichostrongyles. Adults in the lungs lay eggs
or larvae which are carried up the trachea, are swallowed and appear in
the faeces as L1. The L3 develops in the external environment and is
ingested by the host. Upon ingestion, the L3 exsheaths, penetrates the
wall of the intestine and migrates via the lymphatic system to the lungs.
This type of life cycle is seen in the family Dictyocaulidae which occurs
in ruminants and horses.
2.
Indirect life cycle. In this type of life cycle, L1 are passed in the
faeces and are either ingested by an earthworm or penetrate the foot of
a snail or slug. Development to the L3 occurs in the intermediate host.
The intermediate host is then ingested by the definitive host and the
larvae migrate to their final location in the host, which may be the lungs
or may be another site. In addition, paratenic as well as intermediate
hosts may be involved. These types of life cycles are found in the
families Metastrongylidae (pigs), Protostrongylidae (ruminants) and
Angiostrongylidae (dogs, cats, rats).
3.
Direct life cycles in which the L1 is ingested. Life cycles of this
type are known only in a few carnivores including dogs and are not well
understood. Following ingestion of the L1, nematodes migrate to the
lungs, undergoing development in the process. Nematodes with this type
of life cycle belong to the family Filaroididae.
Identification is made primarily on the basis of the host and the
location of the nematodes within the respiratory system. Only rarely
are microscopic features of the nematodes required for preliminary
identifications.
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Family Dictyocaulidae
This family contains a single genus in domestic animals, Dictyocaulus.
It has previously been classified with the trichostongyles because of
similarities between their life cycles, but DNA sequence data clearly
indicate that it is a metastrongyle.

Dictyocaulus
Morphology
These are large, white worms up to 8 cm long and are found in the
trachea and bronchi. They are recognised microscopically by their
characteristic spicules which are short and stout, and have a sponge-like
appearance.

Host and site
Species
D. filaria
D. viviparus
D. arnfieldi

Host
sheep, goat
cattle
horse, donkey

Geographic distribution
These nematodes are cosmopolitan in distribution including Australia
and New Zealand.

Significance
Both D. viviparus and D. filaria are major pathogens of cattle and
sheep, respectively, causing pneumonia. In cattle, the disease is known as
“husk”. They are most significant in temperate regions of the world.
Fig. 2.36. General patterns of life cycles of metastrongyle nematodes. Modified
from Mehlhorn (1988).
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Biology

Significance

The life cycle is direct, a L1 is passed in the faeces, infection occurs by
ingestion of the L3 which then migrates via the lymphatics to the lungs.
The prepatent period is about 21 days. Heavy infections cause occlusion
of the major airways, predisposing animals to secondary bacterial
infections. After initial exposure, animals can develop a hypersensitivity
reaction when reinfected.

Heavy infections occlude the major airways and predispose pigs to
secondary bacterial infections.

Family Metastrongylidae
This family contains a single genus, Metastrongylus, which is found in
the bronchi of pigs.

Metastrongylus
There are several species in this genus, M. apri, M. salmi and M.
pudendotectus being the most important.

Morphology
The nematodes are long (1-6 cm) thin worms and occur in the trachea
and bronchi of pigs. Microscopically they are characterised by two trilobed lips.

Host and site
All species occur in the trachea and bronchi of pigs.

Biology
Nematodes of this genus lay eggs which are coughed up and swallowed
and are passed in the faeces. These are eaten by earthworms and
development to the L3 occurs in the earthworm. When the earthworm
is eaten by a pig, the larvae migrate via the lymphatic system to the
lungs. The prepatent period is from 3 to 6 weeks.

Family Protostrongylidae
Members of this family are all parasites of ruminants, with some living
in the lungs of domestic ruminants while others occur in sinuses in
the brain or in intermuscular tissues of wild ruminants such as deer.
In such aberrant locations, larvae are released into the blood stream
which are then carried to the lungs and break out into the alveoli to be
carried up the trachea and swallowed, leading to L1s appearing in the
faeces. Consequently, even though the adult nematodes do not reside in
the lungs, they use the lungs as the portal of exit for their larval stages.
Remarkably, the species in deer have no apparent adverse effect on their
hosts, but if the infective larvae are accidentally ingested by domestic
ruminants, the migrating larvae are highly pathogenic. All species within
this family use molluscs as intermediate hosts.

Geographic distribution
These nematodes are cosmopolitan in distribution including Australia
and New Zealand.
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Protostrongylus

Host and site

A single species within this genus, P. rufescens, occurs in domestic
ruminants, namely sheep and goats, in Australia and New Zealand.

These nematodes are found in the alveoli of the lungs of sheep and goats.

Geographic distribution

Morphology
The worms are small and thin, about 15-45 mm long arepititious.

This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Host and site

Significance

Small bronchi and bronchioles of sheep and goats.

Infections in sheep are not usually pathogenic as the nematode is
rapidly killed by the host’s immunological reaction and encapsulated.
However, the prevalence of infection is very high and the granulomatous
lesions are readily visible on the surface of the lungs. Goats appear to
be less able to encapsulate these nematodes and migration through
the parenchyma can result in tissue damage predisposing to secondary
bacterial infections. Some cases of mortality in goats have been
attributed to M. capillaris infection.

Geographic distribution
This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
The nematode is not highly pathogenic, but characteristic lesions with
discoloured lobules of the dorsal surface of the lungs are seen at autopsy.

Biology
The life-cycle involves the release of L1s in the faeces and development
to the L3 in snails of the genus Cernuella. Following ingestion of the
snail, the larvae migrate to the lungs via the lymphatics.

Muellerius
A single species of this genus, M. capillaris, occurs in sheep and goats.

Biology
The life cycle is similar to that of Protostrongylus except that a wide range
of slugs and snails can act as intermediate hosts.

Parelaphostrongylus
Several species occur in this genus, but P. tenuis is the best studied and is
the only species dealt with here.

Morphology
The worms are long, slender and white.

Morphology
The nematodes are small (about 10-25 mm long) and occur coiled in
the alveoli of the lungs.
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Host and site

Host and site

The nematodes are found in the subdural space and cranial venous
sinuses of white-tailed deer.

The nematode occurs in the intermuscular connective tissue and
meninges of red deer.

Geographic distribution

Geographic distribution

This species is restricted to North America.

This species is naturally restricted to Europe but has been introduced
into New Zealand. It is apparently absent in Australia.

Significance
In its normal host, the white tailed deer, it is completely nonpathogenic. In other ruminants, including other species of deer and
domestic ruminants, migrating larvae cause a fatal neuropathy.

Significance
The nematode produces no clinical signs in red deer but in other species
of deer it produces severe neurological signs.

Biology

Biology

Adult worms in the cranial venous sinuses lay eggs which are carried
in the blood to the lungs where they hatch and the L1 escape into the
alveoli. The larvae are carried up the trachea and are swallowed and
leave the host in the faeces. A slug or snail acts as an intermediate host.
When the L3 is ingested with the snail or slug, it migrates through the
gastrointestinal wall to the peritoneal cavity and then ascends lumbar
nerves to the spinal canal. They migrate anteriorly to the brain and the
cranial venous sinuses where they mature and lay eggs. The prepatent
period is about 10 weeks.

The entire life cycle has not been elucidated, but it appears to be similar
to P. tenuis (see above).

Elaphostrongylus

Angiostrongylus

Family Angiostrongylidae
Members of this family occur in the lungs or pulmonary arteries of
dogs, cats and rats and all utilise molluscs as intermediate hosts, as in
previous families.

Several species occur in this genus, but only E. cervi from red deer is
included here.

A single species of this genus, A. vasorum, occurs in dogs.

Morphology

Medium sized worms (15-25 mm), white in colour; identified primarily
by location in host.

It is a long slender worm.
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Host and site

Host and site

These nematodes are found in the pulmonary artery of the dog.

The nematodes occur in the pulmonary artery of a variety of species of
rat.

Geographic distribution
This species is found in Europe, Africa and America. There are one or
two reports of its occurrence in Australia, but none from New Zealand.

Significance
Heavy infections can cause pulmonary sclerosis and emphysema with
cardiac insufficiency and hypertrophy. The parasite appears to be
spreading in Europe and has reached Britain. Foxes are reservoir hosts in
Europe.

Biology
Eggs lodge in the pulmonary capillaries and the L1 migrate into the
alveoli and up the trachea. L1s are passed in the faeces and slugs and
snails act as intermediate hosts. Upon ingestion of the intermediate
host, larvae migrate via the liver to the pulmonary artery. The prepatent
period is about 6 weeks.

Parastrongylus
The genus Parastrongylus is relatively new and contains the rat lungworm
Parastrongylus cantonensis, formerly known as Angiostrongylus cantonensis.

Morphology
Small nematodes, up to 15-30 mm long; identification is based on its
site in the host.

- 174 -

Geographic distribution
The parasite occurs primarily in South-east Asia including islands of the
Pacific. In Australia, it occurs along the east coast as far south as Sydney.
It has not been reported from New Zealand.

Significance
The nematode produces no clinical signs in rats, but because part of its
migration is through the brain, it produces severe neurological signs in
abnormal hosts. It is the cause of eosinophilic meningitis in humans and
in heavy infections, fatalities occur.

Biology
Eggs lodge in the pulmonary capillaries and the L1 migrate into the
alveoli and up the trachea. L1s are passed in the faeces and slugs and
snails act as intermediate hosts. Upon ingestion of the intermediate
host, larvae migrate via the lymphatic system and via the liver to the
pulmonary artery and then reach the arterial circulation and the brain.
They congregate and moult in the anterior cerebrum and then emerge
onto the surface of the brain and return in the venous system to the
pulmonary artery. The prepatent period is about 6 weeks. Rats can
become infected by eating slugs and snails, but molluscs can also deposit
L3 in slime on vegetable leaves as they crawl across them. Infective
larvae have also been found in prawns and land crabs.
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Aelurostrongylus
A single species of this genus occurs in domestic animals, the cat
lungworm, A. abstrusus.

Morphology
These nematodes are tiny (4-10 mm) and are found coiled in alveoli.

Host and site
This species is found in the alveoli of the lungs of cats.

Geographic distribution
This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
This species is relatively common in cats and may produce a chronic
cough but is not highly pathogenic. Lesions of focal interstitial
pneumonia are seen at autopsy.

Biology
Eggs lodge in the pulmonary alveoli and the L1 migrate up the trachea.
L1 are passed in the faeces and slugs and snails act as intermediate
hosts. Upon ingestion of the intermediate host, larvae migrate to the
pulmonary lungs. The prepatent period is about 5 weeks. Paratenic hosts
such as birds, reptiles, amphibians and rodents can also be involved in
the life cycle (Fig. 2.37).

Fig. 2.37. The life-cycle of Aelurostrongylus abstrusus. Redrawn from Eckert et al. (2005).
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Family Filaroididae
Members of this family are found in the lungs of carnivores. Among the
domestic animals, there are two species which are found in the respiratory
system of dogs. In both cases, the L1 is infective to the host, but the details
of the larval migrations have not been determined.

Filaroides
A single species is known from dogs, F. hirthi.

Morphology
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faeces. Ingested larvae reach the lungs either via the lymphatic system or
via the liver and all four moults occur in the lungs. The prepatent period
is about 5 weeks.

Oslerus
A single species of this genus occurs in dogs, O. osleri.

Morphology
This is a small nematode about 1 cm long and is found in nodules near
the bifurcation of the trachea in dogs.

F. hirthi is a small worm (2-13 mm) found coiled in alveoli.

Host and site

Host and site

Found in the tracheal and bronchial lumen of dogs.

The nematodes is found only in pulmonary alveoli in the dog.

Geographic distribution

Geographic distribution

This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

This species was discovered relatively recently in the United States. It was
apparently imported into Australia inadvertently in beagle dogs used
for experimental purposes, but infections in the general dog population
appear to be rare. It has not been reported from New Zealand.

Significance
Infections are generally inapparent and the parasite is not pathogenic.
However, with intercurrent disease, heavy if not overwhelming
infections can occur by autoinfection.

Biology
Eggs are laid in the alveoli and L1 migrate up the trachea and appear
in faeces. Dogs are presumed to become infected from contaminated
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Significance
This species is common in dingoes in Australia but is rare in domestic
dogs. As the nodules partially occlude the trachea and bronchi, the
clinical signs seen in heavy infections are associated with difficulty in
respiration.

Biology
Eggs are laid by females in the trachea and hatch to release L1. Larvae are
found in faeces but are generally not viable. It is thought that the parasite
is transmitted from bitch to pup either by licking and cleaning or by
regurgitation of food or water. Dogs can be infected with the L1 and the
prepatent period is about 9 weeks.
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2.5.4. Order Ascaridida
Nematodes of the order Ascaridida are characterised by three large lips
surrounding the mouth opening. They are frequently large nematodes,
sometimes up to 15 cm in length.
Members of the superfamily Heterakoidea are separated by the presence
of a large sucker anterior to the cloaca in the male.
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zoonotic significance. Larvae of some species are not host specific and
will migrate in a range of hosts, including humans.
Adult nematodes in this group are identified primarily on the basis of
the host in which they are found as they are highly host specific, but
a more detailed examination of morphological features is required to
identify the ascarids of dogs and cats.

Ascaris
Superfamily Ascaridoidea

A single species of this genus, A. suum, occurs in pigs.

Nematodes of this superfamily are commonly referred to as “ascarids”.
Two families are of veterinary or medical significance, the Ascarididae
(not to be confused (!) with the Ascaridiidae dealt with below).
Members of the Ascarididae are found in terrestrial mammals while
members of the Anisakidae occur in marine mammals.

Morphology

Family Ascarididae

A. suum occurs in the small intestine of the pig.

This family contains several important species of parasites of domestic
animals. There are several features which are common to all species.
All are found in the small intestine of the host and are large worms
(5-15 cm). The females may lay tens of thousands of eggs per day and
the eggs have a thick shell making them highly resistant to standard
disinfectants. The eggs withstand low concentrations of formalin but
can be killed with 70% ethanol. Eggs can persist in the environment for
several years. Two moults occur in the egg so that when ingested by the
host, it contains the L3. They then migrate via the portal system to the
liver, then via the circulation to the lungs where they break out into the
alveoli and are carried up the trachea by the mucociliary escalator and
are swallowed, arriving back in the gastrointestinal tract. This migration
is termed a hepato-pulmonary migration. In some species, prenatal and
transcolostral routes of infection occur. In addition, some species are of

Geographic distribution
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These nematodes are large (up to 40 cm long), white and have three
large lips.

Host and site

This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
These nematodes feed on gut content but large burdens cause ill-thrift in
pigs. Migration of larvae through the liver can result in white foci on the
liver surface and such livers are condemned leading to economic loss.
Occasionally, large burdens may lead to intestinal blockage and aberrant
migrations into the bile ducts may cause disease.
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Biology

Biology

The life cycle is typical of the Ascarididae (as described above) with
a hepatopulmonary migration following ingestion of the egg. The
prepatent period is about 7-8 weeks.

The basic features of the life cycle are those of the family Ascarididae.
The prepatent period is about 9 weeks.

A closely related species, A. lumbricoides, occurs in humans and it is
sometimes possible to infect pigs with this species. A. lumbricoides is
common in developing countries, particularly in children.

Toxascaris
A single species of this genus occurs in domestic carnivores. T. leonina is a
relatively common parasite of the cat and occurs less frequently in dogs.

Parascaris

Morphology

Two species of this genus occur in the horse, P. equorum and P. univalens,
but as they are so similar morphologically, they are generally treated as a
single species under the older name P. equorum.

These are large nematodes, up to 50 cm in length and white.

Adult worms are up to 10 cm long, white, and have slender lateral alae.
In order to differentiate them from Toxocara canis, specimens cleared
in lactophenol can be examined to see if they have a ventriculus at the
posterior end of the oesophagus (T. canis) or not (T. leonina). A simpler
method is to crush a gravid female worm to extract the eggs which have
a smooth surface in the case of T. leonina and a rough surface in the case
of T. canis or T. cati.

Host and site

Host and site

Morphology

They are found in the small intestines of horses and donkeys.

Geographic distribution
This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
P. equorum is a significant problem in foals causing ill-thrift, respiratory
signs, reduced growth rates and occasionally intestinal obstruction.
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The nematode occurs in the small intestine of the cat and less commonly
the dog.

Geographic distribution
This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
A common parasite of cats, less frequent in dogs. Can cause ill-thrift.
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Biology
The principal route of infection is the ingestion of an egg which
hatches in the intestine and develops there without a hepatopulmonary
migration. The prepatent period is about 50 days. If eggs are ingested by
mice, rats or rabbits, the larvae migrate to the musculature and encyst; if
eaten by a cat or dog, they mature in the intestine.

Toxocara
Three species of this genus occur in domestic animals, T. canis in the
dog, T. cati in the cat and T. vitulorum in cattle.

Morphology
All species are large (5-18 cm long, up to 30 cm in T. vitulorum),
white worms. The genus is characterised by a ventriculus separating
the oesophagus from the intestine, but this is only visible in cleared or
dissected specimens. T. canis and T. cati can be differentiated from one
another by the shape of the alae which are narrow in T. canis but are
broad in T. cati (Fig. 2.38).

Host and site
All species occur in the small intestine.
Species		
Host			
T. canis		dog			
T. cati
cat			
T. vitulorum		cattle

Fig. 2.38. Anterior ends of Toxocara canis (left) and T. cati (right) showing differences
in the shape of the alae. Redrawn from Mönnig (1934) and original.

		

Geographic distribution
T. canis and T. cati are cosmopolitan in its distribution, including
Australia and New Zealand. T. vitulorum is common in America and
Asia particularly in buffaloes but is uncommon in Australia and has not
been reported from New Zealand.
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Significance
T. canis and T. cati are important parasites of dogs and cats causing
ill-thrift and reduced growth rates in pups and kittens. T. canis is of
zoonotic importance. T. vitulorum is an important cause of reduced
growth rates in buffalo calves.

Biology
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Zoonotic infections
If the eggs are ingested by humans, the larvae undertake a somatic
migration. If large numbers of eggs are ingested, significant damage can
be caused to the liver by migrating larvae, causing a syndrome known
as visceral larva migrans. Some larvae may encyst in the brain and
particularly in the eye causing visual defects, a syndrome termed ocular
larva migrans.

T. cati

T. canis (Fig. 2.39).
Ingestion of eggs – oral infection
If pups up to 12 weeks of age ingest eggs, a standard hepatopulmonary
migration occurs with a prepatent period of 4-5 weeks.
If dogs are more than 12 weeks of age and they ingest eggs, the larvae
migrate to the liver and lungs but instead of entering the alveoli, they are
distributed around the body and encyst, particularly in the musculature.
This is termed a somatic migration. In male dogs and spayed bitches,
this pathway is a dead end and the larvae eventually die.
Transplacental and transmammary infection
If the larvae encyst in a bitch which then becomes pregnant, in the third
trimester of pregnancy, the larvae are reactivated and migrate to the
placenta and the mammary glands. Those crossing the placenta reach
the lungs of the foetus. At birth, they complete a tracheal migration and
the prepatent period in the newborn pup is 21 days. Those larvae which
enter the mammary gland infect pups while suckling and again the
prepatent period in the pups is 21 days.

Eggs ingested by cats hatch to release larvae which complete a
hepatopulmonary migration with a prepatent period of about 3542 days. Transcolostral transmission occurs in cats but not prenatal
transmission. Paratenic hosts such as rodents are more important in the
case of cats.

T. vitulorum
The life cycle of this nematode is similar to that of T. cati with
a hepatopulmonary migration following the ingestion of eggs.
Transcolostral but not prenatal transmission occurs. Paratenic hosts are
not involved.

Paratenic hosts
Eggs may be ingested by rodents and encyst in the tissues, developing to
adults if the rodent is eaten by a dog. This however is not likely to be a
major source of infection.
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Family Anisakidae
This family contains numerous species of ascaridoid nematodes which
mature in dolphins, whales, sharks, fish-eating birds and large predatory
teleost fish. The only species of medical or veterinary concern is Anisakis
simplex from dolphins, the larvae of which may cause anisakiasis in
humans.

Anisakis
Only one species, A. simplex is dealt with here.

Morphology
The adults are large (up to 5 cm) whitish worms with three lips. The
genus is characterised by a ventriculus between the oesophagus and
the intestine. The larval stages, which are the cause of disease are small
nematodes about 1-2 cm in length, without lips but with a single ventral
tooth at the anterior end and are identifiable by the possession of the
ventriculus.

Host and site
Adults are found in the stomachs of dolphins; larvae occur in the
mesentery of numerous species of teleost fish and after the death of the
fish, migrate into the muscles.

Geographic distribution
This species is restricted to the northern hemisphere and is particularly
common in European and Japanese waters. A related species, A. pegreffii
occurs in Australian and New Zealand waters, but has rarely been
associated with human disease.
Fig. 2.39. The life-cycle of Toxocara canis. Redrawn from Eckert et al. (2005).
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Significance
Only the larvae are of significance. If infected fish are eaten by humans,
either uncooked or incompletely cooked, the larvae attempt to penetrate
the gut wall causing severe gastro-enteritis. The larvae are also highly
allergenic and may be responsible for some of the so-called “fish
allergies” in humans.

Biology
Eggs laid by adult worms pass out in the faeces of dolphins and are eaten
by small copepods in which the eggs hatch and the larvae penetrate into
the haemocoele. The copepods are then eaten by small teleosts which are
in turn eaten by larger teleosts and so the larvae are passed up the food
chain until the large parasitised fish are eaten by dolphins.

Superfamily Heterakoidea
Nematodes of this superfamily have the characteristic three lips of
ascarids but have a sucker anterior to the cloaca in the male (Fig 2.40).
All species dealt with here are parasites of birds. All have a direct life –
cycle with eggs being passed in the faeces and then ingested, the larvae
undergoing a brief migration into the intestinal wall and then returning
to the lumen.

Family Heterakidae
Members of this family are characterised by an oesophagus with a
rounded terminal bulb.

Fig. 2.40. Heterakis gallinarum. A, anterior end showing shape of oesophagus; B,
tail of male showing pre-cloacal sucker. Redrawn from Mönnig (1934).

Heterakis
A single species is dealt with here, A. gallinarum, from poultry. Other
species, some quite pathogenic, are found in other types of birds.
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Morphology

Ascaridia

These are small (about 5-15 mm), whitish nematodes with three lips, a
pre-cloacal sucker and an oesophageal bulb.

Numerous species of this genus are found in birds, some of which
are highly pathogenic. Only one species, A. galli, found in poultry, is
considered here.

Host and site
This species occurs in the caeca of chickens, turkeys and geese.

Geographic distribution
This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
These nematodes are relatively non-pathogenic but are significant as
vectors of the protozoan Histomonas meleagridis, the cause of infectious
enterohepatitis or “blackhead”. The protozoan is transmitted in the egg
of the nematode.

Biology
The life-cycle is direct with infection occurring by ingestion of the egg
containing the infective larva. The prepatent period is about 3 weeks.
Earthworms may act as transport hosts.

Morphology
These are slender whitish worms up to 3-12 cm in length.

Host and site
This species is found in the small intestine of chickens, turkeys and
geese.

Geographic distribution
This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
This species mainly affects young birds causing ill-thrift and reduced
growth rates.

Biology
The life-cycle is direct with infection occurring by ingestion of the egg
containing the infective larva. The prepatent period is about six weeks.
Earthworms may act as transport hosts.

Family Ascaridiidae
Members of this family are characterised by a slender, club-shaped
oesophagus without a rounded terminal bulb.
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Geographic distribution

2.5.5. Order Oxyurida

This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Family Oxyuridae
Members of this order and family are commonly referred to as “pin
worms”. They are characterised by three lips, an oesophagus with a
terminal bulb and by the male usually possessing only a single spicule.
Their life cycle is direct with infection occurring by ingestion of an egg.
In the case of the species dealt with here, females living in the large
intestine migrate to the anus to lay their eggs. The eggs are sticky and
cause irritation. When the host rubs itself, the eggs are spread in the
environment and contain the L3. When ingested, the larva hatches and
migrates to the large intestine where it develops.

Significance
Although it feeds on gut content and is therefore not highly pathogenic,
females lay their sticky eggs around the rectum of horses, causing intense
anal irritation.

Biology
The life cycle follows that of the family (described above). The prepatent
period is about five months.

Only two species are dealt with here, the pin worm of the horse, Oxyuris
equi, and the human pinworm, Enterobius vermicularis. Pinworms of
rodents (Syphacia, Aspicularis) and rabbits (Passalurus) are dealt with in
sections on these hosts.

Enterobius

Oxyuris

The nematode is small (5-15 mm), whitish, with a distinctly tapering
tail.

There is only a single species in the genus, O. equi, the common
pinworm of the horse.

Enterobius vermicularis is the common pinworm of humans.

Morphology

Host and site

Morphology

It is found exclusively in the large intestine of humans.

A large (up to 15 cm), whitish worm, with a distinctly tapering tail.

Geographic distribution

Host and site

This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Found in the large intestines of horses and donkeys.

Significance
The nematode is not pathogenic but the eggs cause anal pruritis.
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Spirurids of the horse

The life cycle follows that of the family (described above). The prepatent
period is about 15 days. The behaviour of is worm was investigated as
early as 1863 by R. Leuckart who infected himself and his students to
study the behaviour of female worms and their egg laying habits.

Habronema, Draschia
These two closely related genera occur in the stomach of the horse and
as they are very similar, they have been dealt with together.

Morphology

2.5.7. Order Spirurida
Nematodes of this order are characterised by the possession of two
trilobed lips, sometimes greatly reduced (in the Filarioidea) and the
division of the oesophagus into an anterior muscular portion and a
posterior glandular portion. The two spicules are invariably dissimilar.

All species are small, about 1-2 cm long and are found on the surface
of the gastric mucosa (Habronema) or in nodules in the stomach (D.
megastoma). The genera can be distinguished based on the shape of the
buccal capsule which is cylindrical in Habronema and funnel shaped in
Draschia (Fig. 2.41).

All of these nematodes have at least one or sometimes two intermediate
hosts in their life cycles and the first intermediate host is invariably an
arthropod.
There are two major superfamilies in the order:
Spiruroidea – members of this superfamily have two prominent,
trilobed lips and occur in the oesophagus, stomach (crop or gizzard),
and sometimes the conjunctival sacs of their hosts.
Filarioidea – members of this superfamily lack lips and occur in the
subcutis or intermuscular tissues, the blood vessels or the lymphatic
systems of their hosts.

Fig. 2.41. Buccal capsules of Draschia megastoma (A), Habronema muscae (B) and
H. microstoma (C). Redrawn from Mönnig (1934).

Superfamily Spiruroidea
There are numerous families within this superfamily and for simplicity,
these have been ignored.
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Host and site
All three species are parasites of horses and donkeys.
Species
Site
Intermediate host
H. muscae
gastric mucosa
Musca spp.
H. majus (= microstoma) gastric mucosa
Stomoxys calcitrans
		or Musca spp
D. megastoma
gastric nodules
Musca spp.

Geographic distribution
These nematodes are cosmopolitan in distribution, including Australia
but Habronema is absent in New Zealand.

Section 2: PARASITES

Species of Habronema live on the surface of the gastric mucosa, while D.
megastoma burrows into the gastric mucosa causing a nodule up to 10
cm in diameter, containing numerous nematodes.
Flies feeding on any cutaneous lesion may deposit L3 which migrate
within the lesion and exacerbate it but do not develop to adults. Such
lesions are then referred to as “cutaneous habronemiasis”.

Cyathospirura, Cylicospirura
Nematodes belonging to these genera occur in the stomachs of dingoes,
cats and foxes. They are common in wild animals but are encountered
uncommonly in pets. As the genera are closely related, they are dealt
with together.

Morphology

Significance
They are not highly pathogenic but can cause gastritis. Draschia is
more pathogenic than Habronema, causing large tumour-like lesions
in the stomach. Larvae deposited in existing cutaneous wounds can
cause exacerbation of the wounds and lesions are then referred to as
“cutaneous habronemiasis”.

Biology
Eggs are passed in the faeces and hatch to release the L1. Larvae of
the house fly, Musca domestica, or the stable fly, Stomoxys calcitrans,
developing in detritus mixed with faeces ingest the larvae which
penetrate the haemoceole of the insect and develop to the L3. The flies
metamorphose to adults and if accidently ingested by a horse, the larva
completes its development in the stomach. In addition, when flies are
feeding around the mouths of horses, larvae can leave the labellum of
the fly and be ingested by licking.
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The nematodes form characteristic tumour-like nodules in the stomach
of the host. There is a central orifice and the nematodes, about 2-3 cm
long are found in the nodules.
Species
Cylicospirura felineus
Cylicospirura advena
Cyathospirura seurati

Host		
cat
cat (New Zealand only)
cat, fox, dingo, quoll (formerly C. dasyuridis)

Host and site
Stomach
Geographic distribution
The genera are cosmopolitan in carnivores with two species known
from cats in Australia, both of which also occur in Asia, and one species
known only from New Zealand.
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Significance

Geographic distribution

The nodular lesions caused by the nematodes are obvious at autopsy but
their clinical significance is not known.

This species occurs in dogs in warmer regions throughout the world. In
Australia, it is only known from central Australia. It is not endemic in
New Zealand.

Biology
None of the life cycles have been elucidated but it is likely that beetles or
other insects act as intermediate hosts.

Spirocerca
A single species occurs in dogs, S. lupi.

Morphology
Worms of this species are robust and red in colour, usually coiled and
about 3-8 cm long. (Fig. 2.24).

Significance
Infections are often asymptomatic but the nodules associated with the
parasite can cause difficulty in swallowing and regurgitation of food. The
parasite has also been associated with carcinomas of the oesophagus.

Biology
The L1 in the egg hatches when ingested by a beetle, penetrates the
haemocoele and develops to the L3. If the beetle is eaten by a dog, the
larvae penetrate the stomach wall and migrate in arteries to the aorta.
After development in the aorta, the L4 migrate directly from the aorta
to the oesophagus. The prepatent period is about 14 months. Small
mammals, birds, reptiles and amphibians can act as paratenic hosts.

Physaloptera
A single species of this genus has been found in cats in Australia, P.
praeputialis.
Fig. 2.42. Anterior end of Spirocerca lupi. Redrawn from Mönnig (1934).

Morphology

Host and site

These are large, robust nematodes, 10-60 mm long, usually coiled, and
have a prepuce like extension of the cuticle on the tails of both males
and females.

This species is found in nodules in the oesophagus and stomach of dogs.

Host and site
The parasite is found in the stomachs of dogs and cats.
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Geographic distribution

Morphology

This species occurs in dogs and cats in most parts of the world except
Europe, but has only been reported from cats in central Australia.

They are slender worms 5 -15 cm in length. Microscopically they are
readily identifiable by the numerous bosses (protrusions) on the anterior
part of the cuticle. G. pulchrum and G. ingluvicola occur partly buried in
the mucosa of the oesophagus and crop respectively, while G. verrucosum
coils between the papillae of the rumen (Fig 2.44).

Significance
This parasite is not pathogenic, causing small erosions and gastritis at
their point of attachment.

Biology
The life cycle is typical of the Spiruroidea (see above) with crickets acting
as intermediate hosts. Small vertebrates can act as paratenic hosts.

Host and site
Species
G. pulchrum
G. verrucosum
G. ingluvicola

Host
ruminants, pig
cattle
chickens

Site
oesophagus
rumen
crop

Intermediate host
beetles, cockroaches
cockroaches
cockroaches

Geographic distribution
These nematodes are cosmopolitan in its distribution, including
Australia and New Zealand although only G. pulchrum has been
reported from New Zealand.

Significance
Species of Gongylonema are not pathogenic.

Biology
The life cycle is typical for the spiruroids (see above).
Fig. 2.43. Anterior end of Physaloptera canis. Redrawn from Mönnig (1934).

Gongylonema
Three species of this genus occur in domestic animals.
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Geographic distribution
These nematodes are cosmopolitan in their distribution, including
Australia but not New Zealand.

Significance
These nematodes are frequently non-pathogenic but may cause
conjunctivitis.

Biology
Nematodes lay thin-shelled eggs containing the L1. A fly (e.g. Musca
domestica) feeding on lachrymal secretions ingests the egg and the
larva penetrates the haemocoele and develops to the L3. Larve emerge
from the labellum of flies while they are feeding and complete their
development in the conjunctival sac.
Fig. 2. 44. Anterior end of Gongylonema verrucosum. Redrawn from Mönnig (1934).

Thelazia
Species of Thelazia occur in the conjunctival sacs of their hosts. Of the
many species recognised, T. rhodesi and T. gulosa are the commonest
species in cattle and T. lachrymalis in horses. All are dealt with together.

Morphology
These nematodes are about 10-20 mm long and are white in colour. The
genus is usually identified based on its occurrence in the conjunctival sac
(Fig. 2.45).

Host and site
Species of this genus occur in the conjunctival sac of mammals.
T. rhodesi and T. gulosa are the commonest species in cattle and T.
lachrymalis in horses.
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Fig. 2.45. Anterior end of Thelazia rhodesi. Redrawn from Mönnig (1934).
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Ascarops, Physocephalus
Two species of spiruroid nematodes occur relatively commonly in the
stomachs of pigs, Ascarops strongylina and Physocephalus sexalatus.

Morphology
Both species of nematode are 15-25 mm in length and are reddish
brown in colour. They have the characteristic oesophagus of spiruroids
(see above) and have dissimilar spicules. The two are differentiated
microscopically by the features of the buccal capsule which consists of
annuli; in Physocephalus the annuli are transverse (Fig. 2.47), while in
Ascarops, they are oblique (Fig. 2.46).

Host and site

Fig. 2.46. Anterior end of Ascarops
strongylina. Redrawn from Mönnig (1934).

Both species of nematode occur in the stomach of the pig.

Geographic distribution
These nematodes are cosmopolitan in their distribution, including
Australia but not New Zealand.

Fig. 2.47. Anterior end
of Physocephalus sexalatus.
Redrawn from Mönnig (1934).

Significance
These nematodes are relatively non-pathogenic.

Gnathostoma

Biology

Two species of this genus occur in domestic animals, G. spinigerum in
cats and dogs and G. hispidum in pigs.

The life cycle is typical of spiruroids with beetles acting as intermediate
hosts. Birds, small mammals, reptiles and amphibians can also act as
paratenic hosts.
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Morphology
Nematodes of this genus are robust, 1-3 cm long and have an enlarged
anterior end covered in rows of hooks; the hooks also extend along the
body (Fig. 2.48).
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liver then muscles and connective tissue before re-invading the stomach.
The prepatent period is about 2-5 months. Humans acquire infections
usually from eating undercooked fish; the larvae do not develop but
persist in the tissues migrating randomly.

Tetrameres

Fig. 2. 48. Anterior end of Gnathostoma spinigerum. Redrawn from Mönnig (1934).

This unusual genus of nematodes occurs in the proventriculus and
particularly in the proventricular glands of birds. There are numerous
species, but the best known is T. fissipina which occurs in waterfowl.
This species will be described here as a representative of the genus.

Morphology

Host and site

These nematodes are cosmopolitan in their distribution, including
Australia but not New Zealand.

Males of this nematode are tiny, just 3-6 mm long and are found
on the surface of the proventriculus. The females are found in the
proventricular glands and are bright red and bulbous in shape (6
mm long and 5 mm wide), distending the glands. Their location is
identifiable under a dissecting microscope by a discoloured area below
the mucosa and they can be recovered most easily by squeezing on either
side of the area of discoloration with a pair of forceps.

Significance

Host and site

Species of Gnathostoma produce conical nodules in the stomachs of their
hosts (pigs, dogs and cats) with the nematodes inside the nodules.

Geographic distribution

Infections are mainly inapparent but can result in ill-thrift. The
nematodes can penetrate the stomach wall causing peritonitis and larval
migration can occur in several other organs. The larvae of some species
are zoonotic.

Biology
Eggs of these species hatch in water and the L2 released from the egg is
ingested by a copepod. Fish, amphibians, reptiles and small mammals
act as paratenic hosts. Pigs can be infected by ingesting copepods or the
paratenic hosts. In dogs and cats, infection occurs by the ingestion of
paratenic hosts. Larvae penetrate the stomach wall and develop in the
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Males occur on the surface of the proventriculus of birds; females occur
in the glands of the proventriculus.

Geographic distribution
This nematode is cosmopolitan in its distribution, including Australia
and New Zealand.

Significance
Infections are usually subclinical but heavy infections can occasionally
cause mortalities.
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Biology
Eggs containing the L1 are passed in the faeces and eaten by water
fleas (Daphnia). The larva penetrates the body cavity of the water flea
and develops to the L3. The water flea is ingested by the bird and the
prepatent period is about 45 days. In terrestrial birds, insects such as
grasshoppers are used as intermediate hosts.

Acuaria, Cheilospirura, Dispharynx
Species in this group were once arranged in a single genus, Acuaria, but
are now split among three genera, Acuaria, Dispharynx and Cheilospirura.
There are numerous species in birds, but only three are dealt with here.

Morphology
These spirurid nematodes are easily recognised by the possession of
longitudinal elevations called “cordons” on the surface of the worm at its
anterior end. There are usually four cordons and they can be straight or
sinuous and may turn and run anteriorly (Dispharynx). The shape of the
cordons is used to identify species and genera (Fig. 2.49).

Host and site
All species occur in the upper part of the gastrointestinal tract of birds.
For those species found in the oesophagus, the anterior end of the worm
is usually embedded in the mucosa.

Fig. 2.49. Anterior end of Acuaria (Dispharynx) spiralis. Redrawn from Mönnig (1934).

Acuaria (Cheilospirura) hamulosa
- under coils of gizzard
- intermediate hosts: grasshoppers and beetles
- large numbers destroy the gizzard lining and wall

Acuaria skrjabini
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- in the oesophagus			
- a common cause of mortality in captive finches
Acuaria (Dispharynx) spiralis
- in the proventriculus of the fowl
- burrows deeply into the mucosa
- heavy infections are fatal
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Geographic distribution

Significance

These nematodes are cosmopolitan in its distribution, including
Australia and New Zealand.

Infections are usually subclinical but heavy infections can occasionally
cause conjunctivitis.

Significance

Biology

Infections are usually subclinical but heavy infections can occasionally
cause mortalities.

Eggs containing the F1 pass in the lachrymal secretions which pass via
the lachrymal duct to the oral cavity and then into the faeces. The eggs
are ingested by cockroaches in which the L3 develops. The life-cycle is
completed when the cockroach is eaten by a bird. The prepatent period
is about 48 days.

Biology
Eggs containing the L1 are passed in the faeces and eaten by water fleas
(Daphnia) in the case of aquatic birds or a range of insects (grasshoppers,
beetles) in the case of terrestrial birds. The larva penetrates the body
cavity of the intermediate host and develops to the L3. The water flea or
insect is ingested by the bird and the prepatent period is about 45 days.

Superfamily Filarioidea

This nematode is 10-20 mm long and whitish in colour and is generally
identified on the basis of its site of occurrence.

Nematodes in this superfamily resemble spiruroid nematodes in having
a subdivided oesophagus (an anterior muscular part and a posterior
glandular part) and in having dissimilar spicules. However, the mouth
parts including the buccal capsule are reduced and the mouth opening is
generally tiny. Whereas the spiruroids occur in the gastro-intestinal tract,
the filarioids are found in the sub-cutaneous tissues, lymphatics, blood
vessels, tendon sheaths and other sites around the body. They normally
utilise biting arthropods as intermediate hosts. There are two groups,
those that lay eggs with the L1 already fully formed and those that are
viviparous; the L1 of the viviparous species is termed a microfilaria.

Host and site

Parafilaria

Oxyspirura
This genus contains many species, but only one species, O. mansoni, is
dealt with here as an example of the genus.

Morphology

O. mansoni occurs in the orbit of chickens and ducks.

Geographic distribution
These nematodes are cosmopolitan in its distribution, including
Australia and New Zealand.
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These nematodes are found in the subcutaneous tissues of cattle and
horses. P. bovicola is found in cattle and P. multipapillosa in horses.

Morphology
Species of this genus are slender nematodes 2-5 cm long and
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microscopically have numerous transverse thickenings on the anterior
part of the cuticle.
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Host and site

Host and site

All species occur in the skin of cattle. The species in Australia occurs in
lesions at the medial canthus of the eye as well as on the brisket, ears and
hump.

Both species occur in the subcutaneous tisues, P. bovicola in cattle and P.
multipapillosa in horses.

Geographic distribution

Geographic distribution

Species are known from America, Africa and South-east Asia. The
precise distribution of the species present in Australia is not known.

The genus is widely distributed but is not present in Australia or New
Zealand.

Significance

Significance

The lesions are unsightly but the nematode does not appear to be
pathogenic.

The female nematodes penetrate the skin to lay eggs causing ulcerative
cutaneous lesions.

Biology

Biology
Female nematodes lay eggs on superficial areas of the body. Muscid flies
are attracted to feed on the lesions and ingest eggs. The L3 develops in
the fly and is deposited into lesions when the fly again feeds on the host.
The pre-patent period is about 10 months.

Stephanofilaria
Species of this genus occur in the skin of cattle. Although a number
of species have been described, the species which occurs in cattle in
Australia appears to be undescribed.

Morphology
The nematodes are very small (3-6 mm long) and have a ring of small
spines around the mouth.
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Eggs with very thin shells and containing the L1 are laid in lesions.
Haematobia exigua, feeding on lesions, ingest the eggs and development
to the L3 occurs in the fly. The infective L3 is transmitted from the
proboscis of the fly when it feeds again on a host.

Onchocerca
This is an important genus of nematodes which occur in the connective
tissues between muscles or associated with tendons. They are all
viviparous and the microfilariae are found in the dermis (in lymphatics)
or in the blood.

Morphology
Nematodes of this genus are long and thin, up to 50 cm long and are
usually identified based on the site of infection and the host.
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Host and site
Species which are found in Australia are as follows (none have been
reported from New Zealand) :
Species
O. gibsoni
O. gutturosa

Site
nodules in brisket
ligamentum nuchae, scapula,
around acetabulum & legs
O. lienalis
gastro-splenic ligament
O. cebei (= O. sweetae) nodules in brisket
O. cervicalis
ligamentum nuchae

Host
cattle
cattle, horses
cattle
buffalo
horse

O. armillata which occurs in the intima of the aorta of cattle has not
been found in Australia, neither has O. reticulata which is found in the
tendons of the legs of horses overseas. In western Africa, O. volvulus
occurs in humans causing a disease known as River Blindness.

Geographic distribution
The genus is cosmopolitan. O. gutturosa and O. lienalis occur in cattle
in Europe, Africa and America. O. gibsoni is restricted to Australia and
South-east Asia. O. cervicalis is found in horses in America and Europe.

Simulium and develop to L3. L3s in the insect escape from the proboscis
when it feeds on a subsequent host. Prepatent periods are in the order of
months.

Dirofilaria
A single species, D. immitis, is a major parasite of dogs in warmer areas
throughout the world. It is commonly known as the heartworm of the
dog.

Morphology
These are large white worms up to 30 cm in length and are identified
based on the site of occurrence and the host.

Host and site
The nematode occurs in the pulmonary artery and right ventricle of the
dog and less commonly in foxes, dingoes and cats.

Geographic distribution

Significance

D. immitis occurs in dogs in all warmer parts of the world including
Australia and New Zealand. In Australia, the parasite is common in
the northern states and north of the Dividing Range in Victoria. It is
sporadic in its occurrence in Melbourne, Adelaide and Perth.

Most infections are inapparent. In the case of O. gibsoni, economic losses
are incurred as nodules have to be removed from meat during processing.

Significance

Biology

Chronic infections are a significant cause of cardio-pulmonary disease in
dogs and heavy infections can be fatal. In humans, larvae do not develop
but cause nodular pulmonary lesions.

Microfilariae released by female worms accumulate in lymphatics in
the dermis. Those of O. gutturosa tend to accumulate along the dorsal
midline while those of O. gibsoni occur along the ventral midline and
legs. Microfilariae are ingested by midges of the genera Culicoides or
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Biology
Female nematodes release microfilariae which accumulate in the
peripheral circulation. Microfilariae are ingested by mosquitoes which
feed on the blood of the dog and development to the L3 occurs in the
body cavity of the mosquito. When developed, the larvae migrate to
the head of the mosquito and are released when the mosquito feeds
on a subsequent host. Nematodes reach the heart three months after
infection. The prepatent period is six months (Fig. 2.50).
Nematodes induce an arteritis due to mechanical damage which
involves replacement of elastic tissue in arterial walls and narrowing of
the lumen. The arteries exhibit reduced elasticity and turbulent blood
flow occurs. The process is chronic and can extend over months of years.
This results in hypertension in the pulmonary artery and, in the longer
term, cardiac hypertrophy and dilatation leading to cardiac insufficiency.
Death can result from right-sided heart failure. Hypertension in the
vena cava can lead to ascites, the so-called “caval syndrome”.

Fig. 2.50. The life-cycle of Dirofilaria immitis. Redrawn from Eckert et al. (2005).
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Dipetalonema / Acanthocheilonema

Setaria

A number of species occur in this genus, but only A. reconditum, a
parasite of the dog is dealt with here. The current name of the parasite
is Acanthocheilonema reconditum, but the older name, Dipetalonema
reconditum is used in most veterinary texts.

Nematodes of this genus are large white worms which are found in the
abdominal cavities of ruminants, horses and pigs throughout the world.
Of the 30 or so known species, only a representative known to occur in
Australia, S. labiatopapillosa in cattle, is dealt with here.

Morphology

Morphology

These nematodes are small, 10-30 mm in length and are whitish in colour.

Host and site
A. Dipetalonema reconditum is found in the sub-cutis of dogs.

These nematodes are whitish, up to 12 cm long and are found free in
the peritoneal cavity. Microscopically they can be distinguished by a ring
of tissue surrounding the mouth forming 4 lip-like structures and by the
spiny knob on the tail of the female.

Host and site

Geographic distribution
Widely distributed in dogs including Australia and New Zealand.

This species is found in the abdominal cavity of cattle.

Geographic distribution

Significance
Infections are generally subclinical as the nematode is not pathogenic
and occurs at a low prevalence in Australia. However, the microfilariae
can be mistaken for those of D. immitis, complicating the diagnosis of
heartworm in dogs.

Biology
As with Dirofilaria immitis, microfilariae are found in the blood but the
parasite is transmitted by fleas and lice.

It is a cosmopolitan parasite but is more common in warmer climates. It
is present in Australia but not in New Zealand.

Significance
Infections are generally inapparent as the parasite is not pathogenic.

Biology
The vectors of this nematode are mosquitoes.

Brugia
Members of this genus occur in the lymphatic systems of their hosts.
The genus is not present in Australia, but at least two species, B. malayi
and B. pahangi, occur in mammals in South-east Asia with B. pahangi
infecting dogs and cats. Both species can also infect humans and
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cause the disease lymphatic filariasis, along with a related nematode
Wuchereria bancrofti which is restricted to humans and other primates.
W. bancrofti used to occur in Queensland and its life cycle was first
elucidated in Brisbane. Only B. pahangi is dealt with here as it is the
only species found in domestic animals.

Morphology
The nematodes are 10-40 mm long and are identified by their site of
occurrence in the lymphatic system.

Host and site
B. pahangi occurs in the lymphatic system of the dog and cat. Infection
of humans can occur.

Geographic distribution
This species is found in Malaysia.
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2.5.7. Order Enoplida
Enoplids are a completely separate order of nematodes from those dealt
with above. They are believed to have evolved from plant-parasitic
nematodes rather than soil inhabiting nematodes as was the case with
the Rhabditida, Strongylida, Spirurida and Oxyurida and therefore
exhibit marked differences from the nematodes described above. From
a morphological point of view, they differ in that the males have only a
single (or no) spicule and the oesophagus, instead of being muscular is
a slender canal surrounded by specialised cells termed stichocytes; the
oesophagus is sometimes called the stichosome. In addition, while in
virtually all nematodes met with so far the L3 infects the definitive host,
in the case of enoplids it is the L1 that infects the host. The L1 has a
‘stylet’ in its rudimentary buccal capsule, a feature only found in plant
parasitic nematodes which use their stylet to feed on sap from the roots
of plants.

Family Trichuridae

Significance
Infections in dogs and cats are inapparent, but in humans, blockage
of the lymphatic system by any of the species in this group can cause
dependent oedema and so-called ‘elephantiasis’ of the appendages.

Biology
Mosquitoes are the vectors of Brugia species. An interesting aspect of
the life cycle is the so-called ‘periodicity’ of the infection in the definitive
host. ‘Periodic’ microfilariae occur in the bloodstream either during the
day only, if they are transmitted by day-biting mosquitoes or at night if
transmitted by night-biting mosquitoes. Some species are ‘non-periodic’.
Apart from improving the likelihood of transmission, attempts to
diagnose infection based on collecting blood samples from hosts need to
take into account the time of day at which samples are collected.
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This family is characterised by a single spicule in the male and by the
production of highly characteristic barrel-shaped eggs with a ‘plug’ at
each end. Two ‘genera’ (see below) are included in this family, Trichuris,
in which the body is divided into a slender anterior end and a thickened
posterior end, called the ‘whipworms’ and a collection of genera of
uniformly slender worms, here grouped under the generic name
Capillaria.

Trichuris
Members of this genus are commonly referred to as ‘whipworms’ as the
anterior end of the body is thin and whip-like, while the fatter posterior
end of the body resembles a whip stock. The anterior end is embedded
within the mucosa while the broader end lies in the lumen. The genus
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contains many species in domestic animals and not all are included here.
They all occur as parasites of the large intestine of their hosts and all
have direct life cycles. The eggs are particularly resistant to dessication
enabling the parasites to survive under drought conditions and as there
are no free-living larval stages, they persist well under semi-intensive
rearing conditions. They occur only in mammals.

Species
T. trichiura
T. suis
T. ovis, T. skrjabini
T. discolor, T. globulosa
T. vulpis
T. campanula, T. serrata

Morphology
These nematodes are easily recognised by their long, slender anterior end
and shorter, fatter posterior end (Fig. 2.51). They are white in colour
and are about 30-80 mm long. They have characteristic barrel-shaped
eggs.

Host
man
pig
sheep
cattle
dog
cat

Geographic distribution
These nematodes are cosmopolitan in their distribution, including
Australia and New Zealand.

Significance
The species in ruminants are normally of low pathogenicity and only
cause problems under drought conditions or in feed-lots. The species
in cats are relatively uncommon and are rarely associated with clinical
disease. By contrast, T. suis in pigs and T. vulpis in dogs frequently cause
a severe typhlitis and consequent clinical disease.

Biology

Fig. 2.51. Trichuris globulosa. Redrawn from Mönnig (1934).

Host and site
Included here are the species of Trichuris known to occur in Australia
and New Zealand. All occur in the caecum or colon of the host.
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Females lay characteristic barrel-shaped eggs which are passed in the
faeces and contain the L1. The eggs are extremely resistant and can
persist in the environment for several years. The life cycle is direct and
when ingested by the host, the L1 emerges from the egg and completes
its development within the gastro-intestinal tract. The prepatent period
is about 40 days.

Capillaria
This enormous genus of several hundred species of slender nematodes
appropriately named ‘hair-worms’ has recently been subdivided into a
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number of genera. As the scientific literature currently contains both
systems of nomenclature, both are provided here to avoid any possible
confusion. The older name (Capillaria) is given first and the newer
generic name is given in brackets. The species names have not changed.

Morphology
All of these nematodes are very fine, delicate worms and although they
may be up to 25 mm long they are very slender. They are frequently
embedded in tissues and can be difficult to remove intact. The males
have a single spicule and the females produce characteristically shaped
eggs. The identification of species is difficult and is not dealt with here.
While some species occur in the gastrointestinal tract, others are found
in the liver, bladder, lungs and other organs.

Host and site
Some of the common species occurring in Australia and New Zealand
are listed below.
Species
C.( Eucoleus) annulata
C. (Aonchotheca) caudinflata
C. (Baruscapillaria) obsignata
C. (Eucoleus) aerophila
C.(Pearsonema) plica
C. (Pearsonema) felis-cati
C. (Calodium) hepatica

Host
Site
fowl
oesophagus
fowl
small intestine
fowl
small intestine
dog
lung
(less commonly cat)
dog
bladder
cat
bladder
rodents
liver

Geographic distribution
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Significance
Species occurring in the bladder of cats and dogs are only mildly
pathogenic if at all, but their eggs may be found in urine analyses and
need to be recognised. The species in birds can cause severe enteritis and
even death in heavy infections. C. aerophila can cause severe bronchitis
in young animals. C. hepatica is potentially zoonotic.

Biology
The life cycles of species of this genus are usually direct with eggs
being passed in faeces and infection occurring by ingestion of the egg
containing the L1. However, in a number of species, the egg may be
ingested by an earthworm which may either be simply a transport host
or may be an essential part of the life cycle. How larval stages migrate to
sites within the body outside the gastro-intestinal tract is not known.
C. (Calodium) hepatica is unusual in that it is transmitted by ingestion
of a host rather than an egg. Female nematodes migrate to the liver and
lay masses of eggs in the liver tissue. There they remain until the liver
is ingested by another host. The eggs pass through the intestine of the
second host and into the environment. When ingested by a second host,
the eggs hatch and migrate to the liver via the hepatic portal system
where females again lay eggs.

Family Trichinellidae
This family is highly unusual both morphologically and biologically. The
males lack a spicule and the females are viviparous. There is only a single
genus but it is zoonotic and of considerable veterinary and medical
importance.

The genus as well as the species listed above are cosmopolitan in their
distribution, including Australia and New Zealand.

- 226 -

- 227 -

Section 2: PARASITES

Trichinella
The taxonomy of this genus is not stable and apart from several wellcharacterised species, several ‘genotypes’ exist which will probably
eventually be recognised as independent species.
The most important species is Trichinella spiralis which cycles primarily
between rats and pigs but can cause severe disease when ingested by
humans (trichinellosis). There are now several species related to T.
spiralis – T. britovi and T. nelsoni – which can also infect humans. All
are characterised by a L1 in muscle cells which has a capsule around it.
Another group of species, characterised by T. pseudospiralis has L1 in
muscle cells which are not surrounded by a capsule and which includes
birds as hosts. The following descriptions concentrate on T. spiralis
and T. pseudospiralis, but it should be kept in mind that each of these
represents a group of species differing slightly in their biology and their
significance as zoonoses.

Morphology
All nematodes of this genus are very small (up to 4 mm long) but the
adults which occur in the small intestine are rarely seen as they are an
extremely transitory stage. The nematodes have a single stichocyte and
the males lack a spicule; the females are viviparous. The stage most
usually seen is the L1 which occurs inside muscle cells. Those of the T.
spiralis group of species have an outer capsule around them while those
of the T. pseudospiralis species group lack a capsule. Differentiation of
the various species of the two groups generally requires genetic data.

Host and site
Adult worms are found in the small intestines of hosts but are rarely
recovered as the adult stage is highly transitory. The stage most
frequently seen is the L1 with a muscle cell in its host as it persists
virtually for the life of its host.

- 228 -

Section 2: PARASITES

T. spiralis has pigs and rats as its primary hosts but can occur in a whole
range of domestic, feral and wild mammals including humans. T.
pseudospiralis occurs in birds as well as mammals.
Species and known genetic strains of Trichinella (T),
their hosts and distributions
Species

Host

Distribution

T. spiralis

pigs

Europe, North America, Asia

T. nativa

polar bears

Arctic

T. britovi

foxes

Italy

T. pseudospiralis

birds, dasyurids

Asia, USA, Australia

T. murrelli

bears

USA

Trichinella T6

bears

USA

T. nelsoni

hyaena

Kenya

Trichinella T8

hyaena

South Africa

Trichinella T9

bears

Japan

T. papuae

pigs

Papua New Guinea

T. zimbabwensis

crocodiles

Zimbabwe

Geographic distribution
The genus is cosmopolitan. T. spiralis occurs in many countries of the
world but is absent from Australia and New Zealand. T. pseudospiralis is
also widespread and occurs in Tasmania in Tasmanian devils, quolls and
raptors.

Significance
The primary significance of Trichinella spiralis is its zoonotic importance.
If larvae are ingested in muscle tissue then the clinical signs can range from
mild pyrexia to severe muscle pain and fatal infections can occur.

Biology
The life cycle of this nematode is highly unusual. L1s remain encysted
in muscle cells until the muscle is ingested by a second host. In the
- 229 -

Section 2: PARASITES

gastrointestinal tract of the second host, adults develop very rapidly
(within 2-6 days) and mate. The males die but the females penetrate the
mucosa of the small intestine where they deposit larvae. Larvae migrate
to the striated muscles, penetrate an individual myocyte and remain
encysted until ingested by a subsequent host (Fig. 2.52).
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2.6. Phylum ARTHROPODA
2.6.1. Introduction
The name ”arthropod” means jointed leg (arthros = joint; podos= foot).
The phylum is composed of animals with jointed legs and originally
two legs per segment (e.g. centipedes), although, in many groups, the
number of pairs of legs has been reduced or the legs have been modified.
The other principal feature of the phylum is the presence of a chitinous
exoskeleton with the musculature internal. Sexes are separate, and there
are moults between the different life cycle stages (sometimes referred
to as instars). Metamorphosis during the life cycle is common (as in
butterflies). Arthropods are potentially the most numerous group of
metazoan organisms on the planet and include the aquatic members
such as the crustaceans (crabs, crayfish) and terrestrial forms such as
insects and spiders. The phylum contains many parasitic members
including fleas, lice and flies, among the insects, and ticks and mites
which are related to spiders and scorpions.

2.6.2. Class INSECTA

Fig. 2.52. The life-cycle of Trichinella spiralis. Redrawn from Eckert et al. (2005).
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Insects are an extremely familiar group of organisms. Morphologically,
they are characterised by the division of the body into three regions, the
head, a thorax consisting of three segments and an abdomen of about
8-10 segments Each segment of the thorax has a pair of legs such that
insects always have six legs. Most insects are free-living, but there are
several groups which have adopted a parasitic mode of existence. The
lice and fleas are exclusively parasitic, whereas several species of flies
(most of which are free living) have also adopted a parasitic lifestyle. The
parasitic insects are dealt with here.
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Order Phthiraptera (lice)
Lice have been known to humans for many centuries and hence the
classical Greek name for them - ‘phthirus’ has been incorporated into
their current scientific name. The ‘aptera’ part of the scientific name
means ‘without wings’ and aptly describes the parasites.
Lice have the usual characteristics of insects with a head, a thorax with
six legs and an abdomen, but are readily recognisable as they are dorsoventrally flattened. The lice are divided into two taxonomic groups,
the Anoplura or ‘sucking lice’ and the Mallophaga or ‘biting lice’. The
division relates to the way in which they feed, with the ‘sucking lice’
penetrating the skin and feeding on tissue fluids and the ‘biting lice’
feeding essentially on the keratin of the superficial layers of the skin.
This difference in feeding behaviour is of practical significance as only
topical insecticides will affect ‘biting lice’ (some topical macrocyclic
lactones are an exception to this pattern) whereas both topical and
systemic applications of insecticides can be used to control ‘sucking lice’.
In general lice are highly host specific and the entire life cycle occurs on
the host.
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Family Haematopinidae
Haematopinus, Linognathus, Solenopotes
Morphology
Lice of this family are characterised by a narrow, rather elongated head
adapted for piercing the skin and feeding on tissue fluid. They are
generally large in size (5-8 mm) and dark in colour.
Differentiation of genera is based on simple morphological characters,
while species can sometimes be differentiated based on their host and
site of occurrence on the host.
In the genus Haematopinus, the claws on the end of each leg are of a
similar size. In Linognathus, the claws of the first leg are smaller than
those of the second and third legs. The genus Solenopotes is differentiated
from Linognathus only by having the spiracles or respiratory pores on its
abdominal segments surmounted on raised papillae.

Hosts and site
Lice in this group are host specific and are often also site specific.

Sub-order Anoplura
Lice belonging to this sub-order are commonly referred to as ‘sucking
lice’. Morphologically, they are characterised by a narrow, relatively
elongated head adapted to piercing the skin and feeding on tissue fluids.
All of the ‘sucking lice’ of domestic animals belong to a single family, the
Haematopinidae, and their features are dealt with under the topic of this
family. These lice are generally host specific and may be site specific (e.g.,
in sheep). They are invariably found in areas of the body with relatively
coarse hairs.
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Species

Host

Site

Haematopinus asini
horse, donkey
		

mane, tail,
dorsal mid-line

Haematopinus suis

no specific site

pig

Haematopinus tuberculatus cattle
Haematopinus eurysternus
Haematopinus quadripertusus
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Solenopotes capillatus

cattle

tail, dorsal mid-line

Linognathus vituli

cattle

tail, dorsal mid-line

Linognathus ovillus
Linognathus pedalis

sheep
sheep

face
feet, legs

Linognathus africanus
Linognathus stenopsis

goat, sheep
goat, sheep

Linognathus setosus

dog

neck and shoulders

Geographic distribution
All of these species are cosmopolitan in distribution.

Significance
Sucking lice are not highly pathogenic. They tend to increase in
numbers in winter when lower temperatures favour development of
eggs and nymphal stages. Higher louse burdens are also seen on animals
with concurrent disease and are generally considered to be secondary
increases.

Biology
Lice attach their eggs to hairs and a nymph emerges which resembles the
adult louse in morphological features. There are three nymphal stages.
The entire life cycle occurs on the host and transmission to other hosts
occurs by contact (Fig. 2.53).
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Fig. 2.53. The life-cycle of Haematopinus suis. Redrawn from Eckert et al. (2005).

Sub-order Mallophaga
Lice belonging to this sub-order are commonly referred to as ‘biting
lice’, ‘chewing lice’ or ‘body lice’. Morphologically, they are characterised
by a broad, generally rounded head, the same width as the thorax. Only
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in Felicola, is the head triangular in shape (Fig. 2.54). The ‘biting lice’ of
domestic animals belong to several families. These lice are generally host
specific and may be site specific (e.g., in poultry). They are invariably
found in areas of the body with relatively fine hairs in the case of
mammals and tend to lay their eggs, attached to hairs, close to the skin.
These lice feed primarily on keratin. There are three families but their
biology is very similar and they are consequently dealt with together.
The families Trichodectidae and Boopidae occur on mammals, whereas
the families Philopteridae and Menoponidae occur on birds.
Until recently, the species of body lice of ruminants were placed in
the genus Damalinia. They are currently placed in the genus Bovicola,
although in many instances, they are still referred to as species of
Damalinia. To avoid confusion, both names are given here.
Family Trichodectidae
Trichodectes, Bovicola (=Damalinia), Damalinia,
Felicola,Werneckiella (= Damalinia)
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Morphology
Lice of this suborder are characterised by a broad, rounded head, with
the head as wide as the body (Fig. 2.54, 2.55). They are generally small
in size (about 3 mm long) and pale in colour.
Differentiation of genera is based on various morphological characters
while species can sometimes be differentiated based on their host and
site of occurrence on the host.

Hosts and site
Louse

Host

Mammals
Trichodectes canis
dog
Werneckiella (Dam.) equi horse and donkey fine hairs of body
Bovicola (Dam.) ovis
Bovicola (Dam.) bovis
Bovicola (Dam.) caprae

sheep
cattle
goat

Heterodoxus

Felicola subrostratus

cat

Family Philopteridae

Heterodoxus spiniger

dog

Birds
Menacanthus stramineus
Menopon gallinae
Lipeurus caponis
Goniocotes gallinae

poultry
poultry
poultry
poultry

Family Boopidae

Lipeurus, Goniocotes
Family Menoponidae
Menopon, Menacanthus
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wool
fine hairs of body
fine hairs of body

chicken body louse
feather shaft louse
wing and tail feathers
down feathers
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Geographic distribution
All species are cosmopolitan in distribution including Australia and New
Zealand.

Significance
Species of biting louse are generally not pathogenic but can cause
hyperkeratosis due to their feeding behaviour and severe infections can
cause weight loss in poultry. Bovicola ovis occurs in the fleece of sheep
and adversely affects wool growth; as a consequence it is of significant
economic importance. A hypersensitivity reaction may occur resulting
in irritation, rubbing, and consequently ‘pulled wool’ leading to a downgrading of the value of a fleece.

Biology
Lice attach their eggs to hairs and a nymph emerges which resembles the
adult louse in morphological features. There are three nymphal stages.
The entire life cycle occurs on the host and transmission to other hosts
occurs by contact.

Fig. 2.54. Biting and sucking lice of domestic animals. A, Haematopinus suis; B,
Trichodectes canis; C, Felicola subrostratus; D, Heterodoxus spiniger. A, B, D, redrawn from
Mönnig (1934)., C redrawn from Wernecke (1950).
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Order Siphonaptera - fleas
Fleas are an extremely well known group of parasites. Their scientific
name presumably derives from the fact that they are wingless (‘-aptera’)
and that they feed by inserting their delicate mouthparts directly into
a capillary of their host and then ‘siphon’ out the blood. Fleas have the
general characteristics of insects in that they are divided into a head,
a thorax with three pairs of legs and an abdomen. The characteristic
features of fleas are that they are laterally compressed, which may make
it easier for them to move in the hair coat and they are very heavily
chitinised which makes them less easy to crush. The third pair of legs is
adapted for jumping and using a coiling mechanism in the hind limb
musculature, fleas can jump up to 30 cm.
All of the fleas of veterinary importance belong to a single family and
share similar biological features. Consequently, they are dealt with here
as a single group.

Family Pulicidae
Ctenocephalides, Pulex, Spilopsyllus,
Echidnophaga
Morphology
Fleas have the characteristic features of insects with a head, a thorax with
three pairs of legs and an abdomen. They are characterised by being
heavily chitinised and compressed laterally. The third pair of legs is
generally much longer than the anterior pairs of legs.

Fig. 2.55. The lice of sheep. A, Bovicola (= Damalinia) ovis; B, Linognathus pedalis;
C, Linognathus ovillus. Redrawn from Mönnig (1934).

The genera of fleas are differentiated mainly on the basis of whether the
thoracic segments are very short (Echidnophaga) and whether both genal
(on the mouth) and pronotal (on the first segment of the thorax) combs
are present (Ctenocephalides) or are entirely absent (Pulex) and whether
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the axis of the genal comb is horizontal (Ctenocephalides) or vertical
(Spilosyllus) (Fig. 2.57).

Hosts and site
In general, fleas are not particularly host or site specific. The common
cat and dog flea is Ctenocephalides felis, but it will feed on any
mammalian host including humans. Pulex irritans is commonly known
as the ‘human flea’ but is now rare in humans but is found on pigs
and poultry. Echidnophaga gallinacea is the common ‘stick-fast flea’
of poultry and differs from other fleas in that it tends to stay attached
at a single site rather than move around the body. It will also infect
mammalian hosts.
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Biology
Adult fleas require a blood meal before the female can lay eggs. Eggs
drop off the host into the environment from which a maggot-like
larva hatches and feeds on detritus. After the development of three
larval stages, the final stage pupates and the adult flea emerges from
the pupal case (Fig. 2.56). In some species, vibrations will stimulate
emergence from the pupal case. In a flea population, only 5% of the
entire population will be found on the host with the other 95% in the
environment.

Spilopsyllus cuniculi the European rabbit flea, was introduced in to
Australia to facilitate the transmission of myxoma virus. The female fleas
are stimulated to breed by oestrogens in the blood of pregnant rabbit
hosts as rabbit kittens provide a reliable food source for fleas. The flea is
also found on cats which have been exploring rabbit burrows.

Geographic distribution
Ctenocephalides, Pulex and Echidnophaga are cosmopolitan genera.
Spilopsyllus occurs in Europe but has been introduced to Australia.

Significance
Ctenocephalides felis is a major cause of skin disease in dogs and cats and
can be a significant household pest. C. canis is less common. Both act as
hosts for the cestode Dipylidium caninum.
Pulex and Echidnophaga can also achieve pest status through the
irritation caused by their bites.
Fig. 2.56. The life-cycle of Ctenocephalides felis. Redrawn from Eckert et al. (2005).
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Fleas
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Order Diptera –flies, midges, mosquitoes
The flies, midges and mosquitoes belong to the order Diptera which
means “two wings”. They are divided into sub-orders based on patterns
of wing venation and the shape of the antennae. Midges and mosquitoes
have long thin antennae with multiple segments, hence the name of the
sub-order – Nematocera which means thread-like antenna. The tabanid
flies or March flies have broader and fewer antennal segments and are
placed in a separate sub-order known as the Brachycera (literally – broad
antenna). The remaining flies have a short antenna composed of three
segments, usually with a branching arista on the terminal segment.

Sub-order Nematocera
The midges and mosquitoes are distributed among four families. All are
small insects and all have aquatic life cycles with the larval and pupal
stages developing either in water or in some other moist environment.
The adult females require a blood meal before they can lay eggs.

Family Ceratopogonidae
Culicoides
These insects are referred to as “sand flies” in Australia but “biting
midges” in other parts of the world. The genus is not present in New
Zealand.

Morphology
Fig. 2.57. Fleas of domestic animals. A, Spilopsyllus cuniculi; B, Pulex irritans;
C, Ctenocephalides felis; D, Echidnophaga gallinacea; E, Ctenocephalides canis;
F, Ceratophyllus gallinae. Redrawn from Dunnet and Mardon (1974)
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These are small insects with wings generally smaller than 2 mm. They
are readily identifiable by the patterned wings with black patches of
various shapes (Fig. 2.58C) . The wing patterns are used to identify
species. There are about 4,000 species in the family with a large number
of species present in Australia.
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Hosts and site

Biology

Species of Culicoides in Australia can be divided into three major groups:

Flies are crepuscular (active at twilight) and females require a blood
meal before they can lay eggs. There are three larval stages occurring
either in water or in moist cattle pads and a pupal stage. Larval and
pupal development is temperature dependent and therefore fly activity is
greatest during the summer months.

• The “maritime” species which breed in mangrove swamps or other
saline waters and feed indiscriminately on any bird or mammal,
including humans.
• The so-called “native” species which breed in pools of fresh water and
feed on native and introduced mammals.
• The so-called “introduced” species, a group including C. brevitarsis
and C. wadai, which occurred originally in South-east Asia and which
breed in cattle dung. Following the introduction of cattle to Australia,
these species have spread across northern Australia. They feed on
ruminants and horses.
Apart from host specificity, some species also exhibit site preferences
for feeding on their hosts. C. brevitarsis feeds along the dorsal mid-line
while C. marksi feeds on the belly and legs of its hosts.

Geographic distribution
The genus is cosmopolitan. The species of greatest veterinary importance
in Australia such as C. brevitarsis and C. wadai are limited to northern
Australia. C. brevitarsis extends down the east coast as far as Sydney.

Significance
The “maritime” species are a nuisance as their bites are intensely
irritating and they can penetrate standard mosquito netting. They can
affect coastal housing developments. The “native” species can feed on
cattle in northern Australia in vast numbers in summer causing intense
irritation. C. brevitarsis is the cause of “Queensland itch” in horses.
Their main significance is their role as vectors of viral diseases with C.
brevitarsis and C. wadai being vectors of bluetongue in particular. They
are also vectors of the nematodes Onchocerca gibsoni and O. gutturosa.
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Family Simuliidae
Members of this family are know as “black flies”. There are two genera
in Australia and New Zealand, but they are very similar and will be
treated together.

Simulium, Austrosimulium
Morphology
These small flies resemble Culicoides but have characteristically humped
backs and have wings which are neither patterned nor hairy (Fig. 2.58B).

Hosts and site
Species of simuliid have variable host specificity and site of feeding, as
with species of Culicoides.

Geographic distribution
Simulium is a cosmopolitan genus while Austrosimulium is restricted to
Australia and New Zealand.

Significance
The bites of the flies cause intense irritation and can cause production
losses such as reduced milk production. Cattle and horses can be
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severely affected by mass emergence of simuliids following floods and
can stampede to avoid heavy densities of flies. Overseas, they are vectors
of species of Onchocerca in cattle and of O. volvulus in man causing the
disease “River Blindness” in west Africa.
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Significance
The main significance of the genus Phlebotomus is its role in the
transmission of species of Leishmania.

Biology

Biology
Females require a blood meal before they can lay eggs. There are three
larval stages occurring in water. The larvae are attached to a substrate
by a thread and float in the water catching small animals passing by as
food. Eggs may survive in the sand along waterways for at least two years
and emerge en masse following flooding. The adults aggregate in large
numbers in trees along waterways and emerge in dense swarms to obtain a
blood meal. The main species in Australia is Austrosimulium pestilens.

Females require a blood meal before they can lay eggs. There are four
larval stages occurring in decaying organic matter followed by a pupal
stage.

Family Psychodidae
Overseas, members of this family are known as “sandflies” and feed on
mammals. In Australia, the known species feed only on reptiles.

Phlebotomus
Morphology
These small flies resemble Culicoides but have characteristically hairy
bodies and wings (Fig. 2.58A).

Geographic distribution
The genus, Phlebotomus feeds on mammals in most warmer regions of
Europe, Africa and Asia.
In Australia, it is replaced by Sergentomyia which feeds on reptiles and
amphibians.

Fig. 2.58 (A). Simulium. Redrawn from Mönnig (1934).
Fig. 2.58 (B). Phlebotomus. Redrawn from Mönnig (1934).
Fig. 2.58 (C). Culicoides. Redrawn from Mönnig (1934)
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Family Culicidae

Biology

There are numerous genera and species of mosquitoes. Here, four of the
more important genera a considered.

Female mosquitoes require a blood meal before they can lay eggs. Eggs are
laid in water and there are a series of larval stages followed by a pupal stage.

Anopheles, Culex, Aedes, Mansonia

Sub-order Brachycera

Morphology
Mosquitoes are small insects up to 15 mm long with an elongate
proboscis, as long as the head and thorax combined, and scales along the
veins of the wings.

Hosts and site
Generally mosquitoes are not highly host specific and will feed
preferentially on any areas of exposed skin. Some species feed only
on birds, others on birds and mammals and some on reptiles and
amphibians.

Family Tabanidae
Tabanids are referred to as horse flies, or sometimes deer flies overseas,
and March flies in Australia. There are numerous genera and species.
Two representatives are included here.

Tabanus, Chrysops
Morphology

Geographic distribution

Tabanids are large stout flies ranging in size from 5-25 mm. The eyes are
large and often brightly coloured and the mouth parts are adapted for
blood feeding.

Mosquitoes are cosmopolitan in their distribution including Australia
and New Zealand.

Hosts and site
Tabanids exhibit little host specificity.

Significance
Mosquito bites result in intense irritation and if very large numbers
bite animals then the loss of blood can also be significant. Their greatest
significance is as vectors of protozoans (malaria), nematodes (the dog
heart Dirofilaria immitis and species of Brugia, the cause of lymphatic
filariasis), but particularly viruses including yellow fever, dengue, various
encephalitis viruses and myxoma virus.
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Geographic distribution
Tabanids are cosmopolitan in their distribution including Australia and
New Zealand.

Significance
Apart from the irritation caused by bites, there can be significant blood
loss. Tabanids are vectors or potential vectors of protozoans such as
trypanosomes (T. theileri, T. evansi), nematodes such as the filarioid
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nematode Pelecitus roemeri (=Dirofilaria roemeri) of kangaroos, bacteria
such as anthrax and viruses such as equine infectious anaemia and hog
cholera.

Biology
Adults feed on nectar but females require a blood meal before they can
lay eggs. Eggs are laid in water or in moist environments and a larval
stage develops followed by a pupal stage. Tabanids are most abundant in
the warmest months of the year.
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Hosts and site
Species of Musca feed on tissue secretions and the secretions from
wounds. They often congregate around the eyes and nares of horses
and ruminants to feed on discharges, but are not host specific and are
essentially opportunistic feeders.
Although common in stables, Stomoxys will feed on any host species. If
they attack dogs, they tend to feed around the ears.
Haematobia exigua is primarily a parasite of cattle but will bite other hosts.

Sub-order Cyclorrhapha

Glossina spp. are primarily parasites of wild ruminants in Africa but will
feed on domestic livestock and humans.

The flies belonging to this suborder are characterised by an antenna
consisting of three segments. The group contains many species of
veterinary importance.

Geographic distribution

Family Muscidae

The bush fly, M. vetustissima is restricted to Australia and Africa.

This family contains a number of flies of veterinary importance including
the house fly (Musca domestica), the bush fly (Musca vetustissima), the
stable fly (Stomoxys calcitrans) and the buffalo fly (Haematobia exigua).
The tsetse fly, Glossina, is sometimes placed in a family of its own but is
included here within the Muscidae for convenience.

The buffalo fly, H. exigua occurs in Asia and was introduced into
Australia in 1838.

Musca, Stomoxys, Haematobia, Glossina

Species of Musca cause “fly worry” when feeding around the eyes and
nares of animals, but are most significant as mechanical vectors of
bacterial diseases and act as the intermediate hosts for nematodes of the
genera Habronema and Draschia and members of the cestode genera
Raillietina and Choanotaenia.

Morphology
Flies belonging to this family are generally small grey to black flies
5-10 mm long. They are divided into two groups, those with sucking
mouthparts (Muscinae - Musca) which are adapted to feeding on decaying
organic matter and those with elongate biting mouth parts which are
adapted to blood feeding (Stomoxinae – Stomoxys, Haematobia, Glossina).
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The house fly, M. domestica, and the stable fly, S. calcitrans, are
cosmopolitan in their distribution.

Tsetse flies are restricted to Africa.

Significance

The bites of S. calcitrans are irritating and it also acts as a mechanical
vector and as an intermediate host for the nematodes Habronema and
Draschia.
- 253 -

Section 2: PARASITES

Section 2: PARASITES

H. exigua, the buffalo fly, is a significant pest of cattle in Australia.

Morphology

Glossina spp. are most important as vectors of the trypanosomes which
cause sleeping sickness.

A number of fly species are involved. They are differentiated primarily
by colour. Species of Lucilia have a coppery green thorax and abdomen.
The two species primarily involved in fly strike are L. cuprina and L.
sericata; they can be differentiated by the colour of the femur of the first
leg which is green in L. cuprina, but black in L. sericata. Both of these
species were introduced to Australia and New Zealand.

Biology
All of these flies breed in decaying organic matter. In the case of the
blood feeding species, a blood meal is required before females can lay
eggs. There are three larval stages (some are referred to as maggots or
gents) prior to a pupal stage. M. domestica lays eggs in any decaying
organic matter. M. vetustissima breeds mainly in cattle dung. S. calcitrans
breeds most commonly in a mixture of dung and straw hence is
common name, the stable fly. H. exigua breeds only in cattle dung and
is unusual in that it is normally resident on its host feeding every 15
minutes or so, and only leaving the host to lay eggs.

Family Calliphoridae
The calliphorids or blow flies include species of major economic
importance. The two principal disease syndromes caused by blow flies
are ‘fly strike’ in sheep caused by species of Lucilia, Calliphora and
Chrysomya and ‘screw –worm fly’ infestation caused by Chrysomya in
Asia and Australia and by Cochliomyia in the Americas. As the two
disease syndromes are distinct, the following section is divided by disease
syndrome rather than by the taxonomic relationships of the flies.

Blow fly strike of sheep
Blow fly strike is a major problem facing the sheep industries in
Australia and New Zealand. It is caused by a variety of flies belonging
to the genera Lucilia, Calliphora and Chrysomya.
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A number of native Australian species of blow fly belonging to the genus
Calliphora are also capable of causing strike in sheep. They are usually
secondary species but may on occasions be the primary or initiating
species. These species have a grey thorax but a light brown abdomen.
The main species is the common brown blow fly, C. stygia, in the eastern
states, a species which is replaced by C. albifrontalis in Western Australia.
An additional pair of species which are basically brown in colour but
which have a median blue stripe on the abdomen are also involved; in
the eastern states, the species is C. augur, with a bright blue median
stripe, while in western Victoria, South Australia and western Australia,
it is replaced by C. dubia (formerly known as C. nociva), which has a
duller blue median stripe.
Also involved in fly strike, mainly as secondary flies but on occasions
as primary flies, are two species of Chrysomya, Ch. rufifacies and Ch.
varipes. Both are green blowflies. Ch. rufifacies, whose common name
is the ‘hairy maggot blowfly’, is identifiable by the black bands on the
anterior margins of each abdominal segment and Ch. varipes is a smaller
blow fly with banded black and yellow legs.

Hosts
The only host species involved in this case is sheep. Strike by flies occurs
most commonly in the breech region, but can occur along the dorsal
midline (body strike), on the head (poll strike) or around the prepuce
(pizzle strike).
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Geographic distribution
Fly strike in sheep occurs in many regions of the world but is a highly
significant problem in Australia and New Zealand. Lucilia cuprina
occurs in many warmer regions of the world, but the sub-species present
in Australia is the African rather than the South-east Asian subspecies.
Lucilia sericata is a relatively cosmopolitan blow fly and in Australia is
most common in urban areas. However, in Britain and New Zealand it
has been the commonest species involved in fly strike. More recently, L.
cuprina has been introduced to New Zealand.
Calliphora stygia, C. albifrontalis, C. augur and C. dubia are native
Australian species. Chrysomya rufifacies is common in Australia and
south-east Asia and has been introduced to Central and South America.
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very successful at developing in carcasses, but develops well in live sheep
and has therefore shifted to become essentially an obligate parasite,
while most species of blow fly are considered as opportunistic parasites.

Screw-worm fly infestation
Screw-worm fly infestation is an exotic disease for Australia and New
Zealand, but as the fly is present in Papua New Guinea, it represents
a major threat to livestock in northern Australia. Two species of fly are
involved, the Old World screw worm fly, Chrysomya bezziana, and the
New World screw worm fly, Cochliomyia hominivorax (also known as
Callitroga americana). Because of its relevance to Australia and New
Zealand, C. bezziana is the main topic of the following section.

Significance

Chrysomya

Blow fly strike of sheep is one of the major parasitic diseases of sheep in
both Australia and New Zealand.

(Cochliomyia)

Biology

C. bezziana is a bright blue blow fly. Its third stage larva is readily
identifiable as it has bands of dark spines on each segment of the third
stage larva.

The life cycles of all of the blow flies are similar to those of other flies.
The adults feed on nectar or decaying organic matter and as they are
not adapted to blood feeding, do not require a blood meal. The eggs
or larvae in the case of viviparous species are normally laid in decaying
organic material and there are three larval (or maggot stages) followed
by a pupal stage. In the case of blow fly strike, the eggs are laid in the
fleece of sheep, the larval stages penetrate the skin and feed on tissue
fluids and then the third larval stage drops from the sheep and pupates
in the environment. Sheep carcasses provide excellent sites for the
multiplication of blow flies. However, some the larval stages of some
species such as Cr. rufifacies feed on the larvae of other blow flies
altering the numbers of flies of different species which emerge from
carcasses. L. cuprina, the primary cause of fly strike in Australia, is not
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Morphology

Hosts and site
C. bezziana is not host specific and the adult flies lay their eggs at the
edges of wounds or orifices of any animals species.

Geographic distribution
C. bezziana is found throughout South-east Asia including Papua New
Guinea.
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Significance

Morphology

Although not present in Australia, its occurrence in Papua New Guinea
represents a major threat to cattle production in northern Australia.

The adult flies are not commonly seen but are large, hairy, bee-like flies.
The mouth parts are vestigial and the adults cannot feed. The stages
most frequently encountered are the third stage larvae in the stomach
and duodenum of equids. The larvae have an anterior pair of hooks used
for anchoring to the wall of the gut. Each segment has rows of spines,
one row in G. nasalis, a yellow species found in the duodenum, and
two rows in G. intestinalis, another common species but this time red
in colour and found in the stomach. Other species are present in other
parts of the world (Fig. 2.59A).

Biology
Flies are attracted to wounds of any sort and lay their eggs at the edge
of wounds. The first stage larvae enter the wounds feeding on the tissue
fluids and as they develop to third stage larvae, exacerbate existing
wounds. Third stage larvae drop from wounds and pupate in the soil.
C. hominivorax is of particular biological interest as it has been
eliminated from the United States using the ‘sterile male technique’.
This technique relies on the fact that females mate only once. Larvae
can be produced in the laboratory in large numbers, male larvae can
be separated from females and can be irradiated so that they are sterile.
The pupae of sterile males are then distributed by air over relevant areas
so that females are more likely to mate with a sterile male than with a
normal male. This program has been highly successful to date.

Hosts and site
All species of Gasterophilus occur in equids. The two commonest species
in Australia and New Zealand are G. intestinalis and G. nasalis. The
former occurs in the stomach and the latter in the anterior duodenum.
The first larval stage of both species occurs in the oral mucosa and
tongue but is rarely seen.

Geographic distribution

Family Oestridae
This family contains the bot-flies, so-called because the third larval stage or
‘bot’ resembles a small sausage. The adult flies in this family are generally
large and hairy, often resembling bees. In spite of their appearance, they
are harmless and cannot feed, living only for a short period of time. In
the case of this family, the larval stages are endoparasites. As each genus
is highly host specific and as the sites occupied in the various hosts differ,
they are treated here at a generic level.

Species of Gasterophilus are cosmopolitan in their distribution including
Australia and New Zealand.

Significance
Gasterophilus species are not highly pathogenic. The first stage larvae
migrating in the buccal mucosa cause irritation. In the stomach,
the third stage larvae may cause gastric ulceration and occasionally
perforation of the stomach wall.

Gasterophilus

Biology

This genus contains the bots of horses, the third larval stages of which
occur in the stomach and duodenum of equids.

The adult flies are active in summer and lay eggs on the hairs of horses.
Those of G. nasalis are laid between the mandibles and are yellow in
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colour. When they hatch spontaneously, the larvae migrate into the
mouth of the horse. Eggs of G. haemorrhoidalis are black in colour and
are laid around the lips. When they hatch spontaneously, the larvae
migrate into the mouth of the horse. The eggs of G. intestinalis are
yellow in colour and are laid on the front regions of the body. They only
hatch when licked and are transferred to the mouth by the tongue of
the horse. The first stage larvae of all species migrate in the buccal and
lingual mucosa of the horse. The second and third instars are found in
the stomach or anterior duodenum. Detaching third instars are found in
the faeces and they then pupate in the soil.

Oestrus
This genus contains a single species of veterinary importance, the sheep
nasal bot, Oestrus ovis.

Morphology
The fly is large and grey in colour. The third stage larva is about 2 cm
long, whitish with black bands on the dorsal surface and rows of spines
on the ventral surface (Fig. 2.59B).
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Biology
Flies are active only during summer. They lay the first stage larva
(viviparous) around the nostrils of sheep or goats and the larvae migrate
into the nasal cavity. Development to the third stage occurs in the nasal
cavity and can last up to 10 months. The third stage larva is sneezed out
and pupates on the ground in 3-8 weeks.

Hypoderma
Species of this genus are commonly known as ‘warble’ flies as the third stage
larvae live under the skin causing elevations known as ‘warbles’. They are
also called “gad’ flies.The two principal species, H. bovis and H. lineatum are
parasites of cattle but do not occur in Australia or New Zealand.

Morphology
The adult flies are large (10-15 mm long), bee-like and hairy; H. bovis
is black and yellow with the tip of the abdomen yellow; H. lineatum has
yellow hairs on its thorax. The third larval stage is large (30 mm) with
prominent rows of spines on each segment.

Hosts and site

Hosts and site
O. ovis occurs in the nasal cavity of sheep and goats. It is occasionally
found in the conjunctival sac of humans.

Geographic distribution
The sheep nasal bot is cosmopolitan in distribution including Australia
and New Zealand.

Cattle are the primary hosts although infections can sometimes occur in
other domestic animals. Third stage larvae are found beneath the skin,
primarily along the dorsal mid-line of infected cattle.

Geographic distribution
Both species are widely distributed in the northern hemisphere.

Significance

Significance
O. ovis is only midly pathogenic causing a nasal discharge and
predisposing sheep and goats to secondary bacterial pneumonia.
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The main effect on the host is damage to the hide caused by the
perforations used to enable the third stage larvae to breathe. Reduced
weight gains are also seen.
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Biology
Flies, which are active in summer, attach their eggs to the hairs of cattle.
H. bovis attaches its eggs singly over the rump area; whereas H. lineatum
attaches its eggs in rows on hairs of the legs. The first stage larva
penetrates the skin and migrates to the dorsal midline. In the case of H.
bovis, the migration includes the wall of the oesophagus, while larvae
of H. lineatum migrate via the epidural fat. Once they reach the dorsal
midline, the larvae puncture a hole in the skin for respiration. After 4-11
weeks the pre-pupa forces its way out of the lesion, drops to the ground
and pupates.

Dermatobia
This genus contains a single species, D. hominis, the tropical warble fly.

Morphology
This fly resembles a bluebottle but has yellow to orange head and legs.

Hosts and site
D. hominis occurs in a wide range of mammalian and avian hosts and is
of particular importance in cattle. The host range includes humans.

Geographic distribution
The species is limited to tropical regions of the Americas.

Fig. 2. 59. Larvae of osestrid flies. A, Gasterophilus nasalis, second and third instars;
B, Oestrus ovis, third instar, dorsal and ventral views; C, Hypoderma bovis, third
instar, dorsal and ventral views. Redrawn from Zumpt (1965).
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Significance
D. hominis is a significant problem in cattle in Central America causing
‘warbles’. It also infects humans and travellers sometimes return home to
Australia and New Zealand infected with D. hominis.

Biology
Rather than attaching its flies directly to the host, D. hominis attaches
its eggs to mosquitoes or other flies which then land on the host and
deposit the eggs. The larva hatches, penetrates the skin and causes a boillike swelling. Development occurs over a period of 18 weeks after which
the third stage larva emerges from the lesion and pupates on the ground.

Family Hippoboscidae
Members of this family of flies are referred to as ‘flat flies’, because they
are dorso-ventrally flattened, or ‘louse flies’. The group includes many
species on wild birds. The two species of veterinary importance are the
sheep ked, Melophagus ovinus, and Hippobosca equina on horses.

Melophagus

Fig. 2.60. The sheep ked, Melophagus ovinus. Redrawn from Mönnig (1934).

Hosts and site
M. ovinus is found in the fleece of sheep.

Morphology
Melophagus ovinus, the sheep ked, is a distinctive parasite, lacking wings,
dorso-ventrally flattened, with a bulbous abdomen and with mouth
parts adapted for blood feeding (Fig 2.60).

Geographic distribution
This species is cosmopolitan including Australia and New Zealand.

Significance
The presence of ked pupal cases and staining of the wool by ked faeces
leads to downgrading. Heavy infestations can cause anaemia and keds
are the vectors of Trypanosoma melophagium.
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Biology

2.6.3. Class ARACHNIDA

Keds are permanent, blood feeding parasites. Keds are viviparous and
the larva pupates within 6 hours; the pupal stage lasts 20-26 days.
Transmission is by contact and populations reach their maximum in
winter.

Free-living arachnids include the spiders and scorpions. The parasitic
representatives of this group are the ticks and the mites. All ticks are
parasitic but only a few species of mites have adopted a parasitic lifestyle.
Arachnids are readily differentiated from insects as they have the body
divided into two (rather than three) parts, a head region or capitulum
(or gnathosoma) and a body region, the idiosoma. The body region
bears four pairs of legs (except in the larval stage which bears three).
The life cycle involves an egg, a single larval stage, a varying number of
nymphal stages and the adults.

Hippobosca
Only one species of this genus is of veterinary significance, H. equina.

Morphology
H. equina is a dorso-ventrally flattened winged fly with mouth parts
adapted for blood feeding.

Hosts and site
H. equina occurs on horses and cattle. On horses, flies are found mainly
under the tail and around the genitalia; on cattle they also congregate
around the udder.

Geographic distribution
H. equina is widely distributed in the northern hemisphere and has been
introduced to Australia.

Significance
H. equina is not pathogenic.

Biology
The flies are viviparous and deposit larvae off the host in crevices in mud
on the walls of stables. The larvae pupate rapidly. The emerging fly finds
a host and feeds on blood, usually several times a day.
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Order ACARINA (ticks and mites)
The order Acarina includes both the ticks and the mites. The taxonomic
distrinction between the sub-orders is based on the position of the
spiracles or stigmata (singular : stigma) on the body. These are the
openings of the respiratory system and in ticks they are posterior to
the legs, hence the older name for ticks – the Metastigmata. In mites,
the spiracles can be between the legs (Mesostigmata), on the capitulum
(Prostigmata) or absent (Astigmata). This system of identification is
extremely difficult to use in the case of mites and a different approach
is taken here based on feature which are easy to see. Ticks have a
characteristic component of their mouthparts, called the hypostome
which has transverse rows of teeth. Mesostigmatic mites have all legs
grouped together at the anterior end of the body while astigmatid mites
have the first two pairs of legs separated from the posterior pair. In the
prostigmatid mites, various patterns of leg position can occur but they
have distinctive setae on the body and legs which resemble small fir trees
and Demodex has a characteristic shape and is unlikely to be confused
with any other mite.
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Sub-order Ixodoidea (ticks)
Ticks are obligate blood feeding parasites and are divided into two
families, the Argasidae or ‘soft ticks’ which lack a scutum (or shield) on
the dorsal surface of their bodies and the Ixodidae or ‘hard ticks’ which
possess a scutum. A simple way of distinguishing the two families is the
position of the capitulum (or head) which projects from the anterior
end of the tick in the case of the Ixodidae but is entirely covered by
the body in the Argasidae (Fig. 2.61). The two families are dealt with
separately as they differ significantly in their biology.

Family Argasidae
The argasids or soft ticks tend to live off their hosts, in cracks or crevices
of buildings or buried in soil and emerge when they sense the presence
of a host (usually by CO2 concentrations). They feed rapidly, generally
within an hour or two, detach from their hosts and return to their
hiding place.

Argas
The cosmopolitan fowl tick, Argas persicus, is found on poultry in
Australia. An additional species A. robertsi is know to be present but is
not considered here.

Morphology
Argas persicus is readily identifiable as it has a distinct margin to the body
with rectangular plates along the margin.

Hosts and site
This tick is primarily a parasite of poultry but is also found on other
birds.
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Fig. 2.61. Argasid and ixodid ticks. A, Ornithodoros moubata, ventral view; B, Ixodes
sp. dorsal and ventral views. Redrawn from Mönnig (1934).
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Geographic distribution

Geographic distribution

The tick is cosmopolitan in distribution but tends to be more common
in drier climates.

This tick species is confined to inland areas of Australia.

Significance

Significance
Argas persicus causes anaemia and is the vector of Borrelia anserina and
Aegyptianella pullorum. It occasionally causes paralysis.

Biology
Adults are found in the cracks and crevices of poultry sheds and are
noctural, feeding on sleeping birds. Eggs are laid in crevices and the
larvae emerge to feed, in this case remaining on birds for 5-15 days. The
larvae then retreat to their hiding place and moult to a nymph. There
are two nymphal stages each of which requires a blood meal prior to
moulting. The adults are very long-lived and can survive for up to 5
years without feeding.

The bites of the tick can be painful and it is a vector of Q fever.

Biology
O. gurneyi lives in the soil particularly under shady trees or rocky
overhangs and emerges when potential hosts rest under the trees or
overhangs. It feeds rapidly (1-2 hours), detaches and conceals itself in
the soil.

Otobius
A single species, O. megnini, the spinose ear tick, is of veterinary
significance.

Morphology

Ornithodoros
Only one species of this genus is of veterinary significance in Australia,
O. gurneyi, a kangaroo tick which also feeds on livestock and humans. A
related species, O. moubata, inhabits cracks in the walls of buildings or
lives in dirt floors of houses in Africa and feeds on humans and domestic
animals.

Morphology
The genus Ornithodoros is distinguishable from Argas in having a
rounded body without a distinct lateral margin.

Hosts and site

This species is characterised by its spiny integument.

Hosts and site
O. megnini is primarily a parasite of cattle and horses, but can also be
found in a range of other species. The adults are free-living while the
larval and nymphal stages occur in the external meatus of the host.

Geographic distribution
This tick originally occurred in the Americas but has been introduced to
Africa and India and more recently to Western Australia.

O. gurneyi is primarily a kangaroo tick but also feeds on livestock and humans.
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Significance
Heavy infections cause weight lost and in some cases mortality.

Biology
The larval and the two nymphal stages occur in the ears of the host. The
second nymph detaches after engorging and finds cracks or crevices in
buildings or gaps under the bark of trees to moult. The adults are free-living.
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holocyclus from I. cornuatus is more complicated. Essentially, if the anal
grooves meet posterior to the anus and there is no sternal plate present,
then the tick could cause paralysis.

Hosts and site
The hosts of species of Ixodes are native animals, with the ticks showing
little host specificity.

Family Ixodidae
Ticks of this family have a larval stage, one nymphal stage and the
adult stage. In most life cycles, each stage must obtain a blood meal,
giving rise to the term ‘three host tick’. In some species, such as those of
Boophilus, the larva and nymph engorge but do not leave the host; they
therefore only require a single host and are referred to as ‘one host ticks’.

Ixodes
There are a number of species of Ixodes, all of which are native and use
native mammals as hosts. Some species occur occasionally on domestic
animals including I. tasmani, I. trichosuri and I. hirsti. However, two
species are of particular importance as they cause paralysis. I. holocyclus,
known as the paralysis tick, is the main species although a closely related
species, I. cornuatus can occasionally cause paralysis.

Morphology
Traditionally, the genus Ixodes has been defined by having the anal
groove running anterior to the anus (Fig. 2.62B). However, this feature
can be difficult to see and in most cases, the genus is readily recognisable
by its long palps, with the terminal segment either indistinct or as long
as the second segment (the first segment is always tiny) (Fig. 2.62D).
Identification of species of Ixodes and particularly the separation of I.
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Fig. 2.62. Features of ixodid ticks; the anal groove and the capitulum and palps.
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Geographic distribution
Ixodes holocyclus occurs in coastal areas extending from Cooktown in
northern Queensland to Lakes Entrance in eastern Victoria. I. cornuatus
occurs in Tasmania, central and eastern Victoria and parts of southern
New South Wales.

Significance
A single female tick is capable of killing a dog or cat while four or more
ticks can kill a calf. The tick is also homophilic and paralysis can occur
in small children if a tick is not removed.

Biology
Both species of paralysis ticks have typical three host life cycles. Ticks are
active primarily in the summer months and the entire life cycle can take
18 months to complete (Fig. 2.63).

Rhipicephalus
The principal species in this genus of veterinary significance is R.
sanguineus, the brown dog tick. Current classifications include Boophilus
as a sub-genus of Rhipicephalus. However, the two are separated here for
simplicity.

Morphology
This species is identified by its posterior anal groove (Fig. 2.62C) short
palps (Fig. 2.62G) and particularly by the forked shape of the first coxa.

Hosts and site
R. sanguineus is primarily a parasite of dogs but is found occasionally on
other species of domestic animals.
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Fig. 2.63. The life–cycle of Ixodes sp. Redrawn from Eckert et al. (2005).
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Geographic distribution

Geographic distribution

This tick is found in warm countries throughout the world. It is
common on dogs across northern Australia, but is less common in the
south. It is found sporadically in Melbourne and Adelaide.

The tick is widely distributed in South-east Asia and has been
introduced into Australia and New Zealand. In Australia, the tick is
found along the east coast from Queensland to eastern Victoria.

Significance

Significance

Heavy infestations cause irritation and anaemia. The tick is a vector for
Babesia canis.

The tick causes hide damage and blood loss in cattle.

Biology

Biology
R. sanguineus is a three host tick. One unusual feature of its biology is its
ability to inhabit buildings or structures such as dog kennels. In Europe,
it survives over winter in centrally heated houses and may do the same
in southern Australia.

Haemaphysalis
Several native species of Haemaphysalis occur on mammals in Australia
and some of them (H. bancrofti) are found occasionally on livestock.
The most important species is an introduced species, H. longicornis,
which is primarily a parasite of cattle. This is the only species dealt with
here. It is commonly referred to as the ‘bush tick’ in Australia and the
‘cattle tick’ in New Zealand.

H. longicornis has a typical three host life cycle.

Amblyomma
The genus Amblyomma now includes the genus Aponomma, while several
Australian species have been split off into the new genus Bothriocroton.
All are considered under the one grouping here. Most species of
Amblyomma (including Aponomma) are parasites of reptiles. In Africa
and America there are species which feed on mammals (e.g. A. hebraeum
and A. variegatum) and are important parasites of livestock. In Australia,
a kangaroo tick, A. triguttatum, is found commonly on cattle and is
a pest of humans in some areas. Species of Bothriocroton occur on the
common wombat (B. auruginans) and on the echidna (B. concolor).

Morphology

Morphology
This species is readily identifiable by its posterior anal groove (Fig.
2.62C) and its short palps which project laterally (Fig. 2.62H).

Ticks of this genus have elongate palps with the third (distal) segment
very short (Fig. 2.62E) and have the anal groove behind the anus (Fig.
2.62C). They are often highly ornate.

Hosts and site

Hosts and site

Although primarily a parasite of cattle, the tick also occurs on horses,
dogs and other domestic animals.

The principal hosts are reptiles. A. triguttatum is primarily a kangaroo
tick but feeds on cattle and other domestic animals including humans.
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Geographic distribution
A. triguttatum occurs mainly in northern Australia but its distribution
extends into the south west of Western Australia and there is a
population on Yorke Peninsula, South Australia.

Significance
A minor nuisance of cattle.

Section 2: PARASITES

Queensland extending as far south as the New South Wales border near
the coast. It is not present in New Zealand.

Significance
B. australis is a major pest of cattle in northern and eastern Australia.
Apart from losses caused by blood loss, reduced growth rates and hide
damage, it is the vector for Babesia spp. and Theileria spp.

Biology

Biology
Nothing is known about its biology.

Boophilus
This genus is currently classified as a sub-genus of Rhipicephalus. It
contains two important species, B. australis formerly B. microplus, in
South-east Asia, South America, Africa and Australia and B. annulatus
in the Americas. B. microplus is dealt with here.

Morphology

B. australis is a ‘one host tick’. Engorged females drop to the ground,
lay several thousand eggs on the vegetation and die. The larvae ascend
vegetation and attach to passing cattle. Both moults occur on the host
without the larva or nymph detaching. On average, females drop from
cattle 22 days after being infected with larvae. Bos indicus type cattle
have a much greater natural resistance to B. australis than Bos taurus
breeds of cattle.

Sub-order Mesostigmata

Hosts and site

Most mesostigmatid mites are free-living with only a few parasitic
species. The mites are relatively large (0.2-2.0 mm) and the group is
easily identifiable in lacking a hypostome with teeth (a feature of ticks)
and with all four pairs of legs in the anterior half of the body. The
various genera are usually identifiable based on the host on which they
are found and the site on the host. The life cycle normally involves an
egg, a larva, a variable number of nymphal stages and the adult.

B. australis is primarily a cattle tick but it will engorge on other hosts
such as horses and dogs.

Pneumonyssoides

This tick is recognisable by its characteristic, irregularly shaped palps
(Fig. 2.62F). Grossly, engorged females are slightly peanut shaped and
the legs are pale yellow. The anal groove is usually difficult to see (Fig.
2.62A).

Morphology, hosts and site

Geographic distribution
In Australia, B. australis occurs in the north west of Western Australia,
the northern part of the Northern Territory, northern and eastern
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P. caninum is a small, white to yellow mesostigmatid mite found in the
nasal cavity of dogs.
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Geographic distribution

Dermanyssus

This parasite is probably cosmopolitan but has been reported from
Australia, South Africa and the USA.

Although it is commonly known as the ‘red mite’ of poultry, D. gallinae,
can affect a wide range of host species.

Significance

Morphology

Infections are either asymptomatic or may cause a sinusitis with a mild
nasal discharge and head rubbing.

A small red mite up to 1 mm in size. All legs are at the anterior end of the
body. Specific identification requires microscopic examination of cleared
specimens. This species is identified by its broadly triangular anal plate
(Fig. 2.64A)

Biology
With the features of the sub-order. Little is known about the biology of this mite.

Raillietia
Species of this genus occur in the ears of their hosts. Two species are of
veterinary interest, R. auris in cattle and R. caprae in goats.

Hosts and site
Poultry are the main hosts but it infects many species of birds and will
also feed on mammals, including humans.

Geographic distribution

Morphology and site

This species is cosmopolitan including Australia and New Zealand.

These mites have the characteristics of the order and are found in the
external acoustic meatus of their hosts.

Significance

Geographic distribution
R. auris occurs in North America, Europe and Australia.

D. gallinae is a significant pest of poultry, causing blood loss and
reduced egg production. It is also a nuisance for humans working in
poultry sheds.

Significance

Biology

This species is not pathogenic and feeds on ear wax.

Mites are nocturnal hiding in cracks and crevices during the day. The
life cycle is rapid with a non-feeding larval stage and two blood feeding
nymphal stages which moult 1-2 days after feeding and adults which
oviposit within 24 hours of feeding. The entire life cycle takes 7 days
and consequently populations can increase very rapidly.

Biology
With the features of the sub-order.
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Ornithonyssus
Two species of this genus occur on poultry, O. sylviarum and O. bursa.

Morphology
Mites of this genus resemble Dermanyssus but have a much more
elongate anal plate (Fig. 2.64B).

Hosts and site
The principal hosts are poultry, but many species of birds can act as hosts.
In addition, both species will feed on mammals including humans.

Geographic distribution
O. bursa, known as the ‘tropical fowl mite’ is widespread in most
tropical and subtropical regions of the world including the northern
states of Australia. O. sylviarum occurs in temperate regions of the world
including the southern states of Australia.

Significance
Both species are significant pests of poultry causing anaemia and
reduced egg production. They also feed on mammals including humans
and can be a significant household pest, being erroneously referred to as
‘starling lice’.

Biology

Fig. 2.64. Ventral views of Dermanyssus gallinae and Ornithonyssus sp. Redrawn from
Baker et al. (1965).
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The life cycle is similar to that of Dermanyssus except that species of
Ornithonyssus spend most of their time on the host or in its nest. They
are also parasites of wild birds and when nests in the roofs of houses
are vacated, the mites migrate into the house in search of a blood
meal. Domestic animals and humans provide suitable hosts in these
circumstances. The bites are irritating.
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Sub-order Prostigmata
Prostigmatid mites are a morphologically variable group united
by having the stigmata (openings of the respiratory system) on the
capitulum. However, this may be difficult to find and an easier way
to identify them is on the basis of the setae on their bodies which
resemble small fir trees. The group contains a disparate assemblage of
species parasitic on domestic animals, but includes a number of highly
important parasites.

Family Trombiculidae: Trombicula,
Eutrombicula, Neotrombicula, Guntheria
Trombiculid mites are an important group of parasites with the family
containing numerous species and genera. As a consequence, they are
treated here at the family level only. They are unusual in that only the
larval stages are parasitic.

Morphology

Fig. 2.65. Dorsal view of Trombicula sp. Redrawn from Baker et al. (1965).

The only stages encountered on domestic animals are the larval stage
(with three pairs of legs). This together with the characteristic setae
on the body identifies them as trombiculid mites (Fig. 2.65). Further
identification requires a specialist in this area.

Hosts and site
Trombiculid mites are normally parasites of native mammals and
domestic animals are accidental hosts when they enter infected areas.
Trombiculid mites exhibit limited host specificity.

Geographic distribution
Trombiculid mites have a cosmopolitan distribution. Numerous
endemic species occur both in Australia and New Zealand.

Significance
The attachment sites of trombiculid mites are pruritic and highly
irritating. In some areas of Australia, trombiculids are vectors of ‘scrub
typhus’, caused by Orientia australis.
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Biology
The nymphs and adults of these mites are free-living. They are referred
to as ‘harvest mites’ as they are found in significant numbers in hay and
other harvested products. The larvae attach in clusters and are often
found on the ears of cats or on the muzzles of dogs as clusters of yellow
or orange mites. In the case of Eutrombicula sarcina, clusters are seen on
the legs of sheep in Queensland.

Psorergates
The most significant parasite in this genus is the ‘sheep itch mite’, Ps.
ovis. An additional species Ps. bos occurs in cattle but does not cause
significant disease. Only Ps. ovis is treated here.

Morphology

Fig. 2.66. Psorergates ovis. Redrawn from Baker et al. (1965).

Ps. ovis is a tiny mite only measuring only 0.2 mm in diameter. The legs
are distributed uniformly around the body. The setae are tree-like
(Fig. 2.66).

Significance

Hosts and site
Ps. ovis occurs only on sheep. It can occur anywhere on the body, but is
most abundant along the dorsal midline of the body.

Geographic distribution
This species occurs in South America, southern Africa, the USA,
Australia and New Zealand.
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Ps. ovis is mainly a problem in Merino sheep, causing a hypersensitivity
reaction leading to biting and rubbing and hence fleece derangement
and downgrading of the clip.

Biology
The mite occurs in the superficial layers of the epithelium of the sheep.
There is a larval stage and three nymphal stages. Transmission is by
contact. Population sizes are maximal during winter and decline during
summer. Infestations spread only very slowly through a flock and seem
to be restricted to sheep that develop a hypersensitivity to the mites.
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Cheyletiella
Three species of this genus are of veterinary interest although they are
morphologically very similar and in the past have all been included
under a single species name – parasitivorax. Currently, three closely
related species are recognised: C. parasitivorax on rabbits, C. yasguri on
dogs and C. blakei on cats.

Morphology
The mites of this genus are readily recognisable by the possession of a
large recurved claw on the each of the palps (Fig. 2.67).

Hosts and site
C. parasitivorax is a parasite of rabbits.
C. yasguri is a parasite of dogs.
C. blakei is a parasite of cats.

Geographic distribution
These species are cosmopolitan including Australia and New Zealand.

Fig. 2.67. Dorsal view of Cheyletiella parasitivorax.

Significance

Demodex

Species of Cheyletiella cause a mild dermatitis characterised by
hyperkeratosis. As the mites are relatively large and visible to the naked
eye, a common name for infestations is ‘walking dandruff’. Human
infections also occur with species of Cheyletiella.

Biology
Eggs are attached to the hairs and the larva develops within the egg.
There are two nymphal stages. Females can survive for up to 10 days (at
low temperatures) away from the host.
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Redrawn from Baker et al. (1965).

Species of this genus are tiny elongate mites which live in hair follicles,
sebaceous glands and the meiobian gland. Different species occur on
each host species. The most important in terms of disease is D. canis in
dogs. D. bovis in cattle is of economic significance in terms of damage
done to hides. Other species are of less significance. D. canis is discussed
here but other species are listed.

Morphology
All species of Demodex are tiny, up to 0.3 mm long, elongate, with the
four pairs of legs clustered at the anterior end of the body and with
prominent annuli on the idiosoma (Fig. 2.68).
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Hosts and site

Other species:

D. canis is restricted to dogs and occurs in sebaceous glands and hair follicles.

D. bovis occurs in cattle and while essentially benign in live animals,
lesions reduce the value of processed hides.

Geographic distribution
This species is cosmopolitan including Australia and New Zealand.

D. phylloides in pigs can cause numerous cutaneous pustules.

Significance

D. ovis occurs in sheep in Australia but is rare.

D. canis is the cause of demodectic mange in dogs, often a serious
generalised disease of the skin.

D. equi also occurs in horses in Australia but rarely causes disease.

Sub-order Astigmata
Members of the Astigmata are commonly referred to as ‘mange mites’
because so many of them are related to diseases of the skin. Although
categorised primarily on the basis of the absence of openings of the
respiratory system, they are most readily recognised by the separation of
the anterior two pairs of legs from the posterior two pairs of legs.

Fig. 2.68. Demodex canis.

Redrawn from Baker et al. (1965).

The Knemidocoptidae (also Cnemidocoptidae) (Knemidocoptes)
and Cytoditideae (Cytodites) are parasites of birds. The two families
parasitising mammals, the Sarcoptidae and Psoroptidae can be
distinguished by the relative sizes of the third and fourth pairs of legs
which do not project beyond the body margin in the Sarcoptidae
(Sarcoptes, Notoedres) but project well beyond the body margin in the
Psoroptidae (Psoroptes, Otodectes, Chorioptes).

Psoroptes

Biology
D. canis occurs in the sebaceous glands and hair follicles with mites
puncturing individual cells to feed on the cytoplasm. All life cycle stages,
proto-, deuto- and trito-nymphs occur in the hair follicles and sebaceous
glands. Transmission is by contact. Most dogs are infected but only
some develop the disease.
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The genus Psoroptes includes several species, of which only P. cuniculi
occurs in Australia. P. ovis, the cause of ‘sheep scab’ was eradicated
in Australia in the nineteenth century but represents a significant
quarantine threat. P. natalensis occurs in New Zealand.
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Morphology
Species of this genus have the anterior pairs of legs separated from the
posterior pairs, which project beyond the body margin; in addition, the
pedicels (the stems of the sucker-like attachments at the end of the legs)
are composed of several segments (Fig. 2.69).

Hosts and site
P. ovis occurs on the body of sheep and to a limited extent cattle and goats.
P. cuniculi occurs in the ear canal of rabbits, goats and horses.
P. natalensis occurs on the body of cattle.

Geographic distribution
P. ovis is common in many countries but is absent from Australia and
New Zealand.
P. cuniculi is a cosmopolitan species including Australia and New Zealand.

Significance
Sheep scab, caused by P. ovis is a serous disease of sheep as mites and
scabs produced by them spread over the body. High levels of mortality
can occur.
Infections with P. cuniculi are generally sub-clinical although otitis
externa can occur.

Fig. 2.69. Ventral view of female of Psoroptes ovis and the male of Psoroptes cumiculi.
Redrawn from Baker et al. (1965).
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Biology
Mites of this genus result in fluids exuding from bites or contact
resulting in scab formation. The life cycles of the mites conform to those
of the order. P. ovis infestation is particularly significant as a disease due
to the short life cycle and hence the speed with which numbers of mites
can increase.

Otodectes
Otocectes cynotis is the common ear mite of dogs and cats.

Morphology
These mites are similar to other psoroptid mites (pairs of legs separated;
posterior legs project beyond the body margin); they occur in the
external auditory meatus (Fig. 2.70).

Hosts and site
O. cynotis occurs in the ears of dogs, cats, foxes and ferrets.

Geographic distribution
This mite is a cosmopolitan species including Australia and New
Zealand.

Significance
O. cynotis causes a mild otitis externa.

Fig. 2.70. Ventral views of the male and female of Otodectes cynotis.
et al. (1965).
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Redrawn from Baker
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Biology
The biological features of this species resemble those of other psoroptid
mites.

Chorioptes
A single species, C. bovis, is of veterinary significance.

Morphology
These mites are similar to other psoroptid mites (pairs of legs separated;
posterior legs project beyond the body margin) (Fig. 2.71); they occur
on cattle, sheep and horses.

Hosts and site
C. bovis is found on cattle, sheep and horses and occurs primarily on the
legs, belly and scrotum.

Geographic distribution
This mite is a cosmopolitan species including Australia and New
Zealand.

Significance
C. bovis caused mange on the legs of cattle and horses. In rams,
infections of the scrotum can cause marked inflammation and the rise in
scrotal temperature can cause infertility.

Biology
The biological features of this species resemble those of other psoroptid
mites.

Fig. 2.71. Ventral views of the male and female Chorioptes bovis.
al. (1965).
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Redrawn from Baker et
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Sarcoptes
This genus contains a single species, S. scabiei, with a wide host
distribution although ‘strains’ are recognised within the species based
upon biological characteristics, primarily host distribution.
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wombats, foxes and koalas. When applied to human skin, it produces
intense pruritis, but the mites do not appear to reproduce on humans
and the infection is self-limiting.

Morphology
S. scabiei is a small mite with the anterior pairs of legs separated from
the posterior pair of legs, with the posterior legs not projecting beyond
the margin of the body. The species is characterised by the possession of
triangular plates on the dorsal surface of the body of females (Fig. 2.72).

Hosts and site
S. scabiei occurs on a wide range of hosts including dogs, foxes,
wombats, koalas, pigs, ferrets, camels and humans. However, strains
appear to exhibit some degree of host specificity.

Geographic distribution
This mite is a cosmopolitan species including Australia and New
Zealand.
Fig. 2.72. Ventral view of female of Scarcoptes scabiei.

Significance
The mite causes sarcoptic mange which is a serious cutaneous disease in
humans (scabies), pigs and dogs as well as in native animals.

Redrawn from Baker et al. (1965).

Notoedres
A single species, N. cati, is of veterinary significance.

Morphology

Biology
The various stages of S. scabiei (egg, larva, nymphs, adults) are found
in the stratum corneum of the host. The main response of the host is a
hyperkeratosis at the site of infestation. However, hypersensitivity can
also be induced so that intense pruritis results from infections by very
few mites. The ‘dog strain’ appears to be the same strain as is found in
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N. cati resembles S. scabiei but lacks triangular plates on the dorsal
surface and has the anus on the dorsal surface of the body rather than at
the posterior end.
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Hosts and site

Knemidocoptes

N. cati is primarily a parasite of cats but can also be found on dogs.

Three species of Knemidocoptes occur commonly on birds, K. gallinae
and K. mutans on poultry and K. pilae on small parrots.

Geographic distribution
This mite is a cosmopolitan species including Australia and New
Zealand.

Significance
N. cati causes mange around the head and ears of cats. In rare cases it is
fatal.

Biology
N. cati occurs in the superficial layers of the skin.

Morphology
Mites of this genus are small and rounded with tiny legs relative to the
body in females. The anterior two pairs just protrude beyond the body
margin. The legs are proportionately longer in males (Fig. 2.74).

Hosts and site
K. gallinae is known as the ‘depluming mite’ of poultry and the mites
can be found embedded in the base of a quill. K. mutans causes the
disease ‘scaly leg’ in poultry and is found under the scales of the legs.
K. pilae is found on the cere and legs of budgerigars and other small
parrots.

Geographic distribution
These mites are cosmopolitan species including Australia and New
Zealand.

Significance
Each species causes a deforming but not life-threatening disease of birds.

Biology
Species of Knemidocoptes occur in the superficial layers of the skin and
have an egg, larva, nymphs and adults in their life cycle. Transmission is
by contact.

Fig. 2.73. Dorsal view of male Notoedres cati.
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Redrawn from Baker et al. (1965).
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Geographic distribution
These mites are cosmopolitan species including Australia and New
Zealand.

Significance
Light infections are inapparent although mites may also be found in the
body cavity. Extremely heavy infections can be fatal.

Lynxacarus
Fur and feather mites of the families Listrophoridae and Atopomelidae
are found on numerous mammals and birds. Only one species is of
veterinary interest, the fur cat mite, L. radovskyi.

Morphology
Fig. 2.74. Female of Knemidocoptes.

Redrawn from Baker et al. (1965).

Cytodites
One species, C. nudus, the air sac mite of poultry is of veterinary
significance.

These mites are small, up to 0.5 mm long and whitish in appearance.
They are elongate and the legs are long and adapted to clasping hairs.

Hosts and site
L. radovskyi occurs attached to the hairs on cats.

Geographic distribution

Morphology
This mite is oval and about 0.5 mm long. The legs are separated into
anterior and posterior pairs and project beyond the body margin. There
are very few setae on the body.

These mites are cosmopolitan species including Australia and New
Zealand.

Significance
L. radovskyi is not pathogenic but is visible to the naked eye.

Hosts and site
C. nudus occurs in the air sacs of poultry.

Biology
Fur mites live attached to hairs and feed on the keratin of the hair and skin.
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2.6.4. Sub-phylum Pentastomida

Biology

The pentastomids or ‘tongue-worms’ are an unusual group of
crutacean related internal parasites which have lost virtually all of their
appendages.They are elongate and segmented and on the anterior end
bear two pairs of tiny claws and a mouth – hence the inappropriate
name ‘pentastome’ which means literally ‘five mouths’. The group is
found commonly in snakes with mammals serving as intermediate hosts
for some species.

Eggs laid by females are swallowed and appear in the faeces. The eggs
are readily identifiable as they contain a larval stage with four tiny claws.
The egg is ingested by a rabbit or a sheep and development through
various stages occurs primarily in the lymph nodes of the mediastinum
although they may be found anywhere in the body. If the larval stage is
ingested by a dog, the parasite migrates to the nasal cavity and matures.
Haizoun syndrome is a human disease occurring in northern Africa and
caused by L. serrata infecting the throat. In this case, infection occurs by
eating uncooked lymph nodes containing the larval stage of L. serrata.

Only one species is of veterinary significance, the ‘tongue worm’ of the
dog, Linguatula serrata.
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Section 3. General topics
3.1 interaction: pathophysiology, immunity
and vaccination
Introduction
Veterinary parasites are ubiquitous, with generalist and specialist
protozoa, helminths and arthropods adapted to every available species,
niche and organ system within host species. The extent to which
overt general and specific clinical signs develop is determined by
many epidemiological factors associated with the ecology of the host,
parasite and environment, all of which are important for the practicing
veterinarian to appreciate in prescribing control measures beyond
immediate treatment. Once infected, clinical disease is a manifestation
of an inability to contain or restrict the parasite load by mounting an
effective immune response (termed “resistance”) or coping with the
pathogenic impact of the parasites (termed “resilience”).
Pathophysiology describes the morphological and physiological changes
occurring in disease. This Chapter will deal with the principles of
parasitic disease in the following sections:
1.

host factors influencing parasite infection and features of disease in
populations;

2.

parasite “virulence” (the ability to diminish host reproductive
success- measured simplistically as mortality) and “pathogenicity”
(ability to cause pathology culminating in disease);

3.

pathogenesis of parasitic disease with examples of the processes;

4.

general host immune responses to parasites with some specific
examples;
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5.

current vaccines and future prospects for parasite vaccines; and

6.

“worms as therapy”– restoration of “dysregulated” immune
responses such as bowel disease and asthma.

From a parasite’s perspective, the life cycle is central to the mode of
infection so that generally:
•

parasites with direct life cycles and free living stages in the
environment most readily infect by ingestion (ruminant
nematodes, coccidia), skin penetration (hookworms), or more
complicated methods such as autoinfection via the faeco-oral route
(Strongyloides) or vertical transmission to the foetus or through milk
(Toxocara canis);

•

parasites with indirect life cycles involving an intermediate host
(IH) infect by ingestion of the IH or stages released from the IH
(e.g. cercaria of trematodes);

•

parasites such as many protozoa, some cestodes and filarial worms
with obligatory or mechanical vectors are deposited subcutaneously
as the vector feeds. This is particularly effective if parasites need
to gain access to the bloodstream (Dirofilia immitis- heartworm
and trypanosomes) or their associated cells (Plasmodium spp.
and Babesia spp. to erythrocytes, Theileria spp. to lymphocytes,
Leishmania spp. to macrophages) and lymph or subcutaneous
tissues (filarial worms such as Onchocerca spp.) and be ingested with
a subsequent blood meal.
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Section 1. Host-parasite interactions and the
pathophysiology of parasitic disease

1. Host factors influencing parasite infection
and disease in populations.
1.1 General features of disease in populations.
The “iceberg” concept of disease is particularly relevant when all animals
in a population are exposed to infection as occurs in situations with
grazing livestock, communal dog runs and in zones with vector-borne
diseases. In this concept, during exposure to (static) endemic infections
such as pasture infected with gastrointestinal nematodes (GIN),
individuals exhibiting clinical disease are either in the minority or are
the most susceptible. In contrast, in (dynamic) seasonal outbreaks of
disease, such as vector-borne parasitoses or increased levels of pasture
GIN after seasonal rainfall, the first individuals to exhibit clinical signs
will be those with the highest parasite infections (those least able to
control parasite intake or parasite damage).

Fig 1: Disease represents an interaction between the ecology of the host, environment
and parasite. The “ice-berg” concept (left) illustrates the population biology of
endemic disease where diminishing numbers of exposed and infected animals exhibit
increasingly severe clinical signs of disease.
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In this situation with ongoing infection, it is highly likely that more
animals will show clinical signs as time progresses. Under dynamic
conditions of continuing parasitism, the population dynamics may
resemble the “epidemic curve” as increasing numbers of animals exhibit
clinical signs of parasitism as the disease process “moves through the
population” before ultimately resolving. Left untreated and under
“natural selection”, the most susceptible individuals could die, be culled
or fail to reproduce, leaving the remaining breeding stock more able
to cope with endemic parasitism. A similar situation is likely to follow
introduction of new individuals (i.e. newborns or exotic replacement
stock) into a parasite endemic area.
In these situations, such as GIN infections in ruminants populations,
even with immediate treatment, there is likely to be more cases or even
deaths of those individuals that were “past the point of survival” before
the treatment is ultimately effective.
1.2 Host factors influencing parasitic infection
While parasite factors influencing parasitosis largely relate to parasite
availability and host specificity, a number of key factors determine the
level of parasite establishment in the host and the consequent degree of
pathophysiological change.
•

The quantum of infection. This includes the number of infective
parasites ingested and period of infection (or availability of parasites
for infection) and ranges from seasonal development of acute
symptoms and deaths (e.g. Haemonchosis, tick fever and tick
paralysis), chronic parasitic disease (e.g. liver fluke infection) and
more rapid symptoms from proliferating parasites e.g. protozoa.

•

The species of host and parasite and the host-parasite relationship.

•

The age of the host. Young (parasite-naïve) animals and those
suffering physiological stress in pregnancy/lactation or nutritional
stress in drought are most at risk.
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•

The nutritional status of the host. Adequate nutrition enhances
the ability of animals to develop and maintain productivity in
the face of parasite infection either through increased immunity
(resistance) or ability to counter the deleterious effects of parasitism
(resilience).

•

Host genotype. In sheep populations, resistance to GIN parasites
measured by reductions in faecal worm egg counts or production
of specific IgA antibody against L3 antigens has an estimated
heritability around 0.3. Genetic gain for parasite resistance can be
made without detriment to production traits.

•

Gender. Males generally carry more parasites (worms and ticks)
than females. Since neutered animals (e.g. wethers/ steers) harbour
intermediate parasite burdens, this would suggest a testosterone/
androgen- mediated effect on the development of parasite resistance.
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between the evolution of host defences and the increasing intra-specific
and inter-specific reproductive fitness (termed “transmission”) of parasites.
In this view, parasites evolve towards increasing exploitation of host
resources until a trade-off occurs between increased parasite multiplication
and decreased parasite transmission due to host mortality. Definitions of
virulence vary with 10 listed in Casadevall & Pirofski (http://iai.asm.org/
content/67/8/3703), but for parasites, it can be defined as the potential
to kill the host and is measured simplistically as mortality rates or the
minimum numbers of parasites that cause host death. There are several
general statements that arise from empirical and field-based studies of
natural host-parasite ecosystems.
•

Nematode parasites with direct life cycles increase transmission
by producing large numbers of short-lived offspring (ruminant
nematodes, particularly those in summer rainfall zones encumbered
by a short or erratic seasonal rainfall) or small numbers of longlived offspring. Examples of the latter include ascarid nematodes
where larvae (L2) persist inside a thick-shelled egg, the large equine
strongyles and Dirofilaria (canine heartworm), both of which
inhabit blood vessels and are largely unaffected by host immunity.

•

Parasites with intermediate hosts such as vectors generally rely more
on the mobility of the vector for transmission than on the final
host. Consequently, they develop greater virulence for the final
host rather than compromising their main means of transmission.
Examples include blood-borne protozoa such as trypanosomes,
Theileria, Babesia and Plasmodium species.

•

Parasites dependent on the ingestion of prey (the intermediate
host) for transmission will cause greater pathology in the prey (so
that it will be caught and eaten) than in the final host (e.g. cestode
parasites with metacestode stages in one or several prey species).

•

Parasites which have relatively immobile intermediate and final
hosts will produce more equivalent pathology in both. Examples
include trematode infections in snails and ruminants.

When making a diagnosis of parasitosis, 4 factors need to be considered:
•

the season and history is consistent with the opportunity and signs
of parasitosis;

•

the number of parasites and the parasite species is consistent with
the severity of the disease;

•

the lesions are typical of those caused by the parasite species; and

•

the clinical signs are consistent with the pathogenetic mechanisms
of the parasite.

1.3 Parasite “virulence” and virulence determinants.
Since mixed parasitic infections usually occur at the individual or
population-based levels, the concept of parasite virulence must consider
competition between parasites for host resources and costs to both host
and parasite. Original concepts of host and parasite favoured evolution
towards a “benign co-existence” with mutual benefits to the reproductive
fitness of both parties. Increasing evidence from field studies has indicated
that with competition for host resources, an intense “arms race” occurs
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Microbial virulence factors have been defined as “products that permit
a pathogen to cause disease” or “components that when specifically
deleted [by “gene knock-out” or genetic mutation] impair virulence
but not viability” (Casadevall, 1999 above). In an analogous fashion,
the genetic and proteomic basis of virulence in parasite strains has been
investigated to find targets for vaccines or chemical attack. This has been
achieved more readily amongst protozoa and intracellular parasites and
some pertinent examples are listed below.

1.4 Pathogenesis of parasitic disease.
Macroscopically, there are several principal means by which parasites
inflict pathology during the host-parasite interaction in intermediate,
paratenic or final hosts. The pathophysiological changes are associated
with the parasitic stages and include parasite migration, feeding, growth
and development, sometimes exacerbated by the host response. The
changes result in clinical syndromes indicating disease.

•

1.5 Endoparasitic pathophysiology
The host-parasite relationship is the critical determinant of
pathophysiological effects and sequellae. These relationships are
summarised below.

•

•

Virulence determinants of Toxoplasma gondii are controlled by
ROP16 and ROP18 genes and are secreted kinases which interfere
with host cell signaling and development of immunity to the
parasite (Saeji et al, Nature. 2007, 445:324-7. Other “factors”
present in virulent strains include a “penetration enhancing factor”
and a 23kDa membrane antigen, while a 27 kDa antigen is found
only in avirulent strains (Bhopale, 2003,CIMID,26: 213).
Sialic acids (derivates of neuraminic acid) contribute to the
variant-specific surface antigens (VSSA) on the surface of procyclic
forms of trypanosomes inoculated by the tsetse fly (Glossina sp.)
vector. These VSSAs are constantly changed by parasite gene
rearrangement and are responsible for outrunning the host immune
response (like influenza) (see http://www.hindawi.com/journals/
mbi/2011/532106/ ).

•

Parasites reside unattached or loosely attached by “holdfasts” in
body tracts such as airways, heart or gastrointestinal tract and
interfere with normal flow of air, fluids or ingesta. Examples
include adult cestodes in the intestine, adult Dirofilaria immitis
in the right ventricle and pulmonary artery, Dictyocaulus spp.
lungworms in the bronchi and trachea and schistosomes in blood
vessels. Local pathology is minimal, except for some irritation.

•

Parasites remain unattached or attach for short periods but
incise epithelium causing haemorrhage or serous secretion upon
which parasites feed. Ongoing infection leads to anaemia or
hypoproteinaemia. Examples include blood-sucking Haemonchus
spp. and “hookworms (Ancylostoma spp., Uncinaria spp.) in
abomasum and intestines, respectively, and ectoparasites such as
ticks.

•

Parasites enter superficial or mucosal tissues during development,
interfering with nutrient absorption through cell destruction
and inflammation and resulting in villus atrophy, protein-losing
enteropathy and diarrhoea or coughing and ill-thrift. Ultimately,
the loss of proteins such as albumin from serum reduces the
osmolarity of the serum, leading to fluid retention and oedema

Targeted gene deletion of Leishmania major UDP-galactopyranose
mutase leads to lack of a membrane protein anchor for the
lipophosphoglycan (LPG) backbone and its attenuated virulence is
comparable to that of a mutant strain exclusively deficient in LPG.

Much less is known about virulence determinants of metazoan
parasites where “strains or isolates” with confirmed differences on
virulence or pathogenicity have not been recorded. However, the
“virulence” of Ostertagia circumcincta, together with host immunity
and avoidance behaviour, is a key factor affecting the establishment of
infective larvae in sheep (Gaba et al. 2006; www.researchgate.net/.../
d912f50471094cd041.pdf ).
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(such as “bottle jaw” in chronic nematode infection). Examples
include the majority of GIN and lungworms such as Mullerius and
Aelurostrongylus spp.
•

Parasites reside in tissues and organs, producing space-occupying
lesions as they grow leading to organ-specific symptoms such as
neurological or digestive malfunction. Examples include cestode
cysts in intermediate and paratenic hosts (including Taenia solium
neurocysticercosis and hydatidosis).

•

Parasites migrate through tissues and organs, causing physical trauma
in their path to reach their preferred developmental site. Symptoms
depend on the migratory path and range from organ-specific clinical
signs to non-specific malaise and shifts in tissue-related blood enzyme
profiles. Examples include specific migratory pathways from the
intestine by juvenile trematodes (Fasciola [liver] and paramphistomes)
and aberrant ‘visceral larval migrans’ by Ascaris larvae.

•

•

Parasites invade cells, multiply and develop, rupturing cells as the
next generation of parasites emerges, causing tissue-specific damage
or anaemia. Examples include Plasmodium spp. and Babesia spp.
parasitism of erythrocytes (anaemia), parasitism of T-lymphocytes
by Theileria parva (fulminating allergic hypersenstitivity) and
coccidial infections in enterocytes (diarrhoea).
Parasite products provoke host responses and chronic inflammatory
granulomas. Examples include Oesophagostomum spp. (“nodule
worm” or “knotty-gut worm”) in ruminant large intestines,
schistosome “egg granulomas” and fibrotic hepatic lesions from
degenerated migratory stages of Fasciola spp.

1.6 Ectoparasitic pathophysiology
External (ecto-) parasites in search of a blood meal may interrupt
normal host behaviour and feeding by harassment (e.g. “fly worry” from
Stomoxys on dogs, Culicoides on horses and Haematobia on cattle), but
more specific symptoms are evident following direct parasitism.
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•

Blood-feeding ectoparasites may cause anaemia (ticks, biting lice)
and dermatitis at attachment sites but more frequently;

•

ectoparasite salivary components (such as anticoagulants, enzymes
and vasodilators) injected during blood feeding act as antigens
to invoke the formation of specific antibodies which lead to local
allergic reactions, serous exudation, pruritis with self-trauma
causing secondary infection and depilation. Examples include
“flea-bite dermatitis”, “Queensland itch” and various mite-induced
manges.

•

Physical irritation of the skin or mechanical irritation of the fleece
or hairs may cause pruritis (e.g. lice).

•

Larval stages of the parasite develop directly in the skin and
subcutis and cause physical trauma. Examples include “screw-worm
fly” (Chrysomya bezziani, exotic) and endemic fly strike of sheep.

Section 2. Examples of the pathophysiology of
parasitic disease
2.1 Endoparasitic infection in the gastrointestinal tractOstertagiosis
Following ingestion of infective L3 of the abomasal nematode Ostertagia
ostertagi (cattle) or O. circumcincta (sheep), larvae burrow into the gastric
mucosa and develop from parasitic L3 to adults in the gastric glands
during the next 2-3 weeks. The normal abomasal mucosa and glands
consist of a mucous cell surface layer facing the abomasal lumen with
glandular epithelium lining the lumen of the gastric glands. Gastrin is
produced by antral G-cells and regulates acid secretion by parietal cells
and appetite. Within the glands, parietal cells produce hydrochloric
acid to maintain abomasal acidity at pH 2, and chief cells produce
and secrete pepsinogen which is converted to pepsin by the acid
environment. The sequence of events provoked by the incoming and
developing larvae has the following manifestations, particularly after the
second week of infection:
- 315 -

Section 3.1 - VET TEXT- HXP INTERACTION AND PATHOPHYS-FEB13

•

the inflammatory response induced by the developing larvae causes
progressive erosion of the gastric gland epithelium and pressure
necrosis of the glandular tissue;

•

increasing destruction of chief cells initially increases leaching
of pepsinogen into the abomasal lumen and loss of parietal cells
reduces acid secretion, abomasal pH rises and gastrin production
increases;

•

increased abomasal pH reduces pepsin conversion and blood
pepsinogen concentrations rise from 2 weeks after infection as a
direct effect of leakage and a gradient between the abomasum and
local capillaries. Destroyed chief cells are replaced by immature cells
and after 4-5 weeks, blood pepsinogen levels decline;

•

decreased pepsin levels reduce protein catabolism while feed intake
can be reduced by up to 40% by a combination of increased gastrin
levels and CNS satiety signals;

•

increasing pH reduces the microbicidal activity of the abomasum
and pathogens can survive;

•

emerging adult worms cause further damage to the integrity of
the mucous epithelium allowing acid and microorganisms into
the submucosa. The infection and damage promote a proteinlosing gastroenteropathy with diarrhoea, while gastrin exerts a
trophic effect on fundic mucosa. Both are thought to contribute
to the fundic hyperplasia (cobblestone mucosa) seen in chronic
ostertagosis.

After an initial period of infection and as a response to increasing
immune pressure, more incoming L3 undergo inhibited development
(“hypobiosis”) as L4 in the abomasal mucosa in a prelude to later mass
emergence as “Type 2” ostertagiosis.
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2.2 Arthropod-induced allergic dermatitis in dogs and horses
Flea allergy dermatitis (FAD) is elicited in dogs and cats by the
development of allergic reactivity to salivary antigens inoculated during
feeding by the cat flea, Ctenocephalides felis. FAD is an individual
response with no breed or gender predisposition. Relatively large
numbers of fleas (>15) can cause sensitization, which first appears as
localized erythema to the bite sites after 2 to 16 days in dogs exposed
to continuous and intermittent (episodic) flea infestation, respectively.
Allergic manifestations develop more slowly in continuously infested
dogs and cats compared to intermittent exposure but more than 75% of
exposed animals exhibit allergic symptoms of varying severity after 6-8
weeks of infestation. Ongoing exposure leads to pruritis and a crescendo
of clinical signs including alopecia, excoriation, crusting and pustules
after bacterial infection. Reactions in dogs and cats are predominantly
located in the dorsal lumbosacrum, caudomedial thigh and caudoventral
abdomen. Although the allergic reactivity declines after fleas are
removed and the severity of the condition may vary during a season,
seasonal re-exposure with very few fleas can initiate a recurrence of FAD.
The pathogenesis of FAD is not fully understood mechanistically,
except that with exposure, antibodies generated to flea salivary antigens
invoke skin reactions and immunohistology with the features of
particularly Type 1 (immediate) hypersensitivity, as well as histological
evidence consistent with Type IV (delayed) and cutaneous basophil
hypersensitivity. The great majority of clinically affected dogs have
circulating IgE antibodies to C. felis 18 kDa antigen (Cte-f1) and
give positive immediate reactions to intradermal skin tests with this
flea antigen. With the possibility of desensitization in mind, salivary
gland antigens of 8-12, 18 and 40 kDa have been identified by sera,
particularly IgE from allergic dogs. The 18 kDa antigen elicits skin
reactions in 80% of clinically affected dogs and the recombinant antigen
is used in the Allercept ™ ELISA test (Heska Corp.) (Wassom & Grieve,
1998, Vet. Dermatol., 9,173).
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In some horses, a similar seasonal Type 1 hypersensitivity develops to
salivary antigens inoculated during feeding by Culicoides brevitars is
“midges”. Termed “Queensland itch” in Australia, the condition appears
to have a predisposing genetic component and initially exhibits as
discrete papules at individual bite sites along the withers and base of the
tail and rump. The histology consists of superficial and deep perivascular
dermatitis with pronounced eosinophilia consistent with an antigenantibody mediated reaction. The accompanying intense pruritis incites
self-inflicted skin erosion, ulceration, serous exudation and crusting,
scaling and alopecia. In severe infestations, peripheral blood eosinophilia
and immediate skin reactions to inoculation of Culicoides extracts are
evident.
2.3 Intracellular protozoa: Plasmodium (Malaria) and Theileria
parva (East coast fever)
An animated version of the life cycle of Plasmodium falciparum can
be found at http://highered.mcgraw-hill.com/olc/dl/120090/bio44.
swf . Sporozoites inoculated by the mosquito vector reach the liver and
invade hepatocytes where they replicate in exoerythrocytic schizogony
and produce merozoites. Some remain dormant but the majority are
released by cell lysis into the circulation and invade erythrocytes. Here
they enlarge by the ingestion of host haemoglobin and cell cytoplasm (a
“trophic” phase so the parasite form is a trophozoite), before undergoing
rounds of asexual nuclear division to form a schizont. Around 12-16
merozoites bud from each schizont, infected erythrocytes rupture in a
synchronous, periodic fashion and merozoites invade other erythrocytes
where the cycle is replicated. Alternatively, the parasite may differentiate
into sexual forms called macro- or microgametocytes with a single
nucleus and this is the infective form for the mosquito.
Blood stages are responsible for the pathogenesis of malarial symptoms
with intermittent fever paroxysms accompanying the synchronous
lysis of erythrocytes at 48-72 h intervals and high levels of host TNF-x
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and progressive anaemia. Organ-specific symptoms may also occur in
chronic infections of the liver and brain.
Sporozoites of Theileria parva are inoculated by the tick vector
Rhipicephalus appendiculatus and rapidly invade leucocytes. The
productive infection occurs principally in T-lymphocytes capable of
cell division and migration where the schizont induces constitutive
expression of NFkB in the host cell, blocking apoptosis and promoting
cell proliferation. The (macro)schizont synchronises its division
with that of the host cell by linking with the cell spindle. A massive
proliferation of host lymphocytes in the regional lymph node produces
pronounced lymphadenopathy by 3-7 days post-infection and infected
cells are exported to other lymphoid tissues. In fatal cases, parasitosis
reaches 10% by day 10 and infected cells appear to accumulate in
submucosal tissues in lung and gut. Uninfected lymphocytes also
proliferate to counter the parasitosis. The macroschizont differentiates
into microschizonts which are released from lysed lymphocytes to
invade erythrocytes as piroplasms for ingestion by ticks. However, in
fulminating infections, massive rupture of microschizont-infected cells
causes liquefactive necrosis of lymph nodes, haemorrhage, ulceration
and exudation in lung and intestine and death by suffocation from
pleural effusion and oedema around 14-18 days after infection.

Section 3. Host immune responses to parasites
3.1 Mechanisms of parasite immunity
Within the broad paradigm of protective immunity against pathogens,
immunity to intracellular infectious agents and bacteria is generally
mediated by Th1 (inflammatory) responses through the production
in ruminants, of interferon-gamma (IFN-y), interleukins (IL-) 1
and 12 and immunoglobulin isotypes which are particularly suited
to opsonisation of microbes or neutralization of toxins. Cellular
inflammatory responses, culminating in phagocytosis and generation
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of reactive oxygen and nitric oxide from macrophages, neutrophils and
eosinophils, are also protective against a wide range of intracellular
and blood-borne protozoan parasites as well as cystic stages of cestodes
in the intermediate hosts (see below under vaccines) and migratory
stages of trematodes (e.g. Fasciola gigantica in ruminants). Allergic,
Th2-type responses are associated generally with development of
varying degrees of reaction and resistance to nematode parasites and
arthropods which are generally surface dwelling/ feeding parasites. These
manifest as immediate Type 1, delayed type IV and cutaneous basophil
hypersensitivity reactions.
There is an enormous range of parasites, many inducing subtle
and specific host responses ranging from a lack of responsiveness,
suppression of immunity to sterile, durable protection. These are
detailed in the literature, but some general and specific examples of host
immune responses to parasites in different phyla are given below.
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General features of immune responses to Parasites
Parasite

Parasite life
cycle stage

Parasite
location

Principal
mechanism

CMI/ Ig
type and
mechanism

Migrating L3

Tissues

Th1-Larval
inhibition

Some IgE
allergy

Adults

Intestine

Poor

L3 - adult

Intestines

Th2- IgG1/E
Prevent L3
establishing,
Retard
development
Reduce
fecundity

Ascarids

Strongyles
(GIN)

Filaria

L3/
microfilaria

Tissues/ Blood Th1- larval
inhibition

Adults

Tissues

REJ - recently Tissues
emerged
Trematodes juveniles

Cestodes

Protozoa

Flies

Adults

Tissues/ vessels Poor

Metacestode
(IH)

Tissue (cysts)

Th1-neutralise

Adult (DH)

Intestine

Poor

Sporozoites

Blood

Th1- IgG

Sporozoites

Intestine

Poor

Schizonts

Intra-cellular

Larvae

Tissues

NK cells, nitric Experimental FABP,
oxide killing
protease

T. parva p64

Th1- CMI

CTL

T. parva (infect &
treat), precocious
Eimeria lines,
Babesia “tick fever”
vaccine

Th1- reduce
migration

Neutralise
Infect & treat
proteases- IgG (Hypoderma)

Fleas

Larvae/ Adults Skin and hair

Poor

Ticks

Dictol (irradiated L3)

Neutralising/
blocking IgG

Poor

Mites

Disrupt worm H. contortus (H11;
gut.
covert)

Eg95,
T. ovis 45W

Larvae/ Adults Skin and hair
Skin

IgG1, IgET. colubriformis
degranulation L3 carbohydrate;
of mast cells, experimental
eosinophils;

IgG1 to
oncosphere

Lice

Mosquitos/ Adults
midges
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Th2-killing

Vaccines?

Poor

Larvae/ Adults Skin and hair
follicles

Th2-IgE

IgE-mediated
removal

Infect & treat
(Sarcoptes)

Larvae/ Adults Skin

Antibody-IgG

Tick gut
disruption

Bm 86 (covert)
Tickguard
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3.2 Immunity to gastrointestinal nematodes (GIN)
3.2.1 Effector responses expelling worms.
In the gastrointestinal tract, Th2 (allergic) responses are closely
associated with removal of GIN with accompanying production of IL-4,
IL-5, IL-10 and IL-13, mastocytosis and eosinophilia in the intestinal
mucosa and an increase in intestinal permeability, motility and mucus
secretion. The mechanism is consistent with generation of worm-specific
IgG1 and IgE antibody isotypes inducing activation and discharge of
inflammatory mediators from mucosal mast cells (MMC) and possibly
eosinophils (Figure 3.2). Therefore the induction phase of the immune
response is worm-specific, but the release of inflammatory mediators
may also adversely affect other nematodes in the same location (termed
a “non-specific effector phase”) and these may move “downstream” in
the gut to re-establish or be rejected completely. Several inflammatory
mediators including leukotriene C4 (LTC4) and platelet-activating
factor (PAF) cause reversible paralysis of Trichostrongylus colubriformis
larvae (TcL3) in vitro ( Emery, 1996; http://www.ncbi.nlm.nih.gov/
pubmed/8893462 ) and increased intestinal motility prevents L3
establishment in vivo. In addition, specific antibody reacting with TcL3
surface carbohydrates can prevent establishment. In other worm species
such as H. contortus, incoming larvae are trapped by changes in the
mucus and mediators which bind to parasite surface antigens, possibly
inducing disorientation or paralysis (termed “immune exclusion”)
(Miller, 1996; http://www.journalofanimalscience.org/content/84/13_
suppl/E124.full ). The lumenal concentrations of a range of
neuropeptides are also increased in immune sheep, possibly contributing
to the increased motility of the intestines.
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Figure 3.2: A schematic mechanism for the acquired immune responses against
gastrointestinal nematodes in sheep (image from D. Emery).

The exact mechanism(s) of induction of immunity to GIN is not
completely understood, but results from the host-parasite interaction
over an extended period of infection. For “mucosal browsing”
parasites such as T. colubriformis and H. contortus, immunity manifests
as inhibition of establishment of incoming L3 after 5-6 weeks of
continual (trickle) infection. With ongoing ingestion of L3, immunity
intensifies to sequentially affect worm growth and reproduction
around 12 weeks and to remove established adult worms by 1620 weeks (Dobson et al., 1990; see http://www.sciencedirect.com/
science/article/pii/0169475895801170 ). Removal of adult worms is
accompanied by shedding of the mucosal epithelium and diarrhoea
(hence the name “black scour worm” for T. colubriformis). The long
lead time for establishment of protective immunity explains why
calves and lambs take so long to develop immunity in their first year
of life and why the stress of weaning presents an ideal opportunity for
GIN in a relatively “worm naïve” animal. Immunity in weaner sheep
can be improved by nutrition, particularly protein and trace element
(e.g. molybdenum) supplementation. The long lead time for effective
immunity also suggests why short infective seasons characteristic of
some summer rainfall parasites such as H. contortus in Australia do
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not stimulate durable immunity (quite apart from the greater levels of
parasitism by H. contortus and the pathogenic effects of anaemia on
both productivity and the immune system). For H. contortus, continual
ingestion of L3 variably causes “self-cure” where L5 and adult worms are
expelled and the incoming L3 may establish or be rejected as well. The
precise mechanisms are not clear as the effect is difficult to reproduce
experimentally.

under nematode challenge using this immune correlate. The approach
has the advantages of detecting an early, protective, immune response
(against L3) and avoiding the traumatic removal of adult worms,
selecting for a response effective against a range of nematode parasites
(since CARLA was shared across species) and most importantly,
avoiding the sequella of increasing scours and dags associated with
selection for reduced WEC and the mast cell rejection mechanism.
Given the volatility and sensitivity of the IgA response to ongoing worm
infection, whether selection can be conducted in areas with more erratic
worm challenge is being investigated.

So although the precise mechanism(s) for the induction of protective
immunity are not completely delineated or resolved for the different
GIN species, immune sheep effectively prevent establishment of
incoming L3 and can also remove established adults worms. In winter
rainfall zones, selection of “immune or resistant” sheep on the basis of
reduced egg output has been associated with an increasing propensity to
scour and a highter incidence of “dags” (dried accumulations of faecal
matter on the tail and wool around the crutch).
Since the generation of immunity requires active worm infection, this
poses problems for the design and delivery of helminth vaccines based
on (recombinant) worm antigens recognized during the “natural”
development of immunity (see below).
3.2.2 Blocking larval establishment “neutralising antibody”.
Researchers in New Zealand have shown that sheep also produce
IgG and IgA antibodies against a CARbohydrate Larval Antigen
(termed CARLA) on parasitic (exsheathed) L3 as part of the immune
response. The antigen is expressed on a range of nematode L3 including
Haemonchus, Trichostrongylus, Ostertagia and Nematodirus species. The
IgA response is short-lived after challenge ceases, but the antibody
prevents larval establishment in vivo, effectively neutralising infectivity.
Subsequent research indicated that the heritability of the salivary IgA
titre and response was around 0.3 and was correlated (ca 0.5) with
reduced worm egg counts (WEC) in faeces. Consequently, selection for
salivary anti-CARLA IgA titres could be used to select for resistant sheep
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3.3 Immunity to tissue-dwelling or migratory
parasites (e.g. Fasciola)
There is consistent evidence that immunity to trematodes is difficult
to generate, varies between host-parasite relationships and is more
pronounced in experimental rodent models than in the real hosts. Cattle
begin to develop resistance to re-infection with F. hepatica after 7 weeks
of a primary infection, but to render more than 90% of cattle resistant
takes a primary exposure of more than 6 months when both the primary
and challenge infections are expelled. Resistance is not dependent on
a persistent adult infection, but the presence of a fibrotic liver from a
primary infection may contribute to resistance. Immunity has been
transferred with lymphoid cells rather than with serum between cattle
twins. From successful vaccination trials with irradiated metacercariae
and some recombinant enzyme vaccines, immunity is thought to be
more readily induced with juvenile fluke antigens and to be dependent
on Th1-type (inflammatory) responses. Chronic fluke infections in
cattle have been found associated with Th2 responses, low levels of
specific IgG2 and increased IL-4 production (Estes & Brown, 2002;
http://www.ncbi.nlm.nih.gov/pubmed/12406650 ).
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Immunity to fasciolosis in sheep is less clear. Worm burdens suggest that
little immunity is generated in sheep during natural infections with F.
hepatica. However, Sudanese desert sheep and Indonesian thin-tailed
(ITT) sheep remove challenge (second) infections with F. gigantica
within 10 days and before recently-emerged juveniles (REJs) reach the
liver. The immune correlate appears associated with the susceptibility
of fluke REJs to oxidative killing activated by fluke-specific IgG1.
Macrophages from infected ITT sheep have been found to damage F.
gigantica REJs in the presence of serum but have no effect on F. hepatica
REJs. The latter have also shown resistance to superoxide-dependent
killing in rodent models as well. In contrast to cattle, resistance in the
ITT sheep is associated with high levels of IgG1 antibodies to fluke
antigens and with a Th2-type immune response (Piedrafita, 2010;
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-3024.2010.01223.x/
abstract ). By histological comparisons with reactivity in vivo against
other migratory parasites such as Ascaris L4s and Schistosoma REJs,
killing is likely mediated by the combined activity of monocyte/
macrophages and eosinophils.

Theileria parva is an exotic protozoal parasite of Bovidae whose
sporozoites are inoculated during feeding by the tick vector
Rhipicephalus appendiculatus. Sporozoites invade mononuclear
leukocytes and develop to macroschizonts. These induce rapid cell
proliferation of T-cells and synchronise parasite division with that of
the host cell, before differentiating to microschizonts and rupturing the
infected host cell in lymphoid tissue and submucosal locations. The
merozoite stages infect erythrocytes and develop into piroplasms for
tick ingestion. In naïve cattle, a literal race to the death occurs between
division of parasitized cells and those remaining uninfected T-cells which
must differentiate into cytotoxic T-cells to kill macroschizont-infected
lymphocytes. Immunity is dependent on strain-specific cytotoxic
T-lymphocytes (CTL), but an additional contribution of neutralising
antibody reactive with the p64 kDa antigen on sporozoites also reduces
infection rates. “Vaccination” against Theileria has been successful when
the initial infective dose and the rate of replication of the parasite have
been reduced (“attenuated”) by concurrent infection and treatment with
long-acting tetracycline, allowing immune responses to outpace and
control parasite development.

3.4 Immunity to protozoa (Coccidia and Theileria)
Protozoa are intracellular parasites, so that protective immunity should
include some degree of innate resistance to sporozoites, neutralising
antibody responses against sporozoites to block determinants necessary
for cellular invasion together with cytotoxic T-cell mediated activity
against schizont stages in infected cells. Eimerial sporozoites invade
intraepithelial lymphocytes (CD8+ cells) in the intestinal mucosa, and
later develop inside intestinal epithelial cells. Resistance does not appear
to involve antibody responses as might be anticipated from the route of
infection but a strain-specific cell-mediated immune (CMI) response
develops with exposure. Consistent with the requirements for induction
of CMI has been the success of live vaccines, including precocious
strains and attenuated coccidial vaccines.
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3.5 Immunity to ectoparasites
Perhaps the only mechanism by which hosts can disrupt feeding by
blood-sucking ectoparasites is to induce a local, immediate (Type
1) hypersensitivity response to salivary components. This antibodymediated reaction has a dual function to incite itchiness and mechanical
removal or produce inflammatory mediators from infiltrating mast
cells and basophils which reduce parasite feeding, interfere with salivary
transmission of arthropod-borne pathogens (such as Borrelia, Babesia
and Theileria) and prompt parasites to move locations regularly. These
reactions may have minimal effects on intermittent blood feeders such
as fleas, biting flies, midges and mosquitos, but are more important
to remove ticks or compromise their development and feeding.
Interestingly, recent treatment of sheep with cyclosporin A to reduce
immune reactivity actually reduced the numbers and lesions caused by
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the scab mite, Psoroptes ovis, suggesting that induction of host allergic
responses may enhance parasite survival by providing serous exudation.

3.6 Factors affecting host immunity: enhanced or
compromised

However, acquired immunity develops to a number of ectoparasites. The
number of ticks and sarcoptid mites maturing on sensitized laboratory
animals, dogs and/or cattle can be reduced by 50-90% in challenged
animals compared to naïve hosts. Additionally, the production and
hatchability of eggs produced from surviving female ticks is also
significantly reduced for Rhipicephalus (Boophilus) microplus together
with a reduced ability to transmit and pick up Babesia bigemina and B.
bovis during feeding.

There are several host factors which determine the level of parasitism
and the degree of pathology and clinical signs exhibited by individual
animals.
•

Age. Neonatal or young animals are parasite naïve and can only rely
upon innate immune mechanisms to prevent worm establishment.
Therefore, young animals are most at risk from perinatal infection,
particularly amongst grazing livestock, but some may also acquire
infection in utero or during suckling (Toxocara canis roundworms).
In some instances, the reduced resistance of younger animals
can be offset with protein supplementation, which has been
consistently reported to enhance the development of worm
resistance in ruminants. In older animals with acquired immunity
from ongoing parasite exposure, various levels of parasite resistance
may be manifest as reductions of parasite establishment (lower
parasite numbers), migration (reduced fibrosis or cyst numbers),
development (retarded or inhibited growth, even “hypobiosis”) and
reproduction (reduced egg counts). A paradoxical situation exists
for infection with Babesia bovis, where young calves <9 months old
are more resistant to infection than yearlings and this is used as a
window for vaccination.

•

Gender. Androgen hormones are responsible for the increased
susceptibility of males to parasitism compared with females.
Neutered males (e.g. wethers) exhibit intermediate levels of
parasitism.

•

Pregnancy, lactation and physiological stress. During pregnancy,
hormonal changes and modulation of immune reactivity can reduce
immune restraint on inhibited parasites which resume development
or increase fecundity. Inhibited Toxocara canis L4 resume migration
from larval pools in the pregnant bitch and can infect pups in utero.
The stress of late pregnancy and demands of lactation in females

Following removal of a primary infection with the burrowing mite,
Sarcoptes scabiei, dogs and humans rapidly develop resistance to
reinfection. In dogs, this is associated with production of a Th2 response
with specific IgE antibody and removal of the challenge infection within
3-9 weeks. Goats develop an IgG response instead of IgE to Sarcoptes
and this is thought to contribute to the lack of resistance to this mite in
goats. In Australia, wombats suffer severe Sarcoptes infections, but their
antibody response has not been examined.
While there is little effective immunity to the primary strike fly, Lucilia
cuprina in sheep, cattle develop a strong protective immunity against
larvae (maggots) of the warble fly Hypoderma lineatum after natural
exposure. This is associated with the generation of IgG antibodies
which neutralise the serine proteases (“hypodermins”) produced by the
migrating larvae.
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underscore the “periparturient rise” in female nematode egg output
around lactation in ewes as well as tick counts on both Bos indicus
and Bos taurus cattle. This also can be ameliorated by protein
supplementation. The physiological stress of weaning as well as
concurrent infection with several different parasites is also thought
to contribute to the susceptibility of young animals.
•

Genotype. Differing levels of parasite resistance in animal
populations has a genetic component. In sheep, the heritability of
nematode resistance as measured by faecal egg counts is around
0.3 and genetic gains can be made for parasite resistance without
detriment to production traits. The actual genetic loci responsible
have not been defined and there is no single major gene involved.
Several regions are currently being examined, including the
major histocompatibility complex (MHC) controlling immune
responsiveness. This is consistent with observations that many
resistant animals develop protective immunity faster, restricting
parasite burdens earlier and minimizing pathological sequellae.
Genetic factors also contribute to differing levels of parasite
resistance between breeds as seen with the resistance of Indonesian
Thin-Tailed (ITT) sheep to challenge infection with the liver fluke
Fasciola gigantica, compared to the lack of resistance in Merinos.

•

Nutrition. Adequate nutrition is essential for the development
and expression of optimal parasite immunity and contributes
to resilience as well. As discussed above, immune deficiencies in
young lambs and lactating ewes can be rectified by protein (rather
than energy) supplementation and immunity to T. colubriformis is
enhanced by optimal levels of trace elements such as molybdenum
and copper.
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Section 4. Parasite Vaccines
4.1 Vaccine strategies- conventional and “novel,
covert” antigens
There are 2 principal approaches to identify possible protective parasite
antigens for vaccines. The first approach uses reagents (usually serum,
plasma or purified antibodies) from animals with contrasting levels
of parasite resistance such as immune/susceptible, exposed/naïve,
genetically-resistant/susceptible to identify those antigens differentially
recognized by resistant individuals. These antigens are conventional
antigens and are recognised during a natural infection. They are
immunogenic, but they are not necessarily protective when used for
vaccination. A refinement may be to use IgE antibody from the sera or
secretions to probe the parasite material if allergic responses are thought
to be protective in vivo. A modification of this approach is to examine
the secretory components from the worm to identify those which may
be essential to its survival, growth and reproduction on the assumption
that neutralization of these key components will reduce parasite fitness.
Examples of worm components identified by these approaches include
surface components such as galectins and a range of secreted proteases
and antioxidants. Once identified, the parasite antigens are usually
produced by recombinant DNA technology to generate sufficient
material for larger scale vaccination as parasites cannot be cultivated in
vitro.
The second approach progressively refines a protective “extract” of
parasites through successive vaccine trials to identify the core protective
moiety(s). This method has been applied to blood-sucking parasites
where acquired immunity appears minimal. In several situations, the
approach has identified internal parasite molecules involved in digestion
and reproduction which are not exposed to the host in sufficient
quantities during natural infections to stimulate an effective level of
immunity. These are called “novel, covert, or concealed” antigens.
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However, antibodies generated by vaccination with the purified antigens
are ingested with the blood meal and attack the target structures inside
the parasite, reducing its survival. Examples include the B. microplus
and H. contortus antigens in vaccines ((Figure 3.3).

4.2.1. Subunit vaccines.
In general, subunit vaccines are those containing single or combinations
of purified parasite antigens in native or recombinant form incorporated
into an “adjuvant” or “immunomodulatory compound”. This enhances
the immune responses to the incorporated antigen(s) by creating an
inflammatory focus which increases initial innate responses and, in the
case of oil emulsions, creates a “depot” effect where antigen is slowly
released from the site of inoculation to stimulate immune responses
for around 3 weeks. Adjuvanted subunit vaccines activate helper
(CD4+) T-cells and are ideal for generating prolonged and systemic
antibody responses involved in neutralization, steric interference with
function, opsonisation and phagocytosis, and for colostral (passive)
immunity for the offspring. In most cases, the parasite antigens used are
produced by recombinant DNA technology in a variety of bacterial or
eukaryote expression systems, as insufficient quantities of antigen can
be purified from the parasite because they cannot be grown in vitro.
Successful subunit vaccines include several metacestode vaccines (T. ovis
To45W, To16K, T.solium TSOL-18, -45, T. saginata TSA-9,-18 and
E. granulosis/ E. multilocularis Eg95) and vaccines using the concealed
antigen strategy (H. contortus H11, B. microplus Bm86- TickGARD®,
Gavac™). But these vaccines are not ideal for inducing immunity at
mucosal surfaces unless serum-derived IgG is protective. For T. ovis, an
ingenious strategy was developed where pregnant ewes were vaccinated
with To45W, 3-4 weeks before lambing to produce colostral antibodies,
together with immunization of lambs at marking with To16K. The
results ensured that passive protection did not interfere with active
immunization and produced a more complete and durable protection
in young lambs. The B. microplus Bm86 (TickGARD®) proved >90%
effective over a tick season involving 2-3 generations, but has been
withdrawn from the market; Gavac™ is still available in Central and
South America.

Recent experimental trials with “Barbervax”, a vaccine containing
around 5ug H. contortus gut antigen (H-gal-GP) in saponin adjuvant
gave up to 80% protection against egg/worm counts in young weaner
lambs over the summer transmission period. The antigen is purified
from worms harvested from an infected donor sheep (14 days after
infection) that provides sufficient antigen to vaccinate 1,000-10,000
lambs with 2 doses of vaccine. Since the antigen is not “seen” by the
immune system during natural infections, booster doses are needed
to maintain serum levels of protective antibody. The vaccine has been
submitted to the APVMA for registration.

Figure 3.3: A mechanistic diagram for the operation of immunity generated by
“covert’ antigens (image supplied by D. Emery).

4.2 Vaccine design, delivery and success
There are several features of vaccine design, formulation and delivery
which must be considered for prophylaxis of livestock, wildlife and
companion animals.
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The CoxAbic® vaccine against Eimeria maxima (www.coxabic.
co.il) contains native coccidial antigens, gams 56 & 82, from the
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macrogametocyte (female sexual stage) of the protozoan. Vaccination
of breeding hens stimulates IgG production which is transferred via the
egg yolk to protect chickens from infection post-hatching. Antibodies
appear to inhibit formation of the oocyst wall in Eimeria species,
reducing oocyst shedding. Recombinant vaccine proteins appear
promising (Belli et al., 2004, Vaccine 22: 4316).
Immunization with the cuticular carbohydrate antigen (CARLA)
isolated from T. colubriformis L3 has been shown to block the
establishment of ingested L3 through the generation of serum IgG1
acting across the mucosal epithelium. However, to date, vaccine trials
have been conducted with CARLA purified from L3; it has not been
possible to synthesise the moiety ex vivo.
Important additional considerations for subunit vaccines include:
•

when recombinant antigens are produced for the vaccine, these
must be expressed in the same conformation as the native antigen
on the infecting parasite, or antibody elicited by the vaccine will
not affect the parasite target. Isoforms of the protective antigen
are also a problem for expression and expression vehicles must
ensure that post-translational modifications to the antigen such
as carbohydrate side-chains are made where necessary. This is an
ongoing dilemma with recombinant H11 vaccines for H. contortus.

•

Many purified antigens in vaccines (or adjuvants) do not elicit
the same immune response as that induced when the antigen is
presented to the host immune system in the context, complexity
and dynamism of the host-parasite interface. Isolated “allergens” in
adjuvanted vaccines do not elicit IgE, and the best means to achieve
this outcome for veterinary parasites in an area of active research.
An adjuvant /antigen system which would reliably induce Th2
responses in ruminants has not been developed to date.

•

Some parasites have “strain-specific” antigens like microbial
fimbriae and influenza haemaggutinins so that the vaccine antigen
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may show limited cross-protection or induce only “serotype or
strain-specific” immunity.
•

Vaccines must be economically viable for the target livestock species
and not cause safety or residue issues in food-producing animals.

•

The frequency of vaccination depends on effective boosting from
field infections.

•

It is unnecessary, and arguably undesirable epidemiologically,
for parasite vaccines to induce sterile immunity in livestock
populations. A low level of persistent infection may ensure a more
durable and consistent protection during seasonal periods when
parasite challenge is low.

4.2.2. Genetically engineered vaccines.
Due to regulatory constraints on the use of genetically modified
organisms in food-producing animals, together with the lack of
efficacious subunit vaccines, it is unlikely that parasite vaccines
analogous to the oral live attenuated cholera vaccines CVD 103-HgR
(Orochol® CSL) and CVD 111 or the typhoid vaccine Salmonella typhi
Ty21a will be developed and used in veterinary species. However, initial
malarial trials in mice have shown promise for human vaccines. Mice
inoculated with UIS-3 gene-deficient sporozoites, which can infect
hepatocytes but not progress to blood-stage infections, generate high
levels of protection against Plasmodium sporozoite challenge.
4.2.3. Live and attenuated vaccines.
Most of the successful parasite vaccines to date have been live vaccines
with some limitation of the parasite or the infection. These vaccines are
best suited to induce CMI as well as a wider range of isotypic antibody
responses. They are the most effective means to induce “cell-mediated
cytotoxicity” to destroy intracellular parasites (e.g. protozoa) and protect
mucosal surfaces by inducing IgE and protease-resistant IgA through
the “natural infection” process. The vaccines are most effective when
administered by the same route as the natural (or challenge) infection, so
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that Eimeria vaccines are given orally and Theileria and Babesia vaccines
are inoculated systemically. A recent intriguing use of attenuation has
been the oral dosing of human patients with irradiated Trichuris suis ova
to alleviate symptoms of inflammatory bowel disease!!

stimulated interest in genetic selection for resistance or other means to
enhance host-protective responses for worm control. Parasite immunity
is a complex trait and chromosomal regions which contain the genes
involved are termed quantitative trait loci (QTL) and currently use
reduced WEC as the phenotype. Estimates of heritability of WEC
range from 0.23-0.41 and this has been exploited to make positive
gains in resistance in traditional selection programs. Analysis of FEC in
progeny has allowed calculation of estimated breeding values (EBVs) for
breeding sires which are available in industry databases such as Sheep
Genetics (SG). To improve the accuracy of EBVs, a range of markers
and tests is being sought to predict worm resistance and susceptibility
at an early age. These include genetic markers (such as SNPs), particular
genes or gene expression profiles in blood before or following infection,
or specific immune responses and “biomarker” proteins. Since worm
rejection is a complex immune response, it is not surprising that
regions of the major histocompatibility complex (MHC) have been
candidates for resistance markers, while QTL on ovine chromosome 3
have been regularly reported (Dominik, 2005; http://www.gsejournal.
org/content/pdf/1297-9686-37-S1-S83.pdf ). Amongst candidate
genes, many involved in the immune response, gut repair and motility
are differentially expressed after infection of animals bred for worm
resistance or susceptibility. This research is still in progress.

There are several categories of successful vaccination protocols which
attenuate the parasite or its infection.
•

Selection of avirulent strains with either shortened (“precocious”)
or truncated life cycles has been performed during repeated serial
passage in vivo through naïve hosts so that there is no selection
pressure from the immune response. Examples include coccidial
vaccines (Livacox®, Paracox®) for chickens (Innes & Vermeulen,
2006, Parasitology 133, suppl.S2, 145). Vaccination with passaged
parasites is also used to control the coccidial parasites Eimeria,
Toxoplasma and Neospora, while Combavac 3-in-1 is used against
Babescal tick fever in calves.

•

Attenuation by irradiation has been used to produce the successful
Dictyocaulus (lungworm- Dictol®) vaccine for cattle and sheep, and
Ancylostomum (hookworm) vaccine for dogs.

•

Attenuation to limit infection or to control pathology has been
achieved by concurrent administration of anti parasitic agents (e.g.
oxytetracycline) to animals inoculated with Theileria parva.

5.1 Genetic selection

As described above, an alternative strategy to identify worm resistant
sheep in endemic regions of nematode infection is based on selection
for a rapid and high anti-CARLA IgA response in saliva. This approach
may augment or replace traditional WEC in selection indices if the test
becomes cost-competitive, but the expression of the phenotype (salivary
anti-CARLA IgA) requires consistent parasite infection at critical
periods for measurement (http://www.carlasalivatest.co.nz/Home.aspx ).

5.1.1 Endoparasites: Gastrointestinal nematodes: Widespread
development of anthelmintic resistance amongst economically
important gastrointestinal nematode (GIN) parasites of ruminants has

In epidemiological terms, the ability to select and cull susceptible sheep
before they become “worm factories” would substantially reduce pasture
contamination and the frequency of drenching.

Section 5. Prospects for additional control
measures.
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Selection for the ability to perform (produce and reproduce) under
worm challenge (resilience) can also be practiced. Resilience is usually
benchmarked by superior productivity (liveweight gain) or other
phenotypic traits (such as reduced anaemia), but has a lower heritability
(around 0.1), and does not contribute to a strategy to reduce worm
numbers (http://www.sil.co.nz/Files/RuralPress/GeneTalk-200904--Animal-Health-WEB-(1).aspx)

•

lactating females carried more ticks;

•

differences in resistance were volatile and generally more
pronounced in summer than in winter and linked to exposure,
nutrition, seasonal and annual tick numbers (challenge) and loss of
resistance by a small percentage of the herd;

•

the resistance decreased as the genetic effects were diluted between
F2 and F3 generations;

5.1.2 Ectoparasites: Tick resistance
Apart from the impact of tick paralysis induced by direct envenomation,
a major economic effect of ticks arises from their role as vectors for
a range of debilitating rickettsial and protozoal pathogens (Borrelia,
Anaplasma, Babesia, Theileria). Consequently, the intensive chemical
control of ticks has led to widespread acaricide resistance and a
determined effort to utilize host resistance in sustainable livestock
production. It has been appreciated for over a century that Bos indicus
cattle breeds (Zebu, Brahman, Nelore, Mdulla, Iruga Red) from tickinfested habitats carry fewer one- or 3-host ticks than introduced Bos
taurus beef and dairy breeds (Hereford, Shorthorn, Simmental, Angus
and Holstein-Friesian). Like GIN resistance, tick resistance manifests as
reduced attachment (establishment) and survival of larval ticks, reduced
engorgement (and fecundity) of female ticks and reduced hatchability
of eggs. In field studies with natural transmission of the one-host tick
Rhipicephalus (Boophilus) microplus in Queensland, Australia, Siefert
(1971; Aust J Agric Res., 22:159) and Suthurst et al. (1979, Aust J Agric
Res., 30; 353), confirmed that Bos taurus weaners aged 8-16 months and
older cross-breds carried >2.5-fold more ticks (engorging females 4.58 mm) than aged-matched Bos indicus crosses. The following features
were noted:

•

heritability (h2) for tick resistance in Bos indicus was estimated at
82% and 48% for Bos taurus; and

•

experimental larval infestations prior to peak seasonal challenges
were highly correlated (r2>0.85) with numbers of ticks carried after
field exposure. However, correlations between the first artificial
larval infestation and lifetime tick resistance were much lower.

•

bulls and male yearlings were more heavily parasitized than females,

•

calves carried fewer ticks than their dams and the numbers were
not correlated, suggesting that young calves exhibited some innate
resistance to ticks as occurs to Babesia bovis;
- 338 -

Previous studies had reported that Bos taurus cattle carried 4-10x more
ticks than Bos indicus animals, and that dairy breeds also ranged in their
tick resistance (as determined by numbers of engorging females 4.5-8
mm, 18-22 days after application of 10,000 larval ticks). Jerseys (98%)
exhibited the greatest levels of resistance, while Geurnsey (93%) and
Australian Illawarra Shorthorn (89%) showed less and Holstein-Friesians
(85%) were the most susceptible (Utech et al., 1978, Aust J Agric Res., 29;
885). However, since the mechanism of resistance was not completely
understood, more precise markers of resistance other than tick counts
have not been elucidated. In this respect, resistance has been loosely
associated with phenotypic characteristics of reduced hair length and
thickness, darker coat colour and heat tolerance, all speculated to produce
a hotter, drier microenvironment that is more inimical to tick survival.
In experimental challenges with (10,000) larval ticks, around 99.5%
fail to attach and survive successfully on naïve animals. The subsequent
development of resistance requires exposure to ticks and is fully
expressed after 2-3 experimental infestations.
Resistance appears to manifest as 2 principal reactions.
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•

Immune reactions occur in all animals and appear to involve local
inflammatory activity in response to attachment and injection of
tick saliva. These responses interfere with tick feeding so that ticks
either move or drop off the host. Acquired immune responses
including specific antibodies to tick saliva antigens and T-cell
responses are also generated over time. These seem to occur more
readily in more susceptible breeds and may contribute to withinbreed resistance.

•

With ongoing tick challenge in Bos indicus breeds, local
inflammatory responses appear to be diminished.

Histopathology and molecular analysis of skin reactions around
(attached) surviving larval ticks support the notion that resistant
breeds reduce local inflammatory responses and instigate some form
of local connective tissue response. Associated with dermal infiltrates
of neutrophils, oedema and collagen degeneration, expression of
inflammatory genes was 3-fold higher in Bos taurus animals, while
expression genes involved in production of intracellular matrix were
detected in Bos indicus individuals (Piper et al., 2012, Int J Parasitol.,
40: 431). This would suggest that properties of the epidermis deter tick
attachment and survival, similar to the possibility that the expression of
breed resistance to ovine footrot involves properties of the interdigital
epithelium. More specific markers to permit greater precision for early
genetic selection of tick resistance and replace laborious, repeated
tick counts (with all the associated vagaries) will need to identify the
underlying mechanism, just as mechanistic knowledge is required to
replace WEC for selection of nematode resistance.

5.1.3 Haemoprotozoan parasites: Trypanosomes and
“trypanotolerance”
Trypanotolerance is a form of resilience, whereby Bos taurus breeds
(N’Dama) are able to remain productive and outperform Bos indicus
breeds (Boran) in areas where tsetse flies (Glossina spp) transmit
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principally Trypansoma congolense and T. vivax. After inoculation
of metacyclic forms by tsetse in 4 successive infections, susceptible
“tolerant” animals exhibited similar kinetics to, and levels of, the first
peaks of parasitaemia, but after day 35, the level of parasitaemia and the
extent of anaemia were controlled in tolerant breeds. The first peaks of
parasitaemia after each tsetse infection were not diminished, discounting
acquired immunity, but the ability to reduce the parasitaemia and
generate an enhanced haemopoietic response to offset anaemia were
independent traits with different mechanisms (Naessens, 1996, http://
www.genomics.liv.ac.uk/tryps/Key_Papers/130NAESSENS.pdf ).The
development of anaemia is dependent on the presence of bloodstream
trypanosomes and may be mediated by TNF-a, a possible reason why
N’Dama cattle were as equally susceptible as Borans to haemorrhagic
forms of T. vivax (Williams et al., 1992, Scand J Immunol., 36:34).
The means by which N’Dama cattle suppress the parasitaemia has not
been clarified, but their ability to control the consequences of parasitism
(anaemia) was more important for their productivity than control of
parasitaemia.
In the quest for markers enabling genetic selection, genomic studies have
revealed trypanotolerance to be a complex trait (like tick and nematode
resistance), with around 18 QTL identified and each contributing
<12% of the phenotypic variance. This makes marker-assisted selection
difficult.

Section 6. Worms as restorative immunotherapy
The increasing incidence of human allergic or autoimmune
inflammatory diseases in developed countries has been attributed to the
lack of parasitic infections during childhood and the premise that this
contact contributes to the establishment of effective immunoregulatory
mechanisms during the postnatal period. This is the “hygiene” or
“old friends” hypothesis, where historically, traditional parasitism
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was an integral stimulus for the establishment of immunoregulatory
mechanisms at mucosal surfaces. Sanitary lifestyles without worm
parasitism had the unforeseen consequences of immune dysregulation
(asthma, IBD) and increased autoimmunity (diabetes, multiple
schlerosis). There is increasing evidence for an inverse relationship
between worm infection and T helper type 1/17 (Th1/17)-based
inflammatory disorders such as rheumatoid arthritis, inflammatory
bowel disease, Type-1 diabetes and multiple sclerosis. Even though
worms often induce strong Th2-type immune responses, there also
appears to be an inverse correlation between parasite burden and atopy.
Consequently, an intriguing aspect of parasite immunity is the recent
use of deliberate worm infection in humans to ameliorate symptoms of
chronic intestinal disorders such as inflammatory bowel disease (IBD)
and Crohn’s disease as well as possibly using worm products/antigens
to modulate the expression of asthma and Type-1 diabetes, all of which
show an increasing incidence with transition to “Western” lifestyles and
reduced incidence in third world countries. The parasites used have
migratory pathways or inhabit the specific areas of immune dysfunction
such as the lung (Ancylostoma) or colon (Trichuris). Several initial trials
have shown promise, including the oral administration of Trichuris
suis ova to reduce the severity of clinical symptoms of IBD in humans,
hookworms for amelioration of asthma in humans and injection of
Schistosoma antigens to reduce the incidence of Type-1 diabetes in
diabetes-prone mice.
http://www.sciencemag.org/cgi/content/full/305/5681/171
http://www.webmd.com/ibd-crohns-disease/news/20030924/parasiticworms-ease-ibd
http://www.wormtherapy.com/theory.html
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3.2 Antiparasitic Agents
3.2.1 Introduction
What are antiparasitics?
Because antiparasitic products are the most widely available and used
animal health products there is potential for overuse and incorrect use.
Therefore knowledge of their actions, indications and safety issues is
important for advising producers and the public. The following is to
clarify terms used below:
A product is a commercial product with a trade name. The
name (these are not used here) along with the use and label of
the product are registered and so must have proven safety and
efficacy. There may be several products containing the same
active ingredients but marketed by different companies under
different names. The product is a preparation, a term that refers
to its physical form. It contains a range of components. Actives
have chemical names but their generic names are used more
widely. Each falls into a chemical class.
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TERM

MEANING

Parasiticide
Endoparasiticide/
ectoparasiticide
Endectocide
Allwormer

Kills parasites
Kills internal parasites/external parasites

Pesticide
Anthelmintic/nematocide
Cestocide/flukicide
Acaricide/insecticide
Antiprotozoal
Coccidiocide/coccidiostat
Active/drug
“Off-label” use

Kills both internal and external parasites
Kills and controls all helminths (worms) in pet
animals
Controls ‘pests’, including preparations used
externally on animals
Kills helminths/Kills nematodes
Kills cestodes/Kills flukes
Kills acarines (ticks and mites)/ Kills insects
Kills protozoa
Kills coccidian/Stops development of coccidia
A chemical with properties to kill parasites/used
interchangeably with drug
Using a parasiticide in a species or for a
treatment which is not listed on the label (i.e.
not registered for the use)

Some other definitions:
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ESI
WHP

Export Slaughter Interval – time that must elapse before export
Withholding period – time that must elapse prior to human
consumption as food
Wool Harvesting Interval – time that must elapse prior to
WHI
harvesting wool
Insect growth regulator – a chemical that interrupts insect
IGR
development
Integrated pest (parasite) management – a term adopted from
IPM
entomology to describe a combination of chemical and nonchemical methods
Phenomenon where parasites are not affected by an antiparasitic
Drug
resistance agent at a concentration that would kill a normal population of
the same parasite
Prepatent period, the time from infection to production of eggs
PPP
(or life cycle stage exiting the host)

Commerce
Antiparasitic products contribute the largest dollar amount to animal
health product sales worldwide. Although they are common forms of
treatment of parasitic diseases in all domestic species, the majority of
income derives from uses in dogs and cattle.
Ideal antiparasitics
Ideally antiparasitic products are effective at killing parasites, are
convenient to deliver and have no toxic effects on the host, the operator
or the environment. The most successful antiparasitics have a broad
spectrum and kill a range of parasites, although narrow spectrum
products fill important niche uses. There are some advantages in
protecting the host from reinfection for a long period of time and, so,
persistence of the active in the host is of benefit. On the other hand,
chemicals that are removed from host tissues rapidly have the benefit
that animal products can enter the food chain with minimal delay.
Ideally antiparasitics should be cheap and certainly cost less than the
gain they impart through saving animals or improving production.
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Types of preparations
Preparations and presentations vary widely. Broadly, preparations can
be split into those for oral or for parenteral use. The form chosen
for a product is a function of chemistry and convenience of delivery.
Chemicals used for parasite control need to be effective, but also stable
and compatible with other agents. Convenience depends on host and
use. For use against internal parasites, tablets, liquid drenches (given
orally), injections/pour-ons, oral pastes and in-feed premixes are the
most popular form of presentation for dogs, sheep, cattle, horses and
poultry, respectively. For ectoparasites, dips, sprays, spot-ons, backliners
and jetting are the most common methods of delivery across species.
Presentation is relevant too. For example, liquid drenches for livestock
tend to come in large volume drums with applicators included. At the
other end of the scale, injections are smaller in volume and delivered
with a multi-injector (livestock) or a syringe and needle (dogs).
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•

One is to broaden the spectrum of a preparation by including
actives with distinct spectra of activity. Typical examples are the
‘allwormers’ for dogs where combinations of 2 or 3 actives are
required to control the wide range of parasite species infecting dogs.

•

The second is to combine actives with a similar spectrum as a
way of controlling parasites resistant to one active or reducing
the chance of resistance developing to the actives. Examples are
combinations of a benzimidazole, levamisole and a macrocyclic
lactone for worm control in sheep.

•

The third type is to achieve synergy, where the combination
works to enhance efficacy to a level that exceeds the sum of its
components. An example is the addition of piperonyl butoxide to
prolong and enhance the action of carbamates.

•

Oral delivery preparations include: liquids (drenches), pastes and
gels, tablets (including chewable tablets), in-water delivery, infeed granular preparations, controlled release intaruminal devices
(capsules). Stomach tubing is still used by some practitioners for
horses.

Safety
Older antiparasitic agents had a reputation for host, operator and
environmental toxicity. Modern antiparasitics are now much safer but
must be used according to their label instructions. Ectoparasiticides,
usually by virtue of their form as liquids in large volumes and their
propensity to aerosol, require special caution. In many jurisdictions
formal training in their use is required and records of use must be kept.
Personal Protective Clothing (PPC) is essential.

•

Preparations for parenteral delivery include: dip (full submersion or
spray), backline off shears, backline full wool, back spray, spot-ons,
body spray, high pressure jetting fluid, wound dressings, dusting
applicators, chemical impregnated eartags, impregnated collars,
injection (including depot injection formulations).

Laws and use of antiparasitics
In order to maintain safety for operators and food, laws apply to the use
of antiparasitic products. State and National laws vary in how products
can be used but some general features are:

Examples:

Combinations of actives
Some products are combinations of two or more actives. Combinations
are used for 3 reasons.
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•

use only registered stock medicines;

•

use according to label instructions especially with respect to
indications, dose rate and host (do not use in humans);

•

do not repackage antiparasitic products or remove labels from
containers;
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•

adherence to WHP, WHI and ESI are required by law;

•

inform buyers of stock of any WHP, WHI and/or ESI which is
pending;

•

off label use (i.e. for uses in ways other than indicated on the label)
should be on advice of veterinarians only;

•

for products used internally it is illegal to vary the use indicated on
the label in food producing animals except with a written veterinary
prescription;

•

it is illegal to use externally applied chemicals (termed ‘pesticides’)
except as indicated on the label and in the original container with
an intact label must be used; and

•

training is required for pesticide use and records must be kept.

3.2.2 Pharmacology of antiparasitic agents
The availability of a wide range of chemistries and routes of
administration means that each preparation has particular
characteristics. Nevertheless, some general principles apply.
Pharmacology is predicated on the ADME characteristics of Absorption,
Distribution, Metabolism and Elimination. Distribution, for example,
can determine which parasites come into contact with the drug and
in some cases how long the drug persists. Metabolism and elimination
rates determine elimination half-lives and influence residence times
and persistence. Most drugs that are given enterally are carried in the
plasma following absorption and are distributed in the bloodstream
to various tissues. Levels of drug in the plasma are used to track the
pharmacokinetics of the active and its metabolites. Levels of drug in the
tissues are used to calculate WHP.
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Withholding period (WHP) is the time that must elapse before food
(e.g. meat, eggs or milk) is suitable for human consumption. It is
empirically determined. Put simply, it is the time taken for residues
in food present in a meal prepared from a treated animal to fall below
1/100th of the ‘No effect level’ of the compound in humans (i.e. there
is a 100 fold safety margin). In combination products the WHP is that
of the most persistent compound. The Wool Harvesting Interval is listed
as the WHI. It is required to prevent residues in wool scour entering
waterways and contaminating cosmetics made from lanolin. Export
slaughter intervals (ESI) are essentially the WHP for exported products.
This value should be sought from labels or the manufacturer and is
generally longer than the WHP.
Apply the correct dose /concentration
Dose -Always give the correct dose. Dose volumes and tablet sizes are
formulated to deliver a minimum dose rate in mg/kg; that is, mg of
active per kg body weight. People generally underestimate body weight
so weighing machines are ideal and stock weighbands are helpful
guides. Some pet animal products are sold in animal weight ranges.
The correct dose is calculated for the heaviest animal in the range,
which means smaller animals receive a relative overdose. All of the
products that come in multipacks have large safety margins so higher
doses are not a problem. On the other hand, underdosing (e.g. using
4-10 kg weight range product for a 15 kg dog) is bad practice (and
possibly illegal). Drench gun bezels can be dialled to the recommended
volume calculated for the heaviest animal in the group. Because many
preparations are suspensions, drench drums should be shaken prior
to use. For horse pastes, a ‘dial’ allows operators to adjust the volume
delivered to match the weight of the horse.
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Concentration – Following the recommended dip concentrations and
dilutions rates is critical. Concentrations that are too low represent
underdosing and high concentrations invalidate WHPs and risk toxicity.
Dip tanks should be mixed as indicated on the label as some products
settle out. Liquid in plunge and spray dips is recycled, in that mobs
of animals are sequentially exposed to the same reservoir of liquid.
Many ectoparasiticides are lipophilic and bind to wool grease. As each
animal is dipped some active agent strips out of the dip lowering its
concentration. Instructions direct operators to top-up dips with product
to maintain concentrations. Some companies offer services to measure
dip concentrations.
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Depending on the management aims, antiparasitics can be deployed in
different ways:
Type

Example

suppressive

Treatment within the treats disease and prevents
PPP
transmission because it breaks the
life cycle

curative

Treat infected animals Removes parasites and the
immediate disease threat

targeted

Treat only animals in Reduces chemical use and leaves
a population that are some parasites. This can help the
infected
host develop immunity. Requires
use of a method to detect infection

strategic

Treat at times of low
transmission

sterilising

Use a chemical with
an ovicidal effect

3.2.3 Using antiparasitic agents
Parasite control is more than just treating with an antiparasitic product.
It includes decisions about which animals are treated, what with and
when. It is worth remembering that in many cases hosts are exposed to
the infective stages of parasites from the environment or another host
very soon after treatment is applied. Therefore, the benefit may only be
brief.

Effect

combinations,
Use of at least two
shuttles or mosaics actives
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Knowledge of epidemiology
is required. This approach
reduces chemical use and targets
transmission, breaking the life cycle
rather than treating the infection
directly
Treat to kill transmission stages and
break the life cycle
May achieve a ‘double kill’ or expose
parasites to different chemical
classes. May be used to delay drug
resistance
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Choosing a product
Decisions on use will depend on a range of issues. Considerations
include the species of the parasite known to be present (or thought to be
present), the presence or suspicion of drug resistance, the management
outcomes required, the WHP, cost and availability. These types of
decisions are dealt with under parasite control in separate host species.
Efficacy tables are arranged by host species to show the spectrum of
activity for each active against parasites to genus level and will assist in
selecting actives for specific situations.

IT IS A LEGAL REQUIREMENT TO READ THE LABEL

Available antiparasitic compounds
In Australia and NZ there are more than 1,000 products which are
registered for parasite control.
Roles of the regulators
Registration of products. Products must be registered for a specific use
(e.g. specific host species, for a specific disease, at a specific dose rate,
in a specific package and with a registered label). Details are included
on labels and directions in pack inserts. Most labels can be found by
searching the PUBCRIS database (www.apvma.gov.au). Searches can be
tailored for the formulation, product type (e.g. ‘parasiticide’ finds over
1000 products), product name, active constituents, host, disease. It is
possible to search all products that contain, say, 2 particular actives for
use in a certain host and also export that information to a spreadsheet. A
smartphone app means this service is portable. Information in this book
has been collected from various data sources but it does not replace the
requirement to read the labels prior to use.

- 352 -

Section 3.2 Antiparasitic Agents

Permits. It is also possible to search permits. These are approved
generally for short-term use of unregistered compounds or registered
compounds for a variation to their registered use. Permits are generally
for research or for controlling disease incursions.
Other roles of the regulators. The regulator performs ongoing reviews
of products with respect to effectiveness, environmental safety and
health. They perform audits and spot checks of use and compliance.
They maintain the adverse reaction database where reports of perceived
toxicity are recorded and can be searched. Residues, especially in
exported products, are monitored and the agencies link Australia and
NZ with international harmonisation and standards. The Australian
Milk Residue Analysis and National Residue Survey are two schemes
that report residue test results.
Off label use. Off label use describes the use of registered preparations
for purposes other than their registered use and where no permit is
current. This is the role of the veterinarian and varying use should be on
veterinary advice only. Pitfalls in off label use include potential violations
of WHP and ESI, litigation over misuse and potential toxicities in pets
and humans associated with misuse.

3.2.4 Antiparasitic Classes
The various antiparasitic agents classified under their chemicals classes,
are listed below and summarised in Appendix 1.
Anthelmintics
Aminoacetonitriles (AA)
Arsenicals (As)
Benzene sulfonamides (BS)
Benzimidazoles (BZ)
Depsipeptides (DP)
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Isoquinolones (IQ)
Macrocyclic lactones (ML)
Organophosphate compounds (OP)
Piperazines (PI)
Salicylanilides (SA)
Spiroindoles (SP)
Tetrahydropyrimidines and imidazothiazoles (TI)
Triclabendazole (TC)
Ectoparasiticides
Benzophenyl ureas (BU)
Chloronicotinyls (CN)
Formamidines (FO)
Juvenile hormone mimetics (JH)
Macrocyclic lactones (ML)
Organophosphates, carbamates (OP)
Phenylpyrazoles (PP)
Pyrethroids and SPs (SP)
Pyrroles, phenols (PY)
Spinosyns (SP)
Triazines (TR)
Antiprotozoal chemicals
Antimonials arsenicals (As)
Aryl amides and urea derivatives (UD)
Benzimidazoles (BZ)
Ionophores (IO)
Nitroimidazoles and heterocycles (NI)
Pyridines (PY)
Phenyl ureas (PU)
Pyrimidines (PD)
Sulphonamides (SU)
Tetracyclines (TE)
Thiamine analogues (TH)
Triazones/benzene acetonitriles (TZ)
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A longer explanation of the descriptors appears in the Appendix.
Abbreviated notes appear below:
Chemical class and
features

Because they share common properties, drugs are
grouped by chemical similarity and/or mode of action.

Examples of generic
names

Generic names are the recognized abbreviated chemical
names. These lists are restricted to locally registered
compounds.

Mode of action on
parasites

Antiparasitics act selectively by blocking a parasite
biochemical target while not affecting the host.
Chemicals can kill parasites, prevent multiplication, and/
or block development.
This refers to the physical form. In addition to the
‘active’, preparations contain excipients to help delivery
(say, tablet texture), shelf life, solubilisation etc.

Preparation/form

Spectrum of efficacy

Lists the broad groups of parasites. Efficacy spectra to
genera appear in sections on host-based parasite control.

Pharmacology

Drugs given to lactating animals may reach the human
food chain via milk or may also be ingested by their
suckling offspring and retained as residues in meat of
these animals.
Several pour-on products in cattle are not as reliably
absorbed as the same chemicals given orally or by
injection. In some cases, and depending on ambient
temperature, transdermal absorption may vary and
potentially lead to underdosing. Another phenomenon
is ‘allolicking’ which occurs when treated animals not
only absorb drug through their skin but animals in the
herd mutually lick drug off each other and themselves
and ingest (and absorb) part of the dose. In some
cases social grooming is important for increasing drug
bioavailability.

Toxicity and other
contraindications

Veterinary preparations are not for human use.
Toxic effects may be referred to as ‘Precautions’, ‘Adverse
reactions’ or under a heading of ‘Safety’.
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3.2.5 Resistance of parasites to antiparasitics
3.2.5.1 Introduction
Resistance is the phenomenon where by populations of organisms adapt
to avoid the effects of chemical agents. It can be defined as the ability of
parasites to survive doses of chemical that would normally remove/kill/
control them.
The term resistance is sometimes used to denote immunity, such as in
the terms ‘resistance to infection’ or ‘host resistance’. Drug resistance
and immunity are different and in this chapter the word resistance
means drug resistance.
Resistance is a common adaptation to chemical control. It has arisen in
many types of parasites (to antiparasitics) as well as microorganisms (to
antibacterials), plants (to herbicides) and cancer cells (to chemotherapy
drugs). In many cases where we have relied heavily on chemicals to
control parasites, resistance has become the single most important aspect
of parasite control. Its presence has reactivated thinking about other
non-chemical control options.
Resistance is genetically conferred. Compared with antibacterial
resistance where genetic material carrying determinants for resistance
(e.g. plasmids) can transfer between organisms of the same generation,
gene transfer in parasites is through inheritance. Resistance appears to
be controlled by Darwinian selection (fitter = the capacity to survive
treatment). However, different mechanisms operate across the various
types of parasites. Many parasites (e.g. helminths and arthropods) are
diploid organisms and so have one allele of each gene contributed
by each of their parents. In these cases, Mendelian mechanisms of
inheritance predominate. An exception is in hermaphrodites (some
flukes, Strongyloides) which self fertilise. In contrast, protozoa and
other single celled organisms have a range of reproductive mechanisms
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and, so, the sexual component will have different effects to the asexual
mechanisms. For example, in cases of asexual reproduction a single
resistant individual could parent a clonal resistant population.
Much of the experience that underpins our knowledge on how
resistance develops and methods for managing resistance come
from related fields. For example, drug resistance in insect crop pests
provided a framework for understanding resistance in ectoparasites.
Because anthelmintic resistance had its origins in studies of sheep
nematodes, that has shaped thinking in the field. To understand the
origins of resistance and to plan control it is helpful to consider parasite
populations. This can mean the worms in a single sheep, all the stages
of a worm species on a property, all of the flies in an environment or
ticks on cattle on a truck. Understanding parasite epidemiology is also
important in considering transmission and gene flow.
We rarely know what genes are involved in resistance, especially before
it emerges. Nevertheless, there are examples of single gene effects such
as Single Nucleotide Polymorphisms (SNP) that have been shown,
through extensive studies, to confer resistance. Based on what these have
shown us, the term resistance alleles is used loosely here to describe
alleles of genes associated with the resistance phenotype. Resistance
alleles are then variants of the common or wildtype alleles for the same
gene. The presence and frequency of resistance alleles in a population is
central to understanding resistance.
How does resistance arise?
Resistance alleles are initially at low frequency in the population. The
few individuals that carry them have no advantage until they are exposed
to the chemical. Once exposed, parasites with resistance alleles survive
and have offspring that are resistant. If the offspring survive through the
life cycle and infect another host they will make up a greater percentage
of the worm population than before. Over time, and with continued
treatment with the same chemical class, the frequency of resistance
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alleles increases (and the frequency of the wild-type genes declines)
percentage of resistant individuals will increase. Random background
mutation is the basis of natural genetic variation in all species and it is
this variability that selection operates on. The term ‘resistance mutation’
is frequently used, but because the words imply that this is a result of
chemical use it is best not used. With rare exceptions antiparasitic
agents are not thought to be mutagens.

The first is a change in the drug site of action usually leading to reduced
affinity of the receptor for the drug – this is the best known mechanism
in trichostrongyloid nematodes of sheep resistant to BZs where a single
basepair difference causes a transition from Phe200 to Tyr in β-tubulin.
This change in peptide sequence reduces BZ binding to tubulin.

Resistance has stages:
• Establishment is a random event that produces the resistance allele.
•

•

Development occurs in response to the selective agent (the drug)
that kills susceptible parasites and allows resistant parasites to
survive. Further selection and reproduction leads to an increase in
resistance alleles in the population. They may also spread beyond
the original host or property.
Emergence occurs when the proportion of resistance alleles reaches a
level where treatment failure is noticed.

Some definitions equate ‘development’ with ‘resistance’ and ‘emergence’
with ‘clinical resistance’.

3.2.5.2 Resistance mechanisms
Mechanisms of resistance are poorly understood. This is not surprising
given that the mechanisms of action of various chemical classes (see
Appendix A) are also obscure. Understanding mechanisms of resistance
does allow us to develop and validate resistance tests and if we can drill
down to the molecular basis of resistance, very accurate tests can be
deployed. Such knowledge has also helped parasitologists understand
genetic mechanisms and inheritance in parasites.
There are two broad types of mechanisms of resistance.
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The second is enhanced removal of drug from the receptor site – for
resistance in ectoparasites enhanced drug detoxification mechanisms
predominate. For example, in Lucilia cuprina resistance to OP
compounds is due to a SNP (Gly137 to Asp) in a carboxylesterase.
This confers the capacity to bind and hydrolyse OP compound thus
detoxifying them. In this way the parasites are exposed to lower drug
concentrations.
Resistance generally arises to one chemical class at a time.
One reason why identification of different chemical classes/action classes
is important is that each works against parasites in a different way and
resistance develops to each class separately. Further, when parasites in a
population become resistant to one member of the class, they are then
resistant to all members of the class. In order to continue to control these
worms a chemical from a different class (or a non-chemical method)
must be chosen.
Populations and individuals in populations can develop resistance to
chemical classes sequentially. There is no sound evidence that resistance
arising from use of a drug from one action class selects for resistance to
another (except in cases where different chemical classes actually function
the same way). An exception may be where detoxification or drug efflux
mechanisms are operating and the mechanism can act on more than one
drug class.
Does resistance go away?
Experience shows us that once resistance has developed in a population
of parasites resistant alleles will persist in that population and remain
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at a level above the original unselected population. Simply not using a
class of antiparasitics on a property for several years is not effective in
eradicating resistance. Just like in the establishment phase, even with
low allele frequency resistance returns in one or two treatments after the
drug class is reintroduced. Scientists have tried to dilute resistant worm
populations with susceptible worms. For reasons stated above this is
not likely to eradicate resistance as only two parasites carrying resistance
alleles need to survive and reproduce. The practice may also exacerbate
the parasitic disease problem.
Resistance can be imported onto farms.
Resistant parasites can be introduced to the susceptible population and
immediately increase the frequency of resistance alleles. For obligate
parasites they may arrive with parasitised hosts, say worms in horses
which then contaminate pastures. If stages of parasitic species are free
living in the environment they may arrive in flood waters, or they may
come with intermediate or paratenic hosts. Flying parasites have their
own transport.
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3.2.5.3 Factors affecting the development of resistance
The various factors can be classified in a number of ways. Some factors
such as the characteristics of the antiparasitic preparation are outside
management control, except that you can choose a different chemical or
a different presentation (e.g., pour-on vs. dip) with different behaviour.
The biology of the parasite and the means of inheritance are outside
our control. On the other hand, how often treatment is applied or how
animals are grazed or quarantined are management decisions and can be
used to reduce selection for resistance.
Efficacy, refugia, survival, non-chemical control
In order to understand these factors we need to define terms:
•

Efficacy of a drench is the % removal of the target parasite
population following treatment

•

A discriminating concentration of drug is one that kills some
parasites but not others. It discriminates between resistant and
susceptible parasites, leaving resistant parasites to survive.

•

Refugium (pl. refugia) is a population of parasites that avoid
treatment, say free-living stages present on pasture at the time the
animal is treated.

•

Survival relates to the chance of parasites living and passing on
their genes by reproducing.

What increases selection pressure for resistance?
Aspects that increase rates of resistance establishment, development and
emergence are listed below:
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Parasite genetics
Dominance of resistance alleles
Fewer genes conferring resistance
Large and variable gene pools (high genetic diversity of population, large
population of parasites)
Initial high frequency of resistance genes
Enhanced biological fitness of resistant worms
Asexual reproduction
Worm Biology
• Biotic
Short generation time
High fecundity
Direct life cycles
•

Behavioural
Lack of isolation of populations
Mobility of a parasite species through a wide host range
Low levels of refugia (e.g. predilection to hypobiosis)
Poor immunity in the host against the parasite (e.g. leads to need
for more treatments)
Highly pathogenic (treatment required to save life)

Operational
The nature of the chemical (is there a possible resistance mechanism?)
High treatment frequency
Long drug persistence (presence of discriminating concentrations)
Low refugia during treatment (fewer members of the population on the
farm avoid selection)
High selection threshold
Life cycle stage selected (stages may differ in their selection threshold)
Effective treatment that still leaves resistant survivors
Use of a single action (chemical) class
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High stocking density
Access to the next host (e.g. through faecal contamination)
Hot dry climates (see below – low refugia)
Introducing animals carrying resistant parasites
More on refugia
Refugia are thought to be important in selection. For intestinal parasites
with free-living stages, if treatment is carried out in hot dry seasons
when all the worms are in the sheep (low % in refugia), then selection
pressure is high because all of the survivors are resistant worms. On
the other hand, when worms on pasture are numerous (high refugia in
cooler, wetter times), selection pressure on the whole population is low
and many susceptible parasites survive as they are not exposed to the
chemical. This goes some way to explaining the rapid development of
resistance in the dry climate of WA and the relatively slow development
in the NSW alpine areas. It also explains why drench-and-move
strategies, especially in hot summers, have led to resistance.
The impact of drug use and efficacy on resistance development is also
complex
Here are some examples:
•

Increased treatment frequency:

•

more drenching, more dipping increases selection pressure because
frequent treatments provide fewer opportunities for susceptible
parasites to survive and for susceptible alleles to persist in the
population.

•

Adult sheep are given fewer treatments than lambs because adults
have better immunity against worms. Fewer treatments and
superior immunity reduce selection pressure.

•

Concerning efficacy:

•

At 100% efficacy, no parasites survive and resistance will not
develop. This is unrealistic, however.
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•

•

Treatments that are 95 to 99.9% effective against parasites may
leave 5 to 0.1% resistant survivors, respectively. Underdosing
with an effective product may also cause efficacy to fall into this
discriminating range. Within this range, selection pressure is high
and resistance can develop rapidly because only resistant parasites
survive.
Populations surviving a treatment which is 80% effective, carry
susceptibility alleles along with some resistance alleles (the lower
parts of the dose/response curve in Fig 3.4), so resistance develops
slowly.

•

The period of action (persistence):

•

Short acting drugs select slowly for resistance. These drugs only
select parasites present at the time of treatment and because they
have short half lives expose parasites to brief periods of potentially
discriminating doses.

•

When long acting drugs are used, they reach peak levels in the host
and then decline as the drug is eliminated from the body. At the
peak, drugs kill resident parasites. During the elimination phase
parasites that the host recruits may be exposed to discriminating
drug concentrations that can select for resistance.

•

Long acting preparations include chemicals that remain in the
tissues due to their chemical characteristics, as well as sustained
release capsules, daily administration, or depot injections.

•

There is some balance because persistent drugs (more selection for
resistance) may have to be used less frequently (less selection for
resistance).
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What are the targets of a treatment?
Treatment exposes the complex array of parasites that occur in naturally
infected animals. In addition to selecting adult parasites a treatment may
select for resistance in unexpected ways which are not well understood:
•

Different life cycle stages of the same parasite species present in the
host at the time of treatment may have different propensities for
selection. A concentration that kills one may be discriminating for
another.

•

Different parasite species present in a host at the time of treatment
may differ in their dose/response and be more readily selected.
Products are marketed at dose rates or concentrations high enough
to kill the most difficult-to-kill stage and species of parasite. This
means that if resistance develops for a difficult-to-kill species (high
EC95), resistance in easy-to-kill species (low EC95) may develop but
not emerge until later.

•

Different efficacies and selection pressures can occur for the
same parasite species in different host species. This is especially
important when parasites selected in one host species (say, goats)
are transferred to another (say, sheep).

•

When a broad-spectrum or a combination product selects for
resistance in non-target parasites (e.g. fly treatment selects worms).
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3.2.5.4 Investigating resistance
Investigation of treatment failures (including suspected resistance) can
be complex and requires knowledge of the enterprise and management
as well as parasite epidemiology and the control options that are
available.
Causes of treatment failure
Resistance is not the only reason why treatment fails to remove parasites
and in any investigation of resistance the following should come into
consideration:
•

the chemical is inappropriate for the parasite species;

•

the dose rate or dipping strength is incorrect;

•

some animals missed a treatment;

•

the applicator was faulty;

•

The preparation was not properly mixed or was past its use by date;

•

reinfection may have occurred since the treatment;

•

another disease with similar signs is present;

•

resistance

History
The stock (age, breed), treatment (products, dose rates, timings),
management (grazing locations, weather, introduced stock) and
resistance histories (previous tests, regional data) are important points
to gather and consider. These data will help decision making on
appropriate tests and ultimately what control measures are feasible.
Measuring resistance
Broadly, ways of measuring resistance can be divided into in vivo trials,
in vitro bioassays and genetic tests.
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Trials
• Trials are generally undertaken in infected animals and an outcome
measured following treatments.
•

For example, in testing resistance to coccidiostats in chickens a
test flock are artificially infected with a field isolate of the parasite
and various groups treated with candidate products. The growth
rate and pathology of the birds are used as indicators of treatment
failure and hence resistance.

•

In sheep nematode parasites a faecal egg count reduction test
(FECRT, also called a Drench Test) is performed. Briefly the steps
are:

o taking a group of naturally infected sheep and testing for
infection using a faecal egg count;
o allocating sheep into groups of 10-15 animals, one group for
each preparation tested and one untreated control group;
o treat each sheep with the appropriate drug at the
recommended dose rate (or leave untreated) and the sheep
from each group is identified by a coloured mark;
o conduct a faecal egg count of each sheep after 10-14 days;
o calculate egg count reductions by comparing the average egg
count in each treatment group with the average egg count
for the control (untreated) group;
Efficacy below 95% reduction in egg count indicates that resistance is
present.
The same test can be used for horses and cattle and combination
products can also be tested this way. The benefit of these tests is
that they give real efficacies in real situations.
(% Efficacy is calculated = (C-T)/C x 100, where C is the mean egg
count in controls and T the mean egg count in the treated group. Think
of it as the reduction treatment causes compared with the untreated
group).
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In vitro bioassays
A range of tests is available for nematodes, flies, lice and ticks. They are
termed bioassays in that they measure a biological response to a range
of concentrations of drug. They differ in their endpoints in that some
record the effects of drugs on survival (using vital stains or movement)
or development (numbers of developed stages). Some use the target
parasitic stage and others use free-living stages as surrogates for the
parasite. More than one active can be tested in the bioassay platform
at the same time. Tests are available for lice (insecticide soaked filter
paper, adult survival/nymph development), ticks (larval packet assay,
adult immersion assay), flies (larval survival assay) and nematodes (larval
development assay).
A typical protocol is demonstrated by the larval development assay. The
steps include the collection of faeces and recovery of nematode eggs
from naturally infected sheep. Groups of about 100 eggs are added to
each well of a 96-well plate. Different drugs are added to the wells down
the plate and a range of increasing concentrations of each applied across
the plate. Following incubation for 6 days at 25°C, during which time
the eggs are expected to develop to larvae, each well is observed under a
microscope. Eggs and larvae are counted and the numbers analysed.
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Figure 3.4.

Selection For Resistance
Drug resistance in organisms occurs through selection following
treatment. Figs 3.4 and 3.5 provide a framework to explain this process.
What is described below is simplified and makes many assumptions.
In the real world resistance may occur over several generations with
successive selection, although the single-step selection shown has some
precedents in resistance to parasiticides.

These bioassays provide a dose/response analysis and the results appear
like Fig 3.4. An example of a susceptible isolate is the ‘S’ curve and
the resistant the ‘R’ curve to the right. The data are also amenable to
mathematical analysis – the R curve in Fig 3.5 is shifted 5 fold (log
0.7) to the right indicating 5-fold resistance. Moreover the EC95 can be
quoted and compared to known susceptible values without having to
run tests. These data do not necessarily relate directly to in vivo efficacy,
but are indicative of the degree of resistance.

Figure 3.5.
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Fig 3.4 shows an idealised concentration/response curve. While the x
axis shows increasing concentration it could also be considered to be
increasing dose in a dose/response curve. This axis is on a log scale which
helps condense the line and provides a linear portion in the centre. The
y axis is the parasite killing %. The S line shows low rates of kill at low
concs. and high kill at high concs. It demonstrates that a population
of parasites contains individuals with a range of inherent sensitivity to
the drug. If you replaced this drug with a more potent drug you would
produce a curve to the left of (or above) this one. Simply, at the same
concentration a more potent drug would kill more parasites. If you
tested a different species of parasite it would also generate a similar line,
but because it has different inherent sensitivity its slope and position are
likely to be different.

interbred and the population is composed of various heterozygotes
and homozygotes on top of other variations present in the original
population due to other factors. Importantly, the line has shifted to the
right (or down) compared with the S line. This population fulfils the
definition of a resistant population because compared with the S line,
log 2 conc is less effective (95% vs 30%) at killing parasites. Clearly the
same dose that achieved 95% killing of the S population would not
control the R population.

For the original drug, if the population is exposed to a concentration
or dose equivalent to log 2 (x axis) it can be seen, by following the
dotted lines up and across to the y axis, that this would kill 95% of
the population. So, log 2 is the effective concentration for 95% effect
(EC95). At that concentration only the parasites contained in the box,
comprising 5% of the original population, survive. These parasites
would be expected to carry a higher proportion of resistance alleles than
the population before treatment. If they then become the only parents
of the next generation of parasites we might observe a new population
like R in Fig 3.5.

Genetic tests
There are very few examples of tests that use genetic knowledge to
measure resistance. Some are used in research and these are generally
based on PCR techniques that detect SNPs. They can be adapted to
quantify resistance in populations and even be parasite species specific in
a population containing several species. When resistance can be linked
to a single genetic difference these tests can genotype individual parasites
to allow genotype frequencies of populations to be measured.

Note that the R population is again heterogeneous and has a
concentration/response profile. This is because the parents have
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By comparing the EC95s of the two lines you can see they are log 0.7
apart (log 2.0 vs log 2.7). Therefore, the ratio of R:S is 5 (log10 0.7),
indicating a 5 fold resistance. Further selection can move the curve
further to the right, reflecting an increased level of resistance.

Ways to describe resistance
Resistance may be described as an egg count reduction where <95%
reduction in a FECRT indicates the presence of resistance. It can also
be described as a ‘prevalence’; typically the % of farms affected by
resistance. These type of data are at best rough estimates and are not
useful in showing changes in prevalence over time, but can reveal trends.
Bioassays and genetic tests give results that are independent of the host
and drug pharmacokinetics and can be use to chart development and
emergence of resistance.
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Reports of resistance are shown in the drug efficacy tables for several
host species. The major resistances are in parasites of sheep (worms, lice
and flies), cattle (worms, flies and ticks), horses (worms) and poultry
(coccidia). Not surprisingly, these are the hosts to which the majority of
the doses of antiparasitic agents are given.
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•

Treatment of adult animals (e.g. periparturient ewes)

•

Treat and move to a clean pasture (also termed ‘low refugia
management’)

•

Lack of quarantine treatment

•

Use of long acting agents including capsules

3.2.5.5 Managing and slowing down resistance

•

Ineffective treatments and underdosing

•

Excessive frequency of dosing

Once you have it, is it too late?

Similarly, risk factors for developing tick resistance are reported to be:

Resistance has been present in some parasite populations for several
decades. In some regions and some enterprises the problem has been
insurmountable. In extreme cases where resistance has impacts on
biosecurity (such as trade across borders or into different tick control
regions) or parasite pathogenicity is extreme (e.g. haemonchosis in
Merino sheep) production may become untenable. However, in most
cases resistance can be managed. A typical scenario is that one member
of a chemical class fails and in time the whole class fails, but there are
periods when they remain useful for control. Some drug classes remain
effective and combination products may also retain efficacy. A slow flow
of new chemicals onto the market helps too.

•

Use of persistent preparations

•

More than 5 treatments per season

•

History of previous use of chemical class

•

High stocking density

•

Region (may be a confounder reflecting tick challenge due to
climate, use of irrigation etc)

•

Use of sprays rather than dips

The aims in resistance management are to prevent the development
of resistance in the first place, reduce selection pressure and apply
integrated parasite control.
What can be done to delay resistance?
The reported risk factors for resistance provide a basis for suitable
approaches. The following factors are known to increase resistance in
sheep nematodes in NZ studies:
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The approaches that are consistent with reducing selection for resistance
are:
What to do

Why it should work

test for resistance and then use an
effective drug or combination
always give the recommended dose of
the drug
use drenching methods (e.g. fasting
sheep) to improve drench efficacy

maximises parasite control and
minimises treatment frequency
reduces the chance of underdosing
which is known to select for resistance
in many cases this improves efficacy by
reducing gut fiber that binds the drug
and reduces the chance of underdosing
(not for OPs)
because resistance to two antiparasitic
agents is rare, combinations will both
control parasites and slow resistance.
This approach is especially important to
retain efficacy for novel compounds
reduces selection pressure on an
individual class
if you only treat when it is needed this
will reduce selection pressure

use combinations (mixtures) of
compounds where possible, or shuttle,
mosaic approaches
rotate between chemical classes either
each treatment or each year,
monitor egg counts/fly burdens etc.
to evaluate the need for treatment and
treat once a threshold is exceeded
allow some susceptibles to survive by
leaving some animals untreated.
use other non-chemical forms of
parasite control eg. supplementary
feeding, pasture management,
genetically superior rams
treat arriving animals with the most
effective drench combinations available
(Quarantine drench, travelling stock
dip)
seek expert advice

alleles linked to resistance are diluted
by those for susceptibility
reduces selection by drugs due to
survival of susceptible parasites
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IPM
Integrated parasite management is a practical approach to reducing
chemical use whilst achieving parasite control. In addition to resistance,
chemicals have other potential drawbacks including toxicity to the host,
the operator and the environment.
While no single non-chemical method can be relied upon, each can
contribute. IPM requires the deployment of a range of methods that
through their concerted use and timing can achieve parasite control.
Examples of non-chemical interventions include:
•

Biocontrol through the use of predacious fungi for nematodes
and lice. While these have been researched they are not yet
commercially deployed.

•

Host immunity through vaccination can aid in control but the
only vaccine so far (TickGARD) was not a commercial success and
‘Barbervax’ has just been launched.

•

Selection of hosts with superior immunity has been successful to
some extent including the use of tick-resistant cattle and sheep
with natural immunity to worms. However, selectable markers for
immunity or resilience to parasite infection are not available, so
progress is slow.

prevent the introduction of resistant
parasites on to the farm
learn from the experience of others in
this field
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Some principles and examples of IPM are:
Reduce susceptibility to
infection

Lamb marking to reduce breech strike
Breed for plain body sheep

Improve immunity

Select naturally immune animals
Develop vaccination strategies
Nutritional supplementation to enhance
immunity
Narrow calving window to allow better
management
Fly lures and traps
Collect horse dung and compost
Deep litter in poultry sheds

Change management to
consider parasite control
Reduce parasite numbers

Break the life cycle in time

Sterile insect release

Break the life cycle in space
(separate hosts from parasites)

Move animals to drier ground away from fluke
snails
Paddock rotation to avoid larval ticks
Calf rearing paddocks with low contamination
and hence transmission
Barriers and biosecurity
Strip grazing within development cycle time of
nematodes (5 days)
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Websites with more information:
“Wormboss”, “Liceboss” “Paraboss”. “AVPMA” “NSW DPI” “QDPI”.
Also: Madison JE, Page SW, Church BB, eds. “Small Animal Clinical
Pharmacology”2nd ed Philadelphia, PA: Saunders Elsevier. 2008.

Use chemicals in a targeted way Shuttle systems with coccidia
(monitor and treat)
Targeted treatments (test and treat)
Epidemiological models
Use short-acting chemicals

Design treatment around modelled predictions
Levamisole for sheep
Spinosad for ticks
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3.3 Parasites and exotic threats from the near
Asia and Pacific regions
3.3.1 Introduction
Australia is potentially very vulnerable to the entry of exotic pests and
disease agents and puts considerable efforts into quarantine education
and surveillance. Entry can be via animals or animal products;
immigrants; visitors and returning tourists.
Although much research is undertaken into improving surveillance
methodology and techniques, effective biosecurity does not just depend
on the ability to detect an exotic parasite or other infectious agent, but
also on the ability to respond to the ‘invasion’. It is often said that ‘good
quarantine starts overseas which emphasises the need to undertake
both pre- and post-border surveillance. In Australia, this requires
the establishment of good collaborative relationships with our near
neighbours such as Papua New Guinea and Indonesia.
From a parasitological perspective, we need to be aware of the range
of exotic parasites in order to effectively prevent their establishment in
Australia, and also to be aware of their possible occurrence in migrants
to this country and thus the need for accurate, timely diagnosis and
treatment.
Successful establishment depends, firstly, on the introduction of the
parasite and release into the environment in an infective state; secondly,
on conditions that are supportive for transmission, including the
presence of suitable intermediate hosts; and thirdly tonhe presence of
susceptible and adequate definitive host reservoirs.
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Native wildlife at risk
As detailed below, awareness of the risks to livestock industries and
human health from exotic parasitic disease is high. However, little
attention has been given to the effects introduced parasites may have
on Australia’s native fauna. Australia’s long isolation has resulted in the
evolution of a unique, extremely rich and varied native fauna and one
that is potentially susceptible to introduced parasites. This has been
demonstrated by the extinction of native rats on Christmas Island.
The introduction of flea-infested ship rats onto Christmas Island
(approximately AD 1900) resulted in the spread of the pathogenic
trypanosome Trypanosoma lewisi into the native rat population.
Recent DNA-based findings indicate that native rats were devoid of
any trypanosome-like infection prior to arrival, suggesting T. lewisi
was probably maintained initially in a reservoir of ship rats and flea
vectors, and subsequently spread by contact between infected fleas and
naïve native rats. The spread of T. lewisi would have been enhanced
if ectoparasites associated with native rats were biologically capable of
acting as more than just mechanical vectors. Many small and mediumsized mammal species, for example, that were once widespread across
the continent are now restricted to isolated areas in the south west or
on offshore islands. In the last 10 years there has been a further decline
of many of these native mammals, with evidence that parasitic diseases
may be implicated.
Lessons learned
Australia has learnt the importance of having effective quarantine from a
number of significant parasite introductions. Indeed, Australia continues
to suffer the consequences of parasitic diseases introduced during
European settlement, especially babesiosis in cattle with the introduction
of the vector and parasite; echinococcosis in livestock; and Toxoplasma
in cats. We also undoubtedly introduced hookworm infections, Giardia
and Hymenolepis which remain as serious causes of morbidity in many
remote Aboriginal communities across the north of Australia.
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There have been some success stories however, with the eradication
of both malaria and filariasis caused by infection with Wucherieria
bancrofti. However, whereas human filariasis is unlikely to re-establish,
this is not the case with malaria due to increasing numbers of infected
people entering Australia every year, as discussed below.
Recent new arrivals
The most recent ‘new’ parasitic infections reported in Australia include
Babesia gibsoni in dogs in 2002, the spinose ear tick (Otobius megnini)
in horses in 2002, Angiostrongylus vasorum in 2007 and most recently,
Dermacentor occidentalis in a horse imported from the USA. Of these,
B. gibsoni is probably of most significance given its clinical significance
and potential for direct transmission. D. occidentalis is not present in
Australia and its introduction is unlikely to lead to its establishment.
However, it is a vector for Babesia caballi and Theileria equi (formerly
called Babesia equi) which are serious pathogens exotic to Australia and
which could be transmitted by local ticks. Otobius does not represent
a serious pathogen and it is unlikely transmission of A. vasorum could
occur in Australia due to the absence of suitable intermediate hosts.

3.3.2 Major parasite threats to Australian
livestock industries
Varroa destructor
Australia is one of the few countries currently free of the bee mite Varroa
destructor. The introduction of this mite could devastate the bee and
honey industry in Australia. This parasite is a major reason why the
import of honey into Australia is forbidden.
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Fasciola hepatica and Nosema ceranae
Fasciola hepatica and Nosema ceranae, although present in eastern
Australia, are not endemic in Western Australia so great efforts are in
place to prevent their entry into WA.
Fasciola has been introduced to WA on at least two occasions in infected
horses. This represents a significant threat since one of the lymnaeid
intermediate hosts, Lymnaea columella, is present in WA. Thus the
movement of stock was restricted once infection in imported horses was
detected and until quarantine authorities were convinced infection had
not spread.
The microsporidian N. ceranae represents another serious threat to the
honey industry since it is a pathogen of bees. The microsporidian can
be rapidly fatal-leading to dramatic colony collapses. Australia is an
island continent with restrictions on the importation of beekeeping
equipment. Honey, however, can be imported without restriction into
all states except Western Australia and may be a reservoir for infection
although N. ceranae has not been reported to be found in honey.
Chrysomya bezziana and related parasites (see also section 4.3.3)
The screw worm fly, Chrysomya bezziana is an obligate parasite of warmblooded animals, including humans and can cause serious production
losses to livestock industries. It has long been a major biosecurity
issue for Australian quarantine given the proximity of the parasite
to Australia, being endemic in South-East Asia and throughout the
mainland of Papua New Guinea. The Northern Australian Quarantine
Strategy (NAQS) discovered the adult fly on Boigu Island in The Torres
Strait a few years ago. An early warning system has been established in
high-risk areas for entry into Australia as part of the NAQS. This system
employs targeted quarantine surveillance, education, and a regular fly
trapping program. Particular care is also taken to prevent the entry of C.
bezziana with returning livestock vessels.
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Other dipterans associated with myiasis regularly enter Australia,
usually as individual infections in humans. These are usually contracted
by being ‘struck’ while in endemic areas and while not representing a
biosecurity risk in terms of the flies establishing, many cases are reported
of misdiagnosis and/or delayed diagnosis by medical practitioners,
leading to great distress in the patients themselves.

Although T. spiralis is unlikely to have significant, direct effects
on animal or public health if it was introduced and established, its
demonstrated occurrence in Australia would have an enormous
economic impact affecting export industries given that Australia could
no longer be considered to be “Trichinella free”. Thus, Australia would
have to undertake costly diagnostic procedures on pork for export to
demonstrate that it was Trichinella free. Control and eradication would
be difficult considering the widespread availability of wild (feral and
native) reservoir hosts. Other recently described species of Trichinella are
also causing trade issues, but in crocodile meat. T. zimbabwensis and T.
papuae are not endemic in Australia but are in other countries including
Papua New Guinea from where Australia imports crocodile meat for
human consumption. Thus PNG has to demonstrate that any crocodile
meat for export is free of Trichinella infection. Interestingly, a recent
research survey led to the first report of T. papuae in a wild pig from an
Australian island in the Torres Strait.

This is a true, and probably typical, case study of one recent patient:
•

Several weeks trekking in Bolivia

•

Red spot appeared above right temple

•

Progressively grew over next few weeks

•

Arrived home approximately 4 weeks later

•

Saw 5 doctors and all said lesion was a sebaceous cyst despite
patient’s concern of movement in the lump at night!

•

Specialist lanced lump, found nothing – come back in 14 days

•

Night before recheck, wriggling sensation and intense pain and
something visible protruding next morning

•

Specialist removed small chitinous cylindrical tube and said ‘all will
be fine’ [larva had obviously moulted and only discarded exoskeleton
removed]

•

That night repeat of wriggling and pain: - partner removes larva!

Causative agent = Dermatobia hominis – endemic in Central and South
America
Trichinella spiralis (see section 4.4)
Trichinella spiralis has long been a target for quarantine inspections and
is the major reason there is so much concern about bringing meat and
meat products into Australia. Such illegal imports are the most likely
way T. spiralis could enter Australia but other routes, such as infected
rats escaping from ships from overseas docked in Australian ports, is
another possible route.
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The main concern regarding Trichinella is the ability of wildlife to
become reservoirs so sources of infection for domestic animals and
humans, yet few surveys have been undertaken. Wildlife surveys are
considered essential to truly determine the presence or absence of
Trichinella but surveys in high-risk regions of incursion are largely
lacking on the mainland of Australia.
Trypanosoma evansi
The causative agent of Surra, Trypanosoma evansi, illustrates the
importance of instituting effective pre and post border surveillance.
Surra is thought to be an immediate threat to Australia because of its
proximity in eastern Indonesia and potential spread via Irian Jaya and
Papua New Guinea.
T. evansi causes high mortality in horses (Fig.3.6) and native mammals
but more chronic disease in livestock giving rise to reduced productivity.
Pigs are highly susceptible to infection but not disease and can thus
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be excellent silent reservoir hosts. This would particularly be the case
in Australia should T. evansi establish in Australia’s large feral pig
population.

Fig. 3.6. Left: Horse with T.evansi (“surra”) (http://vet.sagepub.com/
content/46/2/251/F1.expansion.htm). Right: T evansi in equine blood (http://
es.wikipedia.org/wiki/Trypanosoma_evansi)

T. evansi has long been considered a biosecurity risk because of its
known clinical impact on livestock. T. evansi has low mammalian host
specificity and non-specific mechanical vectorial requirements. Thus,
if T. evansi were to enter Australia, feral animals, particularly wild
pigs, could act as excellent reservoirs due to their abundance and the
lack of clinical symptoms associated with infection in pigs. Although
native mammalian fauna were also considered for many years as
providing an important reservoir of infection, the focus was on their
role in maintaining a parasite that could spread to livestock. However,
studies in experimentally infected macropods have demonstrated that
in nature they are likely to suffer severely and rapidly die from the
clinical consequences of infection. Concern has thus been expressed that
should T. evansi be introduced into Australia it could devastate native
mammalian fauna.
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3.3.3 Threats to people and wildlife
Leishmania spp.
Leishmania has a broad geographical distribution but South East Asia
and Australasia have never, until recently, been considered as endemic
areas. Therefore, the recent discovery of Leishmania in kangaroos and
other macropods in the Northern Territory of Australia has raised a
number of issues.
A systematic investigation of the parasites isolated from the lesions of
affected macropods demonstrated that they all belong to the genus
Leishmania but not to any species so far described. This indicates that
macropods and possibly other native mammalian fauna in Australia
harbour a novel species of Leishmania that has perhaps evolved over
thousands of years and adapted to its marsupial hosts. Although the
pathogenic significance of this species to wildlife is not known and
may be minimal to animals in the wild, it raises the question of how
Leishmania is transmitted between kangaroos. The recent identification
of a new, non-sand fly vector in northern Australia, the day feeding
midge (Forcipomyia (Lasiohelea) sp.), raises critical issues with respect to
the zoonotic transmission of Leishmania species in Australia.
Australia has always been considered to be non-endemic for Leishmania
and the parasite a minimal biosecurity risk in terms of establishment.
The regular introduction of zoonotic pathogenic species of Leishmania
such as L. infantum in tourists, army personnel and migrants, as well as
domestic dogs, raises the possibility of transmission to wild or domestic
hosts via midges. More importantly, the fact that macropods are
susceptible to infection with their own species of Leishmania means they
could be susceptible to infection with exotic, introduced species which
could cause disease and/or establish reservoirs of zoonotic infection.
Thus, imported cases of Leishmania pose a risk of being transmitted to
humans, their pets and, importantly, to wildlife. Wildlife could become
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a significant reservoir, as well as suffer the potentially more serious
clinical consequences associated with exposure to a novel introduced
pathogen. This is likely to be of human origin, in view of the increasing
number of introduced cases in immigrants to Australia and returning
soldiers from endemic areas.
Trypanosoma cruzi
As with Leishmania, Australia has never been considered an endemic
country for Chagas disease caused by Trypanosoma cruzi. However, the
question of local vectorial transmission has been raised by the World
Health Organization because of the increasing numbers of people
with chronic Chagas disease migrating to non-endemic countries,
including Australia. Little research has been undertaken in Australia on
the host range of triatomes, the vectors of T. cruzi in South America,
nor whether any Australian triatomes bite and feed on the blood of
mammals. However, Triatoma leopoldi is thought to occur in northern
Australia and is a vector of T. cruzi in South America. Recent research
on trypanosomes in Australian native mammals has demonstrated that
they are frequently infected with a diversity of species and genotypes of
Trypanosoma, some of which are genetically very closely related to T.
cruzi. Therefore, as with Leishmania, these findings raise the possibility
of Australian native fauna acting as reservoirs for T. cruzi introduced in
Chagas patients from South America, and which can be transmitted in
the same vectors of wildlife trypanosomes such as T. copemani, which
may not necessarily be triatomes.
Malaria – Plasmodium spp.
Malaria is the most frequently-reported parasitic infection imported into
Australia. Plasmodium falciparum is the most commonly encountered
species in Australia, and the most serious clinically, closely followed by
P. vivax. Together they account for more than 98% of approximately
1,000 malaria cases notified annually in Australia. Although malaria was
eradicated from Australia by 1981, Anopheles farauti, a known vector
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of Plasmodium, is present north of latitude 19°S. Therefore, detection
and treatment of gametocytaemia in infected individuals is a vital part
of malaria control in northern Australia. This was highlighted recently
after an outbreak of vivax malaria in northern Queensland that was
transmitted locally from the infected individual, an overseas tourist, but
given the remoteness of the area where transmission occurred it did not
spread and was contained.
The risks of malaria establishing once again in Australia are high.
Climate modelling has shown that global warming will enlarge the
potential range of A. farauti. Malaria is an increasing problem in the SE
Asian region as a consequence of climate change, deforestation and the
rapid development of antimalarial drug resistance. So, in addition to the
prospect of malaria re-establishing in Australia, it is likely that the form
of malaria may be resistant to drugs commonly used at present to treat
the disease.
Cestode public health issues
Apart from malaria, little attention has been given to biosecurity issues
that may impact on public health from other exotic parasitic infections.
Many other exotic parasitic infections are seen in returning Australian
travellers, migrants and refugees.
Unlike malaria, these infections are not notifiable so it is difficult
to assess the frequency of introduced infections and the risks of
establishment. However, in most cases the life cycles would be difficult
to establish in Australia due to the unavailability of suitable intermediate
hosts and/or conditions conducive to transmission. The most frequently
introduced parasites in this category include Schistosoma, Clonorchis and
other related ‘oriental/Chinese’ flukes, and Taenia solium.
Of these, Schistosoma is the most frequently introduced and is usually
readily detected and treated. Concerns have been expressed that major
environmental changes in tropical and sub-tropical regions could
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enhance local transmission if embryonated eggs were introduced
into the environment. For example, the Ord River irrigation scheme
in the north of Western Australia offers the perfect environment for
the transmission of Schistosoma. However, there is uncertainty as to
whether local snails could act as intermediate hosts and the chances of
an infected individual releasing embryonated eggs into the environment
seem remote.
It is likely that infections with Clonorchis and other exotic liver
flukes are regularly introduced into Australia, given the proximity of
endemic areas to Australia and frequent migration from these areas
to Australia. Similarly, Taenia solium is endemic in many SE Asian
countries and indeed is extending its range in some regions. Although
infected individuals are less likely to enter Australia than those with
fluke infections, the biosecurity issues are the same. These do not relate
to the risks of establishment, which is not likely due to the complicated
nature of the life cycles of introduced flukes. With T. solium, levels of
sanitation in Australia should preclude establishment of the life cycle
even though susceptible intermediate hosts are present. The biosecurity
issue relates to diagnosis and clinical management of infections in
humans. Due to their long-lived nature, these parasitic infections may
not give rise to clinical symptoms for many years and their non-specific
nature, e.g., neurological syndromes or liver dysfunction, may lead to
slow or misdiagnosis unless the patient’s history of past migration is
taken into account at the time of presentation to the clinician.

Section 3.3: Public health and exotic parasites

For example, more than 50% of malaria cases remain undiagnosed after
the first 3 days of symptoms. Such diagnostic delays:
•

increase the likelihood of transmission to vectors, intermediate
hosts, and other individuals; and,

•

delay effective treatment resulting in complications, the possible
death of the patient and in the case of malaria the chance of local
transmission!

The limitations to the detection of exotic parasitic infections in humans
thus include:
•

uncommon – clinical suspicion of both patient and doctor low;

•

lack of undergraduate and postgraduate parasitology training in
Australia; and,

•

long incubation period – may confuse link between transmission
and presentation.
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Section 4. Hosts and parasitism 4.1. Small
animals (dogs and cats)
4.1.1. Gastrointestinal tract
4.1.1.1.Gastrointestinal Nematodes of Small
Animals
4.1.1.1.1. Hookworms
Hookworms are blood-sucking parasites of the small intestine that
belong to the order Strongylida, superfamily Ancylostomatoidea. They
are characterised by a large buccal capsule that is ‘bent’ dorsally so the
anterior end resembles a ‘hook’ and males have a well-developed bursa.
Dogs can be infected by any of the following species of hookworms:
Ancylostoma caninum, Ancylostoma braziliense, Ancylostoma ceylanicum
and Uncinaria stenocephala. In addition, cats can also be infected with
Ancylostoma tubaeforme and, rarely, with Uncinaria stenocephala.

Ancylostoma caninum
Introduction
Ancylostoma caninum is the
most common and owing to its
pathogenicity, the most important
hookworm species infecting dogs
and is found mostly in tropical
and subtropical regions of the
world.
Fig. 4.1.1. Anterior end of A. caninum
showing the 3 pairs of teeth (image
courtesy of R. Traub)
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Summary of the taxon/parasite
Adults of A. caninum are up to 2 cm long, white or reddish in colour.
They can be distinguished from other species of hookworms by the
presence of three sharp pairs of teeth on the ventral margin of the stoma
(Fig. 4.1.1). Adults live in the small intestine of the dog, wolf, fox,
coyote and occasionally the cat.

Features of the life cycle
Female parasites lay unembryonated “strongyle” eggs in the small
intestine that are shed in the faeces. Eggs become embryonated, larvae
hatch and undergo two moults to produce infective L3 in 2-9 days in
optimal environments (shaded, warm, humid conditions with welldrained soil). These larvae infect by ingestion or skin penetration and
can survive in optimal environments for up to 6 weeks. Those larvae
that are ingested (either directly or via a paratenic host) undergo direct
development in the gut, while those that enter the circulation via skin
penetration undergo a tracheal migration. Regardless of the route of
infection, some larvae undergo a somatic migration to become ‘arrested’
in the tissues (intestinal wall, skeletal muscle) of adult dogs. Age and
resistance of the host as well as the temperature the infective larvae
were subjected to before infection are among the factors that drive the
somatic migration of the larvae. Hormonal changes during the last part
of the pregnancy induce reactivation of dormant larvae which migrate to
the mammary gland and in turn transfer to the puppies via milk. Larvae
are excreted in the milk for about 20 days post parturition. Some of the
larvae may also be reactivated spontaneously and migrate to the small
intestine to mature. This may occur from seasonal influences, or after
secondary debilitating disease or after treatments that remove the adults
from the small intestine. This is known as the ‘larval leak’ phenomenon
and it explains the refractory cases of A. caninum infections in dogs. The
prepatent period varies with the route of infection, from 2-3 weeks (oral
ingestion) to 4-5 weeks (percutaneous penetration).
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Migratory Phase through Lungs: Not usually significant. Larvae
break out of the capillaries into the alveoli and cause haemorrhage, and
inflammation that might lead to pneumonia and coughing.

Fig. 4.1.2. Coupled female and male of A. caninum attached to the mucosa of the
small intestine (image courtesy of L. Knott)

Intestinal Phase: Hookworm disease is caused by haemorrhage
produced by multiple lacerations associated with the frequent
attachment, feeding, and reattachment of worms (Fi. 4.1.2). During
feeding, the buccal capsule is buried deep into the intestinal mucosa
(Figs. 4.1.3 and 4.1.4) and proteases and anticoagulant compounds
produced by the hookworms help feeding. The worms change their
feeding site every 4-6 hours, leaving bleeding lesions behind. A. caninum
causes blood loss of up to 0.2 ml per worm per day, significantly more
than the other species of hookworms. Repair of the sites is rapid but
the size, weight, age and nutritional status of the host can all influence
the final outcome of infection. Several cases of eosinophilic enteritis
have been seen in humans associated with A. caninum adults (in NE
Queensland).

In addition to dogs, L3 can infect some other species (mice, rats,
birds etc.) where they do not mature but enter hypobiosis/arrested
development (in the body of the mice the larvae may remain viabile for
more than a year and may be transmitted to the next generation via the
milk). After these paratenic hosts are ingested by dogs the larvae mature
directly in the small intestine of the dog.
Pathology
Ancylostoma caninum causes damage to the host at the site of larval
penetration of the skin, during larval migration through the body and
most importantly, while taking up residence in the small intestine.
After skin penetration papules; erythema and pruritus are seen on
contact surfaces (feet, distal limbs and ventral abdomen) as result of a
hypersensitivity reaction.
Fig. 4.1.3. A. caninum taking a bite from mucosa of the intestine (image courtesy
of L. Knott)
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Clinical signs (and immunity)

Diagnosis

Exposure-related as well as age-related immunity is observed in
hookworm infections, however this is not absolute. Increased resistance
is observed in females after the age of 8 months and in males after the
age of 11 months in the absence of infections (Miller, 1968).

Clinical signs and finding typical strongyle eggs in the faeces (flotation
techniques) are diagnostic. Eggs measure 55 µm -65 µm, are oval with
thin, smooth shells and contain a morula stage (up to 8 blastomeres)
(Fig. 4.1.5). However, puppies may suffer from severe disease before
eggs appear in the faeces (immature parasites are pathogenic as well).

Peracute infection in puppies via the transmammary route may result
in severe haemorrhagic diarrhoea (dark, partially digested blood),
anaemia (pale mucous membranes), weakness, dehydration and death
as early as 10 days of life. Eggs may not be found in the faeces at
this stage and diagnosis may rely on signalment, history and clinical
signs alone. With continual exposure in older dogs, a more chronic,
subclinical disease may manifest with accompanying non-regenerative
iron deficiency anaemia. However, response to infection is variable, and
a well-nourished immunocompetent dog may show little to no signs of
disease. Adult dogs infected with large numbers of parasites in a short
time may also display clinical signs, especially those that are stressed and
malnourished.

Fig. 4.1.4. Haemorrhagic enteritis caused by Ancylostoma caninum (image
courtesy of L. Knott)
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Species of hookworms cannot be reliably differentiated by the
morphology of their eggs. PCR-based tests are available, but are usually
confined to research purposes.
In acute infections, haematological abnormalities include an initial
normocytic, normochromic anaemia. However, with continual blood
loss, the host soon becomes iron deficient and anaemia turns to
microcytic and hypochromic. Hypoproteinaemia is also common.

Epidemiology
In endemic areas dogs develop immunity after initial exposure (they can harbour a
small number of parasites and contaminate the environment).

Fig. 4.1.5. Typical strongyle egg of Ancylostoma caninum (image courtesy of R.
Traub)
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The females of A. caninum are prolific egg layers (16,000-20,000 eggs/
day) and egg shedding will peak when the weather conditions are
favourable for the development and survival of larvae (in temperate
regions infections are common during late spring, summer and early
autumn). Infection is common in semi-domesticated community dogs,
feral dogs and those in kennels or pounds.

of route of entry. Ancylostoma braziliense is less pathogenic than A.
caninum causing an average blood loss of 0.001 ml per worm per
day. In humans, the hookworm is notorious for producing prolonged
cutaneous larva migrans, a hypersensitivity reaction to migrating larvae
within the dermis, with tracts in the skin being recorded for over 100
days in some cases.

Treatment and control

Ancylostoma ceylanicum

See section on treatment and control of hookworms and roundworms
(below).

A. ceylanicum has a similar morphology and life cycle to A. braziliense.
Adults are distinguishable from A. braziliense by means of the lateral
rays within the bursa of males. The mediolateral and posterolateral
rays of Ancylostoma braziliense are clearly widely separated at their
tips, whereas the mediolateral and posterolateral rays are essentially
parallel in A. ceylanicum so that the tips of these rays are very close
together (Fig. 4.1.6). The host acquires infection by oral ingestion or
via the percutaneous migration of infective L3 from the environment.
Paratenic hosts are not reported to play a part in the transmission of A.
ceylanicum. Unembryonated eggs are passed in the faeces after 14 days
regardless of the route of entry and take 2 to 8 days to develop into
infective L3s in optimal environmental conditions. The significance of
A. ceylanicum lies not only in its ability to cause transient dermatitis,
anaemia and bloody diarrhoea in dogs, but the hookworm is also
zoonotic. Natural and patent infections in humans, sometimes with
accompanying anaemia, have been sporadically reported throughout
Asia, where the hookworm is endemic (Fig. 4.1.7). The parasite has also
been reported infecting cats and dogs in northern Australia. The average
blood loss per day per worm for a primary infection is 0.014 ml. This
makes A. ceylanicum significantly less pathogenic than A. caninum in
its acute phase, but substantially more pathogenic than A. braziliense
(Miller, 1966, 1968). Heavy infections may result in diarrhoea, with
large quantities of blood and mucus, which may also develop into
an iron deficiency anaemia. Following this acute phase, dogs usually
develop a strong protective immunity and are able to reduce worm

Ancylostoma braziliense

Fig. 4.1.6. Lateral view of bursa of male Ancylostoma ceylanicum (left) and
Ancylostoma braziliense (right). (Image courtesy of R. Hobbs and R. Traub)

The hookworm A. braziliense is 6-10 mm long and is distinguished by
two pairs of teeth on the ventral margin of the buccal capsule. It can
infect both dogs and cats and locates, as adults, in the small intestine.
Optimum temperature for the development of larvae is slightly higher
than that of A. caninum (it occurs mainly in North Queensland,
Malaysia and South America, but not New Zealand). Infection of the
host is transcutaneous (the L3s undergo a tracheal migration) and or
oral or via ingestion of L3 within paratenic hosts (parasites mature
directly in the intestine). The prepatent period is 14 days, regardless
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burdens by approximately 80% (Carroll & Grove, 1984). It is therefore
likely that dogs chronically infected with A. ceylanicum develop iron
deficiency anaemia in a similar fashion to infection with A. caninum.
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can enter hypobiosis. The least pathogenic of all species of hookworm,
U. stenocephala produces an average blood loss of 0.0003 ml blood
per worm per day (Miller, 1968). In a similar fashion to A. caninum,
infections with this parasite may require repeated treatment, most likely
because of the colonisation of the intestine with hypobiotic larvae.

Ancylostoma tubaeforme

Fig. 4.1.7. Reported distribution of Ancylostoma ceylanicum (from Traub, 2013)

Uncinaria stenocephala
Uncinaria stenocephalais a 5-12 mm long hookworm that instead of
teeth has a pair of cutting plates on the ventral border of the buccal
capsule. The eggs are slightly bigger than those of A. caninunm (65µm80µm). This parasite is found in the small intestine of dogs and rarely
cats and has a life span of about 4 months (A. caninum may live up to
18 months). The optimum temperature for development of the larval
stages in the environment is about 20°C (larvae of U. stenocephala can
develop at temperatures lower than 15°C while those of A. caninum do
not develop). Uncinaria stenocephala is adapted to temperate areas and
in Australia, it is a common parasite in dogs in southern states (Victoria,
Tasmania). Infection of the host is either oral (ingestion of L3s in
environment or within paratenic hosts), or rarely transcutaneous with
a prepatent period of 2-3 weeks. No transmammary or transplacental
transmission has been proven, even though the larvae of U. stenocephala
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Ancylostoma tubaeforme is 7-12 mm long and is similar to A. caninum,
having 3 pairs of teeth within its buccal capsule. It can infect cats and
very rarely dogs. Development of the larval stages in the environment
is similar to that of the other Ancylostoma species mentioned above
(optimum temperature is around 20°C). Infection of the host is either
oral (ingestion of L3s in environment or within paratenic hosts, most
commonly rodents) or transcutaneous, with a prepatent period of 3-4
weeks. Transmammary or transplacental transmission does not occur.
The hookworm is most commonly found in tropical and subtropical
areas of northern Australia (Palmer et al, 2007). Cats tend to harbour
and tolerate relatively few adult worms. However, heavier burdens,
most commonly seen in young cats, may be fatal. The parasite causes
significant blood loss from the intestinal mucosa with accompanying
diarrhoea, inappetence, depression, ill-thrift and marked anaemia.
Ancylostoma tubaeforme does not seem to cause cutaneous larva migrans
in humans (Bowman et al., 2010)
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4.1.1.1.2

Roundworms (ascarids)

Acarids are large white-opaque, stout-bodied worms from the order
Ascaridida, superfamily Ascaridoidea. At the anterior end these worms
have three lips surrounding the mouth. Eggs are passed unembryonated
in the faeces, have thick shells with usually one cell inside. Ascarids, in
the adult stage, are located in the small intestine and feed on intestinal
content. Dogs can be infected by Toxocara canis and Toxascaris leonina
while cats can be infected by Toxocara cati and Toxasaris leonina. While
adults are host-specific, larvae of both Toxocara canis and Toxocara cati
are zoonotic and may result in visceral and ocular larva migrans.
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Toxocara canis
Introduction
Toxocara canis is one of the most common parasites of dogs and a
common cause of morbidity and sometimes death in puppies.

Summary of the taxon/parasite
Toxocara canis is 10-18 cm long and belongs to the family Toxocaridae.
At the anterior end, these worms have three well-defined lips (Fig. 4.1.9)
and a pair of cervical alae that diminish in width gradually posteriorly
(Fig. 4.1.8). An oesophageal ventriculus (pea shaped structure
intercalated between the oesophagus and intestine) is present. The tail
of the male has a terminal digitiform appendage and the spicules are
sub-equal. Parasites live free in the small intestine and feed on intestinal
content; they may live an average of 4-6 months.

Fig. 4.1.8 Anterior end of Toxocara canis showing the cervical alae (image courtesy
of R. Traub)
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Features of the life cycle

Section 4.1: Small Animals (Dogs & Cats)

higher probability of finding eggs in the faeces of dogs younger than 6
months of age. Tracheal migration is also more likely to occur in entire
male dogs. Arrested larvae in the bitch’s tissue reactivate during the last
trimester of pregnancy to enter the pup in utero via the placenta as well
as via the milk for up to 35 days post-partum. In addition, some of
the reactivated larvae might migrate and mature in the small intestine
of the bitch. Following transplacental infection, larvae remain in the
liver and lungs of the foetus until birth and then undergo tracheal
migration, while transmammary infection results in direct development
of adults in the intestines. The prepatent period varies from 10-12 days
(transplacental route) to 4 weeks (ingestion of embryonated eggs). Eggs
are highly resistant and may survive for years in the environment.

Pathology
Fig. 4.1.9 Anterior end of Toxocara canis
showing the lips (image courtesy of R.
Traub)

Fig. 4.1.10. Egg of Toxocara canis,
85-90 µm in diameter (image
courtesy of Dr R.Traub)

Toxocara canis has a complex life cycle. Infection may involve
ingestion of fully embryonated L3s within eggs in the environment,
transplacental, transmammary transmission or transmission by paratenic
hosts. Female T. canis are very prolific and can lay more than 100,000
eggs/day (a bitch and her puppies may shed 1.5×107 eggs/day). At
optimum temperatures (25-30°C) infective larvae (L3s) develop
inside the eggs in about 2 weeks. This period of development in the
environment is essential for eggs to become infective. After ingestion
of the embryonated eggs most of the larvae hatch in the duodenum
enter the circulation and undergo either a tracheal migration to mature
in the small intestine or a somatic migration, where larvae encyst in
various organs, especially muscles, kidney and brain. The probability
of tracheal migration is high in puppies up to the age of 8-12 weeks
old, but significantly declines as the dog matures. This is why there is a
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The severity of disease will depend on the age of the host (more severe
disease in puppies), number of parasites (few intestinal worms are well
tolerated) and location of the parasites (adult worms might migrate
to aberrant sites such as the bile ducts and cause obstructive jaundice,
or the stomach and cause vomiting with expulsion of live worms).
In neonates, migrating larvae may produce pulmonary damage. The
early lesions in the lungs are mechanical in nature, resulting in focal
haemorrhages, hyperaemia, oedema and eosinophilic infiltration.
The interference with normal digestion most commonly leads to a
mucoid enteritis. Because of their large size, maturation of the worms
in the small intestine might block the transit of ingesta and in rare
cases lead to blockage and/or rupture the intestinal wall and cause
peritonitis. Inflammation associated with the destruction of larvae that
migrated to the brain, hypoglycaemia and hypocalcaemia may explain
the neurological signs (restlessness, convulsions) manifested by some
puppies.

- 403 -

Section 4.1: Small Animals (Dogs & Cats)

Section 4.1: Small Animals (Dogs & Cats)

Clinical signs

Treatment and control

Clinical signs may appear in pups as early as 2-3 weeks after birth,
prior to egg shedding. Young pups may present with coughing, frothy
nasal discharge, failure to thrive, rough and dull hair coat, anorexia,
emaciation, abdominal distention (‘pot-bellied’ appearance, probably
as a result of gas formation caused by dysbacteriosis), yellow pasty
diarrhoea and vomiting (sometimes with expulsion of live parasites).
Deaths due to intestinal blockage / intussusception may occur but this
requires heavy infections, perhaps 300-400 worms in a 1 to 2 kilogram
puppy, 3 to 5 weeks of age (Lloyd, 1993).

See section on treatment and control of hookworms and roundworms
(below).

Toxocara cati

Diagnosis
Diagnosis relies on clinical signs, age (puppies), medical history (absence
of regular deworming treatments) and identification of eggs in the faeces
(may not be present during pre-patent infection) using faecal flotation.
Eggs of T. canis (Fig. 4.1.10) are large, sub-spherical, 85-90 µm in
diameter, dark brown, thick shelled, with a finely pitted outer coat, and
contain one cell only. Occasionally worms might be vomited or excreted
in the faeces and these can be readily identified.

Epidemiology
Toxocara canis is one of the most common and widely distributed
parasites of canids. In Australia the prevalence of T. canis among pound/
refuge dogs has declined significantly from 35.1% in 1975 to 2.4% in
2008 (Palmer et al., 2008). A higher prevalence of infection with adult
parasites is encountered in puppies less than 6 months of age, male dogs
(compared to female dogs) and entire animals (compared to neutered
animals), owing to lowered immunity that favours tracheal migration
and development of adults in the gut over somatic migration. Eggs of
T. canis are very sticky and resistant and might survive for many years
in the environment. They are resistant to the effects of many chemicals
including lysol, formalin, hydrochloric acid and sodium hydroxide.
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Fig. 4.1.11. Anterior end of Toxocara
cati showing the cervical alae (image
courtesy of R. Traub)

Fig. 4.1.12. Embryonated egg of
Toxascaris leonina (image courtesy of
R. Traub)

Adults of T. cati measure 3-10 cm and have broad cervical alae that end
abruptly (the anterior end of these parasites looks like an arrow) (Fig.
4.1.11). The oesophageal ventriculus is present and the tail of the male
has caudal alae and a terminal digitiform appendage. Eggs are similar
to those of T. canis, but smaller (65-75 µm). Larval development takes
about 3-4 weeks at room temperature. The life cycle of T. cati differs
from that of T. canis in that:
•

infection via the placenta does not occur;

•

the probability of tracheal migration following infection with eggs
remains high even in older cats (prepatent period 38-56 days);
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•

infection via the milk is the most important route of transmission
in kittens (larvae do not undergo a tracheal migration but mature
in the small intestine);

•

reactivation of arrested somatic larvae and their vertical
transmission to kittens via milk is not important, but transmammary transmission occurs when the queen gets infected during
late pregnancy; and

•

paratenic hosts (cockroaches, earthworms, chickens, mice, lambs,
dogs) might be an important reservoir of infection for predatory
cats (larvae mature in the small intestine without tracheal
migration).

Infection with T. cati may produce no clinical signs, or a picture
similar to a less severe form of T. canis infection in a puppy. Kittens
aged 4-6 weeks may present with a rough dry coat, ill-thrift, yellow
pasty diarrhoea, abdominal distension, emaciation and vomiting (with
expulsion of live worms). Expulsion of the adult worms can occur by
6-7 months of age. Diagnosis is made on clinical signs and finding eggs
in the faeces using flotation techniques.

Toxascaris leonina
The adults of T. leonina measure 5-10 cm in length and, like Toxocara
canis, possess three lips and cervical alae that are long and narrow. The
adults can be distinguished from Toxocara by a lack of an oesophageal
ventriculus and the absence of a terminal digitiform appendage in
males. The parasite has a simpler life cycle to that of Toxocara in that
the entire developmental cycle occurs within the gut of the definitive
host. Adults of T. leonina reside in the small intestine of dogs, cats,
foxes and may live up to 15 months. Eggs measure 75-85 µm and are
oval, thick shelled with a smooth outer layer (Fig. 4.1.12) and contain
one cell only. Embryonation of the eggs takes place at a wide range of
temperatures (8°C - 37°C) and is quick (3-5 days at 25-30°C and 6-10
days at room temperature). Infection of the host occurs via ingestion
of infective eggs or via paratenic hosts. Regardless of route of infection,
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direct development to the adult stages occurs within the gut with a
prepatent period of around 2 months. In dogs there appears to be no
age resistance and as a result infections with T. leonina can be found in
both puppies and adult dogs. However, infections with this parasite are
not as common as those with T. canis or T. cati. Toxascaris leonina is of
limited pathogenicity in both dogs and cats due to a lack of tracheal or
somatic migration, inability to transmit to neonates via transplacental or
transmammary routes and a long prepatent period that allows puppies
and kittens to grow before the worms reach the adult size. Toxascaris is
not zoonotic.

4.1.1.1.3.

Whipworms (Trichuris spp.)

Whipworms (Trichuris spp.) are parasites from the order Trichinellida,
family Trichuridae that infect a wide range of mammals (they do not
infect horses). They are so called because of the distinctive shape of their
body, the anterior part is slender and long and the posterior part is short
and thick (like a whip with a handle). Most species are located in the
caecum and colon, with their anterior end embedded in the mucosa
and their posterior end free in the lumen. Eggs of these parasites have
a distinctive shape; they are lemon shaped (yellow-brown, oval, thickshelled and with two polar plugs). Dogs can be infected by Trichuris
vulpis while cats can be infected by T. campanula (an extremely rare
parasite).
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Trichuris vulpis
Summary of the taxon/parasite

Fig. 4.1.14. Egg of Trichuris vulpis on a faecal float (image courtesy of
R. Traub)

Features of the life cycle

Fig. 4.1.13. Female of Trichuris vulpis (image courtesy of R. Traub)

Trichurs vulpis belongs to the order Trichinellida. The adult worms
are 4-7.5 cm long, possessing slender anterior ends (2/3 of the body
length) and a thick posterior end (Fig. 4.1.13) resembling a ‘whip. The
posterior end of the female is curved while the posterior end of the male
is coiled with only one spicule. Eggs are lemon-shaped, 70-90 µm long,
yellow-brown, thick and smooth shelled with protruding plugs at both
poles with one cell inside in their unembryonated form. These parasites
are believed to feed on blood, cellular elements and fluids from the
surrounding altered, dying epithelium (feeding on blood is debatable)
(Campbell, 1991). The life span of T. vulpis ranges from months to
years and exceeds that of most intestinal nematodes (Campbell, 1991).
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Trichuris vulpis has a simple direct life cycle. Female parasites lay
up to 4,000 eggs/day (females do not lay eggs every day) which
are unembryonated when passed in the faeces. Under optimum
temperatures the infective larvae develop inside the eggs in about two
weeks (25–26 days at 19–25°C and 9–10 days at 33–38°C). Once
embryonated eggs are ingested by the dog, larvae hatch in the small
intestine, develop for a while in the crypts of Lieberkühn and then
invade the mucosa of the caecum and large intestine where they mature.
The prepatent period is long: 10-14 weeks.

Pathology
Infections with small numbers of whipworms are tolerated and can
be detected by identifying eggs in the faecal samples. Fatal infections
are associated with hundreds to thousands of parasites (Campbell,
1991). Both larval and adult stages possess a mouth spear which
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they move in an anterior-posterior direction. The anterior tip of the
parasite is constantly probing, thrusting and slashing tissues producing
an effect like a ‘fencer with rapier’. By doing this, the whipworm
slashes, punctures and shreds the tissues and blood vessels.Whipworms
may release cytolytic and haemolytic enzymes and use them for
extracorporeal digestion of the tissues (Hendrix et al., 1987).
Inflammation of the mucosa, large amounts of mucus, congestion,
submucosal oedema, epithelial desquamation, necrosis and occasionally
haemorrhage have been observed in infections with whipworms. In
chronic, heavy infections, inflammation may penetrate all layers of
the caecal wall and result in adhesions between that organ and the
peritoneum.

Clinical signs
Most of the infections with T. vulpis do not cause clinical symptoms.
In heavy infections, intermittent large bowel diarrhoea with fresh blood
and mucus, inappetence, weight loss, dehydration and anaemia are seen.
Other clinical signs include abdominal discomfort (pain) and tenesmus.

Diagnosis
Diagnosis of infection with T. vulpis is based on history, clinical signs
and finding characteristic unembyonated barrel shaped eggs in the
faecal samples (Fig. 4.1.14). Because of the long pre-patent period,
dogs may show clinical signs before eggs are shed in faeces. Whipworm
eggs are heavier than those of hookworm and roundworm eggs so
that a flotation solution with a relatively higher specific gravity (>
1.20) may be required. Flotation using Sheather’s sugar solution or
sodium nitrate solution is recommended for examination of faecal
samples. Furthermore, repeated sampling is indicated as eggs are shed
intermittently (occasionally no eggs appear in the faeces of even a
heavily infected dog for several days), whipworm females lay fewer eggs
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than the females of other parasites and as mentioned above, the eggs do
not float easily.

Epidemiology
T. vulpis has a worldwide distribution; prevalence in the USA is around
14.3% and in Australia up to 4.5% of dogs may be infected. Like other
nematodes, whipworms are more prevalent in kenneled and stray dogs
than in well-cared-for dogs. Prevalence and worm burdens are higher
in dogs older than 6 months owing to its long prepatent period and no
significant age-increased immunity. Eggs in the environment are very
resistant and may be viable up to 7 years and reinfections are common
due to difficulties in environmental control.

4.1.1.1.4. Treatment and control of
hookworms, roundworms and whipworms
Most nematocidal drugs in use are active against adult stages of
hookworms, roundworms and whipworms, with some exceptions.
Migrating larvae might not be affected by some of the drugs so it is
recommended to repeat the treatment to destroy developing adults. The
arrested larvae are resistant to routine therapy.

1. Anthelmintics
Drugs from three major classes of anthelmintics, (benzimidazoles,
tetrahydropyrimidines and macrocyclic lactones) which are commonly
used for the removal of intestinal stages of hookworms, roundworms
and whipworms. A new class of drugs, the cyclic octadepsipeptides
(emodepside) is also active on mature and immature stages of
hookworms, roundworms and whipworms. Piperazine (active on adults
of roundworms only), nitroscanate (active on roundworms, hookworms
and some tapeworm species), oxantel (active against adult whipworm
only) and levamisole (not active against whipworm) are less frequently
used.
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Benzimidazoles (fenbendazole, oxfendazole) and probenzimidazoles
(febantel) are active on mature and immature stages of hookworms and
roundworms, have ovicidal activity and are generally well tolerated.
Because the activity of these compounds depends on the time of contact
with the parasites they are generally administered over 3-5 consecutive
days. Pyrantel, the most common tetrahydropyrimidine compound
used in small animals, is active against adult stages of hookworms and
roundworms but not whipworms. It is well tolerated and often found in
combinations with febantel as a synergistic relationship exists between
these two drugs. There is evidence to demonstrate resistance among
Brisbane isolates of Ancylostoma caninum to pyrantel.
Macrocyclic lactones (ivermectin, milbemycine oxime and moxidectin;
selamectin in cats only) have a broad spectrum of activity. Besides
mature and immature hookworms, roundworms and whipworms they
are active on developmental stages of heartworms and lungworms
(moxidectin), mites, lice (only selamectin) and fleas (only selamectin).
Generally they are well tolerated but some breeds of dogs (Collies and
related breeds) and kittens are sensitive to some compounds. Before
treatments with macrocyclic lactones (MLs) dogs should be checked
to see if they are infected with heartworm as the destruction of
microfilariae might cause adverse reactions.
In animals with severe hookworm disease the parasites should be
eliminated as quickly as possible (anthelmintics that require a single
dose or/and act faster, such as oral milbemycin or pyrantel/febantel
combinations) and the anthelmintic therapy should be combined with
supportive care (e.g. fluid and electrolyte therapy, blood transfusion,
iron supplementation, high protein diet). For heavy roundworm
infections, surgical intervention may be required. For both hookworm
and roundworm infections, treatments should be repeated every 1014 days to remove the parasites migrating during the time of the first
treatment and because the home environment / dam’s milk may be a
continuing source of re-infection.
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2. Treatment to Prevent Clinical Disease in Puppies
Infected Vertically and to Minimise Environmental
Contamination
The aim of most anthelmintic treatments is to eliminate roundworms
and hookworms before they mature to cause disease and pass eggs to
contaminate the environment (which also has zoonotic implications).
One commonly used protocol, which provides protection against
roundworms and hookworms and minimises environmental
contamination, is as follows:
Puppies and Kittens
The general ‘rule of thumb’ is to start treating puppies and kittens at 2
weeks of age (to prevent vertically acquired infections becoming patent)
and then every 2 weeks until 8 weeks of age and then monthly until 6
months of age. Nursing dams and queens need to be dewormed at the
same time. Appropriate treatment choices include pyrantel (± febantel
for puppies), milbemycin (puppies from 2 weeks, kittens from 500
gram weight) or fenbendazole (50 mg/kg daily given for 3 consecutive
days). Topical application of moxidectin (selamectin and emodepside)
is registered for puppies and kittens over the age of 6 weeks. Puppies
should be tested for parasites during routine consultations (e.g.
vaccinations) and again at 6 months of age using faecal flotation
techniques.

Prophylactic Treatment of Pregnant Bitches
• Represents an off - or extra - label use as higher and more frequent
dosing is required
• Does not kill arrested larvae, but kills them during re-activation (once
they enter circulation)
• Ivermectin (300 μg/kg) twice (on days 45 and 55 post conception)
has 90.4% efficacy (Kramer et al., 2006)
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•

Moxidectin 1mg/kg twice at days 40 and 56 of pregnancy has
100% efficacy (Kramer et al., 2006). Also, doramectin at the same
dosage and the same treatment interval

•

Selamectin (also cats) 6 mg/kg given 4 times: 40 and 10 days preparturition, 10 and 40 days post-parturition, has 98% efficacy
(Payne-Johnson et al., 2000)

•

Fenbendazole 50mg/ kg daily, day 40 to 14 days post whelping
prevents hookworm and roundworm (Burke and Roberson, 1983)
transferring to neonates via the placenta and milk

Adult Dogs
Depending on the situation, regional prevalences of worm infection
and associated exposure of the animal to parasite-contaminated
environments (e.g. warm climate, outdoor exposure, entire animal,
children in household), monthly to six-monthly treatment of animals
is advocated. To ensure owner compliance and efficacy of current
deworming regimes, it is advised that practices test the animal for
parasites 1-2 times per annum using faecal flotation techniques.
Rarely, a dog persistently passes hookworm eggs in spite of regular
treatment, most likely due to the “larval leak” phenomenon, and may
have to be tested and dewormed on a more regular basis, especially
during summer months.
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•

The amount of environmental contamination depends on the
number of infected dogs which defaecate in the area and how long
the faeces are allowed to remain before collection and disposal. If
faeces are collected promptly, few hookworm larvae or roundworm
or whipworm eggs will reach infectivity and the area will remain
safe.

•

Floors of dog runs. Concrete dries faster and is easier to keep free
of infective parasite stages using chemicals such as 1% sodium
hypochlorite. Well-drained and bare soils are preferable to grassed
and shady areas where warm and moist conditions will favour the
survival of infective hookworm larvae.

•

Once an area is contaminated with hookworm larvae, it will
become clean with time provided no further infection is added.
Eggs and larvae are susceptible to desiccation. e.g. ten weeks of
the dry summer conditions of Victoria will kill virtually all larvae
of hookworms however contamination with roundworm or
whipworm eggs would last considerably longer (up to years).

•

Introduce only worm free dogs to clean areas.

•

Husbandry of kennels: Avoid overcrowding, ensure good hygiene
(regular removal of faeces) and nutrition. Concrete runs can
be scrubbed to remove organic debris, then sprayed with 1%
sodium hypochlorite. Sodium hypochlorite will remove the sticky
outer coat of Toxocara eggs, making them easier to remove from
inaccessible areas. Flame guns can be used on concrete surfaces to
destroy whipworm and roundworm eggs. Design of kennels to
provide prolonged exposure to sunlight will help destroy eggs and
hookworm larvae. Sodium borate can be raked into dirt runs (0.5
kg/m2) - this will, however, kill any grass - consider replacing dirt
with concrete.

•

Prevent animals from preying on mice, birds etc.

3. Husbandry Factors
•

Clients need to be counselled on the potential risks of improper
parasite control, from both a veterinary and public health
perspective.

•

Treating the animal repeatedly with anthelmintics only addresses
part of the problem and reinfection of the animal (and potentially
family member) will promptly occur if decontamination and
sanitation measures are not applied to the environment.
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4.1.1.1.5. Minor Nematodes of Small Animals
Strongyloides spp. or Threadworm
Life Cycle
Strongyloides stercoralis is capable of infecting humans, primates, dogs
and cats. The life cycle of Strongyloides is unique in that the parasite has
alternating free-living and parasitic generations. Once the filariform
larva enters the host by penetrating the skin, it enters the circulation
and undergoes a tracheal migration to become adult females that live
in the crypts of the small intestine. The adult female produces eggs by
parthenogenesis. The eggs hatch to L1s in the small intestine and may
a) be excreted in the stool or b) auto-infect the host by penetrating
the mucosa of the intestines or the perianal area. The cycle within the
host thus continues. The pre-patent period is 6-10 days. Strongyloides
stercoralis and S. felis are the only species in the genus capable of autoinfecting their hosts.
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intestine and auto-infective larval migration throughout tissues
(disseminated infection).

Diagnosis
Embryonated eggs containing L1s may be found on faecal flotation (Fig.
4.1.15). Hatched L1 or L3 larvae can be isolated using the Baermann
technique. The first-stage larvae can be differentiated from hatched
hookworm larvae by their a) prominent genital primordium and b)
shorter mouthparts (buccal capsule). Diagnosis of S. stercoralis infection
is complicated by the fact that larvae may be very low in number or
absent from the faeces, even in symptomatic cases. In these cases, faeces
can be tested multiple times (3 times over the course of 5 to 7 days), or
by using culture techniques which increase the sensitivity of the test by
allowing expansion via the free-living cycle. One such culture technique
is the agar-plate method and another is the Harada-Mori filter paper
technique.

Clinical signs
In young pups and kittens, auto-infective strongyloidiasis occurs,
although these infections are usually mild and self-limiting. In some
animals the worm burden may increase to clinically significant levels
associated with watery or mucus-laden diarrhoea with wasting and signs
of pneumonia due to the migrating auto-infective L3.
Most dogs and cats are asymptomatic, developing a strong immunity
to infection and cease shedding larvae within the first 8-12 weeks of
life. Penetration of skin by infective larva may result in pododermatitis.
Latent intestinal infections can be reactivated by immunosuppression
attributable to either chemotherapy or concurrent disease. In these
animals, up-regulation of autoinfection occurs resulting in hyperinfection syndrome, leading to excessive worm burdens in the small
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Fig. 4.1.15. Larvated egg of Strongyloides in a faecal flotation (image courtesy of
R. Traub)
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Treatment
•

Treatment of hyper-infection syndrome is challenging as available
drugs do not kill the migrating auto-infective larvae.

•

The following drug regime will kill adults in the intestines:
fenbendazole (50 mg/ kg) once daily for 7 to 14 days or ivermectin
(200 µg/kg) once every 4 days for 3 or 4 doses. Re-treatment may
be required. Consecutive treatments aim to remove adults as they
mature in the gut and reduce the burden of auto-infective larvae
(off-label use).

•

Improved husbandry: limit overcrowding and stress.

•

Monitor faeces monthly for at least 6 months after treatment.

•

Do NOT administer immunosuppressive drugs such as
corticosteroids unless infection is ruled out (difficult!) in endemic
areas.

•

Isolate from other animals and take care as there is a possible
zoonotic risk with S. stercoralis.

Epidemiology and Public Health Aspects
There is evidence to show that geographical strains of S. stercoralis
differ considerably in their virulence as well as infectivity to various
hosts. Therefore the pathogenic and zoonotic potential of any specific
strain of S. stercoralis cannot be predicted. Strongyloides spp. commonly
infect free-roaming community dogs in resource-poor areas that lack
proper sanitation. In these cases, it is common for the parasite to also
be endemic among the human population. In Aboriginal communities
in Australia, the prevalence of S. stercoralis in humans approaches 20%
in some communities with up to 10% of those infected suffering from
a hyper-infection syndrome. The prevalence of S. stercoralis in dogs in
these communities is reported at 0.5% - 4%. Percutaneous penetration
of infective larvae may also cause a form of cutaneous larva migrans in
humans referred to as ‘larva currens’. Strongyloides felis is common in
cats in north Queensland. A survey of cats from Townsville in 1987
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found 32% of cats infected with S. felis by necropsy. Most cats had light
infections and were subclinical.

Nematodes of the stomach
Most nematodes found in the stomach are from the order Spiruruda
and include genera that produce fibrous nodules in the wall of the
oesophagus or stomach of their carnivorous definitive host.

Gnathostoma spinigerum

Fig. 4.1.16. An egg of Gnathostoma sp. on a faecal float (image courtesy of T.
Inpankaew)

Gnathostoma spinigerum is a common parasite of feral and semidomesticated dogs and cats overseas. It is uncommon in Australia. Adult
worms live in thick-walled submucosal cysts in the stomach wall. Eggs
are released into the lumen via a tract and are passed in the faeces. Eggs
do not hatch unless they are in water. The free-living ensheathed L2s
are ingested by a copepod, the first intermediate host, and develop to
infective L3 that encapsulate in fish second intermediate hosts. A variety
of amphibians, snakes and mammals serve as paratenic hosts. Definitive
hosts become infected by ingesting L3s in fish or paratenic host tissue.
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Once ingested, the L3s penetrate the stomach wall and migrate to the
liver and muscles to re-enter the stomach and embed in nodules. The
prepatent period is 4-7 months.

Clinical Signs, Diagnosis and Treatment
Dogs or cats may be asymptomatic or suffer from gastritis, anorexia
and, most seriously, peritonitis when nodules may break open to cause
a perforated stomach wall. Diagnosis relies on finding characteristic
eggs that have an inflated ‘bubble’ on one end (Fig. 4.1.16). Worms
are typically 2-3 cm long with a hooked cephalic bulb with spines on
their bodies. There is limited information available on treatment, but
ivermectin may be efficacious.

Public Health Aspects
Feral and free roaming community dogs and cats act as reservoirs
for gnathostomiasis, however the parasite is primarily a food-borne
zoonosis. Humans acquire gnathostomiasis by ingesting water
contaminated by copepods or raw or undercooked meat of intermediate
or paratenic hosts (frogs, fish). In humans, the larvae migrate through
the stomach wall to the liver and 2-3 weeks to years later migrate
randomly through tissues. Migration through subcutaneous tissue
causes intermittent mobile, painful and pruritic swellings (cutaneous
larva migrans). Random invasion of central nervous system may
produce eosinophilic meningitis, subarachnoid haemorrhages and optic
neuritis. Human infection is common in Southeast Asia, especially
Thailand.
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Spirocerca lupi
Life Cycle
This spirurid nematode is common in tropical and subtropical regions
of the world. A prevalence of 17% was found in camp dogs in the
Tanami Desert area of Australia (Dr. G.Brown). The adult worms are
found in fibrous nodules in the wall of the thoracic oesophagus of dogs
(occasionally cats). The eggs are pass embryonated through a tract in
the nodule into the oesophageal lumen and into the faeces where they
are ingested by a coprophagous beetle intermediate host and possible
paratenic hosts (mice, birds, lizards). Dogs become infected if they
ingest the beetle or the viscera of the paratenic host containing L3s.
In the dog, larvae penetrate the gastric mucosa and migrate within
the walls of the coeliac artery to the aorta approximately 3 week after
ingestion. They remain in this location for up to 3 months while
maturing to young adults. The young adults then penetrate the adjacent
oesophagus at a point about midway between the diaphragm and
the aortic arch. It is in the oesophageal wall that the worms provoke
a granulomatous reaction as they mature into adults over the next 3
months. The prepatent period is long at 5-6 months.

Fig. 4.1.17. Aortic aneurisms associated with
spirocercosis in a dog in northern India (image
courtesy of R. Traub)
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Fig. 4.1.18. Embryonated
eggs of Spirocerca lupi on
faecal flotation (image
courtesy of T. Inpankaew)
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Pathogenesis and Clinical Signs

haematological findings.

Adult worms form fibroblastic nodules in the oesophageal wall (Fig.
4.1.19) and these nodules may undergo malignant transformation and
progress to an oesophageal sarcoma with secondary metastasis. Aortic
lesions in affected dogs typically occur within the intima resulting in
aneurysm formation occurring approximately 4 months after infection
(Fig. 4.1.17). Clinical signs may be variable depending on the stage
of disease and presence of ectopic lesions. Dogs may be initially be
asymptomatic, but most present with regurgitation, vomiting, melaena,
wasting and considerable weight loss as a result of the granulomatous
masses in the oesophagus and sometimes stomach. Neoplastic
transformation of S. lupi granulomas to fibrosarcoma is a frequent
finding associated with chronic spirocercosis. Haemothorax or sudden
death can be induced by the rupture of an aortic aneurism. Migration
from the aortic wall to the oesophagus via the mediastinum may result
in pleuritis and pyothorax which will present with coughing, retching
and dyspnoea. Patients with oesophageal sarcomas have also shown a
strong tendency to develop hypertrophic osteopathy with subsequent
lameness. Aberrant migration of the worms into the vertebral canal may
also produce neuromuscular signs such as paresis and spinal pain.

Treatment
Treatment is challenging as adults are protected within nodules.
Ivermectin 600 μg/kg SC, twice, 14 days apart along with alternative
daily therapy with prednisolone for 3-4 weeks has been successful.
Doramectin has also been shown to be effective by using an alternative
dosing regimen of 400 μg /kg, injected SC every 14 days for six
treatments, followed by monthly dosing until resolution of the parasitic
nodule. Food intake may be attempted in an upright standing position
in the case of regurgitation due to megaoesophagus. To prevent infection
in endemic regions, dogs should not be fed uncooked viscera of
paratenic hosts (e.g. chicken) or roam outdoors unsupervised.

Diagnosis
Most dogs detected with S. lupi-associated oesophageal neoplasia
do not have faecal egg shedding at the time of diagnosis as eggs are
intermittently shed and nodules may lack a fistula. However, detection
of characteristic ellipsoid embryonated eggs (small, 35 × 15 μm) in
faeces by faecal flotation (Fig. 4.1.18) is usually diagnostic. Primary
radiological lesions include an oesophageal mass, usually in the
terminal oesophagus, spondylitis, and undulation of the aortic border.
Contrast radiography and computed tomography are helpful additional
emerging modalities. Oesophageal endoscopy has a greater diagnostic
sensitivity than radiography. Anaemia and leucocytosis are common
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Fig 4.1.19. Spirocerca lupi in the oesophagus of a dog (image courtesy of
G Brown)
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Physaloptera spp.
One species, Physaloptera praeputialis, is found in feral cats in Australia
(prevalence of 3-5%). As for S. lupi, Physaloptera spp. utilise beetles (as
well as cockroaches and crickets) as intermediate hosts and mice, birds
and reptiles as paratenic hosts. Larvae develop to adult worms directly
within the stomach and have teeth which allow them to attach to the
gastric mucosa, leaving small ulcers as they move to fresh sites. In heavy
infections there may be vomiting and a degree of anaemia associated
with gastric ulcers and melaena. Diagnosis made by finding eggs (small
30-34 x 44-58 μm, oval, smooth with thick shell, contain a L1) in faeces
by flotation (S.G. > 1.2). Ivermectin (200 µg/kg) is a treatment option.

Cyathospirura seurati and Cylicospirura spp.
(heydoni and felineus)
Cyathospirura seurati and Cylicospirura heydoni are spirurid nematodes,
normally found in carnivorous marsupials such as quolls and the
Tasmanian devil. Adults are found in tumour-like masses in the gastric
mucosa and both species may be found within a single nodule. C.
seurati is also commonly found in feral cats together with Cylicospirura
felineus. Both these spirurids may occur at a very low prevalence in
domestic dogs and cats. The life cycle of these parasites are unknown,
but the most likely intermediate host is a dung-beetle. These parasites
have not been found to produce any significant clinical signs in feral
animals.
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adults developing on the gastric mucosa within 4-5 weeks. Massive
infections can lead to chronic gastritis, emaciation and death. As larvae
entering the intestines are usually digested and dead before passing
in the faeces, identification of adult worms or larvae in the vomitus
following emesis or at necropsy following scraping of the gastric mucosa
is diagnostic. Ivermectin should be an effective treatment option.

4.1.1.2. Gastrointestinal Cestodes of Small
Animals
Adult cestodes (tapeworms) infecting dogs and cats belong to the order
Cyclophyllidea (families Taeniidae, Dipylidiidae and Mesocestoididae)
and the order Diphyllobothriidea (family Diphyllobothriidae).They
have worldwide distribution and some (e.g. Dipylidium caninum) are
among the most common parasites found in dogs and cats. Generally
the adult tapeworms have low pathogenicity and as such, low impact
on the health of dogs and cats. However, the larval stages of some
tapeworms (e.g. Echinococcus granulosus) have significant economic
impact on livestock and are of significant public health importance.
Tapeworms specific to other host species (Hymenolepis diminuta that
infects rats, Anoplotaenia dasyuri that infects the Tasmanian devil etc.)
occasionally can mature in the intestine of dogs.

Ollulanus tricuspis
Ollulanus tricuspis is a small (<1 mm) trichostrongylid of cats and,
occasionally, dogs and pigs. Transmission between cats appears to be
direct through the consumption of vomitus. The adults lie beneath the
mucus on the surface of the stomach and viviparous females lay infective
L3s into the gastric lumen. These larvae undergo autoinfection, with
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Family Taeniidae
This family consisting of two genera, Taenia and Echinococcus, includes
the most important species of tapeworms that infect humans, dogs
and cats. The length of the tapeworms varies from a few millimetres
(Echinococcus spp.) to few metres (Taenia spp.). (Fig. 4.1.21). The scolex
is provided with four suckers and a rostellum with two rows of hooks.
Each mature hermaphroditic proglottid contains one set of genital
organs with a single genital pore that opens laterally (alternating sides
with every proglottid). The gravid proglottids contain the uterus that
has a median stem and lateral branches (Fig. 4.1.20)
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Tapeworms belonging to this family have indirect life cycles and their
maintenance depends on predator-prey relationships. Carnivorous
species (humans, dogs and cats) act as definitive hosts and a variety of
herbivorous and omnivorous species (humans, sheep, pigs, rabbits, etc.)
as intermediate hosts. A variety of larval forms (cysticercus, coenurus,
strobilocercus, hydatid) can develop in many organs (liver, lungs,
muscles, brain) of the intermediate host. In Australia, the most common
species of Taeniidae in dogs include Taenia pisiformis, T. hydatigena, T.
ovis, T. serialis and Echinococcus granulosus. Cats can be infected by T.
taeniaeformis (T. pisiformis can infect cats but it will not mature).

Fig.4.1.20. Gravid proglottid of Taenia sp. displaying the stem and lateral
branches of the uterus and laterally opening genital pore (image courtesy of R.
Traub)

Fig 4.1.21. Adult Taenia ovis in the small intestine of a dog. Image courtesy of
R. Traub.
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4.1.1.2.1.Taenia spp.
Biological and morphological features of the various species of Taenia
commonly found in dogs and cats are summarised in Table 1.

Features of the life cycle
Adult Taenia spp. live in the small intestine of the definitve host (usually
for up to one year even though some species may live for up to 5-7
years) attached to the mucosa by suckers and hooks. They usually
shed 2-3 gravid proglottids (that might contain up to 100,000 eggs
each) daily in the faeces. The eggs commence to be released from the
uterus when the proglottid detaches from the strobila so that eggs and
proglottid may be found in the faeces of infected animals. Eggs are
embryonated and immediately infective for the intermediate hosts.
After the eggs are ingested by the intermediate host, the oncospheres
(hexacanth embryos) are released from eggs in the small intestine. They
penetrate the wall of the intestine and make their way to the organs of
predilection (liver, peritoneum, muscle, etc.) where they develop into
mature metacestodes (larval stages). The development of the larval stages
usually takes up to 3-4 months for cysticerci (Fig.4.1.22) and up to 9
months for coenuri. The definitive host gets infected after ingesting
tissues that contain mature, fertile metacestodes (they contain viable
invaginated scoleces). In the small intestine of the definitive host the
scoleces evaginate, attach to the mucosa of the intestine and grow into
mature parasites (prepatent period: 1.5-4 months).
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Fig. 4.1.22. Everted cysticerci of Taenia hydatigena (image courtesy of R. Traub)

Pathology and Clinical signs
The primary importance of canine and feline tapeworms lies in their
ability to cause lesions in intermediate hosts that may result in economic
losses from organ or meat condemnation. Tapeworms are rarely harmful
to dogs and cats and most animals are asymptomatic. Heavy infections
may cause non-specific abdominal symptoms such as diarrhoea or
constipation and abdominal pain accompanied by ill-thrift, and a potbellied appearance.
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Diagnosis is made by finding actively crawling or dried proglottids in
faeces on resting places, or on the coats of animals (most commonly
observed by the owner). Fresh proglottids may be squashed between
two glass slides to release the eggs; dried proglottids may be relaxed
in water and will subsequently return to their usual shape) for further
examination. Faecal flotation is usually less rewarding for the detection
of taeniid eggs. If present, eggs are circular or oval, 30-40 µm in
diameter, brown and with a thick, smooth and striated embryophore/
shell. They contain an oncosphere with 6 hooks (hexacanth embryo).
Eggs of Taenia spp. CANNOT BE DISTINGUISHED from those of
Echinococcus!

Epidemiology

Taenia spp. infections in dogs and cats have a global distribution. The
prevalence is largely dependent on the opportunity of dogs to feed on
raw carcasses of slaughtered livestock or hunted animals (rabbits, feral
pigs). In Australia, feral dogs and those in rural areas are commonly
infected with the tapeworms T. hydatigena (11-22%), T. pisiformis (1835%), T. ovis (2.3-8.9%) and T. serialis (0.2-3.5%). Cats that hunt
may be infected with T. taeniaeformis. Eggs of Taenia spp. survive
up to one year at 40C and 90% relative humidity but are killed in 7
days at temperatures > 38°C (Coman, 1975). On pasture, eggs might
survive up to one year. Eggs may travel far through wind and bird/insect
carriage (eggs stick to feet).
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Taenia multiceps Dog, fox,
(exotic)
wolf

Taenia
taeniaeformis

Taenia serialis

Taenia ovis

Taenia
hydatigena

Sheep, goats, occ.
humans and cattle,
yaks

Rabbits

Intermediate host(s)

Coenurus (‘gid’) can grow
up to 5 cm in size

Cyticercus is pea-sized (5-8
mm long) fluid-filled vesicle
with an invaginated scolex

Metacestode features

Cranial cavity

Liver and
peritoneum

Prediliction sites

Adult features

Adults are 40–100 cm long. Lobes
of ovary equal in size.

Adult tapeworms up to 2 m long,
the neck is long and thinner than
the scolex, the proglottides are
narrower anteriorly and the genital
pore is generally obvious, pointed.
In mature proglottids the testes are
confluent posterior to the vitellaria.
Dog, fox,
Livestock (cattle, sheep, Cysticercus is up to 5 cm
Peritoneum
T. hydatigena can grow up to 2.5-5
dingo
goats, pigs, alpacas,
long, rounded at one end,
m long, have wide proglottids
llamas), rarely horses
elongated at the other end
(the widest in the dog), neck is as
(the scolex is located at the
wide as the scolex, genital pores are
elongated end)
inconspicuous.
Dog, fox,
Sheep, goats
Cysticercus is up to 6 mm
Muscle, especially
Adults are up to 1.5 m long and
gingo
long, often referred to as
heart, diaphragm
the strobila often twists spirally.
“sheep measles”.
and masseter
The proglottids have convex sides
giving the strobila a scalloped
edge. Genital pores are large and
obvious.
Dog, fox,
Rabbits and hares
Coenurus is up to 5 cm with Intermuscular and Adults up to 80 cm long. Similar
dingo
many scoleces arranged in
subcutaneous tissue to T. pisiformis but the neck is thin
lines, usually radiating from
and long and the scolex is small
a central point
and globular.
Cat and fox Rodents
Strobilocercus
Liver
Adults up to 60 cm long. The neck
is absent and the gravid proglottids
are bell shaped

Definitive
host(s)
Dog, fox,
dingo

Diagnosis

Taenia
pisiformis

Species name

Table 4.1. Biological and morphological features of Taenia known to infect dogs and cats
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Treatment and Control
Praziquantel is the treatment of choice given at intervals of 6-8 weeks
(4-6 weeks in Echinococcus endemic areas). Epsiprantel (Cestex),
Nitroscanate (Lopatol, dogs only) and benzimidazoles are also active
against Taenia spp. Education and legislation based on denying dogs
access to potentially infected carcasses (sheep, goat, pig or rabbit) and
dog population control measures may help reduce the incidence in
intermediate hosts.
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proglottid is long and it might be longer that half the length of the
worm). Genital pores alternate irregularly and usually are located in the
middle or posterior half of the mature and gravid proglottids. Testes in
the mature proglottids are located anterior and posterior to the genital
pore. The gravid uterus has well developed lateral branches. Distinct
strains with different affinities for intermediate hosts exist. Only the
‘sheep’ strain (Echinococcus granulosus ‘sensu stricto’) is present on the
Australian mainland, adapted to producing fertile cysts in both sheep
and macropods.

4.1.1.2.2. Echinococcus spp.
The genus Echinococcus consists of six species (E. granulosus, E.
multilocularis, E. vogeli, E. oligarthus, E. shiquicus and E. felidis) but
only E. granulosus is present in Australia.

Echinococcus granulosus or the hydatid
tapeworm
Introduction
Echinococcus granulosus has a global distribution with the exception of
Greenland, Iceland, New Zealand and Tasmania. Cystic echinococcosis
or hydatid disease, caused by the larval stage of this parasite, affects 2-3
million people globally and livestock production losses are estimated to
be as high as US $2.1 billion/year (Budke et al., 2006).

Summary of the taxon/parasite
Echinococcus granulosus is a Cyclophyllidean tapeworm belonging
to the family Taeniidae. It is a small tapeworm, up to 7 mm long
with strobila ranging from 3-7 proglottids (Fig. 4.1.23). The scolex is
provided with 4 suckers and a rostellum that has two rows of hooks.
The penultimate proglottid is mature and the last one gravid (the gravid
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Fig. 4.1.23. Adult tapeworm of Echiococcus granulosus (image courtesy of
L. Knott).
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Features of the life cycle
Adult tapeworms of E. granulosus are located in the small intestines
of dogs, wolves, dingos, coyotes, jackals, foxes (but not domestic cats)
that are the definitive hosts. The intermediate hosts are represented by
a wide range of domestic and wild ungulates, primates, marsupials etc.
The larval stages (metacestodes) commonly develop in liver and lungs.
However, larvae may occur in many other locations: kidney, spleen,
heart, brain, bone, reproductive organs, eye, etc. of the intermediate
hosts including sheep, cattle, pigs, horses, kangaroos, etc. (Fig. 4.1.24).
Two major, overlapping life cycles occur, the sylvatic cycle involving feral
dogs/dingoes with macropods, and the domestic cycle, involving farm
dogs with sheep.
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More than 91% of the eggs are released from the proglottids before they
reach the environment (eggs are fully infective for the intermediate hosts
when passed in the faeces of the definitive host) ( Fig. 4.1.25).
Intermediate hosts are infected by ingesting eggs with food and water.
After the eggs are ingested, the oncosphere hatches in the stomach
and duodenum, penetrates the intestinal mucosa, enters venules and
reaches various parts of the body but most frequently settles in the
liver and lungs. After the oncosphere arrives at the final destination it
develops into a cyst/metacestode (larval stage). The cyst grows slowly
and it measures about 1 mm in diameter after 1month (the cyst grows
about 1 mm/month or 1 cm/year). Cysts can grow as big as 10 to 30
cm in diameter (the biggest cyst recorded was 50 cm in diameter and
contained 16 liters of liquid). The metacestode consists of a bladder
with two layers, germinal and laminated. The germinal layer (10-25
µm) will give rise by budding to brood capsules (200-500 µm). Inside
brood capsules protoscoleces (Fig. 4.1.26) will develop (one cyst may
have as many as 2 million protoscoleces). The laminated layer is up to 1
mm thick, white and it protects the germinal layer against mechanical
and immunological damages. The metacestode is surrounded by the
adventitial layer (host reaction). In some cysts, daughter cysts might
develop. The cysts are filled with hydatid fluid. Not all hydatid cysts

Fig. 4.1.24. Sheep liver with numerous hydatid cysts (image courtesy of R.
Traub).

The definitive hosts pass eggs or proglottids in the faeces and
contaminate the environment. Gravid proglottids of E. granulosus
contain up to 1,500 eggs and one proglottid is produced every 1-2
weeks (the definitive hosts may shed over a million eggs/day).
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Fig. 4.1.25. Typical taeniid egg
(image courtesy of L. Knott)

Fig. 4.1.26. Invaginated protoscolex
of Echinococcus granulosus (image
courtesy of L. Knott)
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will produce brood capsules and/or protoscoleces; they are referred to as
sterile cysts. Infection of the definitive host occurs as a result of ingesting
organs that contain fertile cysts. In the digestive tract of the definitive
hosts the protoscoleces are released from the cysts, evaginate, attach to
the mucosa by suckers and hooks and develop to sexually mature adult
tapeworms in 4-6 weeks. E. granulosus may live in the small intestine of
the definitive host up to 22 months (average 12 months).

eggs. However this method has many disadvantages and has been
phased out. The sensitivity of purgation is low (65%), adverse reactions
(vomiting, diarrhoea, hypersalivation) are common and there is danger
of infecting the operator. Furthermore, purgation should not be used
in pregnant animals and very young or old dogs. As a result, this test is
not practical or justifiable in normal clinical settings. Safety precautions
should be observed during examinations: E. granulosus can infect
humans via accidental ingestion of eggs to produce hydatid disease.
Detection of parasite antigens in faeces (coproantigens) by ELISA
(there are commercially available kits) appears to provide significant
advantages over arecoline purgation or necropsy. The coproantigens
can be detected 5-10 days post-infection (before eggs can be detected)
and after treatment, faecal antigen conversion to the negative status
takes about 5 days. Sensitivity depends on the parasite burden but
approaches 92-100% in infections with more than 100 parasites. Crossreactivity with E. multilocularis might occur (Eckert et al., 2002).
Detection of copro-DNA by PCR has high sensitivity and the test can
differentiate other taeniid infections from E. granulosus (e.g. Taenia
spp. and other Echinococcus spp.), but its use is currently limited to
research. Examination of the small intestine at necropsy is the most
accurate method of diagnosis. Because the parasites are fragile the small
intestine should be removed and examined as soon as possible after the
death of the animals. Safety precautions should be observed during
examinations: E. granulosus can infect humans!!!

Pathology and clinical signs
In the intermediate host the pathology and clinical signs will depend
on the number and location of the cysts. The cysts in the liver and
lungs usually are tolerated without major clinical signs so the majority
of infections are revealed at the abattoir. When cysts develop in other
organs the clinical signs will be specific for those organs. Rupture
of a cyst might cause anaphylactic shock. Furthermore, released
protoscoleces (Fig. 4.1.26) may develop into other cysts.
In the definitive host infections with thousands of parasites may be
tolerated without any clinical signs.

Diagnosis
Ante-mortem detection of eggs and proglottids is possible (on
flotation, perianal sticky tape or in the faeces) but it is not reliable as a
diagnostic test for a number of reasons. Firstly, eggs are morphologically
indistinguishable from eggs of Taenia spp. Eggs from both genera
appear circular or oval, 30-40 µm in diameter, brown, with a thick,
smooth and striated embryophore/shell and an oncosphere with 6
hooks (hexacanth embryo) inside (Fig. 4.1.25). Furthermore, the eggs
might be shed irregularly. Proglottids may occasionally be seen on the
surface of the faeces, however, they may be overlooked because of their
small size (1-2 mm). The sensitivity of faecal testing may be increased
by purgation with arecoline and examination of faeces for proglottids/
- 436 -

Epidemiology
Infection with E. granulosus in dogs is globally reported (0-87.5% in
Europe, 0.5-60% in Africa, 3.42-48.2% in South America, 1.8-71%
in Asia). In mainland Australia, the highest prevalence is reported in
farm dogs in south-eastern NSW and Victoria (18-29% positive by
copro-antigen testing) as a result of access to infected offal. Furthermore,
E. granulosus has widely infiltrated Australian wildlife to the extent
that macropodids and dingoes and feral dogs/ dingo hybrids have
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become an important reservoir for the perpetuation of the parasite
(sylvatic cycle) and act as an important source of transmission to
livestock and humans. In macropods, the prevalence of infection may
approach 65%. Other wildlife species involved in transmission of E.
granulosus are feral pigs, wombats, feral horses, feral goats and foxes.
A high prevalence of infection continues to be reported in feral dogs
(46.3% - 76% in dogs from Queensland) (Jenkins et al., 2008 https://
www.wildlifehealthaustralia.com.au/Portals/0/Documents/FactSheets/
Hydatid%20Disease%209%20Jul%202009%20%283.0%29.pdf.
Mean worm burden in dogs varies between endemic localities (200
in Europe, New Zealand, USA; but may be higher, 1000 and up to
50000-300000 in dogs living in drier areas). Egg production may reach
1 million/day 10.1128/CMR.17.1.107-135.2004. At 4 °C the life-span
of the eggs is 300 days or more but increasing the temperature gradually
decreases the life-span of the eggs to 2–14 days at 37–39 °C. It was
suggested that a single infected dog can be the source of infection over
an area of 30,000 ha. Insects, birds and wild animals might transport
eggs over large areas, up to 60 km. Wind and water may also transport
eggs.
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Treatment is usually a combination of surgical and chemotherapeutic
(albendazole) intervention. Hydatid disease in humans is no longer
notifiable except for the Northern Territory and Tasmania (disease
eradicated in Tasmania)

Treatment and Control
Praziquantel is the drug of choice, given every 4 weeks in endemic
areas. Following administration, the dog should be confined to an
area where faeces produced within the 48 hour period after treatment
can be collected and destroyed, preferably using a flame gun.When
used at the dose of 5 mg/kg, praziquantel usually has 100% efficacy,
however, treatment failure may occasionally occur. Veterinarians have an
important role in educating the client.
• Do not feed dogs raw offal (this is illegal)
• Public education
• Basic hygiene – hand washing after playing with dogs;
• Do not leave dead carcasses of wallabies (also feral pigs) in the bush
• Wash fruit and vegetables well

Public Health Aspects
In Australia, hydatidosis in humans is most commonly reported in rural,
sheep-raising communities especially in south east Australia. Humans
acquire infection via ingestion of the egg via direct contact with the dog
(eggs stick to dogs coat and are infective immediately) or via ingesting
eggs in contaminated food or water. In humans, infection may be
asymptomatic or may reflect impairment of organ function (e.g. brain,
lung, heart, liver etc.) as a result of the cyst putting pressure on adjacent
organs. Typically, hydatid disease has a prolonged incubation period of
years (cysts take time to grow). Rupture or leakage of a cyst can lead to
fatal anaphylactic shock or the released brood capsules and protoscoleces
may develop into numerous daughter cysts in surrounding tissue.
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Co-existence of sylvatic strains on the mainland complicates control
measures, e.g. E. granulosus used to be endemic in Tasmania but control
campaigns starting in the mid-1960s resulted in its eradication by the
mid-1990s. The main reason for success in Tasmania was the absence of
feral dogs / dingoes (the sylvatic cycle). Dogs visiting Tasmania must be
certified as ‘dewormed’ or treated with praziquantel within 2 weeks of
leaving mainland Australia.
Vaccination of intermediate hosts offers promise in the future (Zhang
and McManus, 2008).
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4.1.1.2.3. Family Dipylidiidae
The tapeworms from this family are small to medium sized and have
a retractable scolex provided with several rows of hooks. There are two
sets of genital organs per proglottid and the genital pores are bilateral.
The uterus is not persistent but is replaced by capsules containing one or
several eggs.

Dipylidium caninum
Summary of the taxon/parasite
Dipylidium caninum or the ‘flea tapeworm’ is a Cyclophyllidean
tapeworm, belonging to the family Dipylidiidae, and the genus
Dipylidium. It is the most common tapeworm of dogs and cats globally.
The adult stage is located in the small intestine of the dog, cat, fox
and man (children) (Fig. 4.1.27). Adults of D. caninum can grow up
to 70 cm long. The scolex is provided with 4 suckers and a retractable
rostellum that has 3-5 rows of rose-thorn shaped hooks. Immature
proglottids have a trapezoidal shape while the mature and gravid
proglottids are longer than wider. Mature proglottids have two sets of
genital organs, including two genital pores, one on each side. The gravid
proglottids are elongated and resemble cucumber seeds or ‘rice’ (Fig.
4.1.28). They contain up to 150 egg capsules (120-200 µm) and inside
each egg capsule there are 15-30 eggs. Eggs are 35-60 µm in diameter,
almost spherical, dark-brown to yellowish, the embryophore is not
striated (unlike that of Taenia/Echinococcus spp.). Inside each egg lies an
oncosphere with 6 hooks (hexacanth embryo).
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Fig. 4.1.27.Dipylidium caninum from the small intestine of a dog (image courtesy
of L. Knott)

Fig. 4.1.28. Dipylidium caninum egg capsule (image courtesy of L. Knott)

- 441 -

Section 4.1: Small Animals (Dogs & Cats)

Features of the life cycle
The cat flea Ctenocephalides felis (in C. canis the cestode does not
seem to develop to the infective stage) appears to be the predominant
intermediate host for D. caninum. The chewing louse Trichodectes
canis has also been implicated, but their role as an intermediate host is
debated by some researchers. The adult worms shed gravid proglottids
that may pass out with faeces (individually or in groups) or they may
wander spontaneously out of the anus (the proglottids are motile). Fleas
can become infected only in the larval stage. The oncosphere (hexacanth
embryo) develops to the infective cysticercoid larva as the flea larva
develops and metamorphoses to the adult flea stage. In fleas reared at
30°C, the metacestodes (cysticercoid larvae) are formed in 13-18 days.
The definitive hosts are infected by ingesting adult fleas or lice during
grooming (prepatent period: 3-4 weeks).

Pathology and clinical signs
Infections with D. caninum usually do not produce any clinical signs.
However, passage of the gravid proglottids through the rectum will cause
irritation and the dogs will usually ‘scoot’ and rub their perineum along
the ground. In rare cases, dogs infected with more than 100 tapeworms
may develop haemorrhagic enteritis (Boreham and Boreham, 1990).
Heavy infections in young cats may produce diarrhoea, constipation,
convulsions and epileptiform seizures and the animals may exhibit
unthrifty, pot-bellied appearance (Bowman et al., 2002).
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survive for up to 3.5 months in dried proglottids. The proglottids of D.
caninum can be differentiated from the proglottids of Taenia spp. by
shape (cucumber seeds) and presence of two genital pores located just
behind the middle of the segments. Furthermore, squashing the gravid
proglottids will reveal the egg capsules (species from genus Taenia do
not have eggs contained in egg capsules). Occasionally, egg capsules are
detected by faecal flotation methods but this method is not sensitive.

Epidemiology
D. caninum has a cosmopolitan distribution and it is the most common
tapeworm found in dogs and cats (in some areas of the worlds the
prevalence might reach 67-81.6%). Infections with this tapeworm can
be observed in all seasons and in animals of all ages. Transmission is
highly dependent on the prevalence and density of the cat flea, C. felis.
The fleas may contain an average of 10 metacestodes each, however up
to 162 metacestodes were counted in one flea and in Australia around
10% of C. felis were found infected with D. caninum (Boreham and
Boreham, 1990). In cats, infections with Spirometra erinaceieuropaei
may offer cross-protection against the development of D. caninum
(Bowman et al., 2002).

Public Health Significance
Infection, usually of children, occasionally occurs via ingestion of adult
fleas. Children may be asymptomatic or suffer from light intestinal
disturbances.

Diagnosis

Diplopylidium spp.

Diagnosis is made by history (scooting, lack of flea control, lack of
deworming with praziquantel) and detection of the gravid proglottids
(either crawling or dried) in the faeces, bedding or around the anus.
Dried proglottids look like rice grains but after rehydration they
may return to the normal ‘cucumber seed’ or barrel shape. Eggs may

This genus has also been recorded in Australian cats. These tapeworms
(4-12 cm) live in the small intestine and pass gravid proglottids in
the faeces that resemble sesame seeds. The life cycle is not clear but
it appears that coprophagous beetles and reptiles (lizards) can act as
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first and second intermediate hosts respectively. Cats are infected by
ingesting the cyticercoid in the second IH. Only one egg is contained
within the egg packet.
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genital pore has led to this parasite being called ‘zipper worm’in Australia
(Fig. 4.1.29). This parasite is also known as Spirometra erinaceieuropaei.

Features of the life cycle

Treatment and Control
The flea infestation should be controlled first (otherwise proglottids
will be shed within 3 weeks after cestodocidal treatments). Praziquantel
(e.g. Droncit, Drontal) is the drug of choice and in flea endemic
environments should be administered every 3-4 weeks. However,
epsiprantel (Cestex) and nitroscanate (Lopatol, dogs only) are also active
against D. caninum.

4.1.1.2.4. Family Diphyllobothriidae
Species in this family are medium to long size tapeworms. The scolex
is variable in shape, usually bilaterally compressed, and instead of
suckers it bears two bothria (groove-like structures located dorsally
and ventrally). The uterus is spiral and opens to the outside through
a midventral uterine pore behind the centrally located genital pore
(the uterus of the species from the previous families does not have an
opening (uterine pore). There is only one set of genital organs in each
proglottid. Diphyllobothriideans require at least two intermediate hosts
to complete their life cycles, the first being a copepod and the second a
vertebrate.

Spirometra erinacei (‘zipper worm’)
Summary of the taxon/parasite
Adult tapeworms of S. erinacei are located in the small intestine of wild
and domesticated dogs, cats and foxes, where they can live for up to
2.5 years. The tapeworms grow up to 1 m long and have two muscular
grooves (bothria) on the scolex. The spiral uterus and centrally located
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The life cycle is complex, involving two intermediate hosts (first being
a copepod and second a vertebrate) and a succession of paratenic
hosts. Unlike the tapeworms from the previously mentioned species,
Spirometra spp. do not shed gravid proglottids in the small intestine
of the host. Instead, eggs are passed in the faeces of the host following
discharge from the uterus via the uterine pore. For this reason the
segments of these species do not become ‘gravid’ and they are shed when
empty/exhausted (also called ‘senile’ proglottids). In the eggs that reach
bodies of water a ciliated larva called a coracidium will develop and
hatch after one week. The coracidium is ingested by the 1st intermediate
host, a copepod from the genus Cyclops and develops into a procercoid
larva. Many vertebrate hosts (snakes, tadpoles/ frogs, lizards, chickens,
dogs, cats, pigs, but not fish) may act as second intermediate hosts
following ingestion of copepod-contaminated water. In the second
intermediate host, the procercoid larvae develop into plerocercoid larvae
(also called sparganum/ spargana). If the second intermediate host is
ingested by another vertebrate host (except for fish) the plerocercoid
larvae are transferred to the tissues of the new host (paratenic host)
where they persist as plerocercoid larvae (sparganosis). Thus plerocercoid
larvae of S. erinacei can transfer and survive in a succession of paratenic
hosts until the sparganum is ingested by the definitive host. Dogs and
cats become infected with adult tapeworms via ingestion of tissue of
intermediate or paratenic hosts with plerocercoid stages (spargana)
(prepatent period: 10-30 days). If dogs and cats drink water with
infected copepods, then plerocercoid larvae (spargana) can develop in
their tissues.
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Diagnosis
Diagnosis is made by detection of eggs on standard faecal flotation or
sedimentation tests or the identification of the proglottids in faeces or at
necropsy. Shedding of eggs/proglottids might occur in cycles. Proglottids
resemble a zip, with a single, centrally opening genital pore. The scolex
is never armed, instead has an elongated muscular groove, the bothria
for attachment. Eggs are 60-70 X 36-40 µm, yellow, asymmetrical and
operculated (Fig. 4.1.30).

Fig. 4.1.29. Proglottids of adult Spirometra erinacei or ‘zipper worm’ (image
courtesy of L. Knott)

Pathology and clinical signs
Clinical signs are uncommon in most definitive hosts (diarrhoea,
weight loss, vomiting have been observed in some cases). Initially it
was thought that plerocercoid larvae of S. erinacei can proliferate in
the tissues of many species, including dogs, cats, humans and cause
severe disease (proliferative sparganosis). However, an additional species,
known as Sparganum proliferum, has been suggested as the possible
cause of proliferative sparganosis. On the other hand, sparganosis
causing pleuritis in dogs resulting in pneumothorax has been reported
and characterised as S. erinacei by molecular tools (Simpson et al., 2012,
Mol. Cell Probes, 26:60).
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Fig. 4.1.30. Operculated eggs of Spirometra erinacei (image courtesy of L. Knott).

Epidemiology
S. erinacei is a common tapeworm especially of feral or semidomesticated dogs and cats (prevalence up to 30% in feral cats). In
owned dogs and cats, the infection is common in animals that prey on
frogs, lizards, snakes ,etc. Infections with this parasite are associated with
exposure to aquatic environments (1st intermediate host is aquatic). The
infection with spargana is very common in feral pigs (up to 100%) and
they can be a source of infection for hunting dogs and humans.
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Public Health Aspects
Humans can get infected with spargana by:
•

Drinking water that contains copepods infected with procercoid
larvae (humans are intermediate hosts);

•

Ingesting raw/poorly cooked meat from frogs, snakes, birds
or mammals (most likely feral pigs for Australia) containing
plerocercoid larvae (humans are paratenic hosts);

•

By pressing the flesh of an infested frog as poultice to ulcers,
wounds or sore eyes, a practice in many Asian countries (humans
are paratenic hosts).

Ingested procercoid or plerocercoid larvae penetrate the intestine and
migrate to various tissues including the subcutaneous tissue, brain, eyes
and peritoneum. Ocular sparganosis can cause intense pain, oedema
and ulceration, cerebral sparganosis is associated with headaches and
seizures. Spargana grow up to 30-40 cm in length and can persist in the
tissues for 20-30 years. Humans in Asian countries, including South
Korea, Japan, Thailand, and China are most commonly infected due to
traditional diets of eating undercooked pork, frogs, snakes, etc.

Treatment and Control
Praziquantel (Droncit®- Bayer) at an elevated dose rate of 20 mg/kg as
a single administration is recommended by the producer (Bayer) for the
treatment of infections with S. erinacei. Its short prepatent period of
10-30 days may indicate more frequent dosing intervals for animals that
like to hunt (e.g. indoor-outdoor cats).
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4.1.1.2.5. Therapy of tapeworm infections in
small animals
Isoquinolones, benzimidazoles and nitroscanate have cestodocidal
activity and are currently used for the treatment of tapeworm infections.
However, isoquinolones (praziquantel and epsiprantel), because of their
high efficacy and low toxicity are the most common drugs used for the
treatment of infections with adult tapeworms in dogs and cats.
Praziquantel has high efficacy against mature and immature
intestinal tapeworms of dogs and cats and can be administered orally,
intramuscularly, subcutaneously (the efficacy is comparatively lower) and
transcutaneously. Praziquantel has 100% efficacy against T. pisiformis,
T. taeniaeformis (from 1 mg/kg), T. hydatigena (from 2 mg/kg), D.
caninum (2.5-5 mg/kg) and E. granulosus (5 mg/kg) (Reinemeyer and
Courtney, 2001). For infections with Spirometra spp. higher doses
(20mg/ kg) and potentially multiple administrations are required.
Praziquantel has some efficacy against eggs of E. granulosus that have
been released from the proglottid but not against eggs contained within
the proglottid and at elevated doses against some trematodes (flukes)
infecting the lungs, bile ducts and intestines e.g. Paragonimus spp. (lung
fluke), Opisthorchis, Clonorchis, Platynosomum fastosum (biliary flukes),
Echinostoma and Alaria (intestinal flukes)). Praziquantel is a very safe
anthelmintic, doses of 50 mg/kg are tolerated without adverse effects
while doses of 100 mg/kg may cause transitory vomiting and depression
in both dogs and cats. Injected doses of 200 mg/kg are fatal to cats
(Reinemeyer and Courtney, 2001). Praziquantel, at the manufacturer’s
recommended dose of 5 mg/kg orally, is indicated for infections with
Taenia spp., E. granulosus and D. caninum. For infections with S.
erinacei and flukes, higher dose rates are recommended (20 mg/kg).
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Epsiprantel, unlike praziquantel, is poorly absorbed and as a result
it is effective only against enteric tapeworms. At the manufacturer’s
recommended dose (5.5 mg/kg for dogs and 2.75 mg/kg for cats),
epsiprantel has 100% efficacy against Taenia spp. and D. caninum.
Epsiprantel is a safe anthelmintic, overdoses of 5 times the therapeutic
dose, once daily for 3 days are tolerated without side effects by cats
while puppies (7-10 weeks of age) can tolerate overdoses of 18 times
the recommended dosage without signs of toxicity (Reinemeyer and
Courtney, 2001). Epsiprantel is not recommended for animals younger
than 7 weeks.
Benzimidazoles (Fenbendazole) are active against a wide range of
nematodes in dogs and cats but only against Taenia spp. tapeworms, if
given consecutively over a number of days.
Nitroscanate is a broad spectrum anthelmintic active against nematodes
(hookworms and ascarids) and cestodes (Taenia spp. and D. caninum)
of dogs. At the recommended dose (50 mg/kg) nitroscanate has 100%
efficacy against D. caninum and higher than 98% efficacy against Taenia
spp. but it can cause vomiting in about 10-20% of animals. Emesis may
be prevented if the animals are fasted for 12-24 h and the drug is given
either with a small amount of food or immediately after the dogs get a
small quantity of food. Except for vomiting, diarrhoea and inappetance,
doses up to 10,000mg/kg are well tolerated.
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4.1.1.3. Gastrointestinal Protozoa of Small
Animals
4.1.1.3.1. The Coccidia -Cystoisospora spp. in
dogs and cats
Introduction
Species of coccidian parasites are highly host specific.

Summary of taxon/parasite
Features of life cycle
Dogs and cats are commonly infected with Cystoisospora spp. (often
called Isospora spp. in older literature), especially at a young age.
In dogs the common species are Cystoisospora canis and the C.
ohioensis complex (C. neorivolta, C. burrowsi, C. ohioensis) and in cats
Cystoisospora felis and C. rivolta.
The infective stage is the sporulated oocyst (see Chapter 2). Once
ingested, the sporozoites ‘excyst’ to invade the intestinal epithelial
cells and divide asexually to produce merozoites (merogony). The
merozoites burst out of the host cell, destroying it, to enter a new cell
and start a new cycle. This may occur several times, depending on the
species of coccidia. Eventually, the merozoites re-invade a cell and will
form macrogametocytes (female) and microgametocytes (male) which
is termed gametogony. Eventually the gametocytes fuse (sexual phase)
to form an unsporulated oocyst that is shed into the faeces. This will
sporulate in 2-3 days in warm, humid weather (sporogony).
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Life cycles of Cystoisospora spp. are direct with transmission occurring
via the faecal-oral route with a facultative detour via a paratenic (or
transfer) host. The paratenic host (e.g. rodents) ingest sporulated oocysts
followed by the release of sporozoites that invade host tissue to become
encapsulated non-multiplying dormant cells called cystozoites (hence
the name of the genus Cystoisospora).

Pathology
Developing stages are located in the epithelial cells of the small intestinal
villi. With heavy infections, cellular disruption may cause villus atrophy
and diarrhoea.

Clinical signs
Isospora is most commonly seen in young animals with all dogs and
cats experiencing infection. In puppies and kittens, clinical disease is
associated with kennel situations, shelters, catteries and pet stores. The
most common clinical sign is diarrhoea, sometimes haemorrhagic and
clinical signs will often preceed oocyst excretion. Most dogs and cats will
develop a strong acquired immunity to subsequent infection, shedding
only low numbers of oocysts as adults.

Diagnosis
Diagnosis is based on clinical signs and detecting oocysts on faecal
floats. Absence of oocysts in faeces does not mean absence of coccidian
development causing the clinical signs. Oocysts must be differentiated
from other coccidian oocysts in the faeces of dogs (Sarcocystis, Neospora,
Hammondia) and cats (Toxoplasma, Sarcocystis).
Cystoisospora spp. are large coccidian oocysts (20-50μm) whereas oocysts
of Hammondia spp., Neospora caninum, Sarcocystis spp. and Toxoplasma
gondii are all smaller (10-15μm).
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Dogs: C. canis (38 ×30 μm), C. ohioensis (25 × 20 μm)
Cats: C. felis (42 × 28 μm), C. rivolta (25 × 20 μm)
Oocysts are shed unsporulated. To confirm that oocysts belong to
Cystoisospora spp. they need to be sporulated (especially the smaller
oocysts of C. ohioensis-type or C. rivolta). After sporulation they possess
two sporocysts that should be recognised using routine microscopy.
Presence of only two sporocysts differentiates them from other coccidian
oocysts that possess four sporocysts per oocyst (Eimeria spp.). It should
be noted that dogs will often ingest faecal material from ruminants and
chickens and Eimeria oocysts shed by these hosts will also be detected in
the faeces of the dog (and represent so-called “pseudoparasites”).
Differentiating Cystoisospora spp. from Toxoplasma gondii is important
in kittens. Both types of oocysts will develop into oocysts with two
sporocysts, but T. gondii oocysts are significantly smaller (~12 μm)
compared to any of the Cystoisispora spp. Similarly, the assumed nonpathogenic genus Hammondia possesses identical oocysts.
Differentiating oocysts of Toxoplasma / Neospora / Hammondia based
on morphology is not possible. Moleular diagnostic techniques (e.g.
PCR) to differentiate them are not currently available commercially
and therefore a presumptive diagnosis of Toxoplasma is made for ~12
μm oocysts in cats and Neospora for ~12 μm oocysts in dogs. However,
presence of such oocysts is extremely rare in both dogs and cats.

Epidemiology
Coccidiosis in puppies and kittens is usually associated with poor
management such as keeping animals in unhygienic and / or
overcrowded conditions. Puppies and kittens often suffer from other
stressors such as a concurrent disease or malnourishment. Breeding
kennels and rescue centres are potential sources of infection. Feeding
raw meat is also a potential source of infection.
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Treatment and control

4.1.1.3.2. Cryptosporidium

In puppies and kittens suffering from diarrhoea or dysentery, immediate
supportive care via intravenous fluids and possibly a blood transfusion
should be commenced.

Introduction

•

•

•

Treat affected animals with toltrazuril:
•

Cats – 20 mg/kg and can be repeated 2 weeks later (off label)

•

Dogs – 30 mg/kg (off label)

•

Can be used in kennel situation; a single oral treatment for
puppies in the 3rd or 4th week of age is recommended.

Alternatively you may use sulphonamides:
•

Dogs – 50 mg/kg first day then 25 mg/ kg for 2 weeks (off
label);

•

Cats - 30-60 mg/kg/day for 6 days (off label). If in a kennel
situation, mass treat all animals in a litter, including the bitch
or queen with sulphonamides for 10 days.

Isolate and quarantine shedders if possible. Thorough and frequent
cleaning of the envinronment with household cleaning agents will
lower the envinronmental contamination with oocysts. However,
note that oocysts are resistant to bleach, and household detergent
do not kill the oocysts; you only remove them as part of the process
of cleaning.

•

Bathe the bitch before whelping or during lactation to remove
sporulated oocysts on the coat.

•

Removal faeces daily as it takes 2-3 days for oocysts to sporulate.

Administration of anticoccidials when oocysts are seen in faeces is not
often followed by rapid resolution of clinical signs (diarrhoea), because
the damage has been done and the drug is used too late in the course
of infection. In fact, the use of drugs in animals shedding oocysts is
questionable, because most dogs and cats develop a strong acquired
immunity to reinfection.
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Cryptosporidium has a direct life cycle and is transmitted via the
faecal-oral route, either directly or via contaminated food and water.
There are several species of Cryptosporidium with over 60 genotypes
described. The species are mostly host-specific (e.g. C. felis in cats, C.
suis in pigs, C. bovis in cattle, C. canis in dogs, C. muris in mice), some
Cryptosporidium species (e.g. C. parvum bovine genotype) are able to
infect several host species, which makes it a zoonotic risk.

Summary of taxon
Cryptosporidium is a unique genus within the Apicomplexa. The genus
is most closely related to gregarines (parasites of invertebrates). The most
important species is C. parvum -bovine genotype because of its zoonotic
potential and waterborne trasmission. Dogs and cats are rarely hosts of
C. parvum-bovine genotype. More often, dogs and cats are infected with
their host adapted species, C. canis and C. felis respectively.

Features of life cycle
In general, the life cycle of Cryptosporidum is similar to the enteric
coccidia with a few notable exceptions. Cryptosporidium develops in
the apical portion of the host epithelial cell and although intracellular,
the parasite does not invade the cell cytoplasm. Asexual reproduction
is characterised by the production of two types of meronts. Type I
meronts release merozoites that invade epithelial cells and continue
the asexual cycle, whereas type II meronts release merozoites that
differentiate into micro and macrogamonts following cell invasion.
Oocysts are also passed fully sporulated and are immediately infectious
to a subsequent host. Thus, faecal-oral transmission is very important in
crowded or confined conditions.
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Pathology
Both increased fluid excretion and malabsorption occur following
infection with Cryptosporidium. Although there is little known about
the pathology of the species that most commonly infect cats and dogs,
C. parvum primarily infects the distal small intestine and colon. Villus
atrophy, villus fusion, crypt hyperplasia and infiltration of intestinal
tissues by inflammatory cells commonly occur. The parasite causes
disruption of the microvilli resulting in impaired nutrient and electrolyte
transport. A cholera-like toxin produced by the parasite has also been
described.

Clinical signs
Infection with Cryptosporidium is often asymptomatic. If clinical disease
manifests, it is usually associated with young animals and those in
situations where the effects of overcrowding, weaning and nutritional
deficiency may cause stress and exacerbate the effects of an infection
(kennels, catteries). Cryptosporidiosis in dogs and cats tends to manifest
as an acute bout of small bowel diarrhoea which usually resolves in 7-10
days but may be chronic if the host is immunocompromised. Weight
loss and failure to thrive have been reported in rabbits, rats and mice
and watery diarrhoea with occasional deaths in guinea pigs.

•

direct immunofluorescence with monoclonal antibodies is available
and is considered the gold standard for specific and sensitive
detection by commercial laboratories

•

in practice the most straight forward diagnosis is done using rapid
antibody tests (e.g. IDEXX Snap test)

•

visualisation of oocysts using special stains (Ziehl-Nielsen and
modified acid fast staining)

PCR methods are the only methods that can differentiate the zoonotic
C. parvum-bovine genotype from the host adapted species of dogs
and cats; for veterinarians in practice such identification down to the
species is not available; the majority (80-90% of reported cases) of
Cryptosporidium spp. in dogs and cats are the host adapted species.

Epidemiology
Dogs and cats shed sporulated oocysts in their faeces. Oocysts are highly
resilient in the environment and will survive for weeks in water. The
zoonotic C. parvum-bovine genotype is the dominant species in young
calves (<2 weeks, close to 80-100% calves are infected).

Treatment and control

Diagnosis
Diagnosis of cryptosporidiosis involves visualization of oocysts in faecal
samples. Samples often need to be sent to a specialist laboratory as
oocysts are small and often difficult to observe. Diagnosis can be made
by:
•

visualising Cryptosporidium oocysts. Oocysts floated with sucrose
will have a pinkish hue and will float high in the focal plane.

finding the oocysts in faecal floatations. The majority of
Cryptosporidium spp. infect the small intestine and have small
round oocysts (5.0 μm). Saturated sucrose is the best solution for
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There is no effective curative treatment for cryptosporidiosis. Supportive
care alleviates symptoms of diarrhoea or dehydration with oral or
intravenous fluids and good immunity develops following infection.
The following drugs have been used with some success in cases where
animals have persistent diarrhoea with oocyst shedding (off-label):
•

Paromomycin: 150 mg/kg SID for 5 days (dogs and cats; has renal
side effects),

•

Tylosin: 10–15 mg/kg TID for 14–21 days (cats);
- 457 -

Section 4.1: Small Animals (Dogs & Cats)

•

Azithromycin: 5–10 mg/kg BID for 5–7 days (dogs); 7–15 mg/kg
for 5–7 days (cats); and,

•

Nitazoxanide (as AliniaTM of Romark Laboratories is only
approved for use in humans): 100 to 200 mg BID for 5 days. The
efficacy of nitazoxanide in dogs and cats is not known.
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Public health significance
People are most likely to be infected through person to person
(anthroponotic) transmission of oocysts with the human-specific
species C. hominis with most outbreaks being attributed to swimming
in community pools. Both C. hominis and C. parvum-bovine
genotype have been implicated in waterborne outbreaks resulting
from a heavy rainfall event causing improperly treated drinking water.
Immunocompetent people often only experience self-limiting diarrhoea
whereas immunocompromised (i.e. HIV-AIDS) patients may experience
chronic, fulminating diarrhoea which may be fatal if left untreated.
Apart from C. parvum- bovine genotype, occasionally other species of
Cryptosporidium (C. meleagridis, C. felis, C. canis) have been reported
in humans, usually in children or patients with immunosuppressive
disorders or treatments.

Fig. 4.1.31.Giardia cysts recovered on zinc sulphate centrifugal flotation (image
courtesy of R. Traub)

Summary of taxon
Giardia spp. are in the order Diplomonadida, and the family
Hexamitidae. The mammalian species, Giardia duodenalis, is
synonymous with G. intestinalis and G. lamblia. Within this species,
there are 8 distinct genotypes termed assemblages A-H.

Features of life cycle

4.1.1.3.3. Giardia
Introduction
Giardia spp. are common flagellated protozoan parasites of the upper
small intestine of many species including humans, dogs, cats, mice
and budgerigars. At least six species of Giardia exist, G.duodenalis
in mammals including the dog, cat, guinea pig, cattle, pig, humans,
rodents and others, G. muris and G. microti in rodents, G. psittaci in
psittacine birds G. agilis in frogs and G. ardeae in blue herons.
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Giardia has a simple, direct life cycle and like Cryptosporidium,
is transmitted by the faecal-oral route. Giardia trophozoites are
extracellular and attach to the intestinal mucosa using a ventral
adhesive disc producing a highly variable clinical disease ranging from
asymptomatic to a chronic diarrhoeal disease. The motile trophozoite
divides by binary fission and as the faeces dehydrate in the colon, the
trophozoites form a protective cyst. The prepatent period varies from 3
days to 2 weeks.
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Pathology
Attachment of the parasite to the intestinal epithelium results in a
shortening of the intestinal brush border and a corresponding reduction
in intestinal disaccharidase activity. Villus atrophy may or may not be
present. In addition, Giardia infection results in enterocyte apoptosis,
hypersecretion of chloride ions and disruption of intestinal barrier
function.

Giardia duodenalis is the most common gastrointestinal parasite of dogs
in Australia. Infections are less common in cats, but could be a problem
in cats housed in poorly managed shelters or catteries. As in other hosts,
clinical disease in dogs and cats is highly variable. While many hosts are
asymptomatic, clinical signs usually consist of a foul-smelling mucoid
diarrhoea that is acute, chronic or intermittent. Interestingly, there are
reports linking Giardia infections to the development of pruritus in
dogs and allergic disease in other hosts. However the involvement of the
parasite in these conditions is not well understood.

Diagnosis
Faecal samples may need to be taken over several days as cyst excretion
may be sporadic. The rule of thumbs, is that single negative for Giardia
does not rule out the presence of Giardia, and therefore 3 faecal samples
over 10 days should be collected and tested to confirm presence or
absence of Giardia.

•

•

Zinc sulphate flotation to reveal Giardia cysts in faeces cysts are
oval, 10-12 μm long and surrounded by a thin wall (Fig. 4.1.31).

•

Motile trophozoites in fresh faecal smears (a drop of saline added
to a smear) have a rapid “falling leaf ” motion and are only likely to
be seen in unformed faeces.

•

Duodenal aspirates or biopsies may also be examined for
trophozoites.

Treatment and control

Clinical signs

•
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direct immunofluorescence with monoclonal antibodies is available
and is considered the gold standard for specific and sensitive
detection by commercial laboratories.
Rapid in-house ELISA based tests available (e.g. SNAP Giardia test
kit – IDEXX).
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Supportive care (intravenous fluids) is used to correct the dehydration
and electrolyte imbalance.
•

Chemotherapy options are:
•

Febantel: SID for 3 days. (Registered for dogs in Australia)

•

Fenbendazole: 50 mg/kg SID for 3days (off label);

•

Metronidazole: 25 mg/kg BID 5 days (off label);

Public health significance
Only Giardia duodenalis is zoonotic, but it has a wide mammalian host
range. Dogs and cats harbour both zoonotic (Assemblages A and B) and
species-specific genotypes of G.duodenalis (C and D for dogs and cats,
F for cats only). All Giardia positive dogs and cats must be suspected of
carrying potentially zoonotic genotypes and treated accordingly.

4.1.1.3.4.

Tritrichomonas foetus

Introduction
Tritrichomonas foetus is a single-celled flagellated protozoan parasite
that has a world-wide distribution and traditionally caused reproductive
failure in cattle (infertility, abortion and endometritis). Infection was
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transmitted through natural service from infected bulls, and has been
countered by the widespread use of artificial insemination.
Recent studies have demonstrated that a distinct genotype of T. foetus
also causes diarrhoea in cats. The infection colonises the large intestine,
and can induce prolonged and intractable diarrhoea. Infection has also
been identified in cats from Australia. In the UK, up to 30% of faecal
samples from cats with diarrhoea have been found infected, with young
pedigree cats (particularly Siamese and Bengal) having the highest
risk. In the USA, up to 30% of pure-bred cats with diarrhoea may be
infected with T. foetus.

Summary of taxon
Tritrichomonas foetus belongs to the genus Tritrichomonas within the
Order Trichomonadida. Based on the genetic analysis of a range of
genes, the bovine and feline genotypes are distinct. This is supported by
epidemiological evidence with presumptive species genotypes isolated
only from the respective host species.
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Pathology
The infection mainly causes colitis (large bowel inflammation and
diarrhoea) with increased frequency of defaecation, semi-formed to
liquid faeces, and sometimes fresh blood or mucus in the faeces.

Clinical signs
Although cats of all ages can be affected with diarrhoea, it is most
commonly seen in young cats and kittens less than 12 months of age.
Apart from diarrhoea, there may be:
•

inflammation and pain around the anus if the diarrhoea is severe,
with some cats developing faecal incontinence. Most of the
affected cats have come from rescue shelters and pedigree breeding
colonies.

•

In spite of the diarrhoea, most affected cats are otherwise well, and
show no significant weight loss or loss of condition.

Diagnosis

Features of life cycle
Infection is most commonly seen in colonies of cats and multicat
households, where the organism is presumably spread between cats by
close and direct contact. The primary infection pathway is probably the
litter box where use by two cats can transfer the parasite from the faeces
of one cat to the paws of another where they later become ingested
during grooming. T. foetus can live for 3 days in wet faeces. Pure-bred
cats are most commonly seen with clinical signs in Australia. T. foetus is
likely transmitted by the faeco-oral route. The trophozoites are viable in
faeces for several days, supporting faecal oral trasmission. The organism
inhabits the mucosal lining of the distal colon.
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Diagnosis is not straightforward. Any cat with prolonged large
bowel diarrhoea should be investigated for presence of T. foetus. The
assessment of the cat’s faeces for the presence of T. foetus can be made
by:
•

direct smear (requiring a keen and experienced veterinarian able
to use a microscope) to look for motile trophozoites in fresh faecal
smears, especially of any mucus associated with faeces which is most
likely to contain the parasite;

•

culture of the organism (‘In Pouchtm TF’ test [BioMed Diagnostics,
Oregon, USA]), for 2-12 days and examine for motile organisms,
or

•

by detection of T. foetus DNA using PCR.
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Smears detect 15-20% of cases (expert diagnosticians may have
better results), culture and PCR around 80-90% of cases. PCR is the
most practical method but is more expensive than culture. However,
intermittent shedding of the parasite may necessitate repeated sampling
(therefore repeated testing is needed to rule out the presence of T.
foetus). T. foetus is often associated with the presence of Giardia in
diarrhoeic cats; because of the difference in treatment, the presence of T.
foeatus needs to be confirmed and Giardia distinguished from T. foetus.

bitter) once daily for two weeks can resolve clinical signs and potentially
eradicate T. foetus. However, it is advised to use the lower dose rate
(30mg/kg), reducing to 10mg/kg once daily for two weeks for young
kittens, or cats with other infections or clinical signs.

Epidemiology
The bovine genotype is distinct from the feline genotype so that
infection between cattle and cats is not important. Studies have
indicated that pure-bred cats are more commonly infected, so that
pedigree animals and “show cats” are more likely to have the infection
and show clinical signs. Alternatively, cats from shelters and “street cats”
have low rates of infection and symptoms, so they are either immune,
are not readily infected or readily clear infections.
Overall, the means of transmission and the possibility of environmental
reservoirs are not clear. Garden slugs have been found infected with
trophozoites of T. foetus, but the significance is not clear.

Treatment and control
Most cats show improvement and no signs of infection within 2 years of
onset. Treating individual cats may not remove the infection in multicat facilities as other animals may be shedding but be asymptomatic.
In addition, the location of T. foetus in the colon makes it difficult
for anti-protozoal drugs to reach them (including fenbendazole and
metronidazole).
The cat to be treated should be isolated from other cats.
Ronidazole (off-label) at a dose of 30-50mg/kg (in capsules as it is
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A PCR test (or culture) should be conducted after treatment to verify
that the organism has been completely eradicated.
Since the transmission is not understood, control measures involve
sanitary practices.

Public health significance
The zoonotic potential is negligible.

4.1.1.3.5. Minor protozoal species
Sarcocystis spp.
There are many species of Sarcocystis, each specific to an intermediate
host species (direct transmission does not occur). Infection in dogs
and cats is common and occurs by the ingestion of bradyzoites in
intermediate host tissue (usually if fed raw meat by their owner).
Only sexual reproduction (gametogony) occurs in the definitive host.
Infection in the dog and cat is usually non-pathogenic, however
infections in intermediate hosts (cattle) may been associated with
lowered production, abortions carcass condemnation, myositis and
encephalitis (equine protozoal myeloencephalitis caused by S. neurona).

4.1.1.3.6. Blastocystis
Blastocystis is an enteric protozoan commonly found in human and
animal faeces. The prevalence ranges between 70-90% in domestic
dogs, cats and chickens in Brisbane and 6% in Melbourne. Around
30% of humans are infected in populations from both developed and
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developing countries. Infection has been associated with irritable bowel
disease-like symptoms, flatulence, abdominal pain and diarrhoea in
people, but there is debate over its pathogenicity. Blastocystis has also
been isolated from a range of animal species, including dogs, cats, birds,
pigs and livestock.
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Hammondia heydorni (dogs) and H. hamondii
(cats)
Infection in the dog and cat is usually non-pathogenic but can cause
diarrhoea in immunosupressed dogs. The life cycle similar to that of
Sarcocystis.

Table 4.2. Prevalence of gastrointestinal parasites in
dogs in Australia
Mean prevalence (%) of gastrointestinal parasites in faeces of dogs from refuges and clinics
in Australia
Source of dog*
Refuge (590)
Vet Clinic (810)
Total (1400)

Fig. 4.1.32. Vaculolated stages of Blastocystis with multiple peripheral nuclei
(image courtesy of R Traub)

Transmission occurs through the faecal-oral route, directly or through
drinking contaminated water. Because identical isolates have been
recovered from dogs and humans in same environment, Blastocystis
may be zoonotic, but the evidence is equivocal. However, small animal
practitioners are occasionally contacted about a possible role for dogs
and cats in the epidemiology of diarrhoea due to this organism.
Animals with Blastocystis are usually asymptomatic. Diagnosis is usually
made by a direct faecal smear, usually stained with trichrome. Blastocystis
is highly pleiomorphic (Fig. 4.1.32) and difficult to diagnose when
untrained, so differentiation of species / subtypes is not possible by
microscopy alone.

Overall protozoa
Overall helminth
Giardia spp.
Hookworm spp.
Sarcocystis spp.
Isospora ohioensis complex
Trichuris vulpis
Toxocara canis
Isospora canis
Cryptosporidium spp.
Toxascaris leonina
Spirometra erinacei
Dipylidiva caninum
Total

22.0
15.9
14.4
10.7
3.2
5.6
3.1
2.4
1.4
0.7
0
0.2
0.3
34.6

11.9
4.9
5.5
3.9
3.9
2.0
0.9
0.4
0.9
0.5
0.2
0.1
0
16

*Some dogs were infected with more than 1 parasite
Source; Palmer et al., (2008), Vet Parasitol., 151:181-90.
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16.1
9.6
9.3
6.7
3.6
3.5
1.8
1.2
1.1
0.6
0.1
0.1
0.1
23.9
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4.1.2. Parasites of the Cardio-Respiratory
System of Small Animals
4.1.2.1. Babesia vogeli and B.gibsoni
Introduction
Canine babesiosis is a common and clinically significant tick-borne
haemoprotozoan disease with a worldwide distribution. Babesia species
are piroplasms, utilising mammalian erythrocytes in their life cycle
and are usually transmitted by ticks. In dogs, infection by babesial
haemoparasites results in a wide range of clinical presentations from
subclinical disease to acute symptoms. Although canine babesiosis is
transmitted by ixodid ticks around the world, B. gibsoni is an emerging
disease due to non-vectored transmission by blood exchange during
fighting and biting. On the basis of cross-immunity, serological testing,
vector specificity and molecular phylogeny, there are five recognised
babesial parasites of dogs (http://www.parasitesandvectors.com/
content/2/S1/S4). Babesia canis is present throughout Europe. Babesia
vogeli is widely distributed in tropical, subtropical and Mediterranean
regions and B. gibsoni is present in Asia, including Japan, the Middle
East, North Africa, with a sporadic occurrence outside Asia, mainly
associated with fighting dogs (pit-bull terriers). Babesia vogeli was first
described in 1966 and remains endemic in dogs in remote Aboriginal
communities in the Northern Territory and north-western New South
Wales where the brown dog tick vector Rhipicephalus sanguineus,
is also endemic. To date there are no canine (or any other) forms of
babesiosis in New Zealand. In Africa, diagnosis of canine piroplasmosis
is complicated by the presence of Theileria spp.
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Summary of taxon
Babesia spp. are placed in the order Piroplasmida within the phylum
Apicomplexa. Two morphologically distinct forms of the babesial
erythrocytic (piroplasmic) stage were recognised in dogs. The larger
form measuring 3–5 μm, was named B. canis, and the smaller (1–3 μm)
was termed B. gibsoni. Subsequently, “Babesia canis” was reclassified
into three species (B. canis, B. rossi and B. vogeli) and an unclassified
larger form.

Features of life cycle
In Australia, B. vogeli is transmitted by the dog tick, Rhipicephalus
sanguineus. In contrast, B. gibsoni is mainly transmitted transplacentally
or through bite wounds, but a new isolate in the USA is also transmitted
by Haemaphysalis ticks.

Clinical signs
Depending on the piroplasm species, age, immune status and other
illness, the severity of babesiosis in dogs and cats ranges from subclinical
infection, mild anaemia to widespread organ failure and death. All
babesial species may cause pyrexia, anorexia, splenomegaly, anaemia
and thrombocytopaenia, accompanied by pale mucous membranes,
depression, tachycardia, tachypnoea, anorexia and weakness. This is
common with B. gibsoni.
Although severe disease and fatalities can be caused in 3-4 month
old pups, parasitism by B.vogeli is often subclinical and an incidental
finding in blood smears from older animals.
Chronic babesial infection appears to be tolerated by most dogs
with few ill effects, and the presence of parasites may prevent further
infection in an endemic region (termed “premunity”).
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Diagnosis
Diagnosis is made from a combination of region, history, clinical
signs and haematology. If B. gibsoni infection is suspected, determine
whether the dog was bitten by another dog in the previous 8 weeks. For
haematology:
•

microscopy of Giemsa or Wright’s stained blood smears is
reasonably sensitive for detecting intraerythrocytic parasites.
Differentiation between large and small piroplasms is also relatively
simple. With large Babesia species at least, sampling from capillary
beds (ear tip, toe nail) or examination of cells from beneath the
buffy coat of a haematocrit tube may improve the probability of
finding parasites. It should be noted that often there are only low
levels of parasitism with B. vogeli.

•

immunofluorescent antibody testing (IFAT) for canine babesiosis
has been used widely, but suffers from poor specificity due to
cross-reactions between Babesia spp. and with other apicomplexan
parasites, and operator subjectivity.

•

conventional PCR diagnosis in blood uses ribosomal RNA genes
and the internal transcribed spacer (ITS) sequences. Nested PCR
are able to differentiate B. vogeli and B. gibsoni in Australia.
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For B. gibsoni, a combination of azithromycin (10 mg/kg every 24
h orally) and atovaquone (13.3 mg/kg orally) for 10 days has been
used for treating B. gibsoni and appears to combine reasonable clinical
efficacy with safety.

4.1.2.2. Angiostrongylus vasorum (The “French
heartworm”)
Features of the life cycle are similar to the rat lungworm except dogs
are definitive hosts and acquire infection through ingestion of a
gastropod intermediate host containing infective L3. The adults (up to
25 mm) live in the right chamber of the heart and pulmonary arteries
of domestic dogs and wild canids. Eggs are laid and hatch in the lungs,
larvae migrate to the trachea and are swallowed and passed in the faeces.
The prepatent period is about 28 to 108 days.

Treatment and control
As with any tick-transmitted disease, the prevention of babesiosis, is best
achieved by preventing exposure to the vector. This is rarely achievable
in endemic areas. Treatment with resolution of infection has not been
simple (www.ojvr.org/index.php/ojvr/article/download/66/59).

Fig. 4.1. 33.Typical lungworm larva with ‘kink’ in tail (image courtesy of L.
Knott).

For B. vogeli: imidocarbdipropionate (Imazol) or diminazineaceturate
(Berenil) is used widely.
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The parasite is considered an important and rapidly expanding or
re-emerging disease of dogs in Europe and the Mediterranean but
rare to non-existent in Australia and has never been reported in New
Zealand to date. Canine angiostrongyliasis has widely varying clinical
presentations which make diagnosis challenging. Residing adult A.
vasorum and inflammatory responses to eggs and migrating larvae
cause verminous pneumonia while erratic larval migration and bleeding
in the nervous system may cause neurological signs. Coagulopathies,
anaemia, melaena, haemoptysis, and congestive right heart failure may
present, however the most common clinical signs are cough, poor
general conditions, weight loss and intolerance to exercise. Definitive
diagnosis is made by demonstration of the L1 in faeces, 330-360
μm, pointed tail with a small wavy appendage, using the Baermann
technique (Fig. 4.1.33). Radiographic changes may include diffuse
peribronchial, interstitial and alveolar densities. Multiple nodularlike densities may occur in the peripheral regions of the caudal lung
lobes, and enlargement of the right heart and pulmonary artery may
also be visible. Fenbendazole at 50 mg/kg daily for 3 days – 3 weeks,
moxidectin topical (Advocate, Bayer) or Milbemycin in conjunction
with bronchodilators, expectorants and diuretics may be required to
manage these post-treatment reactions.
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4.1.2.4. Filaroides (Oslerus) osleri
In Australia these tracheal worms are more common in dingoes and
feral dogs. They can become an entrenched parasite in breeding kennels.
Like F. hirthi, these have a direct life cycle. The adults live in nodules
close to the bifurcation of the trachea and the bitch transmits L1s
(again the infective stage) to her pups via saliva during regurgitation
or grooming. The prepatent period is 6 to 7 months although nodules
may be visualised as early as 2 months post infection. Clinical signs
include airway obstruction, hard dry cough on exercise, usually chronic
(Fig. 4.1.34). Diagnosis can be performed via endoscopic examination
of airways to detect characteristic nodules in the trachea, via the
detection of eggs or L1s in tracheal washes. Detection of L1s in faeces
is not reliable as larvae are only passed intermittently. L1s are 230-270
μm long with an S-shaped tail. Doramectin and ivermectin (400 μg/
kg) have been reported as successful treatments. For control, breeding
bitches need to have eliminated infection (or else caesarian section and
hand-rearing of litter is required). Occasional cases of F. osleri have been
reported in New Zealand.

4.1.2.3. Filaroides hirthi
Small nematodes (3-13 mm) that live within in the lung parenchyma.
The parasite is unusual in that L1 is the infective stage and regurgitative
feeding of pups by the bitch is probably the main route of transmission
(direct life cycle). It is essentially non-pathogenic unless dogs are
immuno-compromised. Antemortem diagnosis is difficult (can try
looking for eggs in bronchial washes). The parasite is present but
uncommon in Australia.
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infection. First-stage larvae are found in the faeces about 6 weeks after
the infection is initiated. Adults live 9 months or longer.

Pathology and Clinical Signs
Most infections in cats are asymptomatic. Clinical signs are most likely
to be seen in young cats and in a heavy infection may include a chronic
cough accompanied by progressive dyspnea, anorexia, and weight loss.
Typical gross lesions consist of grey nodules, 1 to 10 mm in diameter,
scattered over the surface of the lungs or arranged in clusters (Fig. 4.1.
35). Incised nodules exude a milky fluid that contains many eggs and
larvae.
Fig. 4.1.34. Filaroides (Oslerus) osleri nodules at the bifurcation of the trachea of a
dog (image courtesy of J.H Arundel).

4.1.2.5. Aelurostrongylus abstrusus (feline
lungworm)
Adult females 9 mm long, and the male about 4 to 7 mm long live, in
the pulmonary parenchyma. The vulva lies just anterior to the anus, and
the tail ends bluntly. The ellipsoid egg in the lung measures about 80
μm.

Features of the life cycle
Eggs hatch in the lungs, are transported up the trachea, swallowed
and passed in the faeces as L1s. These are ingested by snail or slug
intermediate hosts, but transport hosts, e.g. rodents, birds, amphibians
and reptiles, may also act as sources of infection for cats. Ingested
larvae migrate to the lungs where they develop to adults in the alveolar
ducts and terminal bronchioles. Egg-laying starts about 4 weeks after
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Fig. 4.1.35. Aelurostrongylus abstrusus infection in a cat (image courtesy of R.
Traub)

Diagnosis
L1s are detected in the faeces (characteristic spine at the base of the tail)
using the Baermann technique or modification thereof, or even faecal
flotations accompanied by radiographic evidence of infection. They
are often diagnosed when radiographing the thorax for a respiratory
problem.

- 475 -

- 476 -

Milbemycin

Or
Dry harsh cough
Nodules at
Worldwide
Oslerus osleri

Australia

Filaroides hirthi

birufication

Bitch to pup
via sputum or
regurgitation

Direct Bronchi/
parenchyma
Crenosoma vulpis

S. America, Africa,
Aust (rare)

North America,
Eurasia
USA,

- 477 -

the tracheal

Or

L1 in faeces
(Baermann), or
± exercise intolerance tracheal wash or
bronchio-alveolar
lavage, thoracic
Cough, weight loss
x-rays
Asymptomatic
L1 in faeces Zn
usually
SO4 float, scope
(nodules)
Chronic cough ±
dyspnoea,

Gastropod
IH (Parateric
host e.g. Frogs
Angiostrongylus)
Pulmonary
artery and right
ventricle

Treatment
Diagnosis
Clinical signs

Europe, Canada

Adults (24-32 mm long, not whip-shaped) are embedded in the tracheal
mucosa of cats, foxes and dogs (not recorded in dogs in Australia or
New Zealand). Eggs with bipolar plugs (similar to whipworm eggs) are
passed in the faeces. Embryonated eggs are ingested directly or via a
paratenic host, e.g. earthworms. Animals are usually asymptomatic but
tracheitis and bronchitis may be seen in heavy infections. Diagnosis is
based on demonstration of eggs in faeces or tracheal washes; these are
80-98 x 30-40 μm, rather plump and often asymmetrical.

Angiostrongylus
vasorum

4.1.2.6. Eucoleus aerophila

Life cycle

This nematode is widespread and has been found repeatedly in almost
all countries in Europe, frequently in Australia and New Zealand, several
times in North and South America and sporadically in Asia and Africa.
Prevalence reports of A. abstrusus in cats are rare, difficult to compare
and often variable. The data depend on geographical region, country
and whether it is a feral versus domestic cat.

Adults

Epidemiology

Distribution

Keeping a cat indoors and restricting hunting behaviour will control reinfection.

Name

Fenbendazole (daily for at least 5 days), ivermectin (400 μg/kg),
moxidectin (topical, Advocate®) and selamectin (Revolution®) have
produced cures, but efficacy is variable.

Table 4.3. Summary of canine lungworms – life cycle, clinical features, diagnosis and treatment

Treatment

Moxidectin spoton (Advocate)
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Fendbendazole
20-50 mg/kg sid
for 3 days – 3
weeks
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4.1.2.7. Dirofilaria immitis (Heartworm)
Guidelines modified from American Heartworm Society:
http://www.heartwormsociety.org/

Summary of the taxon/parasite
Heartworms belong to the order Spirurida, superfamily Filarioidea,
which include the genera Dirofilaria, Acanthocheilonema and Brugia. All
filarioids are classified as vector-borne parasitoses as they are transmitted
by blood-sucking insect intermediate hosts in which microfilariae
develop into infective L3. The microfilariae either circulate in the blood
or occur in the dermal connective tissue of the definitive host.

Features of the life cycle
In dogs
The dog is the natural definitive host however infection may also
occasionally occur in cats. The female mosquito intermediate host
becomes infected when taking a blood meal from a microfilaraemic
host. The microfilariae develop to the third stage in the mosquito’s
Malpighian tubules and then migrate via the body cavity to the head
and mouthparts of the mosquito where they become infective. More
than 70 species of mosquitoes are capable of transmitting D. immitis
but fewer than than 12 species are major vectors (mostly species from
the genera Culex, Aedes and Anopheles). Mosquitoes become infected
with microfilariae when taking a blood meal. At 26-28 °C the infective
stage is reached in about 2 weeks, at temperatures lower than 15 °C
larval development in the mosquito is arrested.
Infective, L3s are deposited and enter the animal’s body via the puncture
wound in the skin made by the mosquito’s mouthparts during feeding.
Larvae subsequently moult into L4 in various tissues with immature
adults reaching the pulmonary vasculature by day 90 to 120. They
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become sexually mature about day 120 post-infection. Dogs develop
patent infections (i.e. have microfilariae circulating in their blood) as
early as 6 months but usually by 7 to 9 months post-infection. Adults
may be up to 30 cm in length – the male is shorter and has a spiral
tail tip. Microfilariae appear in the uterus of female worms at about 6
months after infection and are seen in the peripheral blood soon after.
Following infection, a dog may retain a patent microfilaraemia for up to
7.5 years.
Precardiac heartworms can be divided into young larvae (less than
1 month post-infection (PI)), or older larvae (1-2 months PI) and
heartworms in the heart/pulmonary arteries can be classified as
immatures (3-5 months PI), young adults (6-7 months PI) and
older adults (from 8 months PI). Immatures are found in the distal
pulmonary arteries but move towards the main pulmonary arteries as
they age (Fig. 4.1.36).
‘Occult infections’ is a term which describes cases where animals have
heartworm infection but no circulating microfilariae. Possible causes for
occult infection include i) all worms are of the one sex or there is only
one worm; ii) prepatent infection or alternatively geriatric infections;
iii) ectopic infections; iv) drug induced elimination of microfilariae
(common with the administration of macrocyclic lactones) or sterility
of the adult worms; and v) immunologically mediated elimination of
microfilariae.
In cats, the prevalence is always lower than in dogs (probably around
5-15% of the canine prevalence in that area) and mosquito host
preference may play some role in this. In cats, circulating microfilariae
occur infrequently as there is seldom greater than a few (1-3)
heartworms present. Aberrant migration of L4s is more common in cats
as they are abnormal hosts. Ectopic worms may migrate in body cavities,
systemic arteries or central nervous system. Adult worms usually live 2-3
years in the cat.
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Epidemiology
D. immitis has a world-wide distribution but it is found mainly in the
tropical and subtropical regions (limited in the north by 43°- 48°N
parallels and in the south by 340S parallel). However, because of global
warming, easy movement of dogs from one place to another, adaptation
of the parasites to develop at lower temperatures, environmental
changes created by humans (irrigation) etc., the geographical range
of heartworm has been increasing in recent years. In Australia,
dirofilariosis is recognized as endemic at some level in all mainland
States and Territories. The highest prevalence is observed in the tropical
northern coastal areas of Western Australia, the Northern Territory and
Queensland. However the widespread use of macrocyclic lactones for
the prevention of the heartworm disease has seen the prevalence of D.
immitis in domestic dogs in Australia significantly decline in the last 20
years. Dirofilariosis is not endemic in New Zealand although infected
dogs were regularly introduced from Australia until new quarantine
restrictions were introduced in the 1990s. The New Zealand climate is
such that this parasite would struggle to complete its development in the
mosquito in all but the far north of the country.
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All dogs, regardless of age, sex, or habitat, are susceptible to infection
with D. immitis. In regions where heartworm disease is endemic there
are no differences in prevalence between sexes, breed, length of coat and
activity (working/pet dogs). However there are differences depending
on size (prevalence higher in larger dogs), age (prevalence higher in
dogs older than 3 years) and indoor/outdoor maintenance (prevalence
higher in dogs living outdoors). Infections (sometimes severe) might be
diagnosed in dogs as young as one year of age but generally the number
of adult parasites (and the severity of infection) increases with the dog’s
age. Cats are an atypical host and generally they are more resistant to
infection with adult D. immitis than dogs.

Pathology
Dogs
Heartworm disease is primarily a disease of the pulmonary vascular
system. Problems mostly reflect the host inflammatory reaction to
parasites but the worms may also play a direct role via the release
of compounds which influence “relaxation and constriction” of the
pulmonary arteries.

Fig. 4.1.36. Heartworm infection in a dog (image courtesy of R. Traub)
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Presence of worm and its endosymbiont (Wohlbachia)

Proliferative endarteritis of pulmonary arteries with decreased compliance
PLUS
Thrombosis and thromboembolism (especially dead parasites)

Pulmonary hypertension

↑ Afterload for the the right ventricle - Right ventricular hypertrophy and dilation
RSCHF ± caval syndrome

Congestive heart failure is a result of pulmonary hypertension, which
causes right ventricular dilation and right ventricular hypertrophy. The
heart becomes enlarged due to both hypertrophy and dilatation of
the right ventricle, atrium and enlargement of the pulmonary artery.
This is compounded by expanded blood volume due to reduced
renal perfusion, increased retention of salt and water via the reninangiotensin pathway. The liver may show chronic passive venous
congestion (reflecting right sided heart failure). Renal disease is an
important consequence of heartworm infection. The kidneys may
show an immune complex glomerulopathy (microfilariae may be more
important than adults).
Cats
In cats, because the pulmonary artery tree is smaller than that of dogs,
even a small number of worms can cause significant pathology and
threaten the life of the host. Intimal changes also occur but these
are usually not sufficient (or present for long enough) to produce
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pulmonary hypertension and right sided congestive heart failure. The
two stages of infection where clinical signs are most likely to occur are:
i) when immature adult worms first arrive in the pulmonary arteries
(3-4 months PI), they may produce an acute inflammatory reaction,
often misdiagnosed as allergic bronchitis or asthma. This syndrome
is referred to as “heartworm-associated respiratory disease” (HARD).
Clinical signs associated with this acute phase subside as the worms
mature but demonstrable histopathologic lesions (occlusive hypertrophy
of pulmonary arterioles), are evident even in those cats that eliminate
the infection. This is significant as it indicates that pulmonary disease
occurs even in those cats that do not develop adult worm infections; and
ii) when adult worms die and degenerate, they can be associated with
pulmonary inflammation and thromboembolism (often fatal lung
injury, similar to acute respiratory distress syndrome). The death
of even a single worm may cause such reactions. The lung become
oedematous and respiratory failure, rather than heart failure becomes
the life-threatening event. If the cat survives this stage, hyperplasia of
type II alveolar cells replaces the normal type I cells, which may cause
permanent lung injury leading to chronic respiratory lesions. Caval
syndrome is uncommon in cats, but even one or two worms may cause
tricuspid valve regurgitation and therefore heart murmur.

Clinical Signs
Grading of canine heartworm disease
Class 1 - Subclinical to Mild Disease
Clinically normal but there may be nonspecific signs such as loss
of condition or occasional cough. Radiographic changes are minor.
Prognosis is good.
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Class 2 - Moderate Disease

Clinical signs in cats

Dogs may have a history of condition loss, decreased exercise tolerance
and/or sporadic coughing. Thoracic radiography reveals signs of
heartworm disease (changes in the pulmonary arteries and right side of
the heart). Prognosis is good to fair.

Are often variable, and range from asymptomatic or only transient signs
to death. Chronic signs are most common consisting of tachypnoea,
coughing and increased respiratory effort. The cat may experience
intermittent vomiting unrelated to eating. Commonly the cat may
also present with peracute respiratory distress, collapse, seizures and
coughing blood which may lead to death.

Class 3 - Severe Disease
History may include exercise intolerance, inappetance and weight loss,
persistent cough and dyspnoea, coughing blood and syncope (collapse).
On examination, clinical signs indicative of right-sided congestive
heart failure are present (e.g. weight loss, dyspnoea, coughing, jugular
distension, right side murmurs and crackles on chest auscultation,
hepatomegaly and ascites). Hepatic and/or renal insufficiency may also
occur. Prognosis is guarded.
Uncommon clinical presentations in dogs
Broncho-arterial fistulas may develop if a weakened arterial wall
ruptures into a closely associated airway. The dog presents with blood
around the head (coughing it up); usually after a bout of exercise or
coughing. There is passive pulmonary flooding and acute anaemia.
Prognosis is very poor, depending on the size of the fistula.
Caval syndrome results from the presence of large numbers of worms
in the right atrium and venae cavae which cause inflow obstruction
to the right heart and tricuspid insufficiency. Haemolytic anaemia is
a constant feature of the caval syndrome and it has been explained by
lysis of red blood cells passing through the turbulent ‘sieve’ formed by
the mass of heartworms and a fibrin meshwork (if DIC is present) and
by increased osmotic and mechanical fragility of the red blood cells
(caused by hepatic dysfunction). Prognosis is very poor unless worms
can be surgically removed. Animals present with distress, dyspnoea and
tachypnoea, pale mucous membranes with an increased capillary refill
time, jaundice, haemoglobinuria and palpable cardiac thrill and obvious
murmur on right anterior chest.
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Diagnosis
Based on history (heartworm prophylaxis), likelihood of heartworm in
area (tropics versus temperature climates) and presenting signs.
Detection of microfilariae
Microfilariae can be seen in unstained, fresh, wet blood smears or
immediately above the buffy coat in a haematocrit tube (Fig. 4.1.37).
At least one ml of blood should be examined before deciding whether
microfilariae are not present, and so methods involving concentration
of microfilaria are used. Blood is lysed and then concentrated either
by centrifugation (Knott’s method) or filtration through a membrane
filter (Wylie method). Remember that heartworm infections do not
become patent (microfilaraemic) until ~6 months after infection. The
number of circulating microfilariae bears no relationship to the number
of adult worms. At least 20% of dogs infected with mature heartworms
have occult infections (no microfilariae) – particularly in areas with
lower heartworm prevalence. So, testing for microfilariae alone is not
recommended.
In areas where heartworm is less prevalent however, a significant
percentage of canine microfilaraemias will be due to Acanthocheilonema
reconditum, a subcutaneous dwelling filarial nematode that causes little
harm except for producing hypersensitivity-like reactions.
Its microfilariae however do circulate in blood and will need to be
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differentiated with those of D. immitis. Fleas are the main intermediate
hosts for A. reconditum.
Microfilariae of heartworm must also be distinguished from Dirofilaria
repens, a subcutaneous nodule-forming worm occurring in parts
of Europe, the Mediterranean, India, Sri Lanka, Central Asia and
Southeast Asia but NOT Australia.
Antigen tests
These tests detect antigen associated with adult female (uterus)
heartworms, and are consistently positive if three or more adult females
are present. Most will detect infections if at least one mature female
worm is present. A new kit (“Anigen rapid”) claims to be able to detect
male antigens as well (http://www.danscottandassociates.com). Several
operate on ELISA (e.g. SNAP) or immunochromatography (Witness).
Some are semi-quantitative. False positives may result due to; i)
technical error (e.g. delay in reading the test) as specificity is usually very
high; ii) in low heartworm prevalence areas, the positive predictive value
is low (test positives that are truly positive). If this is the case, repeat the
test and confirm the results using other diagnostic aids such as thoracic
radiographs or ultrasound. False negatives occur most commonly
when burdens are light, immature or male, or when the kit has not
been warmed to room temperature prior to testing. Keep in mind that
antigen levels are not detectable until 6-7 months post-infection. Seven
months is a reasonable interval to wait from the end of an exposure
period before testing.
Antibody tests
Their use is restricted to cats as low heartworm burdens result in a
high rate of false negatives if the antigen is tested for. The test detects
antibodies produced in response to the heartworm as early as 8
weeks post infection. Antibody tests do not offer an indication of the
continued existence of an infection, just that an infection occurred.
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A negative antibody test however, may lower the index of suspicion of
heartworm disease in a cat, but on the other hand a positive antigen
test may be diagnostic. It is best that combinations of tests be used in
conjunction with ancillary tests such as radiology and ultrasound.
Table 4.4. Morphological differentiation of heartworm from other
common species of unsheathed microfilaria
Filarial species

Features

Dimension

Distribution

Significance

D. immitis

Unsheathed,
tapered head,
relatively
straight tail

218 – 329 ×
5.4-6.2 um

Tropics and
subtropics,

Heartworm

D. repens

Australia, not New
Zealand
283 – 360 ×
7.1 – 8.3
um

Acanthocheilonema
reconditium

Unsheathed,
round curved
body, cephalic
hook, blunt
anterior end,
hooked tail

250 – 270 ×
4 – 4.5
um

Parts of Europe,
Mediterranean,
India, Sri Lanka,
Central Asia, SE
Asia. Not Australia or
New Zealand.
Tropics and
subtropics,

Subcutaneous
nodule worm,
emerging
zoonosis

Non-pathogenic

Australia and New
Zealand

Radiology
Thoracic radiology is still of primary use in diagnosis and assessment
of the animal’s physical status. Classic signs are enlarged, tortuous
and often truncated peripheral branches of the pulmonary arteries.
Radiology is also useful in assessing the degree of cardiopulmonary
damage (the only objective measure). In cats, pulmonary parenchymal
inflammation and oedema may be observed in HARDs-like syndrome.
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Echocardiography
Useful in feline heartworm disease as the hyperechogenic walls of the
heartworms within the lumen of the pulmonary arterial tree may be
visualised as parallel lines. Their presence confirms heartworm infection
in cats.

Heartworm prevention / prophylaxis
Macrocyclic Lactones (MLs)
The heartworm preventives currently marketed (ivermectin, milbemycin
oxime, moxidectin, and selamectin) belong to the macrocyclic lactone
class of drugs. These compounds are efficacious against microfilariae,
third- and fourth- stage larvae, and in some instances of continuous
long-term use, young adult heartworms. Topical and oral monthlyadministered macrocyclic lactones are 100% effective and safe when
given following label instructions.
Ivermectin at 6 μg/kg for dogs or 24 μg/kg for cats in tablet or chewable
form (e.g. Heartgard®) or topically applied forms (e.g. Advantage Duo®),
administered monthly
Milbemycin administered as monthly tablets (e.g. Interceptor® and
Sentinel®)
Moxidectin (Proheart®) as monthly tablets or chewables, spot ons
(Advocate®) or as slow-release injectable forms (ProHeart SR12).
ProHeart SR12 injectable consists of moxidectin suspended in
microspheres as a long-acting injection. In the United States only the
ProHeart SR6 version of the product is available as SR12 was voluntarily
removed from the market in 2004 for safety reasons, but no problems
have been reported in Australia.
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Fig. 4.1.37. Microfilariae of Dirofilaria immitis. (R) and Acanthocheilonema
reconditum (L) (image courtesy of C. Constantinoiu).

Selamectin monthly spot-on (Revolution®)
All oral and topical monthly-administered macrocyclic lactone
preventive products are labelled for a 30-day dosing interval as a single
dose eliminates all larvae acquired over the previous month. Thereafter,
efficacy against late fourth-stage larvae declines and is unpredictable.
As larvae age, they require progressively longer-term administration of
macrocyclic lactones to be killed. This is known as a reach-back effect.
Monthly preventatives should be commenced in puppies no older
than 8 weeks of age. When given at monthly intervals over time, the
drug will kill any larvae acquired within the first 8 weeks of life (e.g.
Selamectin®, Advocate®). ProHeart SR12 injectable on the other hand,
claims a reach-back effect of 3 months (i.e. it will kill larvae ≤ 90 days
old) and is therefore commenced in puppies when they are 12 weeks of
age (booster required at 6 months, 15 months and annually thereafter).
Reach-back effects have important implications if a client accidentally
misses a treatment. If in doubt, ALWAYS TEST in 6-7 months’ time
using an antigen test (see below).
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It is also important to test for heartworm antigen in cases of
noncompliance in instances when clients have missed a dose. In this
case, ensure the animal is tested after another 6 months (or more); to
account for the pre-patent period of 7 months). Testing should also be
performed before changing the brand or type of heartworm preventive,
or in adult animals starting prevention, as it is important to determine
the heartworm status of the dog. A positive test indicates a pre-existing
infection. The dog should always be retested 6 months later. A positive
antigen test with the later test is most likely due to an infection acquired
before starting or resuming preventive therapy.
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Treatment
Neither safe nor simple as dying worms produce microthrombi!
1. Pre-adulticide management and treatment
• Assess risk – Low (Class I) to High (Class 2, 3, caval syndrome)
•

Supportive care: cage rest – up to 4 weeks post treatment may be
required

•

Prednisolone (anti-inflammatory) is often used (alternate day
therapy) before, during and after adulticide therapy and aims to
reduce inflammation in the lungs associated with thromboemboli.
Remember that heartworm disease is basically an inflammatory
disease. Some degree of further pulmonary thromboembolism will
be inevitable once the adult worms are destroyed in situ, drugs are
continued after adulticides are administered.

•

Doxycycline@ 10 mg/kg for 4 weeks

If a dog has missed >7-8 weeks of monthly treatment, then in theory,
monthly MLs, if given long term, will kill older larvae. Any greater
duration will require the animal be tested.
DEC (diethylcarbamazine) was used as a cheap alternative to
macrocyclic lactones, but this drug is being phased out. DEC kills
developing larvae during the L4 moult. Clients are advised to give the
drug daily (alternate day therapy is also protective) but compliance must
be excellent as missing only 2-3 days temporarily voids protection. The
product is formulated as tablets or syrup and used to be available in
supermarket aisles.
About 25% of microfilariea positive dogs react adversely when given
DEC. The reaction is often subclinical but can be severe and result in
hypovolaemic shock and death. Because of this, a test for microfilariea
should be used (with an antigen test) when a dog is to be put on DEC.
Although <1% of microfilaraemic dogs fail to test positive for antigen,
it is possible for a dog to have a worm burden that is so low that no
antigen is detectable, but for the one or two adult female worms to be
releasing microfilariae.
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Treatment with tetracyclines (e.g. doxycycline) has been shown to kill
some Wohlbachia-harbouring filarial worms. Treatment of heartworm
infected dogs with tetracyclines results in the infertility of worms, but no
adulticidal effect. A surface protein of the bacteria has been implicated
in pulmonary and renal inflammation in heartworm-infected dogs and
there is also interest in a role for Wohlbachia endotoxin in heartworm
pathophysiology. Studies have shown that heartworm-positive dogs
pretreated with macrocyclic lactones and doxycycline prior to receiving
melarsomine injections had less pulmonary pathology associated with
the death of the heartworms. If doxycycline is incorporated into a
heartworm treatment protocol it should be given before administration
of melarsomine so theWolbachia organisms and their metabolites are
reduced or absent when the worms die and fragment.
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•

Macrocyclic lactones (e.g. milbemycin @ 500 μg/ kg)

Administration of macrocyclic lactones prevents new infections and
kills developing larvae <30 days and possibly up to 60 days old.
Ideally, they should be administered 2-3 months prior to adulticide
treatment to allow susceptible larvae (between 30 and 120 days old
that cannot be targeted) to mature into adults. However, this depends
on the level of risk (only wait to administer the adulticide if the risk
is low). Macrocyclic lactones will also kill circulating microfilariae.
Milbemycin has the most rapid effect of the macrocyclic lactone
products in removing microfilariae. Caution needs to be applied due
to potential for anaphylaxis if the dog is indeed microfilaraemic. This is
because rapid, first-dose reduction in microfilariae can induce transient
weakness, pale membranes and diarrhoea. These signs are common
but often overlooked, therefore, test for microfilariae (see note on DEC
above) and hospitalize dogs on the day of treatment for observation and
supportive therapy if necessary.
2. Adulticide treatment
Option 1: Melarsomine (Immiticide)
Kills adults > 120 days (4 months) old. It is an organoarsenical given by
intramuscular injection. The efficacy of Immiticide in killing worms can
be graded by dose so that they can be eliminated in stages from heavily
infected dogs, thus distributing the impact of worm emboli. Current
recommendations from the American Heartworm Society include
dosing the animal three times, once, followed by two doses one month
later, 24 hours apart. The main side effect is pulmonary oedema but an
antidote (dimercaprol 3 mg/kg I/M) is available and problems usually
arise within an hour of drug administration.
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Pulmonary thromboembolism is the main complication of adulticide
therapy and usually causes problems 5-21 days post-adulticide
treatment. Rest is critical in this period. Dogs will usually present with
coughing and a fever but the condition can be life-threatening. Cage rest
may be indicated if the client cannot keep the dog quiet at home.
Option 2: Surgical extraction is essential if the dog is suffering caval
syndrome and is the procedure of choice for heavily infected, high risk
dogs. Techniques utilise flexible alligator forceps and fluoroscopy and
may be available in specialist referral centres.
Option 3: Monthly macrocyclic lactones: Monthly ivermectin or
alternative macrocyclic lactones together with doxycycline at 10 mg/
kg BID for a 4-week period every 3 to 4 months (“Soft kill” approach)
will eventually kill young adult worms usually within 9-12 months.
However studies have indicated up to 2 years of monthly medication
may be required to approach the efficacy of the standard melarsomine
treatment regime especially for older worms. Meanwhile, dogs could
develop clinical signs of disease. Another problem with this approach
is that it is unknown when the adulticidal effect is occurring. It is
therefore no longer recommended as a treatment option unless
melarsomine is not available.

Confirmation of Adulticide Efficacy
Clinical improvement of symptomatic dogs is the most meaningful
evidence of at least partial success. Heartworm antigenaemia disappears
within 3 – 6 months following adulticide treatment if all, or most, of
the worms are eliminated. Therefore, repeat an antigen test 6 months
after the adulticide treatment.

HOSPITALISE DURING and possibly after ADULTICIDE TREATMENT
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To date, there are no studies that indicate any form of medical
adulticidal therapy increases the survival rate of cats harbouring adult
heartworms. Surgical extraction of worms using fluoroscopy may be
attempted at referral clinics.

4.1.3. Skin and sub-cutis
4.1.3.1. Fleas
Introduction
Fig. 38. Diagrammatic summary of heartworm treatment regime

Treatment of Cats
If there are no signs of disease, allow time for spontaneous cure (monitor
with chest X-rays and/or test every 6-12 months using antibody and
antigen detection test). If radiographic signs of interstitial lung disease
are present, treat with prednisolone in diminishing doses. Prednisone
also should be used whenever antibody and/or antigen-positive cats
display clinical signs. An empirical oral regimen is 2 mg/kg body weight/
day, declining gradually to 0.5 mg/kg every other day by 2 weeks and
then discontinued after an additional 2 weeks. At that time the effects
of treatment should be reassessed based on the clinical response and/
or thoracic radiography. This treatment may be repeated in cats with
recurrent clinical signs.
Acutely ill cats presenting with severe dyspnoea need to be stabilized
promptly with supportive therapy appropriate for treating shock - this
may include intravenous corticosteroids, balanced electrolyte solutions,
bronchodilators and oxygen therapy.
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Despite significant advances in flea control over the last twenty years,
fleas remain a very common ectoparasite of dogs and cats. Flea control
products are readily available from many commercial outlets, including
supermarkets and pet shops, but many pet owners still struggle to
achieve satisfactory control of these pests. The veterinarian’s role is
to help pet owners manage flea-associated diseases and to use their
knowledge of flea biology to provide useful advice on flea control
strategies.
Fleas have host preferences, but will generally parasitise a range of host
species. For example, Ctenocephalides felis has been recorded on over 50
different host species.
Ctenocephalides felis (the cat flea) is by far the most common flea found
on both dogs and cats in Australia and New Zealand (Fig. 4.1.39).
Minor flea species occasionally encountered on dogs and cats in
Australia and New Zealand include;
•
•
•
•

Ctenocephalides canis
Echidnophaga spp. (stickfast fleas- not in New Zealand)
Pulex irritans (human flea)
Spilopsyllus cuniculi (European rabbit flea- not in New Zealand)
- 495 -

Section 4.1: Small Animals (Dogs & Cats)

Section 4.1: Small Animals (Dogs & Cats)

Flea populations in Australia appear to have changed over the last
century. Ctenocephalides felis remains by a very wide margin the most
important and most common flea parasitising cats and dogs throughout
the world. Ctenocephalides canis was reportedly very common on
dogs in the 1940s, with prevalances of 87% and 98% in Brisbane and
Melbourne respectively. However Ctenocephalides canis is now very rare,
and a recent survey recorded only two species of flea (Ctenocephalides
felis and Echidnophaga gallinacea) among 2,530 fleas recovered from
290 dogs and cats across Australia (Slapeta, unpublished). Stickfast
fleas are most commonly encountered on dogs and cats that have access
to poultry pens, especially in sub-tropical and tropical regions. Pulex
irritans and Spilopsyllus cuniculi are rarely encountered on dogs and cats
in Australia. In New Zealand C. felis is by far the most common species
found recently on dogs and cats although a small survey in 1984 found
C. canis to be the most common species on dogs.

stickfast fleas are usually firmly attached to relatively hairless areas of the
body (e.g. ventral abdomen).
Table 4.5. Features of fleas most commonly found on Australian
and New Zealand cats and dogs
Ctenocephalides felis

Ctenocephalides canis

Echidnophaga
gallinacea

Ctenidia

Other features

Both pronotal & genal
ctenidium horizontal
1st two spines of genal
ctenidium similar in length
Both pronotal & genal
ctenidium horizontal
1st spine of genal ctenidium
shorter than second spine
No ctenidia

Dorsal margin of hind
limb tibia has six setabearing notches

Summary of taxon/parasite
Adult fleas are laterally flattened, wingless, dark-brown to black insects.
The third pair of legs is very long. Antennae are short and club-like and
recessed into the head. Fleas have piercing-sucking mouthparts, used
to feed on host blood. Their glossy surfaces allow them to move easily
through hosts’ hair or feathers, while ctenidia (rows of spines that may
occur on the head in some species) and setae (hairs) assist the parasite to
maintain its position among the host’s pelage or plumage despite host
grooming.
Distinguishing between flea species is usually not required for
management of infestations, but details are provided in Table 4.5 below.
Ctenocephalides felis can be distinguished from other species in having
both pronotal and genal ctenidia, with the first two spines of the genal
ctenidium being similar in length, adult females having an elongated
head (twice as long as high), and the dorsal margin of the hind limb
tibia having six seta-bearing notches. When found on dogs or cats,
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Pulex irritans
Spilopsyllus cuniculi

No ctendia
Both pronotal & genal
ctenidium oblique, with 4-6
spines

Dorsal margin of hind
limb tibia has eight setabearing notches
Reduced thorax – the
three segments combined
are shorter than the width
of the first abdominal
segment
Thorax not reduced

Features of life cycle
Fleas have a holometabolous life cycle; adults producing eggs from
which maggot-like larvae emerge. After three larval instars, a cocoon
containing a pupa is produced, from which the adult flea emerges (Fig.
4.1.39).
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From these points it can be seen that:
i. flea larvae will not develop in areas exposed to the hot sun;
ii. the areas within a house with the necessary humidity for larval
survival are restricted;
iii. suitable outdoor sites are also restricted (e.g. shaded, moist ground
where pet rests); and
Fig. 4.1.39. Eggs (left) and adult female Ctenocephalides felis (right) (image
courtesy of G. Coleman).

Ctenocephalides felis has fairly specific humidity and temperature
requirements; temperatures of 18-32°C and a relative humidity of
70-80% are optimal. Temperatures above 35°C are lethal to larvae
and pupae. Under most household conditions, the life cycle can be
completed within 3-4 weeks, but the potential range can be less than
two weeks to around five months.
Ctenocephalides felis has a large reproductive capacity - females can
produce 40-50 eggs/day during peak egg production and can continue
to produce eggs for over 100 days. Eggs are laid on the host but they
are not sticky and readily fall from the coat. They accumulate in areas
where the pet spends a lot of time and where its grooming behaviour
helps dislodge eggs, i.e. resting areas. Eggs are very susceptible to
desiccation. Depending on temperature and humidity, they hatch in
1-10 days.
Upon hatching, Ctenocephalides felis larvae show only limited movement
– downwards and away from light. Within a house, movement of flea
larvae to the base of carpet fibres is probably a significant factor in fleas
surviving insecticidal treatments. Larval development through the three
instar stages requires moderate temperatures, high relative humidity
and an adequate source of nutrition (particularly adult flea faeces which
contain partially digested host blood, and which also fall readily from
the coat of the host animal).
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iv. because flea larvae show only limited movement, treatments aimed at
off-host life cycle stages can be targeted to areas in close proximity to
where pets sleep and rest.
Development of the Ctenocephalides felis pupa within the cocoon
typically takes 6-7 days. The cocoon is sticky, and becomes covered in
sand and other debris. The pupa is the most resistant of the immature
stages to desiccation.
An important aspect of the Ctenocephalides felis life cycle is the capacity
for adult fleas to survive for extended periods in the cocoon. Emergence
has been recorded after only 13 days in the cocoon or as long as 174
days, but generally occurs after around 3-4 weeks. Mechanical pressures
and increasing temperatures are two important stimuli for emergence.
If these are absent, such as may occur when a house is left vacant during
vacations, then the adult fleas do not emerge. This aspect of the life cycle
is likely to have evolved in response to the ancestral carnivore hosts of
fleas visiting lairs intermittently. Pre-emerged adults are metabolically
and physically inactive and thus relatively resistant to insecticides.
Vacuuming around the time of treatment of an area can improve
treatment efficacy by stimulating emergence of adult fleas from the
cocoon.
Newly emerged adult Ctenocephalides felis move upwards and towards
light. Their attraction to light is greatly enhanced if it is suddenly
and temporarily interrupted - such as may occur due to the shadow

- 499 -

Section 4.1: Small Animals (Dogs & Cats)

of a passing host. Warmth from a passing host probably also plays
a role in stimulating the flea to jump. Adults begin feeding almost
immediately (typically within 5 minutes) once they acquire a host and
size discrepancies become apparent between the sexes (females bigger).
Within a few days, adult female fleas are consuming up to 15 times their
body weight in blood per day. After rapid transit through the flea, i.e.
within a few minutes, partially digested host blood is excreted by the flea
and rapidly dries as reddish-black faecal pellets or ‘flea dirt’ (Fig. 4.1.40).
Adult Ctenocephalides felis rarely leave the host voluntarily. Transfer of
fleas directly between hosts is relatively uncommon and only a minor
proportion of infestations are acquired in this way. Fleas on heavily
infested animals (e.g. over 200 fleas) may be more likely to transfer to
another host. In general however, hosts acquire flea infestations from the
environment, i.e. newly emerged adults.

Pathology
Fleas are blood-suckers and may produce clinically significant anaemia,
particularly in younger hosts.
Fleas may also act as intermediate hosts for other parasites and act
as vectors for other disease agents. Ctenocephalides felis is the most
important intermediate host for the common cestode, Dipylidium
caninum, and the filarial nematode, Acanthocheilonema reconditum. The
role of Ctenocephalides felis as a vector of particular rickettsial diseases is
a topic of significant current interest. The zoonotic rickettsias Bartonella
henselae (the agent of cat scratch fever) and Rickettsia felis (flea-borne
spotted fever) may both be transmitted by this flea.
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is characterized by intense pruritus. These animals are allergic to flea
salivary antigens. The immunological mechanisms underlying the
hypersensitivity response are incompletely understood but may involve
immediate- and delayed-type hypersensitivities as well as cutaneous
basophil hypersensitivities. Immediate-type reactions appear to be most
common.
The traditional view has been that ‘it only takes one flea bite’ to trigger
a hypersensitivity reaction in an allergic host. However, the severity of
clinical signs in such hosts likely depends upon:
•

the degree of hypersensitivity of the host;

•

the overall flea burden; and

•

the amount of flea antigen injected into the host during feeding.

Clinical signs
Fleas and/or flea dirt can be readily identified on dogs and cats with
significant flea burdens. Flea dirt collected from combings of the animal
can be put onto moist filter paper - the area surrounding the pellet will
stain red as an indication of the presence of blood (Fig. 4.1.40). With
Echidnophaga gallinacea and Spilopsyllus cuniculi infestations, fleas are
most likely to be present in certain areas of the body; relatively hairless
areas such as the ventral abdomen and ear canals for Echidnophaga, and
the margins of the ears for Spilopsyllus cuniculi.

By far the most common consequence of flea infestations of dogs and
cats is irritation. Non-allergic hosts may harbor significant flea burdens
but develop no skin lesions and show variable pruritus. However, a
significant proportion of hosts infected with Ctenocephalides felis,
possibly up to half of dogs, may develop flea bite hypersensitivity that
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In cats, overgrooming and/or chewing or ‘barbering’ of the coat occurs,
particularly on the lower back. The degree of self-trauma is more
variable and, as in dogs, may be reflected in alopecia, excoriations and
crusting. Lesions associated with self-trauma more commonly extend
to the head and neck regions than they do in dogs. In addition, miliary
dermatitis and eosinophilic granuloma complex lesions (rodent ulcers
on lips, eosinophilic plaques and/or eosinophilic granulomas) may be
present.

Diagnosis
In the non-allergic host, diagnosis of flea infestations is straightforward,
requiring demonstration of fleas and/or flea dirt on clinical examination.

Fig. 4.1.40. Flea dirt collected from combings onto moist paper showing blood
(image from http://vethq.com.au/)

In animals with flea bite hypersensitivity, it is not uncommon to be
unable to find either fleas or flea dirt on clinical presentation.
Dogs and cats with flea bite hypersensitivity exhibit pruritus,
particularly over the caudal half of the body. The lesions themselves are
not specific to flea bite hypersensitivity but the distribution of lesions is
frequently important in establishing a diagnosis. Clinical signs are more
common in more mature animals (e.g. over three years old).
In dogs, the primary lesions are papules. Self-trauma associated with
the pruritic nature of the condition results in alopecia, excoriations and
crusting of the skin. Superficial bacterial infections secondary to trauma,
i.e. ‘hot spots’, are also common. Over time, the skin responds to the
ongoing inflammation by thickening (lichenification) and increased
pigmentation (hyperpigmentation) of the epidermis.
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Fig.4.1.41. Flea-allergy dermatitis (images from http://www.pet-informedveterinary-advice-online.com/flea-pictures.html ).
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In dogs and cats with flea bite hypersensitivity, arriving at a diagnosis
can be more difficult and typically relies upon history and clinical signs,
particularly the distribution of lesions (Fig. 4.1.41). It is not uncommon
for fleas to be undetected on clinical examination of these animals. A
range of immunological tests are available, such as intra-dermal skin
testing with flea antigen, but interpretation of the results of these can
be complex. Definitive diagnosis usually relies upon monitoring the
animal’s clinical signs during an effective flea treatment trial of four
weeks or more. During such a trial, effective flea control products are
applied frequently to the affected animal, all in-contact pets are treated,
and environmental populations are also treated. No anti-inflammatory
medications are administered to the animal during the treatment trial.

In animals with flea bite hypersensitivity, separating fleas from the pet is
the single most important aspect of therapy. In these cases, in particular,
it is essential to treat environmental as well as on-host flea populations.
Temporary use of systemic glucocorticoids may provide relief from
pruritus until effective flea control is achieved, but the focus of therapy
is controlling flea infestations.

Epidemiology
Ctenocephalides felis infestations may occur year round in Australia and
New Zealand but, in sub-tropical and temperate regions in particular,
populations peak in late summer and autumn. Fleas are less common in
arid regions of Australia, and several studies have reported an absence of
fleas on dogs in these areas.
Echidnophaga gallinacea infestations of dogs and cats usually occur in a
situation where poultry are also kept in the animal’s environment.
Spilopsyllus cuniculi infestations are uncommon and occur where the
host has access to wild rabbits.

Treatment and control
Effective flea control relies upon elimination of fleas from the host and
from the host’s environment. Over the last twenty years, the greater
efficacy of newer adulticidal products, some of which were also effective
against immature flea life cycle stages, appeared to reduce the need
to target off-host, environmental stages. However, the most effective
control strategies still require attention to environmental populations.
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Treatment of fleas on the host requires the use of adulticidal products
on the pet. All pets in the household should be treated. Products that
have a repellant activity are probably contraindicated, as the aim is for
fleas to jump onto the dog or cat host and be killed by contact with, or
ingestion of blood containing, the active insecticidal ingredient.
A large range of adulticidal products is available, and there are numerous
methods by which they may be applied to hosts (see section 4.1.7).
In recent decades, the development of new highly effective active
ingredients has transformed flea control. These active ingredients include
fipronil (a phenylpyrazole), imidacloprid (chloronicotinyl), selamectin
(the only macrocyclic lactone with efficacy against fleas) and spinosad
(a spinosyn). All of these are long acting and all are available as spot-ons
with the exception of the spinosad product, which is an edible tablet
registered for use in dogs and cats. Products containing these ingredients
are easy to apply and each can be applied monthly. Dogs that swim or
are washed very regularly likely experience a shorter period of protection
from topically applied products.
In dogs or cats with flea bite hypersensitivity, adulticides need to be
applied diligently, and frequently at shorter intervals than the standard
recommendation. Effective, short-acting products such as nitenpyram
may be required between these treatments, particularly during periods of
high flea challenge. In these households, it is particularly important that
all pets receive regular adulticidal treatments.
Elimination of fleas from the environment inside the house can be
achieved through a combination of chemical and husbandry approaches.
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Vacuuming of carpets and furniture can remove up to 90% of eggs
and a significant proportion of the larval population, depending on the
length of the carpet. Vacuuming also stimulates adults to emerge from
cocoons, so vacuuming combined with the use of household insecticides
can increase the efficacy of the insecticide. Cleaning of carpets,
including steam cleaning, is likely beneficial in reducing immature flea
populations. As immature flea stages accumulate in the host’s resting
areas, regular washing or replacement of the pet’s bedding is required.

that are beyond the control of the client. Similarly, access to the client’s
yard by other dogs, cats or wildlife may result in replenishment of
environmental flea populations despite diligent adulticidal treatment
of the client’s pets. In such situations, the use of lufenuron or juvenile
hormone mimetics applied to the client’s animals will be less effective.
Restricting movement of animals on and off the property, eradication of
vermin, or use of chemical products that can be applied directly into the
environment may be required.

Chemical control of environmental flea populations generally relies
upon the use of insecticides that interfere with development of
immature fleas, i.e. lufenuron (a benzophenyl urea), various juvenile
hormone mimetics, or cyromazine (a triazine). Lufenuron and some
juvenile hormone mimetic-based products are applied to the animal,
where the active ingredient affects the viability of the offspring of adult
fleas on the host and/or is transferred from the host to the animal’s
immediate environment where they directly contact immature life stages
of fleas. Juvenile hormone mimetics and cyromazine are also available
as sprays or, in the case of the former, flea bombs that are applied
directly into the household environment. In such products, a relatively
short-acting synthetic pyrethroid or pyrethrin is usually included to
kill newly emerged adult insects while the juvenile hormone mimetic
provides an extended period of activity against immature stages. Pupae
and pre-emerged adults may be unaffected by the juvenile hormone
mimetic component of the product, and emerge from the cocoon
after the adulticidal component of the product is no longer effective,
necessitating re-treatment 1-2 weeks following the initial application.
Flea bombs release a fine mist of product that gradually settles on the
upper surfaces in the room. They do not penetrate into carpet piles, and
several flea bombs are required to treat an average sized house.

Insecticide resistance has been demonstrated among Australian isolates
of Ctenocephalides felis but the extent of this is unknown. Resistance to
older classes of insecticides, such as organophosphates and pyrethroids,
is probably widespread. Demonstrating the presence of resistance is not
easy, but there have been no definitive reports of Ctenocephalides felis
resistance against any of the newer classes of insecticides. Anecdotal
reports of product failure may reflect higher client and veterinarian
expectations of product efficacy since the development of these newer
drug classes. The fact remains that, in most instances, failure to achieve
adequate flea control is more likely to reflect failures in the flea control
program rather than resistance of the flea to the insecticide.
When approached by clients about apparent product failure, explore:
•

the level of owner compliance with the manufacturer’s
recommendations for the administration and use of the product;
and

•

the approach taken by the client to control environmental
populations of immature fleas, including the potential for
environmental sources of ongoing reinfestation of the pet from
roaming pets or wildlife.

Elimination of fleas from the environment outside the house, including
the family car, can be more difficult. Pets that are not confined to the
client’s house and yard may acquire new flea burdens from environments
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4.1.3.2. Lice

Lice cannot survive prolonged periods off the host, but may survive for a
few days up to a week in the environment.

Introduction

This means lice are most often transmitted by direct contact with
an infested host of the same species, but may also be transmitted by
infested grooming equipment or bedding.

Lice are seldom of clinical importance in dogs and cats in most regions
of Australia and New Zealand. Lice are susceptible to the insecticides
used on dogs and cats for flea control, and healthy canine and feline
hosts are generally able to control lice populations.

Summary of taxon/parasite
Lice are dorsoventrally flattened, wingless insects with a pair of short
antennae and legs that terminate in claws. They are small insects,
similar in size to fleas. Anopluran, or sucking, lice have an elongated
and narrow head used to pierce the skin and feed directly on blood and
tissue fluids, whereas chewing (or biting) lice have a broad head that is
wider than the thorax.
Three species of louse may infest dogs. Linognathus setosus is a sucking
louse. Trichodectes canis is a chewing louse. Its antennae are clearly
visible and consist of three segments. Heterodoxus spiniger is also a
chewing louse but its antennae, which consist of four segments, are
recessed in antennal grooves on the side of the head.
Only one species of louse, Felicola subrostratus, is found on the cat. It
has a triangular shaped head, notched at the apex of the triangle, with
antennae clearly visible and consisting of three segments.

Features of life cycle
As with other lice infesting mammalian hosts, the lice infesting dogs and
cats are host-species specific. The entire life cycle is spent on the host,
and takes 3-5 weeks. Eggs are cemented to hairs. Lice undergo simple
(incomplete) metamorphosis and nymphs that look similar to the adults
emerge from the eggs, and must undergo three moults before reaching
the adult stage.
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Pathology
Louse populations are readily controlled on healthy, well-groomed
pets but may multiply rapidly on very young, sick or elderly animals.
Significant burdens may be associated with pruritus and/or an unkempt
coat.
Trichodectes canis may serve as an intermediate host for the flea
tapeworm, Dipylidium caninum.

Clinical signs
Infested dogs and cats may show no clinical signs, or variable levels of
pruritus. The coat may appear unkempt and eggs, nymphs or adults
may be seen on clinical examination. Most species appear to have a
predilection for the head and dorsum. Chewing lice seek moisture and
may be found particularly around body openings and skin folds.

Diagnosis
Diagnosis is based on demonstration of lice and/or their eggs. Normally
they can be readily seen upon clinical examination. Sticky tape
impressions may assist in retrieving eggs or lice for closer examination
under a microscope.

Epidemiology
In arid regions of central Australia, chewing lice are relatively common
on dogs. Trichodectes canis is noted for being able to withstand a wide
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range of environmental conditions, and appears to be more common
than Heterodoxus spiniger, which is the only species in Central Australia.
The sucking louse, Linognathus setosus, is more likely to be encountered
in cooler climates, but it remains uncommon.

hypersensitivity to mosquito bites. Lesions commence as erythaematous
papules that are often erosive, ulcerated, necrotic or crusted. Lesions are
especially found on the pinnae and nose but also may involve footpads,
the chin and lips. Diagnosis is based on clinical signs and history, and
supported by clinical improvement if the cat is kept indoors for five
or more days. Similar cases of hypersensitivity to mosquito bites are
occasionally reported in New Zealand.

Felicola subrostratus appears to have a cosmopolitan distribution but is
also uncommon on owned cats.
Louse populations tend to increase in the cooler months of the year, so
that peak infestations typically occur in late autumn and winter. Well
nourished, health dogs or cats are generally able to control lice burdens.

Treatment and control
All stages of the life cycle occur on the host so treatment is relatively
straightforward. Topical insecticidal treatments should be given
(long-haired cats may need matted fur clipped first) twice at 7-14 day
intervals, unless the product employed provides greater than two weeks
protection. This is to ensure the killing of any nymphs that emerge
from eggs present at the time of the initial treatment. Treat all animals
in the group. The husbandry, nutrition and general health status of the
animal/s should also be examined.

4.1.3.3. Dipterans
Various biting flies and midges affect dogs and cats in Australia. The
range of possible species is less in New Zealand.

In both situations, separating the affected pet from the biting fly or
mosquito offers the best outcome. For some flies, particularly filth
flies such as Stomoxys calcitrans, the breeding site may be able to be
eliminated. Keeping the affected pet indoors will usually lead to clinical
improvement. Repellents on sparsely-haired regions may be of value, but
are only short-acting.
Mosquitoes are also important as intermediate hosts for canine
heartworm. Four species of mosquito are thought to be important in the
epidemiology of heartworm in Australia - all are found Australia wide.
Myiasis or fly strike may occur occasionally on dogs or cats. This is the
invasion of living tissues of animals by dipteran larvae, or maggots.
There are two situations where this may occur; wound myiasis or myiasis
arising in soiled pelage (coat). In the latter, the skin surface is kept
wet and dirty and this attracts flies to lay eggs in the area. Both forms
commonly involve blowflies (family Calliphoridae), flesh flies (family
Sarcophagidae) or filth flies (family Muscidae). Obviously animals
with thick, long coats are more likely to be affected. Strike wounds are
clipped and flushed, and all maggots removed.

Biting flies such as the stable fly (Stomoxys calcitrans) may attack dogs
around the face and ears leading to erythema, exudation and crust
formation. Self-trauma can exacerbate the problem and attract more
flies. This is one of several possible causes of ear edge dermatoses in dogs.
In Australia, a seasonal dermatitis of cats centred on the pinnae
and face has also been described and appears to be associated with
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acting acaricides. Short-tailed mites (e.g. Demodex gatoi on cats) are
more commonly found in the epidermal layers of the skin.

4.1.3.4.1. Demodex spp.
Introduction
Many mammals appear to have their own species of Demodex mites
living as commensals in the skin. Most of these mites are only
occasionally associated with disease but the most common species
encountered in dogs, Demodex canis, may produce severe mange in
some dogs.

Summary of taxon/parasite
Demodex mites have a characteristic slender, worm- or cigar-like shape
with short, stubby legs and are most commonly located within hair
follicles.
In dogs, Demodex canis is the most commonly encountered species and
is around 180 - 210 µm long. Demodex injai is considerably larger (330
- 370 µm) and with a longer tail. A short-tailed Demodex has also been
described from dogs but may be a morphological variant of Demodex
canis.
In cats, Demodex cati (180 – 220 µm) has a long tail whereas Demodex
gatoi is significantly shorter (80 – 115 µm), short-tailed, and found in
the stratum corneum rather than hair follicles.

Features of life cycle
The entire life cycle is spent on the host. Adults feed on cells, sebum
and epidermal debris deep within hair follicles and/or sebaceous glands.
Given this location, it is not surprising that Demodex mites are not
readily transmitted between animals, nor readily accessible to topically- 512 -

Adults produce fusiform-shaped eggs from which 6-legged larvae emerge
and undergo several moults to develop into the 8-legged nymphs and
adult stages. Larvae and nymphs likely move over the skin surface to
colonise new hair follicles. Recognition of Demodex canis life cycle stages
is important in assessing response to treatment. The entire life cycle is
probably around 3-5 weeks in duration.

Pathology
Demodex canis in most dogs exists as a commensal organism of the
skin and ear canal and it is difficult to demonstrate Demodex mites in
the skin of most healthy dogs. In some animals however, the balance
is “tipped” in favour of mites resulting in large numbers of mites and
demodectic mange. The presence of mites within the hair follicle
stimulates hyperplasia and hyperkeratosis of the hair follicles and this,
together with damage to hair shaft and bulb from the mites, results in
scaly skin and hair loss that is characteristic of localised demodicosis.
Mural folliculitis (an inflammatory lesion targeting the wall of the hair
follicle) becomes a major feature of the histopathology of the condition
if it progresses. In generalised disease, the linings of the follicles and
associated glands become disrupted and eventually mites and debris are
released into the dermis. This leads to bacterial infections of the dermis
(pyoderma). Untreated animals may develop bacteraemia.
It is not known why some dogs develop generalized disease. An
immune defect or underlying immunosuppressive condition are likely
factors allowing the proliferation of mites. There is evidence of a
defect in the cellular immune response to Demodex canis in dogs with
generalized demodectic mange, but the humoral responses are normal.
Hormonal changes associated with oestrus and puberty can lead to
an exacerbation of clinical signs. For these reasons, potential causes of
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immunosuppression of the host need to be considered, particularly in
adult onset disease.
Like Demodex canis, disease associated with Demodex cati reflects
a proliferation of mite populations and affected cats often have an
underlying immunosuppressive condition.
Disease associated with Demodex gatoi however appears to be a direct
result of mites in the feline epidermis triggering pruritus, rather than an
overgrowth in the mite population.

Clinical signs
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Generalised demodectic mange is defined as when a dog has five or
more focal lesions, involvement of an entire body region (e.g. face)
and/or has complete involvement of two or more feet (Fig. 4.1.43).
Demodectic otitis externa may accompany generalised mange. Lesions
on mildly affected dogs include erythema, comedones (‘blackheads’)
and scaling. Multiple alopecic lesions appear rapidly on the head, legs
and trunk. Folliculitis occurs and secondary bacterial skin infections
frequently complicate the lesions - exudates from pyoderma (i.e.
bacterial infections of the dermis) can form thick crusts. Peripheral
lymphadenopathy may be marked. Pruritus (associated with bacterial
infection) and pain may be seen. Pain can be particularly obvious in
large dogs with pedal demodicosis (due to interdigital swelling).

Demodex canis
Localised disease is defined as where there are no more than four
lesions up to 2.5 cm diameter. These lesions are circumscribed, scaly,
usually non-pruritic areas of alopecia, often hyperpigmented and/or
erythematous. They occur especially on the face and/or forelegs (Fig.
4.1.42). Affected dogs are usually less than 12 months old (most are ~6
months old). Distinction between localised and generalised disease is
important because most localised cases heal spontaneously.

Fig. 4.1.43. Generalised demodectic mange on the face (image courtesy of G.
Coleman)
Fig. 4.1.42. Localised demodectic mange (image courtesy of G. Coleman)
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Demodex injai
Demodex injai produces a different clinical picture to Demodex canis.
An increase in the greasiness of the skin and coat are more common
clinical features in affected dogs, with variable pruritus and alopecia. The
dorsal trunk is most commonly affected.
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paraffin or mineral oil and examined (Fig. 4.1.44). It is rare to recover
mites from clinically normal dogs or cats, so recovering even one mite
should raise suspicion of disease.

Demodex cati
When Demodex cati produces lesions, they are typically focal areas
of alopecia, scaling, comedones and possibly crusts on the head or
neck. Lesions may be overlooked by the cat’s owner. Eyelids are not
uncommonly affected, and the external ear canals may be involved.
Generalised disease is rare.
Demodex gatoi
Pruritus is variable in most Demodex infections of dogs and cats, and
typically develops secondary to bacterial infections. In Demodex gatoi
infections however, pruritus is the main clinical sign and is associated
with alopecia in areas the affected cat can reach during grooming.

Diagnosis
The presentation of generalized demodicosis in dogs can be quite
variable - for this reason it is probably wise to always do a deep skin
scraping in canine dermatology cases, especially in chronic disease or
those cases involving the feet, pyoderma or seborrhoea.
Skin scrapings are the main diagnostic tool for detecting Demodex
infestations. Multiple deep scrapings in the direction of hair growth of
1 cm2 are taken from areas of affected skin. The skin should be squeezed
before or during the scrapings, and the area scraped until capillary
bleeding occurs. The site for scraping should be selected carefully; i.e.
the periphery of active lesions, or early primary lesions (i.e. follicular
papules or pustules). The debris is transferred to a slide, mixed with
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Fig 4.1.44. Demodex mites from a skin scraping (image from G. Coleman)

Adequate records should be kept of scrapings as the total number
of mites and the proportions of immature forms and live adults (for
example, in a random sampling of 5 low power fields at each scraping
site) are very important in monitoring success of treatment.
Trichograms (hair plucks) may be useful in areas difficult to scrape,
or in animals that resent scrapings. Hair is plucked, placed in mineral
oil, coverslipped and examined microscopically. Negative trichograms
should be followed by deep skin scrapes before ruling out a diagnosis.
Similarly, squeezing the contents of pustules onto a slide may give a
diagnosis but is not reliable for eliminating the diagnosis.
Diagnosis of Demodex gatoi infections can be difficult as the numbers
of mites recovered with scrapings are often low, presumably due to their
being removed by the zealous grooming of the pruritic cat.
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More superficial skin scrapings or examination of sticky tape
impressions may be of some use. Skin biopsies are occasionally necessary
particularly where there is thickened skin, such as infections of the
feet or Shar Pei dogs. In addition, some Demodex injai infections have
few mites present, and the diagnosis is based on histopathology (Fig.
4.1.45).
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a Demodex canis-specific defect in their cellular immunity. Adult
onset disease commences in animals over two years of age that had
previously been able to control mite populations. This implies the
dog is suffering from an underlying systemic disease or other cause of
immunosuppression and hence the clinical workup of these cases needs
to account for this, and the prognosis is more guarded.

Treatment and control
Treatment of dogs
Localised disease due to Demodex canis usually resolves spontaneously
in 6-8 weeks. These dogs should be re-examined (e.g. in 3-4 weeks)
and the extent of their lesions and the numbers of mites in scrapings
monitored to ensure they truly have localised disease rather than being
in the early stages of developing generalised disease. There is no evidence
that early treatment of localized disease prevents generalization.
Fig. 4.1.45. A skin biopsy showing Demodex mites in hair follicles (image
courtesy of G. Coleman)

Epidemiology
Demodex canis is a common cause of disease in dogs, but disease due to
the other Demodex species infesting dogs and cats is uncommon to rare.
Neonates are thought to acquire mites from skin-to-skin contact with
the bitch or queen during suckling. Other than this, Demodex infections
are not contagious. Demodex gatoi is an exception; its superficial locality
means it is more readily transmitted between cats and cats do not need
to be immunosuppressed to develop pruritus.
In generalized disease due to Demodex canis, the age of onset of
disease is important in establishing a prognosis. Juvenile onset disease
commences from 3 – 18 months of age. Affected dogs probably have
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Management of generalised disease requires good communication
with clients, as the treatment can be prolonged, often 4 – 6 months.
Affected animals should be neutered; oestrus may precipitate disease
and traditionally it has been believed that there is a hereditary
predisposition to the development of disease. Due to the potential for
immunosuppressive conditions to exacerbate disease, animals should be
on a high plane of nutrition with good endoparasite control strategies
in place. In dogs with adult onset disease, investigation for underlying
systemic states is required.
The principles of managing generalised disease are:
•

regular, e.g. monthly, skin scrapings to monitor response to
treatment;

•

elimination of any concurrent pyoderma through use of oral
antibiotics and weekly antimicrobial shampoos; and

•

elimination of mites.
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Elimination of mites in cases of generalised disease requires prolonged
use of effective acaricides. For many years, amitraz wash was the only
product registered for the treatment of generalised demodectic mange
in the dog, but this product is no longer available for use on dogs in
Australia or New Zealand. It was associated with a significant risk of
toxicity to both the pet and its owner, and failed to achieve negative
skin scrapings in a significant proportion of affected dogs. There is only
one product on the Australian and New Zealand market registered for
treatment of generalised demodectic mange (a spot-on formulation
of moxidectin with imidacloprid). This product carries a label claim
of efficacy with monthly applications but in severe disease this dosing
frequency may not achieve negative scrapings.
The therapy of generalised demodectic mange now relies upon the
prolonged use, usually at elevated doses, of one of the following
macrocyclic lactones; ivermectin, moxidectin, doramectin or
milbemycin. There is a risk of toxicity with the elevated dose rates
employed in off-label macrocyclic lactone use. To minimise risks
associated with this, the dose rate is typically increased over several
days (and therapy stopped if side-effects are detected). In addition,
care needs to be taken in the use of other P-glycoprotein inhibitors
(e.g. cyclosporine, ketoconazole, selamectin) during Demodex therapy.
Testing the dog for the ABCB1-∆1 (MDR-1) mutation will also give
some indication of its likely susceptibility to macrocyclic lactone toxicity.
Currently, the most effective treatment regime is injectable doramectin
(Dectomax®):
•

Inject weekly @ 600 μg/kg s/c for 12 weeks

•

Perform skin scrapings after 6, 10 and 12 weeks

•

If skin scrapings negative after 10 and 12 weeks, cease treatment
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The most common reasons for treatment failure include failure to
eliminate bacterial infections of the skin, and stopping acaricidal
treatment too soon. Because recurrence is common, therapy should be
continued for at least one month beyond achieving two negative sets of
skin scrapings at consecutive visits, and the patient should continue to
be monitored for the next twelve months.
Treatment of cats
In cats with disease due to Demodex cati, investigations to rule our
underlying systemic conditions or infections should be conducted.
Demodex cati responds more readily to treatment than generalized
disease in the dog. There are no products registered to treat feline
demodicosis in Australia or New Zealand but the off-label use of
ivermectin (200-300 µg/kg orally every 24-48 hours), continued for at
least two weeks after clinical cure, has been reported to be effective. As
with treatment of canine disease, care should be taken to avoid the risk
of toxicity. The use of weekly 2% lime sulphur dips is also effective but
not readily available in Australia.
Because Demodex gatoi infections can be contagious, all in-contact cats
should be treated in addition to the affected cat.

4.1.3.4.2

Sarcoptes scabiei (scabies)

Introduction
Different strains of Sarcoptes scabiei infest a range of host species
including dogs, pigs and people. The mites burrow through the
epidermis where they spark intense pruritus. Infestations of dogs and
other canids, particularly foxes, with the dog-adapted strain are relatively
common. Sarcoptes infestations of cats have been reported but are rare.
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Summary of taxon/parasite

Clinical signs

Adult mites are round to oval and 300 – 500 µm long. The coxae of
the first two pairs of legs are widely separated from the posterior pair of
legs which are almost or completely concealed under the abdomen (Fig.
4.1.46). Tarsal suckers are carried on long, unsegmented pedicels on
the first two pairs of legs in adult females, and on the first, second and
fourth pairs in adult males – remaining legs terminate in long setae. The
dorsum of the mite carries stout spines and pointed triangular scales and
this, together with the terminal position of the anus helps distinguish
the mite from Notoedres. Eggs are large, approximately 230 µm.

The major clinical sign of disease is pruritus. Early lesions are red
papules, typically with a thick yellowish crust, but these are soon
obliterated by the secondary lesions of self-trauma including excoriations
and alopecia (Figs. 4.1.47). Lesions are common on relatively hairless
areas of the body such as the pinnae (especially the margins), the lateral
aspects of the elbows and hocks, and on the ventral abdomen. Not all
affected dogs will demonstrate a classic distribution of lesions. In rare
cases, marked hyperkeratosis (crusting) may be seen.

Features of life cycle
The entire life cycle is spent on the host and these mites cannot survive
for extended periods off the host. Adult mites live in tunnels they create
in the epidermis. The female lays eggs from which a six-legged larva
emerges. The larva passes through two 8-legged nymph stages before
reaching the adult stage. The entire life cycle can be completed in three
weeks. Moults occur in burrows and newly moulted stages can probably
either create side tunnels from the tunnel in which they are in, or move
onto the skin surface and move about before digging new tunnels.
Larvae and nymphs therefore spend time on the skin surface and are
readily transmitted by direct contact between hosts.

Pathology
Mites feed on tissue fluids and epidermal cells as they burrow through
the epidermis. This feeding behavior, and the presence of faecal pellets
deposited in epidermal burrows, can spark a severe pruritic reaction.
Hyperkeratotic changes also occur and may be a major feature of the
presentation in some dogs. The pruritus may lead to self-trauma by the
dog leading to alopecia and excoriations of the skin.

Fig. 4.1.46. Sarcoptes scabiei mite (right) and embedded in a superficial epithelial
tunnel (left; images courtesy of G. Brown)

Owners of affected dogs may also experience intensely pruritic papules
in areas of their skin that has been in contact with the dog (e.g.
arms, abdomen). Note that this distribution of lesions differs from
that typically seen with infestations by the human-adapted strain of
Sarcoptes.

The continual pruritus associated with infestations may lead to
emaciation, debility and death in untreated dogs.
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Epidemiology

Fig. 4.1.47. Sarcoptic mange on a pup (image courtesy of G. Brown)

Diagnosis
The clinical signs and distribution of lesions are suggestive of scabies,
and a history of lesions in owners or access to other affected dogs, or
to foxes, would also raise the index of suspicion that Sarcoptes might
be involved. The ‘ear scratch reflex’ may also be suggestive of scabies.
However, demonstration of mites or their eggs in deep skin scrapings
is required for a definitive diagnosis. This can be problematic. Mite
numbers can be low, particularly in lesions where the mite’s habitat has
been damaged by self-trauma from the host. Therefore, at least 10 – 15
scrapes should be taken, concentrating on primary lesions in areas not
damaged by self-trauma. Some reports have indicated the sensitivity of
skin scrapings in detecting infestations can be as low as 50%. Serological
assays to detect anti-Sarcoptes antibodies are commercially available in
some regions and can also assist in establishing the diagnosis, but there
may be potential cross-reactivity with house dust mites. Due to the
difficulties in establishing a definitive diagnosis, response to treatment
may be employed to reach a presumptive diagnosis.
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Although Sarcoptes scabiei is considered a single species, strains within
the species have particular host preferences. Thus, the canid strain has
some capacity to also infect people and produce pruritic lesions, but
it cannot complete its life cycle and maintain a population on human
hosts without ongoing reinfestation of the person from an infected
animal. The canid strain is transmitted readily between dogs and foxes,
and a history of access to foxes is not uncommon in affected dogs.
Epizootics of scabies have been reported in foxes and can be associated
with significant mortalities. Scabies appears to be more common in rural
dogs.
Cats can become infected with Sarcoptes scabiei, but this is rare. In such
cases, there may be a history of contact with infested dogs, foxes or fox
burrows.

Treatment and control
A range of acaricidal products are available to treat scabies infestations.
Products should be applied so they provide protection for two mite life
cycles (i.e. six weeks). Selamectin and moxidectin-imidacloprid spoton formulations are registered for treating scabies, and fipronil spot-on
and spray formulations are also registered as an aid in the treatment
of the condition. Off-label therapies that have been reported include
ivermectin (200 μg/kg orally or sub/cut, repeated in two weeks) and
more frequent applications of fipronil (i.e. every 2-3 weeks rather than
monthly). Pruritus may persist for a short time after mite death, possibly
as a result of release of antigens from dying mites, and this should not be
confused with resistance to treatment.
Regardless of the acaricide used, it is important to treat all in-contact
dogs, even if asymptomatic. Cleaning all bedding and grooming aids is
indicated; although mite survival is poor off of the host, these represent
potential sources of reinfection for a short period of time.
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Lesions on in-contact people will resolve following successful
elimination of the canine infection.

4.1.3.4.3.
scabies)

Notoedres cati (face mange or feline

Introduction
This is another sarcoptid mite but cats are the natural hosts. It has
a similar life cycle, morphology and clinical presentation to that of
Sarcoptes scabiei in dogs.

Summary of taxon/parasite
Adult mites are rounded with a diameter of 200 – 230 µm. The coxae
of the first two pairs of legs are widely separated from the posterior pair
of legs which are almost or completely concealed under the abdomen
(Fig. 4.1.48). Tarsal suckers are carried on long, unsegmented pedicels
on the first two pairs of legs in adult females, and on the first, second
and fourth pairs in adult males – remaining legs terminate in long setae.
Unlike Sarcoptes, the dorsum of the mite carries neither stout spines nor
pointed triangular scales and the anus is dorsal (rather than terminal).
Eggs are approximately 100 µm long.

Fig. 4.1.48. Notoedres cati (image courtesy of J.H. Arundel)

Features of life cycle
The life cycle is similar to that of Sarcoptes scabiei. Adult females lay eggs
in burrows deep in the skin, occasionally extending below the stratum
corneum. Eggs hatch and the six-legged larva emerges onto the surface
of the skin before digging a burrow of its own in which to moult. The
larva digs a new tunnel before moulting to the first 8-legged nymph
stages. The first nymph stage also moves onto the skin surface before
digging a superficial tunnel in which it moults to the second nymph
stage. The second nymph digs a third burrow in which it moults to
the adult stage. Immature stages and adult males seeking mates may be
found on the skin surface but adult females probably remain in the third
burrow. The life cycle can be completed in 2.5 – 3 weeks.

Pathology
Mites feed on tissue fluids and epidermal cells as they burrow through
the skin. This feeding behavior sparks a severe pruritic reaction in the
host, and lichenification of the skin. As with scabies in dogs, self-trauma
associated with the pruritus may lead to alopecia and excoriation of the
skin (Fig. 4.1.49).
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Young and chronically infected cats can become debilitated, and in such
cases disease is also more likely to become generalised.
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Diagnosis
Mites are normally abundant in the skin and easily detected on skin
scraping.

Epidemiology
Notedres cati is relatively uncommon in owned cats in Australia and
New Zealand. Epizootics of disease have been reported in other parts of
the world.
This mite primarily affects cats but can be transmitted to dogs and
rabbits. Like Sarcoptes scabiei, it may transiently infect people and
produce pruritic lesions, but it cannot complete its life cycle and
maintain a population on human hosts.
Fig. 4.1.49. Clinical presentation of notedric mange (images courtesy of G.
Coleman)

Clinical signs
Lesions of notoedric mange are first seen at the medial, proximal edge
of the pinna and spread rapidly to the upper ear, face, eyelids and neck.
Lesions may also occur on the feet and perineum and, in a minority of
cases, can become more generalised.
Lichenification and intense pruritus are classic clinical signs. Partial
alopecia and excoriations associated with self-trauma may also be
seen. The severity of lesions can range from miliary dermatitis to thick
adherent crusts overlying ulcers on the head and neck.
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Treatment and control
Selamectin and fipronil are effective treatments. Ivermectin (given at
least twice at two week intervals) is also widely used and effective, but
this is off-label. Response to treatment is usually rapid and complete
but all in-contact cats and dogs should also be treated.

4.1.3.4.4. Otodectes cynotis (ear mites)
Introduction
Otodectes cynotis is a common infection of the external ear canals of
young cats. The mite may also infect dogs, foxes, and ferrets. It is
often only mildly pathogenic, but it can trigger a sequence of events
culminating in more significant ear canal disease.
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Summary of taxon/parasite
These are large, circular, white mites which are actively mobile on the
skin surface and can be seen with an otoscope. Adult females are 350
– 450 µm long and males can be from 270 – 360 µm long. They are
the only large non-burrowing mites (i.e. with long legs) likely to be
encountered in the ear canal of these hosts.
Tarsal suckers are carried on short, unsegmented pedicels on all four
pairs of legs in the male, but only the first two pairs of legs in the female.
The posterior body of the male also includes two ventral suckers used for
attachment during copulation.

Features of life cycle
The entire life cycle occurs on the host and can be completed in
around three weeks. Eggs are laid and cemented on the surface of the
ear canal where the larva hatches and moults through two nymphal
stages before reaching the adult stage. Though usually found in the ear
canal, Otodectes cynotishas been recovered from other areas of the body,
such as the posterior half of the body and the tail. Infestations can be
transmitted between hosts by close contact between them.

Pathology
Ear mites feed on epidermal debris and probably host tissue fluids.
There is considerable variation in host response to the presence of
mites but they can provoke an inflammatory reaction of the ear canal
(otitis externa) with accumulation of dark brown ceruminous discharge
and inflammatory exudates (Fig. 4.1.50). The epithelium becomes
hyperkeratotic and sheets of dry, waxy material may slough off into the
ear canal. Given the variation in host response to mites, it appears likely
that some animals experience a hypersensitivity response to infestations.

- 530 -

Fig 4.1.50. Otodectic mange in the ear of a cat (image courtesy of G. Coleman)

It has been estimated that up to 50% of feline otitis externa cases
are associated with Otodectes cynotis infection but a much smaller
proportion of canine cases are. Canine otitis externa is a very common
but complex disease process. Mites or several other conditions can
act as “trigger factors” to initiate the development of inflammation
and infection. The inflammatory response to the mite creates an
environment which is unfavourable to its needs but favours bacterial
and/or fungal growth–an unknown proportion of bacterial otitis externa
cases probably develop secondarily to Otodectes cynotis infection.

Clinical signs
The clinical signs of otodectic otitis reflect aural pruritus. The dog or cat
may shake its head or scratch at its ears. On closer examination of the
external ear canal, a dark brown ceruminous discharge or thin sheets
of dry scaly epidermal debris may be seen. Mites may be seen as white
specks scampering away from the light of the otoscope.
- 531 -

Section 4.1: Small Animals (Dogs & Cats)

Occasionally, otodectic mange can become more generalized and
produce a pruritic dermatitis on the head or general body.
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occur in the ear canal, these also need to be treated. The use of ear
drops can provide more rapid resolution of clinical signs than systemic
macrocyclic lactones alone.

Diagnosis
Otodectes cynotis can be directly observed with an otoscope, where
heavy infestations may have the appearance of moving sand, or detected
upon microscopic examination of ear swabs. Some animals can have
significant disease with only small numbers of mites.

Epidemiology
Otodectes cynotis is highly contagious and especially common in young
animals. There is some evidence that the life cycle is completed more
rapidly in warmer weather and that the mites move deeper into the
ear canal in colder conditions. The entire life cycle occurs on the host,
and the duration of survival off the host is probably influenced by
environmental conditions. If relative humidity is high, they may be able
to survive for over a week off the host.

Treatment and control
Macrocyclic lactones provide effective treatment of Otodectes cynotis
infestations and there are registered spot-on formulations of selamectin
and moxidectin (with imidacloprid) that are effective and provide
protection against fleas and heartworm. Ivermectin (given at least
twice at two week intervals) is also effective, but this is off-label. The
advantages of macrocyclic lactones include ease of administration and
likely efficacy against mites living on the head or body of the animal.
Insecticidal ear drops are effective at killing mites but persistence
of infection, or reinfection, is relatively common. This may reflect
difficulties in applying otic preparations, or possibly re-colonisation of
the ear canal from mites elsewhere on the host’s body or from mites
persisting in the environment. If secondary bacterial or fungal infections
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4.1.3.4.5.

Fur mites

Introduction
Cheyletiella yasguri on dogs, and Cheyletiella blakei and Lynxacarus
radovskyi on cats, are hair-clasping mites that live among the pelage of
their canine and feline hosts. They can be responsible for what is usually
relatively mild disease.

Summary of taxon/parasite
Adult Cheyletiella mites are large, 500 µm long, and visible with the
naked eye. They have characteristic, large palpal claws. Differentiation
between Cheyletiella yasguri and Cheyletiella blakei may be possible by
examination of the sense organ on the first pair of legs; it is heart-shaped
in the former and conical in the latter. However, this can be difficult
and is not required in practice. Recognition of eggs can be important in
establishing a diagnosis; these are attached to hair shafts at their poles
but are smaller (240 µm long, 115 – 135 µm wide) than louse nits.
Lynxacarus radovskyi is elongated (about 500 µm long) and laterally
compressed with short, hair-clasping legs clustered on the anterior twothirds of the body. Sternal plates of the mites encircle hair shafts. As with
Cheyletiella, eggs (~ 200 µm long) are attached by one end to the hair of
the cat.

Features of life cycle
All stages of Cheyletiella spp. life cycles occur on the host, although these
mites can survive off the host for longer periods than most other mange
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mites. A six-legged larva emerges from the egg and passes through
two nymph stages before reaching the adult stage. The life cycle can
be completed in 3 – 5 weeks. Mites are very mobile and are readily
transmitted during direct contact between hosts.
The life cycle of Lynxacarus radovskyi is poorly described. The adult, egg,
larval and nymph stages all occur on the host and transmission between
hosts likely occurs by direct contact.

Pathology
Cheyletiella infestations may provoke an exfoliative dermatitis producing
white flakes, or dandruff, particularly along the dorsal midline. The
degree of pruritus is variable. Hosts may carry infestations yet be
asymptomatic.
Lynxacarus radovskyi infestations are usually associated with minimal
disease. The coat may lose some of its sheen and there may be a variable
degree of pruritus.

Clinical signs
For cheyletiellosis, the major clinical sign is scaly dandruff which may
be most prominent along the dorsal midline of the dog or cat. In heavy
infestations, mites moving among the scurf give rise to the description
of ‘walking dandruff’ (Fig. 4.1.51). The degree of pruritus is variable.
It is likely that many infested hosts develop minimal clinical signs, and
young animals typically show more symptoms.
When Cheyletiella infestations are involved, clients may also report
lesions on themselves or other people in contact with the animal. Such
lesions are pruritic red papules on areas of skin in direct contact with the
pet, and where there is less clothing, such as the wrists, neck, ankles and
abdomen.
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Fig 4.1.51. Coat of Cheyletiella-infested puppy showing scurfy dandruff that is a
typical feature of these infestations (image courtesy of G. Coleman)

In Lynxacarus radovskyi infestations, the hair coat can appear dull or
unkempt and, in heavy infestations, large numbers of mites and eggs can
impart a ‘salt and pepper’ appearance to the coat.

Diagnosis
Mites can be identified upon clinical examination with the assistance of
a hand lens, or by microscopic identification of mites or eggs collected
with sticky tape impressions. Diagnosis is not always easy because
numbers of mites can be low. Faecal floatation may reveal mites or eggs
swallowed during grooming. Eggs recovered in this way are much larger
than hookworm eggs, and are embryonated.

Epidemiology
Cheyletiella yasguri and Cheyletiella blakei are highly contagious between
dogs and cats respectively, particularly among young hosts. There are a
number of reports of Cheyletiella mites being found on fleas, flies and
lice and these larger parasites may assist transmission in some situations.
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Cheyletiellosis is more common where there are numbers of young
animals kept together, such as breeding establishments or pet shops.

4.1.3.4.6

Lynxacarus radovskyi infestations have been reported from subtropical
and tropical regions around the world, including Fiji and coastal
Queensland. It is not uncommon in feral or stray cats in Brisbane.
Although transmitted by direct contact between cats, it appears to be
less contagious than Cheyletiella.

Trombiculids

Cheyletiella species are not highly host species-specific but Cheyletiella
yasguri clearly prefers a canine host and Cheyletiella blakei prefers a
feline host. Humans can serve as an accidental or transitory host for
Cheyletiella. When infested with Cheyletiella mites, people develop
pruritic red papules in areas of skin exposed to their infested pets.
Elimination of the infestation from the affected pets results in resolution
of lesions on their owners. Lynxacarus radovskyi has not been recorded
from non-felid hosts including people.

Treatment and control
Most acaricides are effective against Cheyletiella, including synthetic
pyrethroids, fipronil and macrocyclic lactones, and this is likely also
true for Lynxacarus infestations. Several weeks of acaricidal activity are
likely to be required. Cheyletiella infestations in particular may require
prolonged treatment periods, possibly in part due to reinfestation
from mites persisting in the environment. Monthly use of selamectin,
moxidectin or fipronil products for heartworm or flea control will help
prevent infestations with these mites.
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Other mites

Tromiculids are free-living mites that are only parasitic in the larval
stage. There are many species in the group with a variety of natural
hosts. Mites are most active in the warmer months and after summer
rains. Red/orange larvae cluster in groups when feeding on the host.
Infestations are common in certain regions, especially on cats.
Clinically, orange “spots” are seen on less well haired regions such as the
pinnae or ear canals, eyelid margins or scattered throughout the general
coat. Often the host shows no irritation, but pruritus and self-trauma
may be seen.
Many acaricidal products will treat the infection, or mites may be
physically removed, but re-infection from environmental reservoirs of
mites is common.

Red Poultry Mite (Dermanyssus gallinae)
This non-burrowing mite mostly infests birds or their habitat. It can
occasionally infest other hosts such as people, dogs and cats. However
it is quite rare in dogs and cats and generally there is an association
with poultry housing - the mite is a typical nest parasite. They are red
when engorged with blood. Affected animals can be intensely pruritic,
especially over the back and legs. Diagnosis is via skin scrapings but
can be difficult – the mite feeds on the host only intermittently and is
small (<1 mm). All legs are at the anterior end of the body. Dermanyssus
is likely susceptible to most acaricidal preparations available for use on
dogs or cats.
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4.1.3.5. Ticks
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is endemic, a tick retrieved from a pet dog or cat that has long
mouthparts, a circle around the anus, and legs clustered anteriorly (if the
tick is engorged) can be assumed to be Ixodes holocyclus.

Introduction
Twelve species of ticks, from six genera, have been recorded on
dogs in Australia but only the various species of Ixodes and, in dogs,
Rhipicephalus sanguineus are of significance in small animal practice.
In New Zealand, Haemaphysalis longicornis is the only tick likely to be
recovered from pet dogs or cats and this tick is also commonly found on
pets from coastal farms in NSW and Victoria where the tick occurs.
By far the most important manifestation of disease due to ticks in
Australian cats and dogs is tick paralysis. It has been estimated that there
are 10,000 cases of tick paralysis in dogs and cats in Australia each year,
the overwhelming majority of which are due to Ixodes holocyclus.

Summary of taxon/parasite
Most ticks recovered from dogs or cats are hard (or ixodid) ticks; they
have a terminal capitulum that is visible from the dorsal surface of the
tick and a scutum.
Ticks of the genus Ixodes lack eyes and festoons, have an anal groove
anterior to the anus, and long palps that are broadest at the junction
of the second and third segments. Ixodes holocyclus, or the paralysis
tick, is the most important member of the group and is characterized
by a circle around its anus and legs 2 and 3 appear paler than legs 1
and 4 (Fig. 4.1.52). However, it is not the only member of the genus
able to produce paralysis and other species able to do so include the
closely related Ixodes cornuatus and Ixodes hirsti. Ixodes hirsti has been
associated with paralysis only once and there is some doubt that it was
truly a case of tick paralysis. Morphological discrimination between
Ixodes holocyclus and Ixodes cornuatus, which are sympatric in some
regions of Victoria, can be challenging but is not generally necessary
from a clinical perspective. In other areas where Ixodes holocyclus
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Fig. 4.1.52. Ixodes holocyclus ventral (left) and dorsal view (centre) and actual size
(right) (images from www.lowchensaustralia.com (left, centre),
www.markus.nolf.org (right)

Rhipicephalus sanguineus, the brown dog tick (Fig. 4.1.53), has a
hexagonal basis capituli, short mouthparts, eyes, an anal groove behind
the anus and festoons. The most characteristic feature is the markedly
bifid first coxa.
Haemaphysalis longicornis, the New Zealand cattle tick, has an anal
groove behind the anus and festoons. The most characteristic feature is
that the second segment of the palps project laterally.
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in detectable amounts until day 3 after attachment and the peak of
toxicity is on days 5-6 (clinical signs are usually first seen ~4 days after
attachment, but may occasionally occur before then).
Toxins produce neuromuscular blockade and flaccid paralysis,
particularly of lower motor neurons.

Fig. 4.1.53. Rhipicephalus sanguineus on a dog (images courtesy of G. Brown)

Features of life cycle
All of these ticks have a three-host life cycle. Engorged adult females
drop off the host prior to egg laying. Larval ticks find a new host and
feed before dropping off to moult to the nymph stage. The nymph in
turn must find a new host and feed before dropping from the host prior
to undergoing the final moult to the adult stage. The duration of the
off-host stages are the most variable components of the tick life cycle,
and this is heavily influenced by environmental conditions, particularly
relative humidity and temperature.

Pathology
Tick paralysis
The pathogenesis of tick paralysis is incompletely understood. Tick
paralysis is most often caused by one or more engorging adult females,
but very heavy infestations with larvae or nymphs may also produce
disease. The engorging tick produces various neurotoxins in its salivary
glands: holocyclotoxin can cause paralysis. The toxins are not secreted
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Pulmonary oedema is another major feature of tick paralysis and may
be due to an effect of toxins on cardiac function. Further evidence of
a cardiotoxic effect was provided by the finding of long QT syndrome
(reflecting delayed cardiac repolarization) in dogs with tick toxicity.
Resolution of these ECG changes lags behind clinical recovery and
may be responsible for sudden death sometimes seen in affected pets,
including in the recovery phase.
Severe respiratory impairment also occurs. The respiratory system
is subjected to a series of insults including pulmonary oedema
and aspiration pneumonia (due to interference with swallowing).
Neuromuscular blockade by toxins may also affect the muscles of
respiration. Finally, toxins may affect the respiratory centre in the
medulla.
In tick-infested areas, many continuously exposed animals rarely develop
signs of paralysis, presumably due to the development of acquired
resistance. Maternal immunity can be important in early life until
active immunity is attained. Acquired immunity is based on a humoral
response and serum can be harvested from dogs which have been
exposed to a number of Ixodes ticks that are only allowed to engorge
for a short time – this is the basis for the production of commercial
Ixodes holocyclus anti-serum. It is important to note that any acquired
immunity a dog or cat may develop is likely to be short-lived, and this
is reflected in a higher incidence of tick paralysis in pets seen in early
spring (due to loss of the immunity acquired the previous season).
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Other effects of ticks
The attachment sites of immature (larval and nymph) stages of various
species of Ixodes have been associated with a papular dermatitis with
varying levels of pruritus in both cats and dogs. Lesions were more
often found in the cranial and ventral regions, i.e. face, legs, axillae and
ventrum.
The main effects of Rhipicephalus sanguineus and Haemaphysalis
longicornis infestations are local irritation. Rhipicephalus sanguineus
is much more likely to be encountered on dogs, and its predilection
sites for attachment are the ears, neck and between the toes. In heavy
infestations, anaemia may develop. These two ticks also may play a role
as vectors of canine tick fever in Australia, with Rhipicephalus sanguineus
important as the vector for Babesia vogeli, Anaplasma platys and
Haemaphysalis longicornis capable of acting as vector for Babesia gibsoni.

Clinical signs
Tick paralysis
Posterior paresis and/or dysphonia (i.e. voice becomes hoarse and
harsh) are often the first signs noticed. They are followed by a rapidly
ascending flaccid paralysis and progressive involvement of the cranial
nerves. Depressed gag and swallowing reflexes lead to a pooling of saliva
in the mouth. Pupils are dilated. Regurgitation or vomiting may occur.
Respiration becomes slow and laboured, with a prolonged expiratory
phase. Often a grunting respiratory noise is present. Dyspnoea becomes
increasingly apparent and is accompanied by cyanosis and crackles on
auscultation of the chest.
Cats show similar signs, though vomiting/regurgitation is said to be
comparatively rare. Affected cats are much more likely to be distressed
and agitated than dogs.
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An animal’s condition may continue to deteriorate for up to 48 hours
after tick removal. The course of the condition is variable - the speed
with which animals deteriorate is unpredictable. Some animals may die
suddenly, even in the recovery phase.
The mortality rate was reported as 5% in one large study of dogs.
Severity of an animal’s clinical signs can be graded, and this can help in
determining a prognosis. In this study, the risk of mortality increased
when respiratory signs had deteriorated to the point that the dog was
dyspnoeic and had developed an expiratory grunt (40% mortality), and
when the dog was unable to right itself and had no withdrawal reflexes
(92% mortality).

Diagnosis
Definitive diagnosis requires the identification of an engorged tick or the
crater where it was recently attached.

Epidemiology
Ixodes species
Ixodes holocyclus requires warmth and humidity, which restricts the
distribution of the parasite to a relatively narrow and discontinuous
strip down the eastern coast of Australia from Normanton in the north
to Bairnsdale and the coastal east Gippsland region in the south. The
areas of discontinuity reflect drier regions, such as Townsville and its
surrounds. In Victoria, the range of Ixodes holocyclus does not overlap
significantly with that of Ixodes cornuatus, which is found in central and
eastern Victoria as well as Tasmania. Adult Ixodes holocyclus are most
numerous from September to March but Ixodes cornuatus adults are
most prevalent between December and February.
Small native fauna provide the normal hosts for Ixodes holocyclus,
particularly bandicoots but also brush-tailed possums, macropods and
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koalas. These appear to be relatively resistant to the toxins the ticks
produce and may carry many ticks. Following engorgement and mating
on the host, the female drops off and, after several weeks, lays about
2,500 eggs before dying. Pets are more likely to come into contact with
paralysis ticks if they have access to areas with dense vegetation or grass
cover that provide suitable habitat for bandicoots.

ticks are killed. The method of tick removal has no effect on mortality
rates. If the animal is showing any signs of tick paralysis, it should be
treated with tick antiserum as its condition may deteriorate after tick
removal. Supportive therapy to maintain the dog or cat until the toxins
are neutralised can become very expensive in severe cases where, for
instance, the pet may require mechanical ventilation.

Rhipicephalus sanguineus
All engorging stages of the life cycle feed on dogs, and the tick is only
occasionally found on other hosts such as the cat. Off-host stages seek
out cracks and crevices and, compared with other ticks, Rhipicephalus
sanguineus has low moisture requirements. This has allowed the tick
to adapt to temperate climates, where it can survive in the warmth
provided by kennels and dwellings. It is a common problem in kennels
and animal refuges, particularly in Central and Northern Australia but
also persists in southern cities such as Adelaide and Melbourne. The
three-host life cycle can be completed in approximately two months.

Tick control
The most important point to remember in advising owners how
to prevent tick paralysis is to remind them that no products offer
100% protection. Daily or alternate day inspection for paralysis tick
is inexpensive and practical, particularly in short-haired animals.
Restricting pets access to areas likely to provide habitat for bandicoots is
also required.

Although this tick has been introduced into New Zealand on a number
of occasions, it has not yet established and remains exotic. It is an
important focus for quarantine measures on imported dogs.

Treatment and control
Treatment of tick paralysis requires
(a) removal of the tick/s;

For control of ticks on dogs, a range of products are registered
including tick collars containing amitraz, or flumethrin or deltamethrin
(“Scalibor” (TM) ), fipronil spray or spot-on, and an imidaclopridpermethrin spot-on formulation. The range of products for paralysis
tick control is much more limited for cats and includes fipronil-based
products.
For control of environmental (off-host) populations of Rhipicephalus
sanguineus, steam cleaning or the application of resin based paints to seal
crevices in kennels or dwellings may be useful. Environmental acaricides
may also be necessary in kennels and pens, and synthetic pyrethroid
products such as cyfluthrin are available for this use.

(b) neutralisation of circulating toxins; and
(c) supportive care of the patient.
Animals need to be thoroughly examined to ensure all ticks are
identified and removed. Ticks can be found anywhere on the animal but
most (around 80%) are found around the head and neck. Treatment
of the animal with an acaricide, if possible, will also ensure any missed
- 544 -

- 545 -

Section 4.1: Small Animals (Dogs & Cats)

4.1.4. Parasites causing multi-systemic disease
in small animals
Angiostrongylus spp. (Parastrongylus)
Summary of the taxon/parasite
Angiostongylus spp. belong to the superfamily Metastrongyloidea, bursate
nematodes of the order Strongylida. All nematodes in this superfamily
have a heteroxenous life cycle as well as a reduced copulatory bursa
(Yokogawa, 1937). Angiostrongylus species possess filariform bodies,
tapering at both ends. Adults of most metastrongyloid taxa are parasites
of the respiratory system however, some have tropism to other tissues
of the host such as the central nervous system and the circulatory
system as represented by various species in the Angiostrongylidae.
Most metastrongyle nematodes use gastropods as intermediate hosts.
Members of genus Angiostrongylus including A. cantonensis and A.
mackerrasae live in the vascular system of animals.

4.1.4.1 Angiostrongylus (Parastrongylus)
cantonensis
Features of the life cycle
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not support larval development. These hosts however can also serve as
an important source of canine infection. Dogs are accidental hosts and
become infected by ingesting L3 through infected molluscs or paratenic
hosts. The immature worms travel to the brain and spinal cord, creating
tissue damage resulting in eosinophilic meningoencephalitis (EME).
The immature worms do not usually complete their life cycle in the
accidental host and die in the CNS causing severe inflammatory
responses.

Pathology and clinical signs
The main pathological change in neuro-angiostronyliasis of dogs is the
inflammatory response to the presence of larvae in the nervous system.
Once ingested, larvae enter the circulation and travel up peripheral
nerves and nerve roots, subsequently moving cranially within the spinal
cord parenchyma or via the subarachnoid space to the central nervous
system. They mechanically damage the CNS tissue as a consequence
of migration and cause eosinophilia in cerebral spinal fluid (CSF) by
releasing antigens. The eosinophilic cell infiltrate increases the CSF
pressure which leads to a variety of neurological signs in the patient.
In dogs, signs such as bilateral hind limb paresis and ataxia, hind limb
muscle wasting, urinary bladder paresis/incontinence, tail paresis and
hyperaesthesia, conscious proprioception deficits, faecal incontinence,
neck pain, depression, inappetence, vomiting and diarrhoea have been
observed (Lunn et al., 2012).

Adults live in the pulmonary arteries of rats (Rattus spp.) (Fig. 4.1.54)
and pass eggs which hatch in the lungs, break through the alveoli and
are swallowed into the gastrointestinal tract to exit as L1 in faeces. The
L1 remain in faeces until they are ingested by terrestrial molluscs in
which they develop into L3. Rats and other aberrant mammal and bird
hosts are infected by ingesting infected molluscs. Additionally, paratenic
hosts such as amphibians, crustaceans, fish and planarians become
infected with A. cantonensis by ingesting infected gastropods but do
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the introduced species A. cantonensis is known to be responsible for
EME in a wide range of species, the role of the native species in animal
and human disease is entirely unknown. Cases in Eastern Australia
are seen throughout the year, most between April and July (inclusive).
There is a preponderance of large breeds. Often littermates, or multiple
animals from the same kennel, may be affected simultaneously or
sequentially (Lunn et al., 2012). No Angiostrongylus species have been
recorded in New Zealand to date.
Fig.4.1.54. Angiostrongylus cantonensis adult (arrow) within the lung of a Brisbane
rat (image courtesy of L. Knott)

Diagnosis

4.1.4.2 Toxoplasma gondii (Toxoplasmosis)

Based on signalment (mean age <20 weeks old, large breeds), history
(exposure to slugs, snails), presence of rats and progressive neurological
signs. Peripheral eosinophilia and eosinophilic pleocytosis in CSF is
a finding in most canine cases. A more definitive diagnosis based on
identifying nematode larvae within the CNS at necropsy or detecting
specific IgG against A. cantonensis in serum and the CSF. Other litter
mates may be affected.

Introduction

Treatment

Summary of taxon/parasite

Anthelmintics are contraindicated as a sole treatment. Supportive care
in the form of opioids, intravenous fluid therapy, urinary catheterisation
or manual expression of the bladder, antimicrobials and passive
physiotherapy are indicated. Prednisolone may be administered at 0.5 to
2 mg/kg (divided daily) tapered over an extended period, typically 6-12
weeks. Concurrent treatment with fenbendazole is controversial.

T. gondii is a protozoan parasite in the Order Sporozoasida with a
world-wide distribution.

Features of life cycle

Epidemiology

•

ingestion of bradyzoites in intermediate host tissue is the most
efficient route;

•

ingestion of sporulated oocysts from faecal contamination; and,

•

congenital infection.

Understanding the epidemiology of Angiostrongylus spp. in Australia is
complicated by the presence of a nearly identical species, Angiostrongylus
mackerrasae, in the native rats Rattus fuscipes and Rattus lutreolus. While
- 548 -

Toxoplasma gondii is an important cause of abortion in livestock. It
is zoonotic as it may produce abortions and neonatal birth defects
if women acquire infection for the first time during pregnancy. Reactivation of latent infections is a significant cause of encephalitis and
fatality in HIV positive individuals.

Cats are the only known definitive hosts and may become infected by
three routes:
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Parasitaemia during pregnancy can cause placentitis followed by
congenital spread of T. gondii to the foetus. This is important in sheep,
goats and women.

Pathology

Fig. 4.1.55. Infection source (left) and bradyzoites of Toxoplasma gondii (images
from www.economist.org – [left] and http://microbialclassification.blogspot.com.
au [right]).

The enteroepithelial cycle involves sexual reproduction and only occurs
in cats. After the cat ingests a tissue cyst (bradyzoites - Fig. 4.1.55),
cycles of merogony and gametogony culminate in the release into the
faeces of unsporulated oocysts. Oocysts can be shed in the faeces 3 days
after ingestion of a tissue cyst and take 1-5 days to sporulate and become
infective. They can survive in the environment for months to years and
are resistant to most disinfectants.
If the cat ingests oocysts or tachyzoites, a generalized infection with
tachyzoites occurs first, followed by bradyzoites which then initiate the
entero-epithelial cycle. This delays the release of oocysts in faeces to
around 3 weeks.
The extraintestinal cycle of T. gondii is the same in all intermediate
hosts including dogs, cats, rodents and humans. After ingestion of
infected tissues or oocysts, the bradyzoites or sporozoites penetrate
intestinal cells, multiply as tachyzoites, and spread to other organs.
Tachyzoites multiply in almost any type of host cell until it is destroyed,
and the released tachyzoites repeat the cycle in new host cells until
eventually they encyst and become bradyzoites. Tissue cysts are found
in the brain, muscle, heart and visceral organs and probably persist for
the life of the host. Such quiescent cysts may be reactivated if the animal
becomes immunocompromised.
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The intestinal phase of T. gondii in cats is asymptomatic. The extraintestinal phase may cause multi-systemic disease, with tissue cysts
found in the brain, muscle, heart and visceral organs.

Clinical signs
T. gondii usually produces no clinical signs in either definitive or
intermediate hosts. However it does cause abortion in ruminants and
humans.
In cats, the enteroepithelial cycle rarely causes clinical signs
(occasionally, self-limiting diarrhoea) but the extra-intestinal cycle can
be associated with disease:
•

Respiratory, liver and ocular lesions are common

•

The most common clinical signs in one series of 100 cats were;
•

Fever

•

Dyspnoea and polypnoea

•

Icterus and abdominal discomfort

•

Uveitis and retinochoroiditis also occur commonly

•

CNS signs are uncommon

•

Congenital disease occurs but frequency unknown (mortalities)

•

Disseminated toxoplasmosis has been documented in
cats concurrently infected with feline leukemia, feline
immunodeficiency, feline infectious peritonitis virus, and
following renal transplantation.
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In dogs, most cases occur in animals under one year of age or those
that are immunosupressed (canine distemper virus or receiving
chemotherapy). Most commonly there is a fever accompanied by
neuromuscular (ataxia, seizures, myositis), respiratory or gastrointestinal
syndromes. These can be confused with neosporosis.

Animal studies have indicated that chronic Toxoplasma infection altered
host behaviour, including increased movement in mice and diminished
fear of novel scent, sound or sight in rats. This altered behaviour may
predispose to enhanced feline predation, completing the life cycle of T.
gondii.

Diagnosis

Treatment and control

Criteria to establish a definitive diagnosis of toxoplasmosis are:

•

Supportive care should be instituted as needed.

•

the clinical signs are consistent with toxoplasmosis, together with
serological evidence of recent or active infection (IgM or paired IgG
tests using a latex-agglutination test [LAT] or ELISA);

•

Clindamycin hydrochloride (10-12 mg/kg, oral, twice daily)

•

Trimethoprim-sulfonamide combination (15 mg/kg, oral, twice
daily)

•

T. gondii specific antibody detection in the aqueous humor or CSF
and / or DNA detection by PCR if ocular and neurological signs
are present, respectively;

•

Azithromycin (10 mg/kg, oral, daily)

•

patient responds to anti-Toxoplasma treatment, OR

•

Toxoplasma tachyzoites are observed in body tissue (biopsy/
histopathology) or fluid, with enlargement of local lymph nodes.

Epidemiology
Cats have a good immune response to T. gondii (as do humans). Cats
generally only shed oocysts for days to several weeks following primary
inoculation. Repeat oocyst shedding is rare, even in cats receiving
glucocorticoids, or in those infected with FIV or FeLV. The change
from the tachyzoite to bradyzoite stage during the extra-intestinal cycle
(i.e. all hosts) coincides with the development of immunity to new
infection. Such immunity is usually permanent; the occasional release of
bradyzoites from ruptured cells serves to boost the immunity from time
to time, so that the presence of T. gondii in the body protects against
new infections.
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Treat for a minimum of 4 weeks and one week after resolution of
clinical signs.

Public health considerations
Most cats are not shedding oocysts including those with clinical
toxoplasmosis. Infection from direct contact with oocyst-shedding cats
is therefore extremely unlikely. Fresh faeces are not infective (the oocysts
have to sporulate).
Oocysts can survive in the environment for years and moisture and
shade favour survival. Human contact with sporulated oocysts is
most likely to occur by ingestion when working with soil or drinking
contaminated water. Humans are more commonly infected following
the ingestion of tissue cysts in undercooked meats, especially pork, lamb
and chicken.
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Possible outcomes of human infection;
• Asymptomatic,

4.1.4.3 Neospora caninum (Neosporosis)

•

Introduction

acute cases (low grade fever, chorioretinitis, malaise,
lymphadenopathy),

•

reactivation of bradyzoites in immunocompromised people (e.g.
HIV +ve); cerebral, multisystemic or ocular disease,

•

if exposed for the first time during pregnancy, tachyzoites cross the
placenta, causing abortion or congenital abnormalities (especially
of eyes and CNS). Some lesions (e.g. in the eye) may not become
apparent/active until 20-30 years old.

•

recent reports linking Toxoplasma-exposure with various psychiatric
disturbances, but real significance of this link is unknown.

To avoid new infections of ‘at risk’ individuals:
• clean the cat litterbox daily and incinerate or flush the faeces. Wear
gloves or get another household member to do this;
•

wear gloves when working with soil;

•

cover children’s sandboxes to prevent cats defaecating;

•

control potential intermediate hosts and restrict hunting by cats;

•

feed cats only dry, canned or cooked food;

•

cook meat thoroughly and wash cutting boards in hot, soapy water;

•

freezing meat for several days at -20°C reduces tissue cyst viability;

•

vegetables should be washed thoroughly before eating;

•

avoid drinking unpasteurized milk, especially goat’s milk; and,

•

wash hands thoroughly after handling cats, soil, or raw meat, and
always before eating.
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N. caninum produces neurological lesions in dogs and abortions and
neonatal mortalities in the intermediate hosts, cattle, sheep and goats
(especially cattle). Dogs (and some other canids, including dingoes)
are a definitive host with occasional clinical signs but may also serve as
intermediate hosts. Neosporosis has a world-wide distribution and could
be considered as the canine-bovine equivalent of toxoplasmosis.

Summary of taxon
N. caninum is a protozoal parasite in the Order Sporozoasida.

Features of life cycle
Transmission occurs to the dog via:
•

ingestion of tissue cysts (bradyzoites) in infected meat (e.g. aborted
placentas);

•

ingestion of sporulated oocysts passed by other dogs (or canids);

•

vertical (transplacental) transmission has been demonstrated and
this is presumably how most dogs become infected (subsequent
litters may also be infected). In these situations, the dog is also the
intermediate host.

Oocysts are passed in faeces 10-20 days after infection and may infect
ruminant livestock and horses through contaminated pasture or water
supplies.
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Pathology
Lesions are most common in the brain, spinal cord, nerve roots and
skeletal muscles (Fig. 4.1.56). In the CNS, proliferation of tachyzoites
causes focal malacia, suppuration and inflammation with subsequent
fibrosis. Affected muscles become necrotic, with infiltration of
inflammatory cells. Tissue cysts are not common and are usually
confined to the CNS.

Clinical signs
In dogs, clinical signs are primarily progressive paralysis and death in
young dogs (<6 months old) that are presented with ascending paralysis
of the limbs. In the youngest pups, signs are often noticed beginning at
3 to 9 weeks of age. Death can occur at any age.
The hind limbs are most severely affected. Hyperextension is common
due to myositis and upper motor neuron paralysis leading to fibrous
contracture of muscles and fixation of joints (arthrogryposis).
In late spring/early summer, cases must be differentiated from tick
paralysis.

Diagnosis
Fig. 4.1.56. Tachyzoites and tissue cysts of Neospora caninum (A-F) compared
with Toxoplasma gondii (G) (figure from Dubey et al., 2002 International Journal
for Parasitology, 32: 929–946; http://www.sciencedirect.com/science/article/pii/
S0020751902000942).
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Diagnosis is based on a combination of clinical signs and serology:
•

high titres in either blood or CSF; antibodies to T. gondii do not
cross-react with N. caninum at dilutions of <1:50;

•

from necropsy, histopathology may reveal cysts or tachyzoites in the
brain, spinal cord, nerve roots and skeletal muscles (Fig. 4.1.56).
Immunohistochemistry using an indirect fluorescent antibody test
(IFAT) can also reveal antigens of N.caninum in tissue sections.
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4.1.5. Treatment

++

• since N. caninum can be transmitted repeatedly through successive
litters and litters of their progeny, the breeding of Neospora-infected
bitches needs careful planning.

++

• dog faeces should be prevented from contamination of cattle feed;
and,

5 – 14.3

• dogs should be denied access to aborted fetuses and placentas;

TI R

• dogs should not be fed uncooked meat, especially beef;

pyrantel

For control to break transmission;

KEY ++ = controls ; + = aids in the control of

When rigid hindlimb paralysis is present, the prognosis is poor (i.e.
early cases are the most likely to respond to treatment). Treatment
involves antibiotic therapy with clindamycin, trimethoprim-sulfadiazine
(Tribrissen 15 mg/kg twice daily) or pyrimethamine (Daraprim at 1 mg/
kg/day for 4 weeks).

	* = possible synergism of activity against Trichuris and Ancyclostoma when febantel and pyrantel administered together

Treatment and control

*** = for Spirometra praziquantel 20 mg/kg

The dog is both intermediate and final host in prenatal infections,
while cattle can transmit N. caninum vertically to the calf in utero or
via the milk if infected by ingestion of oocysts. The mechanism and
repeatability of successive congenital infections is currently unknown.

**** = moxidectin also available in depot injection formulation; P = persistence for the depot injection

Epidemiology

	** = for controlling Giardia with febantel, administer treatment bid for 3-5 days
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4.2. Small ruminants (sheep and goats)

Summary of taxon/parasite

In 2003/04 there were 106 million sheep in Australia, 85% were
Merinos and the remainder meat and coarse wool producing sheep.
Sheep are raised through the sub-tropical and temperate areas of
Australia. There are 11,500 specialist sheep farms with an average flock
size of 3,500 and altogether 68,000 properties have sheep with an
average flock size of 1580. Australian Wool Innovation estimate that ¾
of all sheep are run in flocks of greater than 3,000. Fifty five percent of
sheep are in the sheep wheat zone, 33% on high rainfall country and
11% in the pastoral zone. On most farms sheep are reared on pasture
and need to be mustered and brought to a central sheep handling area
to be drenched, shorn, crutched, vaccinated or treated for external
parasites.

H. contortus is nematode parasite of the Superfamily Trichostrongylidae.
It lives in the abomasum of sheep and goats. The adult female worm is
2-3 cm long and the red, blood filled intestine coils around the white
reproductive tract to give a barber’s pole effect.

4.2.1. Gastrointestinal tract

Features of life cycle
Like all trichostrongylids it has a direct life cycle. The eggs hatch in
faeces (Figure 1), the L1 and L2 feed on faecal bacteria and the L3
which is enclosed by the L2 cuticle or sheath is infective. Following
ex-sheathment in the rumen, L3 burrow into the abomasal glands
and in winter can undergo hypobiosis or re-emerge as L4 that develop
to adults. The pre-patent period is 18-21 days. Each female has a
tremendous biotic potential and can lay more than 5,000 eggs per day
(Fig. 4.2.1).

4.2.1.1. Major species of nematodes
Haemonchus contortus, Barber’s pole worm
Introduction
Haemonchus contortus is one of the most important causes of disease of
sheep in the summer rainfall areas of Australia and in the tropical, subtropical and warm temperate zones of Australia, New Zealand and the
Asia Pacific area. It often occurs in a mixed infection.
Fig. 4.2.1. Strongyle eggs with L1 stage both inside the egg and hatched.
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Pathology

Epidemiology

Following emergence from the gastric glands worms pierce the mucosa
with an oral lancet and feed on the blood of the host (Fig. 4.2.2). An
adult female can ingest 0.05 ml/worm/day which leads to erythrocyte
and serum protein loss. Some sheep are more resilient to infection than
others.

Haemonchus is principally a parasite of warm moist areas such as the
summer rainfall areas of Australia. Numbers increase in spring, reach
maximum in February-March then decline in autumn. In tropical
conditions, numbers increase in the wet season and decline in the dry
season. The high egg laying potential of Haemonchus leads to a rapid rise
in parasite numbers when conditions are favourable.

Clinical signs
In chronic infections where the host is unable to replace blood loss
anaemia, hypoproteinaemia, oedema, reduced productivity and death
can result (Fig. 4.2.3, 4.2.4). In heavy infections, anaemia and death can
occur rapidly.

Diagnosis

Haemonchus can be a problem in temperate areas in summer if pastures
are damp, for example on irrigation. As with other trichostrongyle
worms, immunity develops in older animals but even adult wethers can
succumb to severe infections when challenge is heavy. See 4.2.1.2.

Treatment and control
See section on the control of gastrointestinal nematodes 4.2.1.4

Anaemia, sub-cutaneous oedema (bottle jaw), weakness, listlessness
and death are seen. Large numbers of strongyle eggs are found in faeces
and can be differentiated from other species by faecal culture and larvae
differentiation. There is a good correlation (r2 > 0.8) between faecal
egg count and worm numbers. Faeces also contain haemoaglobin
breakdown products which can be detected with an occult blood dip
stick. Necropsy reveals large numbers of large worms with characteristic
barber’s pole appearance in the abomasum.

Fig. 4.2.2. H.contortus parasitism in the ovine abomasum. Note the pallor of the
mucosa (image courtesy of D. Emery).
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Disease complexes
Haemonchus commonly occurs as part of a mixed infection of the
gastrointestinal tract with several nematode species.

Teladorsagia species (small brown stomach
worms)
Introduction

Fig. 4.2.3. Sheep with “bottle jaw” associated with chronic hypoalbuminaemia,
which can be caused by blood-sucking parasites, including H. contortus and Fasciola
hepatica. (Images from University of Sydney)

Teladorsagia (previously known as Ostertagia) are economically
important particularly in the temperate areas of Australia and New
Zealand, principally in high rainfall areas. They often occur in a mixed
infection.

Summary of taxon/parasite
Teladorsagia are nematode parasites of the Superfamily
Trichostrongylidae. They are a group of three species of slim brown
nematodes, with adults about 1 cm in length being found in the
abomasum of sheep. Teladorsagia circumcincta, previously known
as Ostertagia circumcincta, predominates. The other species are T.
trifurcata and T. davtiani.

Features of life cycle

Fig. 4.2.4. Pallor of the mucous membranes of the mouth typical of the anaemia
caused by H. contortus. (Images from University of Sydney)
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Like all trichostrongylids, Teladorsagia have a direct life cycle. Following
ex-sheathment in the rumen, L3 burrow into the abomasal glands and
some larvae undergo hypobiosis or re-emerge quickly as L4 that develop
to adults. The pre-patent period is 18-21 days. Each female lays 10 to
200 eggs per day.
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Pathology
The migration of larvae into the abomasal glands causes hyperplasia
and metaplasia of gastric gland cells. There is a reduction in the
number of acid and pepsin secreting cells causing a rise in the pH of
the glandular stomach from 3 to 6 and hyperplasia of mucus secreting
cells. Pepsinogen is not converted to pepsin and digestion of food is
impaired. There is increased permeability of the gastric mucosa with loss
of plasma proteins into the abomasal lumen and increased pepsinogen
concentrations in blood. Diarrhoea occurs due to maldigestion/
malabsorption and the nematodes secrete parasympathomimetic
substances which increase gastro-intestinal motility.

Clinical signs
Weight loss, failure to grow, loss of appetite and diarrhoea.

Section 4.2: Small Ruminants (Sheep and Goats)

to infection. In immune animals worms are stunted, produce fewer eggs
and worm burdens are expelled following massive challenge. See 4.2.1.2.

Treatment and control
See section on control of gastrointestinal nematodes 4.2.1.4

Trichostrongylus species (Black scour worms)
Introduction
The intestinal worms of the genus Trichostrongylus are the most
economically significant worms of sheep in the temperate and winter rainfall
areas of Australia and New Zealand. They often occur in a mixed infection.

Summary of taxon/parasite

Diagnosis
Strongyle eggs are found in faeces and can be differentiated from
other species by faecal culture and larval differentiation. There is a
poor correlation between egg count and worm numbers (r2 < 0.4). On
necropsy, raised pin-point white foci are seen in the abomasal mucosa
primarily towards the antrum, but in heavy infections also on folds of
the fundus. Slim brown worms up to 1 cm in length are diagnostic, but
Trichstrongylus axei (which are smaller and paler) may also be present.
To detect hypobiotic worms a peptic digestion of the abomausm is
required. Serum pepsinogen levels are raised in severe cases.

Epidemiology
Teladorsagia are the most adapted of the major trichostrongyle species to
cool conditions. Immunity develops in older animals following exposure
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Three species are found. T. colubriformis predominates in warmer
summer rainfall and Mediterranean (WA) climatic areas, T. vitrinus
predominates in cool winter rainfall areas and T. rugatus predominates
in drier (inland) areas. They are small slender pale worms with adults
about 4 to 7 mm long. Both T. colubriformis and T. vitrinus are found
on farms throughout New Zealand.

Features of life cycle
Like all trichostrongylids Trichostrongylus spp. have a direct life cycle.
Following ex-sheathment in the rumen L3 burrow into the small
intestinal mucosa and remain partially embedded throughout life (Fig.
4.2.5). Eggs, L1s and L2s are susceptible to desiccation whereas L3s
are relatively resistant and can dry out and become active again when
rehydrated. The pre-patent period is 18-21 days. Females lay 10-100
eggs/female/day.
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Pathology

Clinical signs

The worms cause villous atrophy, mucous hyperplasia, epithelial
metaplasia, increased epithelial cell turnover, protein loss into the
intestine and maldigestion/malabsorption. Trichostrongylosis is a
disease of lambs under 5 months of age that do not mount an immune
response. Older animals exposed to more than about 3,000 worms
develop solid immunity which leads to expulsion of existing nematode
burdens (< 100%) and resistance to infection with larvae. Immunity
is cell mediated with increased numbers of basophils, eosinophils and
mast cells in the lamina propria. Immune sheep secrete substances
in intestinal mucus which paralyses larvae and mucus itself has a
protective role. Ingested larvae may still cause scouring in immune sheep
particularly in mid-winter when larval ingestion is at its maximum. The
animals with a genetic predisposition to allergic scours can be selected
out of a flock.

There is anorexia, decreased weight gain or weight loss and diarrhoea.

Diagnosis
Strongyle eggs in the faeces, faecal culture and larval differentiation
confirm the diagnosis of infection. There is a poor correlation between
egg count and worm numbers (r2 < 0.4). A worm count of the small
intestine is required to measure the infection.

Epidemiology
The eggs and free living stages of T. colubriformis are intermediate in
sensitivity to cold between T. circumcincta and H. contortus. See 4.2.1.2.
Distribution and ecological characteristics of the common ovine
gastrointestinal species from the Trichostrongylus genus
T.colubriformis

Fig. 4.2.5. T. colubriformis stained in situ on the surface of the small intestine of a
sheep (image from University of Sydney).

T. axei

T. rugatus

T. vitrinus

Climatic distribution Intermediate

Wide

Hot, dry

Cool, moist

Egg hatching at
10°C

Marginal

Successful

Successful

Successful

Larval development
to L3 at 10°C

Marginal

Moderate

Marginal

Successful

Hatch and
Successful
development at 20°C

Successful

Successful

Successful

Survival of L3 at
20°Ca

2

2

1

3

Resistance to
desiccationb

2

2

1

3

Ranked according to length of survival: 1, survived most number of days; 2,
intermediate survival; 3, survived least number of days.
a

1, most resistant; 2, intermediate survival; 3, least resistant.

b

From O’Connor, Walken-Brown and Kahn (2006), Vet Parasitol 142:1-15. Used with permission.
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Treatment and control
See section on control of gastrointestinal nematodes 4.2.1.4
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the infectivity of pasture stages. Once the infective stage has entered a
host, its survival and further development depends on host resistance
(HR) which varies between individual hosts and has a genetic basis – see
section 3.1. Host-parasite interaction.

4.2.1.2. Ecology and epidemiology of nematode
infections in sheep
Introduction
Control of nematode infections in farm animals depends on an
understanding of the factors affecting the development and survival of
the eggs, fee-living L1 and L2 present in the faecal ball and the infective
L3 stage present in the faecal ball and on pasture. L3s living among
the pasture grasses are affected both by the temperature and moisture
in their microclimate. The optimum temperature for development of
eggs and larvae varies with species and some are more common in warm
temperate or tropical areas, others are adapted to cooler conditions.
Some eggs and larvae are resistant to desiccation, others require
moist conditions. Eggs and L1 and L2 stages are more susceptible
to adverse conditions than L3s which are enclosed by the 2nd stage
cuticle or sheath providing additional protection (Fig. 4.2.6). Pasture
management, by changing the microclimate, has a profound effect on

Fig. 4.2.6. Temperature range for development of major trichostrongylid species
from unembryonated egg to L3

Optimum temperature indicated by box, with most optimum
temperature marked by high colour intensity. Dashed lines (- - -) extend
to the upper and lower temperature limits for development. From
O’Connor, Walken- Brown and Kahn (2006), Vet Parasitol 142:1-15.
Used with permission.
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Key differentiating features of environmental influences on the free-living stages of the major
trichostrongylid nematode parasites of sheep
Nematode
Unembryonated Embryonated egg Pre-infective
Infective larvae
species
egg
larvae
H. contortus

Highly susceptible
to cold and
desiccation. High
mortality below
10°C

Susceptible
to cold and
desiccation.
Negligible
hatching below
10°C. Low
hatching rates
in absence of
moisture

Highly
susceptible
to cold and
desiccation

Optimum
survival in warm,
moist weather.
Poor survival in
cool or warm dry
weather and subfreezing winters

Tr.
Intermediate
colubriformis susceptibility to
cold & desiccation.
High mortality
below 5°C

Intermediate
susceptibility
to cold. Low
susceptibility to
desiccation

Susceptible
to cold. High
mortality below
5°C. Susceptible
to desiccation

Optimum
survival in cool
or warm moist
weather. Poor
survival over subfreezing winters

Te.
circumcincta

Low susceptibility
to cold and
desiccation.
Hatching below
5°C

Intermediate
susceptibility to
cold. Susceptible
to desiccation

Optimum
survival in cool,
moist weather
and subfreezing
winters. Poor
survival in warm,
dry weather

Low susceptibility
to cold. High
egg viability at
0–10°C.
Intermediate
susceptibility to
desiccation

From O’Connor, Walken-Brown and Kahn (2006), Vet Parasitol 142:1-15. Used with permission.

Development and survival of free-living stages
Development of eggs through to infective larvae may take as little
as 5 days under optimal conditions – adequate oxygen, moisture
and a constant temperature of about 25oC. However, in the field,
the fluctuation in temperature usually results in less than optimum
conditions and the time for development is extended to weeks, perhaps
months.
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The egg
Moisture is critical for eggs to embryonate and then develop to the L1
stage, but is usually adequate in faeces.
First and second stage larvae
The first two larval stages usually remain within the faecal mass, feeding
on bacteria and growing. At some point the L1 develops a new cuticle,
sheds the old one (moults), and the L2 emerges. The L2 also feeds,
grows and moults to the third stage.
Third stage larva
This is the infective stage for the definitive host. The L3 does not emerge
from the cuticle shed by the L2 which remains as a sheath around the
L3. The sheath is complete and the L3 cannot eat and must depend
on its food reserves built up during the previous stages. Infective larvae
are active and move in a sinusoidal fashion. To achieve forward motion
they need to be within a thin film of water and have a substrate to push
against. In deeper water, larvae gravitate to the bottom. They do ascend
blades of grass if these are covered with a water film, but movement is
random and few progress far up the grass. Only a small percentage of
infective larvae are found more than a few centimetres above the soil.
Most live at the base of the pasture in the pasture mat.
Effects of micro- and macroclimate on infective larvae
The development and survival of the egg though to the infective
larvae is highly dependent on the environment within the pasture
with minimum requirements for moisture and temperature which
varies depending on the free-living stage. Although the conditions
within pasture are affected by air temperature and rainfall, the herbage
provides some insulating effect against changes in temperature and
moisture. For example, frosts, which can kill eggs, may not reach down
to soil level. A cover of snow can also protect eggs and larvae from
extremes of temperature. Pasture is directly affected by rainfall, but
- 579 -
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survival of infective larvae is more closely correlated with the balance
between precipitation and evaporation, including dew formation,
which determines moisture concentrations within the mat. In warm
conditions, metabolism is high and food reserves are exhausted
more quickly than in cool conditions. In cool conditions, the rate of
development and activity is reduced.
The combined effects of moisture and temperature on eggs and larvae
can be summarised as:
warm and moist:		

fast development, short survival

cool and moist:

slow development, long survival

warm and dry:

poor development, short survival

cool and dry:

no development, short survival

Section 4.2: Small Ruminants (Sheep and Goats)

Cool temperate – some development in spring, summer and autumn
depending on rainfall, no development but good survival in winter.
Drought conditions – pasture larval populations almost disappear, and
the parasites only survive as adults in the host.
New Zealand – In general, conditions are good for development in
spring and late summer through autumn with little development over
the summer if dry and over winter as conditions are cool. Consequently
pasture larval levels will peak in late autumn (“NZ autumn peak”) then
slowly decline over winter being at their lowest in early spring before
commencing to build up numbers again. A focus of parasite control is
to limit the development of this autumn larval peak.

In temperate zones, provided sufficient moisture is present, spring is
good for development and survival of larvae; summer temperatures
assist development but larvae do not live long; autumn is good for
development like spring but the larvae that develop may survive for
a long time because of reducing temperatures (Fig. 4.2.7). Few larvae
develop in winter and larvae produced in autumn may linger on until
the spring.
The climatic zones may be broadly classified as:
Winter rainfall – no development in the dry summers, rapid
development in spring and autumn. Larval numbers on pasture (pasture
infectivity) increase in early autumn, peak in winter and are still high in
spring.
Summer rainfall – rapid development in summer, none in dry winter,
large larval populations in spring, summer and autumn.
Moist tropical – rapid development and large larval populations at all
times of the year
- 580 -

Fig. 4.2.7. Seasonal variation in parasite numbers at 3 sites in SA with annual
rainfalls of 800 mm (top), 400 mm (centre) and 250 mm (bottom). (image from.
I. Beveridge).
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Pasture management and infectivity
The distribution of infective larvae in pasture is uneven and the large
majority survive in the pasture mat. This means that animals feeding
on well-grown pasture take in fewer larvae than those grazing near soil
level. However, long pasture protects larvae by providing a more stable
moist microclimate, whereas heavily grazed pasture exposes larvae to
desiccation. Light grazing results in a low larval intake and light faecal
contamination, whereas intensive grazing results in high larval intake
and heavy faecal contamination. The risk of infection to grazing animals
is directly related to the amount of pasture ingested and the density
of infective larvae. Pasture infectivity is measured as the numbers of
larvae per kilogram of herbage. Usually this is estimated from multiple
samples taken from the full depth of the pasture. Estimation of pasture
infectivity is not usually carried out in veterinary practice as it is too
time consuming. Careful management of pasture is an important part of
worm control.
Routine farming procedures can affect pasture infectivity:
Irrigation – provides moisture and aids larval development, i.e. increases
infectivity
Harrowing – breaks up faecal pats and distributes faeces and nematode
eggs over pasture. The effect on infectivity depends on the season – in
wet weather it favours the parasites, in hot, dry weather it exposes the
larvae to desiccation.
Spelling – resting of pasture by removing stock and allowing it to
regrow. This produces different results depending on season and climate.
Allowing pasture to grow dilutes the larval population, but greater depth
of herbage protects them against desiccation. With time there is always
a gradual die-off of larvae as they use up their food reserves, and the
die-off is quicker in warmer temperatures because they are more active.
Spelling for long periods, especially through summer, can have profound
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effects on infectivity. Spelling in winter is likely to have little effect as
larvae survive well and pasture grows slowly.
Under practice conditions, the relative infectivity of a pasture can be
estimated roughly by considering all the above factors as well as the
grazing density and the parasitic status of the animals – the likely size of
their worm burdens.

Development and survival of parasitic stages
The life cycles of the parasitic nematodes in ruminants can only be
completed if their infective stages are ingested by the appropriate host.
Development is resumed when the infective larva enters the intestinal
tract. First the sheath surrounding the larva is shed. Abomasal parasites
are stimulated to exsheath by the contents of the rumen, and small
intestinal worms by the contents of the abomasum. The exsheathed
larva next enters the mucosa of the organ in which it will develop to
the adult stage. It becomes immobile at the base of a gastric gland (in
the abomasum) or a gland crypt (small intestine). Here the L3 feeds,
grows and moults to the L4. The L4 emerges from the mucosa onto the
surface and develops to the adult stage. Adults are differentiated into
males and females. At maturity, copulation takes place and the females
start to produce eggs. The time between entry of the infective larva into
the host and the release of eggs by the female is the prepatent period. In
trichostrongyloids this lasts between 2 and 4 weeks depending on the
species. Adults have a life-span of only weeks or months; longevity is
affected by Host Resistance.
All trichostrongyloid nematodes, and some others, have the potential
to suspend their development during their stay in the mucosa. The
stage at which suspension of development (hypobiosis, inhibition or
dormancy) takes place depends on the parasite species. The ability to
become hypobiotic seems to be genetically based and selection for this
feature occurs under conditions in which survival of the free-living
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stages is hazardous. In other words, only those nematodes which become
hypobiotic, and which then develop later than normal and produce
eggs that are shed when the conditions on pasture are adequate for
development, survive to the next generation. Hypobiosis is a feature of
nematodes in ruminants in countries with long cold winters and in areas
of Australia with long dry summers.

The ability to develop HR is determined genetically – given the same
intake of infective larvae, some animals develop a higher level of HR
than others. Within any group of ruminants, there is a range of HR
and hence there is a range of worm burdens. The distribution of worm
burdens within a flock or herd is not normal but is skewed so that a
large proportion of the host animals have low worm burdens and a
decreasing proportion have larger burdens (termed “overdispersion).
Generally adults have high HR, lambs and weaners low HR and hoggets
variable HR. Poor nutrition, particularly of protein reduces HR, good
nutrition improves HR and allows sheep to accommodate parasite
infection with less effects on productivity.

Host resistance
See section 3.1. The host response to the presence of gastro-intestinal
parasites is complex and many aspects have yet to be elucidated. HR
works against parasites through the immune system via circulating, and
secretory antibodies and cell-mediated responses. Nematode antigens
may be divided into 2 groups: somatic – the tissues of the worms; and
metabolic – excreted and secreted (ES) antigens released by the worms.
Somatic antigens mostly stimulate circulatory antibodies that are not
usually protective. ES antigens stimulate the production of secretory IgA
by the mucosa. IgE also plays a role in the expulsion of nematodes from
the gut.
HR affects the viability and reproduction of nematodes in several ways:
•

 revents the establishment of the L3 after exsheathment – only a
P
small percentage of ingested L3s survive to become adults

•

S lows the maturation of established parasites. HR may be involved
in causing hypobiosis in some species

•

 auses stunting of nematodes – they fail to reach full adult size
C
and therefore cause less damage and produce fewer eggs

•

I nterferes with egg production in adult female nematodes resulting
in fewer eggs per worm and lowers the egg output of the host

•

Reduces the life span of established adult nematodes
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Periparturient rise in faecal egg counts. This is an increase in faecal
egg count in ewes just prior to lambing and for first 4-6 weeks of
lactation. It can be due to the re-emergence of inhibited larvae, increased
susceptibility to larvae ingested or the existing worm burden becomes
more fecund due to “relaxation” in immunity. The phenomenon ensures
that lambs are infected.

4.2.1.3. Other gastrointestinal nematodes
Abomasum
Trichostrongylus axei
Primarily a parasite of cattle but can cause infection and disease in sheep
and goats particularly when they are grazed with cattle or on pastures
previously grazed by cattle. A small (< 7 mm) fine nematode found in
the abomasum. Often occurs in a mixed infection.
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Small intestine
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Cooperia species

Nematodirus species
N. spathiger and N. filicollis are commonly found in the small
intestines of sheep in Australia and New Zealand. N. filicollis is more
pathogenic than N. spathiger. The eggs are more than twice as large
as other strongyle eggs and are football-shaped. The adult worms
are 10 to 25 mm long and have a fine often coiled anterior end. The
infective L3 develops in the egg before hatching and is very resistant
to environmental damage. L3s develop in intestinal crypts and adults
coil around or between villi, compress villi, damage epithelial cells
and cause villous atrophy. Diarrhoea is a common clinical sign. N.
spathiger eggs develop to the infective stage in 2-3 weeks whereas N.
filicollis eggs take considerably longer. Both are cold resistant and larvae
overwinter in the egg and hatch in the spring. In spring, lambs are
infected with overwintered larvae of both species and eggs are passed out
in late spring/early summer. N. spathiger eggs develop quickly and its
larvae contribute to the autumn peak. N. filicollis eggs develop slowly.
They appear to need a period of quite severe chilling once they have
developed to L3 prior to hatching, so some complete development and
hatch by the autumn, others fail to do so. In cold climates with relatively
short summers and cold winters, fewer N. filicollis eggs complete
development by the autumn than in warmer areas. As a result larger
numbers overwinter in the egg. These resume development in the spring
and hatch in early summer producing a peak of N. filicollis larvae at this
time. This can result in outbreaks of disease before or around weaning.
This is a well recognised problem in cooler areas. In warmer climates
more eggs develop before the winter, or even during the winter, and
relatively few are left to hatch in spring so that nematodirosis is less
of a problem in these areas. N. filicollis infection is an occasional but
important cause of disease in much of New Zealand, particularly in
preweaned lambs, less so in Australia.
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C. curticei occurs in the small intestine of sheep and goats. C. oncophora
in southern Australia and C. pectinata, and C. punctata in northern
Australia are mainly parasites of cattle but do occur in sheep and goats.
Adult worms are reddish, about 4 to 6 mm long, have transversely
striated cephalic dilatation and lie in a flat spiral. L3s can have a
hypobiotic stage in the intestinal crypts. They cause mild villous atrophy
and burdens of 50,000 or more cause anorexia and diarrhoea. The
prepatent period is ~15 days. In southern Australia and New Zealand
pick-up occurs during late autumn and winter. C. oncophora in New
Zealand is universally resistant to macrocyclic lactone anthelmintics and
thus has assumed a predominant place in recent years when discussing
choice of anthelmintics in cattle control programmes.
Bunostomum trigonocephalum (hookworm)
Bunostomum are members of the superfamily Ancylostomatoidea.
Adults males are 12 – 17 mm long and females 19 – 26 mm long.
They have a large buccal cavity which is bent dorsally to give a ‘hook’
appearance. They lay strongyle type eggs which are blunt ended and
dark in colour. L1-L3 develop in dung and the L3s penetrate the skin
of the host. The L3 reaches the lung, moults to L4, undertakes tracheal
migration and moults to the adult stage in the small intestine. Adult
nematodes lacerate the small intestinal mucosa and feed on blood. They
cause anaemia, hypoproteinaemia, diarrhoea and infection with 1,000
nematodes in young animals is fatal. Oral infection and transcolostral
infection can occur. The prepatent period is 7 weeks. Bunostomum is
now an uncommon parasite in Australia and New Zealand. Historically
it has been reported as a problem in winter in ewes which tend to
“camp” on particular sites facilitating skin penetration by larvae. It is
thought that under nutrition coupled with pregnancy may decrease host
resistance. Chronic loss of condition and anaemia result and hookworms
are one cause of the “fading ewe” syndrome. Deaths may occur.
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Strongyloides papillosus
Strongyloides papillosus is a nematode of the order Rhabditida that has
alternate free-living and parasitic generations. Parasitic females produce
eggs by mitotic parthenogenesis and the homogenic larvae give rise to
free-living males and females that sexually produce heterogonic larvae
which become infective larvae (L3s, filariform larvae). Alternatively
homogenic L3s can go through another parasitic stage. Infective larvae
penetrate the skin of the host, pass to the lungs then migrate up the
trachea into the small intestine where they develop into adult female
only worms. The parasitic worms are female only, 3.5 to 6 mm long,
have a very long oesphagus and are very fine. The eggs are small, bluntended and contain a fully developed embryo when passed in faeces.
After initial infection is established in the intestine, further incoming
larvae migrate to deeper tissues and are passed to the host’s offspring
in colostrum and milk. This parasite is generally the earliest nematode
invader reaching peak numbers in lambs in the first few weeks of
life. Resistance is established fairly quickly and numbers usually
decline before weaning. It is generally considered of little pathogenic
significance in New Zealand and is uncommon in Australia. The
widespread use of ML anthelmintics, especially in periparturient ewes in
recent years, has seen the prevalence and intensity of infection with this
species decline markedly anyway due to prevention of the transcolostral
route of infection from the ewe.

and large burdens cause haemorrhage, excess mucus production and soft
faeces. It is common in sheep in warm areas but generally occurs only in
low numbers.

Large intestine
Chabertia ovina (large-mouthed bowel worm)
C. ovina is a member of the superfamily Strongyloidea. It has a large
ventrally directed buccal capsule, is found in the proximal colon, is
white, 1.3 to 2 cm long and produces a strongyle egg. L3s are ingested,
enter the wall of the ileum to moult and the L4 migrates to the colon
(Fig. 4.2.8). The prepatent period is 2 months. Adults feed on mucosa
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Fig. 4.2.8. Adult C. ovina in the colon of a sheep (University of Sydney)

Oesophagostomum (nodule worm)
Oesophagostomum species are members of the superfamily Strongyloidea
and are found in the caecum and colon of sheep. They have a cylindrical
buccal capsule, are 12 to 24 mm long and produce a strongyle egg. Oe.
columbianum is found in summer rainfall areas and Oe.venulosum in
winter rainfall areas of Australia and in New Zealand. Oe. columbianum
is not found in New Zealand but Oe. venulosum is found throughout
both islands. Following ingestion, L3s exsheath in the small intestine
and penetrate the wall of the ileum and colon to moult. In previously
exposed hosts, there is an excessive inflammatory response to the
developing larvae leading to nodules in the wall of the ileum and colon.
The nodules can become large, caseous, mineralised and may rupture
causing peritonitis and interference with gut motility. Severe infections
cause malabsorption, enteritis, increased mucus production,
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blood stained faeces and diarrhoea. The prepatent period is 5 weeks and
each female can lay 3000 eggs per day. Oe. venulosum does not cause
nodule formation but can cause diarrhoea. The widespread use of broad
spectrum anthelminitics has reduced their prevalence.
Trichuris ovis (whip worm)
Trichuris ovis is a member of the Order Enoplida, superfamily
Trichinelloidea. Adult worms are 35 to 80 mm long with a long slender
anterior end and thick posterior end (Fig. 4.2.9). They are typically
found with the anterior end embedded in the mucosa of the caecum.
Eggs are brown, lemon-shaped with a transparent plug at each end. The
infective stage is a developed L2 contained within the egg. Infections
cause chronic typhlitis but rarely are infections heavy enough to cause
clinical disease.
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4.2.1.4. Control of nematode infections in
sheep and goats
Introduction
Control of worms in ruminants aims to prevent the populations in
the hosts rising to levels that interfere with production or cause overt
disease. Control is based on knowledge of the biology of the parasites,
the epidemiology of parasitosis, and is assisted by treatment with
anthelmintics. Effective worm control programs have to meet the needs
of individual enterprises and the emphasis should be on the prevention
of clinical disease and sub-clinical loss of production.

Diagnosis
Anaemia and subcutaneous oedema are suggestive of haemonchosis in
warm moist conditions. Otherwise the clinical history of parasitosis
usually involves scouring and a noticeable “tail to the mob”. Because
scouring can be caused by many agents apart from parasites,
confirmation of helminthosis is required. The effects of nematodes
depend on the age of sheep and their nutritional status. Helminthosis
tends to be associated with certain climatic conditions in each region
and is generally worst in weaners and young sheep. Therefore a
thorough history and consideration of climate, pasture conditions and
management practices is essential as well as parasite specific diagnostic
tests.

Fig. 4.2.9. Trichuris ovis (image from University of Sydney)
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Faecal worm egg counts (eggs per gram of faeces or EPG) give a
rough guide only to the level of infection because of the variation in
egg production or fecundity between species. In high egg producers
such as Haemonchus and Oesophagostomum there is a high correlation
between eggs and worms (r2 > 0.8). For low egg producers such as
Trichostrongylus and Teladorsagia, the correlation is poor (r2 < 0.4).
Furthermore, egg counts do not take account of male worms, inhibited
- 591 -

Section 4.2: Small Ruminants (Sheep and Goats)

larvae, developing/immature adults or immunological suppression
of egg output by worms. Egg counts are also affected by the rate of
passage by digesta and water content of faeces. Starving sheep overnight
increases egg counts by up to 50% by concentration whereas diarrhoea
reduces egg counts. A larval culture and larval differentiation is required
to distinguish genera.
Total worm count. The abomasum, proximal small intestine and large
intestine are collected from 1 or 2 sheep from the tail of mob. This
gives a direct count of numbers of individual genera, but this is being
augmented by PCR (see section 5.2.3).
Haemonchus; 5,000-10,000 can be fatal
Trichostrongylus spp; 10,000 cause production loss; 5,000 in lambs
and 20,000 in weaners can cause death. (http://www.dpi.nsw.gov.
au/agriculture/vetmanual/specimens-by-discipline/parasitology/
interpretation_of_worm_counts; Beveridge et al., 1985, Aust J Agric
Res., 36: 857-865).
Ostertagia and Nematodirus are less pathogenic.

Preparation of safe pasture
Safe pasture is pasture with a low level of infectivity, that is, low
numbers of infective worm larvae on the pasture. When grazed
by susceptible animals there is no measurable effect on health or
production. There are several approaches that can be used to produce
safe pasture. They all reduce the numbers of infective larvae on pasture
that are available for ingestion by the grazing animal.
Spelling (= resting). The infectivity of unstocked pasture gradually
reduces with time as L3 larvae die when their food reserves run out. The
rate of attrition is faster in warm temperatures than in cool. Some larvae
die from the effects of desiccation or freezing depending on the time of
year. The new growth of grass also dilutes the larval population.
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Spelling during a hot dry period is very effective in reducing the
infectivity of pasture. Spelling during winter or spring when larval
survival is good is much less effective.
Making hay or silage. This is similar to spelling, but more effective, as
the grass cover is removed together with some of the larvae, during the
warmer part of the year, and the remainder are exposed to desiccation.
Larvae do not survive long in hay or silage.
Cropping. Ploughing the pasture, taking a crop and then reseeding with
pasture grasses is a highly effective way to reduce infectivity to very low
levels. Young animals may also be fed on especially grown cereal crops
that are almost free of larvae.
Mixed grazing. As most intestinal parasites in ruminants are relatively
host specific, grazing pasture previously infected by one host species,
with another species, destroys most of the infective larvae. Cattle before
or after sheep or horses before or after cattle or sheep are possible
options. Allowing pasture regrowth between grazing different species
also helps reduce the infectivity. This approach is not completely free of
risk: some parasites such as Trichostrongylus axei are capable of infecting
both sheep and cattle (and goats and horses).
Grazing with adults. Healthy adult cattle and sheep have high HR and
hence typically will not accumulate large burdens of worms even on
heavily infected pasture. Their egg output is low and hence grazing with
adults reduces the infectivity of pasture. Adults can be used in a rotation
with young animals to clean up heavily infected pasture and make it
`safe’. However, there are 3 aspects to be considered when using adults
in this way:
•

 reparturient and lactating sheep and goats have a higher than
P
normal EPG due to the periparturient reduction in host resistance
(PPRR);
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•

 dult goats do not develop good HR and can have high faecal egg
A
counts;

•

 llowing adult animals to graze on heavily infected pasture makes
A
demands on their immune systems and the drain on nutritional
proteins may affect production (e.g. reduced milk yield, wool
production or liveweight gain)

Drenching.
See section 4.3.6. The administration of anthelmintics – ‘drenching’,
is primarily aimed at removing adult worms from the host. Many
anthelmintics also kill hypobiotic larvae. Anthelmintics are commonly
used in animals that have acquired significant worm burdens – i.e. as
treatment for parasitic disease.
Benzimidazoles and levamisole are quickly metabolised and have no
residual effect, i.e. they are only curative, not preventative. Devices
are available that release the chemicals continuously or in pulses into
the rumen, but they are expensive and still under investigation with
respect to the induction of anthelmintic resistance. The macrocyclic
lactones and salicylanilides have residual efficacy for days to weeks after
treatment.
Once the anthelmintic has been metabolised, and if the host remains
on infected pasture, it starts to acquire another burden. Worm control
using anthelmintics alone is only possible if drenching occurs frequently
(the prepatent period of the trichostrongyloid nematodes is only 2-4
weeks) but this practice is not recommended because it exposes worms
to intense selection for resistance to the anthelmintic used. Drenching
with an effective drench (i.e. efficacy >95%) combined with a move to
a safe pasture is very effective for worm control. It will take some time
before enough worms establish for sufficient contamination to result
in high infectivity. Hence one of the historical rules for effective worm
control is drench and move to safe pasture.
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The emergence and spread of anthelmintic resistance (AR) however
has led to the need for more careful use of drenches in the control of
parasites. Farmers need to be aware of which parasites are present and
test the drench resistance status before selecting and using the most
appropriate treatments. Anthelmintic resistance is a continually growing
problem so: drenching should be practised to minimise the chances for
development of anthelmintic resistance. Consideration also needs to
be given to local environmental conditions and property management
plans for the possibility of the strategic dilution of “resistant” worms
with “susceptible” parasites. This uses worms “in refugia” that have
not been exposed to the drench and selected for resistance (see Section
4.2.7).

Control in sheep
The main aim of worm control in sheep, as in all ruminant farming,
is to protect the young animals from high levels of pasture infection.
While the lambs are with the ewes, and feeding mainly on milk, the
intake of infective larvae is low. After weaning, because of the change
in diet, the stress of weaning and because their HR is low, they are at
the highest risk of parasitic disease. The peri-parturient rise in faecal
egg output will cause the lambing paddocks to be heavily contaminated
with eggs from the ewes and infectivity will be high at weaning when
lambs have to obtain all their nutrition from the pasture. Measures to
prevent clinical and subclinical parasitic disease in lambs include:
Pre-lambing drench. The aim is to reduce the peri-parturient rise in
faecal eggs by removing the few adult worms present in ewes. This
drench should be combined with a move to safe pasture for maximum
benefit. Drenches should be chosen that are safe for the heavily pregnant
ewe and easily administered.
Weaning drench. Weaned lambs should be drenched before moving to
safe pasture. A further drench and move to safe pasture may be necessary
in late summer or autumn.
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Measures that can produce safe pasture for lambs are described above.
Spelling pasture during a dry summer ready for use by older lambs
in the autumn may remove the necessity to drench again. In animals
more than a year old, HR is usually sufficient to prevent disease. Where
haemonchosis is endemic, it may be necessary to treat animals and move
them more frequently

District worm control programs
The rapidly increasing problem of anthelmintic resistance and the
dwindling stock of effective anthelmintics in the 1980’s prompted the
Dept. of Agriculture of NSW to design worm control programs for
the main climatic zones in the state. The first of these, ‘WORMKILL’,
was introduced to the Northern Tablelands of NSW in 1984. The aims
were better control of haemonchosis and a reduction in the rate of onset
of AR. The program involved drenching with closantel, a long-acting
anthelmintic, 2 or 3 times a year, and with a short-acting benzimidazole
2 to 3 times a year at specified times. The program was taken up by 85%
of the producers and was very effective initially, but due to the spread of
resistance to closantel, has gradually lost its effectiveness.
‘Drenchplan’ was devised to suit different conditions in the Southern
Tablelands and involved 2 drenches at specified times of the year. There
are also worm control programs available for the other parts of Australia.
For the latest information on regional worm control programs, see
www. wormboss.com.au Programs of strategic drenching were
developed in the southern parts of Australia with ‘mediterranean’
climate and involved 1 or 2 drenches in summer and utilisation of grain
crop stubble paddocks. The dry hot summer was so effective at killing
remnant larvae on pasture and particularly the drench in November and
February so effective at killing resident worms that the only worms able
to survive the program were anthelmintic resistant. The first reports of
resistance to the macrocyclic lactone group of anthelmintics was in Te.
circumcincta in southern Australia where the strategic programs were
widely adopted.
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For contemporary regional worm control programs, you can’t go past:
“Wormboss” (http://www.wormboss.com.au/programs.php).

New Zealand Strategic Worm Control Programs
Lambs:
This is centred on a 5-6 drench programme with treatments given every
28 days, commencing at weaning when lambs are nominally 12 weeks
of age. For the North Island, this will commence about December 1
each year. The original recommendation was for only 5 drenches but
practice has commonly seen that expand to 6 being required. Many
farmers will give an additional anthelmintic treatment at about 9 weeks
of age before weaning. The choice of the 28 day interval is to allow a
small number of eggs to be produced between treatments and contribute
to the refugia population on pasture. Any closer drenching interval than
28 days is considered to be highly selective for anthelmintic resistance.
This 5-6 drench strategic programme will cover the period until the
beginning of April and is designed to limit the size of the autumn larval
peak on pasture – for New Zealand this is when the number of larvae on
pasture are at their maximum. If the autumn peak is minimised then the
number of larvae available to infect growing lambs and adult sheep is
minimal and the number of larvae which survive the winter is also small.
Following this 6th treatment additional treatments of lambs are then
based on determined need – ideally following information from faecal
egg counts of the mob. Most replacement lambs that are kept through
the winter and then through the following summer will require at least
one additional treatment over this period.
In the North Island, there is concern about the impact of Haemonchus
in late summer/early autumn. Although haemonchosis does occur,
especially in the northern half of the North Island, it is by no means
predictable and the regular 28 day treatment schedule over this period
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should be sufficient to prevent a challenge developing. Some farmers
choose to use a long-acting anthelmintic such as moxidectin over this
risk period but the benefits have not been studied.
Adult Sheep:
The New Zealand sheep industry is based around the Romney breed
with some additional British breeds contributing. As a type they are
able to develop an effective immune response which matures by about
18 months of age such that they rarely actually require anthelmintic
treatment. Their faecal egg counts will increase around parturition but
the relaxation in immunity is much less than for the Merino breed
and will recover spontaneously such that adult Romney type sheep
will have low egg counts by the time their lambs are weaned. In recent
years there has been much debate around the usefulness of long-acting
intraruminal capsules (release anthelmintics for 100 days) given to
these ewes prelambing which are designed to reduce the development
of a post-partum rise in faecal egg counts. As for lambs there is concern
in the North Island about haemonchosis but the immunity of this
type of sheep is generally sufficient in most circumstances to resist the
development of a clinical burden. In the face of a clinical problem in
lambs consideration should be given to treat ewes on the same pasture.
Goats
These animals are particularly prone to parasitic disease, especially when
herds are maintained on good pasture in high rainfall areas for milk
production. More extensive goat farms for fibre production are at less
risk and are likely to be situated in drier areas.
The epidemiology of parasitosis is different from that in sheep or cattle.
Adult goats appear to be less able to develop reliably high levels of
HR. Acute parasitic disease is common in both kids and adults, and
older animals are an important source of pasture contamination. It is
probable that goats evolved in dry areas and obtained their food more
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by browsing than grazing, and the ability to develop high levels of HR
as in sheep and cattle may not have evolved in goats. When forced to
graze exclusively on good pastures they cannot avoid infection and are
especially prone to acute parasitosis.
Measures useful for controlling worms in goats include:
•

Ruminal devices (non-milking goats only)

•


Slow
rotation and spelling of paddocks, drench and move.
Spelling of paddocks in hot dry weather would aid the attrition of
larvae.

•

 ero grazing. Some goat farms have overcome the worm problem
Z
in wet areas by keeping the animals indoors permanently and
feeding preserved food or freshly-cut vegetation.

Replace grass with browse. There are many species of nutritious bushes
and small trees that if planted in rows could provide off-the-ground feed
for goats to replace grass. Increasing browsing and decreasing grazing
would reduce the rate of infection. This possibility has yet to be fully
explored in goat farming.
NOTE: the anthelmintics prepared for use in sheep are not as effective
at the same dose rate in goats. Efficiency may be improved by giving a
divided dose over 3 days.
In New Zealand the prevalence and intensity of anthelmintic resistance
in parasites on goat farms is very high with reports in both Teladorsagia
and Trichostrongylus spp. of multiple resistance to all available
anthelmintics in the 3 old action families (benzimidazoles, levamisole
and macrocyclic lactones) being common. Dairy goats in New Zealand
are now largely zero grazed but fibre and meat goats are still grazed.
Control of gastrointestinal nematodes presents the largest problem for
farming goats on pasture in New Zealand.
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4.2.1.5. Trematodes
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it is surrounded by water. A cercaria swims actively in water until it
contacts a solid surface, where it adheres, loses its tail and secretes a
protective cyst wall. The encysted cercaria is called a metacercaria.

Fasciola hepatica (liver fluke; also see 4.3.1.2)
Introduction
The common liver fluke, Fasciola hepatica, is an important parasite in
Australia, New Zealand and worldwide. The life cycle is indirect and
involves species of fresh-water snails as intermediate hosts.

Summary of taxon/parasite
F. hepatica is a brown/grey leaf-shaped flat worm up to 3 cm long found
in the bile ducts of ruminants. The body has an anterior projection
ending in the mouth that is surrounded by the anterior sucker. There is
another sucker ventrally. They are hermaphrodites and produce yellow/
brown operculated eggs.

This stage is capable of survival for many months provided conditions
are cool and moist and is the infective stage for the definitive host.
Infection of the host is by ingestion of the metacercaria while grazing.
Excystment of the metacercaria takes place in the small intestine. The
immature fluke emerges and penetrates the mucosa and then the wall of
the intestine. It enters the abdominal cavity and moves to the liver where
it penetrates the capsule. It then moves through the liver parenchyma,
feeding and growing. The fluke eventually enters a bile duct, matures
and commences egg production. Adult flukes are sluggish and feed on
the duct mucosa, blood and bile. Flukes can live and produce eggs for
many years in sheep but not cattle.
The optimum periods of time for development in the life cycle are as
follows:
Undeveloped egg to miracidium				

9 days

Features of life cycle

Entry into snail to exit of cercaria				

5 weeks

Mature flukes release eggs which pass out of the liver in the bile and
then into the faeces. In the presence of water and oxygen, and at
temperatures above 10°C with an optimum of 26°C, the eggs develop to
a miracidium. The miracidium hatches only if stimulated by light and if
water surrounds the egg. The miracidium is fluke-shaped, ciliated, very
motile and has two eye spots. They swim vigorously in water and detect
a fresh water snails, by chemotaxis. After contact has been made, usually
with the foot of the snail, they burrow in using enzymes and then lose
their ciliated outer layer to form a sporocyst. This contains germinal cells
that give rise to structures 1-3 mm long called rediae. Sometimes there is
more than one generation of rediae. The cercariae develop in the rediae.
They are motile, about 0.2 mm long and emerge from the snail provided

Ingestion of metacercaria to the production of eggs

6 to 12 weeks

- 600 -

Total minimum time for the whole cycle
(egg to egg) 							141/2 weeks
									(Fig. 4.2.10)
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Fig. 4.2.10. Developmental stages of F. hepatica over 14 weeks (courtesy of G.
Hutchinson).

Lymnaea tomentosa, a small conical, fresh-water snail indigenous
to Australia and New Zealand is the main intermediate host (Fig.
4.2.11). L. columella, a similar snail was introduced to Australia and
NZ, probably from Central America and has become an important
intermediate host.
In Europe and N. Asia the intermediate host is L. truncatula. This snail
may have been introduced to NZ but has not been reported for several
decades and doesn’t play a role in the epidemiology in New Zealand.
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Fig. 4.2.11. Differentiation of the clockwise coiling on L. tomentosa (University of
Sydney)

Pathology
Young flukes
Young flukes cause small haemorrhages when they first enter the liver
and produce haemorrhagic tracts in the liver as they migrate which heal
by fibrosis (Fig. 4.2.12). Acute fasciolosis is an uncommon syndrome
resulting from a heavy infection of metacercariae followed by the
invasion of the liver by large numbers of young flukes at the same time
and massive destruction of liver tissue. Five thousand to 10,000 young
flukes can kill a sheep (http://www.scops.org.uk/endoparasites-liverfluke.html)
Adult flukes
The cuticular spines and suckers of adult flukes damage the linings of
the bile ducts causing inflammation, fibrosis, thickening of the bile
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duct walls and bile flow reduction (Fig. 4.2.12; bottom). The loss of
blood and production of toxic substances lead to anaemia. Interference
with protein metabolism and loss of protein from the ducts leads to
hypoproteinaemia. Two hundred and fifty adult flukes can kill a sheep.
In cattle the fibrosis of the bile ducts is accompanied by calcification and
the lesion is termed pipe-clay or pipe-stem liver.
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Clinical signs
In acute disease, animals may show depression and death from about 5
weeks after grazing heavily infected pasture. Black disease, (or infectious
necrotic hepatitus due to Clostridium novyi) can be initiated by the liver
damage caused by migrating immature flukes and causes sudden death.
Chronic disease is seen as a slow progressive loss of condition, with
anaemia and hypoproteinaemia. There is no diarrhoea and no jaundice.
Numbers of flukes as small as 20 to 30 can cause measurable losses
in growth and production in sheep. There is slow, progressive loss of
condition, anaemia and hypoproteinaemia which sometimes leads to
submandibular oedema (‘bottle-jaw’). Chronic fasciolosis caused by
small numbers of flukes is a common and important cause of subclinical
disease and reduced productivity.

Diagnosis
Faecal Sedimentation Test.
The presence of any number of eggs is diagnostic of fasciolosis (Fig.
4.2.13). There is poor correlation between the density of eggs in faeces
and the numbers of flukes. Egg production by flukes is sporadic and the
excretion of bile is not continuous. Therefore it is advisable to examine
samples from several animals.

Fig. 4.2.12 Top: Acute fascioliasis with fibrinous tags on the liver capsule. Bottom:
Adult F. hepatica in fibrotic bile ducts in an ovine liver. (Images courtesy of G.
Hutchinson).
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Epidemiology
The epidemiology of fasciolosis is complex because of the many factors
involved. As in nematode infections of ruminants it is useful to view
the parasites as 3 populations that interact with each other. The 3
populations are: the adult flukes in the host; the developing stages
in the snail; and the metacercariae on the pasture. The size of each
population is dependent to some extent on the size of the previous one
in the life cycle, but external factors can also affect the rate at which the
populations develop.

Fig. 4.2.13 . Eggs of F. hepatica from a sedimentation test. (Image courtesy of L.
Knott)

Necropsy
The lesions in the liver and the presence of flukes are diagnostic. Lowgrade chronic infections may not be detected until the animals are
examined at the abattoir. Farmers in areas where flukes are endemic
are advised to regularly liaise with the abattoirs to assess the success or
otherwise of their control measures.
Immunological-based tests (see 4.3.1.2 in cattle)
A serological test has been developed for detecting infection with F.
hepatica. There is also a commercial (faecal) copro-antigen detection
ELISA (bio-X test). These tests are available from a range of diagnostic
laboratories (see section 5.2).
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The adult flukes
Sheep do not develop a host response to infection and continue to
accumulate flukes as long as they graze infected pasture. There is no host
effect on the egg production of the flukes and so infected adult sheep
and cattle are the main source of contamination of pasture with eggs.
Flukes produce up to 20,000 eggs per day and can live for several years
in the host.
Developing stages
L. tomentosa and L. columella are small amphibious fresh-water snails.
They are conical in shape with coils that spiral to the right or dextrally
(Fig. 4.2.11). They are common in and around permanent water such as
swamps, permanent springs and dams throughout southeast and eastern
Australia. In Australia, L. columella is now also distributed over much
of the same area and has also been found in Western Australia. In New
Zealand, L tomentosa is an indigenous species which had a restricted
distribution in areas of the North Island and the West Coast of the
South Island. The arrival of L. columella into New Zealand in the 1980s
has seen that species spread throughout both islands except for the drier
areas in the east coast of the South Island and in Southland and is now
considered the principle intermediate host for Fasciola in New Zealand.
In drought, a few snails will survive by aestivation. They burrow deep
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into mud and remain in a state of dormancy until water returns.
Developing stages of flukes may survive in low numbers in dormant
snails. Snails are capable of rapid reproduction and repopulation of an
area if conditions are optimal and one snail can give rise to millions of
new snails within a few months. Flooding can spread snails to new areas.
The size of the snail population and the size of each snail depend on
the food resources. Multiplication of the parasite is controlled by the
size of the snail. Miracidia live for only a short time and must find an
intermediate host quickly. However the high egg production of flukes
ensures that some miracidia will find snails. Once in the snail, survival
of the parasite is assured and multiplication of the fluke occurs within
the snail. In New Zealand very few lymnaeid snails survive over winter
and take some time to build up numbers again the following spring/
summer hence there is a lag before any infective stages leave snails in
large numbers.
Metacercariae
These are long-lived stages that survive for months if kept moist. Since
most will be adherent to vegetation in or close to permanent water,
chances of survival are good. Those left behind on pasture following
flooding are more likely to be killed by desiccation. The presence of
water is essential for; egg development, survival and reproduction of
snails, spread of snails to new areas, hatching and survival of miracidia,
infection of snails, release and survival of cercaria, and survival of
metacercaria. Drought encourages stock to seek feed in areas not usually
grazed, such as swamps, the edges of dams, and creek beds, where snails
and metacercariae occur.
In New Zealand metacercariae probably do not survive over winter on
pasture, except perhaps for Northland in the top of the North Island.
Hence there is a very seasonal pattern to availability of metacercariae on
pasture being mainly from January to mid-late winter.
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Alternative hosts
F. hepatica is not host specific and the metacercariae can infect a wide
range of animals. There are reports of fasciolosis in pigs, horses and
humans. Wildlife such as macropods and rabbits can also be infected,
which complicates control measures.

Treatment and control
There are several possible approaches to control of fasciolosis, some or all
of which may be used in any situation.
Fasciolicides
Killing the flukes removes the detrimental effect on growth and
production. It also stops the contamination of the pasture with eggs
and, in time, prevents reinfection. Treatment has to be combined with
a move to pasture that is free of metacercariae if it is to have longterm benefits. A useful fasciolicide needs to kills adults and immature
flukes. Resistance to the commonly-used fasciolicides is becoming more
common.
Molluscicides
Chemicals can be used to reduce snail populations usually in
conjunction with other control measures. This approach is not very
effective and is not recommended as it has certain disadvantages. Snails
are prolific breeders and the survivors soon repopulate the treated
areas. The molluscicides will destroy other organisms and damage the
ecology of the area and there may be detrimental effects on wildlife.
When molluscicides are applied to watercourses the effects are carried
downstream.
Pasture management
The areas where snails thrive are identifiable and these can be fenced off.
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However, since they are often the source of water for stock, fencing will
have to be combined with the supply of piped water. An alternative is
to drain the affected areas and make them unsuitable for the snails but,
again, an alternative water supply for stock will be necessary.

F. gigantica. Up to 7.5 cm long, the ‘The tropical liver fluke’. Common
in SE Asia.

Strategic grazing schemes can be devised that will lower the infectivity
of an area; graze infected area with adult sheep for 8 weeks, move sheep
to an uninfected area and treat, repeat process until faecal examination
shows no infection.

Calicophoron calicophorum. Common. Intermediate Host Gyraulus
scottianus (Australia); G. corinna (NZ).

In New Zealand snails can be found in most gully areas throughout
the North Island hill country and hence drainage of suitable snail
habitats and/or avoidance of them is very difficult and thus has not been
promoted as an alternative control option.

Orthocoelium streptocoelium. Uncommon, mostly in Queensland. IH:

Quarantine
Newly-purchased stock should be treated before putting onto pasture.
Western Australia is free of infection and all stock moving into the state
have to be treated.
Vaccination for black disease
Vaccination for clostridial diseases is usually routine on farms.
Public health
Fasciolosis in humans is reported occasionally and often is the result of
eating watercress that has been picked from streams on farms where the
parasite is endemic.

Other exotic flukes
Dicrocoelium dendriticum. Up to 1 cm long. ‘The small liver fluke’.
Common in Europe and N. America.
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Paramphistomosis

Paramphistomum ichikawai. Common. IH: Helicorbis australiensis.

Gyraulus gilberti.
Paramphistomes are fleshy flukes up to 1 cm long, globular and pearshaped. They have 2 suckers and are orange/red as adults. The eggs are
similar in shape and size to Fasciola, but colourless. The intermediate
hosts are fresh-water, planorbid snails which are small, brown and with
the shape of a flattened spiral. After ingestion of the metacercaria by the
definitive host, excystment takes place in the small intestine, then the
immature fluke migrates back up the intestine, through the abomasum
to the rumen and reticulum. Under normal grazing conditions,
infection is acquired slowly and continuously without causing disease.
Flooding of pasture allows the snails to proliferate and metacercariae
are spread over a large area. When animals return to graze after flooding
they ingest the infective stage in large numbers. The synchronous
development and migration of the flukes in the intestine causes
ulceration, haemorrhage, enteritis diarrhoea and rapid loss of weight.
Hypoproteinaemia may occur with submandibular oedema and death is
common. Acute paramphistomosis occurs mainly in coastal New South
Wales. Diagnosis is not assisted by faecal examination as the infection
is in the pre-patent period. Adult paramphistome flukes are common
in the rumen and reticulum but are virtually non-pathogenic. The
fasciolicide oxyclosanide is effective against the immature flukes.
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In New Zealand, C. calicophorum is the only species that has been
identified and is found around the top of the South Island and down
the West Coast of the South Island. It is mainly found where streams
regularly flood over pasture land following short bursts of high rainfall
thus allowing metacercaria to develop on this pasture land. Such rainfall
events are very common on the West Coast. Small numbers can be
found in other areas. Overall it is not considered a significant parasite
anywhere in New Zealand.

4.2.1.6. Cestodes, Moniezia species.
Adult worms are about 0.5 m in length, with segments that are much
wider laterally than longitudinally. There is no rostellum or hooks on the
scolex. The segments contain 2 sets of reproductive organs and 2 genital
pores opening laterally. These tapeworms commonly occur in large
numbers in lambs and eggs are common in faecal preparations (Fig.
4.2.14). Host immunity develops by 6 months of age. Gravid segments
(proglottids) are usually passed in groups in the faeces. Cysticercoids
develop inside a free-living pasture mite in the Family Oribatidae which
is most numerous on permanent pasture. The adult tapeworms in the
small intestine do not affect the health of ruminants.
While several trials have indicated that large burdens of adult Moniezia
in lambs and calves interfere with growth, several others have shown no
effect on growth and productivity. Chemicals are available for treatment,
but since most of the worms are shed after the first few months it
is doubtful whether the cost of drenching is justified. In addition,
drenched animals are soon reinfected from pasture.
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Fig. 4.2.14. Egg of Monezia expansa, a common finding in faecal suspensions from
sheep. (Image courtesy of L. Knott)

4.2.1.7 Protozoa
Coccidia
Coccidiosis is caused by Eimeria species which are intracellular
apicomplexan protozoan parasites. They are common and live in
mucosal cells in the intestinal tract of ruminants. Each ruminant host
is parasitised by several species of Eimeria and mixed infections are
usual. These parasites are host specific and not transmissible to other
host species. Different species vary in pathogenicity; more pathogenic
species in sheep include, E. ahsata, E. bakuensis and E. ovinoidalis.
Distinguishing between species is difficult but there is little value for
the veterinarian to do so. The similarity of their structure, life-cycles
and epidemiology allows them to be studied as a whole. Usually
coccidia are not associated with disease, but under certain management
- 613 -

Section 4.2: Small Ruminants (Sheep and Goats)

conditions young animals may be overwhelmed by large numbers of
infective stages and disease occurs. Coccidiosis is seen particularly in
intensive husbandry situations such as sheep and goats on drought feed
or improved, moist pastures. Poor nutrition and stress (weaning, bad
weather, overcrowding) predispose to infection (Fig. 4.2.15). Very young
animals (<2-3 weeks) tend to be protected by passive immunity from
their dams. Coccidiosis is generally more common in the post-weaning
period but can occur from 3 weeks of age. Clinical signs include profuse
watery diarrhoea, sometimes containing blood or shreds of mucous
membrane. Tenesmus may be seen if the Eimeria species involved
attacks the large intestine. Chronic forms do occur and present as illthrift. Diagnosis depends upon consideration of history, clinical signs
and faecal oocyst count.
In New Zealand, coccidiosis is rarely diagnosed as causing clinical
disease even though young lambs can have surprisingly high coccidial
oocyst counts in their faeces.
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Cryptosporidia
Cryptosporidium species are common, ubiquitous apicomplexans which
are not strictly intracellular, but attached to the periphery of mucosal
cells in the GI tract. C. parvum and C. andersoni are found in sheep and
goats (humans – C. parvum and C. hominis). They are a common cause
of intermittent or continuous diarrhoea, depression, anorexia, ill-thrift
and occasionally death in very young animals. Oocysts survive well in
the environment. Adult hosts transmit few parasites. Disease is acquired
from other young animals. There is no effective treatment. Oocysts are
not killed by common disinfectants. Control is by good management
and optimal nutrition. Diagnosis can be by examination of faecal floats,
using sucrose solutions, but the oocysts are very small and easily missed.
A modified Ziehl-Neelsen stain of faecal smears is used in some labs.
The presence of large numbers of cryptosporidia in histopathology
of freshly fixed lower small intestine, along with villus atrophy, is
diagnostic.
In New Zealand, cryptosporidiosis has almost never been diagnosed as a
clinical entity even though infection is likely to be very common.

4.2.2. Respiratory tract
Two major groups of nematodes are found in the lungs of mammals: the
genus Dictyocaulus in the superfamily Trichostongyloidea which have a
direct life cycle; and the Metastrongyloidea which usually have slugs or
snails as intermediate hosts.

Fig. 4.2.15 Coccidial nodules in the sheep intestine (image courtesy of R. Woodgate)
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Dictyocaulus filaria
White worms 3 – 10 cm long found in the bronchi of sheep and goats
(Fig. 4.2.16). Eggs are coughed up and swallowed, they hatch in the
intestine and L1 are passed in faeces. This stage is recognised by a dome
or small cuticular knob on the anterior end, brown food granules in the
intestinal cells and a short tail spike. In warm conditions (optimum
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of 27°C) and moisture, L1s develop to infectious ensheathed L3s in
about 6 days. L3s can survive for months on pasture in the presence of
moisture or for days in dry conditions. L3s exsheath in the abomasum,
penetrate the small intestinal wall and migrate via the lymphatics to
the mesenteric lymph nodes where they moult to L4s. L4s pass via the
lymphatics and venous circulation to the lungs. The prepatent period
is 3 weeks. In New Zealand, infection is common but rarely a cause of
clinical disease. In adult sheep it is quite common to see consolidated
areas on the tips of the diaphragmatic lobes of the lung which are
considered to be caused by this parasite causing a low level chronic
infection.
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been recognised in New Zealand but has probably been present for a
long time – consequently it is considered of little clinical significance.
Muellerius capillaris
Member of the superfamily Metastrongyloidea. M. capillaris is found
in 2 – 5 mm diameter grey nodules in the alveoli and pulmonary
parenchyma of sheep and goats. Worms are 12 to 23 mm long, coiled
and embedded in the lung. They induce a small lesion comprising
consolidation of the lung parenchyma around these adult parasites,
typically but not only, on the dorsal surface of the lungs (Fig. 4.2.17).
L1 are passed in faeces and have a characteristic kink in the tail. They
penetrate their intermediate hosts (IH) which are many species of slugs
or snails and the infective L3 stage lives as long as the IH. Following
ingestion of the IH, L3s pass to the lungs via the lymphatics. Infection
is generally non-pathogenic and is common in Australia and New
Zealand. In goats, the poor development of the immune response can
allow large burdens of these nematodes to accumulate and they can be
pathogenic in this host.

Fig. 4.2.16 . Adult D. filaria parasites in the major bronchus of a sheep (University
of Sydney).

Protostrongylus rufescens
Member of the superfamily Metastrongyloidea. P. rufescens is found in
the bronchioles of sheep and goats. They are red brown, up to 35 mm
long and slender. L1s are passed in the faeces and penetrate the foot of
snails of the genera Helicella and Cernuella and develop to L3 over 12
to 14 days. Snails are ingested by the definitive host, L3s leave the snail
and travel to the mesenteric lymph nodes where they moult to L4s. L4s
reach the lungs and mature to the adult form. P. rufescens is only mildly
pathogenic and causes localised bronchiolitis and pneumonia, but is
rare or uncommon in Australia. This parasite has only relatively recently
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Fig. 4.2.18. Larval stage of Oestrus ovis (image courtesy of L. Knott).
Fig. 4.2.17. Top: Lesions caused by Muellerius capillaris in a sheep lung.
Bottom: H&E section of M. capillaris in sheep alveoli (images from University of
Sydney).

Oestrus ovis (Nasal bots).
Very common infestation in Australia of the nasal passages and sinuses
of sheep and goats with the larval stage of the fly (Fig. 4.2.18). In New
Zealand these flies are rare. Adult O. ovis are large and bee-like. The
female fly lays single larvae in the nasal opening of sheep. They invade
the nasal cavity and move to the sinuses and sometimes enter the brain
(Fig. 4.2.19). Development to the 3rd larval stage in the sinuses is
followed byexpulsion by sneezing and the larvae then pupate in the
ground. L3 are white to yellow and up to 3 cm long, with ventral spines
and 2 mouthhooks. They cause sinusitis and ‘snotty noses’ in sheep.
Sheep are aware of the presence of adult female flies and stand with their
noses on the ground to avoid larva deposition.
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Fig. 4.2.19. Oestrus ovis larvae in the brain of a sheep. (Image from University of
Sydney).
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4.2.3

Skin

4.2.3.1 Major ectoparasites of sheep in
Australasia
Introduction
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There are marked seasonal changes in louse numbers. High temperatures
inhibit egg laying in female lice so that numbers are generally lower in
summer. In winter, although ambient temperatures are low, the fleece
insulates the lice and they reproduce actively. Consequently, numbers
build up over autumn and winter and decline again in spring. Heavy
rain leading to wetting of the fleece results in failure of eggs to hatch due
to the excessively high humidity. Shearing removes between 30 and 50%
of the louse population.

The main external parasites of sheep in Australia are biting lice (Bovicola
ovis) and the Australian sheep blowfly (Lucilia cuprina). Minor parasites
are face lice (Linognathus pedalis), foot lice (Linognathus ovillus), itch mite
(Psorobia ovis [formerly Psorergates ovis]), sheep ked (Melophagus ovinus)
and mange mite (Chorioptes bovis). It is quite likely that the widespread
use of the macrocyclic lactone (ML) class of anthelmintics and modern
insecticides has greatly reduced the incidence of the minor species.

Biting lice are obligate parasites with limited ability to survive off the
sheep. Therefore lice are predominantly spread to new flocks on infested
sheep. Following the introduction of a lousy sheep to a flock it may be
many months until the infestation establishes and lice numbers build up
sufficiently so that other lousy sheep are noticed within that flock.

Biting lice (Bovicola ovis)

The sheep develops a hypersensitivity to lice which leads to irritation
or itching. This in turn leads to rubbing and chewing which causes
derangement of the fleece and loss of value of the wool as well as
discomfort and annoyance (Fig. 4.2.20, top). In addition, blowflies may
strike chewed and moist areas of wool.

Introduction
Bovicola ovis (formerly Damalinia ovis) is a common parasite of the
fleece of sheep. It occurs in most sheep raising areas except for some very
hot inland areas and also some extremely damp areas. Prevalence likely
ranges from 10-30% of properties depending upon the state. With the
highly effective insecticides currently available, eradication on individual
properties, provided adequate biosecurity accompanies short wool
treatment, should be possible.

Features of the life cycle
B. ovis is found in all the woolly areas of the sheep and feed on skin
flakes and wool grease. It attaches its eggs to wool fibres within 6-12
mm from the skin. The eggs hatch in 10 days and there are three
nymphal stages. The entire life cycle is completed in about 35 days.
- 620 -

Pathology and clinical signs

Diagnosis
Louse infestations are identified by parting the wool and looking for lice
(Figure 22, bottom). However, as lice are colonial and photophobic, and
can move quickly into the unparted wool, the fleece needs to be opened
at a number of sites (typically at least ten 10 cm partings per side of
each sheep) on a number of sheep before a negative diagnosis is made.
Louse numbers are usually greatest around the shoulders and along the
back but small louse infestations are almost impossible to detect by this
method.
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Control is mainly by chemical means (see below).

Blowflies
A single species of blowfly, Lucilia cuprina, is responsible for initiating
between 80 and 90% of flystrikes in sheep and is termed a “primary”
strike fly (Figure 23). The remaining 10-20% of strikes is initiated by a
series of species which are usually “secondary” strike flies, that is, they
invade lesions initiated by the primary strike fly, but they can act as
primary strike flies under some circumstances. These secondary species
can be grouped according to their colour.
Green flies
Lucilia sericata, like L. cuprina, has a coppery green thorax and
abdomen. It is an introduced fly and is more common in urban than
rural areas of Australia, although it is a significant primary strike fly in
New Zealand and in Britain. It differs from L. cuprina only in having a
black rather than a green femur on the front legs.

Fig. 4.2.20. Top; scoring system for infestation with B.ovis (image courtesy of P.
James)
Bottom; B. ovis infestation on sheep (lice and eggs; image from University of Sydney)
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Calliphora augur, another native species, has a bright blue longitudinal
band on its abdomen. It occurs along the east coast of Australia, but
in western Victoria, SA and WA is replaced by C. dubia (formerly C.
nociva) which has a darker blue band on the abdomen.
A third group of strike flies may feed on well established lesions. These
are termed “tertiary flies” and include species of the genera Ophyra
(black flies) and Sarcophaga (flesh flies).

Features of the life cycle
The blowfly that initiates strike, Lucilia cuprina, has been recorded
throughout Australia and flystrike is seen wherever sheep are raised. The
following description therefore relates to this species.

Fig. 4.2.21. Lucilia cuprina, the primary strike fly in sheep (image courtesy of G.
Levott)

Chrysomya rufifacies, commonly known as the ‘hairy-maggot blowfly’,
is a native fly which differs from Lucilia in having a black band on each
segment of the abdomen.
Brown flies
Flies in this group have a grey thorax and a honey coloured abdomen.
Calliphora stygia, the common brown blowfly, is a native species and
has a brownish, chequered abdomen and occurs in all eastern states of
Australia and New Zealand. In Western Australia, it is replaced by a
closely related species, Calliphora albifrontalis.
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Gravid female L. cuprina, need to obtain a protein meal from a source
such as flowering plants before they can produce eggs. The female
flies are attracted to moist areas on the sheep’s body particularly where
these are associated with a protein exudate such as caused by wounds,
dermatitis, urine stain or faecal accumulation (dags) around the
breech. Flies lay their eggs in the fleece and these hatch after eight to
twelve hours (Fig. 4.2.21). The first stage larvae are highly susceptible
to dessication and are not capable of penetrating unbroken skin. The
second and third larval stages are capable of physically abrading the
skin with their mouth hooks, and secrete enzymes that break down the
skin and cause serous exudation which they feed on. When they reach
the third larval stage, larvae drop to the ground and burrow into the
soil where they pupate. Initial strikes may heal un-noticed, in which
case they are termed ‘covert strikes’, or existing strikes may attract other
gravid blowflies including a number of secondary species of blowfly.
Blowfly numbers typically rise in spring as soil temperature and
humidity increase and fall in the cool months of the year. Flies can
survive over winter in the soil in cool areas as pre-pupae. Hot dry
conditions can also reduce fly numbers significantly. The main periods
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of fly activity are therefore spring and autumn but if sufficient rain
occurs in summer, they can be a problem throughout the warmer
months of the year.
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Pathology and clinical signs
Normal sheep are not struck by flies. For sheep to be struck, there
needs to be an attracting odour and an area of the fleece which is moist
and contains proteinaceous material to allow the first stage larva to
develop and moult. The attracting odour can be produced by fleece
soiled with faeces or urine or can be produced by bacterial proliferation
on skin soaked by rain (fleece-rot from Pseudomonas infection or
dermatophilosis). The initial strike causes a rise in temperature and
signs of irritation are evident, with the sheep attempting to bite the
area of the strike. Multiple ovipositions cause the strike to grow rapidly
causing fluid loss and shock, while secondary bacterial invasion leads to
toxaemia and death can follow.
There are several categories of strike:
•

Breech strike: usually caused by soiling of the breech region by
urine or faeces.

•

Body strike (Fig. 4.2.23): can be virtually anywhere on the body
but is common around the shoulders and is associated with
persistent wetting of the skin and often poor conformation.

•

Tail strike: usually with tails that have been incorrectly docked (too
long or too short).

•

Pizzle strike: seen when the hair around the prepuce becomes soiled
with urine.

•

Poll strike: confined to rams, associate with the base of the horns or
can be the result of wounds sustained during fighting.

Fig. 4.2.22. Life cycle of L. cuprina (courtesy of Garry Levot)
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Non chemical approaches to the control of fly strike
There are two general approaches to the non-chemical control of
flystrike – reducing fly numbers and rendering sheep less susceptible.
Reducing fly numbers
Attempts to reduce fly numbers are likely to meet with limited success
as only very few flies are needed to initiate strikes. Methods which have
been used are as follows:
Trapping and baiting of carcasses. Carcasses can be used to attract
carrion flies and strike flies and can be baited with insecticides to kill
flies as they feed. A more sophisticated approach is to use synthetic
chemical attractants, however large numbers of traps may be needed to
significantly reduce fly numbers.
Removal of carcasses. Burial of carcases has been advocated as a control
measure. However, the numbers of L. cuprina developing in carcasses is
limited due to competition from other species of flies and in the case of
C. rufifacies, cannibalism of larvae of other species. Larvae of C. stygia
can burrow up to 3 m through soil, so burying carcasses is not likely to
be effective unless they are first treated with an insecticide.
Treating strikes at the start of the fly season. As L. cuprina breeds
primarily on live sheep, this approach aims to limit the increase in fly
numbers in spring. It is, however, labour intensive.
Rendering sheep less susceptible
Breeding resistant sheep. Selection of plain-bodied sheep with fewer
wrinkles and barer breech areas reduces the problem of fly strike.

Fig. 4.2.23. Top: Early body strike on a sheep. Centre: Advanced body strike (Images
courtesy of G.Levott). Bottom: severe body strike (treated). (Image from University
of Sydney).
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Control of gastro-intestinal nematodes. Adequate control of gastrointestinal nematodes and therefore prevention of soiling of the breech
with faeces can lead to a 10-fold reduction in the occurrence of breech
strike.
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The Mules operation. Mulesing is arguably the single most effective step
that can be taken to reduce flystrike in sheep. The basic operation leaves
two crescentic wounds starting on each side of the butt of the tail and
extending up to 5 cm below it. In the radical Mules operation, all the
skin on the dorsal surface and sides of the tail as well as skin between
the tail and the crutch is removed. The radical Mules operation provides
greater protection in seriously affected regions. The Mules operation
has been the focus of attention by animal activists, with original plans
for it to cease in 2010. However a practical reliable alternative is
proving difficult to develop, without potentially compromising sheep
welfare, and so mulesing by an accredited contractor is still supported
by industry. Post-mulesing pain relief is also increasing in popularity
and chemical methods of mulesing as well as breeding are being further
investigated as alternatives.
Tail docking, crutching. These are standard practices designed to limit
soiling of the breech area and therefore predisposition to strike.
Pizzle dropping. This technique involves severing some of the tissues
between the prepuce and the belly so that urine soiling is prevented. It is
not supported and is now illegal.
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body of sheep and are most commonly found either side of the dorsal
midline between the shoulders and the hips.
Clinical signs are caused by a hypersensitivity reaction which results
in irritation and rubbing or biting by the sheep. The result is fleece
derangement (pulled wool) and some degree of hyperkeratosis.
Diagnosis is made by a skin scraping which should be from a
predilection site and should be 5 x 5 cm square. Wool should be clipped
away prior to scraping. Mites are present in very low numbers in
summer and may be difficult to find in scrapings.
Leg mange or chorioptic mange - Chorioptes bovis
This mite occurs on sheep in all Australian states although infestations
are generally light and are frequently overlooked. Mites occur on the
belly and legs and are more abundant in colder months of the year. The
mites cause an allergic exudative dermatitis which dries to form crusts.
Lesions are most common on the pasterns and cannons and on the
scrotum. Heavy scrotal infection can cause a rise in scrotal temperature
and infertility in rams. Diagnosis is by finding mites in a skin scraping.

The sheep itch-mite, Psorobia ovis (formerly Psorergates ovis)
This mite is a parasite of the surface and superficial layers of the
epidermis of sheep. The adults may be found on the surface but the
larval and nymphal stages are usually within the stratum corneum.

The sheep ked – Melophagus ovinus
Melophagus ovinus is currently an uncommon parasite of sheep in
Australia. Diagnosis is relatively simple as the keds and puparia are
large and are readily seen in the fleece. Numbers of keds fluctuate
during the year with maximum numbers present in the cooler months.
Transmission is by contact. Although they are blood feeders, anaemia is
likely to be seen only in extremely heavy infestations. Ked faeces stain
wool, to which the inappropriate term of “ticky wool” is applied.

Transmission occurs by contact mainly from mother to young
during suckling or between sheep at shearing. Like lice, the entire life
cycle takes 35 days and numbers of mites therefore build up slowly.
Maximum numbers of mites are found in winter, while in summer
numbers are at their lowest. Mites are not uniformly distributed on the

Sucking lice of sheep – Linognathus spp.
Twp species of sucking louse occur on sheep, the face louse, Linognathus
ovillus and the foot louse, Linognathus pedalis (Fig. 4.2.24). They
are restricted to the hairy, non-woolled areas of the face and foot

4.2.3.2 MINOR ECTOPARASITES OF SHEEP
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respectively, as the common names suggest. As with other lice, numbers
reach a maximum in cooler months and minimum numbers are seen
in summer. Transmission is by contact although L. pedalis is unusual in
that it can persist off the host in pasture for up to 18 days. Infestations
with both species are relatively uncommon.

Fig. 4.2.24. Linognathus pedalis from sheep wool (image from University of Sydney)

Chemical treatment of external parasites of sheep
General considerations
There are two approaches to the control of the external parasites of
sheep, preventative treatment or treatment of existing infestations. An
example of a preventative strategy would be to apply a cyromazine (a
triazine insect growth regulator-IGR) based product to all susceptible
sheep before an anticipated fly challenge to prevent strike. This
treatment is effective for up to 3 months and resistance has not yet been
documented. Alternatively, individual struck animals can be treated or
a whole mob of sheep jetted in the event of an outbreak of flystrike (‘fly
wave’).
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The key issue in the treatment of sheep is delivering the chemical to
the place on the body where the parasite resides. For lice this means
getting the chemical to the skin over the whole surface of the sheep. For
blowflies the chemical needs to be applied all over the body or to the
predilections sites for strike – the back, the breech, the poll for rams and
the pizzle for wethers. For struck areas, localised treatment following
clipping of the fleece well around the strike limits is required.
The fleece of sheep is greasy and naturally water repellent. Long wool
provides a large and protected environment for lice and flies. It acts
as a barrier to chemical treatment penetrating to the skin where most
parasites are found. Therefore external treatments of sheep must take
wool length into account. All sheep are shorn at least once a year.
Shearing reduces the barrier effect of wool to treatment, reduces the
parasite habitat and reduces parasite numbers. Therefore, timing
chemical treatment to coincide with shearing makes a lot of sense
particularly for louse treatments. To reliably eradicate lice, dipping
is done within six weeks of shearing. This is because sheep can be
thoroughly soaked to the skin with chemicals and every louse exposed.
Similarly the pour-on treatments for louse control are given immediately
after shearing to give the chemical a maximum chance of penetrating to
the skin at the site of application and to maximize the spread around the
sheep. In addition, if all shorn sheep are treated with a visible treatment,
untreated and unshorn sheep can be easily identified and treated.
Treatment of the whole flock at the same time and then adequate
biosecurity to prevent re-introduction of lice is essential for louse
eradication.
Treatments given to sheep with long wool require high pressure jets of
water or prolonged soaking in a shower dip to move chemical into the
fleece and down to the skin. Water soluble chemicals such as cyromazine
move into the fleece when it rains enhancing efficacy. Some ready to use
backline treatments can be used in long wool to give temporary control
of lice and the physical barrier the long wool presents is overcome by
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using large amounts of chemical. Long wool protects chemicals from
the environment to give sustained insecticidal levels, preventing new
infestations or continuing to reduce existing infestations.

Plunge dips
The oldest and perhaps the most effective way of applying chemicals
to sheep is by plunge dipping. This involves swimming sheep through
a long body of water 2 to 6 weeks after shearing. Many sheep farms
around Australia have an old concrete dip, 12 m long buried in the
ground near a set of yards, often contaminated with residues of arsenic
or other old chemicals. Today portable steel dips mounted on trailer are
commonly brought onto a sheep farm by a contract dipper. Sheep are
driven along a race, then up a ramp or onto a sheep handling conveyor
belt and fall into a U or S shaped dip. The dip will be wider than the
shoulder and hip of the largest sheep, 1.5 to 2 meters deep and 6.9 to
13.3 m long. The contractor and staff then push the head of the sheep
under the dip at least twice to ensure that the head and neck are fully
wetted. A swim length of 9 m gives significantly better wetting than
6 m and 2 head dunkings gives significantly better fleece wetting that
none or one dunk. A recent innovation in sheep dip design has been
an immersion cage mobile dip where sheep are run into a cage then
completely immersed in dip wash for a specified period. They then drain
in an adjacent area whilst the next load of sheep is dipped. This method
has the advantage of totally immersing all sheep for a set period of time
and eliminates variation due to sheep and operator differences.
The other main factor determining efficacy is the need to maintain a
concentration of chemical sufficient to kill parasites. Many chemicals
used in sheep are lipophilic – that is they bind avidly to lipids, such
as wool grease in preference to water. Therefore running sheep with a
greasy fleece through a dip strips chemical out of the dip at a faster rate
than water is removed from the dip. To counter this chemical companies
have provided a fairly complex set of instructions for charging the dip,
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recharging it to restore the water level and reinforcing it to bring the
concentration of chemical back to the initial concentration. Intermittent
replenishment leads to substantial rises and falls in chemical
concentration during the dipping process.
Charging and constantly replenishing a 3,360 L plunge dip with
100 ppm diazinon gives a steady concentration of 30 to 40 ppm of
chemical dip. Charging the dip with 30 ppm diazinon and matching
the stripping rate of chemical with the concentration of chemical in the
constant replenishment stock, a steady concentration of chemical can
be maintained in the dip wash, presumably associated with improved
efficacy. In contrast diflubenzuron, which is not lipophilic, does not
strip and replenishment and initial charge concentrations are the same.

Shower dips
A sheep shower dip is a large enclosed pen, usually circular in shape
where sheep are held and sprayed with a large volume of insecticidal
wash at low pressure from overhead circulating arms. Spray nozzles on
the floor of the shower can also be used. Dip wash runs from the floor
of the shower into a sump and is re-circulated. Sheep need to be held in
the shower for 4 to 10 minutes. Sheep sprayed for 5 minutes from the
top nozzles and 1 minute from the bottom nozzles may have dry areas
especially on the neck and some formulations of insecticide dip do not
eradicate lice in groups of sheep. Using a pump able to give a flow rate
of 18 L/second and a boom speed of five rpm improves wetting. There
is a linear decrease in fleece dryness over time in the shower dip and it is
recommended that sheep be left in the shower for 12 minutes under the
top nozzles only – much longer than standard practice.
Chemicals strip from the dip wash much more rapidly in shower
dips than in plunge dips. In the constant replenishment system the
concentration of lipophilic chemical in the dip wash rapidly falls during
the treatment of the first batch of sheep, rises whilst the dip is empty
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and then falls even further during showering of the second and third
batches of sheep. The shower dip should be reinforced and topped up
after each batch of sheep to ensure that each sheep got an effective dose
of the chemical. In many field situations this may be impractical.

the body. These same sites are susceptible to bodystrike so this method
of application provides protection to the most vulnerable sites. Rams
can be treated on the poll and wethers or rams on the pizzle. It takes 20
to 40 seconds to treat each sheep and is laborious.

Jetting

Automatic jetting races
A number of machines have been developed to automatically jet sheep
and reduce the labour required. Usually sheep run along a race and
enter an area with a number of nozzles facing onto the back and belly of
sheep. In some races nozzles also treat the sides and breech of the sheep.
They usually have a mechanical lever or electric eye that activates liquid
flow when the sheep is in the machine.

Jetting is the application of chemical into the fleece of sheep using high
pressure jets of fluid. It can be used to treat lice in sheep with greater
than 6 weeks of wool growth or to prevent and treat flystrike. Because
of the large parasite habitat available on sheep with long wool and the
physical barrier to treatment that the wool presents, the aim of jetting
is to ‘control’ louse populations. This means to reduce the population
below the level associated with fleece damage or economic loss until the
next shearing and an eradication treatment can be applied. Eradication
of parasites is not feasible with treatments given to sheep with long
wool.
Hand jetting
Traditionally sheep are mustered, brought to the sheep yards and packed
fairly tightly into a race. Jetting chemical is mixed with water in a large
tank and connected to a pump. One or 2 long hoses lead from the
pump to the race. Attached to the end of the hose is a jetting wand
that has an on/off mechanism and several outlets to deliver jetting fluid
into the fleece. The jetting wands are either curved or have a flat metal
shroud over the nozzles to control splash back and facilitate saturation
of the fleece. Some end in a ‘T’ piece shape with a comb-like row of
nozzles on the end. The water runs out under high pressure (100 psi) to
allow liquid to penetrate the fleece. Half a litre of jetting fluid is applied
per month of wool growth to adult sheep with less for lambs. The wand
is passed over the areas that need to be treated – back, neck, sides and
breech. Application along the backline deposits a reservoir of jetting
fluid that drains through the wool through the natural drainage areas of
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Pour-on treatment for louse control
Dipping sheep for the control of lice is a laborious process and requires
capital investment in a dip or the use of dipping contractors. In 1980,
a solvent-based pour-on formulation of the synthetic pyrethroid (SP),
deltamethrin, was developed to overcome these difficulties. Animals
are treated immediately after shearing. A narrow strip of product, 2 to
15 ml in volume is applied along the backline using a drench gun like
device, with the product carried in a pack on the operator’s back. It has
the following advantages: ease of application; labour saving; ready to
use; no water supply needed; dose volume readily measured; no fleece
wetting; no spread of bacterial infections in the dip wash; no effluent
disposal; no environmental contamination of waterways and ground
water; can be used off shears; no re-mustering; dye added to identify
treated animals (to help treat 100% of the flock); and easy treatment of
small groups.
However, failure to eradicate lice in the field using pour-on treatments
has been associated with the development of resistance. This
phenomenon is associated not only with the use of inadequate doses
but also with the way synthetic pyrethroids such as deltamethrin spread
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around the body. Most of the chemical applied stays at the site of
application and the concentration of deltamethrin declines markedly
away from the backline. The chemical also stays on the tip of the
wool staple as it grows away from the skin producing a ‘canopy’ of
insecticide below which the lice can re-establish. In addition, samples
of wool collected more than 16 days after treatment, but containing
the same concentrations of deltamethrin as samples collected soon after
treatment, are ineffective at killing lice, indicating that the bioavailability
of the chemical declines after administration. There is little doubt that
the poor distribution of chemical around the sheep from the backline
allowed some lice on some sheep to survive and selected for resistance.
Insect growth regulators (IGR). The applicator for these chemicals
has a wide boom with several jets to ensure a broad application of the
chemical to the backline and to improve distribution. Being a new class
of chemical there was initially no resistance and high efficacy could be
obtained, combined with ease of use. However there are recent reports
of resistance to the IGRs in the field. The situation seems similar to
earlier experience with the SP pour-on products. It may be that the
pour-on mode of application of chemicals to sheep is an innately
inefficient way to apply an effective dose of chemical over the whole skin
of the sheep to eradicate lice. So, by their nature, pour-ons may select
more rapidly for resistance. Perhaps wet dipping, using modern portable
plunge dips and effective chemicals, may be the best way to get an
even application of chemical to the skin, eradicate lice and protect the
chemical from the development of resistance.
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are likely to strike sheep. Dicyclanil gives at least 19 weeks protection
against fly strike. Laboratory research using artificially induced
mutagenesis has shown that only low level resistance to cyromazine
arises and that some types of resistant flies are less able to survive in the
wild than susceptible flies. Therefore the Australian fly population has
remained susceptible to cyromazine despite widespread use since 1979.

Blowfly dressings
In the early days of the wool industry before effective preventative
chemicals were invented, farmers had to catch struck sheep, shear the
wool off the struck area and apply ‘tar’ products to kill the maggots
and prevent re-strike. To this day shearers refer to the dressings
applied to struck sheep as ‘tar’. These products contained creosote,
paraffin, eucalyptus oil, phenol and whatever else farmers found to be
effective. In the 1940s, the organochlorine class and in the 1950s the
organophosphate (OP) class of chemicals were developed and released
for fly control in Australia. The OPs were very popular and were widely
used to prevent and treat flystrike. Powder, paste and liquid ready to
use formulations were developed to treat individual animals. The jetting
and dipping formulations could also be diluted in water for individual
animal use. More recently aerosol formulations of an OP and spinosad
have appeared. Ivermectin has also been released as a dressing and jetting
product.

As with louse control there has been a substantial swing from using
hand jetting and jetting races to using convenient ready to use spray-on
formulations of fly control products – especially insect growth regulators
such as cyromazine and dicyclanil. These products are applied with
special applicators to the backline, the breech and other areas where flies

Unfortunately by 1965, OP resistance was detected in the field and by
1970 up to 95% of all field populations of flies were resistant to the
OPs. Naturally this raised concerns about the effectiveness of the OP
dressing but OP fly dressing are still useful if only to prevent re-strike
(note: OP dips are banned). It is now recommended to closely shear the
wool from the stuck areas, to mechanically remove maggots, then to
apply the dressing to prevent re-strike. Alternatively the flock could be
jetted with cyromazine after shearing the struck animals. Ivermectin or
spinosad can be used as jetting treatments without shearing first or as an
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individual animal treatment. Even with these newer products prudence
suggests that shearing or clipping of the wool over a strike before
treatment is desirable.

Chemical treatment of minor ectoparasites
Topical applications of organophosphates, amitraz or macrocyclic
lactones are all effective in the control of P. ovis but none will result
in eradication. Similarly, OPs, SPs and MLs will be effective against
biting lice and keds.
Since all of these parasites live within the skin or suck blood, a
parenteral or systemic route of administration is useful. Sheep itch mite
(P. ovis) is susceptible to drenches in the ML class such as ivermectin,
moxidectin and abamectin. The widespread use of this class of drenches
for worm control is probably responsible for the low prevalence of itch
mite in Australia today. The MLs also have registered claims against
chorioptic mange (C. bovis) in cattle and undoubtedly have some effect
against chorioptic mange in sheep. Similarly the ivermectin capsule has
a claim against the sheep ked (M. ovinus) and the MLs together with
widespread treatments for lice have virtually eradicated sheep ked from
Australia.

4.2.5. Other systems: muscle and viscera
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embryo emerges, penetrates the intestine and migrates to its predilection
site. Here the embryo differentiates to the second stage larvae which
is a fluid filled bladder containing one or more scolices (the holdfast
or anterior end). The second stage larvae are known as: cysticercus
(single bladder with one scolex); strobilocercus (a more developed stage
where segmentation has begun); coenurus (single bladder with many
scoleces); or hydatid (a cyst with a germinal membrane containing many
scolices). None of these cause illness or a drop in sheep productivity.
Their importance lies in condemnation of affected carcass components
at slaughter, and, in the case of hydatids, continuation of a parasite life
cycle with zoonotic risk.

Taenia hydatigena (thin-necked bladder worm)
T hydatigena is the most common but least important economically.
The cysticercus migrates through the liver and forms bladder-like cysts
which are loosely attached to the surface of abdominal viscera and
mesentery (Fig. 4.2.25). Caseated or calcified lesions may be found in
the liver from death of migrating larvae. Sheep, goats, cattle and pigs can
be affected. Livers are passed at meat inspection if lesions are localised
- if scattered or widespread, the liver is condemned. Ingestion of large
numbers of eggs such as when a whole segment is consumed, can cause
acute haemorrhagic hepatitis from massive migration through the liver
and can precipitate black disease if spores of Clostridium noyvi are
present.

4.2.5.1. Larval cestode infections of the family
Taeniidae
Class Cestoda, Order Cyclophyllidea, family Taeniidae. Species of
relevance to sheep and goats have dogs as the definitive or final host and
sheep as the intermediate host. Gravid taeniid segments are shed by the
dog and release eggs (oncospheres). If ingested by a sheep the hexacanth
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Fig. 4.2.25. Haemorrhagic migratory tracks and presence of the cysticercus of
T.hydatigena in the liver of a sheep (image from University of Sydney)

Taenia ovis (sheep measles)
T ovis is found in the skeletal and striated muscles of sheep and goats
including the myocardium (Fig. 4.2.26). Large numbers of cysticerci
cause carcass condemnation, smaller numbers are either trimmed or the
rest of the carcass used for pet food. Taenia ovis is the most important
of the cestodes in Australian and New Zealand sheep. A vaccine was
developed many years ago but never released commercially. Immunity
to this metacestode is driven by antibodies and is generally operative
at the level of the intestine. Consequently young sheep rapidly develop
immunity which will limit subsequent invasion by embryos. Naive
sheep ingesting a large number of eggs over a short period of time are
more likely to develop larger numbers of cysticerci responsible for total
condemnation of the carcase. In New Zealand “Ovis Management”, a
body established by the Sheep Meat Industry monitors the prevalence
of cysticerci in sheep muscle and follows up on cases where several sheep
are condemned from a single farm.
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Fig. 4.2.26. Sheep heart with typical T. ovis lesion on apex (image from University
of Sydney).

Echinococcus granulosus (hydatid cysts)
Hydatid cysts can be found virtually anywhere but particularly the
liver and lungs. They contain thousands of protoscolices (Fig. 4.2.27).
Pathological effects can occur as the cysts grow and compress adjacent
tissues and organs. Cysts may rupture and spread cysts to other
locations. Affected organs are condemned in the abattoir. Humans
can act as an intermediate host if they ingest eggs from infected dogs.
E. granulosus was eradicated from New Zealand several years ago but
restrictions on dog feeding remain to reduce the risk of re-emergence. It
has also been eradicated from Tasmania.
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4.2.3.2 Protozoa
Toxoplasmosis
Toxoplasmosis is caused by the apicomplexan parasite Toxoplasma
gondii. There is only one species and it can infect a wide variety of
different hosts. The cat is the definitive host and oocysts passed by feral
cats are the main source of infection for ruminants. After ingestion
of the oocyst, sporozoites are released that invade cells within the
intestinal mucosa and later move into cells in the somatic tissues. The
parasite is distributed throughout the host tissues via the blood stream
(parasitaemia). They invade and multiply rapidly in various nucleated
cells as tachyzoites (tachy = rapidly multiplying). After multiplication
they emerge and thereby destroy host cells. Then they enter new
cells and the process is repeated. The accumulation of dead cells is
confined to a small area, and the lesion is termed focal necrosis. As
some tachyzoites get distributed via the blood stream the areas of focal
necrosis can be found throughout the body. After a period of time
this rapid multiplication slows down and the organism continues to
develop as slowly multiplying bradyzoites (brady = slowly multiplying)
and develop a thin tissue cyst wall around themselves. These can persist
for the life of the animal although some likely break down periodically
and reactivate as tachyzoites and it is these that probably maintain the
natural immune response.
Fig. 4.2.27. Top: “hydatid sand”- fluid from a liver cyst of E. granulosus containing
thousands of protoscolices. Bottom: contents of an hydatid cyst from a sheep liver
showing numerous “daughter cysts”. (Images from University of Sydney).
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There are no obvious lesions associated with these tissue cysts and they
can be found within cells throughout all organs of the body.
Toxoplasmosis in adult sheep is not usually associated with disease, but if
a pregnant ewe is infected the parasite may reach the uterus and damage
the placenta (Fig. 4.2.28). Organisms may cross the placenta and infect
the foetus. The foetus is particularly vulnerable because it is incapable
of mounting an immune response. Whether the placenta alone, or the
placenta and the foetus are infected, depends on when in the pregnancy
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the ewe is infected. If the placenta alone is damaged, the foetus may
die and be aborted, or retained and mummified. If the foetus survives
to term it may die soon after birth, or live but with permanent damage
to the nervous system. Following abortion, focal necrosis is seen in the
placental cotyledons, foetal liver and brain. Antibody can be detected
in foetal fluids or parasites can be detected using PCR. Toxoplasmosis
is more of a problem in southern Australia and New Zealand, especially
with intensively managed animals, and does not appear to contribute
to infertility in hot, semi-arid areas. Control is directed at preventing
exposure of stock to oocysts in fodder contaminated by cat faeces.
In New Zealand, a modified live vaccine (“Toxovax”), comprising
tachyzoites from a strain that can no longer develop tissue cysts, is
widely used in maiden ewes. As it contains live tachyzoites it is necessary
to give the vaccine at least 6 weeks prior to mating or they could affect
the foetus. One vaccine is considered sufficient for the life of the ewe.
The prevalence of infection in unvaccinated ewes can reach about 50%
in mature ewes.
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Sarcocystosis
Sarcocystis species occur in a very wide variety of hosts and are very
common parasites in ruminants. They are related to the coccidia and to
Toxoplasma, and they form distinctive tissue cysts containing bradyzoites
in the muscles of the ovine intermediate host (sarcocysts). Dogs and
cats are the definitive hosts. Those species for whom the dog is the DH
develop Sarcocystis which remain microscopic in size. In contrast, those
species where the cat is the DH will slowly develop to a large size and
be visible to the naked eye. Species of Sarcocystis are very host- specific
and so the presence of cysts are of no public health significance although
they are considered aesthetically unacceptable and can lead to carcase
trimming or condemnation.
Sarcocystis gigantea has macroscopic rounded sarcocysts, up to 1.5 cm
in diameter, that are common in the oesophageal, tongue and carcase
muscles of sheep (Fig. 4.2.29). These cysts can lead to condemnation of
parts of the sheep carcase. The definitive host is the domestic cat.

Fig. 4.2.28. Lesions caused by T. gondii in the cotyledons of an aborted ovine
placenta. (image from University of Sydney).
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4.2.6. Most important parasites of sheep
Class

Parasite

Site

Life-cycle

Importance

Protozoa

Eimeria spp.

Small intestine

Direct

*

Toxoplasma gondii

Muscle, brain

Indirect (cat)

**

Teladorsagia
circumcincta
Trichostrongylus spp.
(T.colubriformis, T.
vitrinus, T. axei)
Nematodirus spp.

Abomasum

Direct

**

Abomasum,
small intestine

Direct

***

Small intestine

Direct

*

Haemonchus contortus

Abomasum

Direct

***

Trematoda

Fasciola hepatica

Liver

Snail IH

**

Cestoda

Taenia spp.
(T. hydatigena, T. ovis)

Abdomen:
mesentery,
peritoneum
Liver cysts

Indirect (dog,
fox)

*

Indirect (dog,
fox, dingo)

***

Lucilia cuprina

Skin

Fly

***

Bovicola ovis

Skin

Entirely on host

**

Psorergates ovis

Skin

Entirely on host

*

Nematoda

Fig. 4.2.29. Top; Sarcocystis macrocysts in the oesophagus of a sheep and bottom; in
the striated muscle of a sheep. (Images from University of Sydney).

S. medusiformis. Macroscopic sarcocysts, spindle-shaped and up to 2 cm
long, in carcase muscle of sheep. Definitive host: domestic cat.
S. tenella (s. ovicanis), and S. arieticanis. Common. Microscopic
sarcocysts in the carcase, tongue and heart of sheep. Definitive host:
domestic dog.

Echinococcus
granulosus
Insecta
Arachnida

Clinical signs are uncommon; although potentially pathogenic, normal
grazing conditions appear to allow “trickle” ingestion of sporocysts
and development of immunity without disease. When disease occurs
it is associated with the phases of merogony in small blood vessels of
the intermediate host. Large numbers of sporocysts ingested at the
same time result in synchronous damage to many small vessels with
extensive petechial haemorrhages. If this occurs during pregnancy, the
blood vessels in the placental membranes are also involved and abortion
may be the outcome. The organisms do not cross the placenta. Large
numbers of sporocysts given at the same time can cause severe disease
and death. Human consumption of sarcocysts in the meat of sheep is of
no importance to health.
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monepantel

AA

2.5

++ ++ ++ ++

++ ++ ++ ++ ++

albendazole

BZ R

3.8*

++ ++ ++ ++

++ ++ ++ ++ ++ + ++

fenbendazole

BZ

R

5

++ ++ ++ ++

++ ++ ++ ++ ++ + ++

mebendazole

BZ

R

12.5

++ ++ ++ ++

++ ++ ++ ++ ++

oxfendazole

BZ R

5

++ ++ ++ ++

++ ++ ++ ++ ++ + ++

triclabendazole

BZ

10-12

R

monensin

IO

praziquantel

IQ

* = for albendazole need oral dose of 4.75 mg/kg to control adult Fasciola; controlled
release capsule = 0.57 mg/kg/day
** = for MLs, dose is 0.2 mg/kg (oral or most injectable formulations), 1 mg/kg long
acting injectable, 0.02 mg/kg/day intra-ruminal controlled release device or 6 mg/
kg pour-on
Eimeria spp.

Paramphistomes

Fasciola hepatica immatures

Fasciola hepatica adults

Muellerius spp.

Dictyocaulus spp

Tapeworms

Trichuris spp.

Chabertia ovina

Oesophagostomum spp.

Nematodirus spp

KEY ++ = controls; + = aids in the control of

Bunostomum spp.

Strong yloides papillosus

Cooperia spp.

Teladorsagia spp.

Compound

Dose
Group (mg/kg)

Trichostrong ylus spp.

Parasiticides for sheep
Haemonchus Contortus

4.2.7
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++
+

P = different ML chemical and formulations, especially injectables, and SAs have
persistent activity against some parasites (check product labels for specific details)
R = resistance reported in Australia at time of writing in most sheep nematodes to
the BZ and TI classes and in Fasciola to triclabendazole. ML resistance has been
reported in Teladorsagia and Haemonchus and is suspected in Trichostrongylus.
off-label recommendation ONLY FROM A VETERINARIAN

++
++ ++

in feed

++

3.75

++

abamectin

ML

R

0.2**

++ ++ ++ ++ ++ ++ ++ ++ ++ ++

++

doramectin

ML R

0.2**

++ ++ ++ ++ ++ ++ ++ ++ ++ ++

++

ivermectin

ML

R

0.2**

++ ++ ++ ++ ++ ++ ++ ++ ++ ++

++

moxidectin P

ML R

0.2**

++ ++ ++ ++ ++ ++ ++ ++ ++ ++

++

naphthalophos

OP R

7.5

++ ++ ++

pyraclofos

OP

30

++ ++ ++ ++

closantel P

SA R

7.5-10

++

++

nitroxynil P

SA

10

++

++

oxyclozaide

SA

15

derquantel

SI

2

sulphadimidine

SU

in feed

levamisole

TI R

8

++ ++ ++ ++ ++ ++ ++ ++ ++

morantel

TI R

10

++ ++ ++ ++

+
++ ++ ++ ++

+
++ ++ ++ ++ ++ ++ ++ ++ ++ ++

++ ++
++
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diflubenzuron

BU

dip, jet, pour
on

++ P,R

triflumuron

BU

pour on

imidacloprid

CN

pour on

++ P,R
++ P

abamectin

ML

pour on

++

abamectin

ML

oral, injectable

ivermectin

ML

controlled
released device

ivermectin

ML

oral

ivermectin

ML

jet, dressing

moxidectin

ML

oral, injectable

chlorfenvinphos

OP

dressing

diazinon

OP

dip**

++

diazinon

OP

spray on

++

propetamphos

OP

dressing

temephos

OP

dip

closantel

SA

oral

alphacypermethrin

SP

spray on

++ R

cypermethrin

SP

pour on

++ R

deltamethrin

SP

pour on

++

spinosad

SS

dip, jet, dress

++

spinosad

SS

pour on

cyromazine

TR

spray on, jet,
dip, dressing

++ P,R

dicyclanil

TR

spray on

++ P

* = instructions for doses and specific application of different individual products
should be obtained from product labels.
Oestrus ovis

Calliphora spp.

Chrysomya rufifacies

Lucilia cuprina larvae

Lucilia cuprina adults

Sheep mites

Formulation*
Sucking lice

Group

Bovicola ovis

Compound

Melophagus ovina

KEY ++ = controls; + = aids in the control of

Further information can also be found at http://www.liceboss.com.au or http://
www.flyboss.org.au
** = diazinon dipping or jetting of sheep is only allowed under special permit from
APVMA. Diazinon is also currently legally available for treatment of individual
flystruck sheep
*** = efficacy against Oestrus ovis only registered for moxidectin injectable
formulations
R = resistance reported to this class in Australia at time of writing.

++
++

++

++

+

++

++
++

++
++

P

++

P

++

R

++

R

++

++

P

++

P

++***
++ R ++ R
++ R ++ R

++
++
++
++

R

++ P

++ P

++
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4.3 Cattle
4.3.1. Gastrointestinal tract (GIT) and
associated organs.
4.3.1.1 Parasitic gastroenteritis (PGE) in cattle.
Introduction and species.
A considerable number of nematode species occur in the gastrointestinal tract (GIT) of cattle and their occurrence does vary to some
extent according to geographical area. In temperate areas only three
are regularly of major importance. These are the strongylid nematodes
Ostertagia ostertagi, Trichostrongylus axei and Cooperia oncophora. In
warmer areas of northern Australia Oesophagostomum radiatum and
Haemonchus placei are more common as are Cooperia punctata and
Cooperia pectinata. There are also several minor strongylid species
that occur in smaller numbers in mixed infections, namely: other
species of Ostertagia (for example O. leptospicularis), small intestinal
Trichostrongylus spp., Bunostomum phlebotomum and Nematodirus
helvetianus. In addition to these strongylid species, cattle can be infected
with small burdens of Trichuris spp. and the cestodes Moniezia expansa
and M. benedeni which are both of limited clinical significance. As
well as these recognised cattle parasites, young cattle especially can be
temporarily infected with some nematodes more usually considered to
be sheep nematodes (e.g. H. contortus and T. colubriformis). Although
this is not clinically significant, it can be a means of transferring isolates
of some species that have anthelmintic resistance.
Economically significant parasitism is largely confined to cattle up to 18
months of age as it takes 18-20 months to establish a fully developed
adult level of resistance to all three major parasites. Resistance is
established first to Cooperia (usually by about 12 months of age), then
to Ostertagia and T. axei. Clinically significant infections with H. placei or
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Oesophagostomum are mainly seen in cattle in their first year. However,
because of the epidemiology of these infections, described below, the
most severe effects occur in the autumn and winter of the first year of
life following weaning in winter. Of the common parasites of cattle, O.
ostertagi and T. axei are the most pathogenic. C. oncophora is regarded
as the least pathogenic whilst other Cooperia species, namely C. punctata
and C. pectinata found in warmer areas are more pathogenic. C.
oncophora will reduce growth rates and cause diarrhoea if burdens are
high.
The trematodes Fasciola hepatica and paramphistomes (mainly
Calicophoron calicophorum) also parasitize the gastrointestinal tract
of cattle giving rise to PGE as part of their life cycle, in addition to
generating a broader range of clinical signs associated with acute or
chronic infections of the liver and rumen/reticulum, respectively.

4.3.1.2. Major species of nematodes

Ostertagia ostertagi (the small brown stomach
worm)
Introduction
The most important cattle parasite in temperate cattle regions is O.
ostertagi although in tropical Australia this is likely to be H. placei.

Summary of taxon/parasite
O. ostertagi is a strongylid nematode in the Superfamily
Trichostrongyloidea. Adult worms are brown, 7-10 mm long and are
found on the mucosa of the abomasum. They can easily be seen with the
naked eye. The parasite may also occasionally infect goats.
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Features of life cycle
The life cycle is the typical direct strongylid cycle with L3 ingested with
herbage. Exsheathed parasitic L3s penetrate the mucosa and develop for
around two weeks in the gastric glands before emerging as adults onto
the abomasal mucosa. The prepatent period for worms to reach maturity
is around three weeks.
An important feature of the life cycle life cycle is the ability of early
L4 to undergo “hypobiosis” or “inhibited development” in the
gastric glands. The exact mechanism is not known but is partly a
genetic characteristic of the parasite so that development is suspended
over a period of the year that is not conducive for development/
survival of larval stages on the pasture. Hypobiosis may also occur
as a physiological response to abomasal crowding or developing host
immunity. Hypobiotic L4s usually resume development after about one
climatic season e.g. summer. This normally occurs at about the same
rate as the accumulation rate and there is usually no obvious clinical
effect. However, if there is a stressor, then a mass emergence of EL4s
from the abomasal mucosa can occur. Their simultaneous development
to late L4s and then adult worms causes a clinical syndrome called
“Type-2” ostertagiosis with protein-losing gastroenteropathy (PLGE),
diarrhoea and loss of condition. This terminology is used to distinguish
the accumulation of adults following direct development of the worms
without hypobiosis which is termed “Type-1 ostertagiosis”.

•

enhanced permeability of the abomasal mucosa, caused by a loss of
tight junctions and mucosal integrity leading to PLGE.

•

an increase in the abomasal pH directly attributable to the loss of
parietal cells and abomasal pH rises from 2 to 6-7 but this is of
limited importance in ruminants.

•

The undifferentiated neck cells will also produce pepsinogen and
some is released into the tissue spaces.

In addition there is hyperplasia of the abomasal tissues which is initially
focal around individual affected glands (“nodular hyperplasia”) but
becoming more generalized as adults emerge (Fig. 4.3.1). This is
combined with rapid turnover of cells within the mucosa which will
also contribute to the PLGE. With high burdens the abomasum at
postmortem is severely inflamed, the mucosa is hyperplastic (“moroccoleather” appearance) and often there is severe oedema of the abomasal
folds with the presence of large numbers of parasites. This is particularly
apparent with Type-2 ostertagiosis.

Pathology
Pathological changes are caused by the penetration of the gastric glands
and subsequent development of the L4s as “space-occupying lesions”.
The pathogenesis involves a progressive change in cell type (metaplasia)
in the glands with a reduction in the number of Chief cells secreting
pepsinogen and parietal cells secreting hydrochloric acid and their
replacement by undifferentiated mucus neck cells. This leads to;
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Fig. 4.3.1. Abomasal pathology caused by type 1 ostertagiosis (Image courtesy of MG Smeal).

Clinical signs
Cattle suffering from Type-1 disease will show scouring, reduced
growth rate and loss of weight (Fig. 4.3.2). This can be fatal if the larval
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challenge is sufficiently high. Type-2 disease will often have a slightly
different timing as it is not dependent on intake of large numbers of
infective larvae at that time. Typically it may be very acute with profuse
diarrhoea, rapid loss of condition, dehydration and often death if
untreated: it may also be more chronic with a progression of signs over
several weeks. Importantly, in most instances only a few animals in a
herd are affected with Type-2 disease at any one time. Accumulation of
hypobiotic larvae can also occur in rising two-year old cattle with Type2 disease then seen around calving. Disease has also been reported in
older cows and mature bulls during autumn or winter.

Diagnosis
The actual diagnosis of PGE is difficult because of the “non-specific”
clinical signs and the lack of correlation of egg counts with worm burdens.
Subsequently, diagnosis for Type-1 can be made with consideration of the
history (type of enterprise, season and history of the herd) including;
•

the geographical region and climate - tablelands, coastal, winter or
summer rainfall and the time of year

•

age of affected cattle (Type-1 vs 2): weaned calves, yearlings

•

seasonal timing of outbreak: for example;

•

◊

Type-1 – calves grazing when pasture larval levels may
be high for that geographical area. E.g. in late winter to
early spring in Tablelands and Coastal areas in NSW,
Victoria and South Australia (i.e. dairy calves aged 3-10
months or weaned beef calves aged 6-12 months).

◊

Type -2 – yearling cattle – variable time but late summer/
autumn in eastern Australia and spring early summer in New
Zealand.

grazing history - pasture contamination in the previous season(s) by
young cattle, especially continual use of a “dairy calf paddock” with
high stocking rates.

Subsequent diagnosis can be made with a faecal egg count and/or larval
identification and worm count at necropsy of an affected animal.
For a diagnosis of Type-2 ostertagiosis, egg counts are of only limited
use. Affected animals usually pass some eggs though the count may be
very low (< 50 eggs/g). Clinical signs may appear before the developing
larvae have reached maturity, and even if the worms have reached
maturity their oogenesis is depressed.
Fig. 4.3.2. Top: PGE in young weaner beef calves. http://www.chinchillavet.com.
au/Portals/chinchillavet/PDFs/Cattle_Worm_Control_part2.pdf. Bottom: Severe
ostertagiosis in dairy cows (University of Sydney).
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Worm counts are the preferred method for estimating the size of
worm burdens but they are rarely performed for diagnostic purposes
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(Fig.4.3.3). If attempting a worm count in cattle, a pepsin digest of the
abomasum to release any inhibited Ostertagia larvae located deep in the
crypts should also be undertaken. Gastrointestinal organs can be frozen
for preservation and any worms will not be destroyed.

by the cattle management system (dairy v. beef). In young dairy calves at
6-18 months-of-age, usually only around 10% of the L3s ingested become
inhibited. In contrast, in young beef cattle, 70-90% of ingested L3s can
become inhibited. Yearling beef cattle can accumulate many thousands of
inhibited larvae as a result of the ingestion of peak numbers of L3s on the
pasture. In this state, cattle are said to have a “Pre-Type 2” ostertagiosis.
The penetration of these large numbers of L3s into the abomasal mucosa
causes an extensive erosion of the mucosal surface. Their development
to the early EL4 in the sub-mucosa stimulates an intense lymphocyte
reaction with the formation of numerous lymphoid nodules. Hypobiosis
is a genetic tactic in beef cattle management systems. It promotes survival
of O. ostertagi in beef cattle so that eggs can be produced by adult worms
derived from emerging inhibited larvae when environmental conditions
improve for larval development on pasture. Although there appears to be
little clinical effect of “Pre-Type 2” disease on the health of young beef
cattle (12-15 months-of-age), the damaged abomasal mucosa prevents the
efficient extraction and absorption of pasture protein. As a result, these
yearling cattle suffer from sub-clinical parasitism and fail to achieve their
optimal growth rates during periods of peak pasture growth.

Fig. 4.3.3. Adult O. ostertagi from the abomasum of a cow (University of Sydney)

Measurement of plasma pepsinogen levels and plasma albumin levels
can be helpful in reaching a diagnosis of ostertagiosis.

Epidemiology
See 4.3.1.3 for a general account. (Fig. 4.3.4)

Type-1 v. Type-2 Ostertagiosis
Ostertagiosis occurring in both dairy and beef calves resulting from the
normal maturation of recently acquired larvae is termed “Type-1”disease.
All strongylid species, but especially O. ostertagi, have the ability to
become inhibited for prolonged periods (6 months) soon after they
infect the bovine host. These L3s enter the gland crypts, moult and cease
development at the early L4. The proportion of O. ostertagi ingested
larvae which become hypobiotic (“inhibited”) can vary and is influenced
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In a cool temperate zone such as New Zealand, inhibition is timed
so that larvae are inhibited over winter and resume development in
spring/summer (Fig. 4.3.5). Studies on the Tablelands of NSW showed
numbers of inhibited larvae increase in spring reaching a peak in midsummer (Figs. 4.3.4, 4.3.6). A similar pattern was recorded for western
Victoria where Type-2 disease occurred at the end of summer (Fig.
4.3.6). In areas with hot dry summers, larvae generally adapt to become
inhibited over that season and emerge when rain is normally expected in
autumn (the “Autumn break”).
In most animals, the larvae are lost progressively over the subsequent
season with no signs of disease. In some cases, however, the larvae
resume development in large numbers resulting in clinical ostertagiosis.
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This is termed “Type-2 ostertagiosis” because it results from previously
inhibited larvae. In these cases there is very severe abomasal pathology.
Type-2 disease is much less common than several decades ago before
the advent of modern effective anthelmintics (e.g. macrocyclic lactones)
that can effectively kill inhibited larvae. However, it still does occur
sporadically in yearlings and adult cattle: it may involve one or two
animals in a herd, or large numbers. Exactly what determines whether
disease will occur or not is not completely understood. Circumstantial
evidence suggests that a variety of “stressors” may precipitate disease, e.g.
parturition, onset of lactation, sudden bad weather, poor nutrition and
sudden changes in level of nutrition including improvements in nutrition.
Cattle being moved from one grazing situation to another are considered
at risk as this move also involves the stress of relocation and often change
in nutrition.

Fig. 4.3.4. Top: Seasonal availability of O. ostertagi L3s, parasitic and hyopbiotic
stages in cattle from temperate inland regions of Australia.
Bottom: Epidemiology of infective and parasitic O. ostertagi in coastal regions of New
South Wales, indicating prolonged survival of L3s (green) in the more favourable
coastal climate. (Both diagrams courtesy of MG Smeal, Southern Beef Advisory™).
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Trichostrongylus axei (stomach hair worm)
Introduction
T. axei causes disease more commonly in association with O. ostertagi.

Summary of taxon/parasite

Fig. 4.3.5. The seasonal pattern and origin of infective nematode larvae on
pasture grazed by dairy calves in New Zealand. Key: 0. overwintered larvae; 1.
Larvae originating from eggs deposited by calves in spring/early summer; 2. Larvae
originating from eggs deposited by calves after mid-summer are responsible for most
clinical disease. (From: Internal parasites and animal production, New Zealand
Society for Animal Production Occasional Publication No. 4, 1975).

Fig. 4.3.6. Adult (clear) and inhibited (black) nematode burdens in beef
cattle in the “winter rainfall’ zone of Australia and seasonal predictions for
Types 1 and 2 Ostertagiosis.
http://voyager.its.csiro.au/cgi-bin/Pwebrecon.cgi?DB=local&BBID=2180, p54.
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T. axei is a strongylid nematode in the Superfamily Trichostrongyloidea.
Adult worms are pale/translucent, around 5 mm long and are found
on the abomasal mucosa. They are virtually impossible to see with the
naked eye. The parasite also infects a range of other livestock including
sheep, goats, deer, pigs, donkeys and horses.

Features of life cycle
The life cycle is the typical direct strongylid cycle with infective L3s
ingested with herbage. Developing larvae bury into the upper lining of
gastric glands, causing cell disruption and displacement (Fig. 4.3.7). The
prepatent period is around three weeks.

Fig. 4.3.7. T. axei L4 in the abomasal mucosa (sheep). (Image from http://www.
vet-parasitology.com/strongylida.php
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Pathology
In heavy infections of the abomasum, some parasites may extend into
the proximal duodenum, causing marked weight loss and poor growth.
Mixed infections usually occur with Ostertagia. Young animals are most
susceptible but infection also occurs in older animals. Post-mortem
changes in the abomasum may include 1-2 cm whitish raised lesions in
the fundic and pyloric areas.

Clinical signs
Clinical signs of diarrhoea and weight loss are observed, especially in
winter and early spring.

Diagnosis
Diagnosis is based on clinical signs in young stock during winter and
spring, together with faecal egg counts and post-mortem findings.
However, mixed infections are most common.

Epidemiology
Similar to O. ostertagi in temperate regions.

Cooperia oncophora
Introduction
C. oncophora has a worldwide distribution and is the dominant member
of this species in the cool temperate zones. It causes disease in calves
principally but is also found in sheep, goats and deer.

Summary of taxon/parasite
C. oncophora is a strongylid nematode in the Superfamily
Trichostrongyloidea. Adult worms are around 6-9 mm long and are
found in the small intestine. Both sexes have a cephalic vesicle and
female worms have a long tapered tail.

Features of life cycle
The life cycle is the typical direct strongylid cycle with infective L3s
ingested with herbage. Exsheathed L3s migrate into the crypts of
the small intestinal mucosa and grow into immature adults which
emerge and continue adult development on the intestinal mucosa. The
prepatent period is around 2 weeks.

Pathology

Treatment and control
Treatment and control is covered below under the general principles
of cattle worm control. Note that some resistance to benzimidazole
drenches has been reported in T. axei.

In heavy infections in calves, inappetance and poor weight gains
may occur. Post-mortem changes in the intestine include evidence of
catarrhal enteritis, oedema and villus atrophy.

Clinical signs

Disease complexes
T. axei and O. ostertagi are often found together in a host and the effect
of the combined infection is additive, resulting in severe diarrhoea, loss
of appetite, weight loss and occasional deaths.
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Young animals are most susceptible as a partial immunity develops from
8 months of age and is sufficiently developed such that clinical signs are
rarely seen beyond 12 months of age. Clinical signs of diarrhoea and
weight loss are observed, especially in winter.
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Diagnosis
Diagnosis is based on faecal eggs counts (with larval culture) and
pathology observed at necropsy. However, mixed infections are common.

Epidemiology

susceptible to low temperatures, low relative humidity and direct
sunlight. They can survive higher temperatures in improved pasture and
with rainfall. Like H. contortus, the developing parasite feeds on blood
obtained from incision of the abomasal mucosa. The prepatent period is
around 3 weeks.

Similar to O. ostertagi in temperate regions.

Pathology

Treatment and control

In heavy infections in calves, laceration of the abomasal mucosa causes
haemorrhage. Anaemia is the main symptom.

Treatment and control is covered below under the general principles
of cattle worm control. Note that resistance to benzimidazole and
macrocyclic lactone is widespread in this species and this has made it a
more important species to consider as a result. There are no reports of
levamisole resistance in this species as yet.

Clinical signs
Young animals are most susceptible. Symptoms of haemonchosis include
weight loss, anaemia (seen as very pale gums and mucous membranes),
‘bottle jaw’ and weakness.

Haemonchus placei

Diagnosis

Introduction

Diagnosis is based on clinical signs, faecal eggs counts (with larval culture),
and finding worms at necropsy. Blood may detected in faeces using a
dipstick test similar to the “haematest” that detects blood in urine.

H. placei is more common in coastal areas; in areas where sheep and
calves graze together cattle may also be infected with H. contortus. Both
species have similar climatic preferences and symptoms. H. placei does
not occur in New Zealand

Summary of taxon/parasite
H. placei is a strongylid nematode in the Superfamily
Trichostrongyloidea. Adult worms are distinctive and larger (3 cm) than
other nematodes and found in the abomasum.

Features of life cycle
The life cycle is the typical direct strongylid cycle with infective L3s
ingested with herbage. The free-living stages of this roundworm are
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Epidemiology
As for sheep, haemonchosis occurs more often during the warmer and
wetter months in the summer rainfall areas of northern New South Wales,
Queensland, Northern Territory and in the Kimberley region of Western
Australia. However as with sheep, Haemonchus may cause unexpected
problems in other temperate zones after unseasonal spring or summer
rainfall. Peak numbers of infective larvae are seen on pasture during
late summer and early autumn. H. placei can also undergo a period of
arrested development (inhibition). Around 50- 80% of ingested larvae
become hypobiotic at the L4 stage during autumn and winter (the less
favourable periods of the year) in tropical and subtropical areas, resuming
development in the warmer months from spring.
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Treatment and control
Treatment and control is covered below under the general principles of
cattle worm control.

4.3.1.3 Epidemiology of PGE in young cattle
The epidemiology will vary with location and enterprise so only some
general principles will be given. See a detailed discussion of this
topic in 4.2.1.2 and for Australia, the epidemiology is fully discussed
in Anderson & Waller (1983) “The epidemiology and control of
gastrointestinal parasites of cattle in Australia”, http://voyager.its.
csiro.au/cgi-bin/Pwebrecon.cgi?DB=local&BBID=2180.
The availability of infective larvae is very much dependent on moisture
and temperature influencing larval development and then survival.
All strongylid larvae require moisture to develop with the optimum
temperature for development (maximum number of larvae in the
minimum time) varying between species but ranging from 17-27°C.
Survival requires moisture to avoid desiccation. L3s have no control over
their movements such that they are very motile in warm conditions and
curled up and inactive when conditions are cold. After they use up their
stored metabolites (L3s cannot feed) they will die. Dry conditions limit
development although moisture in faecal pats will commonly allow at least
some development to occur and these can emerge following subsequent
rain. The cattle dung pat can be an important reservoir for larvae during
hot dry summers. It forms a crust and thereby retains moisture. Dung
pats deposited in winter can release larvae for up to 12 months and have
been referred to as “helminthological time bombs” (Fig. 4.3.8). Cool
temperatures are poor for development but good for larval survival. Very
high temperatures will limit both development and survival.

Fig. 4.3.8. The importance of cattle dung pats for the seasonal development from
eggs (thin line) to larvae in the dung pat ( …..) and release onto pasture (thick line).
(Anderson et al.1983)

The development of immunity also influences the epidemiology.
Initial infections establish well and worms can express their maximum
fecundity. By six months of age the slowly developing immune response
is already limiting the growth and fecundity of individual worms with
the result that faecal egg counts can be dropping but this has limited
effect on the actual size of the worm burdens. Full expression of the
host’s immune response parallels that in sheep and is not seen until
about 18 months of age. However, this varies between worms with the
immune response to C. oncophora being very effective by about 9-12
months of age.
Most outbreaks of clinical PGE involve the simultaneous occurrence of
under-nutrition and high larval availability. Animals on high levels of
nutrition are better able to express their limited immune response and
withstand the effects of infection.
PGE is often less of a problem in New Zealand with extensively
managed beef calves for the following reasons:
•
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better nutrition to weaning which is also later, often at 6-8 months of age.
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•

being suckled, beef calves eat less grass, ingest fewer larvae and put
out fewer eggs to contaminate pasture.

•

beef cattle are less heavily stocked than dairy cattle and commonly
share their grazing with sheep with which there is no significant
exchange of parasites.

•

because of later weaning, the calves are run with the adults who
are resistant and ingest large numbers of larvae that do not
subsequently develop.

However in southern Australia, PGE is a significant problem for beef
cattle enterprises as worm counts in tracer animals show in Table 1.
These results are similar to previous research on tracer calves grazed
for 2-week periods in a beef cattle management system in coastal New
South Wales. On autumn pastures contaminated by beef cattle, wormfree tracer calves grazed in early October showed Ostertagia burdens with
58.3% EL4s and calves grazed 26 Oct-11 Nov showed 61.4% EL4s
Parasitology 1982 85: 21-25). However, higher percentages of EL4s are
observed in continuously grazed yearling beef cattle and represent a
cumulative effect with the majority of EL4s embedded in the abomasal
mucosa.
Abomasum

Small intestine

Immatures %
Tracer Grazing
month
Ostertagia
Cooperia Immatures
No.
T.axei (No. early EL4
spp.
in
spp.
4th stage) total
August
110,700
1
42,100
12.8 21,600
23,900
(19,600)
August
22,650
2
12,500
10.8
8,100
7,700
(3,800)
October
19,040
3
3960
140
69.6
240
240
(16,000)
4

October

5660

280

10,780
(9,140)

55.6

6,330

3,360

Total
Worm
Count
207,300
50,950
23,620
26,500

Table 1. Counts of adult and immature nematodes in the abomasum and small
intestine of 4 ‘tracer’ calves grazing pastures for a month in the late Winter and
Spring in the temperate zone (J. Larsen).
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Climatic conditions affect the occurrence of infective larvae and hence
the epidemiology of PGE. Figure 4 illustrates the seasonal pattern for
O. ostertagi L3s in coastal and inland New South Wales, Australia as
an indicator of the seasonal occurrence of clinical disease and inhibited
larval counts. In the temperate zones of NSW and areas such as Victoria
and Western Australia with a more Mediterranean climate comprising
dry summers and cool wet winters ,the main peak of infective L3s is in
winter. In the coastal zones of the tropics/subtropics, the availability
of moisture is the main controlling factor. In northern Australia there
is a marked summer incidence of rain associated with the wet season.
PGE is rarely a problem in areas receiving less than 1,000 mm rain/year
which means it is mainly confined to the tablelands and coastal zone
although clinical parasitism can occur in the more extensive beef zones
found inland. Other common species will follow the pattern for O.
ostertagi. H. placei dominates in the warmer months where it occurs.
The seasonal epidemiology of L3s in New Zealand (Fig. 4.3.5) indicates
that peak numbers of larvae on pasture occur in late autumn/early
winter. Consequently Type-1 ostertagiosis and PGE in general is usually
seen over winter.

4.3.1.4 Control of gastrointestinal nematode
infections in cattle
The objectives of control are to prevent clinical disease and minimise
subclinical effects. Most programmes endeavour to limit the intake of
infective larvae in the first place rather than treat animals once they
become substantially infected. There are various ways of approaching
the problem but it is not always possible to apply preconceived recipes
to individual farms. In practice, parasite control is often a compromise
between what is theoretically ideal and what is practical or acceptable
to the farmer. As with sheep nematodes, a balance needs to be achieved
between maintaining a refugium of susceptible worms on pasture
and minimising the number of larvae on pasture to limit subclinical
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parasitism. An issue for cattle farmers is monitoring burdens of parasites
as faecal egg counts are not as useful as in sheep.

Spring-calving dairy herd
(i) Minimising early infection
Choice of paddocks can be important as ideally they should not be the
same areas as used by young stock the previous year. If they are, then
efforts should be made to ensure grazing with older cattle to reduce
levels of infective larvae.
(ii) Use of anthelmintics: A preventive drenching programme.
Control on many farms depends on drenching with or without control
by grazing management. The aim is to limit development of larvae in
the first place rather than treat infected animals. The aim is to prevent as
far as possible the development of the peak of larvae on pasture in that
geographical location e.g. an autumn/winter larval peak in temperate
zones. Where the peak is in winter then it is fairly obvious that pasture
contamination should be reduced to a minimum over the summer/
autumn period. Subsequently, the autumn/winter peak should also
be markedly reduced resulting in low worm burdens in the calves
themselves. In order to minimize pasture contamination from weaning
in early December to mid-April, the idea is to drench at intervals just
outside the pre-patent period, that is, at four week intervals using a
short acting oral benzimidazole or levamisole drench. This still allows
for a minimal egg deposition by unselected nematodes to provide
some contribution to the refugial population. If using anthelmintic
formulations with persistent activity and these are still effective, they can
be used at longer intervals but the objective remains to minimise patent
infections. The intent here is not to totally suppress the acquisition of
infection as that would be highly selective for anthelmintic resistance.
Subsequent treatments will depend on the location and farming system
remembering that the immune response of these young cattle is not
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fully mature until about 18 months of age. In young dairy cattle, the
proportion of inhibited EL4s in Ostertagia burdens does not exceed
around 10% and hence a heavy build up of EL4s as seen in young beef
cattle does not occur. Therefore additional treatments are not necessary
and would simply add to the farmer’s production costs.
However, this approach has similar negative aspects to those in sheep.
The preventive approach is designed for any farming system whether
there is a high challenge or a low challenge. Any system that is reliant
on the use of anthelmintics has the risk of inducing anthelmintic
resistance.
(iii) Grazing Management
		
(a) Rotational grazing with adult cattle
On many dairy farms it is common practice to rotate calves ahead of
cows around the farm, primarily to provide good calf nutrition. Calves
are moved to fresh grazing every 1‑2 days with a long rotation before
returning to the same paddock. Before they do so, a mob of adult cattle
will have grazed that paddock removing some larvae. If this system is
used, parasitism is reputedly rarely a problem and very little drenching is
needed, if any.
		
(b) Distributing calves 2‑4/paddock
This is an alternative approach used by many dairy farmers with a
similar intent to (a). After weaning or, more usually, a little later after
vaccinations have been completed, the calves are distributed in small
groups, usually 2‑4 to a paddock (depending on paddock size) and left
there set‑stocked. A drench at the time is advisable but no drenching is
usually needed thereafter, so this is a very effective preventive system.
		
(c) Use of a run‑off (“dry run”)
Many dairy farmers rent or own grazing away from the main farm (a
“run‑off” or “dry run”) for rearing calves or overwintering yearlings or
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dry or in-calf cows. Use of these runoffs varies but commonly calves go
about the time that pregnant rising two-year-old heifers return to the
main farm. While this has advantages in making more grazing available
to the milking herd, it also can result in serious problems with young
stock for several reasons:

Extensive beef systems with suckled calves (temperate
zone)

•

If used for young stock only they become heavily contaminated and
may carry dangerous levels of larvae at all times of the year. This is
less likely to occur if adult cattle are also grazed on the area as they
act as “vacuum cleaners”, i.e. they are net removers of larvae.

•

In a single year, the area may be contaminated by yearlings in
spring, increasing the danger for calves brought in later in the year.

•

A major problem is that the calves are “out of sight, out of mind” so
that problems with disease and nutrition are not noticed until they
are serious and much damage has been done.

(iv) “Spelling” pastures
Larvae can survive considerable periods (several months under some
conditions) in undisturbed dung‑pats but not for long away from them
under hot, dry conditions. They can also survive for many weeks in cool,
wet weather. Thus larval survival varies with the circumstances and time
of year. For example, under most Australasian conditions one would
need to spell pastures for so long that pasture production and quality
would be affected because the grass grows so quickly.

Year-round calving dairy herd (temperate zone)
A similar approach to the spring-born calves is required and adapted to
suit the season when calves are born. The opportunity for earlier calves
to contaminate an area and cause serious issues for later-born calves is
very real.
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Calves are usually suckled until 4‑6 months old. A weaning drench is
usually given but this may actually be too late in some circumstances.
How many more drenches are considered useful varies with area: in
many this weaning drench may be the only one given.
In the Australian temperate (southern) zone with autumn calvings and
set-stocked cattle, 1-2 anthelmintic treatments are given in the first few
months after weaning. The first treatment in Dec-Jan reduces worm
burdens when L3 numbers are declining and infection from pasture is
minimal (Figure 4). The second treatment around the start of autumn
(Mar-Apr), removes worms acquired during the summer to prevent the
autumn/winter peaks of contamination and reduce Type-2 disease. In
Western Australia, an additional autumn treatment may be necessary.
In winter rainfall zones, yearlings which were suppressively drenched
to prevent any adverse effects of parasitism were 20-30 Kg heavier than
undrenched yearlings after 6 months.
Current recommendations for temperate zones in Australia are
summarised in Table 2. For more information, visit; http://www.
wormboss.com.au/tests-tools/management-tools/grazing-management.
php;
http://www.mla.com.au/Livestock-production/Animal-health-welfareand-biosecurity/Parasites/Cattle-parasite-atlas .
However:
•

if the intention is to graze spring born calves in the following late
winter-spring on pastures they have grazed in autumn and winter,
then the calves need to be treated regularly to minimize pasture
contamination in autumn and winter; or,

•

if young cattle are changed in late July to a pasture previously
grazed in autumn and winter by adult cattle or sheep, which is
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ideal, then the calves need to be treated at the time of the move.
Any subsequent moves during spring to other pastures prepared by
older cattle or sheep should be accompanied by a treatment.
It needs to be emphasized that it is unnecessary to treat adult cattle
because of their strong acquired host immunity. It is not economical
because the cost is prohibitive (around $12/head). It is only advisable to
treat any individual cows which may be showing clinical signs of Type-2
ostertagiosis.
Table 2. Treatment regimes for spring and autumn beef cattle enterprises
in temperate Australia.
Spring calving

January

Weaners/Yearlings
First/second
calvers

+

Mature cows

(+)

Autumn calving Weaning

(Dec-Feb)

Weaners/Yearlings

Weaning
(Feb‐Apr)

June/July

+

(+)

July/Aug

Aug/Sept
(+)

(+)

January

+

June/July
(+)

First/second
calvers

+

Mature cows

(+)

(+); not routine; only if clinical signs are apparent.
In New Zealand at least 2‑3 or more drenches at 4‑6 week intervals are
usually given between April and July. One of the problems is that with
weaning as late as April/May, a large amount of pasture contamination
will have occurred before the weaning drench which may then
necessitate drenching right through until spring. Type‑2 ostertagiosis is
sometimes a problem in yearlings and adults. If young weaners are then
reared intensively as a single group similar problems arise as discussed
for Intensive Rearing of Young Cattle (see below).
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Extensive beef systems in northern Australia
Due to the short and volatile summer rainfall season, PGE in tropical
regions rarely occurs in areas with <1,000 mm annual rainfall. Although
temperatures allow for rapid development to L3, these rarely survive
more than eight weeks on pasture. Therefore, the dung pat plays a major
epidemiological role in the survival and supply of larvae.
Some advantages for performance can be achieved by anthelmintic
treatments of younger vulnerable cattle in coastal and inland tropical
regions before they gain immunity by 1.5-2 years of age. However, the
costs of mustering and treatment may not offset gains in productivity, so
that treatment options may be considered on a seasonal basis.

Intensive rearing of young cattle – “dairy beef ” and
dairy heifers (New Zealand).
Rearing of entire male dairy animals (“dairy beef ”) and contract
rearing of dairy heifers on sheep/beef farms is common practice in New
Zealand. For bulls in particular, it is usual for the same area of land to
be used in successive years, often with minimal grazing with an alternate
ruminant species. These cattle are usually bought in as three month
old weaners and kept until about 18-20 months old or until they reach
specified slaughter weights; in some systems they may not be slaughtered
until 2-3 years old. In both kinds of enterprise the pasture is grazed by
successive groups of young animals which have yet to fully establish host
resistance to gastrointestinal nematodes and relatively few or no adult
animals. There is, therefore, the likelihood of the pastures becoming
heavily contaminated with larvae if parasite control is inadequate and
the likelihood of significant effects on growth should this occur. For this
reason parasite control is a top priority in these systems. With dairybeef this is almost always achieved by regular anthelmintic treatment at
4-8 week intervals (depending on the anthelmintic used) throughout
the first year of life (say from early December until July) and sometimes
on into the second year although the interval between treatments
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may be extended. With contract grazing of heifers, the animals are
often regularly treated throughout their time on the grazier’s property.
Drenching is regarded as insurance against impaired production through
parasitism. Depending, of course, on beef prices, even small losses of
production can significantly reduce returns and profit in intensive beef
systems. Another problem facing cattle farmers is the difficulty in
diagnosing subclinical infections and hence a common trend to drench
in case (although it can be expensive at about $4-6/head at about one
year of age.)
While this ensures minimal effects of nematodes on performance, it also
substantially increases the risk of anthelmintic resistance developing and
there are serious doubts about the sustainability of such systems in the
long term.

Feedlots
Studies in the USA have shown increased growth rates in calves
effectively treated with an anthelmintic upon arrival into a feedlot.
Common sense would support this finding. As there is minimal
opportunity for cycling of strongylid nematodes under feedlot
conditions there should be no need to repeat anthelmintic treatment of
cattle whilst they are on the feedlot.

Routine treatment of healthy dairy cows
Treatment of adult dairy cattle is probably unnecessary unless clinical
signs are apparent or predicted. If required, several topically applied
macrocyclic lactones have been registered with no milk withholding
periods and have raised interest in the usefulness of treating lactating
dairy cows. These products all have persistent activity of several weeks
against Ostertagia. A large number of studies have been conducted
around the world investigating the impact of parasites on milk
production and when considered overall there was a small benefit
following anthelmintic treatment. Clearly milking cows are old
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enough to have a mature immune response against GIT nematodes
and they rarely suffer from clinical parasitism. Some of the benefits are
considered to be due to the persistent action of the anthelmintic killing
incoming larvae over this period thus removing the requirement for the
cow’s immune response to devote resources to achieve this.
Treatment of any purchased cattle aged <18 mths or those moved from
another farm to avoid Type‑2 ostertagiosis is a sensible precaution. The
stress of transport and becoming adjusted to a new environment may
precipitate Type-2 disease in such animals.

Anthelmintic resistance in cattle
Surprisingly this was generally disregarded as a risk for cattle, especially
compared to small ruminants. One reason may be the fewer number
of treatments given compared to sheep. However, many of the other
factors that are recognised to be a risk for sheep are also present in
cattle farming operations. In a 2004/5 New Zealand survey both
benzimidazole and macrocyclic lactone resistance were found to be
common in beef cattle and the problem has become more serious
since that time. The main parasite involved was C. oncophora which
was resistant to benzimidazoles and macrocyclic lactones. For the
latter it appeared to be present on >95% of beef farms in the survey.
At that time there were also a surprisingly high percentage of cases of
benzimidazole-resistance in Ostertagia. More recently macrocyclic
lactone resistant O. ostertagi are being recorded with increasingly
regularity both in Australasia and overseas. Treatment frequency of
young beef cattle in New Zealand is often as high as for sheep so the
development of resistance is no real surprise. The limited studies of
resistance in cattle nematodes in Australia have focused on Victoria and
the problems are at least as severe as in New Zealand. Whilst treatment
frequencies tend to be less in Australia which could be taken as an
indication of less risk, the long dry periods often experienced around
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most areas of Australia from time to time will mean that any refugial
population will die out and how that population regenerates can have a
rapid influence on the resistance status of the nematodes. Maintenance
of a refugial population is as important for cattle parasites as for sheep.
Similarly the same precautions such as quarantine drenching, avoiding
underdosing and unnecessary drenching apply as for sheep parasites.

Diagnosis of gastrointestinal parasitism in cattle
Faecal Egg Counts
The standard approach to diagnose PGE has been to use faecal egg
counts which are sometimes supplemented with other biochemical tests
such as plasma pepsinogen or albumin levels.
However, total egg counts for cattle and the egg counts for the different
parasites show a poor relationship with worm numbers. This means that
egg counts can seriously underestimate the number of worms present,
particularly Ostertagia. In both dairy calves and weaned beef calves,
Cooperia spp. eggs dominate the total egg count. In untreated dairy
calves at 3-6 months-of-age and stocked in permanent paddocks on
coastal farms, faecal egg counts of Ostertagia reach a maximum of 200
eggs/g faeces, while the Cooperia egg count can rise rapidly to peaks of
up to 3,000 eggs/g faeces.
In contrast, in weaned beef calves born in spring, total egg counts
increase from 6-10 months-of-age and are markedly lower than in dairy
calves. In temperate environments of southern Australia, total egg
counts in these young beef cattle rarely exceed 500 eggs/g faeces. In
both tableland and coastal regions, peak egg counts for Cooperia spp.
have been recorded in winter and early spring at 300-700 eggs/g faeces
whereas peak egg counts of Ostertagia were much lower at 50-100 eggs/g
faeces. Nevertheless, groups of beef calves with Ostertagia mean counts
of only 30 eggs/g provide substantial levels of pasture contamination
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during autumn and winter which will produce high levels of larval
availability on pasture in early spring. Egg counts for Ostertagia in
yearling cattle and older animals decline with age due to a developing
host immunity and do not exceed 20 eggs/g. In these older cattle, there
is a depression of oogenesis indicating a marked decrease in the number
of eggs produced by each female worm. This occurs particularly in
Ostertagia burdens causing Type-2 ostertagiosis. This reduced worm
fecundity is also seen with other species.
H. placei infections can produce high egg counts to 1,000 eggs/g during
summer and autumn if moderate to high burdens are present due to the
high fecundity of this genus. Also, on properties where sheep and cattle
graze together, cattle of all ages can become heavily infected with the
sheep parasite H. contortus with the egg count reaching peaks in excess
of 1,000 eggs/g.
Summary
1.
Egg counts have limitations in predicting the size of worm
populations in cattle.
2.

Total egg counts are dominated by Cooperia spp. in dairy calves at
3-6 months-of-age and weaned beef calves at 6-10 months-of-age.

Dairy calves (3-6 months old)
1.
Low (<500 eggs/g) counts indicate low worm burdens.
2.

In untreated calves, counts of 500-1,000 eggs/g are likely to be
associated with significant sub-clinical effects but not necessarily
clinical signs.

3.

Counts of 1,500-2,000+ eggs/g are likely to be associated with
severe production effects and clinical signs.
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Weaned beef calves (6-10 months old – born in spring)
1. Total egg counts are much lower than in dairy calves.
2.

Counts of <500 eggs/g are usual and are derived mainly from
Cooperia oncophora.

3.

Counts of >500 eggs/g could indicate high infection rates, with
Ostertagia counts reaching a peak of 1,000 eggs/g. Egg counts of
this magnitude would be associated with heavy worm burdens of
Ostertagia which would result in significant production effects and
possibly clinical disease.

4.

It should also be noted that in calves of this age group mean
Ostertagia counts of only 30 eggs/g faeces will heavily contaminate
pasture with Ostertagia eggs during autumn and winter. As
a result, there will be a massive increase in the availability of
infective larvae on the pasture in late winter and early spring which
may cause spring outbreaks of Type 1 ostertagiosis and Type 2
ostertagiosis in the following late summer and autumn.

development and severity of abomasal pathology in cattle caused by
Ostertagia and other parasites, and plasma pepsinogen levels. Under
field conditions the correlation is much less reliable. Pepsinogen levels
can be significantly elevated in some animals in the absence of parasites
while in some with significant parasitism, levels can be in the normal
range. Levels also increase with age. Levels in older animals are more
a reflection of larval challenge rather than worm burden per se. These
factors make interpretation of individual pepsinogen levels difficult.
They are useful in the diagnosis of Type-2 ostertagiosis (for which
egg‑counts are of little use) particularly where several animals can be
sampled but they are not totally reliable. Levels above 5 I.U/litre, but
particularly above 10 I.U/litre, are generally considered significantly
elevated. However, the clinician needs to be aware that pepsinogen
assays are very prone to inter-laboratory variation with no common
protocol accepted by different laboratories.

4.3.1.2 Major species of Trematodes.

Weaned beef calves born in autumn
1.
Calves born in autumn (March –May) show the same seasonal
pattern of O. ostertagi infections as those born in spring.

Fasciola hepatica (liver fluke; also see 4.2.1.5)

2.

Although principally a parasite of the liver and bile ducts in ruminants
and other species, including sheep, goats, horses, alpacas, deer, wildlife
(rabbits, kangaroos and wombats) and man, F. hepatica is included
here as the initial pathology and clinical signs occur after ingestion
as the newly emerged juvenile flukes (NEJs) penetrate the small
intestinal mucosa on their migration through the abdomen to the
liver parenchyma. In addition to Australasia, liver fluke is also found
worldwide in Asia, Europe, North and South America and Africa.

There may be an increase in the egg counts of both Ostertagia and
Cooperia oncophora in spring before weaning in December.

Plasma pepsinogen and protein levels
Plasma protein levels, especially of albumin, can give a good indication
of the severity of parasitism.
Plasma pepsinogen levels are often elevated in ruminants with
abomasal parasites. This is mainly of value in confirming diagnosis
of Type-2 ostertagiosis in cattle, especially if a number of animals are
involved. Experimentally, there is a strong correlation between the
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Introduction

Humans can become infected through ingestion of metacercaria
encysted on “free-range” water plants (cress) that are harvested from
waterways and consumed in salads or as fresh garnish.
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Summary of taxon/parasite
F. hepatica is a trematode in the Family Fasciolidae. The adults are fleshy
leaf-like parasites up to 2 cm long, found in thickened bile ducts of
infected cattle (Fig. 4.3.9).

Fig. 4.3.9 An adult F. hepatica (image courtesy of L. Knott).

F. hepatica infection is widespread across most of Victoria and Tasmania,
South-Eastern NSW, the irrigation areas of NSW and Victoria, the
northern tablelands and north coast of NSW, and Southern Queensland
where the annual mean rainfall is about 600 mm or more. The extent
of endemic areas is defined by the availability of the intermediate snail
host. Infection is endemic on the south-eastern coastal areas, often in
combination with stomach flukes (paramphistomes). Infection also
occurs in irrigation areas, where the annual rainfall of around 400 mm is
supplemented by regular irrigation.

Features of life cycle
The life cycle is indirect, with eggs passed in faeces, hatching in water
to release miracidia (an L1). The miracidium has a small pear-shaped
body coated with cilia and a pair of eye spots. The miracidia can swim
and infect the intermediate hosts, lymnaeid snails, namely Lymnaea
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tomentosa and less commonly Pseudosuccinea (Lymnaea) columella. The
miracidium develops into further larval stages in the snail to give rise to
cercariae which accumulate in the body cavity of the snail. Cercariae
are released from the snail 4-7 weeks after the time of infection with
the miracidium. Cercariae can swim actively in water using their
tail and attach themselves to vegetation usually within 10 cm of the
waterline. After casting off the tail, cercariae encyst on the vegetation
to become metacercariae, that is the infective stage for cattle and other
hosts. Grazing and ingestion of the metacercariae by cattle is followed
by excystation in the small intestine and penetration of the intestinal
wall by the NEJs which migrate through the serosal surface of the liver
into the hepatic parenchyma. The flukes develop in the liver for 6-7
weeks before they reach the bile ducts and develop into adults. Adults
commence egg production 8-10 weeks after infection (pre-patent
period). Initially, female F. hepatica lay 20,000 -50,000 eggs per day,
which declines slowly over 6-12 months in untreated cattle as a limited
immunity develops.
Another feature of the life cycle is “aestivation” or hibernation of
lymnaeid snails under dry conditions for up to a year. Intermediate
stages of F. hepatica also survive during aestivation and resume
development with the snail.

Freshwater snail hosts of F. hepatica
Lymnaea tomentosa (Gabbia tomentosa) has a cone-shaped spiral
shell which is also characteristic of most other freshwater snails. The
shell of adult L. tomentosa is light grey or black in colour and 4 to
12 mm in length. The direction of the spiral of the shell is a major
feature for identification. When the snail is placed on the palm of the
hand with the opening of the shell downwards and the point of the
shell towards the observer, the spiral of L. tomentosa is noted to twist
in a clockwise direction going around the shell from the point to
the opening. In comparison the most common freshwater snails,
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Physa and Glyptophysa spp. have shells with anti-clockwise spirals. The
two tentacles of lymnaeid snails on the front of the head foot are flat
triangular ear-like structures most easily seen when the snails are placed
in water on a white tray.
Lymnaea columella has similar features to L. tomentosa but has a
longer elongated shell 8 mm to 20 mm in length. The other common
freshwater snails which are not intermediate hosts of F. hepatica, but
which require differentiation are L. lessoni (large rounded fragile shell 10
mm to 25 mm long with a clockwise spiral), Succinea (a land snail with
a thick clockwise shell 5 mm to 10 mm long having stout-like tentacles
and sometimes found in or near freshwater habitats), Physa (small anticlockwise shell 5 mm long with long thin tentacles) and Glyptophysa
(similar to Physa but having a shell 10 mm long).

Pathology
The disease process comprises three phases which may occur
simultaneously, depending on the duration of infection and effectiveness
of recent treatments:
•

pre-hepatic migration, including intestinal penetration of NEJs

•

hepatic migration and tissue destruction by immature stages

•

bile duct localisation and egg production by adult flukes.

Fig. 4.3.10. Chronic liver fluke in cattle with “clay pipe” bile ducts containing adult
F. hepatica (top image courtesy of University of Sydney; bottom image from I. Beveridge)

In the earlier stages, pale or haemorrhagic migratory tracts are present
on the serosal surface of the liver but, as the disease advances, the
liver becomes generally paler and firmer and the bile ducts more
prominent from dilated and thickened walls. Infected livers feel
denser and are heavier than uninfected organs. Fibrinous tags may
be seen on the capsule or fibrous adhesions may be present between
organs. Hepatic and mesenteric lymph nodes are enlarged. In heavy
infections in calves, the damage by migrating immature stages is dosedependent. Histologically, necrotic and haemorrhagic tracts appear in
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the sub-capsular and parenchymal areas of the liver and infiltration by
eosinophils, lymphocytes and macrophages becomes more prominent
as migration continues. Fibrosis develops in necrotic and portal areas
(Fig. 4.3.10). Catarrhal responses occur as the flukes enter the bile ducts
where the epithelium becomes hyperplastic, the walls become infiltrated
by eosinophils and mononuclear cells and the bile darkens with blood.
Finally, the duct walls become fibrotic and sometimes calcified.

the prepatent period which is not usually a consideration in chronic
disease). Diagnosis in dead animals relies on seeing mature or immature
fluke in the liver.
•

Clinical signs
Liver fluke can produce either acute or chronic disease. Young animals
are most susceptible. Acute disease is most common in sheep after
ingestion of large numbers of metacercariae, and usually occurs from
late summer to late autumn. This is characterised by abdominal pain
and jaundice and death may occur rapidly from blood loss. Chronic
disease is most common in cattle and can occur any time, but is most
common from autumn to spring.

Sedimentation Test. The eggs of F. hepatica do not float in the
liquids commonly used in the standard faecal egg count test
and hence will not be seen when carrying out routine faecal
examinations. For the Sedimentation Test, a sample of faeces is
mixed with water and the suspension allowed to settle. The eggs fall
to the bottom and the supernatant is then removed. The process is
repeated several times until all the soluble and floating matter has
been removed. The sediment is then examined for the typical eggs
of F. hepatica. Staining the sediment with methylene blue enhances
the contrast with the distinctive yellow/brown eggs (Fig. 4.3.11).

Clinical signs that would suggest chronic liver fluke infection include:
•

bottle jaw;

•

pale gums and membranes around the eyes;

•

scouring; and,

•

weight loss and general ill-thrift, leading to reduced production.

Black disease is an acute and fatal liver disease affecting sheep
and cattle. It is usually associated with the liver damage caused by
the migrating young fluke where the damage provides a suitable
environment for the germination of spores of Clostridium novyi type B.

Fig. 4.3.11. The yellow/ brown eggs of F. hepatica (left and centre) and a
Paramphistome (right) from a sedimentation test.

Diagnosis

•

Fasciolosis should be considered when there are deaths, anaemia or ill
thrift in sheep or cattle grazing on fluke-prone country. In live animals,
chronic fasciolosis is indicated by fluke eggs in faecal samples (after
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More recently, a number of other assays have been developed to assist
with diagnosis of fluke infection. These include:
“fluke test ELISA” serological test measuring antibodies to F.
hepatica which appear 6-8 weeks after infection in cattle and remain
high for another 12 weeks. The test is more sensitive than faecal egg
counts. A modification allows antibodies to be detected in milk
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•

and a bulk milk tank test can estimate the percentage of infected
cows in a dairy herd.

for most regions, drenching for fluke can be integrated into a drenching
program for gastrointestinal worms (see “Drenchplan” or “Wormkill”).

faecal antigen ELISA (Bio-X diagnostics) allows the detection of
F. hepatica antigens in faeces from parasitized cattle. Coproantigens
can be found in the faeces 3-4 weeks before egg laying commences
and are related to the numbers of flukes in the liver. Because the
test is positive only when flukes are present in the bile ducts, this
ELISA can be used like a “faecal egg count reduction test” to assess
the efficacy of drenches and monitor the emergence of drench
resistance in adult stages of the parasite.

A typical program for cattle may include:
•

drenching with chemicals that are effective against immature flukes
three times a year should give adequate fluke control.

•

Strategic drenching at critical times:
◊

• mid summer (result: keeps egg production low)

Epidemiology

• late autumn (result: remove flukes picked up in
warmer months)

As for sheep; see section 4.3. In New Zealand a review of bulk-tank milk
tests indicates a high prevalence of infection in dairy cows in Northland
and the West Coast (South Island). The intensity of infection in the
individual cows is not known.

◊

The late autumn treatment is the most important. A drug
such as triclabendazole that removes early immature,
immature and adult flukes should be used. Most fluke
infections are picked up in summer and early autumn
so the late autumn treatment eliminates flukes picked
up over summer, both controlling clinical disease and
reducing pasture contamination with eggs.

◊

Treating more often than required is expensive and may
lead to drench resistance.

Treatment and control
Because of the high egg-laying capacity of liver flukes and muliplication
in their intermediate snail hosts, control requires a coordinated and
strategic approach. This includes using strategic treatment of animals to
remove flukes, reducing the number of snails, and special management
of fluke-prone areas of a property. As no treatments can be given to
lactating cows the only choice for treating dairy cattle is when they
are dry. For seasonally calving cows this may not correspond to the
optimum time to treat.
Strategic treatments to remove flukes from animals should kill both
immature and adult flukes. This removes all the parasites and stops egg
production and pasture contamination for about 12 weeks. If drugs
effective against only mature flukes are used, more treatments will be
needed. Treatment should be used strategically, based on local climatic
conditions combined with knowledge of the biology of liver fluke and
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late winter/ early spring (result: no flukes left to infect
developing snails)

Management of fluke-prone areas of properties. Fluke-prone areas are
low-lying, swampy areas and areas of slow flowing water.
•

Fence off these areas to keep animals out.

•

Only treat (drench) the animals grazing fluke-prone paddocks.

•

On mixed grazing properties, graze older cattle on fluke-prone
paddocks. Adult cattle are more resistant to fluke infection than
calves and sheep, so need less treatment and their grazing removes
cysts from the grass.

•

Provide water in troughs to keep snails out.
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Fasciola gigantica (tropical liver fluke)

Summary of taxon/parasite

In tropical areas including parts of Africa, India, Philippines, Laos,
Cambodia and Indonesia, Fasciola gigantica remains an important
parasite of cattle (and man). The features of the life cycle, pathogenesis
and pathology of infection are similar to F. hepatica. There is substantial
evidence for species and breed resistance/resilience to F. gigantica in
both Philippines and Indonesia, with buffalo calves more resistant than
Bos indicus breeds. In Indonesia, a trickle infection of 15 F. gigantica
metacercariae for 32 weeks did not affect weight gains and PCV of
buffalo calves, but those of Bali and Ongole breeds were significantly
reduced.

Paramphistomes are trematodes in the Family Paramphistomidae. The
adults are around 10 mm, pinkish, pear-shaped parasites called “jelly
beans” with a visible sucker at the tip of the base (Fig. 4.3.12). Larval
stages are about half the size of adults.

Many small farms in tropical countries “cut and carry” grass feed for
cattle. Since metacercariae are mainly encysted within 10 cm of the
water line, one very simple and effective means of preventing fluke
infection is to cut grass for stock around 15 cm above the water level.

Paramphistomes (“stomach flukes”)
Introduction
Stomach flukes or paramphistomes parasitize ruminants and have
a worldwide distribution. The adult flukes are often found in small
numbers in the rumen or reticulum (first or second stomachs) and rarely
cause disease. However ingestion of large numbers of the immature
stages and their subsequent development and migration can cause
serious disruption to the small intestine.

Features of life cycle
The life cycle is generally similar that F. hepatica. The eggs are passed in
manure. Larvae then hatch in a wet environment and infect planorbid
snails (the intermediate host; Fig. 4.3.14). The species of stomach
fluke which infect ruminants in Australia, Calicophoron calicophorum
and Paramphistomum ichikawai, are transmitted by the snails Gyraulus
scottianus and Helicorbis australiensis, respectively in Australia and
Gyraulus corinna in New Zealand (see Fig. 4.3.14 ). Cercariae
are released from the snail, and attach to vegetation as encysted
metacercariae, where they are ingested by grazing ruminants. Immature
flukes ex-cyst in the duodenum and attach to the walls of the small
intestine for 4-6 weeks before migrating to the rumen and reticulum
(Fig. 4.3.13). Egg production begins soon after the fluke enter the
rumen and the prepatent period is around eight weeks.
In heavy infections, the development of the young flukes is retarded and
they can remain in the small intestine for more than four months and
cause severe disease associated with destruction of the small intestinal
epithelium.

The distribution of paramphistomes is limited by the availability of
planorbid snails (intermediate hosts) to the eastern coast and tablelands
of Australia, and associated irrigation areas.
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Fig. 4.3.12. An adult paramphistome (image courtesy of L. Knott)

Pathology
In heavy infections with the immature stages which are embedded in the
mucosa of the jejunum and upper ileum, haemorrhagic, eroded areas of
the mucosa may be visible.

Fig. 4.3.14. A planorbid snail, intermediate host for paramphistomes.

(Image from

University of Sydney).

Clinical signs
Young weaner calves are most susceptible. Heavy infections with the
immature fluke may cause decreased appetite, listlessness and weight
loss. Foul-smelling diarrhoea, dehydration and death may result if left
untreated. Moderate infections with the immature fluke may cause
reduced weight gains or milk production, or ill-thrift.

Diagnosis

Fig. 4.3.13. Adult paramphistosomes in the reticulum of a cow. (Image from University of
Sydney).
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Like fasciolosis, infection with paramphistomes should be considered
when there are diarrhoea, deaths and ill-thrift in sheep or cattle grazing
on “fluke-prone” country. In acute cases resulting from infection with
large numbers of immature stages, clinical signs may occur prior to the
prepatent period. In these situations, faecal eggs counts (sedimentation
test) are of little diagnostic use. Diagnosis relies on a combination of
post mortem findings, history of the outbreak, clinical signs observed
in the animal, and response to drenching. Other conditions present
with a similar range of clinical signs include roundworm and liver fluke
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infections in cattle and sheep, and copper and selenium deficiency in
cattle. Various bacterial, viral and protozoal infections and poisoning by
plants and chemicals can also cause similar signs.
A careful examination of the small intestine with a magnifying glass or
special microscope can confirm the presence of larval stages and assist
with a definitive diagnosis.
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abomasum and rumen-reticulum and produces improvement in
clinically affected calves. Niclosamide at 160 mg/kg off- label given
as single or 2 doses 3 days apart is 90% effective, respectively, against
paramphistomes in the small intestine and no adverse signs are observed.

4.3.1.3 Protozoal species.
The most common protozoal species infecting calves are Eimeria bovis,
E. zuernii and Cryptosporidium parvum.

Epidemiology
As for sheep; see section 4.3.

Bovine coccidiosis (Eimeria bovis, E. zuernii)

Treatment and control
For control the following measures should be considered:
•

drain affected areas;

•

fence off affected areas;

•

provide alternative water sources; and,

•

use drenches effective against all stages of stomach flukes.

In Australia serious outbreaks may be prevented if pastures with a
natural water supply are grazed only in spring and early summer. These
should not be grazed in late summer, autumn and early winter. If wet
pastures are grazed continuously, young weaner calves and lambs should
not be grazed together with adult animals.
In New Zealand avoidance of flood plains around streams in the
favoured locations of the West Coast (South Island) and Nelson is
preferable but usually not warranted given the limited significance of
this parasite.
Treatment of adult infections may reduce pasture contamination, but
removal of the immature stages is most important if clinical signs are
exhibited. Oxyclozanide (18.7 mg/Kg) off-label, given as 2 doses, 3
days apart, effectively removes >99% of parasites in the small intestine,
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Although more than 13 species of Eimeria have been isolated from
cattle, clinical outbreaks of coccidiosis in Australia and New Zealand
have only involved E. bovis and E. zuernii. Infection occurs by the
faeco-oral route in new-born or young calves aged 3-20 weeks, through
ingestion of sporulated oocysts from areas contaminated by the faeces
of infected animals or from pastures previously grazed by infected
calves. Sporulation occurs within 1-3 days after shedding of oocysts
in faeces and each oocyst contains four sporocysts each with two
sporozoites. Infection with both protozoa occurs in the crypt cells of the
epithelium of the ileum, caecum and colon leading to watery/bloody
diarrhoea as cycles of merogony destroy mucosal epithelial cells, causing
haemorrhage and reduced water absorption. The life cycle is usually
completed in 2-3 weeks and after an initial infection, solid immunity
develops in cattle.
Most calves become infected with Eimeria species and most infections
do not incur clinical signs except for heavy infections or animals
suffering stress or poor nutrition. Diagnosis is based on history, clinical
signs, necropsy findings of intestinal thickening and inflammation
with masses of gamonts and oocysts in mucosal scrapings and high
faecal oocyst counts. However, oocyst counts alone can be misleading
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depending on the pathogenicity of the infecting Eimeria species.

diarrhoea.

If deaths are occurring, treatment of clinically-affected animals is
necessary, with movement to uncontaminated areas. Toltrazuril can
be used for the treatment and prevention of coccidiosis in cattle up
to nine months of age. Control can be exercised through attention
to proper sanitation, raising of water and feed troughs to avoid faecal
contamination and avoiding grazing young animals on previously
contaminated pastures.

Cryptosporidium spp.
Cryptosporidiosis is a zoonosis, causing severe disease in immunocompromised humans. Cryptosporidium parvum is the most common
species with a world-wide distribution. It accounts for more than half of
the cryptosporidial isolations from bovine faeces in the USA, UK and
Australia. Although the list of definitive hosts for C. parvum includes
many mammals such as cattle, pigs, alpacas, deer, dogs, cats and
humans, the most important (zoonotic) reservoir of C. parvum is cattle,
especially neonatal calves. In Australia, surveys of cattle have found four
species of Cryptosporidium in cattle but C. parvum was isolated from
more than 70% of positive samples, while other species included C . bovis,
C. fayeri and C. ryanae. In New Zealand, both C. parvum and C. bovis
are regularly found but clinical problems are exclusively related to C.
parvum in young calves.
Neonatal calves are infected during the first days of life. As with
species of Eimeria, the parasite is transmitted by the faecal-oral route
by ingestion of sporulated oocysts from faeces (Fig. 4.3.15). Oocysts
contain four sporozoites which invade the enterocytes in the distal small
intestine and proximal colon to form parasitophorus vacuoles in the
microvilli of these cells where development occurs to oocysts in 3-4
days. Infection results in crypt and submucosal inflammation, villous
atrophy and necrosis and decreased mucosal enzyme activity. This
results in decreased absorptive ability of the intestinal tract, anorexia and
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Fig. 4.3.15. Cryptosporidium parvum oocysts from floatation of bovine faeces
(http://www.bovilis.com/diseases/ncd/causes/cryptosporidium.asp)

Control is mediated by sanitation and isolation of infected animals, as
C. parvum is highly infectious and highly resistant to inactivation in
the environment. There is no effective chemo-therapeutic agent for
routine treatment of cryptosporidiosis, although a variety of compounds
(e.g. halofuginone, beta-cyclodextrin) may influence infections through
alterations of the gut microbial ecology. Supportive care may be
indicated for valuable animals. A relatively effective immunity develops
after recovery from the initial infection. There are zoonotic implications
for humans handling the animals.

4.3.2 Cardio-respiratory tract
4.3.2.1 Parasites of the respiratory system
Australasian cattle are generally farmed under extensive grazing
conditions and while infections with lungworms are relatively common,
these rarely cause disease.
Dictyocaulus viviparus (lungworm) is a trichostrongylid nematode
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that infects cattle, buffalo, deer and camels and has a world-wide
distribution. It is an extremely important parasite in the UK and Europe
where it causes parasitic bronchitis, known in the UK as “husk” or “fog
fever”. This is caused by the ingestion of massive numbers of infective
L3s from spring pasture and their migration to the lungs once animals
are released from being housed indoors over winter. In Australasia,
D. viviparus is a whitish worm 3-10 cm long that occasionally causes
disease in young cattle, mainly dairy calves or other animals debilitated
by other parasitic diseases and sub-optimal nutrition. In New Zealand
infection is considered common but clinical disease uncommon.
Adult worms are found covered in froth on the surface of bronchi.
Female worms produce eggs containing fully developed L1s that hatch
quickly and the L1s migrate up the airways, are coughed up, swallowed
and pass out in faeces. Development to the L3 occurs in the dung.
The infective L3s move onto pasture and after ingestion, penetrate
the intestinal mucosa and migrate to the mesenteric lymph nodes
where they moult to the L4 before entering the lymph and travelling
to the alveolar capillaries. The L4s break out into the alveoli around
a week after ingestion and progressively develop and migrate into the
bronchioles and bronchi. The prepatent period is around 3-4 weeks.
Levamisole, benzimidazoles and macrocyclic lactones are effective for
control of lungworms. Morantel and monepantel are not effective.

4.3.2.2 Major parasites of the circulatory system
Protozoa
Babesiosis: Babesia bovis and B. bigemina
Introduction
Babesia species are intracellular protozoa that parasitise erythrocytes.
They are 1-5 µm in diameter, vary in shape and possess the typical
apical complex seen in coccidians. The most important species in
Australian cattle is B. bovis which is transmitted by the tick Rhipicephalus
(Boophilus) australis microplus. A second species, B. bigemina,
transmitted by the same vector, is also common in cattle but less likely
to cause disease (reviewed in http://www.cbpv.org.br/artigos/CBPV_
artigo_004.pdf ).

Summary of taxon/parasite
Babesia bovis and B. bigemina belong to the family Babesiidae that
parasitise cattle and buffalo. Their geographical distribution includes
Australia, Africa, Central and South America, Asia and Southern
Europe. They are not found in New Zealand.

Features of life cycle
Cattle are the intermediate hosts; sexual multiplication takes place in the
body cavity of the definitive host, the tick. After the nymphal moult,
babesial parasites migrate to the salivary gland acini, divide and break
out as vermiform parasites. When R. australis attaches to the host to
feed, Babesia sporozoites pass to the tick mouthparts and into the host
blood stream and undergo asexual reproduction in host red blood cells.
Two or four new zoites develop by a form of merogony from the original
cell, then break out and invade more erythrocytes. Provided the host
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survives, host resistance will gradually reduce the population of parasites
in the blood stream, but infected animals tend to remain ‘carriers’, with
a few parasites persisting in the circulation. Transmission to previously
uninfected ticks takes place when they feed on an infected host. In the
female tick the protozoan not only develops to produce new infective
forms but also invades the eggs so that succeeding generations of ticks
are also capable of transmitting the parasite (transovarial transmission).

Pathology
B. bovis causes more severe disease than B. bigemina even though the
level of red cell parasitosis is lower (1-20% vs up to 40%). There are
several ways in which B. bovis causes damage to the host:
•

emerging parasites destroy red blood cells leading to anaemia and
anoxia;

•

pharmacologically-active substances released by the parasite causes
increased vascular permeability, vasodilation and shock;

•

infected erythrocytes tend to clump together, blocking capillaries,
causing intravascular coagulation, especially in the brain; and,

•

free haemoglobin overloads and damages the kidneys and liver.

•

signs associated with the effects of cerebral damage (convulsions,
listlessness, staggering, sometimes animals may charge
unexpectedly);

•

death

Diagnosis
Diagnosis is usually straightforward, based on the location and history
of tick infestation, clinical signs of fever, anaemia and haemoglobinuria.
B. bovis can be identified in Giemsa-stained blood smears or by indirect
immunofluorescence (IFA) on smears (Fig. 4.3.16). Around five smears
should be made from each infected animal. In more chronic cases,
antibody is detected by IFA or indirect haemagglutination (IHA) tests.
At necropsy, haemaglobinaemia, swollen congested abdominal organs,
jaundice, dark red urine, watery blood and cardiac haemorrhages will be
observed.

Clinical signs
Young weaner calves less than six months of age are most resistant, due
to an innate resistance and to the presence of maternal antibody. Older
animals or those introduced into an endemic area are most at risk. Acute
babesiosis occurs within 1-2 weeks of infection and causes distinctive
clinical signs:
•

pyrexia - the temperature rises to 400C or higher, causing anorexia;

•

haemoglobinaemia and haemoglobinuria (the disease is often
referred to as “red/black water fever” or “tick fever”);

•

jaundice (icterus);
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Fig. 4.3.16. Blood smears of B. bovis (left) and B. bigemina (right) Images courtesy
Queensland Dept Primary Industry, http://www.merckmanuals.com
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Epidemiology
The epidemiology of babesiosis is complex because it also involves
infection with ticks. The main aspects are:
•

The tick vector R. australis is restricted to northern Australia and is
a notifiable parasite in southern states.

•

In endemic areas only some ticks are infected and infection
is passed to subsequent generations of ticks (transovarial
transmission).

•

Calves from previously infected cows are protected by maternal
antibodies and if infected during this period do not become ill if
the challenge is not overwhelming. Calves also have some degree of
innate immunity that restricts the level of infection.

•

Therefore, the probability of a susceptible animal becoming
infected in an endemic area depends on:

•

•

•

◊

the number of ticks attaching per day;

◊

the proportion of ticks that are infected;

◊

the proportion of the infected ticks that pass on the
babesial parasites.

Infection usually induces a protective, but incomplete, resistance
that depends (is maintained) by the presence of the babesial
parasites. Subsequent infections may establish but do not cause
disease.
There are antigenically different B.bovis strains with differing
membrane antigens so that cross-protective immunity may be
needed.
Disease may occur from spring to early winter when:
◊

infected ticks are carried into a new clean area by cattle
from an endemic area, hence the need for tick barriers,
quarantine and fencing on state boundaries;

◊

susceptible cattle are introduced to an endemic area;
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◊

previously infected cattle are moved within an endemic
area and are challenged by a new strain or their host
resistance is lowered by stress;

◊

tick populations in an endemic area had been reduced
by the effects of climate or tick control measures thereby
reducing the tick attack rate, and increasing the numbers
of susceptible animals when tick numbers increased.

Treatment and control
Individual animals may be successfully treated with injections of
quinuronium sulphate, imidocarb (1-3 mg/kg) or diminazene diacturate
(3-5 mg/kg). Blood transfusion may be necessary for valuable animals.
As young animals with circulating antibodies can be infected without
causing disease, it is possible to induce acquired immunity in cattle
by vaccination. Serial passage of B. bovis results in attenuation of the
parasite, so infected erythrocytes are produced in splenectomised calves.
These are injected subcutaneously into recipient calves to produce
a limited infection with subsequent immunity. Although infected
blood must be kept refrigerated or frozen until used, this method of
vaccination is used widely in northern Australia, despite the problems of
transporting blood over long distances.
The disadvantages of vaccinating animals with infected blood are:
•

the possibility of transmitting other diseases such as enzootic bovine
leucosis (EBL);

•

blood incompatibility.

Disease complexes
Tick fever may also involve the rickettsial parasite Anaplasma marginale,
which infects erythrocytes and it transmitted by the same vector, R.
australis. Anaemia caused by Haemonchus placei may also occur at the
same time as tick fever.
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Theileria orientalis

Features of life cycle

Introduction
For the past century, a protozoan parasite, Theileria buffeli has been
detected occasionally in blood smears of cattle from tick-infested
country. It rarely caused any illness and was considered a benign
infection. More recently, an increasing number of cases of disease caused
by the “ikeda” variant of Theileria has been noted in eastern Australia
along the foothills of the Great Dividing Range from the NSW north
coast into northern Victoria. Disease is generally seen in young calves
around 8-12 weeks old. By about six months of age, immunity develops
and it is rare to see disease in calves older than six months and adults
who have been resident in “endemic” areas.
The recent outbreaks are referred to as bovine anaemia caused by
the Theileria orientalis group, comprising T. buffeli, T. sargenti and T.
orientalis. There are multiple ‘variants’ or genotypes of T. orientalis,
including chitose (type 1), ikeda (type 2) and buffeli (type 3). The ikeda
and chitose types have been the predominant genotypes associated with
clinical disease recorded in recent years in both Victoria and New South
Wales. More recently, similar reports of disease have been recorded in
the North Island of New Zealand.

Summary of taxon/parasite
Theileria orientalis is a protozoal parasite of the family Theileriidae
which infects blood cells of cattle and buffalo in Japan and Asia. The
most pathogenic theilerial parasite is Theileria parva, the causative
agent of East Coast Fever in Africa, transmitted by the three-host tick,
Rhipicephalus appendiculatus. In Japan, T. orientalis is transmitted by the
three-host tick, Haemaphysalis longicornis, and is also suspected to be the
vector in Australia and New Zealand.
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The life cycle is not completely understood. Lice and March flies
(tabanids) can act as mechanical vectors to transmit infection under
experimental conditions. The life cycle of the putative vector, H.
longicornis, takes about 12 months. Adult ticks are seen mainly during
early summer, larvae appear from late summer to early winter, and
nymphs occur mainly in spring. Eggs are able to overwinter on pasture
and larvae are also able to survive mild winters. The life cycle of the
parasite in the tick is not known but is presumed to be similar to that of
T. Parva.

Pathology
Pathological signs include anaemia and regenerative haematopoiesis.

Clinical signs
Clinical signs of severe anaemia include lethargy, lack of appetite and
exercise intolerance where some animals may collapse and die if forced
to run. The mucous membranes of the eyes and gums are pale and/or
yellow. Pregnant cows may abort and stillbirths are common. In dairy
cows, a drop in milk production will occur. Death rates are highest in
heavily pregnant cows that are from disease-free areas (i.e. naïve) and
become infected when agisted in endemic regions.

Diagnosis
Diseases such as babesiosis (tick fever) and anaplasmosis cause similar
signs, so blood samples need to be taken (in EDTA anticoagulant) for
examination of Giemsa-stained smears, confirmation of anaemia and for
PCR-based genetic analysis of the theilerial species present.
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Epidemiology

Disease complexes

In adult cattle, disease is seen if:

Other protozoal agents such as ticks that cause anaemia and biting
midges that transmit bovine ephemeral fever virus.

•

•

cattle, especially pregnant heifers, are moved from a district where
the parasite is not present to districts where Theileria is common
(typically interstate or inland cattle moved to coastal districts).
Disease can be seen in the introduced cattle as early as three weeks
but more frequently 5-8 weeks after introduction.
infected cattle are moved to a property that was previously
uninfected. Transmission to local cattle may occur with disease 2-6
months later. Typically this has involved movement of cattle from
endemic to non-endemic districts.

Treatment and control
Currently, less severe cases may respond to treatment with
oxytetracycline and/or immidocarb, but severe cases respond poorly.
Tick eradication is not possible.
Precautions for cattle movements involve:
•

in districts where Theileria is commonly found (generally coastal
areas), source cattle locally;

•

in endemic areas, inspect young calves around 6-8 weeks of age for
any signs of disease;

•

avoid moving adult cattle especially late pregnant heifers and cows
from districts where cattle have a low chance of exposure to districts
where Theileria are commonly found (generally coastal areas); and,

•

avoid introducing or mixing cattle from areas where Theileria
infection is widespread (generally coastal districts) with cattle in
districts where Theileria infection is uncommon.
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Neospora caninum
Introduction
Originally confused with Toxoplasma gondii, N. caninum has become
increasingly recognised as an important global cause of abortions in
cattle. The economic cost to beef and dairy industries globally has been
variously estimated at USD $1.3 - 2.4 billion per annum. In Australian
regions such as north coast of NSW, N. caninum is thought responsible
for around a third of cattle abortions and infections are present in more
than 25% of tropical dairy herds and around 15% of beef herds. Tissue
tachyzoites can establish Neospora infections in many other animal
species, including dogs, sheep, goats, horses and deer. Experimental
infections have been produced in dingoes, mice, rats, dogs, foxes, goats,
and pigs. A closely related parasite, Neospora hughesi, has been recently
described from horses.

Summary of taxon/parasite
Neospora caninum is a protozoan parasite in the family Sarcocystidae.
The definitive host is the dog (foxes and dingo) with ruminants as
intermediate hosts.

Features of life cycle and epidemiology
Dogs (foxes and dingoes) become infected after eating infected foetal
tissue or placenta containing infective tachyzoites. Within 2-3 weeks
and for several months, dogs shed oocysts in faeces which can infect
ruminants and horses. Transmission rates depend on several risk factors
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that can vary greatly between farms and regions (e.g. presence of
carnivores, pasture or concentrate feeding, stocking rates and proximity
to urban areas). Cows become infected with N. caninum by ingesting
parasite oocysts or once infection is established, by vertical (congenital)
infection from cow to calf during gestation for several pregnancies.
It is highly unlikely that transmission by sexual contact or milk is
important, as congenital infection has been shown to be the major
route of infection and cycling of the parasite within herds. Foetuses
in infected cows have a 50-90% chance of congenital infection and
infected dams exhibit a 2- 7 fold higher rate of abortion than uninfected
cows. In most herds, only a few infected foetuses will be aborted, but
occasionally, abortion “storms” may occur with up to a 30% incidence
and the majority occurring at 4-7 months of gestation. Some calves may
mummify and some may be born underweight or with neurological
symptoms such as ataxia and exophthalmia. However, many herds
with high prevalences of infection with N. caninum do not report
significant reproductive problems, which highlights the inconsistency of
neosporoisis.

Pathology
N. caninum tachyzoites and tissue cysts are mostly located in the
retina and CNS of infected cattle (Fig. 4.3.17). In aborted foetuses,
inflammatory infiltrates are evident in the brain, spinal cord and heart,
with hepatitis occurring when abortion storms occur.
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Fig. 4.3.17. Neospora caninum cyst, stained with immunoperoxidase, in bovine
brain tissue (image from University of Sydney)

Clinical signs
Apart from abortion, adult cattle do not exhibit overt clinical signs
following infection. The clinical signs suggestive of N. caninum infection
include mid-gestation abortions, the presence of mummified foetuses
and weak calves with ataxia and exophthamlus (“pop-eye”).

Diagnosis
Diagnosis is based on histological demonstration of intracellular
tissue cysts containing tachyzoites in heart and CNS tissue from
freshly aborted foetuses. These may be confirmed by specific
immunocytochemistry. More recently, a series of indirect and blocking
ELISAs have been developed to detect serum antibodies to N. caninum
in infected cattle to assess infection or exposure status and monitor
immune status in vaccinated herds. This is possible because the majority
of infected animals remain seropositive for many years.

- 713 -

Section 4.3: cattle parasites

Section 4.3: cattle parasites

4.3.1. Skin: Cattle ectoparasites

Treatment and control
Several options for treatment and control of infection are available
and the implementation and stringency of their application is an
economic decision based on the estimated cost of the disease and
the control or treatment options (see http://www.ncbi.nlm.nih.gov/
pubmed/23246675). The recent withdrawal of the N. caninum vaccine
(Neoguard ™ ) has reduced management options. From the most
practical and least expensive, control options include:
•

live with the disease and do nothing;

•

prevent contamination of feed with canid faeces;

•

dispose of aborted foetuses, dead calves and placentas (afterbirth)
from aborted and normal births to prevent scavenging by
carnivores;

•

prevent farm dogs from roaming freely and scavenging (also for
hydatids);

•

control wild dogs, dingoes and foxes as much as possible, ensuring
fences are sound;

•

cull aborting cows;

•

conduct serological testing on cows (using the ELISA) and cull
reactors. The economic cost comprises the cost of testing and the
value of culled animals. Variations could include selective breeding
from sero-negative cows or mating of sero-positive cows with beef
bulls.

•

treat infected cattle with toltrazuril. This is expensive and has
withholding periods for meat and milk.

Disease complexes
There are other infectious and non-infectious causes of abortion in cattle
which should be included in a differential diagnosis.
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Ruminants are prone to attack by a wide variety of ectoparasitic
arthropods from several taxonomic groups. The principal classes are
Insecta and Arachnida. Some of these are parasitic in the adult stage,
others as immature stages. Gregarious herbivores in intensive or
extensive grazing or feedlot systems provide a large, relatively slowmoving, available and renewable source of nutrients for exploitation by
ectoparasites. Compared to many native and exotic herbivores, cattle are
only partially capable of grooming their skins.
The pathogenesis of ectoparasitoses varies according to the intimacy
of the relationship between host and parasite: some ectoparasites are
merely nuisances, others may cause severe disease, even death. Some
are occasional visitors that feed on blood (dipterids such as flies, midges
and mosquitoes), some are semi-permanent residents that only leave the
host to reproduce or moult to the next stage (some flies) and others are
permanent residents (lice and mites). Many of the occasional visitors are
strong fliers and some can detect the presence of a host by an increase in
expired CO2, ketones or temperature, or other chemical factors. Many
are not host-specific and can feed on a wide variety of hosts apart from
grazing herbivores. The flying blood-suckers are fairly fragile, whereas
permanent ectoparasites have tough cuticles and powerful means of
attachment. Many hide in more protected places such as the axillae,
escutcheon and perineum.
The economic effects of ectoparasites on cattle also vary depending on
whether their effects relate solely to parasitism, or whether the major
impacts arise from disease agents for which they act as intermediate
hosts or vectors, but there is an additional cost for prevention or
treatment. A wide variety of control measures are available, particularly
involving integrated pest management (IPM).
Ectoparasites can cause damage to the skin, skin disease, and sometimes
somatic disease in a wide variety of ways:
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Direct trauma from biting and piercing mouthparts that are used
to penetrate the skin leave puncture wounds. The damage may be
economically important if the skin is used for leather.
Burrowing mites destroy the superficial layers of the skin while fly
maggots damage the skin and feed on the underlying tissues.
Blood loss from haematophagous arthropods.
Stimulation of host responses. Parasite excretions and secretions
stimulate the host’s immune response and hypersensitivity may become
the main component in the pathogenesis in genetically susceptible
individuals. Host immune reactions take several days to be induced and
therefore are not important to the occasional and rapid feeder. However,
host resistance, both innate and acquired, does play an important role in
controlling the level of infestation with slow-feeding ectoparasites such
as ticks.
Feeding activities and movement on the skin cause irritation and
self-trauma. The rubbing and scratching to relieve the irritation may
damage the skin and render it unsuitable for processing as leather.
Scratch wounds may become secondarily infected with bacteria.
Irritation from "worry" or direct skin irritation can lead to anorexia.
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in USA and Europe (Fig. 4.3.18). Neither is found in New Zealand.
Buffalo flies were introduced in Australia on animals imported from
Timor around 1838. They are found in hot humid regions of northern
Australia from north-eastern New South Wales to northern Western
Australia. Mild winters and wet summers permit a southern and western
spread into normally free areas. This parasite has developed resistance to
a range of synthetic pyrethroid insecticides. The impact of this fly on the
cattle industry was estimated annually at $A78 m.

Summary of taxon/parasite
Haematobia (irritans) exigua is an insect from order Diptera, family
Muscidae. The adults are grey in colour, 3.5-4 mm in length and have
dark stripes on the thorax (Fig. 4.3.18). Like many biting flies including
Stomoxys calcitrans, buffalo flies have horizontal piercing mouthparts
which extend anterior to the head (the palps are almost as long as the
proboscis in H. i. exigua but shorter than the proboscis in S. calcitrans.
Buffalo flies do not attack humans.

Blood-sucking arthropods are vectors of a large number of bacterial,
viral and protozoal diseases.

4.3.1.1. Major species of insects (Class Insecta)
4.3.1.1.1 Haematobia (irritans) exigua (“buffalo fly”)
Introduction
Haematobia (irritans) exigua occurs in Asia and Australia while a closely
related species (H. (irritans) irritans) known as the ‘horn fly’ occurs
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Fig. 4.3.18. Haematobia (irritans) irritans. (Image courtesy of the University of Nebraska).
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Features of life cycle
Adult buffalo flies live for 2-3 weeks and they stay permanently on
their host. They leave the host when disturbed, to mate or to lay eggs
(females) in freshly deposited dung pats. Females require blood meals
for eggs to mature and they can lay eggs from four days after their blood
meal. Each female can lay 300-400 eggs in batches of 15-25. Eggs are
laid near the margins of the dung, in crevices, etc (away from light).
Larvae hatch within a day, the period from egg to adult fly takes 9–11
days, and from egg to egg takes 12–14 days under optimal conditions
(20-35°C). The life cycle may be extended for several weeks in cool
weather (the larvae do not hatch at temperatures below 11°C).

can have an effect on weight gain in cattle. In North America, a reduced
growth rate occurred with as few as 12 “hornflies” per animal. In dairy
cattle, fewer than 30 flies were required before effects on production were
detected and more severe infestations affected reproductive performance.
Furthermore, buffalo flies can transmit Stephanofilaria sp., a nematode
that is involved in causing wounds around the inner corners of the eyes
and on the neck, face and shoulders.

Pathology
Both sexes feed on blood; they feed 10–40 times each day and can only
live for one or two days off the host. Usually, buffalo flies are found
in large numbers on the shoulders and flanks of cattle but in heavy
infestations they may feed on the neck, ribs and back (Fig 4.3.19).
Piercing of the skin during feeding by the flies causes severe skin
irritation, particularly in sensitive individuals. Affected cattle suffer
pruritis, rub vigorously, which disrupts grazing, damages hides and
can lead to skin ulcers. Some cattle are allergic to the components of
fly saliva and suffer hypersensitivity reactions with skin inflammation,
swelling and oedema with severe pruritis. Dark-coated cattle, bulls, older
cattle and those in poor condition usually attract more flies while Bos
indicus cattle appear to be less affected by a given infestation.

Clinical signs
The main clinical signs are irritation and behavioural changes associated
with fly worry including stamping, swishing tails, general irritation and
reduced feeding. Cattle may stand in water to reduce attacks. Ongoing
attack may lead to overt skin lesions which may become infected,
especially around the eyes, and anaemia. Buffalo fly can reduce beef cattle
production by up to 16% and even numbers of less than100 per animal
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Fig. 4.3.19. Buffalo fly on the shoulder of a steer. (Image courtesy of C. Constantinoiu).

Diagnosis
Diagnosis is based on a seasonal history of fly infestation, clinical signs
(including behavioural changes and skin lesions) and the presence of
flies on the host. More generally, biting flies are usually easily identified
to the level of family as mosquitoes or tabanids (March flies) are readily
recognisable. Stable flies can be differentiated from house flies and
bush flies by their horizontal mouthparts (and the fact that they bite!).
To identify flies to genus or species level often requires more expertise.
Where animals are being attacked by flies, specimens should be trapped
and stored in 70% ethyl alcohol (“surgical spirit”; methyl alcohol is
a satisfactory substitute). However, if the biting fly is suspected of
transmission of pathogens (e.g. rabbit calicivirus), specimens should
be stored in 100% ethyl alcohol to enable DNA isolation and PCR
detection of viruses.
- 719 -
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Epidemiology
Infestations are seasonal and the flies are in highest numbers in summer
and autumn. In northern Queensland they can be abundant until May,
then decline subsequently but can persist during the dry season (August
to November). In south-eastern Queensland, fly populations fall to
low levels during the winter. Frosts kill the overwintering pupal stage,
and so restricts the distribution of buffalo fly to regions with warmer
winters. Global warming has implications for the spread of buffalo fly
and it was predicted that by 2030 buffalo flies will extend further south
in Australia. The spread of the flies is mainly on infested cattle but newly
hatched flies can fly up to 10 km searching for hosts. Since the adult
fly resides on the host, animal to animal transfer may occur during
mustering (at sale yards) and when females return for egg laying.

There are explicit regional control programs available for beef and dairy
enterprises.
https://www.daff.qld.gov.au/animal-industries/animal-health-anddiseases/protect-your-animals/external-parasites/buffalo-fly
http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0017/110915/
buffalo-flies-and-their-control.pdf
Buffalo flies can be controlled with insecticidal dips or sprays, but this is
expensive. Insecticide back–rubbers and the recently introduced ‘Bob’s
Trap’ exploit the natural behaviour of the flies and the potential of cattle
to be trained to help themselves.
Insecticidal ear tags are recommended for the peak fly period from
late January to May (below). To slow the onset of fly resistance to the
insecticides used in the ear tags, it is recommended that the type of ear
tag be rotated. Use an organophosphate (OP) tag for two or three years
and then an synthetic pyrethroid (SP) tag for one year. Cattle producers
must also ensure that the Withholding Period (WHP) and Export
Slaughter Interval (ESI) are observed for any products used.

http://www.dpi.nsw.gov.au/__data/assets/pdf_file/0017/110915/
buffalo-flies-and-their-control.pdf
Fig. 4.3.20 Design of 'Bob's trap' (QDPI website)

Additional non-chemical control measures include:

Treatment and control

•

use of traps (Fig. 4.3.20) to capture and kill flies;

Successful control of fly infestations is based on knowledge of the
biology and behaviour of the flies responsible and how the method of
management has contributed to the problem. Biting flies attacking grazing
cattle may be protected with insecticide–impregnated tags or collars.

•

dung beetles to break up dung pats and disrupt breeding (although
often flies emerge and commence their life cycle before the dung
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beetle breeds up to counter them!);
•

•

culling highly sensitive/allergic cattle.

tabanid (biting/March) flies may worry cattle in particular locations
as there are around 60 species throughout Australia alone. There
are no biting tabanids in New Zealand.

Disease complexes
Several species of biting flies and ticks may be present on animals, so
the chances of anaemia and appetite reduction are increased. A small
parasitic worm (Stephanofilaria sp.) is associated with buffalo fly bites
and causes skin lesions in tropical regions that may affect live trade or
hides. In addition, one study found that nearly 30% of untreated cattle
suffered from pinkeye during a season whereas no pinkeye was detected
in cattle that were treated for buffalo fly.

Other minor dipterid flies
There are several other flies which may be found around cattle
enterprises. These include:
•

•

the common house fly Musca domestica, which is particularly
common around dairy farms as maggots develop in dung pats.
Flies are common around the eyes and may mechanically transfer
pink-eye (Moraxella bovis) infection in beef and dairy herds during
summer.
the “stable fly”, Stomoxys calcitrans, which is often prevalent in
summer (Fig. 4.3.21). Flies prefer to bite the legs and ears of
cattle (and other species, especially dogs and horses), causing fly
worry and development of skin lesions in allergic individuals.
Both sexes of this fly will take 1-2 blood meals per day, and can
engorge on blood up to three times their own body weight. In the
cooler months, their life span is 1-2 months; in hotter weather it
is reduced to 3-4 weeks as adults. Larval stages develop in straw
containing faecal material and also silage. They are a recognised
nuisance in New Zealand and represent one of the few potential
vectors for mechanical transmission of pathogens in that country.
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Fig. 4.3.21. The “stable fly”, Stomoxys calcitrans with the prominent anterior biting
mouthparts.

Other dipterids (“sandflies”, "midges")
Biting midges are small blood sucking flies belonging to the family
Ceratopogonidae. They are commonly referred to as “sandflies”, a term
which covers a number of families of small biting flies, including the
true sandflies (Family Psychodidae) which are not pests of animals and
humans in Australia or New Zealand. The other main families are:
•

“black flies” (Family Simuliidae) which are serious pests in the
inland areas of Queensland and NSW following flooding. Larvae
breed in water, and during feeding for a blood meal, adult flies may
transmit the filarial worm Onchocerca lienalis in northern Australia.
Several species of Austrosimulium are found throughout New
Zealand but do not transmit any pathogens.
- 723 -
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the biting midges (Family Ceratopogonidae; Fig. 4.3.22). The
ceratopogonids include:
◊

midges from the genus Lasiohelea, which have been
found to be the vector of Leishmania in macropods in the
Northern Territory, and,

◊

many species in the genus Culicoides, which are
increasingly found around breeding sites (estuarine
lagoons, rivers and lakes). Culicoides species (C. fulvus,
C. wadai and C. brevitarsis) are vectors for several
important viral diseases of cattle including bluetongue
virus (BTV), Akabane virus (AKAV), bovine ephemeral
fever virus (BEFV), bunyaviruses and many exotic viruses
for Australasia, including African horse sickness virus
(AHSV), epizootic hemorrhagic disease virus (EHDV),
equine encephalosis virus (EEV) and the Palyam viruses
(http://www.annualreviews.org/doi/full/10.1146/annurev.
ento.45.1.307). In Australia, the National Arbovirus
Monitoring Program (NAMP) uses insect traps and
regular bleeding of sentinel cattle to monitor the locations
and spread of Culicoides vectors and BTV infection to
enable international trade from BTV-free zones if needed.
There are no Culicoides spp. in New Zealand.
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Fig. 4.3.22. Ceratopogonid midges biting a human hand (left, above) and enlarged
midge (right & bottom). (Images courtesy of G. Bellis).

4.3.1.1.2 Exotic myiases affecting cattle
Three principal exotic myiases are important for the Australasian cattle
industry. These include the “warble fly” or “heel fly” (Hyopderma bovis,
H. lineatum), the New World screw worm (Cochliomyia hominivorax)
and Old World screw worm (Chrysomya bezziana). Some features of the
distribution, life cycle and maggots are detailed below.
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Species:
Family

Distribution

Incubation period
and life cycle

Maggot appearance

Cochliomyia
Central &
Larvae 4-8 days,
Typical maggot shape, 15-17 mm
hominivorax: South America pupae 0.5-3 weeks; long, bands of spines encircling
life cycle >3.5 weeks anterior margin of each body
Calliphoridae
segment.
Chrysomya
bezziana:
Calliphoridae

Africa, India,
Southeast
Asia and New
Guinea

Larvae 4-12 days,
pupate for 1 week,
generational cycle
2-3 weeks

Typical third-stage maggot 18 mm;
a broad encircling band of spines on
each segment

Hyopderma
bovis; H.
lineatum
Oestridae

N. America,
Asia, Europe,
and Africa,
occasionally
S.America.

Annual life cycle;
larvae up to 10
months, pupae 5
weeks and adult
lasts 1-2 weeks

Barrel-shaped third-stage maggot up
to 27-28 mm with 11 segments and
rudimentary mouth hooks.

Hypoderma spp. (cattle grub fly, warble fly)
Introduction
Warbles (larval swellings under the skin) in cattle are mostly caused
by Hypoderma bovis and H. lineatum, that are endemic in most of the
Northern Hemisphere and exotic to Australasia. Infestations in the
Southern Hemisphere usually occur from introduced stock. Rare cases
of human infections with Hypoderma spp. have also been reported.
However, humans are more commonly infested by Dermatobia hominis,
endemic to Central America. D. hominis can also affect domestic
animals.

Features of the life cycle
Warble flies have an annual life cycle that may commence in spring
in the Northern Hemisphere depending on the climatic and weather
conditions (generally H. lineatum occurs earlier than H. bovis). Females
deposit eggs singly (H. bovis) or in rows of five or more (up to 16; H.
lineatum) on hairs, normally on the legs or lower abdomen of the host.
One female may lay up to 600 eggs per host within 1-2 days after
emergence. The eggs hatch in 2-7 days, and the larvae burrow into
the subcutaneous connective tissue, and migrate to the submucosal
connective tissue of the oesophagus (H. lineatum) or thoracolumbar
spinal canal (H. bovis) where they rest for some time. Eventually, the
larvae leave the resting places and appear under palpable swellings
(“warbles”) in the skin of the back (Fig. 4.3.23), where they bore visible
breathing holes, moult twice and develop for up to three months. In
early spring the third stage larva (grub) emerges through the breathing
hole, falls to the ground, and pupates. The adults emerge in 1-2 months,
depending on weather conditions, and live for around one week.

Pathology
The pathology is caused by larval migration and damage to the skin
and underlying tissues. Allergic reactions to these “grubs” can occur.
The backs of afflicted cattle become irritated and disfigured. However,
while laying eggs, females of H. bovis may stress cattle that may become
irritated and get injured.

Summary of taxon/parasite
H. bovis and H. lineatum are insects from the order Diptera, family
Oestridae. The adults live freely while the larval stages parasitize bovids
(cattle, bison etc) and rarely sheep, goats, horses and humans. Adult
Hypoderma flies have yellow-orange hairs and appear bee-like, about 15
mm long.
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Cochliomyia hominivorax (“new world” screw
worm fly) and Chrysomya bezziana (“old world”
screw-worm fly).

Figure 20. Hypoderma (“warbles”) infection of the dorsal subcutis of cattle
(image from University of Sydney).

Treatment and control
Cattle may be treated with insecticidal “pour-ons” containing
organophosphates (OPs) or macrocyclic lactones (MLs), but larvae
should not be squeezed out, as this can precipitate an allergic reaction.
Treatment with systemic insecticides is contraindicated when the
larval stages are supposed to be in the oesophagus or spinal cord
(inflammation associated with destruction of larvae might cause
dysphagia, posterior paresis or paralysis, ataxia, etc). In endemic areas
two treatments are commonly recommended, in the autumn (at the
end of the oviposition activity targeting first stage larvae before they get
to oesophagus or spinal cord) and in the spring (this treatment targets
second and third stage larvae). Mandatory control of cattle movements
is also required. Since the flies like bright light, providing shady shelter
in midsummer may help prevent or limit infestation. However, the
females of H. lineatum may lay eggs while the animals are at rest under
shelters.
Warble flies are exotic pest, not to be confused with swellings caused by
Habronema spp. in horses and fly strike caused by Lucilia spp. in sheep.
They also need to be distinguished from other exotic flies such as screwworm fly.
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Co. hominivorax and Ch. bezziana are obligate parasites from the family
Calliphoridae, which cause myiasis with maggots that can burrow into
the flesh of humans, wild and domestic animals. Adult flies may travel
more than 20 km. The distribution of Co. hominivorax is now generally
limited to Central and South America due to the success of sterile male
fly release programs to eradicate the fly from the United States and
Mexico. Ch. bezziana is found in Africa, India and Asia. Female flies live
for 7-10 days and every 2-3 days, deposit 100-300 eggs on the edges
of wounds, sores (castration cuts and the umbilicus of neonates) and
healthy mucous membranes. After hatching within 24 hours, larvae
burrow into the host’s tissue, where the young maggots feed on living
tissue for 4-12 days. Larval feeding and burrowing causes extreme pain
and dysfunction to the host from the festering wounds (Fig. 4.3.24)
before the maggot matures to the prepupal stage when it drops to the
ground. Adult flies emerge after 1-3 weeks and the entire life cycle can
be completed in around 3 weeks.
Diagnosis is based on larval identification from festering wounds (Fig.
4.3.25). Because of the proximity of northern Australia to Ch. bezziana
in Papua New Guinea, the Australian Quarantine and Inspection
Service (AQIS) recommends: “Check wounds on all animals for
maggots - even small wounds. If you find maggots, collect some and kill
them with boiling water, then preserve them in three parts methylated
spirit to one part water. Note the location, number, type, age and origin
of the animals, and contact Quarantine immediately.”
Screw-worm flies look like Australian blowflies, with a shiny, blue-green
body and red eyes, and can only be distinguished from them through
microscopic examination or DNA analysis. Ch. bezziana could cost
close to $500 million a year in lost production and control measures if
- 729 -
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they entered Australia. They would have a devastating effect on northern
livestock production, particularly the cattle and sheep industries. In
some herds, 10 to 15% of cattle could be struck at any time; the greatest
loss would be through the deaths of newborn calves as a result of navel
strike.

4.3.1.1.3 Cattle lice
Introduction and parasites
Lice are host-specific skin parasites that occur all over the world. They
are more common in temperate and cold areas of the world than in
tropical areas (sunlight, high temperatures etc. have a detrimental effect
on lice populations). Furthermore, in temperate, areas the heaviest
infestations occur during winter and early spring. Many factors such as
the species of lice, the severity of infestation, nutrition and welfare of
the host interact and influence the outcome and the economic impact
of lice infestations in cattle. However, in the recent years, lice have
been reported to cause damage to the hides that impact on the leather
industry and for sucking lice to even cause anaemia and death in calves.

Summary of taxon/parasites
Figure 21. Maggots of Ch. bezziana (top) and C. rufifacies (bottom) (Images courtesy of L. Knott).

Fig. 4.3.25. Screw-worm myiasis in South America (courtesy Jane Mactier)
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Lice are dorso-ventrally flattened insects that belong in Order
Phthiraptera. They have well developed tarsal claws adapted for grasping
the host hair shafts and complete their entire life cycle in the hair
coat of the host (unlike ticks and fleas). Generally lice are unable to
survive more than a few days in the environment or on wrong hosts.
Consequently, lice are commonly spread by direct contact between
animals within herds and less commonly by fomites. Two types of lice
affect cattle:
•

sucking lice that feed on blood (suborder Anoplura, genera
Haematopinus, Linognathus and Solenopotes) – louse head (“snout or
nose”) is pointed anteriorly and narrower than the thorax and,

•

biting or chewing lice that feed on skin debris, hair and oil
secretions (suborder Ischnocera, genus Bovicola (also called
Damalinia )– louse head is rounded anteriorly and wider than the
thorax (Fig. 4.3.26).
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Fig. 4.3.26. Adult Bovicola bovis. (Image courtesy of L. Knott)

Throughout Australasia the most common species of lice on cattle are
Linognathus vituli, (the long-nosed cattle louse) and Bovicola bovis (the biting
louse; Fig. 4.3.26). Less common are Solenopotes capillatus (tubercle-bearing
louse) and Haematopinus eurysternus (short-nosed sucking louse).
•

Linognathus vituli (long-nosed sucking louse) is bluish-black and up
to 2.5 mm long, the head is long and narrow, twice as long as broad,
the first pair of legs is smaller and thinner than the other two pairs,
there are no paratergal plates, no ocular points and two rows of setae
on each abdominal segment. The preferred sites of infestation are the
top and sides of the neck, shoulders, dewlap, back, rump, udder and
perineum, but it can be found widely distributed over the body of the
host. L. vituli is more often found on dairy cattle, especially on calves
(Fig.4.3.27).

•

Bovicola (Damalinia) bovis (the biting louse) is a small reddishbrown louse up to 2 mm long with a blunt, rounded head and brown
stripes or bars on the dorsal surface of the abdomen (Figure 23). D.
bovis is found mainly on the top of the head, neck, shoulders, withers,
along the back and rump and base of the tail, but in heavy infestations
it may be found all over the body of the cattle. Calves, yearlings and,
old, undernourished cattle are the most heavily infested.
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•

Solenopotes capillatus (tubercle-bearing louse or little blue
sucking louse) is the smallest louse of cattle and measures up to
1.7 mm in length, has a brown and blunt, short head and a bluish
abdomen. The first pair of legs is smaller and thinner than the other
two pairs, there are no ocular points, with one row of setae on each
abdominal segment and spiracles on tubercules which protrude
from the abdomen. It is commonly found on the head, neck and
shoulders of the host in distinct dark clusters (it seems to move less
than other lice).

•

Haematopinus eurysternus (short-nosed cattle louse) measures
up to 4.8 mm in length and is dark-greyish-black in colour. The
head is rounded anteriorly, short, almost as broad as long. Ocular
points and paratergal plates are present, all legs are of similar size
and there is one row of setae on each abdominal segment. H.
eurysternus can be found on the top of the neck and withers, the
base of horns and around the eyes and the butt of the tail, but
in heavy infestations it can occur anywhere on the host. In the
summertime it shelters in and around the ears, at the base of the
horns and under the tail. This louse species is more common on
beef cattle, especially on mature animals.

Fig. 4.3.27. Linognathus vituli on the skin of a calf (image from University of Sydney)
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Features of life cycle
The complete life cycle takes about 3-6 weeks for both sucking and
biting lice and is completed on the host. The adult female louse lives up
to 6-10 weeks and lays about one egg per day, gluing it to a hair shaft
close to the skin. Eggs hatch in one to two weeks and release nymphs
that undergo three moults and develop into adults.

Pathology
Feeding of both chewing and sucking lice causes intense skin
irritation and inflammation with consequent pruritis. Furthermore, a
hypersensitivity reaction to allergens present in the faeces or saliva of
lice has been suggested. Damage to the hides as small areas of superficial
dermis erosion (light spots or flecks) have been associated with louse
infestation. Sucking lice might cause anaemia.

Clinical signs
Generally lice cause discomfort and annoyance with increasing severity
of infestation. Light infestations may go unnoticed. In heavy infestations
there is pruritus and the affected cattle scratch and rub against gates and
fences leaving tags of hair in ringlocks and on wooden posts. Alopecia,
scaling and crusts will soon develop. Constant licking and lick marks
made by the tongue that resemble marks left by a wet paint brush are
characteristic for animals infested with lice (D. bovis). Severely affected
animals may exhibit poor feed conversion efficiency and slow weight
gain and heavy infestations of sucking lice may result in anaemia. The
skin of infested areas often becomes thick and tender and may crack in
untreated severe cases that might reduce the hide value at slaughter.

Diagnosis
Lice are suspected when cattle show signs of rubbing in late autumn,
winter and early spring. Rubbing causes hair loss on the neck, shoulders
and rump and needs to be differentiated from the normal seasonal
- 734 -

shedding of the winter coat. Parting of the coat in a race will force biting
lice to move readily to avoid the light, making spotting the red-brown B.
bovis easier. Sucking lice are less likely to move when the coat is parted.
Whitish eggs (nits) cemented to the shafts of coat hairs may also be
visible.

Epidemiology
Generally, clinical signs of louse infestation occur mainly during
the winter and early spring when populations of lice are at their
peak. Populations of lice build up in the cooler months (reduced
daylight, poor nutrition and general health and crowding of animals
favour the breeding and spread of the lice) and decline in the warmer
months (increased temperature, loss of the winter coat, rain and better
nutrition are detrimental to the life cycle of lice). Lice may persist over
the summer months on a reduced number of animals (usually less than
2% of the herd) that are highly susceptible to infestation. Self-grooming
is another important factor that may influence the dynamics of lice
populations (numbers of lice increase when cattle are prevented from
grooming). Cattle in good body condition and with good nutrition
will keep louse populations in check. Cattle lice typically infest a clean
herd from introduced stock. Survival of lice off the host is limited to
3-4 days, so transfer within a herd is most likely between the cow and
suckling calf, yarding of dairy cattle at milking times, in feed-lot calves
and adults and transfer of clean animals into an infected environment.
Mixed infections (biting and sucking lice) are common,

Treatment and control
Before deciding the most appropriate therapy it is recommended to
determine if the animals are infested with chewing or sucking lice as
not all products or formulations are effective against both types of lice.
Generally, the injectable formulations of macrocyclic lactones are less
efficient against chewing lice while the pour-on formulations are active
against both chewing and sucking lice. Most insecticides are not effective
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against eggs of lice so that two treatments at 2-3 week intervals of time
are usually required for the control of lice (the stages that hatch from the
eggs should be killed before they mature and lay eggs). However, for the
products and formulations that have a residual activity long enough to
kill the hatched nymphs a single treatment might be sufficient.

housed animals. Both mites live their entire lives in or on the skin of the
host.

Most products registered for the treatment of louse infestations in
cattle belong to pyrethroids (deltamethrin, flumethrin, permethrin,
cypermethrin, etc) and macrocyclic lactones (ivermectin, abamectin,
eprinomectin, moxidectin, doramectin, etc). They are used in different
formulations but mainly as sprays, pour-ons, ear-tags and injectables.
Pour-on formulations of spinosad (a newer insecticide produced by
fermentation from Saccharopolyspora spinosa) and diflubenzuron (an
insect growth regulator) are also effective for the control of lice. Amitraz,
a formamidine derivative, is also active against cattle lice.
Treatments carried out in autumn will prevent louse populations from
building up during the cold months. As a general rule, treat all animals
on the property at the same time; purchased animals should also be
treated before being added to the herd.
Although it is usually uneconomical to treat most lice infestations,
treatment should still be considered to provide for animal welfare of the
cattle.

4.3.1.2 Major species of arachnids (Class Arachnida)
Within the Class Arachnida, cattle are parasitised by mites (Family
Mesostigmata) and ticks (Sub-order Ixodoide), both groups belonging
to the order Acarina.

4.3.1.2.1 Cattle Mites

Chorioptes bovis is an oval mite that measures up to 390 µm. The
gnathosoma is short and rounded, most legs are long and protrude
beyond the margin of the body, the pretarsi are short and not jointed,
the pulvilli are cup or bell-shaped, and the posterior lobes of the male
are well developed. C. bovis feeds on skin debris and is located mainly
around the base of the tail and along the back or down the rear of the
cow. Besides cattle, C. bovis can infest horses, sheep, goats and rabbits.
The females cement eggs (up to 17 eggs/female) on the skin or flakes of
the scurf and the life cycle (eggs, larvae, two nymphal stages and adults)
can be completed in about three weeks. On the host the mites can live
up to seven weeks and off the host they can survive up to three weeks
(the animals can become infested by direct contact, from grooming
tools and from the environment). An allergic reaction to secretions
or excretions of these mites seems to be more important than the
mechanical irritation of parasites in the production of the skin lesions.
Chorioptic mange is common in stabled dairy cattle. It has a mild
evolution and the lesions tend to remain localised. Furthermore, it
seems to be less contagious than sarcoptic or psoroptic mange. The
number of mites increases during the cold seasons with clinical signs
common in winter. Scaling, crusts, alopecia and mild pruritis are
common clinical signs. Generalization of the lesions may occur. Finding
the mites in skin scrapings from the areas with lesions confirms the
diagnosis. Pyrethroids, macrocyclic lactones and formamidines are
effective against C. bovis; generally, two treatments at 7-10 days intervals
are recommended. The injectable formulations of macrocyclic lactones
are less effective against C. bovis than the pour-on formulations (see
Sections 4.2.7 and 4.3.7).

Chorioptes bovis (Family Psoroptidae) and Demodex bovis (Family
Demodicidae) are the most common mites infesting cattle, especially
- 736 -
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Demodex bovis is located in the hair follicles and sebaceous glands of the
skin, causing dermal papules and nodules up to 1 cm in diameter located
mainly on the neck, shoulders, dewlap, brisket and forelegs. The nodules
contain a caseous material and large numbers of parasites. Occasionally
ulcers, abscesses, crusts and alopecia may be seen when follicular rupture
and/or secondary bacterial complications have occurred. The number of
nodules increases in the spring and autumn. Some surveys have detected
a prevalence of infestation with D. bovis approaching 60% in cattle,
with the mite causing clinical disease and significant economic losses.
Asymptomatic carriers (about 5%) are also seen.

There are two exotic mites of importance to Australasia.
•

Sarcoptic mange caused by Sarcoptes scabiei var bovis is a
notifiable cattle disease in the Northern Hemisphere (UK and
USA) that can affect all categories of cattle. Lesions usually
commence on the head and lateral sides of the neck but can
spread all over the body. The pruritis is intense and the scratching
continuous leading to damage to the hides. Scaling, alopecia, crusts,
lichenification, thickened and wrinkled skin are common clinical
signs. The general condition of the animals is affected. Humans can
be infested temporarily by S. scabiei var bovis.

D. bovis is an elongated mite that measures up to 400 μm in length (legs
are located in the anterior part of the body; they are short and stumpy and
end with two claws). The life cycle of D. bovis comprises the egg (spindle
shaped), one larval stage (which has three pairs of legs), two nymphal
stages (each has four pairs of legs) and adults and it is completed in less
than one month. Transmission of the parasites occurs only through direct
contact (these mites are sensitive to desiccation), most likely from dams
to calves. It has been suggested that animals showing clinical signs of
demodicosis are in some way immunocompromised. The diagnosis is
confirmed by visualisation of the mites in the skin scrapings of the areas
with lesions.

•

Psoroptes ovis (sheep scab mite) was eradicated from Australia,
New Zealand, Scandinavia, USA and Canada, but is present in
other parts of the world. Psoroptic mange is common in beef cattle
but it can affect other categories of cattle (dairy cattle) as well.
The first lesions are usually seen on the shoulders and the base
of the tail. Intense pruritis can lead to bleeding. Alopecia, thick,
moist crusts, lichenification, and thickened skin are usually seen in
infested animals. The general condition of animals is affected and
bacterial complications are common. Decreased efficacy of some
macrocyclic lactones against P. ovis has been reported recently.

Clinical signs are mild and animals are not often treated. However, the
lesions are a significant cause of economic loss in leather production.
No known methods are highly successful for the treatment of cattle
demodicosis and are rarely applied. Systemic organophosphates and
macrocyclic lactones, and topical applications of organophosphate
compounds or formamidines have given some relief, but the most
effective control is to closely scrutinise introduced animals for evidence
of infestation.
A third mite Raillietia auris, infests the ear canals of cattle and may
cause suppurative otitis.
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4.3.1.2.2 Cattle Ticks
Ticks are highly specialised blood sucking arthropods that can cause
disease directly by their feeding activity and indirectly by transmitting
pathogens or injecting toxins.
Ticks can cause disease in several ways:
•

suck blood causing anaemia. This is important in young animals
and can cause death while productivity and fertility are reduced in
older animals.

•

cause irritation, known as ‘tick worry’. This leads to self-trauma and
secondary infection. The bite hole heals by fibrosis resulting in a
small weak area of skin, and devalues hides for leather production.
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•

transmit pathogens:
		

as a mechanical vector (viruses, bacteria, rickettsiae)

		as a vectorhost for protozoan parasites (Babesia spp, 			
Theileria spp.)
Pathogens can survive for long periods in ticks and some undergo an
obligatory developmental phase of their life cycle in the tick. Some may
persist only between stages in the tick’s life cycle and others through one
or more generations. Transmission of pathogens in ticks can therefore be
categorised as:
•

transtadial (stage to stage) transmission: the pathogen (e.g.
Bartonella, Borrelia, Theileria) is picked up by one stage while
feeding, persists to the next one or two stages only and may be
transmitted by them. This method of transmission can only occur
in two - and three - host ticks.

•

vertical (transovarial) transmission: the pathogen (e.g. Rickettsia,
Babesia) survives through the egg stage and into the next generation
and perhaps further generations. This is possible in one -, two - and
three - host ticks

The paralysis tick, Ixodes holocyclus does infest cattle and three or more
engorging female ticks may produce clinical signs and even kill calves.
Further information is provided in Chapter 4.1.

Rhipicephalus (Boophilus) australis microplus
(formerly cattle tick)
Introduction
In Australia, the cattle tick, Rhipicephalus (Boophilus) australis is
confined to northern Australia, is common all over Queensland and its
distribution extends into the north-east corner of New South Wales.
It is not found in New Zealand. It is common in South-East Asia. It
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is the most important parasite of cattle in northern Australia as it also
transmits the protozoan parasites Babesia bovis and Babesia bigemina
and the rickettsia Anaplasma marginale all of which cause “tick fever”
(or “redwater”). Recent research has estimated that the annual on-farm
cost of ticks (production losses plus control costs) to the Australian cattle
industry was around A$146m. The control of ticks and tick fever is an
integral part of cattle management in Queensland and the Northern
Territory.
In southern states of Australia, infestation with cattle tick is a notifiable
disease, so the accurate diagnosis of infestation is critical. The
distribution of cattle tick in Australia is limited by legislated movement
controls on cattle and other susceptible species to the south of the
“Tick Line”. The tick infected zone comprises the coastal area east of
the Great Dividing Range and north of the Great Northern Rail line in
Queensland.

Summary of taxon/parasite
R. australis is a one-host tick belonging to the Class Arachnida, Order
Acarina, Family Ixodidae. As an ixodid (hard) tick, R. australis has
anterior projecting mouthparts and a dorsal scutum (or shield). Males
measure up to 2.5 mm long and engorged females up to 13 mm long.
Palps are short, with ridges, the basis capituli is hexagonal, eyes are
present, festoons are absent, coxa 1 has two short spurs, the legs are pale
and the anal groove is reduced or absent (Fig. 4.3.28). It is distinguished
from Haemaphysalis longicornis by virtue of its pale legs (in H. longicornis
the legs are brown) (Fig. 4.3.30). The tick favours cattle but infestations
also occur on buffalo, deer, camels, horses and sheep, and occasionally,
donkeys, goats and pigs may harbour small numbers.
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Pathology and Clinical Signs
Infested cattle lose condition because of ‘tick worry’ and loss of blood.
Heavy infestations can kill calves, and even adult cattle. Animals in poor
condition are especially vulnerable. Previously unexposed cattle become
heavily infested until they build up a degree of resistance which usually
takes 1-2 months or several infestations for full expression. If ticks
transmit Babesia or Anaplasma, fever, with signs of haemolytic anaemia
and haematuria can occur over the ensuing two weeks.

Diagnosis
Fig. 4.3.28. Adult R. australis (ventral view). (Image courtesy of L.Knott).

Features of life cycle
As a 1-host tick, all stages in the life cycle occur on the same host,
where the larva moults to the nymph, and the nymph moults to the
adult without any of them leaving the host. Fecund female ticks drop
to the ground and lay up to 3,000 eggs in the pasture. The eggs of ticks
require shaded moist areas to develop over 2-16 weeks to the larval stage,
and the emerging larvae (0.6 mm; “seed ticks”) need moisture to survive
and harden during the first week after hatching. When hardened, the
larvae usually ascend the pasture and congregate in clusters at the tips
of stems, leaves or seed heads to attach to the legs of grazing cattle.
On naïve cattle, around 95% of larval ticks fail to attach and develop
due to host and environmental factors and most are lost within 24h
of attachment. Therefore, breed and host “resistance” are measured as
differences in the numbers of developing nymphal and adult female
ticks attached to cattle from different breeds and animals (see Chapter
3.1, Section 5.3.1.2). The parasitic phase of the life cycle from larval
attachment to full engorgement of female ticks on the host takes around
18-22 days. Males feed occasionally, but do not engorge with blood and
can wander and mate with females for 1-2 months.
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Infestation is readily diagnosed by finding the parasite on affected
animals. With light infestations the sites of predilection are the ears adn
escutcheion.
R. australis needs to be distinguished from two other tick species found
on cattle, the bush tick (Haemaphysalis longicornis) and the paralysis
tick (Ixodes holocyclus), although only H. longicornis is present in New
Zealand. If definitive diagnosis is needed, larvae, nymphs and unfed
adults should be put into a bottle containing 75% methylated spirits or
“surgical spirit” (70% ethanol). Engorged adults required for resistance
testing in an egg hatch assay (larval development assay- LDA) should
be put live into a screw-topped bottle with small holes for ventilation
and moist wadding and promptly posted to local laboratories. Delays in
dispatch may enable females to lay eggs and hatching larvae to escape.

Epidemiology
R. australis can be seen at any time of the year, but principally from late
spring to midwinter (November to July). The numbers found on cattle
increase rapidly during the wet season from December to April, reaching
a peak on the north coast of NSW and southeastern Queensland,
Australia, in late autumn to early winter before declining with the onset
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of colder weather (Fig. 4.3.29). With the need for moisture and shade
for egg development and larval survival, unimproved pasture with
tussocky grass and small bushes is more likely to support larger tick
populations than improved pasture. In the Queensland summer with
daily maximum temperatures >25° C, around 50% of larvae survive for
two weeks and 10% survive for four weeks (or similar to nematodes,
where around 90% of L3s die per month), while comparable values for
winter are 3-4 and 6-11 weeks, respectively. Bos indicus cattle (tropical
breeds) and their crosses develop greater resistance than do Bos taurus
cattle (British and European breeds) with full breed resistance expressed
after 1-2 infestations.

Section 4.3: cattle parasites

Treatment and control
Integrated, strategic control programs have been developed using tickresistant cattle, strategic treatments with chemicals, vaccines against tick
gut antigens (Tickguard™, Gavac ™ ), pasture spelling or combinations
of these methods (Jonsson, N.N. and Piper, E.K.,2007. Integrated
Control Programs for Ticks on Cattle. UQ Printery, Queensland,
Australia). Cattle tick control is aimed at preventing the “spring rise” by
commencing a strategic treatment program in the late autumn and early
spring. Pasture spelling reduced the number of acaricidal treatments by
60% and the tick burden by 64% (Aust. J. Agric. Res., 1964, 15: 841),
confirming that grazing management is an important component of
integrated pest management (IPM).
The economic importance of ticks as primary parasites and vectors
for several important protozoal agents has required intensive
chemical control which has led to widespread acaricide resistance
(organophosphates and synthetic pyrethroids). To counter resistance, a
determined effort has been made to utilize host resistance in sustainable
livestock production and integrated pest management (IPM). It has
been known for over a century that Bos indicus cattle breeds (Zebu,
Brahman, Nelore, Mdulla, Iruga Red) from tick infested habitats carry
fewer ticks than introduced Bos taurus beef and dairy breeds (Hereford,
Shorthorn, Simmental, Angus and Holstein-Friesian). In Africa, the
N’dama breed (indigenous Bos taurus) is also resistant to ticks.

Fig. 4.3.29. Annual cycle of tick activity

http://www.ancare.com.au/data/usr/fact_sheet_wintix_0809.pdf
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The economic gains from cross-breeding and introgression have been
realized for some time, with increases over 16 years, from 89.2% to 99%
resistance by early selection of resistant individuals and culling of heavily
infested animals. However, repeated culling of susceptible individuals
or those animals that suffer ‘diminishing’ resistance with age appears
necessary to maintain the resistance of herds over longer periods, as the
presence of even a few susceptible animals in a herd markedly increases
tick numbers. More specific markers to permit greater precision for
early genetic selection of tick resistance and replace laborious, repeated
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tick counts (with all the associated vagaries) will need to identify the
underlying mechanisms of resistance, just as mechanistic knowledge
is required to replace worm egg counts (WEC) for the selection of
nematode resistance.
Immunisation against tick fever is possible with the use of the attenuated
B. bovis vaccine or a trivalent vaccine in Bos taurus and cross-bred calves
less than nine months old, when these have an innate resistance to the
protozoan parasite and some colostral immunity. The bivalent B.bovis-A.
centrale attenuated vaccine is recommended for Bos indicus cattle (
A.centrale provides some cross-protection against A.marginale) (see
https://www.daff.qld.gov.au/__data/assets/pdf_file/0008/61388/TickFever-A2-Trivalent-Tick-Fever-Vaccine-Specifications.pdf ).

Disease complexes
Since H. longicornis can infest cattle concurrently with R. australis,
accurate identification is needed for strategic chemical treatment and for
movement controls.
Horses also suffer tick worry and loss of blood from cattle tick infestation
and may rub and bite the affected areas, causing severe skin lesions. Horses
develop a strong resistance to cattle tick after a period of infestation.

Haemaphysalis longicornis (bush tick, scrub
tick, New Zealand cattle tick)
Introduction
H. longicornis is widespread in eastern Asia (including Korea and Japan)
and Australasia. It was introduced into Australia from Japan in 1901
and then “exported” to New Zealand. It is found in coastal NSW,
eastern Victoria, especially in the Murray Valley and Queensland. This
tick has been in New Zealand since about 1900 where it is distributed
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throughout the North Island to the top of the South Island but in a
more restricted coastal distribution at the bottom of its range. It is
also now found around the Western Pacific rim and on some Pacific
Islands including Hawaii and Vanuatu. Throughout its distribution,
it is common on sheep, cattle, goats, dogs, horses, deer, and hares, but
other mammals, including man and many species of birds may also
be infested. H. longicornis does not transmit babesiosis to ruminants,
but potentially may transmit Theileria species in eastern Australia
and New Zealand. It is a competent vector for T. sergenti in Japan.
Internationally, genes coding for rickettsial agents including the spotted
fever group, Coxiella and Borrelia have been detected in H. longicornis,
but its vector competence for these agents is not clear.
It is a livestock pest in coastal regions, reaching high numbers in
favourable seasons. It causes losses in production. It mainly affects cattle,
deer, horses, donkeys and dogs, but also infests sheep, goats, pigs and
humans. In cattle, “tick worry” lowers production and tick bites damage
hides. In horses there is tick worry and skin irritation. In other animals
tick worry also occurs. For deer in New Zealand it is recognised as a
significant parasite causing death of fawns (see Section 4.8.4)

Summary of taxon/parasite
H. longicornis is a three-host ixodid tick. The female, prior to a blood
meal, is red-brown in colour and about 3x2 mm. When fully engorged
with blood, the female expands to about 9 mm long x 7 mm wide and
has a blue-black body with dark brown legs, the basis capituli is subrectangular and the second article of the palps extends laterally; eyes are
absent, the legs are dark, brown, coxa I has a pointed spur, festoons are
present and males lack ventral shields (Fig. 4.3.30). Males are rarely seen
as the female tick is parthenogenic.
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week they are larger and darker. When fully engorged with blood the larva
drops to the ground, finds a dark, moist hiding place, and enters a premoult
phase which can last up to 30 days depending again on temperature and
humidity. The eight-legged nymph is about 2 x1 mm when unfed, is darker
than the larva and increases by about three times in size with feeding for a
week. It detaches when fully engorged, and spends about 40 days sheltering
under vegetation before moulting into the third or adult stage. All unfed
stages of the tick may overwinter, but nymphs most commonly do this as
they seem most able to survive cold conditions and frosts.
The female tick finds a host, feeds for seven days or longer depending on
temperature, drops off after one to two weeks and may lay up to 2,000
eggs over a two to three week period before dying.
Fig. 4.3.30. Adult female H. longicornis (image courtesy of L. Knott)

Pathology

Features of life cycle

To feed, ticks insert their mouthparts through the skin of the host.
These punctures, and any associated tissue reaction, tend to reduce the
value of hides and skins. Severe infections cause anaemia.

This species has an annual life cycle. Adults engorge from October
through to February, leave the host and lay eggs. Eggs will develop and
larvae will engorge over late summer. Nymphs of H. longicornis are
first seen early in autumn but will generally overwinter and engorge
the following spring allowing adults to develop and engorge in spring
and summer. However, in warm, moist areas with mild winters at
least two generations occur each year, and larvae can be found in quite
large numbers in early spring as well as in summer and autumn. In
the north of the North Island of New Zealand there can be more than
one generation per year but the majority follow the pattern of one
generation per year.
Eggs are shiny brown and spherical, about 0.5 mm in diameter and are laid
in clusters in late spring and early summer. Eggs hatch in about 60-90 days,
depending on temperature and humidity. The six-legged larvae are
0.6 x 0.5 mm and are pale yellow to brown and climb up vegetation, where
they wait for a suitable host to pass nearby, attracted by a combination of
its body warmth and exhaled carbon dioxide. When fully fed over the next
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Clinical signs
Puncture wounds may become infected through rubbing and some
animals become listless and feverish. Blood loss from the host caused
by as few as 30 adult ticks can cause anaemia, which persists for around
five weeks while ticks persist. The same number of ticks will also retard
weight gain and reduce production, from effects of salivary components
and blood loss. Deaths of sheep, cattle, and deer with heavy tick
infestations have been reported.

Pathology
H. longicornis can be found anywhere on the host’s body, but are most
common on the ears, the escutcheon and udder and the axilla. Currently
this tick is implicated in the spread of Theileria orientalis in Australia and
New Zealand.
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Treatment and Control
H. longicornis are almost impossible to eradicate from a property because
they survive in pasture for many months. As well they can survive on
other hosts. Consequently, control using acaricidal treatments as well
reducing the risk of contact by pasture spelling are the only options
available.
Reducing the risk of infestation. Cattle, particularly susceptible
animals such as young calves or stock recently introduced from tickfree areas, should not be introduced to known “ticky country”. Fences
kept in good order to stop animals straying onto infested properties
and examination and treatment of stock introduced to properties are
important. In New Zealand where there is an annual cycle, control of
the feeding nymphs and adults in spring can reduce the challenge from
adults on young stock later that year.

4.2.7 Control strategies for cattle ectoparasites
For a comprehensive history and review of the development and use of
cattle ectoparasiticides in Australia, refer to Holdsworth (2005); http://
www.grazingbestprac.com.au/research/chemicals/Ectoparasiticide%252
0use%2520in%2520contemporary%2520Australian%2520livestock%
2520production.pdf.pdf

1. Restricting the ectoparasite numbers overall:
◊
Physical barriers- repellents (DEET), screens, nets and
Bob’s trap for buffalo flies;
◊

Sterile fly release (for screw worm fly- Chrysomya), fruit fly;

◊

Insect growth regulators (IGRs) to prevent development
(cockroaches, fleas and lice).

2. Reducing ectoparasite numbers in the environment (from eggs
or substrate):
◊
IGRs and Juvenile hormone (JH) mimics in feed or baits
(flies);
◊

Pasture spelling to allow death from heat or dessication,
especially in ticks;

◊

Alternative cropping- keeping hosts away (ticks);

◊

Removing carrion (strike flies) and dung (buffalo fly);

◊

Dung beetles to reduce breeding material for buffalo flies.

3. Animal control- reducing ectoparasites developing on animals
◊
Chemical treatment (insecticides and acaricides);
◊

Use of genetically-resistant hosts to reduce parasite
burdens (ticks);

◊

Vaccines such as Tickguard™ or Gavec™ against ticks.

Due to the development of insecticide and/or acaricide resistance,
ectoparasite control measures employ the principles of integrated
parasite (pest) management (IPM).
Since chemical control remains the central means of ectoparasite control
in IPM, these principles involve control measures for ectoparasites with
environmental stages and aim to minimise chemical use to slow the
development of resistance and prolong the effective therapeutic life of
ectoparasiticides. For those ectoparasites with life cycles with stages OFF
the host (ticks, flies and midges), the strategies embrace:
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Control for buffalo fly http://www.daff.qld.gov.au/4790_20070.
htm#Control
The current buffalo fly control strategies aim to:
•

reduce buffalo fly numbers to acceptable levels to prevent
production loss ;

•

provide for welfare considerations;

•

minimise chemical residue risks for consumption or trade;

•

reduce the reliance on chemicals by using non-chemical control
methods;

•

rationalise treatment costs and consider alternative treatments for
different herd groups.

Available options
Using non-chemical control wherever possible
Control fly without chemicals such as the Buffalo Fly Tunnel Trap, dung
beetles and tolerating some fly burdens will help to minimise resistance
problems and reduce possible residue risks.

Using Organophosphate (OP) sprays
OP chemicals can be utilised for opportunistic spray treatments when
cattle are in yards for other husbandry purposes. They may also be
required if there are excessive fly numbers on cattle prior to commencing
or following self-treatment control methods.
Coordinating with neighbours
Use the same chemicals and treat at the same time as your neighbours.
Chemical control methods
Chemical use should aim to limit the spread of resistance and control
its development. Correct application of registered products for the
control of buffalo fly is a critical component in the strategy to delay the
development of resistance.
If products are used according to manufacturers label directions, the
amount and concentration applied should be sufficient to control
susceptible populations of buffalo fly.

Control for cattle ticks:
Knowledge needed:

For where chemical control is necessary
Monitor fly numbers and delay treatment of beef cattle until fly worry
is obvious or when animals are carrying in excess of 200 flies per animal.
High producing dairy cattle may require treatment at lower levels of
infestation.

•

The life cycle of the parasite (one- or three-host ticks)

•

The known seasonal and climatic effects that affect population
fluctuations and parasite survival

•

An effective program requires a coordinated plan that will provide
maximum control with a minimum number of treatments.

Using self treatment methods
Use the effective chemicals in back-rubbers or insecticidal ear tags
during the peak buffalo fly season. Another option is the Buffalo Fly
Tunnel Trap.

The ultimate success of any treatment program will depend on:
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•

using a chemical that will kill ticks in a particular locality e.g. no
chemical resistance present;

•

the effectiveness of treatment facilities and equipment e.g. adequate
wetting, correct dosage.
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•

the correct management of facilities and equipment eg. calibration,
chemical concentration;

4.3.5 Other systems- musculoskeletal

•

all cattle being treated (including calves where recommended) and
introduced stock;

Cestodes: Taenia saginata

•

recommended treatment intervals being strictly adhered to;

•

property security – stock proof fencing to prevent incoming tickinfested stock.

Introduction

Ectoparasite Class

LC
Control on
Target host

Control
Env

Main taxa

Flies

H &E

IGRs, (hard)

Haematobia

Insecta

Lice

Insecta

H

Fleas

Insecta

H&E

Mites

Arachnida H

Ticks

Arachnida H&E
(Res)

Ear tags for
biting flies;

Stomoxys
Hypoderma
Screw-worm fly

Larvacides for
maggots;
Repellants
Many classes Clean fomites Bovicola bovis
of insecticides
Linognathus
vituli
Adulticides
IGRs; MLs
Not in cattle
from host
Many classes Clean fomites Demodex
of insecticides
Chorioptes
Many classes

Pasture
control

I. holocyclus
R. australis
H. longicornis

(Control of internal ruminant parasites Love and Hutchinson 2003 http://www.dpi.nsw.gov.au/__
data/assets/pdf_file/0003/34608/lh-pathol-int-para.pdf )
Treatments for cattle tick; https://www.daff.qld.gov.au/animal-industries/animal-health-anddiseases/protect-your-animals/external-parasites/cattle-tick
H, Host; E, Environment

Taenia saginata is a public health issue since humans are the final host, as
is the case for T. solium (pig tapeworm). T. saginata is rare in Australasia,
but is endemic in Southeast Asia, Africa, Europe, and Central and South
America. Areas with prevalences >10% are central Asia, the Middle
East, and central and eastern Africa. The annual economic loss in Africa
is around $US 1.8 billion from condemnation of infected carcasses and
the reduction in carcass value due to the poor quality of the meat.

Summary of taxon/parasite
Taenia saginata is a cestode parasite in the Order Cyclophyllidea, Family
Taeniidae. T. saginata was first distinguished from another human
tapeworm, T. solium, by Goeze in 1782. In 1863, Leuckart reported that
calves fed proglottids of T. saginata developed cysticerci (metacestodes)
in their muscles. Oliver first discovered that humans ingesting “bladder
worms,” developed adult T. saginata in the intestines.
A third taeniid species that infects humans is T. asiatica, (“Asian Taenia”
or “Asian tapeworm”) which parasitises humans and pigs. Discovered
in Taiwan and other East Asian countries, it was initially considered
as a strain of Taenia saginata, but is now considered a unique species.
Humans are the definitive host, but in contrast to T. saginata, both
cattle and pigs can serve as intermediate hosts.

Features of the life cycle
Cattle are the intermediate host and become infected by the ingestion
of human faeces containing the gravid eggs or mature proglottids of
the parasite that contaminate pastures and yards. Ingested eggs release
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the hexacanth embryos in the small intestine. Embryos penetrate the
gut wall, enter the circulation and encyst in muscular tissue as larval
metacestodes (cysticerci), particularly favouring heart and masticatory
muscles (with high blood supply). These become infective within 2-3
months. Most subsequently die after a few months but some will remain
viable for long periods. Humans eating raw or undercooked beef ingest
the viable metacestode, which becomes activated in the duodenum,
attaches to the wall of the small intestine by the scolex, and develops
into a mature tapeworm 5-10 m long, over 10-12 weeks. The scolex has
a pear-shaped and cup-like appearance reaching 1–2 mm in diameter.
Proglottids are about 16–20 mm long and 5–7 mm wide. A single
tapeworm can produce around 50,000 eggs per day and may live for 25
years. Eggs appear in human faeces 8–12 weeks after ingestion of the
metacestode.

Fig. 4.3.31. T. saginata cyst in a bovine heart. (Image from http://farm9.staticflickr.
com/8155/7534016346_c0b9132b5f_z.jpg )

Clinical signs

Pathology
Infection is asymptomatic in humans. In cattle, the viable metacestode
causes minimal lesions but as the cysticerci die they cause extensive
damage in the vicinity of cysts resulting in eosinophilic infiltration,
degenerative changes, haemorrhages, necrosis and exudation. The most
common sites for encystations are in muscles of the shoulder, masseter,
tongue and heart, while the pharynx, oesophagus and diaphragm are less
readily infected (Fig. 4.3.31).

Pronounced clinical signs are usually absent in both cattle and humans.
Heavy infections in humans may cause nausea, abdominal pain or
allergic reactions.

Diagnosis
In cattle, diagnosis is usually made at post-mortem of the heart or
masseter muscles during meat inspection (or worse, during serving or
eating of a beef roast)! Alternatively, an antigen detection ELISA has
been used to determine the prevalence and transmission of T. saginata
cysticercosis in herds of African cattle.
In humans, infection with an adult tapeworm can be diagnosed through
the identification of segments, eggs or the head of the parasite in
faeces or perianal swabs. Microscopic examination of the eggs cannot
differentiate between T. saginata, T. solium and T. asiatica.
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Epidemiology

Disease complexes

Due to the high fecundity and longevity of human infections and the
survival of eggs for many months in the environment, endemic areas
with poor treatment facilities for human faeces will rapidly become
heavily contaminated. Previously in Australia where human sewerage
was used for pasture irrigation, more than 50% of yearling cattle were
infected and 8% of animals contained viable metacestodes. Around a
third of older animals were infected, and still around 8% carried viable
metacestodes. In New Zealand, occasional cases occur where there is a
high prevalence in cattle from one property. These can be sometimes
traced back to foreign farm workers and/or unsatisfactory septic tank
systems. For the farm in question, the effects are dramatic as beef can
no longer be considered for export and no cattle can leave the property
unless for slaughter. The resulting financial penalties are high and
because the eggs can survive for many months they are also prolonged.

In endemic areas of Asia, infections of humans may consist of three
taeniid species, T. saginata, T. solium and T. asiatica. All three may be
treated with praziquantel and controlled by attention to sanitation and
treatment of human faeces.

4.3.6 Important cattle parasites
Class
Protozoa

Nematoda

Treatment and control
Meat inspection with examination of the heart and masseter muscles is
used routinely as the principal food safety procedure in non-endemic
areas. Sensitivity of finding cysticerci with visual inspection is very low.
In endemic regions, the public should be advised to:
•

avoid faecal contamination of soil, and human and animal food;

•

avoid the use of raw sewage for irrigation of pasture soil; and,

•

to cook beef (and pork) thoroughly.

In humans, avoiding raw meat and cooking meat to greater than 600 C
(1400 F) for 5 minutes will inactivate the cysticerci. Similarly, freezing
meats to -40 C for 1-5 days also kills tapeworm cysts.
For control and treatment of human infections, the drug of choice for
treatment is praziquantal, taken orally. Niclosamide may also be used.
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Trematoda
Cestoda
Insecta

Parasite
Eimeria bovis E. zuernii
Babesia bovis/; B.
bigemina
Theileria orientalis
Cryptosporidium
parvum
Neospora caninum
Ostertagia ostertagi
Trichostrongylus axei
Cooperia oncophora
Haemonchus placei
Fasciola hepatica
Taenia saginata
Haematobia (irritans)
exigua
Lice

Arthropoda Mites
Ticks;Rhipicephalus
australis

Site
Small intestine
Blood erythrocytes

Life-cycle
Direct
R. microplus is
final host
Unconfirmed
Direct

Importance
**
****

Small intestine
Abomasum
Abomasum
Small intestine
Abomasum
Small intestine,
liver
Muscle cysts
Skin

Direct
Direct
Direct
Direct
Direct
Snail IH

*/*
****
***
**
*
*** (man)

Skin

Entirely on
host
Entirely on
host
3-host tick

Blood erythrocytes
Small intestine

Skin
Skin

4.3.7 Parasiticides for cattle
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7.5

2

Dose
(mg/kg)

BS

4.5

Group

BZR

4.5

AB

BZR

10-12

0.2*

BZR

MLR

0.2*

BZR

MLR

0.5*

CA

MLR

0.2*

10

MLR

SA

15

0.2*

SA

8**

MLR

TIR

10

SA

TIR

++

++
++

++P

Fasciola hepatica
adults

++

++

Oesophagostomum
radiatum

+

++

++ P

++P

Cooperia spp.

++

++
++

++P

++ P

++P

Trichostrongylus axei

++

++P

++P

++ P

++P

++

++

++

++P

++P

++ P

++P

++

++

++

++P

++P

++ P

++

++P

++P

++

++P

++

++

++

++

++

++
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Haemonchus placei

++

Fasciola hepatica
immatures

++

Rumen fluke adults
++

Rumen fluke
immatures

2. Treated with metronidazole
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++

++
++

++P

++P

++P

++P

++P

++

++
++

+P

++P

++P

++P

++P

++

++

Ostertagia
ostertagi early L4

++ = controls ... ; + = aids in the control of ...
* = for ML pour-on = 0.5 mg/kg, injectable = 0.2 mg/kg except Cydectin LA
injectable (1 mg/kg)
** = for levamisole oral = 8 mg/kg, pour-on = 10mg/kg
P = MLs have persistent activity against a range of cattle internal parasites (check
product labels for specific details)
R = resistance reported in Australia in Cooperia spp (ML), Ostertagia (BZ, ML, TI),
Haemonchus (ML), Trichostrongylus (BZ) and Fasciola (triclabendazole)
off-label recommendation ONLY FROM A VETERINARIAN
1. Treated with coccidiostats/odes

Bovine internal parasites

Compound

oxytetracycline
clorsulon
albendazole

fenbendazole
oxfendazole
triclabendazole
imidocarb
abamectin
doramectin
eprinomectin
ivermectin
moxidectin
niclosamide
nitroxynil
oxyclozanide
levamisole
morantel

Ostertagia
ostertagi adults

KEY

++

++

++

++P

++P

++P

++P

++P

++

++

Dictyocaulus viviparus
Onchocerca spp.
Eimeria spp. 1

++

Babesia spp.
Anaplasma spp.

+

Theileria spp.
Tritrichomonas foetus 2
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OP

ear tag

ML

ML
ML

ML
ML
ML
OP

diazinon
fenthion
lethion
temephos
tetrachlorvinphos

OP

OP
OP

spray or
rubber
spot on
dip or spray
pour on
ear tag

betacyfluthrin

SP

ear tag

cypermethrin

SP

dip or spray

deltamethrin
fenvalerate

SP

pour on

SP

flumethrin

SP

spray
dip, spray or
pour on
ear tag
pour on

OP

OP

zetacypermethrin SP
zetacypermethrin SP

+
+
+

+
+P
+P
++R

+
+
+
+
+
+

++

++
++

++
++
++
+

+
+P
++

++

P

++

++
++

++
++
++
++

++
++P
++
++

++ P

Cattle mites

diazinon

ML

+
+

++

Stomoxys calcitrans

ear tag

ML

++ R

++

Haematobia
(irritans) exigua
Hypoderma spp.

OP

FO
ML

++ P
++

Sucking lice

coumaphos

BU

Bovicola bovis

OP

Formulation
pour on
pour on
spray or dip
injectable
pour on
injectable
pour on
pour on
injectable
pour on
injectable
pour on
spray
ear tag

BU

Other cattle ticks

Group

Rhipicephalus
australis immatures

Compound
diflubenzuron
fluazuron
amitraz
abamectin
abamectin
doramectin
doramectin
eprinomectin
ivermectin
ivermectin
moxidectin
moxidectin
chlorfenvinphos
chlorpyrifos

Rhipicephalus
australis adults

Bovine external parasites

++
++
++
+
++

++
++

++ P
++
++ R
++
PR

++
PR

++ ++ ++ R
++ P ++ P
++ R
++ ++
++ P
++P

++ R ++

R

++
RR

++

++

++
PR

++

++ R
++ R ++

++

+

++

++

++ P
++

++

KEY
++ = controls ; + = aids in the control of
P = persistent activity against these parasites from these products (check product labels
for specific details)
R = resistance reported in Australia at time of writing in Boophilus australis (FO, OP, SP)
and Haematobia (irritans) exigua (OP, SP)
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4.4 Pigs
4.4.1. Gastrointestinal tract
4.4.1.1. Major species of nematodes

Ascaris suum (large roundworm of pigs)
Introduction
Ascaris suum has a worldwide distribution and resides in the lumen of
the porcine small intestine. It does not infect humans.

Summary of taxon/parasite
A. suum is a nematode parasite of the Superfamily Ascaridoidea. It lives
in the small intestinal lumen where the white adult female worms may
reach 40 cm in length while males attain around 25 cm. The worms are
quite distinctive as large pale roundworms..

Features of life cycle
Like all ascarids, the life cycle is direct with ingestion of the egg
containing the L3 stage of the parasite from contaminated earth or
water. After excretion of the thick-shelled, ovoid egg in faeces, the
pre-parasitic moults to L1, L2 and L3 infective stages take around
three weeks before the egg is “infective”. Eggs are very resistant to
temperature and dessication and may remain infective for several years.
The parasitic life-cycle is similar to other roundworms. After ingestion
of the L3 stage, hatching occurs in the small intestine; the L3 penetrates
the intestinal mucosa to reach the bloodstream or lymphatics and
migrates through the liver and lungs to be coughed up and swallowed
and ultimately develop in the lumen of the intestine. The prepatent
period ranges from 6-9 weeks and females may produce up to 200,000
eggs per day.
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Ascarid eggs may also be ingested by earthworm or beetles and may
develop to L3 in the tissues and remain dormant and infective for
months. Normal development of A. suum resumes if the paratenic hosts
are eaten by pigs.

Pathology
Migrating larvae may cause mucosal haemorrhages in the intestine
and lung and “white spot” during liver migration. Adult worms cause
little damage, but in large numbers, may cause intestinal obstruction,
liver damage, reduced liveweight gain and feed conversion efficiency.
Histopathology of affected lungs and liver (Fig. 4.4.1) may reveal
inflammatory foci around sections of larvae, comprised principally of
eosinophils.

Fig. 4.4.1. Top: Adult A. suum in the lumen of the small intestine of piglets from an
eco-shelter. Bottom: Typical “white spot” lesions in the liver caused by migration of
immature A.s uum. (images courtesy of Patricia Holyoake)

Clinical signs
The main clinical signs are coughing and possible secondary pulmonary
infection from larval migration and reduced productivity.
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Diagnosis
Diagnosis is based on clinical signs, a history consistent with access to
infection, and after the prepatent period, the presence of yellow-brown,
thick-walled, ovoid eggs in faeces. At necropsy, large numbers of adult
worms may be found in the intestine and small, white fibrotic lesions
may be apparent on and in, the liver (Fig. 4.4.1).
More recently, the draft genome of A. suum has been reported
(www.nematodes.org/nematodegenomes/index.php/Ascaris_suum )
and this may lead to molecular diagnostics in the future.
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As occurs with many ascarids, most animals develop a degree of immunity
to migrating stages of A. suum, so infections are greatest in younger pigs.

Disease complexes
A. suum may precipitate secondary lung infection and in the intestine,
may be present with other gastrointestinal nematodes, including
Oesophagostomum spp.

Oesophagostomum species (nodule worms)
Introduction

Epidemiology
Infections may occur through ingestion from the sow’s udder, of
attached, embryonated eggs by suckling piglets, so that maximum
infection rates are usually seen in pigs aged 3-6 months. Infection may
also occur from contaminated soil in outdoor operations. In cooler
climates, a seasonal increase in infection rates may occur during the
warmer summer months, but this is less apparent in Australasia.

Treatment and control
The intestinal stages are susceptible to the normal range of current
anthelmintics (benzimidazole and macrocyclic lactones). Prevention
involves drenching sows prior to entry into farrowing pens and
treatment of imported pigs. It is often easiest to inject incoming
sows with ivermectin/doramectin as many outdoor pigs also have
ectoparasites such as mange or lice so the treatment has a dual effect.
In addition, fenbendazole has been used off-label to treat roundworm
as it has been reported to kill all parasitic stages in the pig, including
migrating stages. To generate the greatest efficiacy, fenbendazole is best
given over 3-5 days.
However, control of infections in free-range operations and many
ecoshelters is more problematic due to the longevity of infective eggs
and paddock rotation/spelling may be necessary.
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A total of six species of Oesophagostomum have been recovered from the
large intestine of pigs.

Summary of taxon/parasite
Oesophagostomum is a nematode parasite genus in the Superfamily
Strongyloidea with a worldwide distribution. O. dentatum is the most
prevalent in Australia. These are 8-14 mm, white/grey worms located in
the large intestine.

Features of life cycle
Like all strongyles, the life cycle is direct with ingestion of the L3
infective stage of the parasite from contaminated pasture. The parasitic
L3 penetrate the mucosa of the small or large intestine within a few
hours and develop over the next 6-20 days before emerging into the
lumen. The prepatent period is 18–35 days.

Pathology
Infections do not normally cause overt disease, but ill-thrift and
occasional diarrhoea may be seen, especially in older animals (sows)
with burdens of more than 3,000 worms. Gross pathology includes
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small nodules on the intestinal serosa and thickening and necrosis of the
intestinal wall in severe cases.

Clinical signs
Unlike A. suum where animals develop immunity, Oesophagostomum
worm burdens tend to increase with age resulting in a higher prevalence
in boars and sows. Heavy infections may decrease lactation by sows and
the growth rates of their progeny. Diarrhoea is an inconsistent feature.

Diagnosis
Typical strongyle eggs can be detected in faeces from patent infections
and confirmed by larval culture (or PCR in the near future). At
necropsy, adult worms may be found in the large intestine.

Epidemiology
Infections may occur through ingestion from infected pasture
with typical seasonal L3 availability in outdoor piggeries. In colder
climates, there is some evidence of L4 hypobiosis occurring in sows,
with resumption of development around farrowing. Therefore a
periparturient rise in egg output is commonly seen, but without any
associated clinical symptoms of disease.

Treatment and control
The intestinal stages are susceptible to the benzimidazoles, levamisole
and macrocyclic lactones. Since treatments may not remove parasites
in nodules, repeated treatment two weeks later may be indicated. The
principles of integrated parasite control to reduce levels of infective
L3 on pasture and restrict access to infective areas are relevant control
measures for Oesophagostomum spp.
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Disease complexes
Oesophagostomum spp. may be present with other intestinal parasites
(Trichuris suis).

Trichuris suis (pig whipworm)
Introduction
T. suis infects mainly pigs. Due to its capacity to initiate limited
infections in humans, it has been trialled as a “therapy” to alleviate
colonic immune dysfunction in patients with inflammatory bowel
disease (IBD) and Crohn’s disease.

Summary of taxon/parasite
Trichuris suis is a nematode parasite in the Superfamily Trichinelloidea.
They have a worldwide distribution but are more common in tropical
regions. The typical whipworm appearance includes a thin anterior
segment and the thickened posterior region containing the reproductive
organs. Worms are typically 30-50 mm long.

Features of life cycle
The life cycle of T. suis is direct. Typical whipworm eggs with bipolar
plugs are passed in faeces but are not immediately infectious. Within 3-6
weeks, infective L1s develop within the egg, depending on temperature.
Like T. vulpis, this stage is highly resistant to disinfection and dessication
and can remain infective for years in the environment, complicating
control measures. Following ingestion, the bipolar plugs are disrupted in
the small intestine and the L1 penetrate the mucosa of the distal ileum,
caecum and proximal colon. Development to the adult occurs in the
mucosa over the next five weeks. Subsequently, the posterior portion of
the adult worm is extruded through the mucosa into the lumen while
the thin anterior two-thirds remains embedded in the mucosal layers.
The prepatent period is 6-8 weeks and infections usually last for 4-5 months.
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Pathology

Epidemiology

Heavy infections may cause a haemorrhagic enteritis associated with the
formation of intestinal nodules with the developing larval stages and the
later protrusion of adult segments into the lumen (Fig. 4.4.2). However,
most infections do not normally cause overt disease, but ill-thrift and
occasional diarrhoea may be seen.

Immunity develops with age, so that the heaviest infections are seen in
young pigs. The longevity of eggs poses the greatest obstacle to control
of contaminated areas, especially paddocks and may require removal of
animals to another location.

Treatment and control
The adult stages are susceptible to the benzimidazoles, levamisole and
macrocyclic lactones. Since benzimidazoles or levamisole treatments
may not remove immature parasites in the mucosa, repeated treatment
two weeks later may be indicated or fenbendazole may be given daily for
five days. Alternatively, macrocyclic lactones are used against both adult
and larval stages.

Disease complexes
Fig. 4.4.2. Porcine whipworm (Trichuris suis) in the large intestine of a pig. Due to
their location and limited development in humans, porcine whipworms have been
trialled as a strategy to ameliorate symptoms of inflammatory bowel disease (IBD).

Clinical signs
Diarrhoea is an inconsistent feature of whipworm infection and anaemia
may be present if worm burdens are heavy.

Diagnosis
Egg production is inconsistent and does not give a reliable indication of
worm burden. Typical whipworm eggs can be detected in faeces from
patent infections and confirmed by larval culture (or PCR in the near
future). At necropsy, the posterior segments of white adult worms may
be found in the distal ileum, caecum and large intestine.
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Trichuris suis may facilitate entry of other pathogens (esp. spirochaetes)
into the intestinal mucosa.

Immunotherapy with T. suis
Since T. suis can produce limited infections in the distal ileum, caecum
and colon of humans, several studies have indicated that the oral dosing
of T. suis eggs can produce significant improvements in the clinical
symptoms of Crohn’s disease. On the premise that the pathogenesis of
Crohn’s disease occurs from an exacerbated Th1 response, and parasites
induce Th2 responses, patients that were given T. suis eggs for 24 weeks
had a response rate of nearly 80% (reduced symptoms) and a remission
rate of nearly 73% (http://www.ncbi.nlm.nih.gov/pmc/articles/
PMC1774382/ ). Similar trials have been conducted with schistosome
worms and products. Trials are ongoing and are not without some
side-effects (http://www.plosone.org/article/info:doi/10.1371/journal.
pone.0022346; and references).

- 771 -

Section 1: SMALL RUMINANTS ENDO-ECTOPARASITES

Trichinella spiralis (muscle worm) - an exotic
zoonosis
Introduction
Trichinella spiralis has a worldwide distribution except for Australasia,
UK and Denmark. It is included for awareness as an important exotic
and zoonotic parasite.

Summary of taxon/parasite
T. spiralis is a nematode parasite in the Superfamily Trichinelloidea.
The adult parasites are small (1.5-4 mm) and located between the small
intestinal villi. Since adults are short-lived, they are rarely found.
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Histologically, infected muscle tissue may exhibit various degrees of
larval infection surrounded by reactive zones, muscle degeneration and
fibrosis. This does not appear to reduce larval infectivity or viability.

Diagnosis
Muscle pathology from larval infection may be discovered at
postmortem or during meat inspection and can be diagnosed
microscopically from “compression smears” of suspect muscle onto
glass microscope slides (trichinosopy) or pepsin/HCl digestion (squash
preparations) of portions of diaphragmatic muscle. For screening in
endemic areas or abattoirs, serum antibodies can be detected in an
ELISA.

Epidemiology

Features of life cycle
The life cycle is indirect. Both adult and encysted larval parasites can
be present in an individual animal. After mating in the lumen, fecund
female worms penetrate the intestinal mucosa and produce L1s which
migrate through lymphatics and bloodstream to striated muscle,
especially thoracic, diaphragmatic and masseter muscles. Here L1s
coil inside the muscle “nurse cell” over the next 3-4 weeks and remain
infective for several years. Following ingestion of their “intermediate
host” by a predator or scavenger, L1s are released in the stomach and
the small intestine, and resume development through to patent adult
parasites over the next week. Adults survive up to a month.

Pathology and clinical signs

Transmission of the disease is influenced by the broad host range of
the parasite and the mode of infection through predation or ingestion
of carrion. Thus infection is usually restricted to wild animals with
accidental infection of humans and possible infection of aquatic animals
from ingestion of water-borne carrion or faeces. Zoonotic infections in
humans have been controlled substantially by banning the feeding of
uncooked offal (including pig waste) to pigs as has been recommended
for control of hydatids (Echinococcus) transmission through dogs.

Treatment and control
The adult and muscle stages of T. spiralis are susceptible to benzimidazoles
such as flubendazole given to pigs in feed.

Symptoms are dose-related and heavy infections may cause catarrhal
enteritis and diarrhoea as fertile female worms enter the intestinal wall.
Around 1-2 weeks later, myositis, eosinophilia and fever may occur
as L1s infect muscle tissue (Fig. 4.4.3). Normal and aberrant larval
migration may cause myocarditis and oedema. Death may occur in
untreated animals due to paralysis of respiratory muscles.
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Fig. 4.4.3. T. spiralis L1s in muscle (Image courtesy of C. Constantinoiu)

Isospora suis
Introduction
Some 10 species of coccidia ( one Isospora and nine Eimeria spp.) have
been described from the porcine gastrointestinal tract but only Isospora
suis is considered to cause neonatal piglet diarrhoea. Isospora suis is the
most important parasite in Australasia, causing severe enteritis in 1-3
week-old piglets.

Summary of taxon/parasite
Isospora suis is a protozoan parasite in the Family Eimeriidae, which are
intracellular parasites that undergo development inside the host animal
as well as in the external environment. The exogenous stages (oocysts)
are spheroidal, measuring around 20.5 x 18.0 µm in diameter, and
have a smooth single-layer capsule. Each oocyst contains two ellipsoidal
sporocysts, each with four spindle-shaped sporozoites.

Features of life cycle
The source of infection for suckling piglets is most likely from ingestion
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of oocysts from faeces of infected sows and from the farrowing
environment (Fig. 4.4.4). Typically, oocysts will develop sporocysts
within 1-3 days at 20˚C or 12-16 h with internal heating (30°C)
supplied for piglets raised indoors. After ingestion, excystation
occurs where the oocyst releases the four sporozoites contained in
each sporocyst in the intestinal lumen and sporozoites are activated,
possibly by bile and endogenous digestive enzymes. Each sporozoite
can penetrate the villous epithelial cells, which commences the
endogenous phase of parasite multiplication. Intracellular, first-stage
meronts normally appear within 1-3 days in ileal epithelial cells but
in severe cases, the caecal and colonic epithelium are also involved.
Second generation merozoites are observed at four days and sexually
differentiated gamonts are present by five days post-ingestion. The
prepatent period is 4-7 days and the infection remains patent for
another 3-14 days. The rapid multiplication of this stage of the
parasite life cycle and release of merozoites results in the destruction
of large numbers of intestinal cells. Microgrametes (male) fertilize
macrogametocytes (female) to produce an oocyst, which detaches from
the intestinal cells and are excreted in the faeces.

Pathology
Lesions in the distal jejunum and ileum are caused by development of
the parasite, the maturation and release of merozoites. Affected areas are
reddened and inflamed with microscopic evidence of villous atrophy
and fusion, necrotic enteritis, crypt hyperplasia and the presence of
developmental stages of I. suis in the intestinal epithelium. Following
the cessation of diarrhoea, the epithelium regenerates rapidly with
development of strong immunity against re-infection.

Clinical signs
Infections can occur in all farrowing facilities and situations. Morbidity
is usually high within litters, but mortality is low. Scours tend to develop
in piglets from six days of age and last for 5-6 days. Scours range from
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creamy white to watery diarrhoea but blood is usually absent. Affected
piglets may continue to suckle but appear stunted and “hairy”. Weight
gain can be reduced up to 15% at weaning which can seriously affect
turnout of grower pigs.

Epidemiology

Diagnosis

Treatment and control

Diagnosis of Isospora infection is difficult due to the impact of other
management, pathogens and dietary factors during this postnatal period.
Oocysts are not detectable in faeces during the acute phase of coccidiosis
with the initial appearance of diarrhoea (release of merozoites). At this
stage, the endogenous stages of the parasite in the intestinal epithelium
may be found in smears of the small intestine or histopathological
findings. To confirm a diagnosis, the following may also be considered:
• to enhance chances of finding oocysts, faecal samples should be
taken at 2-3 weeks of age from around 3-5 piglets per litter from
several litters and concentrated using flotation on saturated salt
with added glucose;
•

examine the faeces for fat as evidence of infection;

•

use response to toltrazuril given for three days as a method of
diagnosis by response to treatment.

Infections may occur through ingestion from infected flooring (damp,
pitted concrete or wood where oocysts survive) and pasture (outdoor
sows).

Eradication of coccidia is impossible. Sporulated oocysts are resistant
to most disinfectants, but a range of strategies can be employed to
reduce levels of infection and transmission by combining management
strategies, farm hygiene measures and chemotherapy. Faecal cross
contamination between litters must be prevented, especially on solid
floors compared to slats, and pens should be cleaned thoroughly
between litters and kept dry before new litters are born.
In piggeries affected by coccidiosis, a single oral “metaphylactic”
treatment with 20 mg toltrazuril per kg live weight given to piglets at
the age of 3-5 days has been efficacious in the field. Note a withholding
period of 70 days and an export slaughter interval of 100 days.
Toltrazuril kills the intracellular stages of the parasite but may reduce
the levels of immunity to oral attenuated Lawsonia intracellularis
(proliferative enteritis) vaccine given around the same period.

Disease complexes
Isospora may exacerbate infections with other intestinal parasites
(Trichuris suis) or microbial pathogens.

Other gastrointestinal parasites in pigs
Several other parasite species are of minor significance in pigs.
Four species of worms may be found in the stomach:
Fig. 4.4.4. Isospora oocysts (Bayer Animal Health; http://www.animalhealth.bayer.com/4995.0.html )
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•

Hyostrongylus rubidus (red stomach worm; Superfamily
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Trichostrongyloidea) occur worldwide and have similar life cycle
and pathogenesis to Ostertagia species in ruminants. Infective
L3s are ingested from contaminated pig pastures, penetrate the
gastric glands before emerging. Catarrhal gastritis is caused by
heavy infections and hypobiosis can occur. The prepatent period is
around three weeks and typical strongyle eggs are found in faeces.
At necropsy, red worms, 5-10 mm may be found in the surface
exudate in the stomach. Treatment usually requires two drenches
with either newer benzimidazoles or macrocyclic lactones to remove
residual infections and hypobiotic stages. IPM comprises the same
principles used to control ruminant nematode infections.
•

Ollulanus tricuspis (Superfamily Trichostrongyloidea) are small
worms (< 1 mm) also found in domestic and wild cats and canids.
Worms are viviparous and auto-infection can occur from ingestion
of L3s in vomitus followed by development on the gastric mucosa.
The parasite can cause catarrhal gastritis in pigs and while treatment
with benzimidazoles should be effective, control can be achieved by
good hygiene and preventing contact with cats.

•

Ascarops strongylina and Physocephalus sexalatus (Superfamily
Spiruroidea) occur worldwide. The adult worms are 15-22 mm
long and reside on the stomach lining under the mucus layer. The
nematodes can cause catarrhal gastritis in heavy infections.

•

Trichostrongylus axei may also infect the porcine stomach (see
chapter 4.3)

•

Fasciola hepatica may parasitise the liver of feral pigs (see chapter
4.3). The life cycle involves lymnaeid snails as intermediate hosts.

•

In Asia, Fasciolopsis buski is an important zoonosis between pig and
man. The parasite has a similar life cycle to F. hepatica, involving
planorbid snails as intermediate hosts. Juveniles excyst in the small
intestine and are attached to the small intestinal wall where they
may cause mucosal ulceration, diarrhoea and ascites in severe
infections.
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In the small intestine, the pig hookworm Globocephalus urosubulatus
(Superfamily Strongyloidea) may induce anaemia in heavy infections.
The adult parasites are thick white worms, <1 mm in length and the
life cycle is similar to Ancylostoma spp. The human hookworm, Necator
americanus may also infect pigs.

4.4.2. Cardiorespiratory tract
Introduction
Metastrongylus spp. occur in Australia but are of minor importance.
In Australasia, there are no major parasites of the porcine circulatory
or respiratory tracts in feral or commercial pig populations. However
another parasite important in the immediate regions of South-East Asia
is Schistosoma japonicum (zoonotic).
•

Schistosoma japonicum is a blood fluke (trematode) from the
family Schistosomatidae and is not present in Australasia. It is
principally a parasite of cattle in South East Asia, with an indirect
life cycle involving oncomelanid snails. However, infections also
occur in pigs and man. Cercariae penetrate through the skin
causing dermatitis, migrate through the lungs into the circulation
and reside in the portal veins. Most damage is caused by the
host inflammatory response to the migration of eggs from the
mesenteric veins into the intestinal lumen via small blood vessels
in the intestinal epithelium. This occurs around 7-8 weeks after
infection and is accompanied by acute inflammatory signs,
diarrhoea, abdominal pain and anorexia.

•

Metastrongylus spp. are thin white nematodes of the Superfamily
Metastrongyloidea found in the lumen of bronchioles. The adults
reach 6 cm in length and can cause catarrhal bronchitis, coughing
and secondary bacterial infection in severe infections in young
pigs, usually around 6-8 months of age. The life cycle involves
earthworms as intermediate hosts and M. salmi, M. pudendotectus
and M.apri have been found in wild pigs in Australia.
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4.4.3. Skin
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Sarcoptes scabiei var suis (mange mite)

and excretions develops, causing intense itching (pruritis) which results
on skin excoriations, erythema, papules and depilation (Fig. 4.4.5). The
ongoing reactions are characterised by exudation, causing crusty lesions
with secondary skin infections. As the hypersensitivity subsides, the area
presents as thickened, rough, dry skin comprising large folds covered
with greyish crusts and brown scabs.

Introduction

Clinical signs

4.4.3.1. Major species of parasites

Sarcoptes scabei can parasitise the skin all domestic mammals, including
humans.

Summary of taxon/parasite

Clinical signs may appear within three weeks of birth. The main features
are pruritis and skin lesions accompanying the feeding and burrowing
of the larval and adult stages. In acute stages of the infestation, appetite
may be suppressed and weight gain decreased.

S. scabiei is an ectoparasitic burrowing mite parasite in the Order
Acarina, Family Sarcoptidae. The parasite is round, flattened
dorsoventrally and adult females measure around 0.3-0.6 mm x 0.3-0.4
mm (males are slightly smaller). The dorsal surface exhibits transverse
ridges and the posterior setae resemble spines.

Features of life cycle
Like all lice and mites, the life cycle is completed entirely on the host
and infestations are spread by direct contact or contact with fomites.
The entire life cycle is completed in 2-3 weeks. After mating, fecund
females tunnel into the dermis and may enlarge their tunnels daily by
3-5 mm. Between one and three eggs are laid per day. Eggs hatch in 3-5
days and 6-legged larvae migrate to the skin surface to feed and develop
to 8-legged adults over the next 10-18 days before mating on the skin
surface.

Pathology
The lesions usually start as the appearance of papules on the head and
ears, after contact during postnatal suckling. These then spread over the
body, tail, and legs. A hypersensitivity reaction to the mite secretions
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Epidemiology
Mange mites are typically introduced to a herd after the purchase of
infested breeding stock, and spread after direct contact is rapid. This
presumably occurs with larval mites on the skin and readily occurs
between infested sows and their offspring as well as between co-housed,
mature pigs. Survival of mite eggs off the host is limited, but infestations
can be transmitted to fresh pigs by exposure within 24 h, to pens that
had been vacated by previously infested pigs. Mites exposed to differing
temperatures had died by 96 h at < 20°C, 24 hr at 25-30°C or 1 h at
>30°C.

Treatment and control

Fig. 4.4.5. Top: Porcine mange at saleyards. Bottom: Severe sarcoptic mange in the
ear of a pig. (Images courtesy of P. Holyoake)

Diagnosis
Diagnosis is based on the clinical signs of erythematous papules on the
ears and snout, accompanied by intense scratching and rapid spread
to the rest of the body. The infestation is highly contagious, so many
animals become rapidly affected. Diagnosis is best made by collecting
scabs from the inside of pigs’ ears and examining them under high
power magnification. Examination is facilitated by macerating the scabs
in a solution of 10% potassium hydroxide prior to examination.
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Treatment programs have been developed for elimination of mange on
commercial farms. Since use of organophosphates has been restricted,
premix feed-grade products containing ivermectin (100 µg/kg) are
commercially available and are effective with a 7-day treatment. Mange
can be eradicated by treating all pigs on infested farms. Treatment
should focus on breeding animals as they are the source of most
infestations. Treating S. scabiei-infested sows with doramectin injectable
solution (300 μg/kg SC), 7-14 days before farrowing eliminated mite
infestation and prevented the transmission of S. scabiei to piglets (Firkins
et al., 2001; Vet Parasitol., 99: 323) for up to six weeks. Given the
transfer of infestation by contact, treatment of piglets with the infested
sow is advisable. Treatment of purchased or imported pigs before release
into the premises is a recommended quarantine measure.

Disease complexes
Other mange mites on feral pests and wildlife (e.g. S.vulpis, S. wombati)
can also infest pigs, particularly in free range operations where pigs have
contact with wildlife.
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Haematopinus suis: swine/hog louse
Introduction
H.suis has a worldwide distribution and is the only louse found on pigs.
It is a sucking louse feeding on blood with a long narrow head, long
mouthparts and large claws on each of the six legs. The body is greyishbrown with black edges, around 5-6 mm long and readily visible.

Summary of taxon/parasite
H. suis is an ectoparasitic burrowing louse parasite in the Class Insecta,
Family Haematopinidae.

Features of life cycle
Like all lice and mites, the life cycle is completed entirely on the host
and infections are spread by direct contact or contact with fomites.
Adult lice cannot survive off the host for more than 3-4 days. The
female louse lays around 1-5 eggs per day onto hair shafts for around
30-40 days. Eggs hatch around two weeks later and adults develop from
nymphs within 16 days. The entire life cycle is completed in 3-4 weeks
and in housed operations, many generations can be completed annually.
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result in anaemia. The skin of infested areas often becomes thick and
tender and may crack.

Diagnosis
Since H. suis is visible and the only louse found on pigs, infestation
is readily diagnosed by finding the parasite on affected animals (Fig.
4.4.6).

Epidemiology
Swine lice are typically introduced to a herd after the purchase of
infested breeding stock, Survival of lice off the host is limited to 3-4
days, so transfer is most likely between the sow and suckling piglets,
co-housed adults and early transfer of clean pigs in to an infected
environment.

Treatment and control
Treatment programs have been developed for elimination of H. suis
on commercial farms. Treatment of sows with parenteral ivermectin
before farrowing and purchased or imported pigs before release into the
premises is a recommended quarantine measure. In endemic areas such
as outdoor operations, boars may need to be treated every six months.

Pathology
The lesions present as red spots from puncture wounds during feeding
and usually appear on the neck, head, face and flanks. Histologically,
inflammatory infiltrates containing polymorphonuclear leucocytes and
eosinophils occur in the dermis surrounding bite wounds.

Clinical signs
Louse infestation causes discomfort and annoyance with increasing
infestation as animals rub and scratch. Severely affected pigs exhibit
poor feed efficiency and slow weight gain and heavy infestations may
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4.4.5. Other- musculoskeletal system
4.4.5.1. Major species of parasites

Taenia solium (syn. Cysticercus cellulosae; pig
tapeworm)
Introduction
The final hosts of Taenia solium is man, with pigs and occasionally
humans as intermediate hosts. The parasite is rarely encountered in
developed countries, but occurs in Central and South America, Asia,
India and Africa. Seroprevalence studies using antibody tests (below)
indicate high rates of parasite exposure in Vietnam, China, Korea and
Bali (Indonesia) with rates ranging from 0.02 to 12.6%. Examinations
of stools found between 0.1 and 6% with eggs in communities in
India, Vietnam, China, and Bali. A prevalence of around 50% has been
reported from pig rearing farming areas of Nepal. This prevalence results
from a combination of poor sanitation, unhealthy pig rearing practices,
low hygienic standards and consumption of raw pork.
Fig. 4.4.6. Top: Adult Haematopinus suis. Bottom: lice on the skin of an adult pig

Summary of taxon/parasite

Disease complexes

T. solium is a zoonotic cestode parasite of the Family Taeniidae. While
humans are the final host, ingestion of infective stages for intermediate
host (oncospheres) can result in neurocystercercosis in man.

H. suis may also mechanically transmit swinepox virus if infestation is
transferred between in-contact animals

Features of life cycle

(Images courtesy of P. Holyoake)

4.4.4 Nervous system
There are no major parasites of the porcine nervous system in
Australasia.
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T. solium has a typical cestode life cycle. Gravid segments, each
containing around 35,000 eggs are passed in human faeces. After
ingestion by a pig, oncospheres migrates through the bloodstream and
encyst principally in striated muscle, but may also encyst in organs
such as lung, liver and kidney. Cysts are 1-2 mm, white and become
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ensheathed in fibrous connective tissue. Under normal conditions,
humans become infected by eating raw or undercooked pork and the
cyst develops into an adult tapeworm in the small intestine with a
prepatent period of 3-6 months. However, humans may also ingest eggs
containing oncospheres from vegetables contaminated with human
faeces or unwashed hands; this may lead to neurocystircercosis (brain
cysts) or other organ-specific signs as the oncosphere migrates to encyst.

and human neurologic patients. Alternatively, detection of circulating
parasite antigen reflects the presence of live parasites and establishes
the presence of ongoing viable infection. In addition, capture enzymelinked immunosorbent assays (ELISA) have been used to detect taeniid
carbohydrate excretory/surface antigens in the faeces of human carriers,
while DNA hybridization techniques can also be used to detect Taenia
eggs in human faeces.

Pathology

Epidemiology

The cysts are quite visible amongst muscle fibres in pigs where they
remain viable for several months.

In pigs, infection with T. solium occurs most frequently in developing
countries from a combination of poor sanitation, and unhealthy pig
rearing practices where pigs have access to food or water contaminated
with human excreta.

Clinical signs
Infected pigs rarely exhibit clinical signs and cysts are found after
necropsy. However, humans infected with oncospheres may exhibit
clinical signs of muscle, organ-specific or neurological signs (including
epilepsy) depending on the number and location of cysts.

Diagnosis
Diagnosis in pigs is usually achieved by meat inspection of the masseter
muscle, tongue and heart (which will also reveal Trichinella) and this
is relatively insensitive. Adult cestode infection in humans is usually
asymptomatic and is diagnosed by faecal examination. The most
common serious manifestations of T. solium cysticercosis in humans are
neurologic, caused when the migrating immature parasites invade the
central nervous system. Diagnosis in humans is usually based on clinical
symptoms, confirmed by tests such as ultrasound.
Only tests detecting antibodies specific for T. solium antigens are reliable
for clinical diagnosis and epidemiologic studies. The current assay of
choice is the electroimmunotransfer blot (ETIB) using partially purified
glycoprotein antigenic extracts from cysticerci. The ETIB is 100%
sensitive and 94-100% specific for diagnosing T. solium infection in pigs
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Treatment and control
No drugs are effective to kill the encysted stages in the pig. However,
praziquantel and albendazole may be tried for humans for efficacy prior
to surgery.
For control of infection and breaking transmission, effective meat
inspection is needed, together with effective disposal or treatment of
human effluent and human hygiene such as washing hands before
preparing food. Freezing pork will kill cystircerci, but these remain
viable for 70 days in meat stored at 0°C.

Disease complexes
An “Asian” Taenia has been reported in Asian countries including
Taiwan, Korea, Indonesia, Thailand and China. Molecular typing has
revealed that the parasite is close to Taenia saginata, but is unique and
also occurs in Japan, the Philippines, and Vietnam. Pigs and occasionally
cattle are intermediate hosts, and the parasite is not a major cause of
human neurocystircercosis.
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4.4.6 Pig parasite check list
The incidence and prevalence of parasite infections in pigs is closely
related to farming methods, husbandry and sanitation. Farming
operations can be broadly categorised as intensive, indoor, “all in- all
out” systems in which parasite control is more easily practised and
achievable. In contrast, ecoshelters (“eco-sheds”) use bedding to
absorb faeces and urine so pigs have access to lots of faeces in high
concentrations, conditions which can lead to increased worm burdens,
especially ascarids. In many countries, a variety of small holders may
possess a family enterprise of less than 10 pigs (typical of SE Asia)
increasing to free-range commercial operations and outdoor feedlot
systems. In these situations, the success of parasite control is dependent
of management of environmental contamination, much like the
integrated parasite management (IPM) programs derived and applied
to control of ruminant parasites with minimum and strategic use of
drenches.
A rather cosmopolitan international nematode fauna in pigs consists of
Ascaris suum, Hyostrongylus rubidus, the strongylids Oesophagostomum
dentatum and Oe. quadrispinulatum, the spiruroids Ascarops strongylina
and Physocephalus sexalatus, the rhabditoid Strongyloides ransomi, the
trichurid Trichuris suis and the acanthocephalan Macracanthorhynchus
hirudinaceus. In Central and South East Asia, Gnathostoma spp.
have been described and these cause visceral larval migrans in man.
Sometimes other nematodes are mentioned as e.g. Bourgelatia diducta
in India and Capillaria papuensis from Papua New Guinea (http://
www.fao.org/docrep/004/T0584E/T0584E05.htm). Others include
Stephanurus dentatus and Trichinella spiralis. Filaroids include Suofilaria
suis (China) Onchocerca dewittei (Malaysia), while the cestode Taenia
solium and the trematodes Fasciola hepatica and Fasciolopsis buski are
also found from surveys.
For a complete list of pig parasites, refer to Chapter 2.1. The following
Table list those pig parasites of major importance in Australasia.
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Class
Protozoa
Nematoda

Parasite
Isospora suis
Ascaris suum
Oesophagostomum spp.
Trichuris suis
Trematoda Fasciola hepatica
Insecta
Haematopinus suis
Arthropoda Sarcoptes scabiei

Site
Small intestine
Small intestine
Ileum, colon
Caecum, colon
Small intestine, liver
Skin
Skin

Vector/IH
Direct
Direct
Direct
Direct
Snails
Entire on host
Entire on host

Importance
****
****
***
**
**
***
****

4.4.7 Anthelmintics for pig parasites
Active
component

Amitraz 12.4%
Amitraz 2%
Doramectin
Febantel
Fenbendazole
Flubendazole
Oxybendazole
Ivermectin
0.6%
Ivermectin
0.6%
Levamisole
7.5.%
Phosmet
Thiophanate
Toltrazuril 5%

Trade
name
(example)

Form

Activity against
Isospora A.suum Oesoph.
spp.

T. suis

Lice
and
mites
+
+
+

Taktic
Topline
Dectomax
Bayverm
Panacur
Flexadin
Flubenol
Flebenvet
Loditac
Ivomec
Premix
Ivomec
premix
Levacide

Topical
Pour-on
Inject
Feed
Feed

+
+
+

+
+
+

+
+
+

Feed

+

+

+

Feed
Inject

+
+

+
+

+
+

+

Feed

+

+

+

+

Inject

+

+

+

Portec
Nemafax
Baycox

Topical
Feed
Feed

+
+

+

+

+

See manufacturer’s data sheets for further information
Some benzimidazole compounds are also effective against T. spiralis
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4.5 Horses
4.5.1 Gastrointestinal tract
4.5.1.1 Stomach
Trichostrongylus axei
Introduction
T. axei is usually a parasite of cattle, sheep, goats, deer and pigs but
which also infects horses. Infection of horses occurs during co-grazing
with one or more species of ruminants. Sometimes burdens in horses
are surprisingly high but can be overlooked in a background of other
infections.
Summary of taxon/parasite
T. axei is a small, thin worm up to 6 mm long. The male has unequal
spicules and a gubernaculum, whereas the female has no specific
identifying features.
Features of life cycle
Adult worms live in the stomach and the parasite has a direct life cycle
with free-living larval stages on pasture. Eggs are passed in the faeces
and hatch within 24 h (depending on temperature and humidity)
to first-stage larvae (L1s). These moult to L2 then L3, which is the
infective stage. It is protected within its sheath (the cuticle of the L2
which is retained). The developmental time from egg to L3 depends on
temperature and moisture but varies from about 1 week at 28-30°C to 3
weeks under field conditions. Following ingestion by the host, infective
L3s moult through 2 larval stages and develop to egg laying adults
within 25 days (prepatent period). (See section 2).
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Pathology
T. axei burrows into the gastric mucosa, causing hyperaemia and/
or an acute catarrhal gastritis. In severe cases, gastric erosions can be
covered with tenacious mucus and may coalesce to produce a diffuse,
hypertrophic gastritis. In chronically infected horses, raised, pale
thickenings can occur in the glandular part of the stomach and/or in
the duodenum; occasionally, pedunculated and polypoid growths,
projecting into the lumen, develop.
Clinical signs
Clinical signs in horses with T. axei infection include anorexia, loss
of condition, diarrhoea (which may alternate with constipation),
hypoproteinaemia and/or anaemia. Almost invariably it will be a coinfection with cyathostomin nematodes.
Diagnosis
Since the clinical signs are not specific to T. axei infection and the eggs
of T. axei cannot be differentiated morphologically from those of large
or small strongyles, diagnosis requires coproculture. The microscopic
identification of ensheathed L3s of the genus Trichostrongylus of 650 µm
with a very short tail is diagnostic.
Epidemiology
T. axei infection is important in ruminants in southern Australia in
autumn and winter. The transmission to horses occurs usually when
horses are grazed with sheep or cattle or when they are placed in
paddocks having been grazed previously by these ruminant species. T.
axei infection does not appear to persist in horses grazed alone (i.e., in
the absence of ruminants).
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Treatment and control
T. axei is rarely treated alone as anthelmintic treatments targeting
cyathosomins are likely to be effective. Resistance to the benzimidazole
drugs has been reported in cattle so this may be a limitation of their
use in horses. Suitable drugs are recorded in the Table 4.5.7. Preventing
transmission from ruminants to horses is central to the effective control
of trichostrongylosis.

Draschia megastoma and Habronema species
Introduction
Spiruroid nematodes of the genera Draschia and Habronema can
cause a chronic catarrhal gastritis with or without gastric tumours and
production of granulomatous tissue in skin wounds in equids. Neither
of the species of Habronema is considered to be endemic in New
Zealand although they are likely to be introduced in imported horses in
the future.
Summary of taxon/parasite
Draschia megastoma, Habronema muscae and H. microstoma are 1022 mm long, with two pseudolabia and a large buccal capsule; the
oesophagus is divided into anterior muscular and posterior glandular
parts.
Features of life cycle
All three spiruroids have indirect life cycles. The predilection site for the
adult worms is the stomach. After mating, the females (ovoviviparous)
produce embryonated eggs, which are released in the faeces into the
environment. While in the faeces, the embryonated eggs or developing
nematode larvae are ingested by an intermediate host, the larval stage
of a muscid fly. Musca domestica (house fly) is the predominant vector
of both D. megastoma and H. muscae, but these nematodes can develop
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in and be transmitted by other muscids (e.g., bush flies) in Australia.
Stomoxys calcitrans (stable fly) is the key vector of H. microstoma, but
other flies including Sarcophaga melanura (flesh fly), Haematobia
exigua (buffalo fly) and M. domestica can also act as intermediate hosts.
Transmission is mainly during the “fly season”, usually late spring,
summer and autumn.
In the fly, the nematode undergoes larval development from the L1
to the L3, which is synchronous with the development of the fly to
the adult stage. Flies are attracted to secretions around the nostrils,
mouth, skin lesions, eyes and/or genitalia and the infective L3s are
deposited by the fly imago when it feeds. L3s deposited around the
nostrils and/or mouth of the horse, are swallowed then develop into
adults in the stomach. Direct ingestion of infected flies, either living or
dead, is probably the most important transmission route. When L3s are
deposited at other cutaneous sites or muco-cutaneous transitions, the
parasites remain as larvae and do not reach sexual maturity. These larvae
cause local inflammatory responses which relate to cutaneous and/or
muco-cutaneous habronemiasis.
Pathology
In horses with heavy burdens, the adults of H. muscae and H.
microstoma can cause a catarrhal gastritis associated with the secretion
of a thick, tenacious mucous. Sometimes H. muscae infection can lead
to gastric ulcers and/or haemorrhage. The adults of D. megastoma can
produce relatively large (2-10 cm) tumours in the submucosa of the
fundus consisting of a granulomatous, fibrotic nodule (having a central
orifice and sometimes being filled with necrotic and caseous material
and worms), projecting into the gastric lumen. Such nodules do not
appear to result in clinical signs, but on rare occasions they may lead
to suppurative gastritis and perforation, particularly when secondarily
infected with bacteria. Sometimes adhesions can develop between the
stomach and peritoneal organs resulting in abscess formation.
Cutaneous habronemiasis (called “summer sores”) due to larval infection
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has been reported for all states of Australia. This condition is usually
pruritic and relates mainly to the infection with D. megastoma larvae.
H. muscae larvae are considered to produce a transitory reaction.
Occasionally, larvae infect the medial canthus of the eye, the nictitating
membrane or the eyelid and produce granulomatous masses of up to 3-4
mm in size. Such lesions can cause profuse lacrimation and other signs
of local irritation and attract further feeding by flies,
Clinical signs
Gastric habronemiasis is generally inapparent clinically. Cutaneous
habronemiasis is evident as granulomatous lesions on various parts of
the body.
Diagnosis
Clinical diagnosis of gastric habronemiasis is a challenge, because
clinical signs may ‘overlap’ with other types of colic. Coprological
diagnosis of gastric habronemiasis, based on the detection of larvated
eggs by flotation or the detection of larvae employing the Baermann
technique or coproculture, has a very low sensitivity, even for horses
with a high intensity of infection. Cutaneous granulomatous lesions
are similar to those of other diseases. The diagnosis of cutaneous
and ocular habronemiasis can be attempted by scraping skin lesions
and taking lacrymal fluid, respectively, for the microcopic detection
of larvae. However, larvae are often not detected even in positive
cases. Histological examination of a biopsy of a granuloma may show
eosinophils surrounding larvae and may assist an aetiological diagnosis.
Epidemiology
Transmission occurs primarily during the warmer months of the year
when flies are breeding and active.
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Treatment and control
Using conventional diagnostic methods, gastric habronemiasis is rarely
diagnosed specifically and it is generally controlled as other parasites
are treated. Macrocyclic lactones are effective against adult and larval
Habronema spp. and D. megastoma (see Table 4.5.7). Some horses
may require two treatments with macrocyclic lactone anthelmintics for
effective control. Control and prevention is difficult to achieve because
vector control is almost impossible. Collecting faeces from pastures
or stables for subsequent composting should achieve a reduction in
transmission. In addition, the treatment of traumatic lesions and
wounds with fly repellents may decrease the incidence of cutaneous
habronemiasis.

Gasterophilus species
Introduction
Six species of Gasterophilus infect horses in various parts of the world.
Three of them, G. intestinalis, G. nasalis and G. haemorrhoidalis, are
reported to have a world-wide distribution and are present in Australia
whilst only G. intestinalis and G. nasalis are found in New Zealand.
Summary of taxon/parasite
The adult flies are large, yellow to dark coloured hairy flies, somewhat
like a bumble bee, but they have only one pair of wings. The mouthparts are vestigial, such that they can neither bite nor feed. The
ovipositor is long and curved, beneath the abdomen of the female,
and is often mistaken for a sting. The (parasitic) third instars (Fig.
2) of the various species are 14-18 mm long and broad; they have
large mouth hooks with which they attach to the host. Each has 12
segments, the first three forming a triangular anterior portion and the
remainder having parallel sides. There is one row of spines on each
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segment in G. nasalis and two on each segment in G. intestinalis and G.
haemorrhoidalis. The latter two species are differentiated by the shape of
the anterior hooks.
Features of life cycle
In Australia and New Zealand, the adult flies are usually active from
September to April; second instars are not found in the stomach in late
winter and early summer. There is only one life cycle per year.
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Pathology
The adult bot flies annoy horses when ovipositing. Since the first instars
of G. nasalis and G. intestinalis penetrate gum tissue near the molar
teeth they cause significant irritation, inflammation and suppuration
and can result in pain upon mastication and poor growth. In the
stomach and intestine, larvae can cause significant gastric or intestinal
damage due to ulceration at the site of attachment (Fig. 4.5.1).

G. intestinalis (= common bot fly) lays a yellow egg and mainly attaches
the distal half of the egg to the hairs of the foreleg and flanks of horses.
The eggs develop over five days but require moisture and friction (e.g.,
licking by the horse) to hatch. Once in the horse’s mouth, the larvae
penetrate the anterior end of the tongue, the buccal mucosa or the gum
at interdental spaces. After a month, the larvae moult to the second
instar and pass to the stomach. After five weeks in the stomach, they
moult to the third instar. The vast majority of the third instars attach
to the mucosa of the squamous oesophageal region. The mature larvae
are then excreted in the faeces and pupate in the soil usually within 3-4
weeks (Fig. 4.5.2).
Variations for other species: G. nasalis (= throat bot fly) lays a yellowbrown or black egg on hairs in the space between the rami of the
mandible. The egg is attached to a hair along its entire length. Eggs
hatch spontaneously within 5-6 days, the larvae migrate to the lips and
the gum around the teeth.
G. haemorrhoidalis (= nose bot fly or rectal bot fly) lays brownish-black
eggs on the short hairs around the lips, nostrils and cheeks. The eggs are
attached by a long stalk and hatch spontaneously after 2-5 days. The
larvae penetrate the epidermis of the lips and enter the mouth.

- 798 -

Fig. 4.5.1. Heavy infestations of Gasterophilus intestinalis in horses at necropsy
(C. Constantinoiu).

Clinical signs
Clinical signs are not sufficiently characteristic to make a specific ante
mortem diagnosis. A non-specific syndrome of unthriftiness, poor coat,
mild colic and poor appetite has been occasionally ascribed to bot
infection but many horses with high burdens show little if any clinical
evidence of infection.
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Diagnosis
Infection can be identified by the presence of eggs on hairs or by the
presence of third instars in faeces.
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Epidemiology
Infection occurs during the summer months when flies are active.
Treatment and control
Macrocyclic lactones (see Table 4.5.7) are the compounds of choice
for oral administration. Treatment should be given after fly activity has
ceased and after the larvae have established in the stomach but before
gastric damage has occurred.

4.5.1.2. Small intestine
Strongyloides westeri
Introduction
Parthenogenetic females of the threadworm of equids live in the small
intestine and can cause diarrhoea in young foals (in the first weeks of
life).
Summary of taxon/parasite
The parasitic females (ovoviviparous) are ≤ 9 mm in length, slender
with a very long filariform oesophagus. The eggs (45 x 35 µm) are
embryonated when laid (Fig. 4.5.3).

Fig. 4.5.2. Gasterophilus intestinalis (third stage instar, top) and G. nasalis
(bottom) showing positions of spines and hooks (L Knott)
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Features of life cycle
The life cycles of all species of Strongyloides are thought to be similar,
consisting of a free-living cycle, with male and female forms and the
production of either free-living larvae that continue the free-living cycle
or infective larvae that invade the host either orally or via the skin. If
larvae are ingested, they pass to the intestine where they develop without
further migration. After transmission by skin penetration, they pass
via the blood stream to the lungs, up the trachea and are swallowed,
developing to maturity in the small intestine.
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Transmission via the transmammary route is thought to be of
importance in horses. Larvae are passed in the milk from four days after
parturition and patent infections of foals can develop from 10-14 days
of age. Mares are usually immune to infection and, while they do not
pass the larvated eggs of S. westeri in the faeces, can accumulate larvae in
the somatic tissues which subsequently migrate to the mammary glands.
Pathology
In horses, percutaneous infection does not usually cause lesions,
although irritation, roughening and thickening of the skin may occur
after repeated exposure. Pulmonary lesions have not been reported in
foals and are unlikely to occur naturally. In the intestine, the affected
mucosa is hyperaemic, with tiny focal extravasations, oedema, and there
may be superficial erosions. The enteritis results in diarrhoea and affect
young foals lose condition and may die.
Clinical signs
Strongyloidosis is typically a condition of young foals with clinical signs
of diarrhoea.
Diagnosis
The diagnosis can be made by finding large numbers of thin-shelled,
larvated eggs in the faeces (Fig. 4.5.3). Fresh faeces should be used or the
eggs may have already hatched.

Fig. 4.5.3. Strongyloides westeri egg
in equine faeces (L. Knott)

Epidemiology
Strongyloides transmission is facilitated in moist environments, allowing
the development and proliferation of the free-living stages.
Treatment and control
A range of anthelmintics is available to control infection. The mare
can also be treated with ivermectin on the day of foaling to reduce
transmammary transmission to the foal.

Parascaris equorum
Introduction
The common roundworm, Parascaris equorum, is important in young
horses and can cause ill-thrift and death. Another species, P. univalens,
is also present but is very similar to P. equorum, the two species being
differentiated on the basis of whether the spicule tips are sharp or blunt.
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Summary of taxon/parasite
The adult stage of P. equorum is large, with males up to 30 cm and
females to 50 cm in length and is found in the small intestine. The
mouth of the adult worm has three large lips, each with a transverse
groove (notch) on the medial surface.
Features of life cycle
P. equorum has a direct life cycle with hepato-pulmonary migration. The
eggs of P. equorum are passed in the faeces and become infective (larva
within the egg) after 10 days. After ingestion by the horse, eggs hatch
in the intestine and the larvae migrate via the portal system through the
liver to the lungs, pass into the airways and are then swallowed, reaching
the small intestine where they become adults. The pre-patent period is
10-16 weeks.
Under field conditions, eggs can appear in the faeces
of foals as young as nine weeks of age; the average age at which eggs start
to appear is 13 weeks, and peak numbers occur at 15-18 weeks, after
which numbers usually decline.
Pathology
Early larval invasion of the liver causes narrow tracts, particularly under
the capsule, along the interlobular septa and in the interlobular tissues
between the portal triads. Heavy experimental infection can cause
coughing after 2-3 weeks. Histological examination of the lungs shows
a transitory, eosinophilic bronchitis and bronchiolitis, followed by a
lymphocytic response.
Clinical signs
Foals with heavy infections show malaise and weakness, and can become
unthrifty or even emaciated. Intestinal disturbances are common and
diarrhoea, sometimes alternating with constipation, can be detected.
Gastric motility may be reduced.
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Diagnosis
Diagnosis is based on clinical signs, including ill-thrift, intermittent
diarrhoea and/or colic, and can be confirmed by the identification of the
typical “ascarid eggs” in the faeces.
Epidemiology
An infected horse can pass millions of eggs in faeces daily. These eggs are
thick-shelled and sticky. The immune response develops rapidly such
that foals have solid immunity by one year of age. Whilst adult horses
can have small burdens which can provide a low level of contamination
of a paddock, most transmission is considered to be due to persistence
of eggs in the environment from one year’s foals to the next. P. equorum
eggs can remain viable for years in the environment.
Treatment and control
Suitable anthelmintics are listed in the Table 4.5.7. Resistance to the
macrocyclic lactones is prevalent internationally so drugs from other
classes should be used.

Cestodes
Anoplocephala magna and Equinia mammillana (formerly
Anoplocephaloides or Paranoplocephala) are two species of
anoplocephalid cestode found in the small intestine of horses. They are
uncommon and are not pathogenic and neither are considered to be
endemic in New Zealand.

Coccidia
A single species of Eimeria, E. leukarti, is known from horses. It is
generally considered to be non-pathogenic. The oocyst is very large and
may be encountered when conducting faecal examinations of horses. As
the oocyst is large, floatation solutions of high specific gravity are needed
to identify infections in faecal samples.
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5.4.1.3 Large intestine
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exudate. At post-mortem ileocaecal intussusception, caecal perforation
leading to peritonitis, intestinal obstruction have been reported (Fig.
4.5.4).

Anoplocephala perfoliata
Introduction
A. perfoliata is the commonest tapeworm of horses worldwide. An
association between the presence of large numbers of A. perfoliata in
horses and particular types of colic has been reported.

Clinical signs
Low levels of infection do not induce signs but in heavy infections colic
and death may occur.
Fig. 4.5.4. Left: Egg of
Anoplocephala perfoliata (L. Knott).

Summary of taxon/parasite
A. perfoliata occurs in the posterior part of the small intestine, the
caecum and more rarely in the colon. Adults are 5-8 cm in length and
1.2 cm in width and roughly triangular in shape. The scolex of the
worm is large, 2-3 mm in diameter and has four large suckers. The four
suckers project forward, and there are prolongations, termed lappets,
behind each sucker.

Below: A.perfoliata in the
large intestine and ileocaecal
valve of a horse at necropsy (C.
Constantinoiu)

Features of life cycle
The embryonated anoplocephalid egg is passed in the faeces into the
environment, where it can survive on pasture for up to nine months.
The egg is ingested by an intermediate host, a pasture-dwelling oribatid
mite. Horses acquire A. perfoliata infection by ingesting the infected
oribatid mites. The prepatent period of the parasite is 6-10 weeks.
Pathology
Macroscopically, the most widely reported pathological lesion due
to A. perfoliata has been ulceration at the ileocaecal junction, often
with associated diphtheritic membrane formation. Other commonly
recorded gross lesions include oedema, hyperaemia, mucosal thickening
and polyps, or raised nodular masses protruding from the ileocaecal
junction. Findings including ulceration, membrane formation can be
confirmed microscopically, together with observation of an eosinophilic
- 806 -
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Diagnosis
On occasion examination of faeces for proglottids (segments) or entire
worms has been successful. When present in faeces, the eggs can be
readily identified, being 65-80 µm in diameter, often with one side
which appears flattened (Fig. 4.5.4). The egg contains a hexacanth
embryo surrounded by a refractile pyriform apparatus. In order to
attempt to overcome the limitations of coprological diagnosis, various
workers have evaluated serodiagnostic approaches using somatic or
excretory/secretory (ES) products from A. perfoliata as antigens.
However, there is a considerable degree of variation in antibody levels
among horses with similar infection intensities.
Epidemiology
Transmission is by ingestion of infected oribatid mites (pasture mites)
which are more active in summer months. Horses can develop a
measure of immunity to this parasite but infection usually remains
common in horses of all ages.
Treatment and control
Effective drugs are listed in the Table 4.5.7. Control of A. perfoliata
may also be complemented by pasture management (e.g., cropping or
rotational grazing by cattle).

Large Strongyles
Introduction
The large strongyles inhabit the large intestines of equids. Whilst
historically Strongylus vulgaris was considered the principal species of
concern for horses it has been controlled with modern anthelmintics
and now occurs at low prevalence. The other Strongylus species are of
lesser importance.
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Summary of taxon/parasite
These parasites are in the genus Strongylus in the family Strongylidae
within the order Strongylida. Strongylus species are 1.5 to 3 cm long and
have characteristic subglobular or funnel-shaped buccal capsules.
Features of life cycle
Adult strongyles inhabit the caecum and colon of the horse and have
direct life cycles with migration through the tissues of the horse. Eggs
laid by adult female nematodes are passed in the faeces into the external
environment where they hatch to L1 and then develop to L3 which
retain the L2 cuticle as a sheath. Hatching and subsequent development
requires warmth, moisture and nutrients. After the L3s are ingested by
a host, they pass to the small intestine, the larvae undergo a somatic
migration.
S. vulgaris L3s penetrate the mucosa and submucosa of the small
intestine, caecum and colon and then moult to L4. The L4s then enter
the intimal layer of submucosal arteries and migrate to the anterior
mesenteric artery where they grow substantially in size. The larvae then
travel to the intestine with the blood flow, and enter the lumen of the
large intestines. The prepatent period is 5-7 months.
S. edentatus exsheathed L3s penetrate the caecum and colon, and
reach the liver via the portal system. The L4s burrow through the liver
and grow rapidly. On their return to the gut, the larvae move through
the hepato-renal ligament, the sub-peritoneal tissue, mesentery, the
intestinal wall and into the lumen of the large intestine. Aberrant larvae
may migrate to kidneys, thoracic cavity and/or testis. The prepatent
period is 11 months.
S. equinus exsheathed L3s penetrate the walls of caecum and colon
where they moult to the L4 and migrate to the intestinal sub-serosal
tissue. The L4s then form haemorrhagic nodules before migrating to the
liver via the peritoneal cavity. Aberrant migration to the flanks, peri-
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renal fat, diaphragm and omentum can occur. They remain in the liver
where they moult to L5s and grow before traversing the pancreas and
intestinal wall and re-entering the gut lumen. The prepatent period is 9
months.
Pathology
Adult S. vulgaris, S. edentatus and S. equinus attach their buccal capsules
to the intestinal mucosa, withdraw a plug of tissue and digest the host
cells. In the course of feeding, they rupture blood vessels and ingest
some blood. A normocytic, normochromic anaemia can be observed in
severely affected horses.
Strongylus vulgaris is the most pathogenic species of the Strongylinae.
While in the anterior mesenteric artery the L4s and L5s cause
“verminous arteritis”. This syndrome includes marked intimal
thickening infiltrated with inflammatory cells and thrombus formation.
Emboli can block arteries, causing infarction of intestinal walls and/or
intermittent lameness, and is commonly associated with clinical signs of
marked pyrexia, anorexia, severe colic and death.
Migrating larvae of S. edentatus and S. equinus cause inflammation in
the liver, pancreas and peritoneal cavity. Depending on larval burden,
infected horses show clinical signs of pyrexia, anorexia and colic.
Clinical signs
Clinical signs of Strongylus spp. include anaemia, hypoproteinaemia,
colic and lameness.
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Epidemiology
S. vulgaris is no longer a serious threat because it has been effectively
controlled by the benzimidazole anthelmintics and more recently
the macrocyclic lactone class. It is an “annual” species, completing its
development and migrating back to the gut lumen mainly during winter
and early spring. Surprisingly little is known about the epidemiology
of S. edentatus and S. equinus, but they are believed to be similar to S.
vulgaris. As S. equinus prefers a warmer climate it is not found in New
Zealand.
Treatment and control
Anthelmintic treatment has effectively controlled and suppressed
burdens in horses. Because benzimidazoles and macrocyclic lactones are
effective against all stages including migratory stages single treatments
can control infection.

Cyathostomins (small strongyles, red worms)
Introduction
Parasites of the subfamily Cyathostominae have become the dominant
and most important parasites of horses worldwide. While anthelmintics
have controlled other parasites species, cyathostomins have developed
anthelmintic resistance and so have evaded the effects of some
anthelmintic classes. Disease caused by migration of cyathostomin larvae
from the intestinal wall is potentially fatal.

Diagnosis
Diagnosis of strongyloid infections in the live horse has usually relied on
the use of the method of faecal flotation. Given that eggs of strongyles
cannot be identified to genus or species, they are cultured to L3s to
allow their identification and differentiation. Even so, it is not possible
to specifically identify L3s to species, except S. vulgaris.

Summary of taxon/parasite
Cyathostomin species have cylindrical or ring-shaped buccal capsules.
More than 50 species occur, but the majority of infections are comprised
of 5 species. Some appear red at post mortem and are termed red
worms. They vary in size but are typically 0.5 to 1.5 cm long and adults
of the species can be identified through microscopic observation of the
buccal structures.
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Features of life cycle
There may be minor variations in life cycles depending on the species
but they share a common pattern. Cycles are direct with a pasture stage
and a mucosal phase in the host. Adult parasites in the large intestinal
lumen produce eggs which pass to pasture where, under warm and
moist conditions, they hatch and develop to L3. On ingestion by the
horse the L3 remains in the lumen of the intestine for up to 3 weeks
before continuing development. Following this, L3 enter the large
intestinal wall and form the mucosal stages. Over a period of weeks
to months they lie dormant or slowly develop through late L3 (LL3),
developing L4 (DL4) and emerge as L4 (LL4). Larvae develop to adults
in the lumen. The triggers to enter the mucosal stage and then to emerge
are not well understood but are possibly triggered by treatment. The
prepatent period is therefore highly variable but a minimum is around 8
weeks.

Diagnosis
Adult parasite infection may be diagnosed using faecal flotation. As the
large majority of strongyle eggs in horse faeces are from cyathostomins,
egg counts alone do not provide good estimates of burdens. The
presence of mucosal larvae cannot be detected antemortem although
an antibody-based test for larval antigens is being evaluated. Animals
with larval disease may display hypoproteinemia in line with protein loss
through the gut.

Pathology
When mucosal larvae emerge synchronously from the gut wall, the
process can cause “larval cyathostominosis”, which is associated with
oedema, diarrhoea, pyrexia, weight loss, colic and can be fatal in up
to 50% of cases. This disease has been reported to be triggered by
anthelmintic treatment and occur more frequently in winter and
early spring than other seasons. Due to the difficulties in specifically
identifying the L4s emerging from the gut wall, most pathogenic species
causing larval cyathostominosis remain unknown. Adult parasites may
cause mild ulceration of the gut epithelium.

Treatment and control
Because benzimidazole resistance has developed and mucosal stages are
hard to kill, control of infection and disease has been difficult. Effective
anthelmintics are listed in the Table 4.5.7 and detailed approaches to
control are presented in a later section. Moxidectin is registered for use
against mucosal stages and is effective in removing around 90% of the
infection. Ivermectin much less effective and is not recommended for
this purpose.

Clinical signs
When present in large numbers, cyathostomins can cause diarrhoea. In
disease caused by larvae, there is a rapid onset of diarrhoea, oedema and
pyrexia.Weight loss including muscle wasting is common. Death may
ensue. Young horses and elderly horses are more susceptible.
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Epidemiology
While a few thousand adult cyathostomins may be present, the majority
of the parasites are present as mucosal stages and burdens of several
100,000 have been recorded. While few studies have been performed,
mucosal burdens appear to peak in winter in southern Australia.

Oxyuris equi
Introduction
O. equi (= pinworm) infection occurs predominantly in young horses
and can cause intense anal pruritus.
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Summary of taxon/parasite
O. equi is a white to grey thick-bodied nematode. The males are 9-12
mm long, with a single spicule. The females are substantially longer and
can reach 10 cm. They have a thick body, followed by a tapered tail
which can become 3 times the length of the body as the worm reaches
maturation (Fig. 4.5.5).

Fig. 4.5.5. Adult females (top) and
eggs (below) of Oxyuris equi. (L.
Knott (top) and
www.studyblue.com)

Features of life cycle
The cycle is direct. Gravid females migrate to the rectum and through
the anus to lay their eggs (Fig. 4.5.5) on the perineum and then die.
The eggs are deposited on the skin in a gelatinous cement-like substance
that causes itchiness. The embryo in the eggs develop into L3s which
drop off or are rubbed from the perineal region onto feed or into water.
Eggs containing L3s are ingested then hatch in the small intestine, and
the larvae migrate to the caecum and ventral colon and then into the
mucosal crypts. The adult feeds on intestinal contents. The prepatent
period is five months.
Pathology
Irritation around the anus caused by the egg ‘cement’ leads to
restlessness; and as the horse rubs against fixed objects in paddocks or
stables, hair loss and erosions at the base of the tail result.
Clinical signs
The only clinical sign of infection is anal pruritis.
Diagnosis
A definitive diagnosis can be made by examining the perineum for the
presence of eggs contained within creamy coloured packets. Using the
“sticky-tape method”, adhesive tape is used to capture eggs from the
perineum, which is then stuck on to a glass slide for the microscopic
identification of the characteristic eggs (Fig. 4.5.5). Running water
between the tape and slide improves visibility.
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Epidemiology
Pinworm infection occurs mainly in stabled horses (via contaminated
feed and water) rather than in horses on pastures. The eggs are relatively
susceptible to desiccation. While infection occurs predominantly in
weaned foals and yearlings, infection is rare in older horses.
Treatment and control
Many nematocidal compounds are effective against O. equi (see Table
4.5.7). Since the interval between routine treatments is frequently
considerably shorter than the prepatent period of O. equi, oxyuriasis is
usually treated incidentally.
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4.5.2 Cardiorespiratory system
Dictyocaulus arnfieldi
Introduction
The lungworm of equids is widespread throughout the world but rarely
causes clinical signs other than coughing.
Summary of taxon/parasite
D. arnfieldi is the only nematode in the bronchi and bronchioles of the
horse, donkey, ass, zebra, tapir and rhinoceros except for the larvae of
Habronema. This nematode is white, being up to 4 cm (male) or 7 cm
(female) in length.
Features of life cycle
D. arnfieldi has a direct life cycle. Embryonated eggs are passed by the
worms (ovoviviparous) and are coughed up and swallowed. Some eggs
may hatch while in the intestine, but most pass out in the faeces and
hatch on the ground within hours. Infective L3s usually develop in a
week. The prepatent period is 11-14 weeks.
Pathology
The pathological changes caused by D. arnfeldi infection in horses have
not been studied in detail. Even heavy infections are thought to cause
only minor lesions.
Clinical signs
It is thought that donkeys are the natural host and, although the parasite
reaches maturity in this host, D. arnfeldi infection seldom produces
clinical signs. In contrast, the parasite seldom reaches maturity in the
horse where it may cause respiratory disease such as coughing.
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Diagnosis
The presence of embryonated eggs or larvae in the faeces plus clinical
signs, such as coughing will confirm the diagnosis. The Baermann
funnel technique (using 50 g of faeces; overnight incubation at 2228° C; see 5.1.3) can be employed to recover the characteristic larvae.
Because D. viviparus infection does not always become patent in horses,
diagnosis is often based on clinical response to treatment.
Epidemiology
Infection in horses is often associated with co-grazing with donkeys.
Treatment and control
Effective anthelmintics are listed in Table 4.5.7.

4.5.2.1 Equine parasite control
Introduction
The fact that the majority of horses are infected with cyathostomins
demonstrates that control is not simple. On the other hand, elimination
of parasites is not a realistic aim of control, rather the aim is to prevent
infection and to promote health.
Cyathostomins are the major target of control in horses and the
following description focuses on them. Implementation of this control
relies on understanding some characteristics of cyathostomin infection.
One is that distribution is over-dispersed, meaning that the majority
of the parasites (and hence eggs) occur in the minority of horses in a
herd. Second, because transmission is via pasture it is influenced by
both the weather and management. Third, adult parasites, at modest
numbers, are not highly pathogenic. Disease is caused partly on
invasion of the large intestinal mucosa by larvae, but more particularly,
by mass emergence of larvae from the mucosa as the disease larval
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cyathostominosis. In southern Australia larval cyathostomins are
thought to be most prevalent in winter and the disease is most likely to
occur then.

6.

Parascaris and Anoplocephala are the two other parasite species with
potential for causing fatalities in horses and also require control. Other
species are generally removed in the control of cyathostomins but some
may require additional treatments.

7.

There are two approaches that need to be employed to achieve control.
Anthelmintics (traditionally called drenches or dewormers or wormers)
are widely used. They are applied to individual horses at frequencies
from once a month to twice a year. The second approach is to interrupt
the worm’s life cycle through management. While there are no simple
recipes, no one-approach-suits-all or even evidence from long term
studies, combining an understanding of worm biology and treatment
options can provide a set of principles for parasite control that underpin
locally relevant advice.
Aims of parasite control
1. Cyathstomins are transmitted via the environment so breaking the
cycle through reducing pasture contamination with eggs and also
preventing exposure of horses to infective stages on pasture are the
targets of control.
2. In order to prevent larval disease, the most effective approaches
are to minimise infection and treat before larvae emerge from the
mucosa. This minimises larval and adult parasite disease and stops
egg production.
3. Killing worms, while useful in lowering parasite loads, is not the
main objective, although fewer worms means fewer eggs.
4. Prevent eggs or larvae from developing or surviving on paddocks
where horses graze.
5. Keep horses off worm-contaminated pastures.
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Use anthelmintics prudently. A disadvantage of heavy use is the
potential for selection of anthelmintic resistance. Treatment may
also lower worm burdens to the extent that horses fail to develop
natural immunity.
Preferentially protect young animals by reducing exposure and treat
to keep burdens down. Parascaris and Anoplocephala are real threats
to foals.

Anthelmintics
Several classes of anthelmintics are available (see Table 4.5.7). Each class
differs from the others in spectrum, efficacy, persistence and biochemical
mode of action. If parasites develop resistance to a class, the other classes
(which have different modes of action) remain effective against those
parasites. The egg reappearance period (ERP) is the period between
treatment and appearance of eggs. Knowledge of this for each class
helps determine the time that can be left between treatments before eggs
appear in faeces and to detect developing resistance. Resistance to two or
more classes can occur sequentially and is termed multiple resistance.
The three main anthelmintic classes for horses are (also refer to Chapter
3.2):
Benzimidazoles (BZ) are short acting and have an ERP of around
4 weeks. The spectrum is against gut-dwelling stages of nematode
parasites. Use on 5 consecutive days has high efficacy against mucosal
stages of cyathostomins although this latter use is not registered in
Australia or New Zealand. Importantly, in most parts of the world
cyathostomins are BZ-resistant and efficacy is typically in the range 2080%.
Pyrantel (PYR) and Morantel (MOR) are also shorter acting. While
resistance is present in other countries, none has been confirmed in
Australia or New Zealand and these drugs remain effective. These
compounds are useful for treating adult nematodes and tapeworms.
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Macrocyclic lactones (ML) are the most widely used wormers in
horses. There are two subclasses, avermectins and milbemycins. IVM
(ivermectins) and AVM (avermectins) kill a range of nematodes species
(including Strongylus, Habronema, Dictyocaulus) and Gasterophilus, but
have poor efficacy against mucosal stages of cyathostomins. The ERP is
around 8 weeks. Moxidectin (MOX), (a milbemycin) adds to this with
activity against mucosal cyathostomins and has a longer persistence with
an ERP of 12-16 weeks. ML resistance has been identified in Parascaris
in many countries including Australia. ML-resistant cyathostomins have
been described in Europe and Australia but not New Zealand.
Praziquantel (PQZ) is a tapeworm-specific compound (a cestocide).
A large number of preparations are available for single animal delivery as
pastes or gels. Some anthelmintic granules are marketed for in-feed use.
Some preparations are available as combinations. Some combinations
have two actives that kill nematodes, and they are useful for delaying
resistance or controlling parasites resistant to one of the classes. Other
preparations may combine a nematocide or two and a cestocide thus
broadening the spectrum to include control of parasites of both parasite
groups.
Some examples of off-label use are indicated in the Table 4.5.7 – horses
are food producing animals so variations to recommended dose rates
or use other than that for registered purposes must be prescribed by a
veterinarian.
Anthelmintic Resistance
Resistance is an inherited trait where worms have the ability to avoid
the effects of drugs that are usually effective (see Chapter 3.2 for more
details). Resistance compromises control because treatments fail. While
the patterns of resistance change over time, the following summarises
the current situation.
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Anthelmintic class
Benzimidazoles

Cyathostomins
Resistant

Morantel and Pyrantel Resistance only in
USA
Macrocyclic lactones Initial reports
(Europe, Brazil,
Australia)

Parascaris
Initial reports in
Australia
No resistance reported
Resistant

Tests for resistance include faecal egg count reduction tests, FECRTs,
as described for sheep. Efficacy below 90% in this test indicates
resistance, although methodologies to refine the test in horses are still
in development. Reduced ERP is another sign of resistance. On the
other hand, test results over 95% confirm the efficacy of a particular
anthelmintic class.
In order to reduce selection for resistance the following factors are
important: reduce anthelmintic use, leave some parasites untreated in
refugia, use combinations of compounds with a common spectrum (e.g.
two nematocides). Rotation of drug classes at sequential treatments has
not been shown to reduce the rate of selection, but remains a useful
management tool.
Methods of breaking the life-cycle or reducing pasture
contamination
The process from egg deposition to ingestion of L3s by a horse is
termed transmission. The steps in transmission are: deposition of eggs;
survival of eggs; development of eggs through to L3s; survival of L3s
and translation of L3s to herbage (i.e. they wriggle up from the soil to
the edible parts of the grass). All of these processes require warmth and
moisture. Freezing is not generally fatal but hot dry weather is. Eggs
and larvae are protected from severe weather in the dung which also
nourishes developing larvae. In general, temperate climates are suitable
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for transmission in spring, autumn and wet summers; tropical climates
are suitable for transmission all year, but L3s die quickly during hot
summers. L3s are produced on pasture in 5 to 25 days.
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•

When using anthelmintics give appropriate drugs (check spectrum
and resistance status) at full dose rates.

•

To calculate doses, estimate horse weight with a weight band, use a
weight formula or scales and turn the dial on the syringe plunger to
match the correct weight and deliver into the mouth according to
instructions.

•

Timing of treatments is climate dependant and suggestions are
made below.

•

At other times, cyathostomin (strongylate) faecal egg counts can
be used to indicate level of infection with adults and assist in
triggering decisions to treat. Horses with high burdens can be
chosen for treatment, leaving horses with low egg counts untreated.
Thresholds for treatment vary but a guide is: 300 epg for foals
and 600 epg for adults. An example of a variation to this may be
that lower thresholds can be applied to animals with poorer body
condition scores.

In order to reduce the level of pasture infectivity, the following steps are
recommended:
•

Reduce grazing density (fewer horses - fewer worms - fewer eggs).

•

Maintain some pasture with low infectivity, by using it for purposes
other than horse grazing, or leave ungrazed in hot, dry weather.

•

Pick up manure about twice a week – within the larval
development time. This is relatively easy to achieve in holding yards
and small paddocks, but harder in extensive situations.

•

Kill eggs in collected manure with heat generated by composting.

•

Harrow pastures to break up dung deposits and expose eggs during
hot weather.

•

Rotate grazing with sheep and cattle. They will ingest larvae and all
but T. axei die in the gut.

•

•

Feed horses above the ground (say in troughs) to reduce the pick up
of larvae from grass.

Use an effective quarantine drench on horses entering the property
and collect and dispose of faeces from these horses for 3 days.

•

•

Source cut feed from ungrazed areas.

For seasonally transmitted parasites, treat the horse when free
living stages are at a minimum (such as tapeworms in winter,
Gasterophilus in winter).

•

Wash mares prior to foaling to reduce numbers of Parascaris eggs
sticking to the skin and transferring to foals.

•

•

Clean and disinfect stables.

Removal of larvae with anthelmintic treatment in winter has been
advocated by some workers. While not proven there is some logic
in the approach.

Principles in worm control
In combining pasture-based and chemical-based control, the following
principles should be applied, depending on the situation:
•

Reduce access to larvae as detailed above (e.g. remove and compost
faeces).

•

Preferentially use low worm pastures for young animals.
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Control Programs
There is very little evidence for the success of particular programs,
although some components of control are well understood. For
example, anthelmintic efficacy is well documented and the impact of
management interventions on larval availability is based on research,
but in only a few climate zones. Because parasite control must be
conducted in a wide variety of situations, across a range of climates on
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horses of different backgrounds and health status, generic recipes are not
appropriate. On the other hand, designing locally relevant schemes that
reduce treatments to only 3 a year (4 for foals), rather than treating at
6-8 week intervals, is a desirable aim.
Mares and Foals
As part of a control program, mares should be treated prior to foaling
and washed to remove eggs. Foals should be treated at 6 weeks with
MLs and then bimonthly but be sure to include a BZ or MOR/PYR
for Parascaris (Strongyloides is uncommon but may require earlier
treatment) and a combination containing PZQ for Anoplocephala. Foals
should be moved to low worm pastures after treatment and not grazed
on paddocks recently occupied by yearlings.
Suppressive programs
Parasite suppression is widely used, but based on outdated practices.
Suppressive treatments are sequential treatments within the ERP so
that not only are parasites removed, but no eggs are produced and the
life cycle broken. Treatment of all horses on a property is the most
effective approach. For IVM the treatment interval is 2 months and
MOX, 3 months. In addition to cost, another drawback is that such use
may select for resistance. For the MLs this has not occurred widely in
the cyathostomins, but past frequent use has probably contributed to
selecting ML-resistant Parascaris. Further, the use of MLs exclusively in
suppressive programs is not recommended as it has led to deaths from
Parascaris and Anoplocephala which are not controlled by these drugs
under field conditions. Alternating sequential treatments with other
drug classes (such as combinations using 2 of the 3 active classes) and
including PZQ will control these other parasites. Removal of manure,
especially in foaling paddocks and where horses are kept at high density
is also important.
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Strategic programs for grazing animals
Strategic programs rely on understanding the pattern of parasite
transmission. Transmission generally occurs in spring and autumn in
temperate climates but hot dry summers kill eggs and larvae and so
stop transmission. Mild winters allow survival and transmission but
cold winters reduce transmission, although larvae can survive freezing.
Numbers of larval cyathostomins are thought to peak in winter in
southern Australia but patterns in warmer climates are not known.
In a typical program, 2 treatments with a MOX-based drench or
3 treatments with IVM/BZ /MOR/PYR combinations are usually
sufficient when combined with pasture worm control. Treatment
is often recommended for early summer and spring in temperate
climates and summer and winter in tropical areas. In southern areas,
winter treatments should include PZQ and MOX as these will control
tapeworms and larval cyathostomins, respectively.
Monitoring egg counts and using targeted treatment for animals with
counts above 300 epg and 600 epg may be used in foals and adults,
respectively. This approach is likely to significantly reduce egg shedding
by the herd.
Stabled horses
The lack of exposure to larvae from pasture means that parasites
like Strongyloides, Oxyuris and Habronema can be controlled with
treatments containing MLs 2- 3 times a year.
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4.5.3 Skin and sub-cutis

during feeding on skin. As no Culicoides spp. are found in New Zealand
these nematodes cannot complete their life cycle in that country.

Onchocerca species

Pathology
The effects of O. cervicalis in the ligamentum nuchae include hyaline
degeneration through to fibrotic, caseous and calcified lesions. It is
uncertain whether there is an association between the condition known
as “fistulous withers” and O. cervicalis infection.

Introduction
Two species, O. cervicalis and O. reticulata, occur in the ligamentum
nuchae and flexor tendons/suspensory ligaments, respectively. O.
gutterosa is usually found in cattle, but has been found to occasionally
infect horses in south-east Queensland. Neither of these species are
endemic in New Zealand.
Summary of taxon/parasite
Species of Onchocerca are long, filariform worms, with a simple
mouth. The cuticle is thick with transverse spiral thickenings. The
vulva is located at the anterior end of the worm. O. cervicalis can
be distinguished from O. reticulata based on site in the equid host,
body length, the sizes of spicules in the adult male and the length of
the microfilariae. O. reticulata can attain lengths of 75 cm for the
female compared with 30 cm for O. cervicalis. The microfilariae of O.
reticulata are also longer (330–370 µm), compared with 190–310 µm
for O. cervicalis. O. gutturosa reaches 60 cm in the adult female and the
microfilariae are 200–230 µm in length.
Features of life cycle
Information is available on the life cycle of O. cervicalis, but not for
O. reticulata. The microfilariae (L1s) usually accumulate in the skin of
the umbilicus and ventral abdomen with small numbers in the withers,
croup and cheeks. These larvae are ingested by the intermediate host,
which is a species of Culicoides midge, in which they develop to the
L3 stage. Horses become infected when L3s are released from midges
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A skin condition is also ascribed to microfilarial infection. Cutaneous
onchocerciasis is characterised by alopecia, scaliness and pruritis,
particularly along the ventral abdomen. Lesions may extend between
the forelegs or backlegs and can include the thighs. The skin condition
represents a hypersensitivity reaction to the bite of the insect vector plus
a direct effect of microfilariae.
O. reticulata may cause swelling of the flexor tendon and suspensory
ligaments of the fetlock, particularly in the foreleg.
Clinical signs
Adult O. cervicalis infection does not usually cause clinical signs.
Skin lesions due to microfilariae may be mild with a dry scaly skin
with thinning of the hair or, in more severe cases, there may be moist
excoriations and abrasions with reddening and pruritis. Horses infected
with O. reticulata are lame during the period of oedema and swelling
but may recover when the oedema disappears.
Diagnosis
Diagnosis is based on clinical signs (nodules, pruritis or skin lesions)
and on the presence of microfilariae in the skin. A skin snip, 0.5 cm
in diameter, can be taken from the lesion and the umbilicus, cut into
smaller pieces and incubated in saline at room temperature overnight
to allow the microfilariae to migrate into the saline where they can be
examined microscopically.
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Epidemiology
There is no periodicity in the presence of microfilariae in the skin, and
the epidemiology of onchocerciasis depends on the distribution and
availability of the intermediate host vector. The availability of the vector
limits its distribution to northern Australia.
Treatment and control
There is no highly effective treatment against adult worms. Macrocyclic
lactones are presently the group of choice against microfilariae. Control
is difficult, as it involves preventing horses from being bitten by vectors.

“Queensland itch” caused by Culicoides
brevitarsis
Introduction
The sand fly Culicoides brevitarsis (=C. robertsi) bites horses, leading
to a hypersensitivity reaction in susceptible hosts. The severe clinical
condition that ensues is known as “Queensland itch” with signs such as
intense irritation and pruritis, loss of hair and/or thickening of the skin.

Section 4.5: Horses

Pathology
Horses of all breeds, sexes and colours are affected. However, not
all horses exposed to C. brevitarsis have a hypersensitivity reaction
(indicating a particular genetic predilection). Susceptible horses are
usually affected annually. Superficial abrasions or erosions, with marked
inflammatory reactions, are caused by horses rubbing and/or biting
affected areas. Serum and tissues fluid may exude from the lesions and
hair may be shed. In chronic cases, the affected skin becomes thickened,
dry, rough and hairless, and rugae are formed, particularly on the
withers.
Clinical signs
The first clinical sign is usually the appearance of small papules on which
the hairs stand erect (Fig. 4.5.6). They are seen mainly on the dorsum
and (in severe cases) can extend down the sides of the neck and the
back. Hair loss at the edges of the ears and a ragginess at the base of the
tail is seen in many affected horses. There is an intense pruritus which
may cause hair loss (Fig. 4.5.6) and secondary skin infection.

Summary of taxon/parasite
C. brevitarsis is a common species in northern Australia (Western
Australia, Northern Territory, Queenland, north-eastern New South
Wales) but is not found in New Zealand. It is recognisable by its small
size and its patterned wings.
Features of life cycle
Eggs of C. brevitarsis are laid in manure (mainly cattle dung) and
develop through larval and pupal stages.
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Fig. 4.5.6. Allergic reactions in
susceptible horses to the bites of
Culicoides sp. (Sourced from www.
vichorse.com [top] and www.vetnext.
com [bottom])
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Treatment and control
Sandfly attack can be prevented by stabling horses in insect-proof
stables from 4 pm to 7 am in the warmer months. Rugging with hoods
during this period can reduce the condition. Weekly spraying with long
lasting, safe insecticides can be useful. Some repellents (with or without
insecticidal effect) are considered useful.

Flies (Musca, Stomoxys, Haematobia)
Introduction

Diagnosis
A diagnosis is made based on the clinical signs expressed by susceptible
horses in a defined geographical area and the lack of infectious agents
(e.g. viruses and nematodes).
Epidemiology
C. brevitarsis feeds mainly in the early morning and late afternoon.
This is when horses usually show uneasiness, tail switching, rubbing
or galloping to escape attack by the flies. Peaks of Culicoides numbers
occur between December and May and clinical signs usually resolve
during the winter months.
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Several species of muscid flies cause fly worry or bite horses. “Fly
worry” occurs when large populations of Musca domestica, M. sorbens
and/or M. vetustissima attack horses. Stomoxys calcitrans bites horses
causing intense irritation. Only M. domestica and S. calcitrans occur in
New Zealand. Haematobia exigua, the buffalo fly, is distributed across
Northern Australia. Its normal hosts are the buffalo and cattle, although
horses may be attacked. When flies are numerous, horses may be so
severely attacked that mustering becomes impossible, and it is necessary
to spray horses in the mustering camps.
Summary of taxon/parasite
All species are small, grey flies. Musca spp. have enlarged labella for
sucking, whereas Stomoxys and Haematobia have biting, penetrating
mouth parts.
Features of life cycle
All of these flies breed in dung or other decaying matter, and have the
typical three larval stages (maggots) followed by a pupal stage.
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Clinical signs
Preferred feeding sites for Musca spp. are moist areas, including the
medial canthus of the eyes, lips, vulva, preputium, and/or urethral
process of the penis. When the eye is infested, the excessive lacrimation
attracts other flies and erosions, ulcers, a naso-lacrimal discharge,
keratitis and blindness can result. On the horse, S. calcitrans bites are
evident as small papules (5-10 mm in diameter with a small central
scab, covered with raised hair). Due to the intense irritation, horses may
stamp and kick; tail switching is prominent. Haematobia can cause
periorbital and ventral ulcerative dermatitis in horses.
Epidemiology
All species of flies are most abundant in the summer and autumn.
Stomoxys are often seen resting on sunny walls, sitting head up, and will
enter buildings during wet weather. They prefer strong light and will
not enter dark barns or stables. They can occur in plague proportions
on the walls of dairies. The presence of cattle increases fly numbers.
Treatment and control
The use of “fly veils” is recommended to attempt to protect horses from
fly worry. Affected skin areas can be treated daily with an antiseptic
cream. Corticosteroids may be indicated if the condition is severe.
Sprays containing organophosphates or pyrethroids are also effective
but need to be applied daily. Fly repellents used once or twice daily
may be useful. Horses bitten by S. calcitrans can be treated locally with
an analgesic cream and administered a tranquiliser. Control can be
achieved by manure removal and by spraying walls (where the flies rest)
with a persistent insecticide. Fly repellents (with or without insecticidal
activity) can also assist.
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Lice (Haematopinus, Werneckiella)
Introduction
Two species of louse are found on the horse, the sucking louse
Haematopinus asini and the biting louse Werneckiella equi (formerly
Damalinia equi).
Summary of taxon/parasite
The sucking louse, H. asini, is dark brown, 3.5 mm in length and has
a long narrow head with forward projecting prolongations behind
the antennae, marked enlargements on the lateral margins of each
abdominal segment termed paratergal plates and three pairs of legs, all
of equal length terminating in large claws. The biting louse, W. equi, is
≤ 2 mm in length, with a head that is broader than long and rounded in
front.
Features of life cycle
Lice are obligate parasites. Adults lay eggs attached to hairs. After
hatching, they develop through three nymphal stages to become adults.
The eggs of H. asini hatch within 2 weeks and develop to reproductively
active adults within a further 11-12 days. All stages feed on blood.
H. asini frequents the long-haired regions of the body, particularly
the mane and forelock, the butt of the tail and the fetlocks. In heavy
infections, this louse can be found over the entire body.
For W. equi, the eggs hatch within 8-10 days and lice are sexually
mature within 3-4 weeks. W. equi reproduces throughout the year, but
the fate of the eggs is determined by the temperature and humidity. The
favoured temperature range for the completion of morphogenesis is 3239° C; the eggs hatch provided that the relative humidity is very high.
W. equi is predominantly found on the dorsum and flanks.
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Clinical signs
Since H. asini is a blood sucking louse, it is more pathogenic. Infections
of high intensity can result in anaemia in some cases. In contrast, as a
biting louse, W. equi feeds on surface epithelial cells and scurf. Both lice
species cause rubbing, roughness, and hair loss and unthriftiness, whereas
W. equi has been incriminated as a vector of equine infectious anaemia.
Both lice cause pruritus in affected skin areas.
Diagnosis
Clinical examination will reveal adult lice and eggs. The two louse
species can be readily differentiated based on morphological features.
Epidemiology
Lice are transmitted primarily by contact. They can survive for
periods of several days away from the host, and can be transmitted via
grooming, harnesses, equipment and rugs. In southern Australia, winter
is favourable for the development of eggs and heavy infestations can
develop, especially on the body. Populations may be augmented if the
horse is rugged.
Treatment and control
Clinical louse infestations should be treated by the external application
(whole body wash or spray) of insecticides (organophosphates,
pyrethroids). The treatment should be repeated after 1-2 weeks, because
these compounds do not have an ovicidal effect, and there is usually no
residual activity. All horses in a group should be treated. Rugs, harnesses
and saddlery can also be treated and should not be used for at least 14
days.
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Mites
Chorioptes bovis
Introduction
Chorioptic mange affects the lower limbs and is a source of annoyance.
On horses they are particularly common on breeds which have
“feathered” lower limbs such as various draft breeds.
Summary of taxon/parasite
Chorioptes mites are small, with an oval body, coxae 1 and 2 well
separated from coxae 3 and 4, pedicels on tarsi 1, 2 and 4 are short and
unsegmented for both sexes. The female has a pair of long setae on tarsi
3, whereas the male has single long setae and a tarsal sucker.
Features of life cycle
The life cycle consists of the egg, a six-legged larva, a nymph and the
adult (dioecious). The life cycle can be completed within 10 days.
Clinical signs
These mites are usually confined to the legs (below the knees and hocks,
hence ‘leg mange’), but may extend to the belly, axilla and groin. They
live on the skin surface and their feeding mechanism is unknown as
some reports indicate that they feed on tissue fluids while others assert
that they feed on epidermis. Either the puncturing of the skin or a
reaction to mite products produces a serous exudate, which dries to
form crusts. These are broken as the hair grows; dry serous exudate
can be found attached to the long hair on the pastern. The first clinical
sign is uneasiness and may progress to violent stamping of the feet and
rubbing the hind parts of the pastern on hard objects (e.g., rails) or wire.
The horse may also kick or paw.
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Diagnosis
The condition can be confirmed by finding mites or eggs in scrapings
taken from the edge of a lesion or in the scabs. Mites can be identified
morphologically using the features described above.
Epidemiology
Transmission is by contact and cattle can carry infestations.
Treatment and control
The treatment of localized chorioptic mange can be achieved with
repeated washes with organophosphate or pyrethroid preparations.
Repeated oral doses of ivermectin have led to clinical improvement, but
have not achieved an elimination of the mite.

Psoroptes
Introduction
Two species of Psoroptes can occur on horses, causing psoroptic mange.
P. cuniculi, an ear mite, causes shaking of the head and a touchiness
around the poll. In contrast, P. equi causes a severe skin condition but
has not yet been reported from Australia or New Zealand.
Summary of taxon/parasite
These are small mites, with an oval body, the first and second pair of
legs are well separated from the third and fourth pair, all legs extend well
beyond the body margin and they have long, segmented pedicels.
Features of life cycle
The life cycle stages include the egg, a six-legged larva, a nymph and the
adult.
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Clinical signs
P. cuniculi is confined to the ear and causes touchiness and recurrent
swelling at the base of the ear and/or a thick, brown, malodorous
exudate. In some horses the affected ear droops. Psoroptes spp. are
thought either to pierce the skin and feed on body fluids or to feed on
epidermis. The exudation and subsequent drying of these fluids cause
the production of scabs.
Diagnosis
The mites may be observed if the ear is folded back. The white, mobile
mites can be seen moving over the dark ear wax. The mites can be
collected on a swab and examined and identified microscopically.
Epidemiology
P. cuniculi is a cosmopolitan mite of the ears of rabbits, sheep, goats and
is occasionally found on equids. Transmission is by contact.
Treatment and control
Macrocyclic lactones are the drugs of choice for psoroptic mange.

Other external parasites of lesser significance
External parasites of the horse of more minor significance are the
mesostigmatic and trombiculid mites and ticks.
Dermanyssus gallinae is found in all the poultry raising areas in all
states of Australia and New Zealand. Horses kept in relatively close
proximity to poultry sheds or stabled in disused sheds may become
infected. The motile, red mites may be seen anywhere on the body. The
mites cause local irritation and can lead to rubbing.
Trombicula sarcina, the “black soil itch mite”, is a common parasite
of the inner thighs of the grey kangaroo (Macropus giganteus) and can
cause a severe skin condition in sheep, dogs, and occasionally birds
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and equids. The larvae may be found as discrete clumps of red dots,
and these cause severe pruritus. Horses bite and stamp; self-mutilation
may occur when the intensity of infection is high. Infection can arise
from baled straw used for bedding. As they are principally a kangaroo
parasite they are not found in New Zealand.

4.5.5 Other organ systems

Ticks

Fasciola hepatica infection in horses is rare. However, occasional cases
occur and may cause abdominal pain, anaemia, diarrhoea, weight loss,
variable appetite and/or poor performance. Diagnosis can be confirmed
by finding the yellow operculate eggs in the faeces. A combined
flotation-sedimentation technique is considered the most reliable
diagnostic approach. Triclabendazole (TCZ) (Fasinex), a benzimidazole,
is a safe, highly specific compound for use against F. hepatica (adult
and larval stages) but resistance has occurred in this parasite in cattle
and sheep. Although it is a benzimidazole, it is not effective against
nematodes.

Twelve species of ticks have been collected from equids in Australia.
Many of them do not cause pathogenic effects, except for a localized
skin irritation due to the bite. Boophilus (Rhipicephalus) microplus,
Haemaphysalis longicornis and Ixodes holocyclus are considered the
most relevant. Of these only H. longicornis is found in New Zealand.
Boophilus (Rhipicephalus) microplus and Haemaphysalis longicornis are
primarily parasitic on cattle but occasionally occur on horses. Lesions
are detected most frequently in late summer and early autumn, and
are confined to the lower legs and muzzle, but can also cause discrete
papules on the body. Horses that develop hypersensitivity bite at and
rub affected areas due to intense irritation.
The paralysis tick, Ixodes holocyclus, occurs along the east coast of
Australia, from northern Queensland to Bairnsdale in Victoria. Foals are
highly susceptible to tick toxins and heavy mortalities have occurred.
Adult horses can be seriously affected if the infestations intensity is high
(≥ 40 adult females). Horses show a severe local skin reaction to the tick
bite, with oedema and occasionally pus formation.
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Liver
Fasciola hepatica

Echinococcus granulosus
Equine hydatidosis/echinococcosis is a rare disease in Australia because
the equine strain of E. granulosus is not present and the sheep strain
of E. granulosus does not survive in the horse. However, horses are
introduced in Australia from the U.K. and it is not inconceivable, given
the high prevalence in some parts of the U.K., that the equine strain
could be brought here if not already present. The danger lies in raw,
non-inspected horse offal being fed to dogs and the possibility of feral
cycle being established.
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4.6. Parasites of Birds

4.6.2. Gastrointestinal tract

4.6.1. Introduction

4.6.2.1 Oral cavity

In this section, the parasites dealt with include those found in or on
poultry, ducks, geese, pigeons, aviary birds, native birds and exotic
species such as the ostrich. The range of parasites described is a selection
of those which are either highly pathogenic and /or most likely to be
encountered at autopsy. It is far from being an exhaustive account of the
parasites of birds known from Australia and New Zealand. A checklist
of all known helminths of native Australian birds is available (Mawson,
P.M., Angel, L.M. & Edmonds, S.J. 1986. A checklist of Helminths
from Australian birds. Records of the South Australian Museum 19:
220-325) as well as complete lists of lice (Zoological Catalogue of
Australia 26, 1996, CSIRO, Australia) and fleas (Zoological Catalogue
of Australia 28, 1996, CSIRO, Australia). A list of the known protozoan
parasites of Australian birds is also available (O’Donoghue, P. J. &
Adlard, R.D., 2000. Catalogue of protozoan parasites recorded in
Australia. Memoirs of the Queensland Museum 45: 1-163) as well as
a checklist of the helminth parasites of birds in New Zealand (Weekes,
P., 1982. Checklist of helminth parasites of birds in New Zealand. New
Zealand Journal of Zoology 9(4): 452-460).
A useful guide to the parasitic diseases of cage and aviary birds was
provided by Harrigan (1981, Parasitic Diseases of Birds, pp. 337-398 in
“Aviary and Caged Birds”, Refresher Course for Veterinarians No. 35,
Post-graduate Committee in Veterinary Science, University of Sydney).
The parasites of economically important birds such as those of the
chicken are well studied and there is generally a substantial body of
literature available. By contrast, the parasites of cage birds are less well
studied and those of wild birds have attracted little veterinary attention.
Consequently, there are major gaps in our knowledge of the latter
groups. The following compilation of information on a range of avian
parasites reflects this disparity in the knowledge available.
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Tritrichomonas gallinae
Introduction
This flagellated protozoan occurs primarily as a parasite of the upper
digestive tract of pigeons but may occur in a wide range of bird species.
It causes a disease termed “canker”. T. gallinae belongs to the order
Trichomonadida and the family Trichomonadidae.
In juvenile pigeons (squabs), infection may be seen at the umbilicus
and can track up into the liver via the falciform ligament connection.
When a high prevalence of disease in found in pigeon flocks, underlying
conditions including overcrowding, poor hygiene, and the presence of
pigeon circovirus should be investigated.
This is a common disease of young budgerigars, presenting signs include
weight loss, reduced food consumption or anorexia and regurgitation.
Lesions in budgerigars are predominately in the crop.
Trichomoniasis is also common in finches in aviculturalists’ collections.
Most of these birds present dead. They are typically very thin suggesting
that they have not been eating. The lesions in finches are often only
found in the thoracic oesophagus. The lesion is characterized grossly by
a thick caseous layer composed of fibrin, inflammatory cells, bacteria
and trichomonads. Live trichomonads are only found in birds that have
died in the past few hours, or were immediately chilled.
Trichomoniasis is regularly seen in peregrine falcons and boobook owls,
where it can present as it does in pigeons with ulcerative and exudative
lesions of the oral cavity, oesophagus and crop (Fig. 4.6.1). However,
these species are more likely to present with a diffuse cellulitis of the
pharynx and neck. The infected tissue is typical firm and swollen
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and has a texture of cooked meat. Cytology reveals large numbers of
heterophils as well as abundant organisms. The extensive nature of the
lesions prevent the bird from eating and these birds are emaciated on
presentation.

The organism is thought to be spread to young pigeons by parents
regurgitating food from the crop. Organisms survive poorly in the
environment but may be spread in food or water; falcons may become
infected by preying on infected pigeons.

Summary of Taxon
T. gallinae is a flagellate with 4 flagella; the undulating membrane does
not reach the end of the body.

4.6.1.2 Oesophagus, proventriculus and gizzard
Capillaria spp.
Numerous species of this genus occur in birds. (Note: the genus
Capillaria has recently been subdivided into a number of genera).
The principal species occurring in the oesophagus and crop of poultry
and many wild birds are:
Eucoleus annulatus (formerly Capillaria annulata) and Eucoleus
contortus (formerly Capillaria contorta).
Summary of Taxon
Capillariids belong to the order Enoplida, superfamily Trichinelloidea.
They are small (<10 mm) hair-like nematodes (called “hair-worms”)
with characteristic barrel-shaped eggs.

Fig. 4.6.1. Trichomoniasis in the oral cavity of a pigeon (Image courtesy of K.E.
Harrigan).

Biology
Infection leads to ulcers developing in the pharynx and these may
become covered with a diphtheritic membrane. Invasion of underlying
tissues causes a caseous necrosis. Lesions in the pharynx and oesophagus
result in an inability to feed or swallow and cause weight loss.
A diagnosis is made by demonstrating trichomonads in wet preparations
from lesions.

- 842 -

Fig. 4.6.2 . Capillaria in the oesophagus of a quail (Image courtesy of K.E.
Harrigan).
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Biology
Adult nematodes burrow into the mucosa (Fig. 4.6.2). Eggs are passed
in the faeces and the life-cycle may be direct (E. contortus) or indirect in
which earthworms can act as intermediate (E. annulatus) or transport
hosts (E. contortus). The prepatent period is 16-26 days.
The nematodes cause a mild to severe oesophagitis and birds become
lethargic, lose weight, and may show signs of diarrhoea. Diagnosis is
made by finding the characteristic eggs in the faeces.
Acuarioid nematodes
Numerous genera and species of acuarioid nematodes occur in the
oesophagus, proventriculus and gizzard of birds. Some of the common
pathogenic species are:

Fig. 4.6.3. Streptocara in the oesophagus of a magpie goose (Image courtesy of
K.E. Harrigan).

Acuaria skrjabini (oesophagus of finches)
Dispharynx nasuta (proventriculus of galliform, passerine, and psittacine
birds)
Cheilospirura hamulosa (gizzard of galliform birds)
Streptocara crassicauda, S. incognita (gizzard of waterfowl)
Xenocordon gymnorhinis (pharynx of magpies and related birds)
Cosmocephalus obvelatus (oesophagus of fish-eating birds)

Biology
All have arthropod intermediate hosts, copepods in the case of aquatic
birds and or grasshoppers, beetles or diplopods in the case of terrestrial
birds.

Summary of Taxon
These nematodes belong to the order Spirurida, superfamily Acuarioidea
and are characterised by elevations of the cuticle at the anterior end,
termed cordons. All are robust nematodes 1-2 cm long, usually with
the anterior extremity embedded in the mucosa or tunnelling in the
mucosa.

By contrast, Xenocordon gymnorhinis, also known as Cheilospirura
gymnorhinis, occurs in the throats of young magpies, pied currawongs,
magpie larks, butcherbirds, and black-faced cuckoo shrikes. When
birds are being hand reared, and open their mouths to be fed, these
nematodes are clearly visible in the pharynx with their anterior
ends moving about in the lumen. They do not appear to be highly
pathogenic. Heavy infections can result in death of juvenile magpies
from an inability to feed or swallow. These parasites respond poorly to
standard anthementics and require manual extraction to eliminate them.

- 842 -

- 843 -

Heavy infections of Streptocara in water birds and Acuaria in finches
cause severe oesophagitis; birds stop feeding and die. Dispharynx nasuta
causes severe ulceration of the proventriculus and birds may die.
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Amidostomum anseris
Species of Amidostomum are common parasites of water fowl; all their
hosts are grazing birds. A. anseris is a common pathogen of geese but
does not develop well in ducks; other species are found in different
aquatic birds; e.g. A. cygni in swans (fig. 4.6.4), other species occur in
other native birds.
Summary of Taxon
These nematodes belong to the order Strongylida, superfamily
Trichostrongyloidea and are small (to 20 mm) and red.
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Nematodes burrow under the horny lining of the gizzard giving it a
tattered necrotic appearance; light infections may cause slight ulceration
while heavy infections cause ulceration of the entire surface. Heavy
infections cause depression, anorexia and weight loss.
Libyostrongylus douglasi
The “wire-worm” of the proventriculus of the ostrich is common in
Australian ostriches, often occurring in heavy burdens.
Summary of taxon
This nematode belongs to the order Strongylida, superfamily
Trichostrongyloidea and is a small (<10 mm) hair-like, red worm. It is
restricted to ostriches. A second species, L. dentatus, has been described
from ostriches in North America but has not been reported from
Australia.
Biology
The parasite has a direct life cycle; eggs are passed in the faeces and hatch
to release the L1; the ensheathed L3 develops and is ingested by the
ostrich: it penetrates the mucosa of the proventriculus; adults occur in
the lumen; the prepatent period is 33 days.

Fig. 4.6.4. Amidostomum cygni in the gastric mucosa of a swan (Image courtesy of
K.E. Harrigan).

Biology
Adult nematodes are found at the junction of the proventriculus and
gizzard. Eggs are passed in faeces, the egg hatches and develops to
the ensheathed L3 or; larvae may be ingested with vegetation or may
penetrate the skin (the significance of the two routes in wild birds is not
known); larvae penetrating the skin reach the lungs within 16-32 h and
are then swallowed; ingested larvae penetrate the musosa at the junction
of the proventriculus and gizzard; the prepatent period 15-18 days.
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The entire surface can be covered with reddish layer of nematodes
but even with heavy burdens, the histological reaction is slight. For
diagnosis, eggs passed in faeces can be cultured – the L3s have a
characteristic spiny tip to the tail.
Eggs can survive for 2-3 years in dry conditions at room temperature
but development is inhibited by low temperatures; L3s can survive for
up to 9 months.
It has been calculated that one ostrich infected with an unknown
number of worms was shedding 3.5 million eggs of L. douglasi per day.
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Eustrongylides spp.
Nematodes of this genus occur in the stomachs of fish-eating birds.
They belong to the order Enoplida, superfamily Dioctophymatoidea.
The principal species in Australia is E. phalacrocoracis in stomach of
cormorants; other species occur in darters and pelicans.
Summary of taxon
Species of Eustrongylides are large (3 cm) red nematodes with heads
deeply embedded in the gastric mucosa.
Biology
Eggs are passed in the faeces; the first intermediate hosts are oligochaetes
(earthworms) with fish as second intermediate hosts.
Localised gastritis can occur at the site of attachment, often with a
tumour-like nodule containing worms; infection can lead to a fatal
peritonitis.
Contracaecum spp.
Nematodes of this genus are found in a range of fish-eating birds
but are most significant in cormorants (C. rudolphii), little penguins
(C. eudyptulae) and pelicans (C. bancrofti, C. multipapillatum, C.
pyripapillatum). They belong to the order Ascaridida, family Anisakidae.
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Biology
Few life cycles have been fully elucidated; eggs are passed in the faeces;
and they may use copepods as first intermediate hosts. They use fish as
final intermediate hosts, sometimes producing heavy infections.
Nematodes burrow into the mucosa of the stomach causing a localised
gastritis.

4.6.1.3 Small intestine
NEMATODES
Ascaridia spp.
These nematodes are common small intestinal parasites of a wide range
of birds: A. galli in galliform birds, A. columbae in pigeons and other
columbiform birds and A. platyceri in psittacine birds. They belong to
the order Ascaridida, superfamily Heterakoidea.
Summary of taxon
Large (to 10 cm) white nematodes with 3 lips and a club-shaped
oesophagus; a caudal sucker is present in the male. Species are
distinguished by features of caudal papillae and spicules of the male.

Summary of taxon
They are large, robust nematodes (to 10 cm) and are found in the
proventriculus or stomach of birds; microscopically they have three
lips, and both oesophageal and intestinal appendages at the oesophagointestinal junction.

Fig. 4.6.5. Ascaridia galli in the small intestine of a domestic fowl (Image courtesy
of K.E. Harrigan)
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Biology
A. galli: eggs are passed in the faeces and the first two moults occur in
the egg. The egg is ingested and larvae may enter the mucosa of the
intestine, moult and return to the lumen; the prepatent period is 5-8
weeks. Earthworms may act as transport hosts. The eggs are highly
resistant and can persist for months in the environment.
Light infections are subclinical; heavy infections can result in diarrhoea,
lethargy, loss of condition and death with no premonitory signs (Fig.
4.6.5).
In Australia, A. platyceri is a major cause of disease in captive psittacines,
but has not been found in any wild native psittacine. Princess parrots
kept in aviaries are particularly prone to roundworm infections. It is
known to occur in a single colony of feral lovebirds on Eyre Peninsula,
South Australia. It has probably been introduced to Australia with caged
psittacines such as lovebirds.
Capillaria spp.
Numerous species of this genus occur in birds. (Note: the genus
Capillaria has recenlty been subdivided into a number of genera).
The principal species occurring in the small intestine of chickens,
turkeys and pigeons is Baruscapillaria obsignata (formerly Capillaria
obsignata).
Summary of taxon
Capillariids belong to the order Enoplida, superfamily Trichinelloidea.
They are small (<10 mm) hair-like nematodes (called “hair-worms”)
with characteristic barrel-shaped eggs.
Biology
Adult nematodes burrow into the mucosa. Eggs are passed in the faeces
and the life-cycle may is direct. The prepatent period is 20-21 days.
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The nematodes cause a mild to severe enteritis and birds become
lethargic, lose weight, and may show signs of diarrhoea. Diagnosis is
made by finding the characteristic eggs in the faeces.
Ornithostrongylus quadriradiatus
This nematode belongs to the order Strongylida, superfamily
Trichostrongyloidea. It is a common blood-feeding parasite of the
intestine of pigeons and other columbiform birds.
Summary of taxon
O. quadriradiatus is a small (10 mm), coiled, slender, reddish worm; it
occurs embedded in the mucosa.
Biology
The life cycle is direct; eggs passed in the faeces hatch and develop to
the L3; L3s are ingested and development occurs mainly in lumen; the
prepatent period is 5-6 days.
At autopsy, the intestine may be flaccid, filled with mucoid exudate
and some blood; petechial haemorrhages may be present. Clinical signs
include anaemia, diarrhoea, lethargy, weight loss and death. Diagnosis
made postmortem or by identifying eggs in faeces; the eggs are a
strongylid type measuring 64-88 x 32-49 µm.

CESTODES
Amoebotaenia sphenoides
This is one of four genera of cestode found in the duodenum of poultry.
It belongs to the order Cyclophyllidea, family Dilepididae.
Summary of taxon
A. sphenoides is a small cestode, 20 mm long, with 25-30 segments; the
suckers are without spines; the rostellar hooks have a long blade.
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Biology
Egg are passed in the faeces and the intermediate hosts are earthworms;
the larval stage a cysticercoid.

Biology
Eggs are passed in the faeces and the intermediate hosts are molluscs
(snails and slugs); a cysticercoid develops in the coelom of the mollusc.

The cestode causes a very mild enteritis and weight loss.

Heavy infections cause severe enteritis and weight loss.

Choanotaenia infundibulum
This cestode parasite of the small intestine of poultry belongs to the
order Cyclophyllidea, family Dilepididae.

Hymenolepis spp.
There are hundreds of species in this genus which has now been split
into a number of genera; only the most common species found in
poultry are dealt with here. They are Hymenolepis cantaniana (or
Staphylolepis cantaniana) and H. carioca.

Summary of taxon
Cestodes are up to 15 cm long with numerous segments; mature
segments are bell-shaped; the suckers unarmed and the scolex possesses a
single row of hooks with long slender blades.
Biology
Eggs are passed in the faeces and the intermediate hosts are beetles,
grasshoppers, termites and flies (Musca domestica); the larval stage is a
cysticercoid.

Summary of taxon
Species of Hymenolepis are small cestodes, to 3 cm in length, the suckers
are unarmed, the scolex has a single row of hooks with long blades and
there are three testes in each segment. They are found in small intestine
(Fig. 4.6.6)

This cestode is only very mildly pathogenic.
Davainea proglottina
This tiny cestode is the most pathogenic of the cestodes found in
poultry. It belongs to the order Cyclophyllidea, family Davaineidae.
Summary of taxon
The tapeworm is up to 3 mm long with 4-9 segments; the suckers have
spines and the scolex has a row of numerous hammer-shaped hooks. It is
found in the duodenum of chickens and pigeons.
Fig. 4.6.6. Scolex of a species of Hymenolepis embedded in the small intestine of a
swan (Image courtesy of K.E. Harrigan).
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Biology
Eggs are passed in the faeces; the intermediate hosts are beetles; the stage
in the intermediate host is a cysticercoid.
These cestodes are apparently not pathogenic.
Raillietina spp.
This genus contains hundreds of species in birds and is usually
subdivided into four genera (not used here). The most common species
in the small intestine of poultry are R. cesticillus, R. tetragona and
R. echinobothrida. They belong to the order Cyclophyllidea, family
Davaineidae.
Summary of taxon
The cestodes are up to 12 cm long, the suckers have spines and the
rostellum has a single row of numerous hammer-shaped hooks; the eggs
occur in egg capsules.
Biology
Eggs are passed in the faeces; intermediate hosts are beetles and ants; the
larval stage is a cysticercoid.
Infections are usually sub-clinical. Heavy infections cause mild to severe
enteritis, weight loss may occur and there are occasional reports of
deaths.
Large numbers of species of this genus occur in wild birds. Five species
occur in the small intestine of the emu, sometimes in the thousands,
while four species occur, often in large numbers, in the cassowary.
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ACANTHOCEPHALA
Polymorphus boschadis
Many species of acanthocephalans are known from birds. The only
species described here is a parasite of the intestine of ducks. It belongs to
the family Polymorphidae.
Summary of taxon
The worms are 1-2 cm long, robust, sometimes orange in colour, with a
slender proboscis bearing rows of hooks.
Biology
Females lay eggs which are passed in faeces into water. The egg is
ingested by amphipods and the intermediate stage (known as an
acanthella) develops in the body cavity of the amphipod; accidental
ingestion of the amphipod by the duck completes the life-cycle.
The proboscis of the parasite is inserted deeply into intestinal wall,
inciting a localised enteritis. Infections are generally sub-clinical but
extremely heavy infections can cause mortalities.

PROTOZOA
Cryptosporidium spp.
Cryptosporidium spp. are protozoan parasites which occur on the surface
of epithelial cells of the intestine or trachea. Two principal species occur
in birds, C. meleagridis in the intestine and C. baileyi in the trachea;
both species occur in a wide range of bird hosts and infections with both
parasites can occur in a single bird.
In China, the overall prevalence of Cryptosporidium was 8.1% (35/434)
in faecal samples from 14 families of birds in pet shops (Oi et al., 2011,
Exp. Parasitol., 128:336). C. baileyi accounted for around half of the
isolates in 7 bird species, while C. meleagridis and C. avian genotype

- 842 -

- 843 -

Section 4.6: Parasites Birds

III were each found in 3 birds and C. avian genotype V was present in
faeces from 6 birds. C. meleagridis is potentially zoonotic.
Summary of taxon
Cryptosporidium develops in the brush border of the epithelial cells of
the trachea or instestines. The oocyst shed in faeces is tiny, about 2-5 µm
in diameter, and contains four naked sporozoites.
Biology
Birds infected with C. meleagridis exhibit distended, gas-filled intestines,
villous atrophy, epithelial cell hyperplasia and metaplasia and an
inflammatory infiltrate.
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and important parasites of poultry, causing the disease coccidiosis. In
the small intestine, the most significant species are Eimeria necatrix and
Eimeria acervulina; each of these species may cause death of the host. Less
pathogenic intestinal species are E. brunetti, E. maxima, E. mitis and E.
praecox. E. meleagrimitis and E. adenoides are the most pathogenic species in
turkeys while E. labbeana is a significant pathogen in pigeons.
Summary of taxon
The form passed in faeces is the oocyst. It contains four sporocysts each
containing two sporozoites (Fig. 4.6.7). The sizes and shapes of used for
specific identification.

Clinical signs include mild to severe diarrhoea, dehydration, weight loss
and weakness.
Diagnosis is by identification of the organism in histological sections or
tracheal washes using Ziehl-Nielsen staining or PCR techniques.
No effective treatment is available.
Cryptosporidiosis is a common finding in some flocks of captiveraised Gouldian finches. The organisms are found in abundance on
the surface of the proventricular oxypeptinic cells. These birds typically
are presented for post-mortem examination and are emaciated. It is
not known if they are the cause of these bird’s death as multiple other
infectious diseases are generally present in the birds and associated
lesions in the proventriculus are generally absent. However, atrophy
of the proventricular glands, and rarely fibrous metaplasia, has been
associated with infection and these lesions have not been seen in finches
that do not have cryptosporidosis.
Eimeria spp.
Numerous species of Eimeria are known from birds. They belong to
the phylum Apicomplexa, family Eimeriidae. They are very common
- 842 -

Fig. 4.6.7. Oocysts (left) and schizonts and merozoites (right) of Eimeria tenella
(Images courtesy of C. Constantinoiu).

Biology
Oocysts are ingested by a bird and release sporozoites which infect
enterocytes to form schizonts containing multiple merozoites;
subsequent generations of schizonts may develop in the lamina propria;
micro- and zygotes, the sexual stages, form in enterocytes and once
fertilised, macrogametocytes develop into oocysts, are released into the
gut as unsporulated oocysts and pass in the faeces. Sporulation takes 24
h at 30º C.
- 843 -
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The rupture of schizonts in the lamina propria is the major lesion
resulting in epithelial sloughing and blood loss.

significant disease. However, it is currently considered to be a synonym
of Isospora.

Diagnosis is usually made at autopsy; blood may be present in the
lumen of the intestine; enteritis may be evident with schizonts visible as
white pin-point foci from the serosal surface. Scraping of the intestinal
mucosa will reveal schizonts. Finding oocysts in faeces is an insufficient
basis on which to make a diagnosis (Fig. 4.6.8).

Summary of taxon
The form passed in faeces is the oocyst. It contains two sporocysts each
containing four sporozoites (Fig. 4.6.7). The sizes and shapes of used for
specific identification.

Oocysts require moist, warm conditions for sporulation; overstocking
and contamination of litter increase the likelihood of infection of birds;
other stressors can increase the susceptibility to infection. Infections can
be treated with sulphonamides, amprolium, monensin (used in poultry,
but may be toxic in other species of birds) or toltrazuril.

Biology
The life cycle is basically similar to that of Eimeria spp. In some species
(formerly referred to as Atoxoplasma), dissemination occurs to various
organs and the parasite is seen in mononuclear cells. Most species of
Isospora in birds do not appear to be highly pathogenic.

Fig. 4.6.8. Avian coccidiosis; caecal pathology (left) and bloodied droppings
(right) from infection with Eimeria tenella (Images courtesy of C. Constantinoiu)

Isospora spp. (= Atoxoplasma)
As is the case with Eimeria, many species of Isospora have been
described from birds. Few are of importance in domestic bird species
although coccidiosis is common in aviary finches. An additional genus,
Atoxoplasma, was described from birds, some species of which cause
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A disease commonly referred to as atoxoplasmosis has been seen
in a range of passerine birds world-wide and is common in captive
canaries. Generally, multiple birds are infected in a collection. Infected
birds develop a chronic wasting disease and may die. Transmission is
believed to be by ingestion of the oocysts shed in the faeces. It has also
been identified in native Australian finches raised in captivity, but is
uncommon to rare. In all species it causes liver and spleen enlargement
and induces a marked lymphoplasmacytic inflammatory response in the
intestine, spleen, and liver. Organisms with a diameter of 1-3 um are
found within mononuclear cells that are predominately B lymphocytes.
In a study overseas, many fledgling canaries (Serinum canarius) in a
private aviary died from atoxoplasmosis during a single breeding season.
However, the following year, after egg-laying was completed, adults were
treated with sulfadimethoxine, and no further fledgling losses occurred.
Spironucleus spp. (=Hexamita spp.)
The most important of these species of flagellates, H. meleagridis,
is found in the intestines of turkeys, peafowl, pheasants and quail;
H. columbae is found in pigeons and an unidentified species found
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in captive and wild psittacine birds. They belong to the order
Diplomonadida and the family Hexamitiidae.
Summary of taxon
The body of this protist is pyriform in shape and contains two nuclei. It
has two pairs of anterior flagella, one pair of antero-lateral flagella and
one pair of recurrent flagella.
Biology
Transmission occurs via contaminated feed and water. Infection is
associated with severe enteritis and foamy intestinal content. Birds
exhibit diarrhoea, become emaciated and mortality may be high.
Diagnosis is by demonstration of the organism in wet smears from
recently dead birds. The disease is mainly a problem in young birds but
adults may act as carriers. It is a common cause of cachexia, diarrhoea,
and death in juvenile wild King Parrots (Alisterus scapularis). It occurs
less commonly in Galahs and Long-billed Correlas. The organisms can
be cleared from the birds treatment with metronidazole, but these birds
typically do not recover from their signs and die.

4.6.1.4 Caecum
PROTOZOA
Eimeria tenella
Eimeria tenella is the cause of caecal coccidiosis in chickens. It belongs
to the phylum Apicomplexa, family Eimeriidae.
Summary of taxon
See the entry for Eimeria.
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Biology
The life cycle of E. tenella is similar to that described for other species
of Eimeria except that it occurs in the caecum rather than the small
intestine. It causes a serious disease of poultry, named caecal coccidiosis
with high mortalities. At autopsy, there is frequently a large amount of
blood in the caeca (see Fig 8).
Other features of the biology of intestinal Eimeria species apply to E.
tenella.
Histomonas meleagridis
H. meleagridis is a flagellate protozoan which causes the disease
histomoniasis, “black-head” or infectious entero-hepatitis, mainly in
turkeys. It is a relatively non-pathogenic parasite of chickens but causes
fatal disease in turkeys. It belongs to the order Trichomonadida and the
family Monocercomonadidae.
Summary of taxon
H. meleagridis is a flagellate with four flagella. However, forms in the
tissues have no discernable flagella.
Biology
Transmission is by trophozoites passed in the faeces and although they
have a short survival time in the external environment, they will infect
susceptible turkeys. The parasite is most commonly transmitted in the
egg of Heterakis gallinarum.
Caecal lesions include thickening of the caecal wall, with yellowish
exudate which may consolidate to form a cheesy plug; perforation of
caecum occurs occasionally.
Lesions also occur in the liver and are characteristic, being circular,
depressed and yellow-green in colour. Mortalities in turkeys can be high.
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The disease is usually diagnosed at autopsy and the lesions are
pathognomonic. Histomoniasis can be differentiated from coccidiosis by
examining mucosal scrapings.

NEMATODES
Heterakis gallinarum
The nematode H. gallinarum is the common caecal worm of poultry.
Many other species are known, occurring in various wild birds. They
belong to the Order Ascaridida, superfamily Heterakoidea.
Summary of taxon
They are small (10 mm), white nematodes with three lips;
microscopically the oesophagus has a terminal bulb, and the male has a
caudal sucker.
Biology
Eggs are passed in faeces and two moults are presumed to occur in the
egg; the egg can be ingested directly with larval development occurring
in the caeca; earthworms can act as transport hosts.
H. gallinarum is non-pathogenic but Histomonas meleagridis can be
transmitted in the eggs. The protozoan multiplies in the germinal region
of the ovary of H. gallinarum and then penetrates oocytes in the growth
zone of the ovary. The protozoan also invades the testis of male H.
gallinarum and may be transmitted to females during copulation.
Eggs are highly resistant and persist in the environment for months.
Trichostrongylus tenuis
T. tenuis is the only species of the genus found in birds and while all
other species occur in the stomach or small intestine, T. tenuis is found
in the caecum. It belongs to the order Strongylida and the superfamily
Trichostrongyloidea.
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Summary of taxon
The nematodes are small (10 mm), hair-like worms found in the caeca
of chickens and other gallinaceous birds, but they also occur in a variety
of other birds including the emu.
Biology
T. tenuis exhibits a typical trichostrongyloid life cycle with eggs passed in
the faeces, hatching to release the L1 which develops to an ensheathed
L3; the L3 is ingested and further development occurs in the intestinal
tract. The prepatent period is 7-8 days. The nematodes produce a severe
typhlitis and heavy infections can be fatal.
Although occurring in a range of birds, T. tenuis is of most significance
in grouse populations, where heavy infections kill large numbers of
immature birds. The dramatic annual fluctuations in grouse numbers
are due largely to the effects of this nematode. This is of major concern
to grouse-hunting members of the British aristocracy.

4.6.2. Cardiorespiratory system
NEMATODES
Syngamus trachea
The common name of this worm, the “gape worm” is derived from the
clinical signs seen in heavily infected birds showing respiratory signs.
Overseas, it is found in a wide range of birds – galliforms, passerines,
psittacines, pigeons, waterfowl and birds of prey. It is uncommon in
chickens in Australia but is found commonly in juvenile magpies as
well as in ravens and scrub turkeys. It belongs to the order Strongylida,
superfamily Strongyloidea.
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Summary of taxon
S. trachea is red, 10-20 mm long with an enlarged buccal capsule;
the male is small and is attached permanently to the vulva forming a
Y-shape. It is the only nematode found in the trachea of birds (Fig. 4.6.
9).
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PROTOZOA
Cryptosporidium spp.
See entry above. Cryptosporidium spp. are protozoan parasites which
occur on the surface of epithelial cells of the intestine or trachea. Two
principal species occur in birds, C. meleagridis in the intestine and C.
baileyi in the trachea; both species occur in a wide range of bird hosts
and infections with both parasites can occur in a single bird.
Summary of taxon
Cryptosporidium develops in the brush border of the epithelial cells of
the trachea or intestines (Fig. 4.6.10). The oocyst shed in faeces is tiny,
about 2-5 µm in diameter, and contains four naked sporozoites.

Fig. 4.6.9. Syngamus trachea in the trachea of a magpie (Image courtesy of K.E.
Harrigan).

Biology
Eggs are coughed up, swallowed and passed in faeces; the L3 develops
in the egg. Birds are infected orally; larvae ex-sheath in the duodenum
and pass via the venous circulation through the liver to the lungs. The
prepatent period is 12-14 days. Earthworms, slugs and snails can act as
transport hosts.
Heavily infected birds show severe respiratory distress due to blockage of
the airways and the excess mucus produced in response to the presence
of the worms; birds gasp for breath and lose weight. The worms are
blood feeders. Death results from suffocation.
Diagnosis is usually made post-mortem but typical strongylid type eggs
can be found in the faeces.
The male of this unusual nematode lives in a state of virtually constant
copulation with the female.
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Fig. 4.6.10. Cryptosporidium in the respiratory epithelium of a partridge (Image
courtesy of K.E. Harrigan).

Biology
Birds infected with C. baileyi develop excess mucus and petechiae in the
trachea and nasal cavities with occasional air sacculitis; hyperplasia and
metaplasia of the respiratory epithelium is also seen.
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Clinically, birds exhibit rales, coughing, a mucoid discharge and
dyspnoea.
Diagnosis is by identification of the organism in histological sections or
tracheal washes using Ziehl-Nielsen staining or PCR techniques.
No effective treatment is available.

ARTHROPODS
Cytodites nudus
Cytodites nudus is commonly known as the air-sac mite of poultry but
also occurs in the air sacs of cage birds. It belongs to the sub-order
Astigmata, family Cytoditidae.
Summary of taxon
C. nudus is a small mite with all legs projecting beyond the margin on
the body and legs 3 and 4 separated from legs 1 and 2. It is found in the
air sacs of birds.
Biology
The parasite has a typical mite life-cycle with an egg, larval and nymphal
stages, all occurring in the air sacs.
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Summary of taxon
S. tracheocolum is a small mite with all legs projecting beyond the
margin on the body and all legs grouped together in the anterior part of
the body. It is found in the air sacs of birds.
Biology
The mite is found in the trachea, bronchi and air sacs of aviary birds
such as canaries and finches and is also found in wild Gouldian finches.
Details of the life cycle are not known but it is assumed that young are
infected in the nest with regurgitated food.
Heavy infestations cause severe tracheitis and occlusion of major airways
but most infestations are sub-clinical. With heavy infestations, birds are
listless and exhibit obvious signs of respiratory distress.
This parasite is considered to be a primary cause of the decline of wild
populations of Gouldian finches across northern Australia.

4.6.3 Skin
TICKS

C. nudus is non-pathogenic but is found at autopsy in air-ways and airsacs causing creamy deposits.

Argas persicus
Known as the common fowl tick, A. persicus is found frequently on
chickens in inland areas of Australia. Other species of Argas occur on
native birds.

Sternastoma tracheocolum
Commonly referred to as the canary air sac mite, this species occurs in
a wide range of passeriform birds and is a common problem in canaries
(Serinus canaria)and Gouldian finches (Erythrura gouldiae). It belongs
to the sub-order Mesostigmata.

Summary of taxon
A. persicus is 4-10 mm long with the mouth parts on the ventral surface
of body and a distinct body margin. It is a soft tick with a leathery
scutum.
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Biology
Ticks are found in cracks and crevices of poultry sheds; eggs hatch in 3
weeks and larvae attach on the breast and under wings for 5-10 days;
engorged larvae then retreat to crevices and moult; 2 nymphal stages
occur; nymphs and adults feed at night, feeding taking about 2 hrs;
adults feed about once per month and females lay a batch of 100-250
eggs after each blood meal; larvae can survive unfed for 3 months, adults
for 3-5 years.
Tick infestations cause anaemia, irritation and unthriftiness and larvae
may cause paralysis; ticks are also the vectors for Borrelia anserina (tick
fever) and Aegyptianella pullorum.
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Biology
Lice are highly host specific. Frequently, a species of louse is restricted
to one particular part of the body, often associated with particular types
or sizes of feathers; eggs are attached to feathers (Fig. 4.6.11) and a
nymph, resembling the adult louse, hatches from the egg; two nymphal
stages occur prior to the adult stage.
Bird lice feed on the epidermis and therefore are of very low
pathogenicity. Most infestations are sub-clinical but in heavy
infestations, there can be feather loss or broken feathers (Fig. 4.6.11).
Lice are transmitted by contact and are usually treated by the topical
application of insecticides.

Control can be achieved by spraying chicken sheds with
organophosphates or with a kerosene emulsion. An alternative control
method, due to the longevity of the ticks, is to remove the birds, spray
the poultry shed with kerosene, burn it down and build a new poultry
shed!

LICE
Order: Phthiraptera
Numerous genera and species of biting lice (suborder Amblycera) occur
on birds; there are no avian sucking lice (Anoplura). The common
genera on poultry are Menacanthus (=Eomenacanthus), Menopon,
Lipeurus, Gonioides and Goniocotes.
Summary of taxon
Lice have three distinct body parts (head, thorax and abdomen) and six
legs (three pairs on the thorax); they are dorso-ventrally flattened.
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Fig. 4.6.11. Louse eggs (“nits’) on the feathers of a chicken (Image courtesy of C.
Constantinoiu).
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FLEAS
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FLIES

Fleas of importance are:
Ceratophyllus gallinae,
Echidnophaga gallinacea

Ceratophyllus gallinae is the common flea of poultry, while
Echidnophaga gallinacea is the stick-fast flea of poultry. Both belong to
the order Siphonaptera and the families Ceratophyllidae and Pulicidae
respectively.
Summary of taxon
C. gallinae behaves as do most fleas and moves rapidly around the body
of the host; E. gallinacea attaches in one site, often on the wattles and
combs and does not move around; stick-fast fleas are distinguishable
from all other fleas in having a very short thorax, usually the same length
as an abdominal segment.

Hippoboscid flies or “flat-flies”
An extensive range of flies of this family occur as parasites of birds,
particularly native birds. As the common name indicates, they appear
to be flattened dorso-ventrally, presumably an adaptation to parasitism;
many are blood or tissue fluid feeders and may transmit protozoan
parasites (e.g. Haemoproteus). Numerous genera and species are
involved, the commonest being Pseudolynchia and Ornithomya. They
belong to the order Diptera and the family Hippoboscidae.
Summary of taxon
Hippoboscids are typical winged flies but are dorso-ventrally flattened.
Biology
Flies lay eggs or larvae which pupate immediately in secluded places (e.g.
nest-boxes); flies then emerge from pupal cases and seek a host.

Biology
Both species have typical flea life-cycles; eggs are laid and drop off the
host into the environment where maggot-like larval stages feed on
detritus; the larval stages are followed by a pupal stage from which an
adult emerges and finds a host.

Heavily infested birds appear to be irritated and preen themselves
constantly.

E. gallinacea may cause a localised dermatitis at its site of attachment.
Infestations are generally sub-clinical; heavy infestations may cause
anaemia, feather loss due to excessive preening and reduced egg
production.

These flies are particularly common on captive and feral rock doves
(pigeons) and birds of prey.

Echidnophaga gallinacea is not host specific and occurs on mammals as
well as birds in inland areas of Australia.

Dermanyssus gallinae
Although its common name is the red mite of poultry, D. gallinae can
infect a wide range of birds and is occasionally found on mammals such
as dogs, horses and humans. The mite belongs to the order Acarina, suborder Mesostigmata.
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Psrudolynchia canariensis may cause anaemia and death in young
pigeons.

MITES
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Summary of taxon
The mite is approximately 1 mm in length; identification is based on
the fact that the legs are in the anterior half of body and the anal plate is
roughly triangular in shape.
Biology
Adult mites live in cracks and crevices or other secluded situations and
emerge to feed on birds at night. Adults lay eggs in cracks and crevices
and while the larvae do not feed, the two nymphal stages emerge to feed
on birds. The entire life-cycle takes seven days.
Although primarily a parasite of birds, this species will also feed on
horses, dogs, rats and humans and can cause a severe dermatitis in
humans.
Heavy infestations cause anaemia and feather loss due to irritation, and
the mite transmits Borrelia anserina.
Ornithonyssus spp.
This genus contains several species which are parasitic on both birds and
mammals. The two most important species are O. sylviarum, commonly
referred to as “starling lice”, and O. bursa the “tropical fowl mite”. They
belong to the order Acarina and the sub-order Mesostigmata
Summary of taxon
The mites are approximately 1 mm and long have legs restricted to the
anterior half of the body and an oval or elongate anal plate.
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Heavy infestations cause anaemia and death; lighter infestations cause
weight and feather loss.
O. sylviarum is a common parasite of wild birds, hence the
inappropriate name of “starling lice”; numbers can increase dramatically
when birds are nesting as the nestlings provide a constant source of
food. When the nestlings fledge and leave the nest, large populations of
mites may be left behind; they then seek hosts by migrating out of the
roof where the nests are located and into the house below to feed on
humans; in hospitals, patients immobilised in beds provide particularly
convenient hosts; bird nests in roofs and eaves are common sources of
this problem and should be removed.
Knemidocoptes (or Cnemidocoptes)
Several species occur in this genus: K. gallinae, the depluming mite of
poultry, pigeons, pheasants and geese; K. mutans, the cause of scalyleg in poultry; K. pili, the cause of leg and cere disease in psittacines
(predominately budgerigars, it is rare in other species of psittacines) and
K. intermedius, the cause of scaly-leg in native passerines (Fig. 4.6.12).
These mites belong to the order Acarina, sub-order Astigmata and
family Sarcoptidae.
Summary of taxon
The mites are small and have tiny legs which barely project beyond the
body margin. Legs 1 and 2 are separated from legs 3 and 4.

Biology
Mites spend most of time on the host or in the nest (depending upon
species); there is an egg, a larva and two nymphal stages. The life-cycle is
completed in 7-10 days.
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Summary of taxon
Large (to 10 cm) whitish nematodes occurring in the walls of the
thoracic and abdominal air sacs and the peritoneum of falcons.
Biology
Embryonated eggs are passed in faeces and are ingested by beetles,
cockroaches or grasshoppers. Falcons become infected when they prey
on infected insects.
Fig. 4.6.12. Knemidocoptes mutans infection of the legs of a domestic fowl (Image
courtesy of K.E. Harrigan).

Nematodes incite a mild air sacculitis but are not highly pathogenic.
However, they are extremely obvious at autopsy (Fig. 4.6.13).

Biology
Adult mites live in tunnels in the skin. The life cycle includes an egg,
larva, nymphs and adults.
In infections with K. gallinae, the principal clinical sign is feather loss;
with K. mutans and K. intermedius, elevation of scales on the legs and
hyperkeratosis is seen; with K. pili, hyperkeratosis is seen on the legs and
the cere.

4.6.5. Other organ systems
4.6.5.1. BODY CAVITIES
Serratospiculum spp.
These are large nematodes found commonly in the walls of the thoracic
and abdominal air sacs and the peritoneum of falcons, particularly the
black falcon, Falco subniger, the peregrine falcon, F. peregrinus, the
brown falcon, F. berigora, and the Australian hobby, F. longipennis. Two
species of nematode occur: S. tendo and S. guttatum. They belong to
the order Spiruruda, superfamily Diplotriaenoidea.
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Fig. 4.6.13. Serratospiculum in a peregrine falcon (Image courtesy of K.E.
Harrigan).
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CONJUNCTIVAL SAC
Oxyspirura mansoni
These small nematodes are found in the conjunctival sac of chickens,
ducks, pigeons and numerous passerine birds. They belong to the order
Spirurida, superfamily Thelazioidea.
Summary of taxon
Small spirurid nematodes located in the conjunctival sac.
Biology
Eggs pass down lacrimal duct and are passed in faeces; cockroaches act
as intermediate hosts; the prepatent period is 3-4 weeks.
Up to 200 nematodes have been removed from the conjunctival sac of
an individual bird.

4.6.5.2. KIDNEY
Renicola spp.
These are large flukes found in the kidneys of marine birds such as
mutton-birds (Puffinus tenuirostris), pelicans (Pelecanus conspicillatus)
and cormorants (Phalocrocorax varius); species named in Australia to
date are: R. foliata and R. caudescens from the black noddy (Anous
minutus); the flukes in the other hosts have not been identified to
species. They belong to the sub-class Digenea, family Renicolidae.
Summary of taxon
Large flukes occurring in the kidneys of fish-eating birds.
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Biology
Eggs are passed in the excreted urates, hatch in water and require a snail
as a first intermediate host; the second intermediate host is a fish.
Intermediate stages have been found in the gastropod Planaxis sulcatus
with metacercariae in the muscles of hardyheads (fish, Atherinidae).
The flukes compress kidney tissues but incite little inflammatory
reaction; presumably, heavy infections may impair renal function.

4.6.5.3. VASCULAR SYSTEM
Schistosomes: Austrobilharzia terrigalensis,
Trichobilharzia australis
These slender digeneans are found in the blood vessels of birds;
A. terrigalensis occurs in the portal vessels of seagulls (Larus
novaehollandiae); species of Trichobilharzia such as T. australis occur in
the nasal blood vessels of ducks. They belong to the sub-class Digenea,
family Schistosomatidae.
Summary of taxon
These digeneans are long and slender, are always found in male-femail
pairs females and occur in blood vessels.
Biology
Eggs migrate through the gut wall or nasal epithelium and are passed
in faeces; they hatch in water to release a miracidium which locates
and burrows into a snail following which rediae develop in the snail;
swimming cercariae are released from the snails and penetrate the feet of
birds, migrating to their appropriate site in the definitive host. They are
non-pathogenic in the normal definitive host.
Cercariae are common in bodies of freshwater and may penetrate the
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skin of humans swimming in these water bodies; cercariae die when
they penetrate human skin but a hypersensitivity reaction may occur
when cercariae subsequently attempt to penetrate the skin causing
pruritic, hyperaemic lesions on various parts of the body known
colloquially as “swimmer’s itch”.

4.6.5.4. BLOOD
Haematozoa
Aegyptianella pullorum
A. pullorum is a piroplasm occurring in the erythrocytes of birds but
is not known to occur in Australia. Overseas it occurs in chickens,
turkeys, geese and ducks. It belongs to the phylum Apicomplexa, family
Babesiidae.
Summary of taxon
Identifiable as paired, oval to pyriform organisms within erythrocytes.
Biology
A. pullorum is transmitted by the tick Argas persicus.
At autopsy, splenomegaly, greyish-yellow kidneys and intestinal
congestion are seen. Clinical signs include anaemia, fever, icterus and
anorexia.
Haemoproteus spp.
These are inta-erythrocytic protozoans. Several pathogenic species are
known:
H. columbae in pigeons and H. nettionis in ducks. These protozoans
belong to the phylum Apicomplexa, family Haemoproteidae.
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Summary of taxon
Haemoproteus spp. form characteristic crescent-shaped gamonts in red
blood cells; haemozoin pigment is present.
Biology
The life-cycle is similar to that of Plasmodium (see description in
section 2) except that schizogony occurs in endothelial cells rather than
in erythrocytes.
Intermediate hosts are hippoboscid flies (Pseudolynchia, Lynchia and
Ornithomya) for H. columbae and midges (Culicoides spp.) for H.
nettionis.
At autopsy, anaemia, splenomegaly, hepatomegaly, and pigmentation of
the spleen and liver are seen.
Most infections are sub-clinical; clinically affected birds exhibit mild
signs of anaemia and listlessness.
Leucocytozoon spp.
Species of Leucocytozoon are protozoan parasites of the leucocytes of
birds.
Pathogenic species are: L. simondi in anseriform birds, L. smithi in
turkeys, L. caulleryi in chickens and L. marchouxi in pigeons. There
are various species of unknown pathogenicity in native birds. Infection
prevalence varies from year to year, but infections are relatively common
in owls, magpies, currawongs and tawny frogmouths. Leucocytozoon
infections in Nankeen Kestrels (Falco cenchroides) in Western Australia
have been associated with outbreaks of central nervous system disease.
Summary of taxon
Characteristic elongate stages (gamonts) of these parasites are seen in the
leukocytes of birds.

- 843 -

Section 4.6: Parasites Birds

Biology
Macro and microgametocytes occur in leucocytes (or erythrocytes
is some species); schizogony occurs in the liver, heart, kidney or
other organs; no schizogony occurs in erythrocytes or leucocytes; the
intermediate hosts are Simulium spp.
At autopsy, anaemia, splenomegaly and hepatomegaly are evident.
Mortalities can be high; clinical signs include respiratory difficulties,
nervous signs and death; in chronic infections, birds are thin and listless.
Plasmodium spp.
Malarial parasites are intra-erythrocytic protozoans with several
pathogenic species of Plasmodium occurring in birds: P. gallinaceum
in chickens, P. durae in turkeys, P. relictum (or praecox) in pigeons, P.
cathemerium in canaries, and many other species in penguins, birds of
prey and other birds. They belong to the phylum Apicomplexa, family
Plasmodiidae.
Biology
Characteristic pleomorphic (= plasmodial) stages (trophozoites, meronts
= schizonts, gamonts) are found in erythrocytes of birds; haemozoin
pigment is present.
Biology
These protozoans follow a typical Plasmodium life-cycle (see section
2); mosquitoes are the intermediate hosts. At autopsy, anaemia,
splenomegaly, occasionally with splenic infarcts, hepatomegaly, pigment
deposits in the liver, spleen or other organs are seen.
Trypanosoma spp.
Flagellates of the genus Trypanosoma occur in the blood (extracellular) of
various species of birds. The principal species is T. avium which is found
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in a variety of bird species. Many other species are known. The genus
belongs to the order Kinetoplastida and the family Trypanosomatidae.
Summary of taxon
Characteristic trypomastigotes with an undulating membrane are seen
in blood films.
Biology
The intermediate hosts are blood feeding arthropods such as mosquitoes,
Ornithomya (a hippoboscid) and Dermanyssus (a mite). Species in birds
appear to be non-pathogenic.

4.6.5.5. Multiple Organ Systems
Toxoplasma gondii
Bradyzoites (cysts) of this parasite have been found in a wide variety of
birds (poultry, ducks, canaries, pigeons, sparrows, parrots, crows and
penguins). The parasite belongs to the phylum Apicomplexa, family
Eimeriiidae.
Summary of taxon
Details of this parasite are provided in section 2.
Biology
The definitive hosts are felids and birds are among the numerous
intermediate hosts of this parasite.
Most infections in birds are detected at post-mortem by finding
bradyzoites in tissues, primarily in the musculature, but also in liver,
kidney, spleen, pancreas, brain and intestine.
Infections are usually sub-clinical but deaths have been reported in
pigeons.
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Parasites of
birds
GI tract

Respiratory

Parasite name
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Site in host

NEMATODES
Capillaria spp.
Eustrongylides spp.
Contracaecum spp.
Acuarioid nematodes :
Acuaria/Dispharynx/
Cheilospirura / Streptocara.
Libyostrongylus douglasi
Amidostomum anseris
Ascaridia spp.
Ornithostrongylus
Heterakis gallinarum
Trichostrongylus tenuis
CESTODES
Davainea
Choanotaenia
Amoebotaenia
Raillietina
Hymenolepis
PROTOZOA
Eimeria spp.
Isospora spp.
Histomonas meleagridis
Spironucleus spp. (=Hexamita)
Tritrichomonas gallinae
ACANTHOCEPHALANS
Polymorphus boschadis
NEMATODES
Syngamus trachea
PROTOZOA
Cryptosporidium
MITES
Cytodites nudus
Sternastoma tracheacolum
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oesophagus, intestine
oesophagus, stomach
stomach
oesophagus,
proventriculus,
gizzard
proventriculus
gizzard
intestine
intestine
caecum
caecum
intestine
intestine
intestine
intestine
intestine
intestine, caecum, kidney
intestine
caecum, liver
intestine
oral cavity
intestine
trachea

Skin

TICKS
Argas persicus
LICE
biting lice – Amblycera
FLEAS
Ceratophyllus gallinae
Echidnophaga gallinacea
FLIES
Hippoboscidae
MITES
Dermanyssus gallinae
Ornithonyssus spp.
Knemidocoptes spp.

Other organs NEMATODES

Serratospiculum spp.
Oxyspirura mansoni
TREMATODES
Renicola spp.
Trichobilharzia, Austrobilharzia

body cavity
conjunctival sac

PROTOZOA
Toxoplasma gondii

multiple organs

Haematozoa PROTOZOA

Aegyptianella pullorum
Plasmodium spp.
Leucocytozoon spp.
Haemoproteus spp.
Trypanosoma spp.

trachea, bronchi
air sacs
bronchi, air sacs
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blood vessels

red blood cells
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4.6.7. Parasiticides for birds
There are many parasiticides that have been used in birds and there
are thousands of species of wild, domestic and caged birds that the
practitioner might be asked to treat. Some of these parasiticides have
been used safely in many species of birds, while others have a low
therapeutic index in some or many species and have caused toxicity.
The following Table lists some commonly available parasiticides that
are generally effective and safe against the most common parasites in
birds. It should be noted that dosage rates often vary for the species of
bird being treated. For a more detailed listing of parasiticides and dosage
regimes please consult the Exotic Animal Formulary, 4th Edition. J. W.
Carpenter (ed.), Elsevier Saunders, St. Louis, Mo. USA, 2013.

Parasite

Paraciticide

Species/Dosage
rate/route of
administration

Mites, Lice, Ticks
Fleas,
Hippoboscidae

Carbaryl 5% powder
Pyrethrin flea powders
Rotenone 1% powder

All species. Dust lightly with
powder. Can be used in
bedding in nest boxes.

Knemidokoptes
Biting mites
Cytodites nudus
Sternastoma tracheacolum

Ivermectin

Most species. 0.2 mg/
kg topically, by mouth, or
intramuscular - repeat in 2
weeks and then again at 4
weeks.

Moxidectin

Most species. 0.2 mg/kg by
mouth - repeat in 2 weeks
and then again at 4 weeks.
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Parasite

Paraciticide

Species/Dosage
rate/route of
administration

Protozoans (Giardia,
Trichomonas, Histomonas
Spironucles)

Ronidazole

Most species. 10 mg/kg by
mouth every 24 hrs for 7 days.
Most species. 1g of powder
(60mg/gm Ronidazole)/L
drinking water, treat for 7
days.
Most species. 30 mg/kg by
mouth for 5 days.
Poultry. For Histomonas 110
mg/kg by mouth every 12
hours until well.7

Metronidazole

Canaries. 100 mg/L of
drinking water for 7 days.6
Protozoans (Isopora, Eimeria)

Toltrazuril*

Trimethoprim/
sulfamethoxizole

*Preferred treatment
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Pigeons. 35 mg/kg orally,
once.16
Cockatiels, canaries and
finches. 25 mg/L of drinking
water for 2 days. Repeat in 2
weeks and in 3 weeks.9
Poultry. 75 mg/L of drinking
water, administered for 8
hours for each of 2 days.
Pigeons. 75mg/L for 5 days.8
Most birds. 25 mg/kg, once a
day by mouth for 10 days.12
525 mg/L of drinking water
for 10 days.7
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Parasite

Paraciticide

Species/Dosage
rate/route of
administration

Parasite

Paraciticide

Species/Dosage
rate/route of
administration

Nematodes

Albendazole

Poultry. 10mg/kg by mouth
once.5
Other caged bird species. 50
mg/kg by mouth once.

Cestodes

Prazequantel*

Chickens. 10 mg/kg orally
or 11mg/kg subcutaneously
once.1
Pigeons. 20 mg/kg orally
-repeat in 14 days.3
Psittacine birds. 9 mg/kg
intramuscularly - repeat in 10
days.2

Fembendazole – potential
toxicity – doves, lorikeets

Ivermectin
Moxidectin
Pyrantel pamoate
Trematodes

Fembendazol
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Chickens: 4 mg/kg Orally
once a day for 3 days.12
Psittacine birds. 20-50 mg/
kg by mouth - repeat in 10
days.13,15
Canaries and finches. 50
mg/L of drinking water for 5
days.10

*Toxic in finches12

Fembendazol

Most species. 0.2 mg/kg
topically or by mouth once.
Most species. 0.2 mg/kg by
mouth once.
Most species. 7 mg/kg orallyrepeat in 14 days.4
Psittacine birds. 50 mg/kg
by mouth once a day for 3
days.15 Caution in lories and
lorikeets.11
Finches: 50 mg/L of drinking
water for 5 days.10
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Psittacine birds, 50 mg/
kg once a day for 3 days.15
Caution in lories and
lorikeets.11
Finches: 50 mg/L of drinking
water for 5 days.10
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4.7. Camelids
4.7.1. Introduction
By far the most important camelid in Australia is the dromedary,
Camelus dromedarius, with large populations of feral camels present
in inland areas. The Australian population of dromedaries, although
considered a pest by pastoralists, is free of some of the most significant
diseases affecting camels, such as Surra, caused by the protozoan
Trypanosoma evansi. There are few studies of the parasites of camels in
Australia and therefore information on this topic is limited.
Alpacas are now relatively widespread domesticated animals in southern
Australia. However, as the original imported stock was subjected to
relatively stringent quarantine procedures, no parasites were knowingly
introduced with them, apart from an as yet unidentified species of mite,
Psoroptes, found in the ear canals. The major parasites seen in alpacas
in Australia are the common trichostrongylid nematodes of sheep and
goats and consequently, they are not dealt with here.

4.7.2 Gastrointestinal tract
Camelostrongylus mentulatus
Camelostrongylus mentulatus (Order Strongylida, Superfamily
Trichostrongyloidea) is a common gastric parasite of camels overseas and
is closely related to Ostertagia of ruminants. It has only been reported in
Australia once in a camel from Melbourne Zoo but occurs commonly in
the abomasa of sheep in inland areas of Australia.
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Summary of the taxon/parasite
This nematode is a hairlike, darkly pigmented nematode up to 15 mm
long, found on the surface of the gastric mucosa; it is easily identifiable
microscopically by its characteristic spicules. It is found in camels, sheep
and goats.
Biology
This nematode has a typical trichostrongyloid life cycle with
development to L3 in faeces and migration of the ensheathed L3 onto
vegetation. Ingestion of the L3 completes the life-cycle.
The pathogenesis of infection in this species has been studied in sheep
only and is similar to that induced by Teladorsagia circumcincta.
Diagnosis may be made by identification of strongylid-type eggs in
faeces. However the egg is similar to that of other trichostrongyloids and
the L3 has not been described, so that larval cultures are unlikely to be
helpful.
Infections can presumably be treated with all of the broad spectrum
anthelmintics currently used in ruminants.
Although not (yet) reported from wild camels in Australia, this
nematode is a common abomasal nematode of sheep and feral goats in
the arid rangelands of western New South Wales and northern South
Australia, where it has virtually replaced Teladorsagia circumcincta, the
principal abomasal nematode of sheep and goats in higher rainfall areas
of southern Australia.
Nematodirella dromedarii
Summary of the taxon/parasite
This parasite of the small intestine of camels is closely related to the
genus Nematodirus found in ruminants. It is a small, hair-like, coiled
nematode up to 20 mm long. It is found in camels and feral goats in
Australia and overseas in wild sheep in countries such as Iran.
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Biology
The life cycle is not known but is presumed to be a typical
trichostrongyloid life cycle. Diagnosis may be made by the
identification of Nematodirus type eggs in the faeces.
This parasite is known primarily from feral goats in the northern
Flinders Ranges of South Australia, close to the property owned by Sir
Thomas Elder who imported large numbers of camels from Pakistan
in the late 1800’s and began breeding camels for use in transportation
throughout inland Australia.
Trichuris tenuis
Summary of taxon
Trichuris tenuis is an important pathogen of camels, causing diarrhoea
and sometimes death. The parasite has the typical features of a
whipworm (Order Enoplida, Superfamily Trichinelloidea), with an
elongated, slender anterior region of the body and a thickened posterior
part; it is specific to camels.
Biology
The life cycle is not known, but is presumed to be similar to other
species of Trichuris. The nematode burrows in the caecal mucosa causing
a severe typhlitis resulting in diarrhoea, dehydration and death in severe
cases. A diagnosis can be made by finding typical trichuroid eggs in
faeces.
The eggs of this species are highly resistant and can persist in the soil
in enclosures for years; there are no known means of decontaminating
infected enclosures. Macrocyclic lactones such as ivermectin have little
effect against this parasite, but it can be controlled with benzimidazoles.
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4.7.3 Skin
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Sarcoptes scabiei
Scabies is a common disease of many mammals but camels are one host
in which the disease can be quite severe.

Biology
The adult fly cannot feed and oviposits around the nasal region of
camels; first instars migrate into the nasal cavity and develop to the third
instar which is large (Fig. 4.7.1) and is sneezed out by camels; pupation
occurs in the soil.

Summary of taxon
The identification of Sarcoptes has been dealt with in section 2.6.3.

Pathogenicity is presumed to be mild and related to irritation of
the nasal mucosa; rarely, larvae penetrate into the brain and cause
neurological signs.

Biology
In camels as in other hosts, Sarcoptes infestation causes severe
hyperkeratosis and alopecia. Diagnosis is made on the basis of finding
mites in skin scrapings and most acaricides are effective in treating
infections.

The larval stages are presumably susceptible to macrocyclic lactones.
The specific name is imaginative.

4.7.4 Other systems
Cephalopina titillator
The nasal bot fly of camels C. titillator (Order Diptera, Family
Oestridae) is very common in Australia. The adult fly is rarely noticed,
but the large white bots sneezed out of the nostrils are often noticed by
camel owners.

Fig. 4.7.1. Instars of Cephalopina titillator (image provided by I. Beveridge)

Summary of taxon
This nasal bot is specific to camels; the third instars are large (25 mm)
and creamy-white in appearance.
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4.7.5 Parasite check list – principal parasites of
camels
Species

Taxonomic group

Site in host

Camelostrongylus mentulatus

Nematoda:
Trichostrongyloidea

third stomach

Nematodirella dromedarii

small intestine

Sarcoptes scabiei

Nematoda:
Trichostrongyloidea

Trichuris tenuis
Cephalopina titillator

Acarina: Astigmata
Nematoda: Trichinelloidea
Diptera: Oestridae
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skin
caecum
nasal cavity

Section 4.8: Parasitic Diseases

4.8 Other ruminants
Parasitic Diseases of Deer
4.8.1. Introduction
Deer are not native to Australia or New Zealand but several species have
been introduced and either form wild populations, are held in zoological
collections or are farmed. In this section, the emphasis is on species that
are farmed.
The species are:
Fallow deer (Dama dama): wild in Tasmania, eastern Victoria, eastern
NSW, south-eastern Qld, SA and New Zealand. Farmed in Australia
and New Zealand.
Red deer (Cervus elaphus scoticus): wild in SA, Victoria, NSW, southeastern Qld and New Zealand; farmed in Australia and New Zealand.
Wapiti (Cervus elaphus nelsoni): wild and farmed in New Zealand;
farmed in Australia. These deer are also known as elk and can breed with
red deer.
Rusa deer (Cervus timorensis): wild in eastern NSW, Qld and New
Zealand; farmed in Australia.
Sambar (Cervus unicolor): wild in Victoria, NSW and New Zealand.
Sika (Cervus nippon): wild in New Zealand.
Chital (Axis axis): isolated wild populations in NSW and Queensland.
Hog deer (Axis porcinus): wild in Victoria.
White-tailed deer (Odocoileus virginianus): wild in New Zealand.
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Although deer-farming is now a well established farming system in
Australia and New Zealand, there is still much to be learned about the
epidemiology and significance of parasitism in farmed deer. It became
clear in the early days of captive deer management that lungworms
were the principle parasitic problem. Gastrointestinal nematodes were
of lesser importance but in recent years have become more important,
possibly because of anthelmintic resistance to the most commonly used
anthelmintics in deer which are pour-on macrocyclic lactones. This
may also reflect the change in genetics of the deer being farmed. In
New Zealand the main species farmed are red deer with wapati (=elk)
having been imported from Canada to breed with red deer which had
a largely British origin. Only small numbers of fallow deer are farmed
in New Zealand. In Australia, the principal species farmed are red deer,
fallow deer and rusa deer. Apart from lungworms and gastrointestinal
nematodes, other parasites such as Elaphostrongylus cervi and the liver
fluke Fasciola hepatica are potentially important but there is little
information on their actual significance.

4.8.2. Gastrointestinal tract
Summary of the taxon/ parasite
There are two categories of gastrointestinal nematodes (GINs) affecting
deer, those that are natural parasites of deer and those that normally
infect other ruminants such as sheep or cattle.
Deer are natural hosts to a variety of Ostertagia-like parasites including
Spiculopteragia (asymmetrica (= quadrispiculata), boehmi, mathevossiani,
spiculoptera) and Ostertagia (leptospicularis ( = kolchida)), all inhabiting
the abomasum. Note that O. leptospicularis is also known to parasitise
cattle as a minor host. The cattle parasite Ostertagia ostertagi and the
sheep parasite Teladorsagia circumcincta have also been found in deer.
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In addition, Trichostrongylus askivali and T. axei are found in the
abomasum. T. askivali is a species unique to deer and reported only
from New Zealand to date whereas T. axei can also parasitise a range of
other hosts including cattle and sheep and is common both in Australa
and New Zealand. Haemonchus contortus from sheep and H. placei
from cattle are also found occasionally in red deer in Australia and New
Zealand.
Cooperia pectinata has been found in the small intestine but only in
small numbers. There are not normally any species of Trichostrongylus
in the small intestine, although there is the occasional report of T.
colubriformis in chital deer in NSW, and T. vitrinus in red deer in New
Zealand, as well as species of Nematodirus in fallow and chital deer in
Australia.
In the large intestine Oesophagostomum venulosum, a parasite of sheep,
is a very common parasite of deer. Various other parasites of sheep and
cattle parasites have also been recorded (e.g. Trichuris ovis).
In a recent study in New Zealand, a parasite morphologically resembling
Oesophagostomum radiatum (a cattle parasite) was found and was highly
pathogenic as it induced inflammatory nodule formation in the large
intestine surrounding developing larvae.
Features of the life cycle
All these parasites belong to the superfamilies Trichostrongyloidea
and Strongyloidea; they have the typical direct life cycles of those
superfamilies.
Clinical signs and pathology
The pathology of disease is similar to that seen in sheep and cattle. It
involves hyperplasia and metaplasia of the abomasal mucosa with loss
of protein through defects in cell junctions, increased cell turnover and
increased mucus production. Diarrhoea will develop but is a late stage
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development and indicates severe parasitism. Evidence of poor growth
rates due to GIT parasites indicates they are playing a role in illthrift.
There is some evidence that abomasal nematodes may be involved in the
pathogenesis of a specific ill-thrift condition of wapiti and wapiti x red
deer in winter in New Zealand, and is known as “fading elk syndrome”
but their precise role is not known.
Epidemiology
All the evidence so far indicates that more than 95% of GIN parasites of
farmed deer are the Ostertagia-like abomasal species naturally occurring
in deer, T. axei and Oe. venulosum. Small intestinal nematodes and those
normally found in other ruminants are usually very few in number.
Red deer develop an effective immune response to GIT nematodes and
parasitism is usually seen only in the first year of life. Smaller burdens
are generally seen in older deer.
It has been observed that the intensity of infection with GINs has
increased in recent years and likely has several causes. Deer have
generally been treated regularly whilst young to control Dictyocaulus
with anthemintics that also control GINs. However, there are
already reports of anthelmintic resistance in these Ostertagia-like
nematodes in deer in New Zealand against the widely used macrocyclic
lactone anthelmintics which will facilitate the build-up of nematode
populations.
Diagnosis
There is little information on how to interpret faecal egg counts in
deer. As the principle, GIN parasites are Ostertagia-like and it is not
surprising that egg counts are low and thus not particularly helpful in
developing control programmes.
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Treatment and control
Deer metabolise anthelmintics more rapidly than sheep and cattle. Due
to the number of farmed deer being small there is limited industry
interest in developing specific protocols for these animals. The most
widely used anthelmintics are topically applied macrocyclic lactones
which have been registered for use in deer at the same dose rates as
for cattle. In Australia, only moxidectin has been registered for use.
Oxfendazole and fenbendazole are registered for use in deer in some
formulations in New Zealand using the same dose rates as for cattle. No
formulations of levamisole are licensed for use in deer due to apparent
poor efficacy against lungworm.
A preventive drenching programme for lungworm should also provide
adequate control for GIN parasites as long as an effective anthelmintic
is used. The potential use of combination formulations of different
anthelmintic families, as is now common for sheep and increasingly for
cattle, is problematic with deer due to the issue of rapid metabolism and
hence choice of dose rate.

4.8.3. Cardiorespiratory
Lungworm: Dictyocaulus eckerti
Summary of the taxon/ parasite
The genus Dictyocaulus is in the superfamily Metastrongyloidea and has
a direct life cycle. Red deer, wapiti and fallow deer are highly susceptible
to Dictyocaulus infection. Disease and deaths in weaner deer will be
common without some control being instituted. The species infecting
deer is Dictyocaulus eckerti which is distinct from D. viviparus in cattle
and D. filaria in sheep. It is reasonably host-specific for deer thus there
is little cross infection with cattle or sheep.
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Varestrongylus (Bicaulus) sagittatus, an essentially non-pathogenic
metastrongyloid species behaving rather like Muellerius in sheep has
been noted in the larger airways of deer on several occasions in New
Zealand but with low intensity. The parasite has not been reported
in Australia. At present it is not a clinical problem and the rest of this
discussion will only focus on D. eckerti. It is important to note that in
much of the literature on deer, this parasite is still incorrectly referred to
as D. viviparus.
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Significant infections are more likely to occur in intensively managed
grazing systems which is the usual practice in New Zealand, rather
than in extensive systems where more browsing is possible and stocking
rates are lower. Preventive drenching is routine on most deer farms and
clinical disease is much less common than originally seen when farming
deer commenced.

Features of life cycle
The life-cycle of D. eckerti is similar to that of D. viviparus and D.
filaria. (See sections on cattle and sheep).
Epidemiology
As in cattle and sheep, the host develops a reasonably solid level of
host immunity to Dictyocaulus after a few months of age. Thus these
nematodes are only a clinical issue for animals in their first year of life,
especially the first 6-9 months of life. Adult farmed deer will shed small
numbers of L1s in faeces which are sufficient to contaminate pasture.
Fawns are born in summer and weaned at about 3-4 months of age.
In the absence of control, lungworm disease is most often seen in deer
3-6 months of age, i.e. in the 3 month period in autumn-early winter
following weaning. This is also the time when subclinical infections are
likely to be most significant. By the time deer are nine months of age the
immune response is reasonably well developed against Dictyocaulus.
As with other Dictyocaulus species, their larvae are fragile and do
not survive long on pasture. Hence there is likely to be a significant
reduction in numbers after just a few months such as over the winter
period. Hence young fawns are likely to ingest very few L3s when very
young and these will be from the low level contamination from their
dams. Numbers will then increase as they cycle through the young
deer themselves. Disease requires a relatively large intake of larvae.
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Fig. 4.8.1 Dictyocaulus adult parasites in the trachea of two deer (images courtesy
of the Massey University image collection)
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Clinical signs and pathology
Extremely high burdens of parasites can develop with adult parasites
present in the lumen of the trachea (Fig. 4.8.1). Even in such heavily
infected animals, there may be few obvious respiratory signs other than
an occasional cough. If disturbed and moved around, they are more
likely to cough. They often appear depressed and they lose condition
(probably because of anorexia). Animals may die with little or no
warning and with few signs having been observed. The problems of
pulmonary oedema and emphysema seen in cattle do not occur in deer,
suggesting that the pathogenesis of disease is different. In cattle the host
response is primarily a hypersensitivity reaction to the presence of the
parasite. In deer this is much less obvious. At necropsy relatively little
lung consolidation may be seen but the large numbers of parasites with
copious mucus secretions in the airways are obvious.
Diagnosis
The clinical picture is quite different from cattle. Diagnosis can be
difficult in live animals unless they are carefully examined.
•

auscultation of the chest will reveal sounds of bronchopneumonia;

•

large numbers of lungworm larvae are usually present in the
faeces. Counts can be >1,000 L1s/g faeces. Around 100 L1s/g
is considered a high count and with appropriate clinical signs, is
diagnostic in individual animals.

Treatment and control
As is the case for goats, it has been found that deer metabolise
anthelmintics much more rapidly than cattle or sheep and hence dose
rates from these animals are not necessarily appropriate. Early studies
indicated that levamisole was not effective against lungworm in deer.
Anthelmintics that should be used for lungworm in deer are those that
are active for relatively long periods:
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•

long-acting benzimidazoles such as albendazole, oxfendazole and
fenbendazole, although it may be advisable to repeat treatment after
24 hours in clinical cases;

•

ivermectin, eprinomectin, abamectin and moxidectin pour-on
formulations are licensed for use in New Zealand and are highly
effective.

To date there have been no reports of anthelmintic resistance in
lungworm of deer.
Control is based on a preventive approach with anthelmintics given
at least 3-4 times at 28 day intervals starting from weaning in late
February/early March. This will prevent heavy pasture contamination
and should be sufficient to protect the young deer whilst their immune
response develops. Cross grazing deer pastures with sheep or cattle
should also be of assistance in reducing the level of infective larvae on
the pasture.

4.8.4 Skin and Ectoparasites
Lice
Biting lice Bovicola longicornis and B. tibialis and sucking lice
Solenopotes burmeisteri are found on deer. The epidemiology of louse
infections in deer is similar to that in cattle. Treatment is achieved
with pour-on macrocyclic lactones or insecticidal sprays. They are not
considered to be significant in terms of lost production.
Ticks
In Australasia, the main tick species on deer is Haemaphysalis
longicornis. It is distributed along the east coast of Australia and
throughout the North Island of New Zealand although it has a patchy
distribution towards the lower half of this island. It is also found
in small numbers in the north of the South Island but not further
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south. The tick has not been reported from deer in Australia but is
of importance in New Zealand. Adult ticks are present on animals
over the summer months which coincides with the birth of fawns. In
addition, fawns hide in long grass for much of their time in the first
period of their life which is ideal habitat for ticks. Young fawns can be
severely affected due to direct blood loss with some dying in severe cases.
Consequently, for deer farming in the North Island, ticks represent
a very significant threat. Control depends on reducing tick numbers
when nymphs are feeding on adult deer in the spring using appropriate
insecticides (e.g. flumethrin) at this time. It is not possible to muster and
treat young fawns soon after birth.

this has not been recorded in farmed deer in Australasia. A survey based
on faecal examination has indicated that E. cervi is widespread in farmed
deer in New Zealand but the significance of the parasite is limited. The
parasite is not known to occur in Australia.

In Queensland the cattle tick, Rhipicephalus (Boophilus) microplus,
the wallaby tick, Haemaphysalis bancrofti and the paralysis tick, Ixodes
holocyclus, have been found on deer but are not a significant problem.

4.8.5. Other Parasites
Elaphostrongylus cervi
This nematode is a member of the superfamily Metastrongyloidea. Its
life cycle is indirect using a range of molluscs as intermediate hosts.
Adult nematodes are found in connective tissues such as the
intermuscular fascia: their presence and the inflammatory reaction they
cause are potential meat hygiene problems. Such lesions are extremely
rare in farmed deer. However, lesions appear to be common in some
wild or feral deer populations, particularly in Fiordland (New Zealand).
In these deer, the parasites are sufficiently numerous that trimming is
required or in some cases whole carcases are condemned. The presence
of adult parasites causes a mild inflammatory/eosinophilic infiltration
inducing a green discolouration in fascial planes around muscles.
Although migration of larval E. cervi have been reported to cause CNS
lesions during their development resulting in various neurological signs,
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Patent infections can be diagnosed by faecal examination for L1 which
resemble those of Muellerius but can be mistaken for the relatively rare
lungworm Varestrongylus (Bicaulus) sagittatus.
The presence of this parasite in New Zealand deer has prohibited live
export of deer to several countries including Australia. E. cervi, like
most metastrongyloids, is very difficult to kill and no treatment protocol
is considered completely effective.
Liver fluke (Fasciola hepatica)
Deer are considered relatively susceptible to Fasciola and occasional
clinical burdens are seen but are rare. Small burdens are not uncommon
in deer at slaughter. Generally, swampy areas are not suitable for deer
farming and this will probably limit its importance.

4.8.6. Parasite checklist
Species

Taxonomic group

Site in host

Ostertagia, Spiculopteragia

Nematoda:
Trichostrongyloidea

abomasum

Dictyocaulus eckerti

Nematoda: Metastrongyloidea lungs

Haemaphysalis longicornis
Elaphostrongylus cervi

Acarina: Ixodoidea
skin
Nematoda: Metastrongyloidea connective
tissues
Phthiraptera
skin

Bovicola, Solenopotes
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4.9 Rodents and Lagomorphs

4.9.1.1 Gastrointestinal system

4.9.1 Rats and mice

Stomach

Parasites of rats and mice are of interest for a number of reasons. First,
because rats and mice can be bred so readily, many of their parasites
of have been used as model systems for studying the development and
migration of parasites, their metabolism and the immunology infections.
The most notable of such parasites are the cestode Hymenolepis
diminuta and the nematodes Nippostronylus brasiliensis and Trichuris
muris. Others such as the oxyurid nematode Syphacia muris is extremely
difficult to control in laboratory colonies. Calodium (Capillaria)
hepatica has a unique life cycle with eggs laid in the liver of their host
requiring passage through the gut of another vertebrate before they
will embryonate, while Angiostrongylus cantonensis, a rat lungworm,
is a relatively mild pathogen of rats, but its larval stage is neurotropic
causing severe neurological disease in domestic animals and humans.
Finally, the rat flea, Xenopsylla cheopis, while no significant pathogen
in itself is a vector of bubonic plague, Yersinia pestis, transferring the
bacterium from rats to humans. Arguably, the rat flea has been one of
the more significant parasites in human history.
The parasites dealt with here are primarily parasites of Rattus rattus,
R. norvegicus and Mus musculus. Other species of Rattus and related
murids harbour a bewildering array of parasites which are beyond the
scope of this survey.
Being closely related to rats, many parasites of rats occur also in mice.
The parasites of the two are dealt with together. Lice and fleas are not
dealt with in detail.

Mastophorus muris
This large nematode is a common parasite of the stomach of wild rats.
Summary of taxon
M. muris is a large (2-3 cm), robust coiled nematode. It can be
confused with Physaloptera, also found in the stomachs of rats, but
lacks the teeth present around the mouth in Physaloptera. It belongs to
the order Spirurida and the family Spirocercidae.
Biology
M. muris is primarily a parasite of rodents but can develop in a range
of accidental hosts. Eggs are passed in faeces, ingested by beetles,
cockroaches, locusts or fleas, and develop to the L3 in the intermediate
host; the prepatent period in rats is 28 days. The nematode is
considered to be non-pathogenic.
Leuckart in 1865 fed eggs of this nematode to flour beetles and
recovered encapsulated larvae which he then fed to mice. This appears
to be the first time a nematode life cycle with an intermediate host was
elucidated.

Nippostrongylus brasiliensis
N. brasiliensis is a common parasite of the duodenum of rats and has
been used extensively as a laboratory model of a nematode parasite.
Summary of taxon
These are small (5 mm), red nematodes found coiled spirally
around intestinal villi. They belong to the order Strongylida and the
superfamily Trichostrongyloidea.
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Biology
N. brasiliensis occurs primarily in introduced Rattus spp. while
additional species occur in native Australian rats.
Eggs are passed and develop to the L3 in the faeces. Rats can be
infected orally but not as successfully as when larvae are placed on
the skin and allowed to penetrate. Most larvae reach the lungs via the
blood but some follow the lymphatic system. The prepatent period
is 6 days. N. brasiliensis is generally not pathogenic; however, heavy
burdens cause villous atrophy.

Heligmosomoides polygyrus
Formerly known as Nematospiroides dubius, this nematode parasite of
mice has been an important laboratory model for research on parasites
and is closely related to N. brasiliensis in rats.
Summary of taxon
These are small (<5 mm) red, coiled nematodes and are found in the
duodenum. The species will infect other rodents as well as mice but
develops poorly in rats.
It belongs to the order Strongylida and the superfamily
Trichostrongyloidea.
Biology
Eggs are passed in the faeces and develop to the L3 which is ingested;
larvae migrate into the mucosa of the duodenum; the prepatent period
is 9 days.
The epidemiology of this species has been studied in wild mice in
Britain; prevalences were higher in males and larger mice, peaked in
spring and declined in autumn; there is a diurnal cycle in the number
of eggs per gram of faeces. The nematode is not highly pathogenic.
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Hymenolepis diminuta, H. nana
Hymenolepis diminuta is a common cestode of rats and has been used
extensively as a laboratory model. It is common in a variety of wild
rodents.
Hymenolepis nana is often referred to as the “dwarf tape worm” of
mice (nana means dwarf in Latin) and is very similar to Hymenolepis
fraterna, a cestode found in humans.
Summary of taxon
H. diminuta is a slender white cestode up to 10 cm in length; the
scolex is unarmed and each segment has 3 testes.
H. nana is a small (10-20 mm) slender cestode with a rostellum armed
with about 20 thorn-like hooks; segments have three testes. The genus
belongs to the order Cyclophyllidea and the family Hymenolepididae.
Biology
Eggs passed in the faeces are ingested by beetles; in the beetle, the
oncosphere hatches, penetrates the gut wall of the beetle and develops
into a cysticercoid in the haemocoel; the cysticercoid when ingested by
a rodent develops into the adult cestode.
In the case of H. nana, the life cycle can also be completed without
an intermediate host; oncospheres can penetrate the intestinal mucosa
and cysticercoids develop, returning to the lumen to complete their
development. These cestodes are non-pathogenic and can infect a wide
range of accidental hosts including humans; this can be achieved by
eating beetles!
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Large intestine
Heterakis spumosa
Heterakis spumosa is a common parasite of the upper colon of rodents.
Summary of taxon
It is a robust white nematode with a tapering tail. Microscopically,
three prominent lips are present and the male has paired spicules and a
precloacal sucker. It belongs to the order Heterakoidea and the family
Heterakidae.
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Most eggs are laid around the perineum during daytime. Rats are
nocturnal and normally feed and defaecate at night. By synchronising
their egg laying with the rat’s activity, the worms reduce the risk
of eggs being lost during defaecation and increase the chances of
ingestion during periods of grooming. If rats are allowed to feed only
during day time, the worms switch their behaviour and lay eggs at
night time.

Biology
The life cycle is direct; eggs are ingested by rats and the prepatent
period is 26-47 days. The nematode is not pathogenic.

Syphacia obvelata, Aspiculuris tetraptera
These are the common pin worms of rats and mice, with A. tetraptera
found in mice and S. obvelata found in both species (Figs. 4.9.1 &
4.9.2). Both parasites are found commonly in laboratory colonies and
are extremely difficult to eliminate.
Summary of taxon
Both species are small (<5 mm) white nematodes with tapering tails.
Microscopically, the oesophagus has a prominent bulb and males have
a single spicule. Aspiculuris has prominent alae; both species occur in
the caecum and colon. They belong to the order Oxyurida and the
family Oxyuridae.

Fig. 4.9.1. Anterior end of Syphacia obvelata (image provided by F. Roeber)

Fig. 4.9.2. Egg of Syphacia obvelata (image provided by F. Roeber)

Biology
Eggs are laid around the anus and are ingested by rats and mice. The
prepatent period 6 is days.
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Trichuris muris
T. muris is the common whipworm of rodents and has been used
extensively as a laboratory model, particularly for immunological
studies.
Summary of taxon
This species is a typical whipworm with a slender elongated anterior
end and thickened posterior half of the body. It belongs to the order
Enoplida and the superfamily Trichinelloidea.
Biology
The life cycle is direct; the egg containing the L1 is ingested by the
rodent and development occurs in the intestinal tract of the rodent;
the prepatent period is 36-43 days.

Liver
Calodium (Capillaria) hepaticum
Calodium (formerly Capillaria) hepaticum is a cosmopolitan parasite of
the liver of rodents.
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by another host and develop in the liver; females lay eggs from 20 days
and survive for up to 59 days. Liver lesions consist of pale areas of
parenchyma which contain masses of eggs.
C. hepaticum can infect a wide range of hosts other than rodents,
including humans. The nematode was discovered and named in
Brisbane by T.L. Bancroft in 1893.

Taenia taeniaeformis (larval)
The strobilocercus or larval stage of Taenia taeniaeformis, which was
formerly known as Cysticercus fasciolaris, is found commonly on or in
the livers of rats and mice.
Summary of taxon
The parasite forms a strobilocercus commonly found within or
attached to the livers of rodents (Fig. 4.9.3). It belongs to the order
Cyclophyllidea and the family Taeniidae.
Biology
The definitive host is the cat.

Summary of taxon
The adult nematodes are rarely seen, but are fine, hair-like worms and
occur in the hepatic parenchyma; egg masses are more commonly
seen in the liver. The nematode belongs to the order Enoplida and the
superfamily Trichinelloidea.
Biology
Nematodes lay masses of eggs in the liver parenchyma then die; the
eggs do not embryonate until the rodent host dies and the eggs are
eaten by a scavenger and dispersed in its faeces; eggs are then ingested
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Fig. 4.9.3. Rat infected with strobilocerci of Taenia taeniaefomis (image provided
by J.H.Arundel)
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4.9.1.2 Cardiorespiratory system
Pulmonary artery
Parastrongylus (= Angiostrongylus) cantonensis
P. cantonensis is a common lung worm of rodents in tropical and subtropical areas; it is non-pathogenic to rats, but in abnormal hosts, the
larvae invade the nervous system causing severe neurological signs. It is
the cause of eosinophilic meningitis in humans.
Summary of taxon
The nematode is small, 10-20 mm long, and is found in the
pulmonary arteries of murid rodents.
Biology
Eggs are laid into the blood stream and are deposited as emboli in the
pulmonary capillaries; eggs embryonate in 6 days and hatch, following
which the larvae burst into the alveoli, are carried up the respiratory
system, are swallowed and pass out in the faeces. Larvae penetrate
the foot of a gastropod mollusc (slug or snail) and develop to the L3
stage; when the gastropod is ingested by a rat, the larvae migrate via
the blood stream to the lungs, then to the cerebrum 2-3 days after
infection; after moulting, larvae invade the subarachnoid space then
the cerebral vein and travel to the heart and pulmonary artery.
Light infections are sub-clinical but heavy infections result in blockage
of the pulmonary artery with signs of coughing, sneezing, ataxia or
paraplegia and death.
In abnormal hosts, severe neurological signs are evident including
photophobia, paraplegia, paralysis and death.
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infections can result in death. Humans become infected either by
eating vegetables which gastropods have crawled over and left third
stage larvae behind or by eating undercooked shrimps or crabs which
have fed on infected gastropods.

4.9.1.3 Skin
Notoedres muris
N. muris is a common mange mite of rodents.
Summary of taxon
In this species, legs 1 and 2 are separated from legs 3 and 4; the legs
are short and do not extend beyond the body; the anus is dorsal. The
species belongs to the order Astigmata and the family Sarcoptidae.
Biology
The entire life cycle occurs on the host and involves egg, larval and
nymphal stages. Heavy infestations cause severe hyperkeratosis,
pruritis and hair loss.

Ornithonyssus bacoti
This mite is commonly referred to as the “tropical rat mite”, however,
it is a cosmopolitan species occurring also in temperate regions.
Summary of taxon
O. bacoti is a relatively large mite, 1-2 mm long; all 4 pairs of legs are
adjacent to one another in the anterior half of the body. It belongs to
the order Mesostigmata and the family Gamasidae.

The disease caused by the larvae in humans in termed eosinophilic
meningitis. Adults can develop in the pulmonary artery and heavy
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Biology
O. bacoti occurs on a wide range of rodents and infests other
mammals. The entire life cycle occurs on the host, taking 11-16 days
from egg to adult.
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4.9.1.5 Parasite list
Parasites of rats
and mice
GI tract

Native Australian rodents are host to a wide range of related mites.
Heavy infestations can cause anaemia, pruritis and alopoecia,;
occasionally, hosts are killed by exsanguination.

Myobia musculi, Myocoptes musculinus
Myobia musculi is a small hair-clasping mite of mice belonging to
the order Prostigmata and the family Myobiidae; the other fur mite
of mice is Myocoptes musculinus and belongs to the Listrophoroidae
(Astigmata). They are dealt with together here.
Summary of taxon
Myobia musculi has large claws on the first pair of legs and the legs are
spaced evenly along sides of body. In Myocoptes musculinus, the bases
of the legs (coxae) are adjacent, and are in the anterior half of the
body.
Biology
M. musculi feeds at the base of the hairs ingesting tissue fluids,
sometimes blood; it can cause a mild dermatitis and alopecia. M.
musculinus is non-pathogenic and feeds on epidermis.
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Cardio/
respiratory
Skin

NEMATODES
Stomach
Mastophorus muris
Small intestine
Nippostrongylus brasiliensis
Heligmosomoides polygyrus
Large intestine
Aspiculuris tetraptera
Syphacia obvelata (muris)
Heterakis spumosa
Trichuris muris
Liver
Calodium (Capillaria) hepaticum
CESTODES
Small intestine
Hymenolepis diminuta
Hymenolepis nana
Liver
Taenia taeniaeformis (larval stage)
PULMONARY ARTERY
Angiostrongylus cantonensis
MITES
Notoedres muris
Ornithonyssus bacoti
Myobia musculi
Myocoptes musculinus
LICE
Polyplax spinulosa, P. serrata
FLEAS
Xenopsylla cheopis
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4.9.2 Guinea pigs
Guinea pigs have relatively few parasites, the most significant being
the mite Trixacarus caviae which is similar to Sarcoptes scabiei in other
hosts. Other parasites which may be encountered incidentally such as
the fur mite Chirodiscoides caviae, the lice Gliricola porceli and Gyropus
ovalis and the oxyuroid nematode Paraspidodera uncinata, none of
which are pathogenic.
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therefore not present in Australian rabbits. Obeliscoides cuniculi,
another important parasite of rabbits in North America is also absent
from Australia. Pet rabbits and laboratory rabbits generally have
fewer helminth parasites than their wild counterparts, although mite
infestations are more common in pet rabbits.

4.9.3.1 Gastrointestinal tract

Trixacarus caviae

Stomach

This mange mite causes severe pruriitis in guinea pigs.

Graphidium strigosum

Summary of taxon
Morphologically, Trixacarus is similar to Sarcoptes, with legs 1 and 2
separated from legs 3 and 4 but with the anus on the dorsal surface of
the female and at the posterior end of the body in the male. The mite
belongs to the order Astigmata and the family Sarcoptidae.
Biology
All stages of the life cycle (egg, larva, nymph and adult) are found on the
host. The mite causes intense pruritis, alopecia and hyperkeratosis. It can
be treated with ivermectin subcutaneously.

4.9.3 Rabbits and hares (Lagomorphs)
The rabbit, Oryctolagus cuniculus, and hare, Lepus timidus, are treated
together as they have essentially the same parasites. The parasite fauna
of lagomorphs in Australia is relatively depauperate compared with
other regions of the world. Presumably, when rabbits were introduced
to Australia, either the parasites were absent in the small numbers of
hosts introduced, or, they were unable to survive under Australian
climatic conditions. The anoplocephalid cestode genera Cittotaenia
and Mosgovoyia as well as the lungworm genus Protostrongylus are
- 908 -

This trichostrongyloid nematode is quite common in the stomachs
of wild rabbits. Being bright red in colour, it is quite noticeable at
autopsy.
Summary of taxon
G. strigosum is bright red in colour, about 20 mm long; the male
has a bursa. It belongs to the order Strongylida and the superfamily
Trichostrongyloidea.
Biology
G. strigosum has a typical trichostrongylid life cycle with eggs passed in
the faeces and development to an ensheashed L3 within faeces; the L3
is ingested, and enters gastric glands; the L4 and adult are found in the
stomach lumen and the prepatent period is 13 days.
The nematode is not highly pathogenic in rabbits but causes severe
gastric ulceration in hares. The parasite does not persist in hares and
need rabbits to provide a continuing source of infection.
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Small intestine
Trichostrongylus retortaeformis
T. retortaeformis a common small intestinal parasite of the rabbit and
will also infect brushtail possums.
Summary of taxon
These are small hair-like nematodes about 10 mm long, barely
visible to the naked eye. Specific identification is based on the shape
of the spicules. The genus belongs to the order Strongylida and the
superfamily Trichostrongyloidea.
Biology
T. retortaeformis has a typical trichostrongylid life cycle (see Section 2).
Heavy infections cause villous atrophy and diarrhoea.

Large intestine
Passalurus ambiguus
Passalurus ambiguus is a large oxyurid nematode found in the caecum;
burdens can be very heavy and the worms are often visible from the
external surface of the intestine.
Summary of taxon
These are white nematodes about 10 mm in length with a tapering
tail; microscopically the oesophagus has a bulb and the male has a
single spicule.
The nematode belongs to the order Oxyurida and the family
Oxyuridae.
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Biology
P. ambiguus occurs only in rabbits and hares. Larvated eggs are deposited
around the anus and ingested; larval development occurs in the caecum
and colon. The prepatent period is variously reported as 11 and 64 days.
The nematode is not pathogenic.

Liver and bile ducts
Eimeria stiedai
This is the most important coccidian in rabbits, occurring in bile duct
epithelium. Numerous intestinal species of Eimeria are known from
lagomorphs and some can be pathogenic; however, E. stiedai is by far
the most significant.
Summary of taxon
This species of Eimeria is identifiable based on the size and shape of
the oocyst. It is restricted to lagomorphs. It belongs to the phylum
Apicomplexa and the family Eimeriidae.
Biology
This is primarily an infection of very young rabbits and infections
in young rabbits are often fatal. At autopsy, there are often extensive
white patches on the liver. Histologically, the principal finding is
destruction of the bile duct epithelium with numerous coccidial stages
in the epithelium and lumen (Fig. 4.9.4).
Frequently, the first indication of disease is a dead rabbit; heavily
infected animals are moribund, lose weight, do not feed but there are no
specific clinical signs. A diagnosis is often made post-mortem; however,
faeces can be examined for oocysts and the oocysts identified as E.
steidai.
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Summary of taxon
Mites have legs 1 and 2 separated from legs 3 and 4 and legs 1-3
project beyond the body margin; the peduncles are jointed. The
species belongs to the order Astigmata and the family Psoroptidae.
Biology
This species also occurs in the ears of goats and horses. Infestations are
frequently subclinical. Scabs are seen in the ear canal, but can extend
to the skin anterior to the ears.

Cheyletiella parasitivorax
Fig. 4.9.4. Rabbit liver infected with Eimeria stiedai (image provided by J.H.
Arundel)

Taenia pisiformis
T. pisiformis cysticerci are frequently found in the abdominal cavity of
rabbits attached to the liver and the mesentery, particularly around the
rectum.
Summary of taxon
The cysticerci are 1-2 cm in diameter and each contains a single scolex.
Biology
The cysticerci are the larval stage of Taenia pisiformis; dogs and foxes are
the definitive hosts.

4.9.3.2 Skin

Cheyletiella parasitivorax is a common parasitic mite of rabbits.
Infestations with this mite are frequently referred to as “walking
dandruff” due to exfoliation of the epithelium (hyperkeratosis) which
moves as the mites migrate over the skin surface.
Summary of taxon
These mites are readily recognisable by the large claws attached to
palp. They also have an M-shaped peritreme in the capitulum. They
belong to the order Prostigmata and the family Cheyletiellidae.
Biology
Eggs are attached to hairs and there are larval and nymphal stages. The
females live for about 10 days and all stages feed on the skin surface.
The mites may live away from the host for up to 48 h, so the animal’s
environment needs to be considered when developing control
methods. Infections can be treated with topical insecticides or
macrocyclic lactones. These mites may cause a transitory infestations
on humans with pruritis and small red lesions.

Psoroptes cuniculi
Psoroptes cuniculi is a common mite and the cause of ear canker or ear
mange in rabbits (otic acariasis).
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Spilopsyllus cuniculi
The European rabbit flea was deliberately introduced into southern
Australia in order to facilitate the spread of myxoma virus; it is an
unusual flea as it is relatively host specific.
Summary of taxon
This species of flea is readily identifiable as it has a genal comb which
is oriented with the prongs pointing posteriorly. It belongs to the order
Siphonaptera and the family Pulicidae.
Biology
Spilopsyllus cuniculi has a typical flea life cycle with eggs laid and the
larval and pupal stages developing in the environment (see Section 2).
Spilopsyllus cuniculi is unusual in that its reproduction is tied to that of
the host. Hormonal changes in the rabbit affect the flea when it feeds
on blood so that fleas begin to reproduce when the host does. When
the rabbit kittens are born in the burrow, they provide an ideal source
of food for the newly emerging fleas. If myxoma virus is present, the
fleas will infect the newborn rabbits and the virus will kill them prior
to their emergence from the burrow.
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Summary of taxon
The coenuri may form cysts up to 10 cm in diameter and contain
hundreds of scoleces (Fig. 4.9.5). Taenia serialis belongs to the order
Cyclophyllidea and the family Taeniidae.
Biology
The coenuri are the larval stage of Taenia serialis which is a common
tapeworm of foxes and also occurs in dogs and dingoes. Infections
are generally subclinical. However, coenuri may appear as large
subcutaneous swellings over any part of the body. Coenuri are
sometimes removed surgically from pet rabbits.
Shooters often refer to the coenuri of Taenia serialis they find in
rabbits as “hydatids”. This is not correct and Echinococcus granulosus
does not normally infect rabbits. The coenuri present no public health
risk, another common concern of shooters.

This species of flea is sometimes found on cats, particularly around the
ears, if the cats have been investigating rabbit burrows.

4.9.3.3 Intermuscular connective tissues
Taenia serialis
T. serialis coenuri can be found anywhere in the inter-muscular
connective tissues of rabbits and hares.
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Fig. 4.9.5. Opened coenurus of Taenia serialis from the subcutaneous tissues of a
rabbit (image provided by J.H. Arundel)
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4.9.3.4 Parasite list
Parasites of
lagomorphs
GI tract

Stomach:
Graphidium strigosum (Nematode)
Small intestine: Trichostrongylus retortaeformis
(Nematode)
Large intestine: Passalurus ambiguus (Nematode)
Bile ducts:
Eimeria stiedai (Protozoa)

Skin (and ears)

Ears:
Skin:

Other

Abdominal cavity: Taenia pisiformis (larval
Cestode)
Sub-cutis:
Taenia serialis (larval Cestode)

Psoroptes cuniculi (Mite)
Cheyletiella parasitivorax (Mite)
Spilopsyllus cuniculi (Flea)
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4.10. Cultured fishes
Fishes are important as both companion animals and livestock, with a
large number of species kept as ornamentals or farmed for food. This
section will not attempt a comprehensive assessment of the parasites of
these species. Instead, we will concentrate on the major parasites which
affect the most important species of cultured fishes, both ornamental
fishes and those farmed for food. Most cultured fishes are fed
principally on manufactured feed and as a result, parasites with simple,
direct life cycles (particularly ectoparasites) are relatively more common,
and of more importance, than endoparasites with indirect life cycles
which may require trophic transmission. Husbandry methods such as
recirculation, minimal water exchange and high stocking densities also
allow these parasites with simple and rapid life cycles to propagate to
large numbers in a very short time.

4.10.1. Principles of diagnosis and treatment in
fishes
The diagnosis, treatment and control of parasitic disease in fishes are
subject to a number of constraints which are not found in terrestrial
animals. First, and most obviously, fishes live in water and water quality
is a very important factor affecting fish health directly, and exacerbating
the pathogenic impacts of infectious disease. Second, a very large
number of fish species are kept as companion animals or farmed for
food, and the parasite fauna of many of these species is poorly studied.
Finally, compared to terrestrial animals, there is a paucity of therapeutic
agents and their application in an aquatic environment is often not
straightforward.
Successful management of parasitic diseases in fishes, as for other
animals, requires:
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•

accurate diagnosis;

•

application of treatment or management methods based on a
knowledge of the parasite identified as a cause of disease;

•

evaluation of environmental and husbandry procedures that may
have predisposed to disease outbreaks.

Clinical signs of illness displayed by fishes infected with parasites are
usually non-specific. They include clamped fins, reduced activity,
staying at the bottom of the tank or aquarium, inappetance, excess
mucus, dropsy (ascites and subcutaneous oedema), melanisation,
pop-eye (exophthalmia) and ecchymotic haemorrhages (Fig. 4.10.1).
In sick fishes, wet mount microscopic examination of skin scrapes
and gill biopsies are the most common methods used to determine
the presence of ectoparasites. Diagnosis of intestinal parasites can
sometimes be achieved by microscopic examination of freshly voided
faeces. If post-mortem examination is required for diagnosis, then
fishes need to be freshly killed, as tissues break down very quickly, even
at low temperatures. The examination of 3 to 5 diseased fishes is often
sufficient to make a diagnosis. However, because the disease situation
is often rapidly evolving with time due to host, environmental or
pathogen factors, disease investigations should involve looking at a range
of fishes showing disease signs of varying severity or at different stages of
the disease, in the light of relevant history.
Treatment options for fish parasites are improving, but are not as
well developed as for terrestrial domestic animals. In many cases
of ectoparasitic disease, treatment involves bathing in a water of
different salinity to the normal culture medium or in a solution of a
relatively non-specific chemical such as formalin or malachite green.
Administration of more specific drug treatments by sub-cutaneous
or oral injection may not be feasible for large numbers of fishes, and
formulation in fish feed is often difficult or constrained by palatability.
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Water quality problems should always be considered in disease
outbreaks, whether parasites are present or not. Deterioration in water
quality can result in damage to exposed tissues such as skin and gills,
cause increased mucus production and result in secondary bacterial and
parasitic infections. Although not often done, it may be advantageous
to examine apparently healthy fishes or fishes from unaffected tanks
or ponds to determine if parasite loads of equal severity are found in
these hosts. Routine examination of fishes, particularly in intensive
or recirculation aquaculture systems, may be useful as an indicator of
parasite loads and the need for treatment.

Fig. 4.10.1. Goldfish and koi infected with monogenean parasites. Non-specific
characteristic of infection include reduced activity and benthic clustering, ascites,
melanisation, ecchymosis and hemorrhages (images courtesy of R. Loh)
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4.10.2. Gastrointestinal tract
4.10.2.1. Protozoa
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while it appears that infections in the skin and internal organs shed only
trophozoites. Both cysts and trophozoites are infectious if ingested by
another host.

Pathology

4.10.2.1.1. Hexamitids: Hexamita spp. and Spironucleus spp.
Introduction
A number of species of flagellated protozoans are found in the
gastrointestinal tract, and sometimes the internal organs or skin of
marine and freshwater fishes. The most important of these belong to the
genera Hexamita and Spironucleus, and are often associated with “hole
in the head” disease in cultured fishes, particularly salmonids, cyprinids
and cichlids.

Summary of taxon/parasite
These parasites are in the Phylum Parabasalia, Order Diplomonadida,
Family Hexamitidae. They are all small (<10 mm), bilaterally
symmetrical protozoa with four pairs of flagella. Hexamita spp. have an
elongated to spherical body and spherical nuclei, while Spironucleus spp.
have a pyriform body and elongated nuclei. Species within the genera
are often host generalists; differentiation of species may be possible using
size and other morphological criteria.

Features of life cycle
Trophozoites are usually found extracellularly in the gastrointestinal
tract, although they may also occur in internal organs or on the skin.
Cysts and trophozoites are voided with the faeces in intestinal infections,
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Intestinal infections are usually chronic, with little overt effect
on the host. Clinical disease is usually associated with stressful
conditions, such as overcrowding and poor water quality, which
reduce immunocompetence of the host and allow the parasite to
proliferate. Pathological effects of intestinal infections include enteritis,
haemorrhaging and liver necrosis Fig. 4.10.2). Acute systemic infections
may lead to inflammation of internal organs and atrophy of renal
tubules and kidney necrosis. These parasites are thought to be causative
agents of “hole in the head” or “head and lateral line erosion” disease,
where lesions on the body surface produce yellow strings of mucus.
These may become secondarily infected, leading to large ulcers.

Clinical signs
Infected fish often have weight loss, inappetance, listlessness, abdominal
distension and produce pale, stringy faeces. Progression of the disease
may lead to lesions on the head and along the flanks of the fish.

Diagnosis
In heavy infections, the presence of the parasite can be confirmed
from skin scrapings, wet faecal preparations or thin smears along the
gastrointestinal tract.

Epidemiology, treatment and control
Elimination of predisposing factors (poor water quality, poor nutrition,
stressful environments) and effective quarantine procedures are the
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best preventative options. The most effective treatment option for
ornamental fishes is metronidazole, which may be provided orally or
as a bath. Metronidazole cannot be used on fish cultured for food and
control should focus on prevention.

Section 4.10. Aquatic animals

of different species and genotypes of Cryptosporidium have been
increasingly reported in freshwater ornamental fishes in Australia.
Infection load can be heavy, often associated with an inflammatory
response and tissue necrosis, which may affect gastrointestinal function.

Summary of taxon/parasite

Fig. 4.10.2. Distended, clear fluid-filled intestine in infected Tropheus (left), with
flagellates from air-dried intestinal smear, stained with Diff Quik (right). (Images
courtesy of R.Loh)

4.10.2.1.2. Apicomplexans: Eimeria spp., Epieimeria spp., Goussia spp. and Cryptosporidium
spp.
Introduction
Piscine apicomplexan (coccidian) parasites exhibiting epicytoplasmic
development on host cells may belong to the genera Eimeria,
Epieimeria, Goussia or Cryptosporidium. Although these parasites
generally infect the gastrointestinal tract of both marine and freshwater
fishes, they may occur in other tissues such as the kidney. Recently,
there have been two reports of intestinal infections by Goussia kuehae
(first described as Eimeria sp. and reclassified as Goussia kuehae) in
nursery tanks and grow-out sea cages of barramundi (Asian seabass),
Lates calcarifer, in Australia, Vietnam and Malaysia. A number
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These parasites belong to the Phylum Apicomplexa, familes
Eimeriidae (Eimeria, Epieimeria, Goussia) and Cryptosporidiidae
(Cryptosporidium). Apicomplexan parasites are distinguished by the
morphology of their oocysts. Meronts, gamonts and oocysts of piscine
Cryptosporidium have a size range of 3-5 µm and are much smaller than
corresponding stages of Eimeria, Epieimeria and Goussia (5-20 µm).
Oocysts of Eimeria and Epieimeria have four dizoic sporocysts, each
with a Stieda body or polar plug. In Goussia, oocysts are characterized
by four dizoic sporocysts each with a suture line (Fig. 4.10.3).
Cryptosporidium oocysts have four naked sporozoites. Ultrastructural
observations of invaginating feeder organelles at the attachment
juncture of Cryptosporidium distinguishes it from the other genera.
The attachment organelles of epicytoplasmic Eimeria, Epieimeria and
Goussia vary from monopodial to multiple finger-like attachment
organelles. Within a genus, it is often difficult to distinguish between
species. The species level taxonomy of these genera is in a state of flux,
with new species regularly described and a large number of genetically
different forms within many described species.

Features of life cycle
Cryptosporidium are epicytoplasmic intracellular parasites while
Eimeria, Epieimeria and Goussia may be either epicytoplasmic or
intracytoplasmic. The life cycles of most apicomplexan species infecting
fishes is not well known, but in general, apicomplexans have alternating
asexual (merogony and sporogony) and sexual (gametogony) phases
of development within the host. Infective sporozoites, enclosed in a
- 935 -
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sporocyst within an oocyst are released in the faeces and ingested by
another host.

Pathology
These intracellular parasites often occur as very heavy infections
of affected fishes, and may adversely impact the function of the
gastrointestinal tract. Infections may be associated with mild to severe
inflammatory responses and tissue necrosis.

Clinical signs
Affected fishes may show from no clinical signs to inappetance,
darkened bodies and protracted low grade mortalities.

Diagnosis

Figure 4.10.3. (left) Intestines of L. calcarifer with heavy infection by Goussia
kuehae (arrows). (right) Sporulated oocyst of G. kuehae obtained from discharge
tank water. (Images courtesy of S. Kueh)

As clinical signs are very non-specific (as is the case with many other
parasitic diseases of fishes), examination of faeces for oocysts and
gastrointestinal tracts by histopathology are recommended.

4.10.2.2.

Epidemiology, treatment and control

4.10.2.2.1. Camallanus spp.

Increasing water exchanges and regularly removing dead or dying fishes
will reduce the source of infective stages. Although in-feed treatment
using anti-coccidian drugs has been suggested, more work needs to be
done to prove efficacy.
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Nematodes

Introduction
A number of species of these worms are found in freshwater ornamental
fishes. They can infect many different fish species and are one of
the most commonly seen endoparasites of freshwater ornamentals.
Camallanus cotti is often implicated in infections of ornamental fishes
and has been detected in Australia, although there are also many
other species in the genus. Some species of Camallanus are restricted
to a single species of fish host, but many, including C. cotti, are host
generalists.
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Summary of taxon/parasite

Epidemiology, treatment and control

Camallanus spp. are nematode parasites of the Family Camallanidae.
They are small, red worms (typically up to 2 mm in length) which live
in the intestine and are sometimes seen protruding from the anus (Fig.
4.10.4).

As with many parasitic diseases of cultured fishes, symptoms are often
associated with environmental challenges, particularly poor water
quality. Infections may be associated with feeding live crustaceans,
although some species of the parasite can utilise fish-to-fish
transmission. Infected fishes may be treated with anthelmintics, such as
fenbendazole or levamisole.

Features of life cycle
Most species have an indirect life cycle. L1 are released into the water,
where they are eaten by copepod crustaceans. They develop to L3 in
about seven days and if the intermediate host is eaten by a freshwater
fish or turtle definitive host, they then moult twice to become adult
worms in the intestine. Some species, including C. cotti, are able to
complete the life cycle without an intermediate host, with L1 infecting
fish directly if they are not eaten by a crustacean.

Figure 4.10.4. Camallanus sp. protruding from anus of infected fish.

Pathology
Adult worms penetrate the mucosa and feed on the blood of the host.
Light infections are often asymptomatic, but heavy infections can
cause intestinal irritation and haemorrhage, weight loss and occasional
secondary bacterial infections.

Clinical signs
Affected fishes have reduced appetite, weight loss and sometimes
abdominal bloating.

Diagnosis
Clinical signs are relatively non-specific, but red, thread-like worms may
be seen emerging from the anus in heavy infections.
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(Images courtesy of R. Loh and M. Landos).

4.10.2.3.

Cestodes

4.10.2.3.1. Bothriocephalus acheilognathi: Asian
fish tapeworm
Introduction
The Asian fish tapeworm is primarily a parasite of cyprinids, although it
has a wide host range and has been found in freshwater fish species from
at least 12 different families. It has a global distribution and is found in
both ornamental and wild fish populations in Australia.
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Summary of taxon/parasite

Diagnosis

Bothriocephalus acheilognathi is a pseudophyllidean cestode in the
Family Bothriocephalidae. Adult tapeworms are found in the anterior
intestine of fishes. Adult worms are variable in size, depending on the
size of the host, with length varying from 5-100 cm. The scolex has a
distinctive arrow head shape with two prominent bothria (attachment
grooves; Fig. 4.10.5).

In dead fishes, the adult parasite with its distinctive scolex can be
observed in the intestine. In live fishes, eggs with hexacanth embryos
may be observed microscopically in faecal material.

Features of life cycle
The life cycle is indirect, with a fish definitive host and a copepod
crustacean intermediate host. Hermaphroditic adults release eggs
into the water with the faeces of the host, where they hatch into
free-swimming hexacanth larvae (coracidia). Coracidia are eaten by
copepods and burrow into the haemocoel, developing into procercoid
larval stages. Fishes normally become infected by eating infected
copepods, although there is also evidence of adult worms being
transmitted directly to piscivorous fishes. The life cycle is temperature
dependent, with a generation time as short as 34 days at 29ºC, but
being extended to several months at lower water temperatures.

Pathology
Attachment of the worm produces an inflammatory response, leading
to haemorrhage, necrosis and degeneration of the intestinal wall, with
extensive destruction of villi. Heavy infections can cause intestinal
blockage, with distension of the intestinal wall, sometimes leading to
perforation and death of the host. Other pathogenic effects include
protein depletion, altered digestive enzyme activity and liver damage.

Epidemiology, treatment and control
Fishes usually become infected by eating infected copepods, so stopping
access to live food will prevent transmission of the parasite. Infected
fishes can be treated with praziquantel applied as a bath or orally.

Figure 4.10.5. Distinctive scolex of Bothriocephalus acheilognathi. (Image from
www.sci.sdsu.edu)

Clinical signs
Affected fishes may show weight loss, anaemia and high mortality rates,
especially in juveniles.
- 940 -

- 941 -

Section 4.10. Aquatic animals

4.10.3. Skin and gills
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theronts, which actively seek out a new host. Theronts can survive
for approximately 24 hours, although viability declines after 12 hours.
The duration of the free living stage of the life cycle is temperature
dependent, varying from approximately 48 hours at 26ºC to 4-5 days at
15ºC.

4.10.3.1. Protozoa
4.10.3.1.1. Ichthyophthirius multifiliis
Introduction
This parasite is a ciliated protozoan that is found on ornamental,
farmed and wild freshwater fishes. The parasite infects the skin and
gills, causing “Ich” or “whitespot disease”. The marine equivalent is
Crytocaryon irritans and both species can cause serious mortalities in
ornamental and farmed fishes.

Summary of taxon/parasite
Ichthyophthirius is in the Phylum Ciliophora, Family Ophryoglenina. It
may have originated in Asia as a parasite of carp, but now has a global
distribution and is a host generalist, being found on a very wide range
of fish species. The parasite has a direct life cycle, with free-living and
parasitic stages. Parasitic stages live within the epidermis, causing raised
white spots.

Features of life cycle
The active trophont stage burrows into the epidermis of the skin,
gills and buccal cavity. The trophont stage lasts for approximately 7
days at 20ºC, although this can be several weeks or even months at
lower temperatures. Trophonts leave the host and encyst as tomonts.
Within the cyst, repeated binary fission produces many tomites,
which are eventually released into the water to become free-swimming
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Pathology
Skin and gill damage are associated with the movement of the trophont
and immune response to infection. Skin damage may be associated with
secondary bacterial infections and gill damage may reduce respiratory
efficiency.

Clinical signs
Affected fishes have reduced appetite, decreased activity and may have
increased mucus production. Flashing (rapid movement, usually
turning to expose ventral surface and involving contact with solid
object such as aquarium sides) and breathing difficulty (e.g. gulping air,
increased opercular movements, crowding around water inlets) may be
seen with heavy infections. Raised white spots (up to 1 mm diameter)
may be visible on the body (Fig. 4.10.6).

Diagnosis
Infection can be confirmed by fresh wet preparation of skin or gill
tissue. Trophonts are large, thickly ciliated and a horseshoe-shaped
macronucleus may be visible under the microscope.

Epidemiology, treatment and control
As with many parasitic diseases of cultured fishes, symptoms are often
exacerbated by environmental challenges, particularly poor water
quality. Unlike many other protozoan parasites which divide by binary
- 943 -
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fission, the life cycle of I. multifilis results in an exponential increase
in load of infective stages in the culture environment. Treatment and
control options are based around the unusual life cycle of the parasite
and the temperature-dependent nature of its duration. The stages most
susceptible to treatment are the free-swimming theronts, and these are
treated by applying salt baths or chemicals such as copper sulphate,
formalin or malachite green to the water. Some chemicals will not be
appropriate for fish which are farmed for food. Treatments must be
repeated at least three times at daily or weekly intervals, depending on
the water temperature. Raising water temperature if practical may be
a viable solution to shortening parasite life cycles, increasing the speed
at which cysts hatch into susceptible theronts. In large ponds, leaving
ponds filled but empty after clean-out may encourage cysts to hatch and
in the absence of susceptible hosts, infective theronts will die within 24
hours. Outbreaks are usually associated with the introduction of new
fishes, and a three week quarantine period is recommended prior to
release.
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4.10.3.1.2. Trichodina spp.
Introduction
These ciliated protozoans are found on a range of ornamental, farmed
and wild fishes, both freshwater and marine. Few data are available
on trichodinids of Australian freshwater fishes, and until recently most
records were not identified to species level. Trichodina spp. infect the
gills and body surface including the fins.

Summary of taxon/parasite
Trichodina spp. are protozoans of the Phylum Ciliophora, Family
Trichodinidae. They typically have a circular shape when viewed from
above, and a disc or saucer shape viewed from the side. The posterior
end possesses an adhesive disc with a distinctive denticular ring of hooklike projections from the internal denticular skeleton. Most records in
Australia have not identified the parasites any further than genus level,
but some exotic (e.g. Trichodina heterodentata, T. mutabilis, T. reticulate
and T. acuta) and native (e.g. T. cribbi and T. bassonae) species have
been identified in eastern Australia.

Features of life cycle

Fig. 4.10.6. Goldfish with symptoms of ‘Ich’ (left). A large mature trophont of I.
multifilis embedded in epithelium of gill (right). The horse-shoe shaped nucleus
may only be observed in more mature trophonts.( Images courtesy of R. Loh and
M. Landos (left), and S. Kueh (right)).
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Some species of trichodinids prefer the gill area of fish hosts, some
prefer to attach to skin, while others occur on both the gills and skin.
Species of Trichodina have a direct, single-host life cycle and reproduce
by binary fission. Daughter cells can become free-swimming and ready
to attach to a new host within 24 hours and mature within a few days.
Trichodina can spread from host to host through incidental contact or
by swimming freely in the water column.
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Pathology
Trichodina spp. feed on bacteria and detritus from the surface of host
fish skin. Attachment to the host using the adhesive disc and denticular
hooks can damage host tissue, and cause hyperplasia of epithelial cells.
Gill filaments can become clubbed or fused. Secondary fungal and
bacterial infections can occur in areas of damaged tissue. In some cases
Trichodina can cause in high fish mortality in aquaculture systems.

Clinical signs
Trichodina infections generally do not cause distinctive lesions. Infected
gills can become clogged with mucus and swollen, and fishes can show
signs of breathing difficulty. Fishes may become lethargic, lose appetite,
and exhibit flashing behaviour. The skin can become blotchy and bluegrey, and heavily infected fins may appear tattered.

Figure 4.10.7. Large numbers of Trichodina spp. (arrows) in gills of L. calcarifer
(left). Distinctive shape of Trichodina spp. (right). Note characteristic circular
arrangement of denticles and fringe of cilia. (Images courtesy of S. Kueh (left); R.
Loh and M. Landos (right)).

Diagnosis
Infections of Trichodina spp. are diagnosed by preparation of fresh, wet
gill and skin tissue. Under a dissecting microscope Trichodina specimens
are visible as small, rotating, ciliated discs (Figure 4.10.7).

4.10.3.1.3. Chilodonella spp.

Epidemiology, treatment and control

Chilodonella spp. are ciliated protozoans that include free living species,
facultative parasites and obligate parasites. Species of this genus
commonly parasitise a variety of freshwater fishes, including farmed,
ornamental and wild fishes. The marine equivalent is Brookynella
spp. Infestations of Chilodonella spp. have been known to cause mass
mortalities in fish farms both within Australia and overseas.

As for many other parasitic diseases of captive finfish, the effects of
Trichodina infections can be worsened under poor environmental
conditions, such as high stocking density and excess food waste, due to
the ability of the parasite to multiply when fish are stressed. Flushing of
water systems can remove any dislodged or free-swimming specimens
from the water column. Infected freshwater fishes can be treated with
salt or formalin, with concentrations dependent on the life stage of the
fish. Marine fishes can be treated by periodic freshwater baths, making
sure to minimise handling and osmotic stress on the fish.
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Summary of taxon/parasite

Diagnosis

Chilodonella spp. are members of the Family Chilodonellidae within
the Phylum Ciliophora. The species Chilodonella cyprini and C.
hexasticha have been known to cause death of native fishes in Australian
freshwater systems, and both have caused serious mortalities in farmed
fishes throughout the world. Chilodonella spp. have a distinctive gliding
movement and a distorted oval or heart-shaped body (with a notch in
the anterior end). They are dorso-ventrally flattened and the dorsal
surfaces have a number of ciliary rows.

Diagnosis of Chinodonella spp. infections can be made by fresh wet
preparation of infected tissue (gill or skin) or mucus. The protozoans
are distinguishable under a dissecting microscope by their dorsoventrally flattened, ovoid shape, notch at the anterior end, rows of cilia
and slow circular movements (Fig. 4.10.8).

Features of life cycle
Chilodonella spp. will attach to the gills and body surfaces of fishes,
including the fins, and can infect individuals of all ages. These
protozoans generally reproduce mitotically by binary fission, although
pairing and exchange of genetic material can occur. Infections can lie
dormant with the parasite existing in low numbers for months, with the
ability to reproduce rapidly when the host becomes stressed.

Epidemiology, treatment and control
The parasites can multiply quickly and become a problem when fish
hosts are stressed, which can occur under environmental conditions
such as poor quality water. These stresses can be reduced by avoiding
high stocking densities and excess food or waste. If infections do occur,
they can be treated with salt solutions or formalin, with concentrations
dependent on the life stages of the fish.

Pathology
Chinodonella parasites feed on the epithelial tissue of fish hosts and
can cause irritation, hyperplasia and excess mucus production. The gill
filaments can become clubbed or fused, clogged with mucus, or even
destroyed completely. Heavy infections of Chilodonella spp. can cause
mortalities.

Fig. 4.10.8. Chinodonella in gill tissue. (Images courtesy of R. Loh and M.
Landos)

Clinical signs
Fishes with infections of Chilodonella spp. are typically lethargic, cease
feeding and may have difficulty breathing. They can exhibit flashing
behaviour in an attempt to dislodge parasites. Mucous may be seen on
the gills and other infected areas, and the body surface often appears
pale and cloudy. The gills can appear swollen.
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4.10.3.1.4. Tetrahymena spp., Uronema spp.
Introduction
These ciliated protozoans are found in freshwater (Tetrahymena spp.)
and marine (Uronema spp.) fishes. They are mostly facultative parasites,
which are often free–living or commensal on the body surface, but are
occasionally parasitic in the skin, muscle and internal organs of both
ornamental and farmed fishes. The parasitic phase is usually in response
to environmental stress.

Summary of taxon/parasite
Both genera belong to the Phylum Ciliophora, with Tetrahymena in
the Family Tetrahymenidae and Uronema in the family Uronematidae.
There are a number of parasitic species in both genera, with the bestknown being T. corlissi, which infects tropical freshwater ornamental
fishes and U. marinum, infecting marine ornamental fishes.
Tetrahymena spp. are typically pyriform, 10-20 µm in length, with
longitudinal rows of cilia (Fig. 4.10.9). Uronema spp. are typically
ovoid, approximately 30 µm in length, with a long caudal cilium.
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Clinical signs
Infected fishes often show white patches on the skin, which may
progress to lesions and open wounds. Symptoms such as respiratory
distress, lethargy and clamped fins are often (but not always) exhibited.
Intraocular infections lead to exophthalmos.

Diagnosis
Confirmation of infection requires histopathological examination and
identification of the parasite in affected tissue.

Epidemiology, treatment and control
There are no reliable treatments for internal infections. Prevention
should focus on eliminating predisposing factors (poor water quality,
poor nutrition, stressful environments) and quarantine of new
introductions.

Features of life cycle
In those few species for which the life cycle has been described, it is
similar to Ichthyophthirius multifiliis, although a host is not needed to
complete the cycle.

Pathology
Infections are associated with the parasite disintegrating host tissue
and feeding on cell debris. Extensive necrosis of skin, gills, muscle or
internal organs may lead to significant mortality (Figure 4.10.10, 11).
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Fig. 4.10.9. Tetrahymena sp. from a
guppy. Air dried smear of skin scrape,
stained with Diff Quik. (Images courtesy
of R. Loh and M. Landos).

- 951 -

Fig. 4.10.10. Severe, deep ulceration
at the base of the dorsal fin in this
football fish, due to uronemiasis.
( Image courtesy of R. Loh and M.
Landos)
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Fig. 4.10.11. Uronema
sp. (arrowed) in skin of
mulloway, Argyrosomus
japonicas. (Image courtesy
of Fish Health Section,
Department of Fisheries,
Western Australia)

Features of life cycle
Their life cycle consists of two forms: a non-feeding, mobile form
when searching for a new host, that swims using its flagella; and an
attached form that feeds on gill or skin tissue, including the fins. The
free-swimming forms infect new hosts by direct transmission, and the
parasites reproduce asexually by binary fission. Infections of Icthyobodo
spp. can spread rapidly in crowded conditions.

Pathology

4.10.3.1.5. Ichthyobodo spp.
Introduction
Ichthyobodo spp. are flagellated protozoan parasites of a range of
freshwater fish species. They have been known to parasitise wild and
cultured (farmed and ornamental) fishes. Initially, all infections were
thought to be due to the species Icthyobodo necator (previously known as
Costia necatrix), but recent molecular work suggests there are a range of
different species in the genus.

Summary of taxon/parasite
The genus Icthyobodo belongs to the Family Bodonidae within the
Phylum Euglenozoa. Parasitic Icthyobodo spp. are either oval-shaped
when free swimming or teardrop-shaped when attached to a host. They
have between two and four flagella on the ventral side of the body.
Outbreaks of Icthyobodo spp. are common in recirculating aquaculture
systems and can be particularly dangerous for larvae and fingerlings.
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Icthyobodo spp. feed on epithelial tissue and can cause irritation, cell
necrosis and excess mucus production. Severe infections can cause
epithelial hyperplasia, and can lead to the gills becoming swollen,
clubbed or clogged with mucus. Heavy infections can cause mortality,
although this is more likely in larvae and juvenile fish than adults.

Clinical signs
Infected fishes are typically lethargic and exhibit loss of appetite, and
may swim erratically with occasional flashing behaviour. Mucus
secretion may be visible from infected areas and the skin may appear
bluish-white and cloudy. If the gills are heavily infected they may
appear swollen and fish may have difficulty breathing. Infected fins may
be ragged or tattered (Figure 4.10.12).

Diagnosis
Icthyobodo infections are diagnosed by wet preparation of gill or skin
tissue (Figure 4.10.13). Tissue must be examined fresh as the parasites
can quickly detach and become free-swimming. Attached forms are
teardrop-shaped and approximately the same size as epithelial cells. The
flagella are difficult to see on attached forms. Free-swimming forms
have a characteristic flicking motion.
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Epidemiology, treatment and control
This can be a serious disease in young fishes in hatcheries where large
scale mortalities can happen overnight. These parasites divide by binary
fission and can rapidly increase in numbers so that treatment may be
necessary once detected. The mode by which Ichthyobodo spp. latch
onto the skin or gills via their flagella may create more tissue irritation
and damage than the browsing behaviour of Trichodina spp., hence
serious disease and mortalities are often associated with Ichthyobodo spp.
As with many other parasitic diseases, stress caused by conditions such as
poor water quality can cause infections to quickly become more severe,
and they can spread quickly when stocking densities are high. Tanks
should be kept clean and waste-free, and crowded conditions avoided to
reduce the risk of severe infections. When infections do occur, they can
be treated with salt or formalin, although formalin should be avoided
for larval fish. The best concentrations to use for treatment differ
depending on the life stage of the fish.

4.10.3.1.6. Neoparamoeba perurans
Introduction
Neoparamoeba perurans is the causative agent of amoebic gill disease,
an important disease of cultured Atlantic salmon and rainbow trout
in Australia, parts of Europe and the USA. The parasite has also been
found in wild marine fishes, including turbot and sea bass in Europe.

Summary of taxon/parasite
Neoparamoeba perurans belongs to the Family Vexilliferidae, in
the Phylum Amoebozoa. Other species of Neoparamoeba (e.g. N.
pemaquidensis, N. branchiciphila) are also found in the gills of fishes,
but recent work has identified N. perurans as the aetiological agent of
amoebic gill disease. Neoparamoeba spp. are 14-50 µm in diameter,
sub-spherical, typically with a large number of digitate pseudopodia.
Different species are morphologically very similar, but N perurans can be
identified by PCR assay.

Features of life cycle
Little is known of the life cycle. There does not appear to be a cyst stage
and infection occurs by transmission of trophozoites through water.

Fig. 4.10.12. Gills of koi, Cyprinus carpio with
heavy infection by tear-drop shaped Icthyobodo sp.
There is extensive secondary gill lamellae fusion.
( Image courtesy of AgriFood & Veterinary
Authority of Singapore)
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Pathology

Fig. 4.10.13X. Wet
preparation from a skin
scrape showing Icthyobodo
spp.( Image courtesy of R.
Loh and M. Landos)

Pathology is associated with the colonisation of gill epithelium by
N. perurans. Damage to gill tissue causes hyperplasia, which attracts
further colonisation by amoebae, and mucous production. These
responses drastically reduce gill surface area and predispose to secondary
bacterial infection.
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Clinical signs

4.10.3.2.

The most obvious clinical signs are lethargy and respiratory distress.
Gills may be pale, with large patches of white–grey swollen tissue and
excess mucus production. Histological examination shows epithelial
hyperplasia, resulting in lamellar fusion (Fig. 4.10.14).

4.10.3.2.1. Gyrodactylus spp.

Diagnosis

Monogeneans

Introduction

Wet mounts of gill smears may be used, but the parasite is often difficult
to distinguish from epithelial cells. Immunological techniques and
histological examination are often required to identify Neoparamoeba,
and a PCR assay is needed for definitive diagnosis of P. perurans.

Species of the monogenean Gyrodactylus infect a wide range of
freshwater and marine fishes. They are common parasites of ornamental
fishes and some, such as G. salaris, cause major economic losses in
aquaculture. They are most commonly found on the skin and fins,
although they may also infect the gills.

Epidemiology, treatment and control

Summary of taxon/parasite

Amoebic gill disease is usually associated with water temperatures
between 12 and 20ºC, and salinities greater than 32 ppt. High stocking
densities, suspended organic matter, cage fouling and pre-existing gill
damage have also been reported as risk factors in cultured fishes. The
most effective treatment is bathing in freshwater or hydrogen peroxide.

Gyrodactylus spp. are monopisthocotyleans belonging to the Family
Gyrodactylidae. There are approximately 400 described species, with
varying degrees of host specificity. They are all small (<1 mm in length)
and have a posterior attachment organ (haptor) bearing a pair of large
hooks centrally and 16 small marginal hooks. Damage to the skin and
fins is caused by attachment and the feeding activity of the parasite.

Features of life cycle

Fig. 4.10.14. Neoparameoba perurans (arrows) in gills of Atlantic salmon. Note
the severe epithelial hyperplasia and lamellae fusion in affected gills (Image
courtesy of B. Nowak)
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Adults are hermaphroditic and viviparous, with developing embryos
bearing large hooks often visible within the body of the adult. A
number of generations can sometimes be seen developing in one worm,
in the fashion of Russian dolls (hyperviviparity). Newborn worms
attach immediately and begin feeding on mucus and epithelial cells.
Parasites can move over the host body to feed. Generation time is
typically quite short, 1-5 days.
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Pathology
Attachment and feeding activity damage tissues, leading to skin ulcers
and fin erosion, often with secondary bacterial and fungal infections.

Clinical signs
Affected fish may exhibit skin damage, excessive mucus production
and frayed fins. They are usually restless, inappetent and may exhibit
flashing.

Fig. 4.10.15. An adult Gyrodactylus sp. with an embryo, within which is another
embryo. Notice the large hooks.( Image courtesy of R. Loh and M. Landos)

Diagnosis
Parasites can be observed microscopically in wet mounts from skin
scrapings. The arrangement of hooks on the haptor and the presence
of developing embryos within the body (Figure 4.10.15) serve to
differentiate the genus from Dactylogyrus; morphological differentiation
of species within the genus is more difficult.

Epidemiology, treatment and control
The short generation time and absence of a transmission stage may lead
to an exponential increase in parasite numbers on a single host, making
early diagnosis and treatment essential. Standard treatments are bathing
with salt (for freshwater fishes), freshwater (for marine fishes), formalin
or potassium permanganate. Ornamental fishes can be treated with
pesticides such as the organophosphate trichlorfon or praziquantel.
Single treatments are often effective because of the permanently parasitic
nature of the life cycle.
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4.10.3.2.2. Dactylogyrus spp.
Introduction
Species of the monogenean Dactylogyrus infect mostly freshwater fishes,
particularly cyprinids. They are common parasites of cultured carp
species. Unlike species of Gyrodactylus, which are found most often on
the skin and fins, species of Dactylogyrus generally localise to the gills.

Summary of taxon/parasite
Dactylogyrus spp. are monopisthocotyleans belonging to the Family
Dactylogyridae. There are more than 150 described species, with
varying degrees of host specificity. They are all small (<1 mm in length),
have four eyespots and the posterior haptor bears a pair of large hooks
ventrally and 14 small, marginal hooks. In comparison to Gyrodactylus
spp., the central hooks are relatively smaller and the marginal hooks are
relatively larger.

- 959 -

Section 4.10. Aquatic animals

Section 4.10. Aquatic animals

Features of life cycle
Hermaphroditic adults produce resistant eggs which are released into the
water, where they hatch to a ciliated, free-swimming oncomiracidium.
The oncomiracidium actively seeks a new host, where it develops to
the adult stage, usually on the gills. They attach using the haptor and
feed on mucus and epithelial cells. Development rate is temperature
dependent, with the life cycle being completed in a few days at 20ºC.

Pathology
Attachment and feeding activity damage gill tissues, resulting in
haemorrhage and metaplasia, often with secondary bacterial and fungal
infections.

Fig. 4.10.16. Adult Dactylogyrus sp on gills. Notice the four eye-spots.
(Image courtesy of R. Loh and M. Landos).

10.3.2.3. Benedenia seriolae

Clinical signs
Affected fishes are lethargic, inappetent, swim near the surface and show
breathing difficulty. Gills may appear inflamed, with excessive mucus
production.

Diagnosis
Parasites can be observed microscopically in wet mounts from gill
biopsy. The eyespots and arrangement of hooks on the haptor serve to
differentiate the genus from Gyrodactylus; morphological differentiation
of species within the genus is more difficult (Figure 4.10.16).

Epidemiology, treatment and control
The short generation time means that population numbers may increase
rapidly, with infection spreading throughout the culture system.
Treatment options are the same as for Gyrodactylus spp., but the eggs are
very resistant and multiple treatments are usually required.
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Introduction
The monogeneans B. seriolae (“skin fluke”) and Zeuxapta seriolae
(“gill fluke”) are common parasites of farmed yellowtail kingfish
(Seriola lalandi) in Australia. They have important economic
consequences for the aquaculture industry through fish mortality,
decreased growth rate, decreased market value and increased
labour costs for treatment.

Summary of taxon/parasite
Benedenia seriolae is a monopisthocotylean belonging to the
Family Capsalidae. It has been recorded from a number of species
of Seriola. Benedenia seriolae is a large ectoparasite (up to 12 mm
in length), readily visible on the skin of its host, where it feeds on
mucus and epithelial cells. Like all monogeneans it has a simple,
direct life cycle and the high host densities in kingfish cage culture
allow population numbers to increase rapidly.
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Features of life cycle

Epidemiology, treatment and control

Hermaphroditic adults attach to the host using a haptor which has a
pair of suckers anteriorly and two pairs of hooks posteriorly. Eggs with
long (2-4 mm), sticky filamentous threads are released into the water,
where they are easily trapped in mucus, other organic material or in
net pens, in the case of cultured fish. Eggs hatch after about 5 days at
24ºC, although hatching may be delayed for one-two months at lower
temperatures. Free swimming ciliated larvae (oncomiracidia) emerge
from the eggs and attach to a new host. Completion of the life cycle is
temperature dependent, varying from about a week to several months.

Numbers of parasites can increase rapidly in net pen culture because of
high fish densities and the propensity for the eggs to become entangled
in nets. Current treatment options include bathing fish in hydrogen
peroxide or (less commonly) freshwater, although this is time consuming
and expensive. Praziquantel has been shown to be effective as a bath
and can also be applied orally, although reduced palatability of treated
feed affects the efficacy of treatment. Eggs are resistant to all current
treatments, so repeated applications are necessary to break the life cycle.

Pathology

4.10.3.2.4. Zeuxapta seriolae

The attachment and feeding behaviour of the parasite leads to skin
damage, which may be exacerbated by fish scratching on the nets to
alleviate skin irritation. Secondary bacterial infections can occur at the
wound sites.

Introduction

Clinical signs
Skin lesions are erosive and may lead to excessive mucus production.
Affected fish may be observed scratching on the nets. Loss of appetite
leads to reduced growth rates. Adult parasites are large (5-12 mm) and,
although transparent, can be seen on the body surface.

Diagnosis
Definitive diagnosis is by morphological examination of a flattened
preparation of the parasite. Body size and haptor structure serve to
differentiate the species from other monogeneans infecting yellowtail
kingfish.
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The monogeneans Zeuxapta seriolae (“gill fluke”) and Benedenia
seriolae (“skin fluke”) are common parasites of farmed yellowtail
kingfish (Seriola lalandi) in Australia. They have important economic
consequences for the aquaculture industry through fish mortality,
decreased growth rate, decreased market value and increased labour costs
for treatment.

Summary of taxon/parasite
Zeuxapta seriolae is a polypisthocotylean belonging to the Family
Heteraxinidae. It has been recorded from a number of species of Seriola.
Zeuxapta seriolae is a thin, brown ectoparasite found on the gills of its
host, where it feeds on blood. Like all monogeneans it has a simple,
direct life cycle and the high host densities in kingfish cage culture allow
population numbers to increase rapidly
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Features of life cycle
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4.10.3.3.

Hermaphroditic adults attach to gill lamellae using multiple haptoral
clamps. Eggs are released in strings into the water and hatch into
oncomiracidia. Fecundity is high (up to 10x greater than B. seriolae),
which allows population sizes to increase rapidly. Oncomiracidia
attach to a new host. As for B. seriolae, completion of the life cycle is
temperature dependent, varying from about a week to several months.

Pathology
Attachment and feeding behaviour leads to gill damage, including
lamellar adhesion and clubbing, with disruption of epithelial and
vascular structures.

Clinical signs
Anaemia, breathing difficulties, poor appetite and reduced growth rate.

Diagnosis
Definitive diagnosis by examination of gill lamellae.

Epidemiology, treatment and control

Crustaceans

4.10.3.3.1. Lernaea cyprinacaea: “anchor worm”
Introduction
Anchor worm is a copepod crustacean which is ectoparasitic on
freshwater fishes. It is a host generalist and has been found on over 100
different fish species from 16 different orders. The most commonly
observed stage is the adult female, which attaches to the body of the host
using an anterior attachment organ or anchor.

Summary of taxon/parasite
Anchor worm is a crustacean, Order Copepoda, Family Lernaeidae.
Its ancestral hosts are thought to be cyprinid fishes such as carp and
goldfish, but it now has a global distribution and a wide host range. It
has been recorded in cultured (both ornamental and farmed) and wild
fish species in Australia. In cultured fish populations, both prevalence
and intensity of infection can be very high, leading to serious disease.

Features of life cycle
The parasite has both free living and parasitic stages in its life cycle.
Adult anchor worms mate on the fish host, after which the males die
and females permanently attach to the same or another fish by inserting
their anterior attachment organ into the tissue of the host. Eggs are
released from paired egg sacs, with new egg sacs being produced every
1-3 days while the female is reproductively active (usually for about
a month, but may be longer under optimal conditions). Eggs hatch
to free swimming nauplii larvae, which pass through three different
naupliar stages in approximately 3-4 days. They then moult to the first
copepodid stage which is parasitic and seeks out a fish host, where it

As for B. seriolae.
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attaches to the gills or body. The parasite passes through five parasitic
copepodid stages in about 7-12 days, before moulting to the adult. The
optimal temperature for development is 25-30ºC, with the entire life
cycle being completed in approximately 20 days. Development cannot
be completed at temperatures below 20 ºC, although females can
overwinter on the host.

Pathology
Disease is caused by both copepodids and the attached adult female
(Figure 4.10.16). Copepodids are often found on the gills, where their
feeding activity may damage gill tissue and cause respiratory distress.
Adult females are found most often on the tail, fins and body. They
may burrow deep into the tissues, causing intense inflammation,
haemorrhage and hyperplasia. Fins and tail may be damaged and scales
may be lost from the body, with the possibility of secondary infections.
The effects are more pronounced in small fishes, with heavy infections
often associated with high mortality rates.

Section 4.10. Aquatic animals

Epidemiology, treatment and control
Because the development of the life cycle stages is temperature
dependent, anchor worm infections are more common at water
temperatures above 25ºC. Fertilised females are very fecund and
parasite populations can increase very rapidly without treatment.
Treatment of the entire culture system is necessary to kill all life cycle
stages and, as adults are more resistant to most treatments, it is necessary
to repeat applications over a period of several weeks. Common
treatments are salt baths, potassium permanganate and formalin,
although none of these are fully effective. Ornamental fishes can be
treated with pesticides such as the organophosphate trichlorfon or the
insect growth regulator diflubenzeron. A three week quarantine period
before introducing new fish is recommended for prevention of new
infections.

Clinical signs
Poor appetite, leading to loss of condition, reduced growth rate and
poor reproductive performance. As with other infections of skin and
gills, flashing and breathing difficulty may be seen. Adult females are
visible as dark threads, 10-20 mm long, usually in the centre of inflamed
areas of skin.
Fig. 4.10.16. Adult anchor worm attached to the fin of a freshwater catfish.(image
courtesy of D. Morgan).

Diagnosis
Under a dissecting microscope, adult female worms can be easily
identified by the tubular body, imbedded anterior attachment organ and
paired egg sacs at the posterior end. Copepodids will be visible in wet
mounts of skin and gill tissue.
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4.10.3.3.2. Argulus spp.: “fish lice”

Section 4.10. Aquatic animals

Pathology

Fish lice are ectoparasitic crustaceans which attach to the skin and
gills of fishes. More than 170 species have been described on both
freshwater and marine fishes, and are a particular problem on cyprinids
and salmonids. Argulus foliaceus and A. japonicus have been introduced
to Australia and are widespread on freshwater ornamental fishes. Heavy
infections can cause physical damage and lethargy.

Fish lice attach themselves to the skin and gills of their fish hosts. The
parasites feed by the insertion of a stylus through the flesh of the host.
The toxin which is injected to prevent clotting causes inflamed lesions
and may even be lethal to small fishes. If these lesions develop into
wounds, fungal infections may occur. In some cases haemorrhages may
occur, resulting in decreased erythrocyte and haemoglobin levels in
infected fishes. Physical damage may also be caused by the attachment
hooks. Heavy infections can cause lethargy.

Summary of taxon/parasite

Clinical signs

Argulus spp. belong to the family Argulidae in the class Branchiura.
They are believed to be a primitive form of crustacean, and the areas of
highest diversity are the Afrotropical and Neotropical zones. They are
common fish parasites, and attach to the skin and gills of fishes using
a variety of hooks, suckers and barbs. A stylus is then inserted into the
fish to allow the parasite to feed on the blood. The body is flattened and
disc shaped, and the adults can reach 10 mm in length.

Lethargy and skin legions are common signs of Argulus infection. The
skin may also become irritated, leading the fish to scrape themselves
against the side of aquaria or even attempt to jump out of the water.
Infected individuals may excrete mucus from the skin, gills and fins.

Introduction

Features of life cycle
The life cycle is direct. Eggs are laid on underwater material such as
plants and debris, not on the fish host. Egg production is only possible
in waters above 16°C. In summer conditions (or water temperatures
of around 20°C) the eggs hatch after around 3-5 weeks, but they can
remain unhatched over the winter period. Adults commonly do not
overwinter, dying after laying their eggs. Juveniles can only survive up
to four days without a host, but once the adult stage is reached (via
several episodes of metamorphosis) longer periods between hosts are
possible (up to three weeks in some cases).
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Diagnosis
Fish lice are visible as small, round discs on the gills and/or skin (Figure
4.10.17). Species may be differentiated by morphological differences.

Epidemiology, treatment and control
Development, and therefore infection, occurs most effectively at water
temperatures of around 20°C. Below 16°C, eggs cannot be produced
and therefore infections will not spread. Fish lice are most dependent
on their hosts in the juvenile stages; the adults are more resistant and
do not require host density to be as high in order to persist. Fish lice
infections may be treated by baths of potassium permanganate, salt (for
freshwater fishes) or trichlorfon. Individual fish lice can be removed
with tweezers and the wounds should be cleaned with antiseptic to
prevent secondary infections.
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Microspora is not settled, but Pseudoloma has been placed in the Class
Marinosporidia.

Features of life cycle

Fig. 4.10.17. Koi with severe infection of Argulus sp (Images courtesy of R. Loh
and M. Landos).

4.10.4. Nervous system

Microsporans have a complex life cycle, with asexual reproduction
through merogony, producing meronts and plasmodia, and sporogony,
producing infectious spores. While all other stages of the life cycle can
persist only within the host cell, the spore is able to live outside the cell.
The spore is infectious and resistant, and is the stage responsible for
transmission. Transmission may result from feeding on infected corpses,
but can apparently also occur without physical contact. This may
occur via eggs released by infected female fish. Vertical transmission to
offspring is also a possibility.

Pathology

4.10.4.1. Microspora
4.10.4.1.1. Pseudoloma neurophilia
Introduction
Most of the available information on this microsporan parasite is in
relation to the infection of zebrafish (Danio rerio). First reported in
1980, it is now found in many research and commercial populations
and may cause severe emaciation in infected individuals. Transmission
occurs at the spore stage of the life-cycle.

Summary of taxon/parasite

The parasites infect the cells of the hosts and can be found in a range of
cell types, including the ovaries and egg cells of female fish. However,
the most commonly infected area is the central nervous system and
nerve roots. Inflammation may occur if the disease spreads to skeletal
muscle. Infection can result in emaciation and spinal curvature.
Mortality can also occur, particularly in fry fish which often die one
week after exposure to infected material.

Clinical signs
Clinical signs for this parasite are non-specific and include emaciation
and spinal curvature (it is sometimes known as “skinny disease”) (Figure
4.10.18). In some cases, however, individuals which appear normal are
found to be heavily infected with P. neurophilia.

Pseudoloma neurophilia is a unicellular, spore-forming microporan
parasite (Phylum Microspora, Kingdom Fungi). The taxonomy of
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Diagnosis
Diagnosis requires tissue examination. Wet mounts of the central
nervous system may be used, but histological methods are more
commonly employed. Ovoid to pyriform spores may be observed, as
well as xenomas produced by the microsporidium (Fig. 4.10.18). Stains
which bind to chitin (found in the cell walls of microspora) are an
effective method for detecting the presence of this parasite. PCR tests
are currently in development.

Epidemiology, treatment and control
As the disease can be transferred by feeding on infected corpses, removal
of dead fish from the system is imperative. However, transmission from
live to live fish is also possible. Isolating infected fish may therefore be
necessary once the disease has been identified. Old and sick fish that
may act as disease reservoirs should be removed from the system. Debris
from an infected tank should not be used in non-infected tanks, as the
spores may persist in this debris. UV sterilisation is one of the more
effective methods for disease control. UV sterilisation units may be used
to kill any spores which are present in the water before it is introduced
to the system. Positioning these units at the end of a recirculating
system will prevent the disease spreading through the entire system. An
infected captive population may have to be entirely replaced.

Fig. 4.10.18. Leopard danios with scoliosis and in thin body condition (left).
Histological section of spinal cord with Pseudoloma neurophila.( Images courtesy
of R.Loh).

4.10.5. Muscles and Viscera
4.10.5.1. Microspora
4.10.5.1.1. Pleistophora hyphessobryconis
Introduction
Pleistophora hyphessobryconis is a microsporan parasite which infects
the muscles of freshwater fishes. Neon tetra (Paracheirodon innesi) is
particularly prone to infection (resulting in “neon tetra disease”), but the
parasite may also be found in other species of fish.
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Summary of taxon/parasite
Pleistophora hyphessobryconis is in the Phylum Microspora, Kingdom
Fungi. The higher-level taxonomy of Microspora is not settled, but
Pleistophora has been placed in the Class Marinosporidia.

Features of life cycle
As described for Pseudoloma neurophilia, microsporans have a complex
life cycle, with asexual reproduction through merogony, producing
meronts and plasmodia, and sporogony, producing infectious spores.
The life cycle is probably direct, with infection from the water or from
predation or scavenging of infected fishes.

Section 4.10. Aquatic animals

/ wet mounts of tissues viewed by light microscopy under suboptimal
lighting conditions (wind objective down to introduce diffraction/
contrast through the specimen).

Epidemiology, treatment and control
There is no effective treatment. Fish showing clinical signs and dead
fish should be immediately removed. The spores are long lived, so if
infection persists, aquaria or tanks need to be drained and disinfected.
Prevention is based on maintaining good water quality, minimising
environmental stresses and strict quarantine.

Pathology
Pathology is associated with multiplication of the parasite within muscle
cells, leading to the destruction of large blocks of muscle. In heavy
infections the parasite may spread to other organs and the body cavity,
and mortalities are common.

Clinical signs
Infections may be asymptomatic. Symptoms of disease are often
associated with environmental challenges, particularly poor water
quality. Clinical disease usually presents as loss of body coloration,
development of pale patches and swellings under the skin, unusual
swimming behaviour, spinal curvature, inappetance, weight loss and
ragged fins (Figure 4.10.19).

Fig. 4.10.19. Cardinal tetras with loss of their normal intense body
coloration due to infection with Pleistophora sp. (Images courtesy of R.
Loh and M. Landos)

Diagnosis
Histological examination of muscle tissues will confirm infection (Fig.
4.10.20). Refractile spores may also be observed in squash preparations
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Summary of taxon/parasite
Both species are in the Phylum Myxozoa; K. thyrsites in the Family
Kudoididae and U. seriolae in the Family Trilosporidae. There are
more than 40 described species in the genus Kudoa and 11 described
species in the genus Unicapsula. Species may be distinguished by the
structure of their multicellular spores, which typically occur in clusters
(plasmodia) within the muscles of infected fishes, sometimes within
‘cysts’.

Features of life cycle
Fig. 4.10.20. Unstained, muscle squash preparation on the left, and a histological
section on the right, showing the intramuscular parasites.( Images courtesy of R.
Loh and M. Landos).

4.10.5.2.

Myxozoans

4.10.5.2.1. Kudoa thyrsites and Unicapsula seriolae
Introduction
These parasites infect the flesh of farmed marine fishes and cause postharvest myoliquefaction, resulting in considerable economic losses.
Kudoa thyrsites is found Atlantic salmon and a number of other cultured
and wild fish species, while Unicapsula seriolae is an important parasite
of farmed yellowtail kingfish (Seriola lalandi) in Australia, but has also
been found in other species of Seriola, as well as in Japanese grouper
(Epinephalus septemfasciatus) and pink snapper (Pagrus auratus).

The life cycle of most myxozoan species, including K. thyrsites and U.
seriolae, have not been described. In general, those myxozoans which
have been studied have indirect life cycles with an invertebrate definitive
host (usually an oligochaete or polychaete worm) and a vertebrate
intermediate host (usually a fish, although infections have also been
found in amphibians, reptiles, birds and mammals). Within the fish
intermediate host, the parasite multiplies asexually, with myxospores
developing within plasmodia. Myxospores are released into the water
where they are ingested by the definitive host, within which the parasite
reproduces sexually, eventually producing actinospores. Actinospores
are released into the water, where they attach to a fish and release
infective sporoplasms. The sporoplasm penetrates the skin, fins or gills
and migrates to the preferred site of the parasite. There is evidence for
some myxozoan species that the definitive host can be bypassed, with
infection transmitted from one fish host to another via the myxospore
stage.

Pathology
There is no evidence that K. thyrsites or U. seriolae cause pathological
changes in infected fishes, but the economic impacts of infection can
be severe because of reduced product quality after harvest. In heavy
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infections, plasmodia can be visible as unsightly spots or streaks in the
flesh. Even mild infections may result in myoliquefaction, leading to
soft, mushy flesh after death or when the fish is cooked. This occurs
because of the release of proteolytic enzymes by the parasite.

Clinical signs
There are no obvious clinical signs of infection in fishes, although
plasmodia can sometimes be seen in the flesh of harvested animals.

Diagnosis
Myxozoan infections in muscle may be confirmed by histology, although
differentiating species from the morphological characteristics of spores
is difficult (Figure 4.10.21). A quick method to detect myxozoan
infections is to conduct a light microscopic examination of a squash
smear of affected tissues between two glass slides. Specific identification
usually requires electron microscopy or DNA detection.

Epidemiology, treatment and control
There are no effective treatments for K. thyrsites or U. seriolae infection.
Control is therefore based on minimising exposure risk and enhancing
the ability of fishes to resist infections. Given the probable life cycle
of the parasite, infection risk is likely to be greater in shallow ocean
culture sites, with fine sand or silt bottoms, as these are likely to harbour
higher populations of definitive hosts. Infection rates are likely to be
higher during warmer periods of the year, as warmer temperatures may
stimulate the release of more actinospores from definitive hosts. As for
other parasites, reducing stress and maintaining fish on a high plane of
nutrition will increase the resistance and tolerance to infection.
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Fig. 4.10.21. Plasmodia of U. seriolae within muscle tissue of Seriola sp. Spores
visible in three lower plasmodia.(Image courtesy of F. Stephens)

4.10.5.3.

Nematodes

4.10.5.3.1. Pseudocapillaria tomentosa
Introduction
This parasite is a capillarid nematode with a broad range of hosts,
mainly among the family Cyprinidae. It has been found to cause
mortality in captive tiger barbs and is one of the few metazoan parasites
which cause problems in captive zebrafish colonies. Heavy infections
can cause severe debilitating symptoms and have also caused mortality
in some cases.
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Summary of taxon/parasite

Epidemiology, treatment and control

P. tomentosa is a nematode worm in the family Capillariidae. It is a host
generalist, infecting 25 species of Cyprinidae, and also members of the
orders Aguiliformes, Gadiformes, Salmoniformes and Siluriformes. It
has been recorded in captive fishes, but may also infect wild (and even
feral) populations. The females are 7-12 mm in length, while the males
are smaller (4-7 mm).

The use of oligochaete worms as a food source may heighten the risk
of infection. However, as direct transmission is also possible, disposing
of an infected population may be necessary for control. Nematode
infections may sometimes be treated with invermectin, but the tolerance
of fish species to this drug is highly variable. Other possibilities include
bath treatments of levamisole and fenbendazole. In some species (e.g.
golden shiners), however, levasmiole has been found to be ineffective,
and in others (e.g. brood stock zebrafish) it may even cause sterility.
Adding trichlorfon and mebendazole to the water has been effective in
some cases.

Features of life cycle
Oligochaete worms have been found to act as paratenic hosts and may
be a source of transmission from fish to fish. However, P. tomentosa
is also able to transfer directly between individual fishes without the
presence of oligochaetes.

Pathology
The worms are often present within the gut wall of infected fishes, often
resulting in severe cellutitis and tissue reaction. Infected fishes may also
be more vulnerable to neoplasms. The liver may also become enlarged
and anaemia may be present.

Clinical signs
Severe infections often lead to lethargy and anaemia. Fish may also
become emaciated and some species become unusually dark in colour.

Fig. 4.10.22. Diagnosis of P. tomentosa infection is by examination of faeces for
oval-shaped eggs with bipolar plugs.( Images courtesy of R. Loh).

Diagnosis
Wet mount preparations of faeces or histological sections of the
intestine are commonly used for diagnosis (Figure 4.10.22). Capillarid
nematodes lay distinctive eggs with bipolar plugs, but in general the
male sexual organs are used for specific identification of P. tomentosa.
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4.11. Australian wildlife – monotremes and
marsupials
Marsupials and monotremes harbour diverse helminth parasite faunas
with over 450 species known from marsupials alone. Of these, only
two species, the common liver fluke, Fasciola hepatica, and the hydatid
tapeworm, Echinococcus granulosus, are shared with domestic animals.
Only a few common parasites found in the most common of hosts
are dealt with here. For a detailed list of parasites, consult Spratt et al.
(1991, Records of the South Australian Museum, Monograph Series no.
1: 1-150). Parasites are dealt with below on a host basis.

4.11. 1. Macropods (kangaroos and wallabies)
The kangaroos and wallabies harbour the most diverse parasite faunas
of all of the marsupials. By far the most numerous are the strongyloid
nematodes found in the sacculated forestomachs (Fig. 4.11.1), with 250
species described so far but with many more yet to describe. Nematodes
also occur in very large numbers (up to 500, 000) in the forestomach
and are frequently encountered at autopsy. The species described here
have been selected because they are the most frequently encountered
or because they are pathogenic. For simplicity, the term “kangaroo” has
been used to include all kangaroos and wallabies.
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Fig. 4.11.1. Stomach of an agile wallaby, Macropus agilis, with
strongyloid nematodes. (Image courtesy of I. Beveridge).

4.11.1.1 Gastrointestinal tract
Stomach
Labiostrongylus spp.
Species of Labiostrongylus are large (to 10 cm) nematodes found
in the lumen of the sacculate forestomachs; for simplicity, the
numerous species as well as those of the related genera Labiosimplex,
Labiomultiplex, Parazoniolaimus and Potorostrongylus are dealt with
together.
Summary of taxon
The numerous species are readily recognisable as the largest nematodes
occurring in the stomachs of kangaroos; microscopically they are also
readily identifiable by the 6 large lips surrounding the mouth opening
(Fig. 4.11.2). They belong to the order Strongylida and the super-family
Strongyloidea.
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Labiostrongylus longispicularis in red-kangaroos, Macropus rufus,
synchronises its life cycle with the potentially harsh conditions of arid
inland Australia. The development of the larval stages within the host is
prolonged and occurs during the hot dry summers; adult females begin
to lay eggs in autumn when temperatures are more moderate and when
conditions for larval survival are optimal.

Fig. 4.11.2. Anterior end of Labiostrongylus sp. (Image courtesy of J.H. Arundel,
reproduced with permission http://www.publish.csiro.au/pid/5742.htm).

Biology
Eggs are passed in faeces and a doubly ensheathed L3 emerges from
the egg; the L3 is ingested and migrates into the gastric mucosa; the L4
and adult are found in the stomach lumen. The life cycle may be highly
seasonal with one generation per year and with the development of
adults and the onset of egg laying coinciding with the most favourable
climatic conditions (low temperatures, high rainfall).

Fig. 4.11.3. Nodule in the stomach of a swamp wallaby, Wallabia bicolor, caused
by third stage larvae of Labiostrongylus. (Image provided by I. Beveridge).

Lesions are caused by L3s burrowing into the gastric mucosa (Fig.
4.11.3). The lesions caused may be scattered nodules containing
1-2 larvae in the agile wallaby, Macropus agilis, and the red-legged
pademelon, Thylogale stigmatica, or hundreds of larvae may burrow
in at the same site resulting in a proliferative granulomatous lesion, as
seen in Tasmanian pademelons, Thylogale billardierii, tammar wallabies,
Macropus eugenii, and swamp wallabies, Wallabia bicolor.

Rugopharynx australis
This is the commonest nematode found in the forestomachs of
kangaroos, with numbers of nematodes often in the hundreds of
thousands. Rugopharynx australis has recently been split up into a large
number of morphologically similar species, each one specific for one or
a small number of host species. For simplicity, all are referred to simply
as R. australis. There are a number of other members of the genus but all
have short striated buccal capsules (Fig. 4.11.4).
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feed on gut content; individual male grey kangaroos in an extremely
emaciated condition have been seen with over 500,000 nematodes in
their stomach, but these often highly numerous worms are generally
assumed to be of low pathogenicity.
Rugopharynx rosemariae
R. rosemariae occurs only in the stomachs of grey kangaroos and causes
highly characteristic lesions in the gastric mucosa.
Fig. 4.11.4. Buccal capsule of Rugopharynx australis
(Image courtesy of I. Beveridge).

Summary of taxon
The members of this species complex are readily recognisable by their
size (10-15 mm long) and by the buccal capsule which is cylindrical and
transversely striated and is about twice as long as wide (Fig. 4.11.5).

Summary of taxon
R. rosemariae is restricted to the eastern and western grey kangaroos
(Macropus giganteus and M. fuliginosus) and is recognisable by its
moderate size (20 mm), characteristically striated buccal capsule
and long oesophagus with a series of bosses (knobs) in the lining
(Figs.4.11.6,7). These nematodes belong to the order Strongylida, superfamily Strongyloidea.

Fig. 4.11.5. Buccal capsule of Rugopharynx zeta from the stomach of the rednecked wallaby, Macropus rufogriseus (Image courtesy of I. Beveridge).

Biology
The life cycle is not known but is presumed to be direct. The nematodes
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Fig. 4.11.6. Buccal capsule of Rugopharynx rosemariae from the stomach of an
eastern grey kangaroo, Macropus giganteus. (Image courtesy of J.H. Arundel,
reproduced with permission http://www.publish.csiro.au/pid/5742.htm).
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Biology
The entire life cycle has not been elucidated. Development to the
ensheathed L3 occurs in faeces; the L3 is ingested, migrates into the
mucosal glands of the sacculated forestomach; the L4 and juvenile adults
are found in the lumen of the stomach (Fig. 4.11.8).
Lesions are caused by the L3s burrowing into mucosal glands and into
the lamina propria; gross lesions consist of numerous small nodules,
each with 1 or 2 larvae, with heads embedded in the lamina propria and
tails projecting into the lumen; histologically, the larvae appear to secrete
PAS positive material to digest the surrounding tissues. Heavy infections
occur in winter in juvenile animals during their first year of independent
grazing.

Fig. 4.11.8. Lesions caused by the third stage larvae of
Rugopharynx rosemariae in the stomach of an eastern grey kangaroo,
Macropus giganteus (image courtesy of I. Beveridge).

Pharyngostrongylus kappa
This nematode is an extremely common parasite of the forestomach of
eastern grey kangaroos, Macropus giganteus.
Summary of taxon
These are small, whitish nematodes, up to 15 mm, recognisable by
the elongated buccal capsule, 3 times longer than wide, with regular
transverse striations (Fig. 4.11.9).

Fig. 4.11.7. Anterior end of third stage larva of Rugopharynx
rosemariae (Image courtesy of I. Beveridge).
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Biology
The life-cycle is not know but is presumed to be direct. Although
numerous, the parasite is assumed to be non-pathogenic.
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Fig. 4.11.9. Anterior end of Pharyngostrongylus kappa from the stomach of an
eastern grey kangaroo, Macropus giganteus. (Reproduced with permission
http://www.publish.csiro.au/pid/5742.htm)

Cloacina spp.
This is one of the more abundant nematode genera occurring in the
forestomachs of kangaroos, often in tens of thousands. There are 120
species in the genus and they are therefore dealt with only at the generic
level.
Summary of taxon
Species of this genus vary in size from 3-50 mm in length, they are white
and tend to be concentrated in the anterior part of the forestomach; the
genus is characterised by 4 bi-partite cephalic papillae surrounding the
mouth openings (Figs 4.11.10). These nematodes belong to the order
Strongylida, super-family Strongyloidea.
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Figs. 4.11.10. Anterior end of Cloacina obtusa (left; reproduced
with permission http://www.publish.csiro.au/pid/5742.htm) and
Cloacina herceus (right) from the stomach of an eastern grey
kangaroo, Macropus giganteus (Image courtesy of I. Beveridge).

Biology
No life-cycles are known and members of the genus are assumed to be
non-pathogenic in spite of frequently being present in large numbers.
The genus was named by a famous helminthologist Otto von Linstow
in 1890, who mistakenly believed that females of the genus possessed a
cloaca rather than a separate anus and vagina, hence the name Cloacina.
However, Cloacina is also the Roman goddess of the toilet as the
Romans had a deity for each room of the house. Byron even wrote an
ode to Cloacina. Because of this, most of the recently described species
have also been named after other classical deities.
Filarinema spp.
Filarinema spp. are trichostrongyloid nematodes which occur in
the pyloric region at the posterior end of the complex stomachs of
kangaroos. There are numerous species, but only one is known to be
pathogenic.
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Summary of taxon
These nematodes are hair-like, red in colour, and restricted to the surface
of the mucosa in the pyloric region of the stomach. They belong to the
order Strongylida and the super-family Trichostrongyloidea.

Summary of taxon
These are small nematodes found burrowing in tunnels in the glandular
mucosa of the forestomach, close to the junction with the squamous
epithelium of the oesophageal region.

Biology
No life cycles are known but they are assumed to be direct. Most species
are apparently not pathogenic. In the case of Filarinema flagrifer in
the red kangaroo, Macropus rufus, nodules c. 1 cm in diameter are
found in the mucosa of the forestomach containing either L4s or adults
(Figs.4.11.11).

Biology
The life-cycle is presumed to be similar to other species of the genus.
Heavy burdens cause inflammation of the glandular gastric mucosa
adjacent to the squamous epithelium; in very heavy infections,
nematodes are found in most areas of the glandular epithelium and
result in the death of the host (Fig.4.11.12).
Diagnosis is made by detection of larvae in faeces using the Baermann
technique. Repeated use of benzimidazoles in macropods to treat
Strongyloides infection may be lethal to the host due to the suppression
of bone marrow activity.

Fig. 4.11.11. Gastric nodules caused by Filarinema flagrifer in a red
kangaroo, Macropus rufus. (Image courtesy of I. Beveridge).
Histological features of gastric nodules caused by Filarinema flagrifer in a
red kangaroo, Macropus rufus. (Image courtesy of P.J.A. Presidente).

Strongyloides sp.
An un-named species of Strongyloides is found in the stomach of various
species of kangaroos and wallabies.
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Fig. 4.11.12. Strongyloides sp. in the gastric mucosa of an eastern grey
kangaroo, Macropus giganteus. (Image provided by I. Beveridge).
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Small intestine
Globocephaloides spp.
Species of Globocephaloides occur in the duodenum of kangaroos and
wallabies and are potentially highly pathogenic in young animals as they
are blood feeders.
Summary of taxon
These are highly unusual trichostrongyloid nematodes with enlarged,
jaw-like mouths; they are small (10 mm) and coiled and the nematodes
are red in colour (Fig. 4.11.13). Four species are known, but only two
have been confirmed as pathogens.
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Biology
G. trifidospicularis has a typical trichostrongylid life-cycle with L3s
developing in faeces and being ingested by the host. The pre-patent
period is 47 days.
The nematodes are blood feeders, causing anaemia and death in
juvenile kangaroos. The eggs when passed in faeces are in the 2-celled
or sometimes the 4- celled stage, differentiating them from the other
strongylid nematodes of kangaroos which when passed in faeces have
numerous cells.
In Victoria, G. trifidospicularis affects juvenile eastern grey kangaroos,
Macropus giganteus, during winter. Adult kangaroos appear to develop
an immunity to the parasite. Mortalities due to G. macropodis have been
seen only in captive grey kangaroos in north Queensland.
Austrostrongylus spp.
Summary of taxon
These are tiny nematodes, often about 1mm long, red in colour and
coiled like a spring. They belong to the order Strongylida and superfamily Trichostrongyloidea.

Fig. 4.11.13. Globocepholordes sp from the colon of the eastern grey
kangaroo, Macropus giganteus. (Image courtesy of J.H. Arundel reproduced
with permission http://www.publish.csiro.au/pid/5742.htm).

Biology
Nothing is known of their life cycles but they are presumed to be direct;
related species in possums and rats coil around villi causing erosion of
the epithelium and some villous atrophy, but the effects of the species in
macropods have not been studied.
Progamotaenia spp./ Wallabicestus spp.
The common intestinal tapeworms of kangaroos belong to the closely
related anoplocephalid genera Progamotaenia and Wallabicestus. There
are many species and some species may be almost a metre in length.
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Summary of taxon
These parasites are large, white tapeworms with unarmed scoleces and
paired genitalia. They belong to the order Cyclophyllidea and the family
Anoplocephalidae.
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Summary of taxon
Identification is made primarily by finding oocysts in faeces. Oocysts
contain four sporocysts each containing two sporozoites. These
protozoan parasites belong to the phylum Apicomplexa and the family
Eimeriidae.
Biology
Most species complete their life cycles in the small intestine (Fig.
4.11.15), but one species in tammar wallabies, Macropus eugenii, occurs
in the liver and one species in the western grey kangaroo, Macropus
fuliginosus, has schizonts (Fig. 4.11.16) in the pyloric antrum.

Fig. 4.11.14. Wallabicestus ewersi from the small intestine of the
agile wallaby, Macropus agilis (Image courtesy of I. Beveridge).

Biology
No life cycles have been elucidated, but they are presumed to have
oribatid mites as intermediate hosts. They are probably non-pathogenic
but are commonly observed at autopsy because of their large size (Fig.
4.11.14).

Acute coccidiosis in M. giganteus involves severe enteritis frequently
with massive haemorrhage into the gastrointestinal tract. In tammar
wallabies, both enteritis and hepatitis occur. In per-acute cases, the
animals die suddenly without diarrhoea. Most animals develop
diarrhoea and sometimes dysentery. Oocysts are commonly present in
the faeces of healthy kangaroos; to make a diagnosis of coccidiosis, there
are usually vast numbers of oocysts in smears or floats together with
clinical signs. Disease is seen mainly in young animals or in wild adults
in areas affected by flooding.

Eimeria spp.
Numerous species of coccidia (Eimeria spp.) occur in kangaroos and
wallabies. In some species such as the eastern grey kangaroo, Macropus
giganteus, coccidiosis is a major obstacle to rearing joeys and also causes
mortalities in adult wild kangaroos during periods of flooding.
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Large intestine
Macropoxyuris spp.
Pin-worms of kangaroos often occur in tens of thousands in the colon.
There are numerous species, with most of them as yet un-named.
Summary of taxon
These are tiny, white nematodes, several mm long, characterised
microscopically by three lips and a long oesophagus with a prominent
bulb (Fig. 4.11.17). They belong to the order Oxyurida and the family
Oxyuridae.

Fig. 4.11.15. Intestinal lesions of coccidiosis in a juvenile tammar
wallaby, Macropus eugenii (Image courtesy of P.J.A. Presidente).

Fig. 4.11.16. Coccidial schizont (=meront) in the intestinal mucosa of an eastern
gray kangaroo, Macropus giganteus (Image provided by P.J.A. Presidente).

- 998 -

Fig. 4. 11.17. Macropoxyuris brevigularis from the colon of the
eastern grey kangaroo, Macropus giganteus. (Image courtesy of
J.H. Arundel reproduced with permission
http://www.publish.csiro.au/pid/5742.htm).

Biology
The life cycle is not known but is presumably direct with ingestion of
eggs deposited in the cloacal region during grooming by kangaroos.
They are assumed to be non-pathogenic.
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Macropostrongyloides spp.
Species of Macropostrongyloides are prominent parasites of the caecum
and colon of grey kangaroos, Macropus giganteus, M. fuliginosus,
wallaroos, M. robustus and whip-tail wallabies, M. parryi. One aberrant
species, M. dissimilis, is found in the stomach rather than the large
intestine in the swamp wallaby, Wallabia bicolor.
Summary of taxon
These are moderately large (15-20 mm), white nematodes with a
tiny cylindrical buccal capsule bearing a Y-shaped dorsal gutter (Fig.
4.11.18). They belong to the order Strongylida and the super-family
Strongyloidea.
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Paramacropostrongylus toraliformis
This large nematode occurs in the caecum of eastern grey kangaroos,
Macropus giganteus.
Summary of taxon
The nematode is recognisable by its large size (to 50 mm), dark
pigmentation and microscopically by the presence of a prominent
cephalic collar (Fig. 4 11.19). It belongs to the order Strongylida and
the super-family Strongyloidea.
Fig. 4.11.19. Paramacropostrongylus toraliformis from the caecum
of the eastern greay kangaroo, Macropus giganteus. (reproduced
with permission http://www.publish.csiro.au/pid/5742.htm).

Fig. 4.11.18. Anterior end of Macropostrongyloides
baylisi from the caecum of an eastern grey kangaroo,
Macropus giganteus. (reproduced with permission
http://www.publish.csiro.au/pid/5742.htm).

Biology
No life-cycles are known but they are presumed to be direct. In eastern
grey kangaroos, M. giganteus, heavy infections occur in juvenile
animals during winter, but their pathogenic significance has not been
determined.
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Biology
The life cycle is not known but is presumed to be direct. The third stage
larvae of this nematode burrow into the tip of the caecum causing a
large granulomatous lesion. Lesions are seen primarily in young grey
kangaroos during winter.
Hypodontus macropi
Hypodontus macropi is now known to be a species complex, but the
individual species have not been formally described. Its ‘hook-worm’ like
appearance resulted in it being classified originally as a hookworm rather
than a strongyloid.
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Summary of taxon
These are white nematodes up to 15 mm in length; the anterior end is
bent dorsally, with cutting plates at mouth opening (Fig. 4.11.20). It
is found in the ileum, caecum and colon in red kangaroos, Macropus
rufus, and wallaroos, Macropus robustus, but exclusively in the caecum
and colon of other kangaroo and wallaby species. It belongs to the order
Strongylida and the super-family Strongyloidea.
Fig. 4.11.20. Anterior end of
Hypodontus macropi from the caecum
of a swamp wallaby, Wallabia bicolor.
(Image courtesy of I. Beveridge).

Biology
The entire life cycle has not been elucidated but the L3 develops in
faeces and is presumed to infect kangaroos orally. Nematodes ingest
large plugs of mucosa leading to inflammation of the lamina propria
and blood and protein loss to the gut lumen. However, details of its
pathogenicity have not been studied.
Hypodontus macropi looks very much like a hook-worm with its bent
head and the presence of cutting plates at the mouth opening. However,
in the true hook-worms, the head is bent dorsally, while in Hypodontus,
the head is bent ventrally. Morphological and molecular evidence
indicate that Hypodontus is not a true hook-worm, but a strongyloid
which has evolved hook-worm-like features, a remarkable case of
convergent evolution in nematodes.
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4.11.1.2 . Cardiorespiratory system
Breinlia spp.
Various species of Breinlia occur subcutaneously, in abdominal and
thoracic cavities, the pericardial sac and the hearts of kangaroos. Only
species known to cause lesions are considered here.
Summary of taxon
These nematodes are long (to 15 cm), slender, white nematodes. They
belong to the order Spirurida and the family Onchocercidae.
Biology
In species studied to date, microfilariae are released into the blood; in
the only life cycle investigated in detail, mosquitoes are the intermediate
hosts.
Breinlia ventricola and B. woerlei are found in the hearts of the red
kangaroo, Macropus rufus, and rock wallabies, Petrogale brachyotis
and P. concinna, respectively (Fig. 4.11.21). It is presumed that their
pathogenesis will be similar to Dirofilaria immitis in dogs, but this has
not been investigated.
Breinlia mundayi is sometimes found in the pericardial sac of swamp
wallabies, Wallabia bicolor, and red-necked wallabies, Macropus
rufogriseus, causing extensive pericarditis and in the thoracic cavity of
the tammar wallaby, Macropus eugenii, causing extensive pleuritis (Fig.
4.11.22).
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Fig. 4.11.21. Breinlia ventricola
in the heart of a red kangaroo,
Macropus rufus. (Image
courtesy of R. Hobbs).
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Biology
Based on limited studies undertaken to date, lungworms are presumed
to use molluscs as intermediate hosts. M. longilarvatus can cause severe
interstitial pneumonia in swamp wallabies, Wallabia bicolor, but the
pathogenicity of other species remains to be determined.

Fig. 4.11.23. Marsupostrongylus
sp. in the lung of a rufous
rat kangaroo, Aepyprymnus
rufescens. (Image provided
by P.J.A. Presidente).

Fig. 4.11.22. Pleuritis caused by
Breinlia mundayi in a tammar
wallaby, Macropus eugenii. (Image
courtesy of I. Beveridge).

Marsupostrongylus spp.
Lungworms are known from a number of species of kangaroos and
include several genera in addition to Marsupostrongylus which is the
commonest genus encountered. Species of Marsupostrongylus are found
in the alveoli and are very difficult to extract rendering identification
difficult (Fig. 4.11.23). It is not possible to identify species in
histological sections.
Summary of taxon
Lungworms in kangaroos and wallabies belong to the order Strongylida
and the superfamily Metastrongyloidea.
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Echinococcus granulosus
A sylvatic cycle of this parasite exists in kangaroos and wallabies. It has
recently been shown that cysts grow faster in macropods than in any
other host species. Evidence also exists that infections can be fatal and
that relatively high prevalences occur in some species of endangered
macropods.
Summary of taxon
See Section 2.
Biology
See Section 2.
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4.11.1.4 Liver

Fig. 4.11.25. Progamotaenia
festiva in the bile ducts of a red
kangaroo, Macropus rufus. (Image
provided by I. Beveridge).

Progamotaenia festiva
Progamotaenia festiva is the common bile-duct inhabiting cestode of
kangaroos (Figs. 4.11.24, 25). A related species is P. effigia in the western
grey kangaroo, Macropus fuliginosus. P. festiva is a complex of at least 12
species.
Summary of taxon
These are large, white cestodes found in the bile ducts and gall bladders
of kangaroos and wallabies. They belong to the order Cyclophyllidea
and the family Anoplocephalidae.
Fig. 4.11.24. Progamotaenia
festiva in the bile ducts of
an eastern grey kangaroo,
Macropus giganteus. (Image
provided by J.H. Arundel).

Biology
The intermediate hosts are presumed to be oribatid mites.
Lesions vary between kangaroo species; generally there is thickening of
bile duct walls, hyperplasia of gland cells, extensive fibrosis and a mild
infiltration of inflammatory cells.
Progamotaenia festiva was the first parasite to be described from an
Australian marsupial. In the early 1800s, live grey kangaroos were
shipped to the Schönnbrun zoo in Vienna. One died and was autopsied,
revealing tapeworms in the bile duct. The tapeworms were sent to a
famous parasitologist, C.A. Rudolphi, in Berlin who described them
in 1819 as Taenia festiva. The original description consists of two lines
of Latin text, but the original specimens are still extant in the Berlin
Museum.
Fasciola hepatica
Kangaroos and wallabies can act as reservoir hosts for F. hepatica in
some areas. Grey kangaroos and swamp wallabies appear to be able
to tolerate moderate infections. However, mortalities in Tasmanian
pademelons, Thylogale billardierii, have been seen with heavy infections.
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Summary of taxon
See Section 2.

Fig. 4.11.26. (left)
Left inguinal region
of a Proserpine rock
wallaby with lesions of
Thadeua. (Image provided
by I. Beveridge).

Biology
See Section 2.

(right). Thadeua
serrata from a lesion
on a Proserpine rock
wallaby. (Image provided
by L. Skerratt).

4.11.1.5 Skin
Thadeua serrata
A number of mites occur on macropodids, with occasional cases of
sarcoptic mange seen in agile wallabies (Macropus agilis) and swamp
wallabies (Wallabia bicolor). In addition, trombiculid mites can cause
problems when present in large numbers, with clinical cases reported
from several species of wallabies in north-eastern Queensland.
A particular mite, Thadeua serrata, causes prominent lesions in the
inguinal and axillary regions of wallabies in north-eastern Queensland
(Fig.4.11.26).
Summary of taxon
Mites about 1 mm long, are found in pustular lesions in the inguinal
and axillary regions. Belonging to the Mesostigmatidae, all four legs are
in the anterior part of the body.
Biology
The life cycle is not known. Mites can be expressed from lesions by
squeezing on each side of the pustule. The significance to the health of
the animal is not known.
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4.11.1.6 Intermuscular tissues and subcutis
Pelecitus roemeri
Formerly known as Dirofilaria roemeri, this common nematode is
found in the sub-cutis and intermuscular tissues of a variety of kangaroo
and wallaby species (Fig.4.11.27).
Summary of taxon
Large (up to 15 cm), white robust worms which can be found in many
species of Macropus; they can be found in any part of the body, but
most commonly occur at or near the insertion of the sartorius muscle.
These nematodes belong to the order Spirurida and the superfamily
Filarioidea.
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4.11.1.6 Parasite list
Common parasites of
kangaroos
GI tract

NEMATODES
Stomach
Labiostrongylus spp.
Rugopharynx australis
Rugopharynx rosemariae
Pharyngostrongylus kappa
Cloacina spp.
Filarinema spp.

Fig. 4.11.27. Pelecitus roemeri and capsule near the femoro-tibial joint of an
eastern grey kangaroo, Macropus giganteus. (Image provided by J.H. Arundel).

Strongyloides sp.

Biology
Microfilariae are released into the blood and the intermediate hosts
are tabanid flies. In red kangaroos, red-necked wallabies and wallaroos
(Macropus rufus, M. rufogriseus and M. robustus) there is little host
reaction; however, in grey kangaroos (M. giganteus, M. fuliginosus), the
nematodes are usually encapsulated in a thick, fibrous capsule. In species
in which the nematodes are normally encapsulated, microfilaraemias
may be low or absent.

Austrostrongylus spp.

Small intestine
Globocephaloides spp.
Large intestine
Macropoxyuris spp.
Macropostrongyloides spp.
Paramacropostrongylus toraliformis
Hypodontus macropi
CESTODES
Small intestine
Progamotaenia spp.
PROTOZOA
Small intestine

Eimeria spp.
Cardio/respiratory
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NEMATODES
Heart
Breinlia ventricola
Breinlia woerlii
Breinlia mundayi
Lungs
Marsupostrongylus spp.
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Liver

Skin
Sub-cutaneous

CESTODES
Progamotaenia festiva
TREMATODES
Fasciola hepatica
MITES
Thadeua serrata
NEMATODES
Pelecitus roemeri

4.11. 2. Koalas
The koala is host to very few helminth parasites, with the
anoplocephalid tapeworm Bertiella obesa being the only large parasite
commonly found. Lungworms (Marsupostrongylus longilarvatus) have
been found on one occasion and an unusual nematode, Durikainema
phascolarcti, has been found in the vascular system.
The most significant disease of koalas caused by ectoparasites is sarcoptic
mange caused by the mite Sarcoptes scabiei. The details of this parasitic
disease have been dealt with elsewhere. It is believed that the parasite
infecting koalas is the same strain as that infecting dogs and wombats.
Koalas are also sometimes heavily infested with ticks to such a degree
that significant anaemia can result. The principal tick species involved
are Ixodes hirsti, I. tasmani and I. trichosuri. Cases of tick paralysis are
also seen on occasions due to I. holocyclus.
Bertiella obesa
The tapeworm Bertiella obesa is the only commonly encountered
helminth parasite of the koala.
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Summary of taxon
These are large, thick tapeworms, up to 30 cm long with very
prominent, unarmed scolex. It belongs to the order Cyclophyllidea,
family Anoplocephalidae.
Biology
B. obesa occurs only in koalas. Its life cycle is not known, but is
presumed to involve oribatid mites as intermediate hosts. There is
a single report of enteritis associated with a heavy infection; heavy
infections have also been seen in clinically normal animals.

4.11.3. Wombats
Of the three species of wombats, we have most information for the
common wombat, Vombatus ursinus. The information available for
the southern hairy nosed wombat, Lasiorhinus latifrons, is more
limited, while for the critically endangered northern hairy nosed
wombat, Lasiorhinus krefftii, information on parasites is based on the
examination of a single individual. However, the types of parasites found
are similar in all three species.
The most significant parasitic disease of wild wombats is sarcoptic
mange, while in captivity, coccidiosis is sometimes seen. The large
numbers of strongyloid nematodes seen in the colon of wombats do
not appear to be pathogenic. Anoplocephalid cestodes in the bile ducts
cause histological changes but their significance is not understood.
Ticks, particularly the specific wombat tick, Bothriocroton auruginans
are found on the common wombat, V. ursinus, while the southern hairy
nosed wombat, L. latifrons, is host to several species of stick-fast fleas,
Echidnophaga spp.
Wombats may also become infected with Fasciola hepatica if they are
grazing areas with infected ruminants. In wombats, severe fibrosis of the
bile ducts is seen.
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4.11.3.1 Gastrointestinal tract
Small intestine
Strongyloides spearei
This species is found in the small intestine of the common wombat,
Vombatus ursinus.
Summary of taxon
They are very small, hair-like nematodes (< 1 cm), living in tunnels
in the lamina propria. They belong to the order Rhabditida, family
Strongyloididae.
Biology
The life cycle is not known but is presumed to be similar to other
species of the genus (see Section 2). A mild enteritis is caused by females
burrowing in the mucosa of the small intestine. Diagnosis of infection
can be made by finding larvae in faeces using the Baermann method.
Phascolotaenia comani, Paramoniezia johnstoni
These two anoplocephalid cestodes occur commonly in the small
intestine of wombats.
Summary of taxon
P. comani is a small, slender cestode and is found in the duodenum of
V. ursinus; Pa. johnstoni is a large cestode found most commonly in the
ileum of V. ursinus and both Lasiorhinus spp. They belong to the order
Cyclophyllidea, family Anoplocephalidae and have unarmed scoleces
and paired genitalia.
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Eimeria spp.
Several species of Eimeria have been described from wombats, but
disease has been associated only with E. arundeli in the common
wombat, V. ursinus.
Summary of taxon
E. arundeli occurs only in V. ursinus and is readily identified by its large,
thick-walled oocyst. It belongs to the phylum Apicomplexa.
Biology
The life cycle is assumed to be similar to other species of Eimeria
(see Section 2). Oocysts are commonly found in faecal flotations of
wild wombats, but severe enteritis has been reported only in captive
wombats. Clinical signs include weight loss, diarrhoea and dehydration.
Diagnosis is made by finding the characteristic oocysts in faeces.
Colon
Phascolostrongylus, Oesophagostomoides and Macropostrongyloides
These three genera of strongyloid nematodes are commonly found in
the large sacculated colon of all three species of wombats (in wombats,
the caecum is vestigial).
Summary of taxon
These are white or pink nematodes up to 15 mm long. Microscopically,
they have prominent buccal capsules with dorsal gutters. P. turleyi
is found only in the common wombat, V. ursinus while species of
Oesophagostomoides occur in each of the species of wombats; M.
lasiorhini is found in V. ursinus and L. latifrons. They belong to the
order Strongylida and the superfamily Strongyloidea.

Biology
Life cycles are not known but presumably involve oribatid mites as
intermediate hosts. The cestodes appear to be non-pathogenic.
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Biology
The life cycle is not known, but is presumed to be direct. Although
thousands of nematodes can be present, the parasites appear to be nonpathogenic.
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on the dorsal surface of the body. The parasite belongs to the order
Astigmata and the family Sarcoptidae.

4.11.3.2 Cardiorespiratory system
Marsupostrongylus coulstoni
This is the only lungworm known from wombats and is found in the
bronchi of the common wombat, V. ursinus.
Summary of taxon
These are small reddish nematodes up to 15 mm long and are found in
the bronchi. They belong to the order Strongylida and the superfamily
Metastrongyloidea.
Biology
The life cycle is not known but probably involves a molluscan
intermediate host. The nematodes do not appear to be pathogenic.

4.11.3.3 Skin
Sarcoptes scabiei
The most important parasitic disease in wild wombats is sarcoptic
mange caused by the mite Sarcoptes scabiei (Fig.4.11.28)
Summary of taxon
In these mites, legs 1 and 2 are well separated from legs 3 and 4, the
latter do not project beyond body, and there are characteristic spines
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Fig. 4.11.28. Sarcoptes scabiei var wombati from a common wombat,
Vombatus ursinus. (from http://rocklilywombats.com)

Biology
The mite is found commonly on V. ursinus and some cases have been
seen in L. latifrons. It is thought to be closely related to the dog strain of
S. scabiei. Infection causes severe hyperkeratosis and parakeratosis with
thickening and cracking of skin; cracks become secondarily infected
(Fig. 4.11.29). Clinical signs include severe dermatitis, often on the
face, around the eyes, ears and mouth. Animals become emaciated are
found wandering during the day. Mortality in populations can be high.
Diagnosis is made by finding mites in skin scrapings; mites are usually
abundant.
Scrapings may also reveal another mite, Acaroptes vombati, which is not
apparently pathogenic
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Mites are transmitted by contact; transmission is facilitated by close
contact between wombats in burrows, with burrows providing an ideal
microclimate for mite survival. Infestations can be treated with repeated
doses of a macrocyclic lactone.

Biology
This species is found almost exclusively on common wombats although
larvae and nymphs are sometimes seen on cats and dogs that have
ventured into or around wombat burrows. It is presumed to be a threehost tick although there are no studies of its life cycle. Heavy infestations
with hundreds of female ticks are not uncommon.

The mite is also infective to humans, causing severe pruritis.
In one case, the partner of an infected researcher also became infested
even though she had no direct contact with wombats. It seems
likely that transmission occurred in bed, based on knowledge of the
transmission on the human strain of the parasite.

Fig. 4.11.29. Common wombat, Vombatus ursinus, with severe
sarcoptic mange. (Image provided by I. Beveridge).

Bothriocroton (formerly Aponomma) auruginans
Several species of ticks have been found on the common wombat, V.
ursinus, but the most abundant species is Bothriocroton auruginans.
Summary of taxon
Engorged females are large (15 mm long) and pale cream in colour;
males are smaller and dark brown (Fig.4.11.30). The anal groove
encircles the anus posteriorly, the palps are long and eyes are absent.
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Fig. 4.11.30. Females of Bothriocroton auruginans attached to a common
wombat, Vombatus ursinus. (Image provided by I. Beveridge).

4.11.3.3 Liver
Progamotaenia vombati, P. diaphana
Two species of anoplocephalid cestode occur in the bile ducts of
wombats, P. vombati (previously identified as P. festiva) in V. ursinus and
P. diaphana in Lasiorhinus latifrons.
Summary of taxon
These are large white cestodes occurring in the bile ducts or gall bladders
of wombats. They possess an unarmed rostellum and the genitalia
are paired. They belong to the order Cyclophyllidea and the family
Anoplocephalidae.
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Biology
The life cycle is not known, but is presumed to involve oribatid mites as
intermediate hosts.
P. diaphana causes extensive fibrosis of bile ducts and hyperplasia
of ductal glands (Fig. 4.11.31); no lesions have been reported for P.
vombati in V. ursinus.
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4.11.3.3 Parasite list

Parasites of wombats
GI tract

Cardio-respiratory

Fig. 4.11.31. Progamotaenia diaphana in the bile duct of a southern hairynosed wombat, Lasiorhinus latifrons. (Image provided by P.J.A. Presidente).

Skin

Liver
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NEMATODES
Small intestine
Strongyloides spearei
Colon
Phascolostrongylus turleyi, Oesophagostomoides spp.
Macropostrongyloides lasiorhini
CESTODES
Small intestine
Phascolotaenia comani, Paramoniezia johnstoni
PROTOZOA
Eimeria spp.
NEMATODES
Lung
Marsupostrongylus coulstoni
MITES
Sarcoptes scabiei
TICKS
Bothriocroton (=Aponomma) auruginans
CESTODES
Bile ducts
Progamotaenia vombati, P. diaphana
TREMATODES
Fasciola hepatica
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4. 11.4 Possums and gliders
In general, possums and gliders harbour fewer parasites than their
terrestrial marsupial counterparts. Three examples are given below,
the common brush tail, possum, Trichosurus vulpecula, the common
ringtail possum, Pseudocheirus peregrinus, and the greater glider,
Petauroides volans. The mountain possums (Trichosurus caninus and
T. cunninghami) harbour similar parasites to the common brush tail
possum, T. vulpecula; likewise, the ringtail possum species share a
similar parasite fauna, while very few parasites at all are known from the
sugar glider, Petaurus breviceps, and the yellow-bellied glider, Petaurus
australis.
Many possums harbour large anoplocephalid cestodes of the genus
Bertiella in the small intestine. They are readily recognisable, are host
specific and are assumed not to be pathogenic. No life cycles are known,
but they are assumed to involve oribatid mites as intermediate hosts.
The common brushtail is sometimes host to trichostrongylid nematodes
from other species, such as Trichostrongylus colubriformis, T. vitrinus and
T. rugatus from sheep and T. retortaeformis from rabbits. All of these
are found in the small intestine. There is one species of trichostrongyle,
Paraustrostrongylus trichosuri which is found coiled around villi in the
duodenum.
The caecum and colon may inhabited by oxyurid nematodes. Adelonema
trichosuri is found in small numbers in the caecum of brushtail possums,
while Austroxyuris and Paraustroxyuris may occur in hundreds of
thousands in the caecum of the greater glider (Fig. 4.11.32). This great
mass of nematodes appears to have no pathogenic effects. It is presumed
that the life cycles of these nematodes are direct, with the possum or
glider ingesting the egg.
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As relatively little is known about diseases caused by parasites in possums
and gliders, a table of common parasites only is presented.
Fig. 4.11.32. Paraustrostrongylus trichosuri coiled
around the villus of a mountain possum, Trichosurus
caninus. (Image courtesy of P.J.A. Presidente).

Common parasites of possums
Host
Trichosurus vulpecula
(common brush-tail)

Pseudocheirus peregrinus
(common-ringtail)
Petauroides volans
(greater glider)

Parasites
Small intestine: Bertiella trichosuri (Cestoda: Anoplocephalidae)
Paraustrostrongylus trichosuri (Nematoda:
Trichostrongyloidea)
Large intestine: Adelonema trichosuri (Nematoda: Oxyuroidea)
Small intestine: Bertiella foederata, B. paraberrata
(Cestoda: Anoplocephalidae)
Small intestine: Bertiella petaurina, B. mawsonae
(Cestoda: Anoplocephalidae)
Large intestine: Austroxyuris finlaysoni (Nematoda: Oxyurida))
Paraustroxyuris parvus (Nematoda: Oxyurida)
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4.11.5. Bandicoots
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Common parasites of
bandicoots

Numerous parasites have been recorded from bandicoots but their
association with significant disease has not generally been ascertained.
The parasites dealt with here are the common ones likely to be found at
autopsy.
In the stomach, Physaloptera spp. are robust coiled nematodes attached
firmly to the gastric mucosa. More likely to be overlooked is the small
trichostrongyle, Peramelistrongylus skedastos.

Parasites
Stomach

NEMATODA
Physaloptera spp. (Spirurida: Physalopteridae)
Peramelistrongylus skedastos (Strongylida: Trichostrongyloidea)

Small intestine

NEMATODA
Mackerrastrongylus, Tetrabothriostrongylus,
Asymmetracantha, Beveridgiella
(Strongylida: Trichostrongyloidea)
CESTODA
Potorolepis spp. (Cyclophyllidea: Hymenolepididae)

The small intestine is parasitised by a number of species of
trichostrongyle nematodes, all very small, but reddish in colour, as
well as large white cestodes belonging to the genera Potorolepis and
Paralinstowia. A tiny dilepidid cestode, Mirandula parva occurs in the
long nosed bandicoot, Perameles nasuta. Several species of trematode
and a large acanthocephalan, Australiformis semoni, may also be found.
A number of species of Eimeria occur in the small intestine, but only
one has been named so far.
Large, white nematodes belonging to the genus Labiobulura are found
in the large intestine.

Paralinstowia semoni (Cyclophyllidea: Anoplocephalidae)
Mirandula parva (Cyclophyllidea: Dilepididae)
TREMATODA
Brachylaima spp. (Brachylaimidae)
Platynosomum spp. (Dicroceoliidae)
ACANTHOCEPHALA
Australiformis semoni Moniliformidae)
Large intestine

Bandicoots have numerous ectoparasites, but ticks are very commonly
encountered. The specific bandicoot tick, Haemaphysalis humerosa, is
very common in north-eastern Australia as is the paralysis tick, Ixodes
holocyclus.

Lungs

It appears that Toxoplasma gondii is a significant pathogen in
bandicoots. It has been dealt with in detail in Section 2.

Skin
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Sub-cutis

NEMATODA
Labiobulura spp. (Ascaridida: Subuluroidea)
NEMATODA
Filostrongylus peramelis (Strongylida: Metastrongyloidea)
Marsupostrongylus bronchialis (Strongylida: Metastrongyloidea)
NEMATODA
Cercopithifilaria spp. (Spirurida: Onchocercidae)
TICKS
Ixodes holocyclus, I. tasmani
Haemaphysalis humerosa
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4.11.6. Dasyurids
The Dasyuroidea is a large and diverse group of marsupials ranging
in size from mouse-sized antechinuses to cat-sized quolls and to the
Tasmanian devil.
The antechinuses and dunnarts (Sminthopsis spp.) harbour a diverse
array of parasites, comparable in many respects with those encountered
in bandicoots. The quolls and Tasmanian devil differ more significantly
in terms of their parasite faunas and these are dealt with here.
Species of Physaloptera are encountered in the lumen of the stomachs
of the larger dasyurids, as in bandicoots, but in addition species of
Cyathospirura and Cyclicospirura occur in nodules in the stomach wall.
The most common nematodes found in the small intestine are
trichostrongyloid nematodes. All are small (about 1-2 mm long), they
are reddish in colour and most are spirally coiled. Also found in the
Tasmanian devil is the only ascarid known from marsupials, Baylisascaris
tasmaniensis. Its closest relatives occur in bears and racoons. The two
cestodes found in large dasyurids are equally enigmatic. Anoplotaenia
dasyuri occurs in large numbers in devils and in smaller numbers in
quolls. The intermediate hosts are small wallabies with the metacestode
developing in the musculature. Two species of Dasyurotaenia have
been described so far, one in devils and one in quolls. To date the only
intermediate stage recovered has been from a potoroo in Tasmania,
suggesting at least that the intermediate host may be a mammal.
Dasyurotaenia inserts its scolex into the intestinal mucosa resulting in an
elevation of the serosal surface of the intestine.
The most interesting ectoparasite of large dasyurids is the flea Uropsylla
tasmanica. While most fleas have free living stages, this flea undergoes
development in the subcutaneous tissues of its host.
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is restricted to Tasmania. It also occurs in raptorial birds in Tasmania.
Transmission among dasyurids is thought to occur by cannibalism.

Common parasites of quolls
and devils
Parasites
Stomach

NEMATODA
Physaloptera spp. (Spirurida: Physalopteridae)
Cyathospirura, Cylicospirura (Spirurida: Spirocercidae)

Small intestine

NEMATODA
Woolleya spp., Copemania spp.
Sprattellus spp., Mackerrastrongylus spp., Patricialina spp.
(Strongylida: Trichostrongyloidea)
Baylisascaris tasmaniensis (Ascaridida: Ascarididae)
CESTODA
Anoplotaenia dasyuri (Cyclophyllidea: Taeniidae)
Dasyurotaenia spp. (Cyclophyllidea: Taeniidae)
TREMATODA
Brachylaima spp. (Brachylaimidae)
Neodiplostomum spp. (Diplostomatidae)

Lungs
Sub-cutis
Skin
Musculature

NEMATODA
Marsupostrongylus paralellus (Strongylida: Metastrongyloidea)
NEMATODA
Cercopithifilaria spp. (Spirurida: Onchocercidae)
FLEAS
Uropsylla tasmanica
NEMATODA
Trichinella pseudospiralis (Enoplida: Trichinellidae)

Trichinella pseudospiralis has been found in devils and quolls in
Tasmania. This is the only species of Trichinella found in Australia and
- 1026 -

- 1027 -

Section 4.11: AUSTRALIAN WILDLIFE – MONOTREMES AND MARSUPIALS

4. 11.7 Monotremes
The platypus, Ornithorhynchus anatinus, is host to few parasites, the
most distinctive of which is the platypus tick, Ixodes ornithorhynchi.
The echidna, Tachyglossus aculeatus, is host to a wider range of parasites.
Externally, the echidna is host to a spectacularly large species of flea,
Bradiopsylla echidnae, as well as two species of ticks, Bothriocroton (=
Aponomma) concolor and, in central Queensland, B. tachyglossi. The
ticks belong to a small Australian genus known to parasitise marsupials
and monotremes (the other is the wombat tick, B. auruginans); other
species occur on reptiles. Bothriocroton concolor infestations may be
extremely heavy, but their clinical significance is not known. In the
Townsville region, a third species, Amblyomma echidnae is found.
Anoplocephalid cestodes are present in the small intestine. Linstowia
echidnae sometimes occurs in large numbers, but is not known to
be pathogenic. This species is replaced by the related Echidnotaenia
tachyglossi in north-eastern Queensland (north of Mackay).
Eight species of trichostrongyloid nematode belonging to the genera
Nicollina, Tachynema and Tasmanema occur in the small intestine. They
are small (<10 mm) and reddish in colour. They have been associated
with a mild enteritis in some echidnas.
Several species of Eimeria are known from echidnas and may cause
a mild enteritis. Because infections are usually mixed, the major
pathogenic species has not been identified.
In the large intestine of echidnas in Western Australia, the oxyurid
nematode, Parapharyngodon anomalus is found. All other members of
this genus parasitise reptiles.
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The larval cestode Spirometra erinacei may be found in the sub-cutis,
intermuscular spaces and body cavities of both echidnas and platypus
inciting an inflammatory reaction much more severe than that incited
by the same parasite species in eutherians. Two cases of disseminated
sparganosis have been seen in echidnas in which the metacestodes
proliferate asexually in the body cavities, filling them with masses of tiny
larval cestodes.
Due to the limited knowledge of diseases associated with monotreme
parasites, a list only is provided.
Parasites of monotremes
Host
Ornithorhynchus
anatinus
(Platypus)
Tachyglossus aculeatus
(Echidna)

Parasites
Small intestine: Mehlisia, Maritrema, Moreauia
(Trematodes)
Skin:
Ixodes ornithorhynchi (Tick)
Body cavities: Spirometra erinacei (larval cestode)
Small intestine: Linstowia echidnae, Echidnotaenia
tachyglossi (Cestoda:
Anoplocephalidae)
Nicollina, Tachynema, Tasmanema
(Nematoda: Trichostrongyloidea)
Eimeria spp. (Protozoa)
Large intestine: Parapharyngodon anomalus
(Nematoda:
Oxyurida)
Body cavities: Spirometra erinacei (larval cestode)
Skin:
Bradiopsylla echidnae (Flea)
Bothriocroton (=Aponomma) concolor,
B. tachyglossi,
Amblyomma echidnae (Ticks)
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CHAPTER 5.

5.1. Faecal examinations

TECHNIQUES FOR DIAGNOSIS OF
PARASITE INFECTIONS

Introductory comments

This section covers commonly used methods of diagnosis in parasitology
laboratories.

Transport and storage of faecal specimens:
When transporting faecal material for strongyle egg counts, take care
to ensure that the eggs do not hatch. This can be achieved by keeping
samples cold, by preventing access to air or by chemical means. For
cattle faeces, it is sufficient to completely fill the container to exclude
air. For sheep or horse samples, this might not always be possible, but
some ortho-dichlorobenzene on a piece of cotton wool in the bottle or
sodium azide will prevent nematode eggs from hatching. If sheep or
horse faeces are to be used for larval cultures, cooling can adversely affect
Haemonchus and Strongylus vulgaris eggs.
DO NOT FREEZE faecal samples in storage or for transport- parasite
eggs rupture if frozen.

5.1.1 Faecal examinations:
Various techniques can be used to determine whether animals are
infected with helminths in the gastro-intestinal tract, lungs or liver.
Most of them depend on finding and identifying eggs or larvae in
faeces, although a tracheal wash can be used to find lungworm larvae.
It is usual to use quantitative techniques for diagnosis in livestock, so
that the intensity of infection can be estimated. However, it should be
remembered that, except for young animals, there is a poor correlation
between egg count and worm numbers. Egg production is influenced
by many factors, e.g., immunity of the host, faecal consistency, species
of worm, maturity of the worms, season of the year, stage of pregnancy
or lactation of the animal host, and differences in diagnostic results
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between laboratory technicians. Therefore, great care must be taken,
for instance, in interpreting egg counts for the diagnosis of parasitism
in a flock or herd. In spite of these deficiencies, faecal egg counts are
routinely performed to measure the degree of pasture contamination
and as a guide.
Care must be taken when diagnosing coccidiosis by faecal examination.
Oocysts are almost invariably present, with 5,000 - 10,000 oocysts
per g being common. Diagnosis is combined with clinical symptoms.
Oocysts can be found using any of the techniques described for faecal
egg counts, but the McMaster or Universal slides or the paracytometer
should be used to quantify them. If required for genus identification,
oocysts can be sporulated; this can be done by covering the faeces to a
depth of 3-5 mm with 5-10% potassium dichromate and incubating at
room temperature. The oocysts should sporulate within 2-3 days, but
some may need air bubbled through the medium.
Because of the public health significance of Toxoplasma gondii, it is
important that oocysts of this species can be recognised in cats’ faeces.
However, it is now known that 15 species of cyst-forming coccidia
representing five genera (i.e. Cystoisospora, Toxoplasma, Besnoitia,
Hammondia and Sarcocystis) use the cat as the definitive host. The
oocyst of T. gondii is a typical isosporan oocyst (10 x 12 µm) and, based
on size, could be confused with Hammondia (which is rare). However,
to make a definitive diagnosis, it is necessary to infect mice and either
examine them serologically, histopathologically and/or molecularly.
Sarcocystis spp. are diagnosed based on the presence of sporulated
sporocysts (10 - 20 µm) or more rarely sporulated oocysts in the faeces.
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5.1.1.1. Flotation techniques
General comments:
Principle: The principle of this technique is to use a flotation
solution of specific gravity (S.G.) higher than those of eggs, and yet
not sufficiently high to float faecal debris. In this way, the eggs can be
isolated from most of the faecal debris, thus making them easy to find
and identify microscopically.
Choice of solutions: Most nematode eggs and coccidial oocysts float
on a solution of S.G. 1.20 (e.g., saturated NaCl solution). However,
whipworm, trematode and taeniid eggs as well as large oocysts (e.g.
Eimeria leukarti in horses) are heavier and usually require solutions of
S.G. 1.30. The choice of a flotation solution is made not only on the
basis of specific gravity, but also on the viscosity of the solution. If the
viscosity is too high, then the eggs cannot rise quickly to the surface.
When using such solutions, centrifugation is often required.
While it is not necessary to use a saturated solution, it is more
convenient than using a particular weight of salt per litre of water. In
either case, the specific gravity of the solution should be checked using a
hydrometer.
Saturated sugar (S.G. 1.3) is commonly used but is sticky, attracts
flies and is rather viscous, not allowing the eggs to rise as rapidly as
sodium nitrate. If sugar is used, formalin may be added to give a
final concentration of 1% to prevent fungal growth; centrifugation is
essential.
Magnesium sulphate is also an inexpensive and suitable salt, which will
achieve a S.G. of 1.32 and is therefore suitable for all parasites of dogs
and cats. It does, however, distort thin-shelled nematode eggs.

- 1030 -

- 1031 -

Chapter 5: Techniques for Diagnosis of Parasite Infections

Magnification: A magnification of 40 X is satisfactory for most
helminth eggs, but higher magnifications (100 X or 400 X) maybe
needed for protozoan structures, such as coccidial oocysts or Sarcocystis
sporocysts.
Centrifugation: If a centrifuge is not available, the tube should be filled
with solution, so that there is a convex meniscus; a coverslip is placed
on top and the tube stood upright on the bench for 10-15 minutes. The
coverslip is then lifted off (not slid off, as this may remove the eggs) and
placed on a slide for microscopic examination.

5.1.1.2 Qualitative examination
Keep faeces refrigerated at 4˚C: DO NOT FREEZE.
1.	A representative sample (5-10 g) of faeces is mixed (e.g., with a
mixer) in 40-60 ml of water * and sieved (300 µm) to remove
debris using forced water flow (the sieve contents should be
examined for cestode segments or nematodes). Make the volume
up to 250 ml.
2.

Allow to sediment for 45 min.

3.

Decant the supernatant and mix the sediment.

4.

Fill a centrifuge tube (15 ml) with the sediment.

5.

Centrifuge (2,000 rpm, approx. 300 xg) for about 2 minutes.

6.

Aspirate the supernatant.

7.

Add a saturated salt solution.**

8.

Mix thoroughly in a tube and centrifuge.

9.	Take 3 samples from the surface of the suspension using a wire
loop (diameter 6 mm) and place separately on a slide.
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10.	Examine with a microscope at low magnification (objective 4 X
or 10 X; ocular 10 X); add a coverslip for examination at higher
magnifications.
*
use glass or plastic beakers (250 ml)
** Saturated solutions:
		magnesium sulphate
		sugar (sucrose)
		sodium chloride
		sodium iodide
		sodium nitrate
		zinc sulphate
“Sensitivity”
Detected are: 	most helminth eggs and protozoa cysts and oocysts
with a specific gravity below that of the flotation
solution.
Those that may be detected are: Trichuris, Capillaria and taeniid eggs.
Those not detected will be: trematode eggs, such as those of Fasciola.
Trematode eggs do not float on saturated salt solutions with S.G. <
1.20).

5.1.1.3 Sedimentation technique for
examination for trematode eggs in faeces from
ruminants
1. Weigh 3 g (sheep, goat) or 6 g (cattle) of faeces.
2. Mix well in water (with a mixer or manually).
3. Wash through a 150 µm sieve into a 300 ml beaker.
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5.1.2 Quantitative flotation techniques

4. Sediment for 3 min.
5. Decant the supernatant.
6. Refill the beaker with water, re-sediment for 3 min and decant the
supernatant again
7. Resuspend in 10 ml water, add a few drops of 1% methylene blue
and count the trematode eggs (Fasciola spp. and Paramphistomum
spp.) in the entire sample.
Reference: Boray and Pearson (Aust. Vet. J. 36: 331, 1960)

5.1.1.4 Combined flotation - sedimentation
technique (ruminants)

5.1.2.1 McMaster technique
McMaster slide: The slide contains three chambers each of 0.3 ml.
Each chamber is divided into two areas (2 x 0.15 ml).
Collected fresh faeces and refrigerate at 4˚C.
1. Weigh faeces (2-5 g). Mix faeces (mix with a drill) in a small amount
of water or methylene blue (faeces will soften if left overnight, if
necessary).
2. Make up to 60 ml with a saturated salt solution (e.g. magnesium
sulphate)

2. Sieve (300 µm) into a 300 ml beaker and make up to 250 ml.

3. Use a sieve pipette (a piece of 12 mm plastic tube with 1 mm
square nylon gauze fixed to the end) to mix thoroughly and fill two
chambers (0.3 or 0.5 ml) of the McMaster slide.

3. Sediment for 45 min.

4. Allow the eggs to rise for a few minutes.

4. Decant the supernatant and mix the sediment.

5. Count the eggs by moving up and down the divisions of the chamber
using 4 X objective. Focus on the air bubbles.

1. Mix 10 g of faeces in water (with a mixer or manually).

5. Use half of the sediment for flotation and half for sedimentation.
6. Perform a flotation as described previously (steps 5-10).
7. Perform a sedimentation as described previously (step 7).
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6. Calculate the number of eggs per gram (epg) in faeces by multiplying
by the appropriate dilution factor.
Reference: Whitlock, H.V. (1948) J. Counc. Sci. Ind. Res. Aust.
21:177-180.

- 1031 -

Chapter 5: Techniques for Diagnosis of Parasite Infections

An allowance can be made for the water content of various samples.
The common factors used for sheep faeces are as follows:
Normal pelleted faeces 1
Soft, formed faeces i.e. soft but still retaining the outline of pellets.... 1.5
Soft, unformed faeces i.e. soft faeces with no sign of pelleting.............. 2
Diarrhoea.............................................................................................. 4
Riek et al. (Aust. J. Ag. Res. 9: (3) 391, 1958) stated that for cattle
(where variation in water content is less), adjustment for consistency is
of little value, and that better results are obtained with an adjustment
for body weight or age. However, many laboratories simply double the
count in diarrhoeic faeces.
Paracytometer: This is an all-purpose slide for the examination of
faeces. Each cell holds 0.6 ml and each cell is calibrated for counting in
4 areas (4 x 0.15 ml).
The following methods are suggested for routine diagnosis in the
following species. If faecal egg counts in adult cattle are very low (less
than 5 eggs per gram (EPG) this technique is not suitable.
Faeces

Water

Saturated
salt sol.

No. of
Dilution
fields
(0.15 ml)

A. Sheep 2 g
10 ml
48 ml
2 (0.3 ml) 1:30 x 100
B. Cattle 5 g
10 ml
45 ml
4 (0.6 ml) 1:18 x 20
C. Horses 4 g
10 ml
46 ml
2 (0.3 ml) 1:15 x 50
The mean of two counts is recommended for calculating egg counts.
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mixed aliquot to the counting chamber is the same as described for the
McMaster slide. If a second chamber is to be filled, the sample must be
re-mixed before a sample is taken and loaded into the slide.
Universal slide: This is also an all-purpose slide with solid dividing
walls between the chambers. In this slide, the chambers hold 0.5 ml
and are each etched into 4 areas.

5.1.2.2 Bulk faecal egg count method
•

Faecal samples are collected from individual sheep (at least 10
individuals from a flock).

•

Two grams of faeces are weighed for each animal and thoroughly
mixed.

•

Three faecal samples of 6 g are then weighed and a faecal egg count
(FEC) performed using the McMaster method.

•

The three FECs are averaged.

5.1.2.3 Direct faecal smear
This method is mainly used to identify stages of protozoa in faeces.
Motile stages, such as trophozoites, can be detected in diarrhoeic faeces,
but cysts, oocysts or sporocysts are more commonly found, even in
formed faeces. For the identification of motile stages, it is desirable to
examine a sample as rapidly as possible and using a warm stage on the
microscope (if available).
The usual technique is as follows:

Two counts are considered essential for cattle and horses.
The technique of mixing with a sieve pipette and transferring an evenly
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1. Place a drop of isotonic saline on a slide.
2. Take a small piece of faeces with a tooth-pick and stir it into the
saline.
3. Add a coverslip and examine microscopically.
Motiles stages (trophozoites) may be recognised on the basis of their
morphology and the type of movement. It is sometimes better to
emulsify a sample of faeces in 1-2 ml of saline and then add a drop
of this suspension to a drop of saline on a slide; add a coverslip and
examine. Using water instead of saline will destroy most trophozoites.
If a sample contains cysts or oocysts, there is some advantage in staining
them in Lugol’s iodine. A tooth-pick dipped in Lugol’s iodine can be
used to stir the smear until it is a faint brown. Add a coverslip and
examine microscopically at 100 X or 400 X magnification.
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5.1.3 Baermann-Wetzel techniques for the
diagnosis of lungworm infections
Ruminants
Lungworms are oviparous or ovoviviparous, but usually the eggs hatch
while passing through the intestine and first stage larvae are found in
the faeces. Diagnosis depends on the demonstration of larvae and their
identification. Larvae can be isolated by the Baermann-Wetzel technique
or by flotation.
Baermann-Wetzel technique - quantitative
1. Take 2-3 g of faeces, place in butter muslin or gauze bandage over
a wire mesh in a small funnel whose opening is closed with rubber
tubing and a clamp. A small tea strainer is a useful alternative to wire
mesh. Fill with warm water so that faeces are just covered.
2. Larvae migrate out of the faeces and fall to the bottom of the funnel.
After 1-2 h a small amount of water containing the larvae can be run
off from the funnel, and the larvae can be identified and counted.
3. If many larvae are present, a further sample of water should be
withdrawn and the larvae counted, but usually all larvae can be
found in the first millilitre of fluid. If no larvae are seen, take another
sample after another hour or so.

Source: Anne Oakenful, EMAI, In “Doing Faecal Worm Egg Counts” – NSW
DPI (Profarm) Training Manual
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Modified Baermann-Wetzel technique - qualitative
1. Take 2 or 3 g faeces, place in a tissue paper in a tea strainer placed
on a conical urine flask. Fill with warm water until the faeces are
covered. After 1 hour aspirate a sample from the bottom of the
conical flask using a Pasteur pipette and examine for larvae. If none
are present a further sample should be taken in another hour or so
and after leaving overnight.
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2. Take 2-3 g of faeces, place in a piece of gauze sufficiently large to
allow the faeces to fit in a wide bore test tube. Fill with water. After
1-2 h remove faeces and examine sediment for larvae.
Flotation technique - qualitative
1. Take 1-2 g faeces and mix thoroughly with water, taking care to
break down any lumps present.
2. Add a saturated salt solution (S.G. 1.2) and centrifuge for 2-3
minutes at 600-1000g.
3. Examine the surface for lungworm larvae. This can be done by
touching the surface with a button rod and carrying the fluid to a
microscope slide, or if a swing-out centrifuge head (not a fixed angle
head) is used then the tube can be filled completely and a coverslip
placed gently on top. The tubes are centrifuged at 600-1000g for 2-3
minutes, and the coverslip is gently lifted and placed on a slide which
is then examined microscopically.
Differentiation of first-stage larvae (L1s) of sheep lungworms.
•

Dictyocaulus filaria
550-580 µm; has a small cuticular knob
on the anterior end and numerous brown granules in the intestinal
cells.

•

Muellerius capillaris
larvae are much smaller (250-330 µm);
tail of the larva has a dorsal spine and undulating tip.

•

Protostrongylus rufescens small (250-320 µm); very similar to M.
capillaris, but does not have a dorsal spine on tail.
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Horse:
Dictyocaulus arnfieldi often does not become patent in the horse, and
infections can be diagnosed by clinical response to treatment. However,
the first step should be to perform a Baermann-Wetzel examination
on 50 g of faeces, and examine the sediment after a few hours or the
following day. The larvae have a characteristic spine on the tail.
A tracheal wash can also be performed. This technique may
demonstrate the worm or parts of worms and the presence of many
eosinophils. While the presence of eosinophils is not diagnostic, it
may be a useful aid for the diagnosis of the eosinophilic bronchitis that
accompanies non-patent infections.
Cat:
Diagnosis of Aelurostrongylus abstrusus infection depends on finding the
characteristic first-stage larvae (L1s) in the faeces. Larvae are obtained
by the Baermann-Wetzel technique, and a variety of modifications are
used. Two of these are described in the following:
1. Place 1-2 g of faeces in a small tea strainer lined with a tissue and
suspend in a conical flask filled with sufficient warm water to cover
the faeces. Allow to stand for 1/2 hour and then aspirate the fluid
from the bottom of the flask using a Pasteur pipette and examine
microscopically for larvae. If no larvae are detected, another sample
of fluid should be examined in 1-2 h. In the absence of conical flasks
or tea strainer, this technique can be modified, so that the faeces is
placed in a piece of tissue and suspended in water in a test tube.
2. Take about 2-3 g of faeces and place in a Petri dish. Add sufficient
warm water to just cover the faeces and leave for 0.5-1 hour. Larvae
that migrate from the faeces into the water can be recovered by tilting
the dish for 15 minutes and then examining the bottom corner, using
a Pasteur pipette to remove the fluid. This test is simple but not as
accurate as the first technique described.
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5.1.4 Faecal culture
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The faecal egg count (FEC) is a useful indicator of infection in sheep,
cattle and horses. However, since parasite pathogenesis and fecundity
differ, it is often important to know which parasites are involved. This
can be done in three ways.

4. The larvae ascend the walls in the water which condenses on the side
of the jar and can be washed off into a beaker. Alternatively, larvae,
if not plentiful, can be collected simply by completely filling the jar
with water and inverting over a Petri dish. A little water is added to
the Petri dish and the larvae migrate down and move into the dish.
They can easily be aspirated with a Pasteur pipette.

First, an autopsy and total differential count may be done, but it is not
always possible to sacrifice sheep, less commonly possible with cattle,
and very rarely possible with horses.

5. Larvae can be killed for examination by gentle heat or by staining
with Lugol’s iodine. Heat is preferred as it straightens the larvae out
and makes them easy to measure.

A technique has been reported which makes it possible to differentiate
between the eggs of the various strongyles in sheep (Kates, Proc. Helm.
Soc. Wash. 14 : 44-53, 1947). However, it involves considerable
measuring, is tedious and not accurate. It has not been extended for use
in cattle or horses.

An easy way to maintain the correct humidity in culture is to place the
faeces in a tube and stand this in a jar of water (Whitlock, Aust. Vet. J.
32: 141, 1956). The larvae hatch, climb the wall of the tube in the thin
film of water present and migrate into the jar. They are thus obtained
free of any faecal debris. This technique has been modified for use in
the preliminary screening of anthelmintic compounds.

The most common method is to culture faeces from an infected
animal, to collect the larvae and identify them (see following text on
identification of infective larvae of sheep, cattle and horses). The usual
technique is performed as follows:
1. Faeces are broken up, the moisture content adjusted by adding
vermiculite, sterile faeces (100 ˚C for 30 minutes) or peat moss, if
the faeces are too wet, or by adding water if faeces are too dry. The
required consistency is moist, but there should be no free water.
2. Incubate at 29 ˚C for 7-10 days (for ruminant faeces). This is best
done in a container filled no more than one-third, with the lid only
loosely applied. Horse faeces should be incubated for 10 days,
otherwise, S. vulgaris larvae (which are slow to develop) will be
missed.
3. The bottle should be removed from the incubator after 8 days (10
days for horse faeces) and placed in the light (not direct sunlight) and
the lid screwed down tightly.
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More recent research is directed towards PCR-based techniques to
determine worm infections. While these currently rely on detection of
worm DNA from faeces or larvae from cultured faeces, techniques to
extract DNA from worm eggs are being developed.

5.1.4.1 Identification of infective nematode
larvae of sheep
The most reliable measurements for identifying infective larvae are listed
in the following table.
The ranges of “total length” and “sheath extension” are given. Mean
values are sometimes misleading, and may vary from author to author; it
is therefore essential that multiple larvae be measured.
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Species

SHORT TAIL
Trichostrongylus
spp.
Teladorsagia
circumcincta

Total

Tail tip to

length

sheath tip

(including

(sheath

sheath)

extension)

(µm)

(µm)

619-796

21-40

797-866

30-40

Comments

Conical tail sheath, intestinal cell
prominent, tubercles present on
posterior end of larvae
Longer and stouter than
Trichostrongylus spp. Longer
conical finger-like tail.
Can only differentiate from T. axei
as L1.

MEDIUM TAIL
Haemonchus
contortus

650-751

65-78

Tail of sheath kinked and ends in a
filament, tail of larvae pointed.

Cooperia curticei

711-850

39-52

Tail has no kink and no filament.
Oval bodies at anterior end of
larvae, posterior end of larvae
rounded.

Bunostomum
trigonocephalum

514-678

LONG TAIL
Oesophagostomum 771-923
columbianum

85-115

Very short, stout larvae with long
filamentous tail sheath and funnel
shaped buccal cavity.

125-160

Always more than 771 µm, long
tail, 16-24 triangular intestinal
cells.
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Oe. venulosum

790-1140

Chabertia ovina

710-789

110-150

Stout body with 26-32 rectangular
intestinal cells. If less than 791
µm then C. ovina.

VERY LONG
TAIL
Nematodirus spp.

922-1118 250-290

Very big larvae with very long tail.
Tail of larvae ends bluntly and is
forked; 8 intestinal cells.

570-710

Very small, thin larvae, no sheath.
Oesophagus is 1/3 - 1/2 of total
length, tail bifid.

NO SHEATH
Strongyloides spp

As for Oe. columbianum but
longer, 32 pentagonal intestinal
cells.

-

Measurement according to Levine, N.D. (1968) Nematode Parasites of Domestic
Animals and of Man. Burgess Publishing Company, Minneapolis.

A difficulty may arise in differentiating Teladorsagia circumcincta from
Trichostrongylus spp., particularly T. vitrinus which is a common species
in south-eastern Australia and whose larvae may measure up to 796 µm.
Note also that different sources can provide quite different ranges of
measurements for the same species. For example, published ranges for
Teladorsagia circumcincta include 797-866 µm (Dickmans & Andrews,
1933), 720-880 µm (Gordon, 1933) and 700-914 µm (McMurtry et
al., 2000) (see Roeber et al., 2012, Plos one 7(5): e37327)
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5.1.4.2 Identification of infective nematode
larvae of cattle
Reference: Keith , R. K. Aust. J. Zool. 1: 223.
1. Sheath absent, oesophagus more than 1/3 the length of
the body......................................................Strongyloides papillosus
Sheath present, oesophagus short................................................. 2
2. (1) Length including sheath less than 600 µm......................................
............................................................. Bunostomum phlebotomum
Length including sheath more than 600 µm................................ 3
3. (2) Tail of sheath less than 200 µm.................................................... 4
Tail of sheath more than 200 µm................................................. 5
4. (3) Two conspicuous oval bodies at anterior end of oesophagus........ 6
No such structures at anterior end of oesophagus........................ 7
5. (3) L
 ength including sheath more than 1000 µm, tail of larva with
dorsal and ventral lobes with a rod-like process
between................................................................. Nematodirus sp.
Length including sheath less than 1000 µm, tail of larva
ending in a simple point.....................Oesophagostomum radiatum
6. (4) L
 ength including sheath usually more than 850 µm, tail of sheath
usually more than 150 µm long, tapering
gradually to end bluntly................................... Cooperia oncophora
	Length including sheath usually less than 850 µm, tail of sheath
tapering rapidly to a point or short fine
filament less than 150 µm long.......................... Cooperia punctata
...........................................................................Cooperia pectinata
7. (4) Tail of sheath short and conical, less than
110 µm long....................................................Trichostrongylus axei
Tail of sheath longer, at least 126 µm long............................................. 8
- 1030 -
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8. (7) Tail of sheath ending bluntly............................. Ostertagia ostertagi
Tail of sheath ending in a fine whip-like filament...........................
.....................................................................Haemonchus contortus

B. phlebotomum

462-624

59-96

Shortest larvae, stout.

Nematodirus sp.

980-1156

207-278

Tail of larvae is forked.

Measurements of infective nematode larvae in cattle

O. radiatum

726-866

134-185

Sheath tapers to end in long
filament.

S. papillosus

550-650

-

Sheath absent, long oesophagus.

Species

Total

Tail tip to

length

sheath tip

(µm)

(sheath

Comments

extension)

Measurements according to Levine, N.D. (1968) Nematode Parasites of Domestic
Animals and of Man. Burgess Publishing Company, Minneapolis.

(µm)

Haemonchus
placei

749-866

87-119

More robust than H. contortus.
Tail has long whip-like filament

H. contortus

682-780

55-82

Tail of sheath kinked posterior
to tail of larvae and ends in a
filament, tail of larvae pointed.

Trichostrongylus
axei

604-762

25-40

Short thin larvae with conical tail
sheath.

Ostertagia ostertagi 784-928

45-75

Longer and stouter than T. axei;
tail square at end as if cut off.

Cooperia
oncophora

809-976

65-111
(93-105)

Conspicuous oval bodies at
anterior end of oesophagus of all
three Cooperia sp.; posterior end of
larvae rounded.

C. punctata

666-866

42-71

C. pectinata
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5.1.4.3 Identification of infective nematode
larvae of horses
The larvae of the horse strongyles all have long tails; the criterion of
tail length used in sheep and cattle is of little value. The number and
shape of the intestinal cells is more important, and the key devised by
Russell (J. Comp. Path. 58: 107, 1948) has been used as a basis for the
following key:
1.

Larvae with sheath....................................................................... 3
Larvae without sheath.................................................................. 2

2.

Rhabdiform oesophagus, males and females may be present...........
..................................................................... Free-living nematodes
Filariform oesophagus, oesophagus 1/3 to 1/2 length of body,
females only present........................................ Strongyloides westeri

3.	Tail very short, anus to tip of sheath 80-100 µm, total length
about 650 µm...................................................................... T. axei
Tail long....................................................................................... 4
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4.

Gut with 8 clearly defined triangular cells........ Cyathostomum spp.
Gut with more than 8 cells.......................................................... 5

5.

Gut cells 12 in number, rectangular........... Gyalocephalus capitatus
Gut with more than 12 cells........................................................ 6

6.

Gut cells 16 in number................................................................ 7
Gut cells more than 16................................................................ 9

7.

16 clearly defined cells, triangular...........Oesophagodontus robustus
16 cells, rectangular...................................................................... 8

8.

16 clearly defined, slightly rectangular cells, long tail,
broad larvae of medium length....................... Posteriostomum spp.
16 indistinct cells, short oesophagus, short tail, with
small trilobed process on the tail.....................................S. equinus

9.

Gut cells 18 - 20........................................................................ 10
Gut cells more than 20.............................................................. 11

10.	18 - 20 elongated and ill-defined cells, small thin larvae
(790 µm) with short oesophagus, tail fairly short......... S. edentatus
	18 - 20 well defined, rectangular cells, broad medium length
larvae (850 µm) with long oesophagus and tail...............................
....................................................................... Triodontophorus spp.
11.

28-32 well defined rectangular cells, larvae long
(1010 µm) and broad, oesophagus short.........................S. vulgaris
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5.1.5. Post-mortem examinations
5.1.5.1 Routine total gastro-intestinal worm
count in sheep, goats and cattle
The technique set out below, is a practical method for counting parasitic
nematodes in the abomasa and small intestines of autopsied sheep, goats
and cattle. It is particularly useful for field use, as it requires very little
water, and routine total counts can be made at autopsy. This allows
much greater accuracy of diagnosis than a cursory look often gives in a
field post-mortem examination.
Equipment:
A minimum of equipment, which can be carried by any veterinarian, is
used.
Whenever possible, plastic is used to avoid breakage.
1.
2.
3.
4.

Usual post-mortem equipment.
Two large plastic trays about 50 cm x 35 cm.
A small plastic bucket marked at 1000 ml, 1500 ml and 2000 ml.
A wide-mouth, screw top, narrow glass or plastic jar of ~ 500 ml
capacity marked at 200 ml. As much of the metal lid as possible
is removed, and a 60 µm mesh brass wire sieve top is soldered into
place without interfering with the sealing of the jar.
5. Two ladles, one of 100 ml capacity and one of 30 ml capacity.
6. The actual volumes are not important but there must be an exact
relationship between the volume of the ladles and the markings on
the buckets and sieve-top bottles.
7. White plastic dishes (size 05; 15 cm x 15 cm).
8. A 4 litre plastic bottle of water.
9. A 7-8 cm plastic funnel.
10. Parasitological iodine (iodine 30 g, potassium iodide 40 g, water to
100 ml) and a saturated solution of sodium thiosulphate.
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11. A mounted needle.
12. String.
Method:
The complete gastro-intestinal tract is removed. The gut is tied off
at either end of the abomasum, at the commencement of the small
intestine and at the ileo-caecal valve, and then divided into the
abomasum, small and large intestines.
Abomasum:
1. A cut is made along the greater curvature and the contents poured
into a small bucket (marked at 1000 ml, 1500 ml and 2000 ml).
2. The opened abomasum is placed in a flat plastic tray and washed
using a small amount of water, rubbing the mucosa vigorously with
the back of the hand, first from one side and then from the other to
ensure removal of all worms from the abomasum folds.
3. Washing of the abomasum is repeated several times using small
quantities of water and adding the washings to the bucket. The
volume is made up to 1 litre.
4. The contents of the bucket are stirred thoroughly, and a 100 ml
aliquot is ladled into a sieve-top jar. This is then filled with water,
which is shaken out through the sieve. This may be repeated
multiple times until the fine particulate matter is removed.
5. Some water is washed back through the sieve to remove worms
caught on it, and the contents are then made up to 300 ml. The
contents are stirred, and two 30 ml aliquots are placed in plastic
dishes. A few drops of iodine are added and, after a few minutes,
the contents are decolourised with sodium thiosulphate solution.
The worms present are differentiated and counted, and the total
number of worms present calculated from the dilution factors.
The three worms commonly found are Haemonchus sp., Teladorsagia
circumcincta and Trichostrongylus axei.
They can be differentiated with the naked eye using length and thickness
as criteria.
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Haemonchus sp. Large worms, up to about 25 mm long. The female is
easily recognised by the characteristic barber’s pole effect, formed by the
white ovaries wound spirally around the intestine. The large vulval flap
can often be seen.
Teladorsagia circumcincta
Slender brown worms to about 12 mm,
uniform in thickness throughout its length.
T. axei
Very small, about 4-5 mm, and tapers markedly at the
anterior end.
Some confusion can occur when large numbers of immature worms are
present, but these quickly lose their iodine stain, and an experienced
worker will realise that immature forms are present and examine them
microscopically.
Small intestine:
1. The intestine is stripped from the mesentery and the contents run
into a bucket.
2. A funnel is placed in one end of the intestine and 50 to 100 ml
water is pushed through while squeezing the intestine firmly. This
is repeated once. The contents are made up to the next mark (1
litre) on the bucket, a 100 ml aliquot is taken, and washed and
counted as discussed previously.
The worms commonly present in sheep in temperate regions are
Trichostrongylus spp. and Nematodirus spp., and these worms can be
identified macroscopically on the basis of size/length and the marked
tapering of Trichostrongylus.
Trichostrongylus spp.
reach about 11 mm.

small slender, strongly tapering worms, which

Nematodirus spp. Much longer, the female reaching a length of ~ 23
mm. The characteristic filiform anterior end is usually tightly coiled.
The male is much smaller, 10-15 mm long and is often coiled. It rarely

- 1031 -

Chapter 5: Techniques for Diagnosis of Parasite Infections

Chapter 5: Techniques for Diagnosis of Parasite Infections

stains as deeply as the other worms present, and care must be taken not
to confuse it with Trichostrongylus spp.

pathogenic infection, which is so easily done if only part of the intestine
is opened.

Cooperia spp.
rarely occur in large numbers in sheep but are
common in cattle. They are reddish in colour and are larger, thicker and
more uniform in thickness than Trichostrongylus spp., and are usually
found in a flat coil. The male bursa is obvious to the naked eye.

Even if accurate differentiation of species is not obtained, the counting
of strongylids will indicate the importance of parasitism in the ill health
of the flock.

Strongyloides papillosus. Occasionally seen in large numbers. They are
very small parasites, reaching ~ 6 mm. They never stain well with
iodine, and care must be taken to differentiate them from immature
forms of Trichostrongylus spp. and Nematodirus spp.
Large intestine:
A total count is not practical in the field as it requires large volumes of
water and sieves. However, the species present are large and can be seen
readily if the caecum and colon are opened and the contents gently
removed with a knife.
Trichuris ovis and Oesophagostomum venulosum are seen in the caecum
of the sheep and can be differentiated easily on the characteristic
morphology of Trichuris.
Chabertia ovina and Oe. columbianum (sheep) or Oe. radiatum
(cattle) are mainly found in the colon but in heavily infected animals
Oesophagostomum spp. may be found also in the caecum. Ch. ovina can
be readily identified by the large buccal capsule, while Oesophagostomum
spp. taper at both ends.
This technique is rapid and sufficiently accurate for field use. If large
numbers of large bowel parasites, or particularly if many larval stages are
present in the abomasum or small intestine, then the diagnosis should
be confirmed in the laboratory. The use of this or a similar procedure
is advocated for all field veterinarians, as it eliminates the guess-work
in the diagnosis of parasitism and may prevent one from missing a
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If the total worm count is to be done in a laboratory, the total content
can be washed through a mesh sieve, made up to a volume and an
aliquot examined for parasites.
If many larval parasites are present and require counting, the gastrointestinal tract should be taken to the laboratory where the contents and
washings should be passed through a mesh sieve, washed well, made
up to a standard volume, and several aliquots counted and parasites
differentiated under a stereo-microscope. The abomasum and small
intestine can be digested separately (see next technique).

5.1.5.2 Digestion technique for the recovery
of immature or hypobiotic stages of nematodes
from ruminants
Herlich (Proc. Helm. Soc. Wash. 23: 102-103, 1956) first suggested
the use of pepsin-hydrochloric acid to digest the abomasum and small
intestine (separately) and recover immature worms. He suggested 10
ml of concentrated HC1, 5-6 g pepsin in 600 ml water for every 250
g of tissue and allowed digestion overnight at 37 ˚C. This technique,
although widely used, appears to destroy some of the larval stages. A
higher temperature for a shorter period gives better results.
One possible technique is described in the following:
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•

Abomasum: Incubate the whole abomasum with 3% v/v HC1 and
1% w/v pepsin at 42 ˚C for 2-3 hours. The pH must be close
to 1.0. For each 100 g of tissue 200 ml of digestion fluid should
be used. This fluid should be agitated continually or as often as
possible to ensure rapid digestion. The digested material is washed
through a 400 µm mesh sieve. The retained material is made to a
particular volume and an aliquot examined for larvae. Larvae can
be counted.

•

Small intestine: Strip the mucosa from the small intestine and digest
for 2 hours at 42 ˚C using the pepsin and HCl mixture described
above. This is washed through a 400 µm mesh sieve, made to
standard volume and an aliquot examined.

5.1.5.4 Brain smears for the identification of
Babesia

•

The whole small intestine can be used but should be opened
lengthwise and cut into small lengths. After digestion large parts
remaining should be washed well and removed, the remainder
sieved through a 400 µm mesh sieve, an aliquot taken and the
larvae counted.

1.

•

Large intestine:

Examined as for the small intestine.

5.1.5.3 Isolation of lungworms and lungworm
larvae from lungs
•

Cut down bronchi and bronchioles and examine carefully for
Dictyocaulus spp. and Protostrongylus rufescens.

•

Wash bronchi with warm 10% w/v sodium bicarbonate solution to
remove mucus, open the main bronchi, cut lung into small pieces
and soak in a sieve (aperture 45 µm) in normal saline at 35-37 ˚C.
Dictyocaulus spp. and Protostrongylus will migrate out of the lungs
and will be caught on the sieve.
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A perfusion technique has been described by Oakley (Res. Vet. Sci.
29, 395-396, 1980) that allows a better recovery than the modified
Baermann-Wetzel technique described above. A rapid technique, that
may be useful for heavy infections, is to cut the lungs about 2 cm from
the edge. Slight pressure forces Dictyocaulus and Protostrongylus from
the bronchi. Muellerius capillaris infection is easily diagnosed by the
characteristic nodules in the lung parenchyma.

The technique described by Callow & Johnston (Aust. Vet. J., 39: 25,
1963) is described here:

2.
3.
4.

Samples of brain tissue can be obtained from the living animal
using the technique of Johnston & Callow (Aust. Vet. J. 39: 22,
1963) or at autopsy by using small flat scissors to cut a piece, ~ 10
mm x 3 mm, from the crest of a gyrus of the cerebral cortex.
A smear is prepared by placing a sample at one end of a glass slide,
crushing with another slide and then drawing it towards the other
end. A satisfactory smear is thick at one end and thin at the other.
The smear is then air dried, fixed and mordanted in May-Grünwald
for 2 minutes and then stained as for thin smears.
Smears are then examined using a 100 X oil immersion objective
and 6.3 X or 8 X oculars; the capillaries are examined carefully for
infected erythrocytes.

In the dead animal (e.g., dogs and cattle), organ smears can be made to
demonstrate Babesia in capillary blood. The best organs for this purpose
are brain, heart, kidney and spleen. Impression smears are quite good
for kidney, liver and spleen or the organ can be cut and the exposed
surface lightly scraped to obtain the blood tissue fluid mixture, which is
handled as a thin smear.
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5.1.6. Blood examinations
5.1.6.1. Direct and indirect techniques for
diagnosis of heartworm infections in dogs and
cats
There are two filarial parasites in dogs and occasionally cats in Australia:
Dirofilaria immitis and Dipetalonema (Acanthocheilonema) reconditum.
D. immitis is more common in the northern half of the continent, but
its prevalence has increased in the south-eastern part of the mainland as
the microfilariae adapt to develop in mosquitoes in colder temperatures,
and a greater number of infected dogs may act as a source of infection.
The diagnosis of D. immitis is based on the presence of microfilariae
in the blood stream. D. reconditum, while apparently present at
low prevalence throughout Australia, also releases microfilariae into
the blood stream of dogs, and techniques should be used that allow
differentiation of the two species.
Common techniques are described in the following:
(a) Wet smear
Place a drop of blood on a slide, add a coverslip and examine under
low magnification. Motile microfilariae may be seen if the infection
is heavy. This is quite often the case in D. immitis, as the number of
microfilariae per ml of blood is usually high. However, a negative result
is meaningless. Microfilariae of D. reconditum progress across the
slide while those of D. immitis remain in the one spot. It is sometimes
difficult to see the microfilariae because of the erythrocytes, but this
can be overcome by the addition of a drop of 2% saponin or 0.04%
ammonium hydroxide, which lyse the cells. When microfilariae are
found, they must be stained for accurate identification. While a wet
smear can be used as a rapid screening method, its diagnostic sensitivity
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is low, because only a small amount of blood (40-60 µl) is used for a
smear.
Suitable concentration techniques that also stain the microfilariae are
described below.
(b) Modified Knott technique
This technique was described by Newton and Wright (J. Parasitol.
42:246, 1956).
1.
2.
3.

1 ml of blood is mixed with 10 ml of 2% formalin (in water),
leading to the lysis of cells.
Centrifuge at 600-1000 g for 5 minutes to deposit microfilariae,
erythrocyte walls and white cells at the bottom of the tube.
Discard the supernatant, stain the sediment for 1 - 2 minutes with
1 or 2 drops of 0.1% methylene blue and examine as a wet mount.

The following technique for differentiating microfilariae is based on that
of Lindsey (JAVMA 146: 1106, 1965). The most important standards
are the length and width of the larvae, but morphology of the anterior
extremity and the tail are also useful. The main diagnostic features are
listed in the following table in order of descending reliability:
D. reconditum

D. immitis

Average length (range; µm)
270 (258‑292)
314 (286‑340)
Average width (range; µm)
5.2 (4.7‑5.8)
6.8 (6.1‑7.2)
Anterior extremity
Parallel sides
Tapering
Tail
Button hooked
Straight
Number
Low
High to low
Germ cells* distribution
1‑2, 3, 4
1‑2, 3‑4
* This criterion is accurate but is laborious and impractical, except for
experimental purposes.
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In practice, length is the most useful criterion and this may differ
depending on the technique used (Watson et al. - Aust. Vet. J. 49: 28‑30,
1973).
(c) Filter technique
Commercial filter techniques are now available. The technique is fast
and accurate even when very small numbers of microfilariae are present.
No other apparatus is required, and centrifugation is not required. The
technique described by Blake and Overend (Aust. Vet. J. 58: 111‑114,
1982) is as follows:
One ml of blood is added to 2 ml of lysing solution (2% acetic acid, 1 =
10,000 saponin, diluent isoton) and 7 ml of distilled water.
After allowing to stand for 4 minutes, the solution is gently forced
through a polycarbonate filter (8 µm aperture; Nucleopore Filtration
Products). This is followed by 5 ml of distilled water containing 2 drops
of methylene blue. Five ml of air are then passed through to remove the
fluid from the upper chamber.
The filter is then removed from the holder, placed on a glass slide, a
drop of water and a cover slip added, and the slide is examined for
microfilariae.
(d) Acid phosphatase technique
Chalifoux and Hung (JAVMA 159: 601, 1971) showed that there
were differences in acid phosphatase activity between the two species
of microfilariae and that histochemical techniques could be used
diagnostically.
Their technique is described here:
Five ml of blood are obtained and allowed to clot. The clot is loosened
and washed with 5 ml of distilled water. The water and serum are
centrifuged for 5 minutes at 1000 g.
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The supernatant is removed and smears are prepared from the
deposit, air-dried, fixed in acetone at 4˚C for 1 minute and stained to
demonstrate acid phosphatase.
In D. immitis microfilariae, acid phosphatase is restricted to 2 distinct
zones, while in D. reconditum activity is spread uniformly throughout
the body.
Commercial kits are available that incorporate acid phosphatase staining
on a filtration test paper. This technique is rarely used in practice.
(e) Capillary haematocrit technique
Blood samples collected in EDTA are placed in haematocrit tubes and
centrifuged for 4 minutes in a microhaematocrit centrifuge. The tubes
are then placed on a microscope slide and examined microscopically.
The microfilariae emerge from the cellular “buffy coat” layer into the
plasma layer within seconds of being exposed to a light beam and
remain motile for 15‑30 minutes. This technique is not reliable when
the number of microfilariae is low; as the microfilariae are not stained,
they cannot be differentiated from D. reconditum.
(f ) Immunological tests
Up to 30% of dogs infected with D. immitis may not have circulating
microfilariae. These occult infections are due to:
•

infections with immature worms;

•

single sex infections;

•

drug-induced, sterile worms;

•

immune-mediated sterile worms or prior treatment with a
microfilaricide.

Dogs shown to be microfilariae-negative by the modified Knott or a
filtration technique, but which are thought to be infected on the basis
of clinical findings, should be tested serologically using one of the
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commercially available immunoassays (“snap-tests”) for the specific
detection of female D. immitis antigen (not antibody!) in serum or
plasma. These tests, which are based on ELISA, are both sensitive (7595%, depending on number of adult FEMALE worms present) and
specific (~98%). These snap-tests need a certain level of antigen; thus,
less than 5 males or 2 females may escape detection.

Thick blood smears
Mahoney & Saal (Aust. Vet. J. 37: 44, 1961) first described the method
and it has been modified as follows:

5.1.6.2. Blood smears for diagnosis of
piroplasm infections

2.

1.

The diagnosis of Babesia infections in live animals can be done by
examination of thin blood smears or thick blood smears.
Thin blood smears
Clean glass slides are essential for good smears. Slides must be cleaned
in detergent, washed well in distilled water and dried.
1.

2.

One drop of blood should be placed at one end of the slide and
the end of another slide (the spreader) should be touched on to
the drop and at an angle of 30˚-40˚. When the blood fills the gap
between the slides, the spreader is pushed along in a smooth, even
action dragging the blood behind it. A satisfactory smear “tails off”
at the end. The thickness of the film can be altered by changing the
angle of the spreader.
The film is then air dried (in humid weather the slide should be
oven dried (60 ˚C) for several minutes), fixed for 12 minutes
in methyl alcohol and stained in 10% Giemsa in buffer for 20
minutes. Excess Giemsa is washed off and the slide is oven dried
(60 ˚C).

Examine using a 100 X oil objective.
The Babesia spp. are
recognised by size, morphology and position in the erythrocyte.
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3.

Blood from the tip of the tail is taken on a loop of thin wire. The
loop is made by wrapping the wire tightly around a 14 g needle.
The loop is touched on a slide and spread evenly over an area of 28
mm2 which is outlined by a circle 6 mm in diameter. The wet film
produced is ~ 50 µm thick.
The films are air-dried and are then oven dried (60 ˚C) for 10-15
minutes in the laboratory to ensure that they are thoroughly dry.
Prolonged drying or drying in direct sunlight should be avoided
as too much heat may cause fixation. Johnston (Aust. Vet. J., 43:
427, 1967) suggested that this prolonged heating to fix the slides
can be avoided if the blood smear is air-dried and then fixed for two
minutes in acetone before staining.
The films are then stained in 10% Giemsa in buffer for 10 minutes.
Excess Giemsa is washed off gently but thoroughly and the smear
oven dried.

When examining these films, it must be remembered that the typical
appearance seen in this smear is largely lost and that the depth of the
film allows the organism to be in any plane and so causes distortion.

5.1.7. Preparation of arthropod specimens for
examination.
For routine identification, collection or transport, arthropods should be
placed into around 5 ml of 70% alcohol (plastic serum sample bottles
or specimen bottles are ideal). However, if genetic identification is
necessary, fresh (not dead) insects should be placed into around 5 ml of
100% ethyl alcohol for the later extraction of DNA. Alternatively, they
can be frozen at -80 ºC, but this is usually impractical. For postage, the
bottles should be wrapped twice in bubble wrap and posted in a stout
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cardboard box or padded bag. Remember, postal items are not always
treated gently! Suitable containers and packaging for biological samples
are available commercially and comply with national and international
postal regulations.

5.1.7.1. Caustic skin digest technique for
examination for mites
An adequate sample is required – a deep skin scraping with serous
exudate on the scalpel blade (“until it bleeds”).
1.

Take the sample, add it to10% KOH and place a small aliquot
directly on a slide. Examine the slide when convenient.
2. Place rest of sample in tube in 10% KOH and heat in boiling
water. Sample should be watched. As soon as specimen is suitably
disintegrated for examination, heating is stopped and the sample is
cooled.
3. Centrifuge the sample at 300-600 g.
4. Aspirate the supernatant.
5. Mix the remainder and examine it under the microscope for mites.
	Use 4 X and 10 X objectives or higher. Use phase contrast lens, or
set bright field lens for maximum contrast.

5.1.7.2. Diagnosis of Psorergates ovis infection
1.

Wool is removed as close to the skin as possible by fine clippers or
curved scissors. The area is smeared with a little technical white
oil or paraffin oil to facilitate the collection of scrapings (5 cm x 5
cm), and is then scraped with a scalpel. The scraping need not be
deep because mites are above the stratum granulosum. Another
alternative technique is to scrape the clipped area from the edge to
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2.

the centre several times and then transfer the scrapings to a series of
microscope slides for examination.
Larger slides (7.5 cm x 5 cm) are preferred; more oil is added and
the scraping is teased out using needles or the scalpel point to avoid
the formation of bubbles. Another slide is commonly used to cover
the preparation as this aids in pressing the preparation down, so
that the field is all in the one plane. Examination is usually done
at a magnification of 40 X; higher magnifications can be used to
identify the mites found.

If field scrapings are to be examined in a laboratory, mites on slides will
remain alive for about 24 hours. In intensive survey work, consideration
should be given to preserving the scraping. Methylated spirits can be
used as a preservative. This causes the adults and tritonymphs to turn
brown, and they are more easily seen than in fresh preparations, but
there is a loss of eggs, larvae and early nymphal stages.
As the examination of the scrapings is tedious, some workers prefer
to use glycerine and digest the scraping in 10% potassium hydroxide,
centrifuge and then examine the sediment for mites.
Repeated examinations from a number of sites over a long period,
including one in winter, must be made before a negative diagnosis
is justified. Because of this and because of the tedious nature of the
examination, it is important that scrapings are taken from areas of
relatively high density. It has been shown that more mites are present
on the sides, shoulders and flanks than on other sites and that it is
preferable to examine the upper parts of these areas.
Mites may not be found in the summer, and if no other cause of
irritation can be found, then further scrapings should be done in the
winter and spring when the numbers of mites present should be higher.
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5.1.7.3. Preparation and mounting of small
arthropods for identification

9.

Small arthropods such as fleas, lice and larval ticks are best stored in
70% alcohol containing 5% glycerine. They can be stored for many
years in this solution but remain pliable so that legs can be moved about
for examination.

After the specimen has been cleared in methyl salicylate, it may be
temporarily mounted in this reagent for examination. However, if a
permanent mount is required, it should mounted in Canada balsam.

For examination, specimens are more easily handled if they are properly
mounted following clearing and dehydration. Many methods have
been used but all are basically similar, relying on potassium hydroxide
to remove the soft tissues leaving the more heavily chitinised parts,
followed by dehydration, clearing and mounting. The following
procedure based on one reported by Smit 1957 (Handbook for the
Identification of British Insects. Vol I, Part 16: Siphonaptera) gives
satisfactory results.
1.
2.

3.
4.

5.
6.
7.
8.

Soak the arthropod in water for 1-2 h.
Place in 10% KOH solution at room temperature for 1-2 days.
The specimen should be removed when it is slightly transparent. In
lice or engorged ticks, better results will be obtained if a very small
incision is made in the abdomen to allow entry of the KOH. Very
small arthropods may require less than 24 h.
Wash the specimen in 1% acetic acid to neutralise the KOH. Some
authors prefer to soak the specimen in 5-10% acetic acid for 30
minutes.
Place the specimen on a slide and arrange the legs using mounted
needles under a dissecting microscope and cover with a coverslip.
Run 95% alcohol under the coverslip. Repeat as the alcohol
evaporates.
After about 30 min, place the specimen in absolute alcohol for 1 h.
Transfer to methyl salicylate, xylol or clove oil until cleared.
Mount in Canada balsam.
Dry in an oven at 80-90 ˚C for 30 min.
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Allow a few days for the Canada balsam to harden, and then clean
the slide ringing it with Canada balsam if required.
10. Label and store.

5.1.7.4. Preparation and mounting of mites for
identification
Mites are difficult subjects for study and must be cleared and mounted
for microscopic examination.
After collection by scraping or, if larger, by use of a moist brush, the
mites can be stored in 95% or 70% alcohol and 5% glycerine. Smart
(Insects of Medical Importance) recommends 22 volumes of 70%
alcohol, 1 part of glycerine and 2 parts of glacial acetic acid. Small mites
can be cleared in lacto-phenol. This also makes a suitable temporary
mount, and the mites can be returned directly to their storage solution.
Small mites can also be placed directly into Hoyer’s solution or polyvinyl
lactophenol from distilled water or 70% alcohol; this fixes and clears
them and makes a good permanent mounting solution but requires
care of the slides to ensure that they remain in good condition. If the
mites are filled with blood, they can be punctured with an insect pin,
boiled for a few seconds in lactic acid, washed thoroughly with water
then mounted. Larger arthropods, such as large mites, fleas, lice and
larval ticks should be punctured with an insect pin, heated (not boiled)
in 10% KOH until the internal tissue is dissolved and the exoskeleton
becomes relatively transparent. The specimen should then be washed,
dehydrated through 70%, 80%, 90% and absolute alcohol, cleared in
xylol, clove oil or methyl salicylate and mounted in Canada balsam.
This technique gives excellent results but is time consuming.
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Kettle (J. Parasitol. 60: 631, 1974) suggested that lice should be
macerated in 10% KOH for 24 hours at room temperature or 2-4
hours at 60 ˚C. The specimen’s abdomen is then punctured and the
crop contents expressed. The specimen is dehydrated and cleared by
transferring to 2-ethoxyethanol (ethylene glycol mono-ethyl ether) for
30 min and mounted in Canada balsam.

5.1.7.5. Preparation of diptera larvae for
identification
To examine larvae, Smart (Insects of Medical Importance) recommends
placing the larvae in 30% alcohol, bringing slowly to just below boiling
point and then allowing to cool. When cool the specimens can be
stored in 70% alcohol.
Identification of some larvae is made on the basis of size, shape
and external features. In others, particularly the Calliphoridae and
Muscidae, the shape of the posterior spiracles, shape of anterior spiracles,
the structure of the cephalopharyngeal skeleton and mouth hooks are
important.
The posterior end of the larvae is sliced off and the skin is slit along the
back. As much as possible of the internal tissue is dissected away and
the specimen dehydrated through alcohols, cleared in cedar wood, clove
or wintergreen oil and mounted in balsam. It is essential that the slice
of the posterior end has the spiracles uppermost and that the rest of the
skin is spread out, outside uppermost. It is important that specimens
are properly mounted.
Rather than dissecting the body tissues away, the specimen can be
macerated in 10% KOH to remove adhering tissue.
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5.1.8. Staining of cestodes and trematodes
Examination of standard text books and research papers provides a large
number of techniques. The ones listed below are used routinely and
usually provide well-stained specimens.
The worm specimen should be allowed to relax thoroughly before
fixation. Tapeworms should be placed in tap water at room temperature
until they die. Large worms are then quickly blotted dry, wrapped
around a suitable bottle, so that the proglottids are kept flat, and then
fixed by dropping the bottle and worm into hot 70% alcohol. Small
worms are fixed in hot 70% alcohol after relaxation.
Trematodes usually contain material in their caeca and it is an advantage
to remove this before fixation. This can be done by repeatedly
transferring the specimens from normal saline at 39 ˚C to water at the
same temperature. If the specimen is relatively large, it may then be
blotted dry and placed between two glass microscope slides, which are
held at one end with a rubber band, and dropped into hot 70% alcohol.
The pressure exerted by the rubber band may be altered by moving
it closer to or further away from the centre of the slides. Sufficient
pressure should be exerted to hold the specimen flat without distortion.
The specimen can be stored in 70% alcohol indefinitely. If fixed in 10%
formalin, the formalin must be removed by washing in running water
for some hours, preferably overnight, before staining. The following
procedure is then used.
Mayer’s haemalum
1. Stain for 30 min in 30% Mayer’s haemalum. This gives a quick
staining usually sufficiently good for diagnostic purposes. However,
for the best results, a more dilute stain (2.5%) for 1-2 days should
be used.
2. Wash off surplus stain in water and transfer to acid alcohol
(1% hydrochloric acid in 70% alcohol) for decolorization. The
specimen should remain in the acid alcohol until the internal
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3.

4.

5.

6.

7.

8.

organs can be seen when the specimen is placed over a strong light,
or until the specimen is a light pink. The usual error made in
staining a well-washed specimen is insufficient decolorizing, so that
the finished specimen is too dark, with not enough contrast.
Place in 70% alcohol containing a drop or two of ammonia. The
alkaline pH is necessary to develop the blue colour. The same
effect can be obtained by washing well in tap water or by letting the
specimen stand in lithium carbonate solution.
Dehydrate by taking the specimen through 70%, 80%, 90%
and two changes of absolute alcohol. The time taken in each
concentration will vary with the size of the specimen but usually 30
min in each is sufficient.
Clear in methyl benzoate, methyl salicylate, clove oil or xylol. In
the case of either of the first two reagents, if a small amount of
water is present, it does not cause cloudiness with these clearing
agents as it does with xylol.
The specimen can be temporarily mounted in the clearing agent for
examination, diagnosis or photography. If permanent mounting
is required it can be taken directly into Canada balsam, and a
coverslip applied.
The slide should be placed in an oven at 80-90 ˚C for 30 min and
then placed flat in a dust free area for several days to harden. The
slide may then be cleaned and, if necessary, ringed with further
Canada balsam.
Label and store. It should be remembered that Canada balsam
takes months or even years to dry completely. Slides should be
stored flat initially otherwise the coverslip may move.

Mayer’s paracarmine and lactocarmine
Both strains give good results for cestodes. The specimen is placed in
the undiluted stain for 1 hour, differentiated in acid alcohol, if necessary
and then dehydrated through graded alcohols; 70%, 80%, 90% and 2
changes of absolute alcohol are recommended. The specimen is then
cleared in methyl salicylate and mounted in Canada balsam.
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5.1.9. Identification of cestode parasites and
parasite larvae
5.1.9.1. Identification of cestodes
Members of the Pseudophyllidea lay eggs into the faecal material. The
only member of this group in Australia is Spirometra erinacei, which is
found in cats and foxes and rarely in dogs. The eggs of this species float
on any of the common flotation fluids.
Diagnosis of members of the Order Cyclophyllidea is usually done
by examining segments (proglottids) which have been passed by
the infected animal. However, Taenia spp. lose many eggs from the
segments while passing through the intestine, and a general diagnosis of
Taenia infection can often be made by faecal examination.
Cestodes of the dog. Usually, all that needs to be done in veterinary
practice is to differentiate between Dipylidium caninum and Taenia
spp., so that advice can be given on external parasite control or feeding
practices, whichever is appropriate, to prevent re-infection after
treatment.
If the segment is fresh it may be possible to identify D. caninum on
its typical barrel-shape and the presence of a genital pore on each side
of the segment. If the segment is dry or fixed, it may be identified by
placing it in a drop of water on a slide, cutting it across the centre and
applying gentle pressure towards the cut surface. The segment is then
removed, a cover slip added and the eggs examined. Taenia eggs are
always single, while those of D. caninum are grouped (20-30 eggs) in an
egg capsule (or packet). If the capsule has been ruptured, Taenia eggs
are round and brown with a thick striated shell and a hexacanth embryo.
Individual Dipylidium eggs are much smaller than those of taeniids, and
contain an infective oncosphere and two distinct membranes but do not
have the thick striated shell of Taenia spp.
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Entire worms passed in faeces or collected at autopsy can be identified as
follows:
Key for the identification of cestodes
1.
Worm less than 6 mm with 4-6 segments.................. E. granulosus
Worm more than 6 mm............................................................... 2
2.

Segments with central uterus and central genital pore....S. erinacei
Segments with lateral genital pore................................................ 3

3.

2 genital pores, barrel shaped segments, 20-30 eggs in egg capsule
.....................................................................................D. caninum
1 genital pore alternating irregularly, segments rectangular,
single eggs in uterus which has central main stem and lateral
branches ....................................................................4 Taenia spp.

4.	Hooks of anterior row less than 165 µm, 14-25 lateral branches
on uterus.......................................................................... T. serialis
Hooks on anterior row greater than 165 µm................................ 5
5.	Hooks of anterior row more than 210 µm, 8-14 lateral branches
on uterus, ... small prominent genital pore, large scolex, thick neck
.....................................................................................T. pisiformis
Hooks of anterior row between 165 µm and 210 µm.................. 6
6.	15-25 lateral branches on uterus, broad genital pore, convex
segments...............................................................................T. ovis
5-10 lateral branches on uterus, small genital pore, straight-sided .
...................................................................................T. hydatigena
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rapid diagnosis is important. For a definitive diagnosis, keys, based on
details of genitalia, are available (Beveridge & Gregory; Aust. Vet. J. 52:
369, 1976).
Cestodes of the cat.
Four cestodes are found in cats in Australia, namely Dipylidium
caninum, Diplopylidium sp., Taenia taeniaeformis and Spirometra
erinacei. These can easily be differentiated on the basis their
characteristic morphology. D. caninum and Diplopylidium (which is
rare) are very similar.
A simple key is given in the following:
1.

Genital pore central........................................................S. erinacei
Genital pore lateral....................................................................... 2

2.	One genital pore alternating irregularly, Segments wider
posteriorly giving a bell shaped appearance.
	Large hooks 380-420 µm, small hooks 250-280 µm .....................
...............................................................................T. taeniaeformis
Two genital pores......................................................................... 3
3.

About 4-7 rows of thorn-shaped hooks,
up to 20-30 eggs in egg capsule...................................D. caninum
Similar but smaller grossly, 3-4 rows of hooks on
rostellum, single egg in egg capsule.....................Diplopylidium sp.

A small number of T. pisiformis have hooks < 210 µm, and these can
be differentiated from T. hydatigena and T. ovis on the size of the scolex
and the neck, the shape of the segments and the breadth of the genital
pore.
The above key is suitable for diagnostic purposes or for surveys where
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5.1.10. Recipes of common parasitology
reagents
CLEARING AGENT
Melted phenol crystals
Absolute alcohol

FLOTATION SOLUTIONS
Specific gravity (S.G.)
Sodium chloride, saturated solution			
1.20
Sodium nitrate, saturated solution			
1.35
Sugar, saturated solution			
1.33
Magnesium sulphate, saturated solution			
1.32
Zinc sulphate, saturated solution			
1.44

80 parts
20 parts

This simple solution is a useful clearing agent for examination of
temporary wet mounts.

STORAGE SOLUTIONS
1.

It causes less contraction than lactophenol.

70% alcohol
5% formalin

LACTOPHENOL
Lactic acid
Phenol
Glycerine
Distilled water

1 part
1 part
1 part
1 part

To use, place specimen to be cleared on a microscope slide, cover with
lactophenol and warm gently until fumes start to rise. Add more
lactophenol if necessary, place a cover slip in position and examine.
This technique causes some shrinkage but if the specimen is kept in
lactophenol for 2-3 days it will return to `normal’.
GLYCERINE JELLY
Soak 1 part of gelatine in 6 parts of distilled water for some hours and
then add 7 parts of glycerine. To this mixture add phenol to make a
final concentration of 1%. Warm for 15 minutes to dissolve all the
gelatine, stir, filter through cotton gauze and store.
Glycerine jelly makes a useful temporary mount for nematodes after
they have been cleared in alcohol - glycerine or lactophenol. It can be
used as a permanent mount if the slide is ringed with nail polish once
the glycerine jelly has set.
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HELMINTHS

2.

ARTHROPODS
70% alcohol 		
Glycerine 		
50% alcohol 		
Glycerine 		
Glacial acetic acid

95 parts
5 parts
22 parts
1 part
2 parts

PARASITOLOGICAL IODINE
Iodine
30 g
Potassium iodide
40 g
Water to
100 ml
Dissolve potassium iodide in water, then add iodine crystals. The
formula for this iodine, which is used to stain nematodes, need not be
exact. It is sufficient that it is a strong aqueous solution, so that only a
few drops are needed.
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LUGOL’S IODINE
Iodine
Potassium iodide
Water to

5g
10 g
100 ml

FLUID FOR PEPTIC DIGESTION
Pepsin
1g
Hydrochloric acid
3 ml
Water to
100 ml
Ensure pH is between 1-2.
Incubate 100 g of tissue with 150-300 ml digestion fluid at 42 ˚C for
3-4 hours with continual agitation.
MAYER’S ACID HAEMALUM
Haematoxylin
1g
Distilled water
1 litre
Dissolve well by shaking
Sodium iodate
0.2 g
Potassium alum
50 g
Shake again until all dissolved and then add:
Glacial acetic acid
20 ml
Chloral hydrate
50 g
Citric acid
1g
Phenol
1 crystal

Store in a glass bottle and remake after 6 months.
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MAYER’S PARACARMINE
Carmine
1.0 g
Aluminium chloride hexahydrate
0.5 g
Calcium chloride - anhydrous
4.0 g
Make to 100 ml with 70% alcohol.

LACTOCARMINE
Carmine
Lactic acid 30%
Boil, cool and filter.

0.6 g
200 ml

CARMINE
Carmine
10 g
Acetic acid 45%
100 ml

Boil, cool and filter; for every 1 gm of residue add 10 g of
potassium alum, dissolve in 200ml water by heating, add
a thymol crystal.
The above three stains are used as follows: cestodes are washed well,
placed in the stain for 1 hour, washed in tap water, differentiated in acid
alcohol if necessary and then dehydrated through graded alcohols (30%,
50%, 70%, 80%, 90% and 100%), cleared in methyl salicylate and
mounted in Canada balsam.
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POLYVINYL LACTOPHENOL
Stock solution of polyvinyl alcohol
20 g polyvinyl alcohol
100 ml water
Heat until dissolved, cool and strain through several layers of silk
or nylon gauze.
56 parts of stock polyvinyl alcohol solution
22 parts of phenol
22 parts of lactic acid
Sufficient picric acid to faintly color the specimen may be
added and is useful, particularly with small specimens that
tend to over-clear.

HOYER’S SOLUTION
Distilled water
Gum arabic (flakes)
Chloral hydrate
Glycerine

50 g
30 g
200 g
20 g

Mix in this sequence at room temperature. Place the specimen in a drop
of medium and add coverslip. The preparation may be heated gently as
this expands the specimen, hastens clearing and sets the mounting fluid.
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WOMERSLEY’S SOLUTION
Mix 40 g of ground gum arabic into a paste with 50ml of 26% alcohol.
Heat in a water bath or over until solution is complete and then filter
through silk. Phenol (50 g) is rubbed down with 50 g of chloral hydrate
until it is in solution; then 10 g of glucose syrup and 20 ml of g glacial
acetic acid are added. The two mixtures are then heated together and
filtered through a Buchner funnel.
BERLESE’S MEDIUM
Gum arabic flakes
8g
Distilled water
10 ml
Chloral hydrate
74 g
Glacial acetic acid
3 ml
Dissolve gum arabic in water, then add other ingredients and mix well.
Filter solution.
1.
2.
3.
4.

GIEMSA STAIN
Add 4 g Giemsa powder to 250 ml of glycerol in a completely dry
500 ml round- bottomed flask.
Stopper flask and place in oven at 56˚C for 24 hr.
Add 250 ml of methanol and stir on magnetic stirrer for 24 hours.
Bottle in a dry 500 ml bottle.
GIEMSA BUFFER
Sodium hydrogen phosphate (Na2HPO4)
Sodium dihydrogen phosphate (NaH2PO4.2H2O)
Distilled water
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8.33 g
1.92 g
to 1 litre
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5.2 Immunological tests for parasites and
parasitism
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5.2.2 Detection of antibody responses
5.2.2.1. Assays detecting host antibody
responses

5.2.1 Introduction
While diagnosis of most parasite infections relies on finding the
parasites or its products (eggs, oocysts or microfilaria; appendix 5.1),
long prepatent periods or sporadic egg/oocyst production may prevent
accurate diagnosis. Alternative methods to enhance the sensitivity and
specificity of diagnosis include:
•

detection of the host’s immune response to the parasite (mostly
serum antibody, but also salivary antibody);

•

using monoclonal or polyclonal antibody reagents to detect parasite
antigens in the host (serum), in host secretions/excretions (faeces,
saliva, tears) or by immunohistology of tissue sections. Antigens
may be present on several stages of the parasite life cycle (flea
antigen), or be restricted to a particular stages in the life cycle (e.g.
heartworm, cestode oncospheral antigens, nematode Carbohydrate
Larval Antigen [CarLA]);

•

inoculation of parasite antigen into host skin to elicit a skin reaction
based on the presence of host IgG or IgE (flea-allergy dermatitis);

•

detection of parasite DNA by the polymerase chain reaction (PCR;
see Appendix 5.3) in host tissue, secretions or excretions. Note that
PCR detects live and dead parasite DNA.

These assays follow prescribed methods from technical publications
or commercial suppliers of the assay kits. The general format is the
Enzyme-Linked ImmunoSorbent Assay (ELISA) with parasite antigen
(Ag Fig.5.2.1) bound to a solid surface (or phase) such as the base of
a well in a plastic plate or microscope slide, or to a particle such as an
erythrocyte or latex. This may be direct binding (Fig 5.2.1 left and
centre) or through capture by parasite-specific antibodies already bound
to the plate (Fig 5.2.1, right). Host serum is either serially diluted or
used at a pre-determined dilution (or cut-off) which discriminates
between positive and negative responses or as the “primary antibody”
(Fig. 5.2.1), to allow binding to the parasite antigen. Subsequently,
unbound antibodies are washed off and the bound host antibody is
detected by;
•

a second antibody conjugate with an enzyme attached (“E”;
Fig. 5.2.1) in ELISA. The enzyme will convert a substrate into a
coloured product where the amount of colour is directly correlated
with the amount of host antibody bound to the parasite antigen. In
ELISA, the coloured product is soluble and fills the liquid segment
in each well so that serum titres can be derived.

•

a second antibody with a fluorochrome attached in the (indirect)
immunofluorescence assay (IFA)

•

either direct or indirect precipitation or agglutination of particles in
the indirect haemagglutination assay (IHA) (Fig. 5.2.2).

In some cases, the secondary antibody (or detection antibody) can be
specific for host immunoglobulin (Ig) isotypes, so that IgM, IgG (and
subtypes), IgA and/or IgE responses can be detected.
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4.
Fig 5.2.1. Common ELISA assay formats for the detection of host antibody
responses (image from http://www.piercenet.com/method/overview-elisa)

Fig 5.2.2. Positive indirect haemagglutination test (IHA (image from www.
elitechgroup.com ), showing agglutination of antigen-coated erythrocytes at the
higher concentrations of immune serum (left).

Antibody responses to nematode parasites.
While immune serum is used to detect parasite antigens in tissue
sections and faeces, there are 3 tests for host antibodies to nematodes.
These are;
1.
2.
3.

Dirofilaria immitis (heartworm) infection in cats (see chapter
4.1.2.7) can be diagnosed by measuring IgG, as cats more readily
control infections than dogs.
Angiostrongylus cantonensis. Tests detect specific IgG.
Gastrointestinal nematodes (GIN) of ruminants. The infective
L3 stages of a range of ruminant GIN genera, including species
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of Haemonchus, Trichostrongylus (Tc), Teladorsagia, Cooperia and
Nematodirus all possess a surface carbohydrate antigen termed
CarLA (carbohydrate larval antigen). Populations of TcL3 have
one of 3 epitopes. This antigen is involved in parasite infection as
incubation of exsheathed TcL3 with specific IgG or IgA prevented
establishment by around 80% after oral dosing (Harrison et al.,
Parasite Immunol. 2008, 30: 577). A test has been developed to
detect anti-CarLA IgA in sheep saliva (http://www.carlasalivatest.
co.nz/) as a measure of parasite infection rates. Based on IgA titres
in saliva, the test is also being trailed for selection of worm resistant
sheep, while the antigen is being developed as a vaccine.
Internationally, detection of antibodies to Trichinella spiralis
and Toxocara canis are used to determine the infection status of
humans.

Antibody responses to trematodes and cestodes
Fasciola hepatica. Antibodies to F. hepatica in sheep and cattle appear
within 6-8 weeks after infection and can be detected in the “Fluketest” ELISA. Once positive, antibody titres decline slowly, even after
treatment, so that the test is used to identify infective sources for cattle
and do not correlate with parasite burdens or indicate infection status.
Pooled blood samples from 10 animals is recommended for diagnosis of
herd infection.
Assays to measure IgG against Echinococcus granuloss and Taenia solium
are also used to diagnose infections in humans.
Antibody responses to protozoa
Assays have been developed to assist with the diagnosis of a range of
systemic protozoal infections. These include:
Toxoplasma gondii. A latex-agglutination test forms the basis for the
IgM or paired IgG tests for T. gondii in cats. A new commercial ELISA
kit (PrioCHECKToxoplasma Ab SR) has been tested for the detection
of anti-T. gondii antibodies in serum, plasma and meat juice of sheep.
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from Giardia in faeces. Detection of antigens on the surface
of organisms in faecal samples is the current test of choice
for diagnosis of giardiasis and has greater sensitivity than
microscopy.

The results correlated positively (>0.90) with the indirect fluorescent
antibody test (IFAT), indirect haemagglutination test (IHA) and realtime PCR, on samples from experimentally inoculated and naturally
exposed sheep. This test would be used for screening and surveillance.
•

Neospora caninum. A “blocking ELISA” is available for diagnosis of
infection in cattle.
Babesia spp. Antibodies to B. bovis and B. bigemina are detected by
IHA and IFA assays
Antibody responses to ectoparasites. The only assay available is the
in vivo skin test, where intradermal inoculation of the 18KDa antigen
from the cat flea (Ctenocephalides felis) is designed to elicit an IgEdependent skin reaction in sensitized dogs.
In human sarcoptic mite infestations (Sarcoptes scabeii), an assay to
measure anti-mite IgG has been employed, but this has poor specificity.

5.2.2.2 Immunological Detection of Parasite
Antigens
1.

Faecal antigen detection includes assays for antigens of Fasciola
hepatica, Giardia and Cryptosporidium.
• A Copro-ELISA (BioX) detects the presence of L-cathepsin
enzymes secreted from juvenile and maturing stages of F.
hepatica. Copro-antigens are detected around 4-6 weeks
after infection, 3-4 weeks before eggs can be found in faeces,
so increasing the sensitivity of early diagnosis. Since the
production of L-cathepsin require viable flukes, antigen levels
decline within 7-28 days after flukicide treatment. This means
that the assay has the potential to be used to monitor the
effectiveness of drenching and the development of drench
resistance.
•

A SNAP-ELISA is available for the detection of antigen
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2.

Cryptosporidial oocyst antigens can be illuminated by
fluorescein isothiocyanate (FITC)-labeled monoclonal
antibody directed against an oocyst wall antigen (96k Da).
This direct fluorescent antibody (DFA) assay is the current
test of choice for diagnosis of cryptosporidiosis and provides
increased sensitivity over modified acid-fast staining. DFA,
IFA, EIA, and rapid test kits are available and some provide
combined tests for Cryptosporidium, Giardia, and Entomoeba
histolytica. A combined DFA test for the simultaneous
detection of Cryptosporidium oocysts and Giardia cysts is also
available.

Antigen detection in blood and/or tissues
• Antigen from the reproductive tract of female heartworms
(Dirofilaria immitis) is detected by a variety of available
ELISA- or chromatography based assays (see chapter 4.1.2.7).
As discussed, available assays are sufficiently sensitive to detect
the presence of >1 female worm, but situations when false
negative results could occur need to be understood.
•

Tick paralysis by Ixodes holocyclus. A crucial component of the
treatment regime for envenomated animals is the inoculation
of “hyper-immune” (serum) antibodies from repeatedly
infected donor dogs. Antibodies recognize and neutralize the
tick salivary neurotoxins.

•

Protozoal antigens from bovine Babesia spp. and Neospora
caninum are detected on blood smears and tissues, respectively,
by IFA.

•

Babesia canis; an IFA test is available, but currently has poor
specificity due to cross reactions with other protozoa.
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5.3 Molecular diagnosis of parasitism
5.3.1. Introduction
Molecular diagnosis is central to the clinical practice of parasitic and
other infectious diseases. Their impact can be crucial in acute care
settings, where rapid and accurate diagnosis is needed for treatment
decisions. While numerous, different molecular techniques have been
established, PCR is the most commonly used method; it is applicable
to any parasite and has a broad range of applications, including the
specific identification of parasites or diagnosis of infections, study of
parasite biology, epidemiology and ecology, the surveillance of disease
and the detection of drug resistance in parasites. Other approaches,
such as amplification of hybridising probes (ligase chain reaction) and
amplification of the signals from probes, nucleic-acid-sequence-based
amplification and transcription-mediated amplification, have also been
developed, but have not found broad, practical application to parasites.
Conventional PCR-based methods can be cost- and time-effective
compared with traditional and serological/immunological methods of
diagnosis. Although considerable advances have been made through
PCR technology, improvements in automation, diagnostic/analytical
specificity and sensitivity, and ability to specifically detect multiple
parasites simultaneously will still need to be made for routine use in
veterinary parasitology laboratories.
This section briefly describes some principles, applications and
features of PCR methods, and describes an example of recent progress
in the specific diagnosis of nematode infections of ruminants.
The method of PCR allows the specific amplification from nucleic
acids (DNA). For DNA, a particular fragment (usually 100-500 bp) is
selected from a complex parasite genome by enzymatic amplification
in vitro. The double-stranded genomic DNA template is denatured by
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heat (94 °C), and the temperature is then decreased to allow (usually)
specific oligonucleotide primers to hybridise (anneal) specifically to their
complementary strands of the template. The template-directed DNA
synthesis (extension) then proceeds in both orientations from the primer
sites by enzymatic catalysis with a thermostable polymerase (usually Taq,
originally isolated from the bacterium Thermus aquaticus) and results in
double-stranded products. This synthesis is usually repeated over 30–40
cycles in an automated thermal cycler, and can take one or several hours
to complete, depending on conditions required. During each cycle, each
template is replicated by a factor of two, so that upon completion of the
cycling, millions of copies of the original template have been produced
and are available for subsequent manipulations or analyses. For RNA,
reverse transcriptase is first used to synthesize cDNA, after which this
template is amplified by PCR in the same manner as for genomic DNA.
In the laboratory, the main practical steps of conventional PCR-based
diagnosis/detection (using DNA) are:
(i) Collection, preparation and storage of test samples; parasites or
tissues containing parasites can be collected, frozen or fixed in
alcohol (70%) and stored at -20 °C or -80 °C for subsequent
testing or analysis.
(ii) Isolation/purification of genomic DNA from samples;
this usually consists of three phases: (a) mechanical
homogenization or disruption of parasites; (b) enzymatic
(e.g., proteinase K with sodium dodecyl sulphate, SDS) and/
or chemical treatment; and (c) purification (using ethanol,
isopropanol or mini-columns) into an aqueous suspension.
(iii) Setting up and PCR testing of genomic DNA samples. The
specificity of the primers for a parasite gene or DNA sequence
is the most critical aspect in designing a useful assay.
(iv) Interpretation of PCR test/analytical results.
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A significant advance has been the method of quantitative real-time
PCR, in which amplification and the subsequent detection of products
are carried out in a single reaction vessel (preventing potential ‘crossover’ contamination). The technique allows the amplification in the
PCR to be monitored in real time using fluorescent dyes. For clinical
applications, this process represents a major breakthrough, because it
allows the amount of product to be measured during the amplification
process and it eliminates the need for manual processing (e.g., gel
electrophoresis) following the amplification process. Monitoring the
amount of DNA production can be done using DNA-intercalating
dyes, such as SYBR-Green I. Another commonly used alternative is
to use fluorescently labelled internal DNA probes (TaqMan, FRET
or molecular beacons) that specifically anneal to the amplified target.
Internal probes (one per target) emit fluorescent signals during each
amplification cycle only in the presence of target sequences, with signal
intensity relative to the amount of PCR products. The major advantages
of real-time PCR over conventional PCR include technical simplicity,
speed of the assays, reproducibility and ability to quantitate the amount
of target (i.e. parasite) DNA template in test samples.

As emphasized previously in chapters 4.2 & 4.3, the accurate diagnosis
of gastrointestinal nematode infections of livestock underpins treatment
and control programs, supports the monitoring of emerging problems
with anthelmintic resistance and supports investigations of the biology,
ecology and epidemiology of parasites.

5.3.2. PCR-based diagnosis of parasitic diseases/
infections, with an emphasis on recent advances
for strongylid nematodes of livestock
PCR-based tests have been developed for a wide range of parasites and
are described in the literature. Given the socioeconomic importance
of strongylid nematodes of livestock and the prevalence and extent of
drug resistance in these nematodes, the following section focuses on the
limitations of conventional methods of diagnosis of parasitic nematode
infections of livestock and on recent progress in developing a practical
PCR method for the diagnosis of strongylid nematode infections in
small ruminants.
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The diagnosis of nematode infections of livestock can sometimes be
made based on clinical signs, including diarrhoea, anaemia, mortality
or decreased fertility, reduced body weight, meat, milk and/or wool
production in the host. However, this approach is unreliable, can
be complicated in cases of mixed species infections and does not
specifically detect or identify the causative agent/s. For example,
anaemia, gastrointestinal disease (enteritis and associated diarrhoea),
reduced weight gain and/or ill-thrift in sheep can be caused by one
or more members of the trichostrongyloid genera Haemonchus,
Teladorsagia, Ostertagia, Cooperia and Trichostrongylus and by
strongyloid genera Oesophagostomum (nodule worm) and Chabertia
(large mouth bowel worm).
Serological and immunological (e.g., copro-antigen detection)
methods have been assessed for the specific diagnosis of nematode
infections. However, cross-reactivity using antigens of related parasites
can occur, reducing the specificity of a diagnostic test. A significant
limitation of serological approaches is that they are not able to
distinguish reliably between current and recent infections.
Ante mortem diagnosis of strongylid nematode infections in livestock
is usually based on the detection or enumeration of nematode eggs or
larvae in the faeces by microscopic examination using the methods of
flotation (e.g., McMaster chamber), the Baermann technique and/or
larval culture, although lectin staining of eggs has been evaluated for
some species. Post-mortem examination involves conducting a “total
worm count”, followed by the morphological identification of adult
and/or larval stages collected from the gut contents.
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Importantly, when using faecal flotation, the numbers of eggs per gram
(EPG) of faeces do not correlate with the number of nematodes present
in the gastrointestinal tract of a host, as adult females differ in their
biotic potential/fecundity within and among species. This is particularly
the case for nematodes with relatively low reproductive potential, such as
species of Trichostrongylus. In contrast, for species which are prolific ‘egg
layers’ (including Haemonchus contortus, Oesophagostomum venulosum
and Chabertia ovina), there is a relationship between EPG and the
number of adult nematodes present in the host gut. Importantly,
some strongylids of ruminants, such as Haemonchus contortus, T.
axei, Teladorsagia/Ostertagia spp, can undergo arrested development
(hypobiosis) at the larval stage in the host, when conditions in the
external environment are unfavourable for parasite development and
survival, in which case eggs are not produced by worms and then
excreted in the faeces.

The limitations of conventional diagnostic approaches have hampered
progress in understanding the biology and epidemiology of some
species of strongylid nematodes. Given the problems with resistance,
there has been a particular need to develop improved methods, based
on PCR technology. Recent reports from Australia show major promise
for PCR-based techniques to be used for routine diagnosis of strongylid
nematode infections in ruminants, to complement or replace existing
conventional methods. Using genetic markers in the internal transcribed
spacers (ITS) of nuclear rRNA genes, a practical, semi-automated
multiplexed tandem-PCR (MT-PCR) assay has been developed for the
specific diagnosis of Haemonchus contortus, Teladorsagia circumcincta,
Trichostrongylus spp., Chabertia ovina and Oesophagostomum venulosum
infections of sheep.

The identification of strongylid nematode stages is based on
morphological characters, the host species they infect, predilection site
in the host, pathological effects on the host and/or geographical origin.
However, specific identification of nematodes can be unreliable using
these criteria. The similarity in structure, size and shape of the eggs
of most strongylid nematodes (with the exception of Nematodirus)
prevents their specific identification (on an individual worm basis). In
particular, there is a significant overlap in the measurements of eggs
among various species and genera. To achieve genus-level identification/
differentiation, third-stage larvae (L3) can be produced from eggs in
the faeces using the method of larval culture. This method is a timeconsuming (taking 1-2 weeks for eggs to hatch and larvae to develop
to L3s, depending on conditions) and requires some practice and
experience in identifying and distinguishing L3s. In addition, larval
culture can be unreliable for establishing the relative abundance of eggs
from different species present in a faecal sample, as their rates of survival
and development can vary, depending on culture conditions.

Procedure:
*Collection of faecal samples (Timing 1-2 min)
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This assay can be carried using the following procedure:

(1) Collect faeces from the rectum of sheep using a disposable plastic
glove. Invert the glove to capture the sample, expel air, tie a knot in the
glove and label with a permanent marker. Store at 4 °C for a maximum
of 7 days.
Critical step: Submit samples to the laboratory within 24 h. Expel air
from the sample to retard egg development.
*Faecal egg count (FEC) (Timing 5-6 min)
(2) Homogenize the entire faecal sample, and transfer 4 g to a 60 ml
container.
Critical step: If faeces are dry, add 0.5 ml of water to facilitate
homogenisation.
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(3) Add 50 ml of sodium nitrate solution and homogenize.
Critical step: If a spatula is used for homogenisation, clean with bleach
solution (3%) to avoid possible transfer of eggs from sample to sample.
(4) Pour suspension through a sieve and collect run-through in clean
container.
(5) Pour suspension into a 50 ml Falcon tube and make up to 50 ml
with sodium nitrate solution. Close the tube and invert three times.
Immediately open the tube, aspirate 1.5 ml with a sieve-top pipette and
fill three chambers of the McMaster slide.
(6) Count thin-shelled strongylid nematode eggs (i.e., < 100 µm in
length and < 50 µm in width) in each of the three chambers and
calculate the mean number from the three counts. Every egg counted
equates to 30 eggs per gram in a 4 g sample.
*Concentration of nematode eggs from the faecal sample (Timing
15-20 min)
(7) Centrifuge the suspension at 2,000g at 22-24 °C for 5 min to float
the eggs to the top of the suspension.
(8) Decant 5 ml from the supernatant into a fresh 50 ml tube and fill
with tap water. Centrifuge again at 2,000g for 5 min to pellet the eggs in
the bottom of the tube.
Critical step: If the supernatant contains a significant amount of debris
(e.g., faecal and plant), sieve through one layer of surgical gauze.
(9) Discard the supernatant without dislodging the pellet. Completely
resuspend the pellet in 5 ml of water by vortexing, add another 45 ml of
water and then centrifuge again at 2,000g for 5 min.
(10) Discard the supernatant. Add 250 µl of water and aspirate using a
pipette and transfer the suspension (0.5-1.5 ml) to a 1.5 ml Eppendorf
tube, freeze (-20 °C) or use directly for genomic DNA isolation.
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*Genomic DNA isolation from faecal pellets (Timing 2 h)
(11) Transfer 250 µl of the suspension to a Powersoil® DNA isolation
tube and perform isolation of nucleic acids according to manufacturer’s
instructions.
(12) Use DNA samples immediately for molecular analysis or store
frozen (-70 °C).
*Reaction setup for multiplexed-tandem PCR and molecular
analysis (Timing 2.5 h)
(13) Pipette 5 µl of each DNA sample into the sample-strip
(AusDiagnostics; permits testing of 11 samples per run) and 5 µl of
molecular-grade water into last well as negative control.
(14) Setup liquid handling robot with the required reagents, including
master mixes, water, oil, bleach, primer-disc and 96 well microtitre
plate. In the “Easy-Plex” software select the strongylid nematodes 6
program, select the medium sensitivity setting (15 cycles), enter batch
number, sample information and initiate the program via the start
command.
(15) Following the reaction setup and enrichment phase, the disc is
removed together with the underlying metal block and sealed with a
sealing film in the heat-sealer. Carefully remove the excess of sealing film
and manually load primer-disc into the rotor of the real-time thermal
cycler.
(16) Use the start command in the Rotorgene software to initiate the
analytical PCR. Sample information previously entered into the EasyPlex software (AusDiagnostics) will automatically be recognised by the
system and be displayed on the screen.
Analysis of results (Timing 2-5 min)
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(17) Results given as number of gene copies for individual species
detected in a sample can be exported as Excel spreadsheet. Use a
standard calculator or Excel spreadsheet to add up the copy numbers
detected for each individual nematode and calculate the total number
of gene copies detected from one sample. To calculate the results as
percentage, divide the copy number of each individual species with the
total number of gene copies and multiply with 100.
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Materials and equipment required:
Reagents
• Sodium nitrate (NaNo3) (Redox Pty
Ltd, cat. no. NISODA10)
• Equipment
• Standard pipettes (1 ml, 200 µl, 20 µl)
• Vortex
• RNase/DNase-free pipette tips (1 ml,
200 µl, 20 µl)
• RNase/DNase-free Eppendorf tubes (1.5
ml)
• 50 ml tubes with conical bottom (greiner
bio-one; cat. no. 227 261)
• 60 ml plastic disposable containers
• McMaster slide (Whitlock Univ ersal)
• Pipette with sieve top
• Metal spatula
• Metal sieve (i.e., tea sieve with aperture
of 250 µm)
• Weigh (+/- 0.05 g accuracy)
• Microfuge (e.g., Beckman-Coulter,
Microfuge 18)
• Centrifuge: capable of spinning 50 ml
tubes, minimum of 2000 g at room
temperature (e.g., Eppendorf 5810)
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• Refrigerator (4 °C)
• PowerSoil® DNA Isolation Kit
(MoBio, cat. no. 12888-50)
• Strongylid nematodes 6 assay kit
(AusDiagnostics, cat. no. 3809)
• Liquid handling robot
(AusDiagnostics, cat. no. 9051)
• Easy-Plex system (AusDiagnostics,
cat. no. 9050)
• Robot tips, Axygen (AusDiagnostics,
cat. no. 9302)
• Heat-sealing films (AusDiagnostics,
cat. no. 9012)
• Computer with programs of EasyPlex, Rotorgene and Microsoft Office
Reagent setup
60% (w/v) NaNo3 solution (specific
gravity 1.30)
Equipment setup
• Liquid handling robot connected to
Easy-Plex system and computer

Section 5.2 Chemicals

APPENDIX

Section 5.2 Chemicals

Mode of action on
parasites

5.2 Chemicals
The data in the tables below are derived from a wide range of sources
including registration/label details, scientific publications, technical trade
material etc. There are over 1,000 registered parasiticides in Australia
alone and details change over time, so it is important to read current
information and labels.This information is through the PUBCRIS site
at www.apvma.gov.au. There is also a smart phone app.

Preparation/form

THE DATA IN THESE TABLES ARE NOT A REPLACEMENT
FOR READING THE OFFICIAL INFORMATION RECORDED
ON LABELS AND FROM THE APVMA.
Chemical class and
features

Examples of generic
names

Drugs are grouped by chemical similarity and/or mode
of action. Classification in other publications may
differ as not all compounds fall into distinct classes.
Characteristics are generally common to a class.
Generic names are the recognized names of
pharmaceuticals. Those listed are registered in
Australia. (drugs mentioned in brackets have overseas
or off label uses). Trade names or product names
are not given here and can be looked up in various
databases. Many compounds included in antiparasitic
preparations are salts. In general the different salts
behave in a similar fashion to each other and so they
are not differentiated here.
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Host species

Antiparasitics act selectively by inhibiting a parasite
biochemical target while not affecting the host.
Either the target in the host is different (e.g. lower
drug affinity) or absent (only protozoa have a plastid
organelle). Some chemicals kill parasites, others prevent
cell division and the parasite infection dies out, others
interrupt developmental processes. Mechanisms of
action are difficult to elucidate and many remain
unknown.
This is the physical form. All compounds here are
available in registered commercial preparations which
contain a number of inactive excipients to help with
properties like delivery, shelf life and solubilisation. It
should be noted that some compounds are marketed in
combination products containing two or more actives.
This table reports on the single component and effects
of combination products are additive. Exceptions
are in cases of real synergy where the efficacy of the
combination has been shown to be statistically superior
to the additive effects of the constituents.
Species in which the parasite lives and to which the
treatment is applied.
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Route of
administration/Dose
rate

Preparations may be delivered in a variety of ways:
Internal administration include delivery of oral liquids
(drenches), oral pastes and gels, injection (including
depot injection), tablets (including chewable tablets)
via the mouth, in-water delivery, in-feed granular
preparations, lick blocks and controlled release
intaruminal devices (capsules)
External delivery includes dipping (full submersion
or spray), immersion (in aquaria), backline, back
spray, spot on, body spray, high pressure jetting,
dusting applicators, chemical impregnated eartags and
impregnated collars.

Spectrum of efficacy

Dose rates are usually listed as mg of active (e.g. the salt
of the active) per kg of host body weight. Calculations
are not always straight forward. A worked example
is: ivermectin liquid drench for sheep is labeled as
containing 0.8 g/L (equals 0.8 mg/ml) and 1 ml of this
preparation is given per 4 kg of body weight. Because
1 ml contains 0.8 mg the sheep is given 0.2 mg/kg.
While this holds for products delivered internally or
as pourons, spot ons etc. it does not apply to external
dips, ear tags, back rubbers, collars, sprays, in feed, in
water and aquaria where concentrations or release rates
are available from labels.
Lists the broad groups of parasites that are controlled.
Efficacy spectra appear in sections on host-based
parasite control. Efficacy may also be referred to as
‘indications’ on labels.
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Pharmacology

Covers aspects of absorption, distribution, metabolism
and elimination where it is important. Withholding
period (WHP) is the time that must elapse before
food (e.g. meat, eggs or milk) is suitable for domestic
human consumption. It is empirically determined
and, put simply, is the time it takes for residues in food
represented by a meal to fall below 1/100 of the ‘no
effect level’ of the compound if consumed by humans.
In combination products the WHP is that of the most
persistent compound. The Wool Harvesting Interval
is listed as the WHI. Export slaughter interval (ESI)
is essentially the WHP for exported products. The ESI
is not quoted here and should be souced from labels or
manufacturers.
There are two other issues to note:
Drugs given to lactating animals may reach the human
food chain via milk or may also be ingested by their
offspring during suckling and retained as residues in
meat of these animals.
Several pouron products in cattle are not as reliably
absorbed as the same chemicals given orally or by
injection. In some cases, and depending on ambient
temperature, transdermal absorption of active may
vary and potentially lead to underdosing. Cattle
also lick drug off each other or themselves so absorb
drug through their skin and orally. In some cases
social grooming is important for increasing drug
bioavailability.
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Toxicity and other
contra-indications

Veterinary preparations are not for human use.
The likelihood of toxic effects and their signs are
indicated where it is important. Labels may also
refer to ‘Precautions’, ‘Adverse reactions’ or ‘Safety’.
Specifically identified contraindications for use are
listed, but it is important to read labels. PPE should
be used and MSDS sheets should be referred to.
Reporting of adverse findings with the APVMA is also
advisable.
The term ‘therapeutic margin’ is not an accurate
calculation but considers the ratio of the dose required
for host toxicity to the recommended dose. A large
therapeutic margin represents a safe compound.
Off label use is not considered here.
Virtually all compounds are toxic to aquatic organisms
in the environment and so contents of drums, dip
waste and aerosols must not find their way into
waterways.
Drug resistance is noted in these tables but more detail
can be found in the host-specific efficacy tables.

Anthelmintics
Anthelmintics by class
Animoacetonitriles (AA)
Arsenicals (As)
Benzene sulponamides (BS)
Benzimidazoles (BZ)
Depsipeptides (DP)
Isoquinolones (IQ)
Macrocyclic lactones (ML)
Organophosphate compounds (OP)
Piperazines (PI)
Salicylanilides (SA)
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Spiroindoles (SP)
Tetrahydropyrimidines and imidazothiazoles (TI)
Triclabendazole (TC)
Anthelmintics are typically given as single doses and are widely used in
grazing animals where internal parasites cause the most economically
important diseases. Most compounds act on neuromuscular sites which
appear to be selective sites of action. Other sites include biochemical
sites involving metabolism and cellular integrity. The macrocyclic
lactones are by far the most commonly used class.
Chemical class and features
Examples of generic names
Mode of action on parasites

Aninoacetonitriles (AA)

Chemical class and features
Examples of generic names
Mode of action on parasites
Preparation/form
Host species
Route of administration/Dose rate
Spectrum of efficacy
Pharmacology
Toxicity and other contraindications

Arsenicals (As)
Melarsomine
Inhibits glycolysis and energy generation
Liquid
Dog
IM injection 2.5 mg/kg for 2 doses
Dirofilaria adult parasites
Absorbed from injection depot
Narrow safety margin hence vet use only.
Inflammatory reactions especially in the
lungs caused by dying parasites should be
treated symptomatically

Monepantel
Cholinergic agonist causing contraction and
paralysis
Preparation/form
Liquid drench
Host species
Sheep (also effective in a range of other
grazing animals)
Route of administration/Dose rate Oral, 2.5 mg/kg
Spectrum of efficacy
Nematodes including immature stages
Pharmacology
Rapid absorption. WHP: Meat, 14 d.
Toxicity and other contraSafe compound in target species
indications
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Chemical class and features
Examples of generic names
Mode of action on parasites
Preparation/form
Host species
Route of administration/Dose rate
Spectrum of efficacy
Pharmacology

Benzene sulponamides (BS)
Clorsulon
Inhibition of glycolysis
Liquid injection
Cattle
SC injection 2 mg/kg
Fasciola > 6 weeks post infection
WHP generally determined by components
in combination product

Section 5.2 Chemicals

Spectrum of efficacy

Pharmacology

Toxicity and other contraindications
Chemical class and features
Examples of generic names

Benzimidazole carbamates (BZ)

Albendazole (ABZ), oxfendazole (OFZ),
fenbendazole (FBZ), oxibendazole
(OBZ), febantel (FEB) (see below for
triclabendazole)
Mode of action on parasites
Bind to parasite tubulin causing
microtubule depolymerisation and
inhibiting a range of cellular processes
Preparation/form
Liquid drenches (often as suspensions),
equine pastes, tablets, intraruminal
controlled release capsule
Host species
Effective in all species
Route of administration/Dose rate Oral in cattle, sheep and horses: range 3.8
-10 mg/kg
Sheep: ABZ capsule, 0.5 mg/kg/day
Dogs: FEB, 25 mg/kg
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Toxicity and other comments

Chemical class and features
Examples of generic names
Mode of action on parasites

All GI nematodes in all host species
including developing stages and inhibited
stages in cattle and sheep
Some lungworms, migratory strongyles of
horses
Some activity against cestodes and Fasciola
(ABZ, larval cestodes)
Absorbed from the GI tract and transported
in blood. Rapidly acting and non-persistent.
FEB and OFZ are metabolized to FBZ and
other metabolites in the host
Drug is recycled and released into the
rumen providing a longer persistence in
ruminants. In monogastric animals daily
doses over 3-5 days may be required
WHP: meat 7-21 d.
Generally safe but can be teratogenetic
so are contraindicated during pregnancy.
Resistance has occurred in a wide range
of nematode parasites of cattle sheep and
horses.

Depsipeptides (DP)

Emodepside
Ca++ activated of K+ channel at presynaptic
latrophilin receptors causing worm paralysis
Preparation/form
paste
Host species
Dog, cat (also effective in a range of species)
Route of administration/Dose rate Oral paste, 3 mg/kg
Spectrum of efficacy
Gastrointestinal nematodes
Pharmacology
Absorbed from the gut and transdermally.
Toxicity and other contraindications
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Chemical class and features
Examples of generic names
Mode of action on parasites

Isoquinolones (IQ)

Praziquantel, espirantel
Acts on voltage-gated Ca++ transporter
causing Ca++influx leading to muscular
contraction
Interacts with tegumental phospholipids
and proteins exposing worms to
immunological attack.
Preparation/form
Liquid, paste, tablet
Host species
Dog, cat, horse, sheep, cage birds, fish
Route of administration/Dose rate Oral liquid, oral paste, tablet
PZQ: Sheep 3.75 mg/kg
Dog: Taenids, 5 mg/kg
Spirometra: 20 mg/kg
Cat: 12 mg/kg
Horse: 10 mg/kg
EPS: cat 2.7 mg/kg
Spectrum of efficacy
PZQ and ESP: GI cestodes of all species
PZQ is the only compound with 100%
efficacy against Echinococcus
Fish: Trematodes and cestodes
(lung flukes and blood flukes in humans,
larval cestodes)
Pharmacology
WHP: sheep meat, 14 d.
Toxicity and other contraindications
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Chemical class and features

Macrocyclic lactones (ML) made up to
two subclasses: Avermectins (AVM) and
milbemycins (MIL). (Also have actions on
ectoparasites).
Examples of generic names
AVM: abamectin (ABA), ivermectin (IVM),
doramectin (DOR), eprinomectin (EPR),
selamectin (SEL),
MIL: moxidectin (MOX), milbemycin
(MILB)
Mode of action on parasites
Agonists of Glu-gated Cl channels in
pharyngeal and body musculature of
nematodes
Preparation/form
Liquids, tablets (and chews), intraruminal
devices, injections, pouron, spot on, infeed
pellets/premix
Host species
All species including goats, pigs and cage
birds
Route of administration/Dose rate Dogs: Spot on/oral given monthly:
heartworm preventive: AVM 6 µg/kg, SEL
6 mg/kg, MOX 3 µg/kg, MILB 0.5 mg/kg.
Depot injection 0.5 mg/kg
Internal parasites: SEL 6 mg/kg, MILB 0.5
mg/kg
Cats: IVM 24 µg/kg; SEL 6 mg/kg; MOX
1 mg/kg; MILB 2 mg/kg
Horses: oral pastes & gels AVM 0.2 mg/kg;
MOX 0.4 mg/kg
In cattle and sheep oral and injection are all
0.2 mg/kg and pourons 0.5 mg/kg
Long acting injections of MOX 1mg/kg
intraruminal 5.7 mg/kg (lasts 100 days)
Goats: ABA oral 0.2 mg/kg
Pigs: DOR injection 0.2 mg/kg IVM 0.3
mg/kg
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Spectrum of efficacy

Broad spectrum against all nematodes (incl.
spirurids and filariae) and many developing
parasite stages; at low concentrations
control L4 and L5 of Dirofilaria and are
used for prophylaxis
Inhibited stages controlled in cattle and
sheep and some efficacy in horses.
Activity is persistent but varies between
compounds, host species and parasite
species

Section 5.2 Chemicals

Pharmacology

Toxicity and other comments
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AVMs and MILs have a common core
lactone structure but MILs lack the
carbohydrate side groups of the AVMs.
These differences confer some different
properties. Spectrum is similar but not
identical, e.g. MOX is more lipophilic is
released from fat stores more slowly so
is generally more potent in vivo and has
longer persistent activity
Sustained release injection (MOX) 6-12
mo.
WHP Cattle meat: injection: range 14-42
d.
pouron: range nil to 42 d.; EPR nil for meat
and milk
Long acting injection (must be delivered
behind the ear) 56 d.
Sheep oral 7-14 d.
Long acting injection 91 d.
Generally very safe
Not for use in calves, Murray Grey cattle,
late pregnant animals and during lactation.
EPR is an exception as it is not excreted in
the milk and has a nil WHP
While safe at doses sold for heartworm
prevention and in most breeds macrocyclic
lactones are NOT for off label use in all
types of collie dogs where deficiencies in a
brain efflux pump leads to accumulation of
toxic levels of drug in the brain and death
Resistance has occurred in a range of species

- 1099 -

Section 5.2 Chemicals

Chemical class and features
Examples of generic names

Organophosphate compounds (OP)

Naphthalophos (NAP), pyraclofos (PYR),
trichlorfon (TRI)
Mode of action on parasites
Inhibits acetylcholine esterase leading to
accumulation of this neurortansmitter
Preparation/form
Liquid or powder to add to liquid
immediately prior to use
Host species
Sheep, fish
Route of administration/Dose rate Oral: NAP: 40 mg/kg; PYR: 30 mg/kg
Spectrum of efficacy
NAP, PYR: Sheep, adults of some GI
nematodes (Haemonchus, Ostertagia and
Trichostrongylus)
Fish: TRI, worms and flukes
Pharmacology
WHP: NAP Meat 7 d.
PYR: Meat 14 d.
Toxicity and other contraSmall therapeutic margin, it is important to
indications
dose correctly. Veterinary advice required
Host toxicity and human toxicity has led to
many OP compounds being removed from
sale
Chemical class and features
Examples of generic names

Piperazines (PI)

Piperazine (PIP), diethylcarbamazine
(DEC)
Mode of action on parasites
Agonist of GABA-gated Cl- channels
causing flaccid paralysis of nematode
muscles
Preparation/form
Liquids, tablets, powders
Host species
PIP: Dogs, cats, pigs, horses, birds, rabbits
DEC: Dogs
Route of administration/Dose rate PIP: Oral horse 80-100 mg/kg; pig 110
mg/kg; dog 80-100 mg/kg
DEC: oral 10 mg/kg daily
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Spectrum of efficacy

Pharmacology
Toxicity and other contraindications

Chemical class and features

PIP dog & cat, Toxocara, Toxascaris; Pigs,
Ascaris; Horses, Parascaris
DEC: Dirofilaria preventive (kills L4-L5)
Despite the high dose rate PIP is very safe
and liquid preparations provide convenient
administration to young animals
DEC contraindicated in the presence
of Dirofilaria L1 however use has been
replaced with newer chemicals.

Salicylanilides and substituted
phenols (SA)

Examples of generic names

Closantel (CLS), nitroxynil (NIT),
niclosamide (NIC), oxyclozanide (OXY),
disophenol (DIS)
Mode of action on parasites
Uncouple oxidative phosphorylation
causing energy depletion in the parasite
Preparation/form
Liquid drenches, tablets,injections
Host species
Cats, dogs, sheep, cattle
Route of administration/Dose rate Dogs and cats: NIC tablets, ~100mg/kg
Dog: DIS, 10mg/kg SC injection
Sheep, cattle : oral drenches, CLS ,7.5 - 10
mg/kg; OXY, 15 mg/kg
Injections for cattle: NIT, 10mg/kg
Spectrum of efficacy
NIC: Cat and dog,Taenia cestodes (excl.
Echinococcus)
CLS: Sheep: Fasciola (>8 weeks of age) and
Haemonchus, with persistent activity for up
to 28 d.
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Pharmacology

Toxicity and other contraindications

Absorbed and bound strongly to plasma
proteins. This provides a vehicle for delivery
to blood sucking parasites (including older
liver fluke) and persistent activity
WHP: cattle meat CLS, 28 d.; NIT, 56 d.;
OXY, 14 d.
Cattle milk OXY: nil ; Sheep meat: nil
Do not use during lactation
Blindness has been reported as a toxic effect
Resistance has been reported in Fasciola and
Haemonchus.

Chemical class and features
Examples of generic names
Mode of action on parasites

Spiroindoles (SI)

Chemical class and features

Tetrahydropyrimidines and
imidazothiazoles (TI)

Examples of generic names

Levamisole (LEV), pyrantel (PYR), oxantel
(OXA), morantel (MOR)
Cholinergic agonsits at neuromuscular
junctions casusing spastic paralysis
Liquids, tablets, infeed granules, premix, in
water treatment

Derquantel
Cholinergic antagonist leading to relaxation
of worm musculature
Preparation/form
Oral drench
Host species
sheep
Route of administration/Dose rate Oral 2 mg/kg
Spectrum of efficacy
Nematodes including immature stages
Pharmacology
WHP: meat 14d.
Toxicity and other contraToxic to horses
indications

Mode of action on parasites
Preparation/form
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Host species

LEV: Dogs and cats, sheep, cattle, birds
MOR/PYR: dogs and cats, horses, sheep,
pigs
OXA: dogs
Route of administration/Dose rate LEV: Dogs oral 5 mg/kg cats oral 14 mg/
kg
Sheep and cattle: oral 6-8 mg/kg,
MOR: horses, sheep, pigs oral, 10 mg/kg
PYR: horses oral , 10 mg/kg (2.4mg/kg
daily)
Dogs oral, 10mg/kg
OXA: 55 mg/kg
Spectrum of efficacy
LEV: GI nematodes, including developing
stages and lungworms
MOR/PYR: GI nematodes (some larval
stages for equine cyathostomins) equine
cestodes.
OXA: embonate salt kills whipworm
Pharmacology
LEV is absorbed in the gut and acts rapidly.
It is water soluble so can be used in feed and
water
MOR/OXA/PYR are not absorbed and act
on parasites resident in the GIT
WHP: LEV: meat, 3 d.; milk, nil
Toxicity and other contraLEV has a narrow therapeutic margin
indications
in several species Toxicity is seen as
neurological signs including bradycardia
and salivation
MOR/PYR are only toxic if absorbed
(rarely via the lung) but generally safe
Resistance has been reported in a range of
nematode species
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Chemical class and features
Examples of generic names
Mode of action on parasites

Triclabendazole (TC)

triclabendazole
Unknown but distinct from other BZ
anthelmintics
Evidence of tegumental damage following
treatment
Preparation/form
Oral drench, pouron
Host species
Sheep, cattle, goats (permit for horses)
Route of administration/Dose rate Oral drench, pouron 10-12 mg/kg
Spectrum of efficacy
Fasciola including young fluke (>2 weeks)
Pharmacology
WHP: meat, 28 d.
Toxicity and other contraUsed in humans
indications
Do not use in lactating animals
Resistance has been reported in Fasciola in
sheep and cattle

Ectoparasiticides
Benzophenyl ureas (BU)
Chloronicotinyls (CN)
Formamidines (FO)
Juvenile hormone mimetics (JH)
Macrocyclic lactones (ML)
Organophosphates,carbamates (OP)
Phenylpyrazoles (PP)
Pyrethroids and SPs (SP)
Pyrroles, phenols (PY)
Spinosyns (SP)
Triazines (TR)
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Ectoparasiticides come from a variety of chemical classes. Due to host
and/or environmental toxicity, several have been banned over the years
including DDT, the organochlorines and some OPs. Of the current
compounds, many act on neuromuscular sites or on developmental
processes. Compounds are often described as topical (act on contact) or
systemic (act following secretion onto skin or as a result of the parasite
sucking blood). Flea preventives used on dogs are the biggest selling of
all animal health products worldwide. (Lures and fly traps containing
attractants are not considered here.)

Synergists
Piperonyl butoxide acts as
an oxidase inhibitor. It has
virtually no antiparasitic
activity on its own but
prolongs the activity of
carbamates and natural
pyrethroids by delaying
their metabolism. The
terms synergist and
potentiator are both used to
describe this phenomenon.

Miscellaneous
ectoparasiticides
Rotenone, Lime sulphur
and Mg Fluoroacteate affect
enzyme activity especially
those involved in energy
generation.
Citronella oil and
Eucalyptus Oil are
repellants and may block
spiracles used by insects and
acraines for ‘breathing’.
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Chemical class and features
Examples of generic names

Benzophenyl ureas (BU)
Diflubenzuron (DIF), lufenuron (LUF),
fluazuron (FLU), triflumuron (TRI)
Mode of action on parasites
Inhibit chitin synthesis and/or assembly
which is essential for forming the
exoskeleton during development
Does not kill adults parasites but prevents
development
Preparation/form
Liquid, tablets
Host species
Sheep, cattle, dogs, cats
Route of administration/Dose rate Dip, backline (off shears and longwool
products for sheep), spray, pouron, oral,
injection
LUF: oral dog, ~10mg/kg monthly
Injection cat, 10 mg/kg 6 monthly
FLU: 1.2 mg/kg
TRI: 25 mg/kg
Spectrum of efficacy
Fleas, lice, ticks
Pharmacology
Oral absorption improved by food.
Lipophilic compounds that are gradually
released from body fat for prolonged
activity
WHP: FLU: cattle meat 42 d.
TRI: sheep meat, 14 d.; WHI 60 d.
DIF: sheep meat , nil; WHI, 6 mo.
Toxicity and other contraResistance reported in sheep lice
indications
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Chemical class and features
Examples of generic names
Mode of action on parasites

Chloronicotinyls (CN)

Chemical class and features
Examples of generic names
Mode of action on parasites

Formamidines (FO)

Imidacloprid (IMI), nitenpyram (NIT)
Nicotinic agonists of CNS neurons and
block neurotransmission
Preparation/form
Liquid, available in animal size brackets,
tablet
Host species
Sheep, dogs, cats
Route of administration/Dose rate IMI: sheep backline offshears
IMI: dogs & cats, spot on monthly, 10mg/
kg
NIT: tablet daily as required, 1 mg/kg
Spectrum of efficacy
Insects, adult fleas, larval stages in
environment
Pharmacology
Absorbed by host and ingested by feeding
fleas which die rapidly
Some compound passes in faeces
and inhibits flea development in the
environment
WHP: IMI meat, 21 d.; WHI 180 d.
Toxicity and other contraSafe during pregnancy and lactation
indications

amitraz
Octopamine receptor agonist that raises
metabolic rate leading to hyperexcitability
Octopamine is the equivalent of
noradrenaline in lower animals
Preparation/form
Liquid, impregnated collar
Host species
Cattle, pig, dogs
Route of administration/Dose rate Spray, dip (requires replenishment), wash,
collars
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Spectrum of efficacy

Pharmacology
Toxicity and other contraindications

Pigs: mites, ticks Sarcoptes
Dogs: wash: Demodex, Sarcoptes, ticks;
collars: ticks
Is absorbed after oral treatment, acts locally
after topical administration
Contraindicated for horses and in pregnant
dogs (especially Chihuahuas) and cats.
Resistance in cattle tick

Chemical class and features

Juvenile hormone mimetic (JH) may be
referred to as an IGR
Examples of generic names
Methoprene, pyriproxyfen
Mode of action on parasites
Juvenile hormone analogues that interrupt
metamorphosis during moulting
Preparation/form
Aerosol, tablets, spot on
Host species
Pigs, dogs, cats
Route of administration/Dose rate Environmental spray, animal spray, oral
Spectrum of efficacy
Developing stages of insects – flies and fleas
Pharmacology
Works on contact in the environment and
when passed in faeces kills developing fly
and flea larvae
Oral dose 6-10 mg/kg
Toxicity and other contraNot absorbed by the intestine, so very safe
indications
in mammals
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Chemical class and features

Macrocyclic lactones (ML)

See notes on anthelmintics
Examples of generic names
AVM: abamectin (ABA), ivermectin (IVM),
doramectin (DOR), eprinomectin (EPR),
selamectin (SEL),
MIL: moxidectin (MOX), milbemycin
(MILB)
Mode of action on parasites
Agonists of Glu-gated Cl- channels and
GABA-gated channels
Preparation/form
Liquids, tablets (and chews), injections,
pouron, spot ons, backline (sheep offshears)
sprays, jetting fluid, hand dressing
Host species
Cattle, sheep, dogs, cats, pigs
Route of administration/Dose rate Sheep IVM jetting fluid, 75 mg/ sheep
Spectrum of efficacy
Fleas, flies, sucking lice, ticks and mites incl.
Sarcoptes in pigs, Pserogates in sheep.
SEL Dogs: Otodectes, Sarcoptes, MOX:
Otodectes, Sarcoptes, Demodex and lice, Cats:
earmites
Cattle: Haematobia pourons only
Sheep: nasal bot, ABA and IVM
Pharmacology
WHP: Cattle injection,14-42 d.; pouron,
nil to 42 d.
Long acting injection (delivered behind the
ear) 56 d.
Sheep meat oral, 7-14 d.; jetting 7 d.; WHI
42 d.
Long acting injection, 91 d.
Pigs meat ,35d.
Toxicity and other comments
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Chemical class and features

Organophosphates and carbamates
(OP)

OPs: chlorfenvinphos, propetamphos,
coumaphos, ethion, chlorpyrifos, maldison,
temephos. Note diazinon is being phased
out but is available in dog collars
Carbamates: propoxur, carbaryl
Mode of action on parasites
Acetylcholine esterase inhibitors (OPs
have irreversible effects and carbamates,
reversible) leading to accumulation of
acetylcholine.
Preparation/form
Liquid, washes, dips, sprays, powders,
collars, eartags
Host species
All species
Route of administration/Dose rate Oral liquid, dips, sprays, dressings, washes,
collars, eartags, dusts
Spot on cattle, 4.5 mg/kg
Spectrum of efficacy
Broad spectrum (flies, adult fleas, lice,
mites, ticks)
Pharmacology
OPs must be oxidized to be active
Carbamates usually combined with oxidase
inhibitors (see box on synergists)
Act on skin and bind to wool grease
Some act systemically following oral
administration
WHP: Meat, nil to 14 d.; WHI: 180 d.

Section 5.2 Chemicals

Toxicity and other contraindications

Toxicity to humans has led to phasing out
of some actives such as diazinon
PPE required during application
Do not use in lactating animals
Dog: Not safe for sick/ pregnant/ lactating
animals
May cause vomiting, tremors, salivation
and diarrhoea
Resistance has occurred in Lucilia, buffalo
fly and cattle ticks

Chemical class and features
Examples of generic names
Mode of action on parasites

Phenylpyrazoles (PP)

Examples of generic names
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Fipronil (FIP), pyriprole (PYRI)
Block GABA activated Cl-channels
causing loss of inhibitory control and
hyperexcitation
Preparation/form
Liquid spray, spot on
Host species
Dogs, cats
Route of administration/Dose rate Monthly spot on,
Spray for adult fleas, ticks, biting lice
FIP: 7 mg/kg
PYRI: 12.5 mg/kg
Spectrum of efficacy
Fleas, ticks including paralysis tick
(mites)
Pharmacology
Translocates across skin following
application and released from reservoir in
skin
Toxicity and other contraSafe on puppies and kittens
indications
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Chemical class and features

Pyrethroids and Synthetic Pyrethroids (SP)
Natural pyrethrum has been largely replaced
by synthetic analogues that have superior
persistence
Examples of generic names
Permethrin, deltamethrin, cypermethrin, ,
alphamethrin, flumethrin, zetacypermethrin,
permethrin, fenvalerate
Mode of action on parasites
Prolong Na+ channel opening in the CNS
leading to hyperexcitation
Some repellent activity
Preparation/form
Liquid and concentrates, impregnated ear tags,
collars, powder
Host species
Sheep, cattle, horses, dogs, rabbits, goats
Route of administration/Dose rate Dips, sprays, backliners (off shears for sheep),
aerosol (flea bomb), dog collars, ear tags
Dog spot on, ~50mg/kg
Spectrum of efficacy
Flies, lice, adult fleas, ticks
Pharmacology
Generally effective on contact with external
parasites.
Drug distributes around the body following
application.
Uneven distribution following use of backlines
may have contributed to development of
resistance in sheep lice.
WHP sprays and dips: meat, nil to 3 d.; WHI,
60 d.
Ear tags must be removed prior to slaughter;
WHP, nil
Toxicity and other contraPotential irritation to human skin
indications
Safe in pregnant animals
NOT to be given to cats
Resistance has occurred in sheep lice, buffalo fly
and cattle tick
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Chemical class and features

Pyrroles, phenols (PP) (see under
anthelmintic salicylanilides (SA))
Examples of generic names
Closantel (CLS)
Mode of action on parasites
Uncouples oxidative phosphorylation
causing energy depletion in the parasite
Preparation/form
Liquid
Host species
Sheep
Route of administration/Dose rate Oral: 7.5 -10 mg/kg
Spectrum of efficacy
Nasal bots
Pharmacology
WHP: meat, nil
Toxicity and other contraindications
Chemical class and features
Examples of generic names
Mode of action on parasites
Preparation/form
Host species
Route of administration/Dose rate

Spectrum of efficacy
Pharmacology

Spinosyns (SS)
spinosad
nAChR modulator
Liquid, spot on, backline
Sheep, dogs
Spoton, Dip, jetting, backline offshears and
longwool, wound dressing
Cattle, 15 mg/kg; dogs, 30 mg/kg
Lice, flies incl. maggots, fleas
Rapidly acting and nil WHP and WHI,
except pour on meat ,14 d.

Toxicity and other contraindications
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Chemical class and features
Examples of generic names
Mode of action on parasites

Triazines (TR)
Cyromazine (CYR), dicyclanil (DIC)
Cause retardation and malformation of
dipteran larvae by unknown mechanisms
Preparation/form
Liquids
Host species
Sheep
Route of administration/Dose rate CYR: jetting spray, dip, hand dressing
backline long wool; DIC: low volume spray,
backline offshears and longwool, 35 mg/kg
Spectrum of efficacy
Lucilia developing stages
Pharmacology
Remain in the fleece for prolonged
preventive activity CYR: 100 d.; DIC: 140
d.
WHP: CYR meat, 7 d.; WHI, 60 d.
DIC: meat, 28 d.; WHI, 90 d.
Toxicity and other contraVery safe with low toxicity
indications
Cyromazine resistance recently reported in
Lucilia

Antiprotozoal chemicals
Aryl amides and urea derivatives (UD)
Benzimidazoles (BZ)
Ionphores (IO)
Nitroimidazoles and heterocycles (NI)
Pyridines (PY)
Phenyl ureas (PU)
Pyrimidines (PD)
Sulphonamides (SU)
Tetracyclines (TE)
Thiamine analogues (TH)
Triazones/benzene acetonitrils (TZ)
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A large number of drugs are available to control protozoa. These
antiprotozoal drugs take advantage of the unique biology of these
organisms such as DNA structure, nucleotide metabolism and protein
synthesis. Compounds that halt cell division are termed ‘…static’
(used for prevention) and those that kill parasites are ‘…cidal’ (used for
treatment). A very large number of parasite species cause disease and
there are many niche and off label uses. For small animal applications
refer to Maddison, Church and Page Chapter 10. Some other uses are in
the box below.
Chemical class and features

Aryl amides and urea derivatives
(UD)

Examples of generic names

Imidocarb (IMI), nicarbazin (NIC),
Dinitolmide (DIN)
Mode of action on parasites
Inhibit DNA synthesis by intercalating
into kinetoplast DNA which has a
preponderance of adenine and thymidine
residues
Preparation/form
Liquid for injection, feed premix
Host species
IMI: cattle (horses, dogs)
NIC: poultry
Route of administration/Dose rate IMI: SC injection, 3mg/kg
NIC: DIN in feed
Spectrum of efficacy
IMI: Babesia and Anaplasma
NIC: Eimeria (2nd meront)
Pharmacology
Toxicity and other contraLow margin of safety
indications
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Chemical class and features

Benzimidazoles (BZ) (also
anthelmintics)

Examples of generic names
Mode of action on parasites

(Albendazole (ABZ)), febantel (FEB)
Binds to tubulin and disrupts microtubules
responsible for rigidity of suction disk of
Giardia and parasites lose their holdfast
Preparation/form
Liquid
Host species
(Humans), dogs
Route of administration/Dose rate (ABZ: oral, 25 mg/kg twice a day for 3-5
days)
FEB: 25 mg/kg
Spectrum of efficacy
Giardia
Pharmacology
Toxicity and other contraindications
Chemical class and features
Examples of generic names

Ionophores (IO)

Monensin (MON), narasin, salinomycin,
lasolacid, maduramicin
Mode of action on parasites
Mediate mono- and divalent cation
transport causing loss of transmembrane
electrochemical gradients halting nutrient
transport
Preparation/form
Powder, granules
Host species
Poultry, cattle, sheep, goats
Route of administration/Dose rate In feed
Spectrum of efficacy
Broad spectrum coccidiostats, (especially in
poultry) effective early in the cycle against
invasive stages Preventatives for Eimeria
in ruminants
(in feed and capsule for bloat, ketosis
growth promotion in cattle)
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Pharmacology
Toxicity and other contraindications

Chemical class and features

Selectively accumulated by the parasite.
WHP: sheep meat, 24 h.
Horses, not for milking sheep and goats,
not in egg-laying poultry
Resistance in Eimeria of poultry

Nitroimidazoles and heterocycles
(NI)

Examples of generic names

Metronidazole (MET), dimetridazole,
ronidazole, carnidizole (CAR)
nitrofuratoin, furazolidone (FUR)
Mode of action on parasites
On entering the parasite the nitro group
is reduced to a form that is captured and
concentrated
It possibly acts in two ways a) against
ferridoxin/flavodoxin, b) interacts with
DNA blocking it as a template and causing
it to unwind.
Preparation/form
Liquid, tablets
Host species
Poultry, cage birds (dog, human)
Route of administration/Dose rate (Dog: FUR: oral,4.4 mg/kg twice a day for
5-7 d.)
MET: oral, 25 mg/kg twice a day for 5-7
d.)
CAR: tablet 10 mg/pigeon
Spectrum of efficacy
Effective against flagellates, Trichomonas
spp., Histomonas
(dog: Giardia)
Pharmacology
Toxicity and other contraNot for use in meat animals destined for
indications
human consumption as the NIs may be
mutagenic
Toxicity accompanied with neurological
signs
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Chemical class and features
Examples of generic names
Mode of action on parasites

Pyridines (PY)

Chemical class and features
Examples of generic names
Mode of action on parasites
Preparation/form

Pyrimidines (PD)

Clopidol, (decoquinate)
Inhibit electron transport at cytochrome B/
purine inhibitors
Preparation/form
Powder
Host species
Poultry, (cattle, sheep)
Route of administration/Dose rate In feed
Spectrum of efficacy
Eimeria sporozoites
Pharmacology
Toxicity and other contraResistance in Eimeria of poultry
indications

Pyrimethamine, trimethoprim
Inhibit dihydrofolate reductase.
Generally used in combination with
sulphonamides as synergists

Host species
Route of administration/Dose rate
Spectrum of efficacy
Pharmacology
Toxicity and other contraCats
indications
Resistance in Eimeria of poultry
Chemical class and features
Examples of generic names
Mode of action on parasites

Preparation/form

Sulphonamides (SU)
Sulphadimidine, sulfathiazole,
sulfadimidine, sulfamerazine,
sulfaquinoxaline
‘Antifolates’ that mimic p-aminobenzoic
acid and inhibit dihydropteroic acid
synthetase, blocking dihydrofolate synthesis
In protozoa folates are essential for
pyrimidine synthesis pathways.
Powder premix, tablet (for aquaria)
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Host species

Cattle, sheep, horses, pigs, rabbits,
aquarium fish
Route of administration/Dose rate In feed
Cattle: sulfadinidine, 25mg/kg &
trimethoprim, 5 mg/kg
Spectrum of efficacy
Treatment in all species
Eimeria and Isospora as broad spectrum
coccidiostats (1st and 2nd stage meronts)
and coccidiocidal
Fish: Ichthyophthirius
Pharmacology
Pyrimidines are used as synergists with
sulphonamides.
WHP: horse meat, 28 d.
Others meat, 14 d.
Toxicity and other contraToxic in large doses
indications
Resistance in Eimeria of poultry
Chemical class and features
Examples of generic names
Mode of action on parasites

Tetracyclines (TE)

Oxytetracycline, doxycycline
Binds to small ribosomal unit which
inhibits tRNA binding and peptide
elongation
Preparation/form
Injection, long acting injection, powder
Host species
Cattle, sheep, pigs, poultry
Route of administration/Dose rate IM Injection, in feed
Spectrum of efficacy
Babesia, Anaplasma
Pharmacology
WHP: meat, 14 to 42 d.
Milk, 7 d.
Toxicity and other contraindications
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Chemical class and features
Examples of generic names
Mode of action on parasites

Thiamine analogues(TH)
Amprolium
Thiamine analogue and inhibits thiamine
uptake by the parasite, interfering with
decarboxylation reactions
Preparation/form
Liquid, powder
Host species
Poultry
Route of administration/Dose rate Poultry: in water, in feed
Spectrum of efficacy
Acts on first generation meronts of Eimeria
Pharmacology
Toxicity and other contraOnly a 2 to 3-fold safety index.
indications
Resistance in Eimeria of poultry
Chemical class and features

Triazines/benzene acetonitrils (TZ)

Examples of generic names
Mode of action on parasites

Toltrazuril
Targets plastid body, an organelle unique to
certain protozoa and inhibits dihydro-orotate
dehydrogenase leading to a deficiency of purines.
Liquid, drinking water additive
Cattle, pigs, birds
Piglets: oral, 50 mg/piglet
Cattle: oral liquid, 15 mg/kg
In feed
Poultry: sporozoites of Eimeria
Piglets: Isospora
Cattle: Eimeria
WHP: Cattle meat, 56 d.; pigs meat, 70d.;
poultry meat, 14 d.
Not for use during milk or egg production
Resistance in Eimeria of poultry

Preparation/form
Host species
Route of administration/Dose rate

Spectrum of efficacy

Pharmacology
Toxicity and other contra-indications
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Treatment of some other protozoal diseases:
Plasmodium: Several such as chloroquine, sulphonamides,
doxycycline, halofantrine and artemisinin are used in human
medicine for malaria treatment and control but only a few
of these are used in veterinary medicine. Drug resistance in
malaria and to insecticides in the mosquito hosts of these
parasites represent a major public health problem. Travelers to
malarious zones are advised to take these drugs as preventives.
Sarcocystis neurona causes a neurological disease of horses
and is not present in Australia. Treatment is difficult but some
success has been achieved with potentiated sulphonamides and
with toltazuril.
Theileria are serious livestock parasites especially in Africa.
Members of the Theileria occidentalis complex cause disease
in Australian cattle. Buparvaquone, a member of the
napthoquinone class, acts by blocking electron transport in
parasites and has potential for the control of Theileria. It is not
currently available.
Trypanosoma parasites occur in tropical regions. Amongst
other remedies preparations containing arsenic and antimony
are used. Trivalent forms of these metals inhibit sulphydrylcontaining enzymes involved in glycolysis.
Giardia in dogs can be controlled with febantel (see Tables),
albendazole orally 25 mg/kg twice a day for 3-5 days.
Metronidazole is another option.
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