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PRINCIPLES OF CLASSIFICATION

All animal organisms are relatcd to one another,
closely or remotely, and the study of the complex sys-
tems of inter-relationship is called systematies. It is
essentially a study of the evolutionary process.

When organisms are examined it is seen that they
form natural groups with features, usually morpho-
logical, in common. A group of this sort is called a
taxon, and the study of this aspect of biology is called
taxonomy.

The taxa in which organisms may be placed are
recognized by international agreement, and the chief
ones are; kingdom, phylum, class, order, family, genus
and species. The intervals between these are large, and
some organisms cannot be allocated to them precisely,
so that intermediate taxa, prefixed appropriately, have
been formed; examples of these are the smborder
and the superfamily. As an instance, the taxonomic
status of one of the common abomasal parasites of
ruminants may be expressed as shown below.

Kingdom Animalia

Phylum Nemathelminthes
Class Nematoda

Order Strongylida
Suborder Strongylina
Superfamily Trichostrongyloidea
Family Trichostrongylidae
Subfamily Haemonchinae
Genus Haemonchus
Species contorius

The names of taxa must be adhered to according to
the international rules, but it is permissible to anglicize
the endings, so that members of the supcrfamily
Trichostrongyloidea in the example above may also be
termed trichostrongyloids.

The names of the genus and species are expressed in
Latin form, the generic name having a capital letter,
and they must be in grammatical agreement. It is cus-
tomary to print foreign words in italics, so that the
name of an organism is usually underlined or itali-
cized. Accents are not permitted, so that, if an organ-
ism is named aftcr a person, amendment may be
necessary; the name of Miiller, for example, has been
altered in the genus Muellerius.

The higher taxa containing helminths of veterinary
importance are:

Major
Nemathelminthes (roundworms}
Platyhelminthes (flatworms)

Minor
Acanthocephala (thornyhcaded worms)

Though the phylum Nemathelminthes has six classes
only one of these, the nematoda, contains worms of
parasitic significance. The nematodes are commonly
called roundworms, from their appearance in cross-
section.
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A system of classification of nematodes of velerinary
importance is given in Table 1.

It must be emphasized that this is not an exact ex-
pression of the general system for parasitic nema-
todes, but is a simplified presentation intended for use
in the study of veterinary parasitology. It is based on
the ten superfamilies in which nematodes of veteri-
nary importance occur, and which are conveniently
divided into bursate and non-bursate groups as shown
in Table 1.

STRUCTURE AND FUNCTION

Most nematodes have a cylindrical form, tapering at
either end, and the hody is covered by a colourless,
somewhat translucent, layer, the cuticle.

The cuticle is secrcted by the underlying
hypodermis, which projects into the body cavity form-
ing two lateral cords, which carry the excretory canals,
and a dorsal and ventral cord carrying the nerves (Fig.
1). The muscle cells, arranged longitudinally, lic be-
tween the hypodermis and the body cavity. The latter
contains fluid at a high pressure which maintains the
turgidity and shape of the body. Locomoation is ef-
fected by undulating waves of muscle contraction and
relaxation which alternate on the dorsal and ventral
aspects of the worm.

Most of the internal organs are filamentous and
suspended in the fluid-filled body cavity (Fig. 2).

The digestive system is tubular. The mouth of many
nematodes is a simple opening which may be sur-
rounded by two or three lips, and leads directly into
the oesophagus. In others, such as the strongyloids, it
is large, and opens into a bueccal capsule, which may
contain teeth; such parasites, when feeding, draw a
plug of mucosa into the buccal capsule (Fig. 3), where

Dorsal nerve
Cuticle
Ovary

|ntestine
Excratory canal
Uterus

Muscle
Hypodermis

Ventral nerve

Fig. 1 Transverse section of & typical nematode.

Table 1 Parasitic Nematoda of vetetinary importance:

simplified classification.

Superfamily

Typical features

Bursate nematodes

Trichostrongyloldea

Trichostrongylus,
Oslertagia, Dictyocauius,
Haemonchus, etc.

Strongyloidea
Strongylus, Ancylostoma,
Syngamus, etc.

Metastrongyloidea

Metastrongylus,
Musliarius,
Protostrongylus, etc.

Buccal capsule smail.
Life cycle direct; infection
by L;.

Buccal capsule well
developed; leaf crowns
and teeth usually present.

Life cycle direct; infection
by L,.

Buccal capsule small.

Life cycle indirect;
infection by L, in
intermediate host.

Non-bursate nematodes

Rhabditoidea
Strongyloides, Rhabditis,
etc.

Ascaridoidea
Ascaris, Toxocara,
Parascaris, etc.

Oxyuroidea
Oxyuris, Skrjabinema, sfc.

Spiruroidea
Spirocerca, Habronema,
Thelazia, etc.

Filaricidea
Dirofilaria, Onchocerca,
Parafilaria, etc.

Trichuroidea
Trichuris, Capillaria,
Trichinella, etc.

Dioctophymatoidea
Dioctophyma, etc.

Very small worms; buccal
capsule small. Free-living
and parasitic generations.

Life cycle direct; infaction
by L.

Large white worms.
Life cycle direct; infection
by L; in egg.

Female has long, pointed
tail.

Life cycle direct; infection
by Ls in egg.

Spiral tail in male.

Life ¢ycle indirect;
infection by L, from
insect.

Long thin worms.

Life cycle indirect;
infection by L, from
insect,

Whip-like or hair-like
WOrms.

Life cycle direct or
indirect; infection by L,.

Very large worms.

Life cycle indirect;
infection by L; in aquatic
annelids.
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Rectum

Nerve ring Oesophagus Intestine
1

{b)

pore

Anus
Vulva  gyupporting ray

Uterus

Testis Spicule Bursa

Fig. 2 Longitudinal sections of a nematode illustrating: (a) Diges-
tive, excretory and nervous system; (b} Reproductive system of
female and male nematodes.

Fig. 3 Large buccal capsule of strongyleid nematede ingesting
plug of mucosa.

it is broken down by the action of enzymes which are
secreted into the capsule from adjacent glands, Some
of these worms may also secrete anticoagulant, and
small vessels, ruptured in the digéstion of the mucosal
plug, may continuc to bleed for some minutes after the
worm has moved to a fresh site.

Those with very small buccal capsules, like the
trichostrongyloids, or simple oral openings, like the
ascaridoids, generally feed on mucosal fluid, products
of host digestion and cell debris, while others, such as
the oxyuroids, appear to scavenge on the contents of
the lower gut. Worms living in the bloodstream or
tissue spaces, such as the filarioids, feed exclusively on
body fluids.

The oesophagus is usually muscular and pumps
food into the intestine. It is of variable form (Fig. 4),
and is a useful preliminary identification character for
groups of worms. It may be filariform, simple and
slightly thickened posteriorly, as in the bursate nema-
todes; bulb-shaped, with a large posterior swelling, as
in the ascaridoids; or double bulb-shaped, as in the
oxyuroids. In some groups this wholly muscular form
does not occur: the filarioids and spirurcids have a
muscular-glandnlar ocsophagus which is muscular
anteriorly, the posterior part being glandular; the
trichuroid oesophagus has a capillary form, passing
through a single column of cells, the whole being
known as a stichosome. A rhabditiform oesophagus,
with slight anterior and posterior swellings, is present
in the preparasitic larvae of many nematodes, and in
adult free-living nematodes.

The intestine is a tube whose lumen is enclosed by a
single layer of cells or by a syncytium. Their luminal
surfaces possess microvilli which increase the zbsorp-
tive capacity of the cells. In female worms the intestine
terminates in an anus while in males there is a cloaca
which functions as an anus, and into which opens the
vas deferens and through which the copulatory
spiculcs may be extruded.

Trichuroid

£
Muscular-glandular

Double-bulb

Fig. 4 The basic forms of oesophagus found in nematodes.
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The so-called ‘excretory system’ is very primitive,
consisting of a canal within each lateral cord joining at
the excretory pore in the oesophageal region.

The reproductive systems consist of filamentous
tubes, The female organs comprise ovary, oviduct and
uterus, which may be paired, cnding in a common
short vagina which opens at the vulva. At the junction
of uterus and vagina in some species there is a short
muscular organ, the ovejector, which assists in egg-
laying. A vulval flap may also be present (Fig. 5).

The male organs consist of a single continuous testis
and a vas deferens terminating in an ejaculatory duct
into the cloaca. Accessory male organs are sometimes
important in identification, especially of the
trichostrongyloids, the two most important being the
spicules and gubernaculum (Fig. 6). The spicules are
chitinous organs, usually paired, which are inserted in
the female genital opening during copulation, The
gubernaculum, also chitinous, is a small structure
which acts as a guide for the spicules. With the two
sexes in close apposition the amoeboid sperm are
transferred from the cloaca of the male into the utcrus
of the female.

Fig. 5 Scanning electron micrograph of a wulval flap of a
trichastrongyloid nematode.

Fig. & Spicules, gubernaculum and bursa of a frichostrongyloid
nematode.

The cuticle may be modified to form various struc-
tures, the more important (Fig. 7) of which are:

Leaf erowns consisting of rows of papillae occurring
as fringes round the rim of the buccal capsule (cxter-
nal lcaf crowns) or just inside the rim (internal leaf
crowns). They are especially prominent in certain
nematodes of horses. Their function 1s not known, but
it is suggested that they may be used 1o pin a patch of
mucosa in position during feeding, or that they may
prevent the entry of forcign matter into the buccal
capsule when the worm has detached from the
MUCOSA.

Cervical papillae occur anteriorly in the oesopha-
geal region, and ¢audal papillae posteriorly at the tail.
They are spine-like or finger-like processes, and are
usually diametrically placed. Their function may be
SEISOTY OT Supportive.

Cervical and caudal alae arc flattened wing-like ex-
pansions of the cuticle in the oesophageal and tail
regions.

Cephalic and cervical vesicles are inflations of the
cuticle around the mouth opening and in the oesopha-
geal region.

The copulatory bursa, which embraces the female
during copulation, is important in the identification of
certain male nematodes and is derived from much
expanded caudal alae, which are supported by elon-
gated caudal papillae called bursal rays. It consists of
two lateral lobes and a singlc small dorsal lobe.

Plaques and cordons arc plate-like and cord-like
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'/ﬂ?ff‘\m‘ ,,lﬁ,% Leaf crowns

Cephalic vesicle

Cervical ala

Cervical papilla

N

SN

Spicule

Gubernaculum

B

ursal lobe Ventral rays

(b} Externo—dorsal ray Dorsal ray Lateral rays

Fig. 7 Nematode cuticular modifications. (a) Anterior; {b) Postericr
of male.

ornamentations present on the cuticle of many nema-
todes of the superfamily Spiruroidea.

BASIC LIFE CYCLE

In the Nematoda, the sexes are separate and the males
arc generally smaller than the females which lay eggs
or larvae. During development, a nematode moults at
invervals shedding its cuticle. In the complete life cy-
cle there are four moults, the successive larval stages
being designated L, L,, L,, L, and finally L, which is
the immature adull.

One {eature of the basic nematode life cycle is that
immediate transfer of infection from onc final host to
another rarely occurs. Some development usuaily
takes place either in the faccal pal or in a different
species of animal, the intermediate host, before infec-
tion can take placc.

In the common form of divect life cycle, the free-
living larvae undergo two moults after hatching and
infection is by ingestion of the free L,. There are some
important exceptions however, infection sometimes
being by larval penetration of the skin or by ingestion
of the egg containing a larva.

In indirect lifc cycles, the first two moults usually
take place in an intermediate host and infection of the
final host is either by ingestion of the intermediate
host or by inoculation of the L, when the intermediate
host, such as a blood sucking insect, feeds.

After infection, two further moults take place to
produce the L; or immature adult parasite. Following
copulation a further life cycle is initiated.

In the case of gastrointestinal parasites, develop-
ment may take place entirely in the gut lumen or with
only limited movement into the mucosa.

However, in many species, the larvae travel consid-
erable distances through the body before settling in
their final (predilection) site and this is the migratory
form of life cycle. One of the most common routes is
the hepatic-tracheal. This takes developing stages
from the gnt via the portal sysiem (o the liver then via
the hepatic vein and postlerior vena cava to the heart
and from there via the pulmonary artery to the lungs.
Larvac then travel via the bronchi, trachea and
oesophagus to the gut. Tt should be emphasized that
the above is a basic description of nematode life.cycles
and that there are many variations.

DEVELOPMENT OF THE PARASITE
EGG

Nematode eggs differ greatly in size and shape, and
the shell is of variable thickness, usually consisting of
three layers.

The inner membrane, which is thin, has lipid charac-
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teristics and is impermeable. A middle layer which is
tough and chitinous gives rigidity and, when thick,
imparts a yellowish colour to the egg. In many specics
this layer is interrupted at one or both ends with an
operculum (lid) or plug. The third outer layer consists
of protein which is very thick and slicky in the
ascaridoids and is important in the epidemiology of
this superfamily.

In contrast, in some species the cgg shell is very thin
and may bc merely present as a sheath around the
larva.

The survival potential of the egg outside the body
varies, but appears to be connected with the thickness
of the shell, which protects the larva from desiccation.
Thus parasites whose infective form is the larvated egg
usually have very thick-shelled eggs which can survive
for years on the ground.

HATCHING

Depending on the species, eggs may haich outside the
body or after ingestion.

QOutside the body, hatching is controlled partly by
factors such as temperaturc and moisture and partly
by the larva itself. In the process of hatching, the inner
impermeable shell membrane is broken down by en-
zymes secreted by the larva and by its own movement.
The larva is then able to take up water from the envi-
ropment and enlarges (o rupture the remaining layers
and escape.

When the larvated egg is the infective form, the host
initiates halching after ingestion by providing stimuli
for the larva which then completes (he process. Tt is
important for each nematode species that hatching
should occur in appropriatc regions of the gut and
hence the stimuli will differ, although it appears that
dissolved carbon dioxide is a constant essential.

LARVAL DEVELOPMENT AND SURVIVAL

Three of the important superfamilies, the tri-
chostrongyloids, the strongyloids and the rhab-
ditoids, have a completely free-living preparasitic
phase. The first two larval stages usually feed on bac-
teria, but the L,, sealed off from the environment by
the retained cuticle of the L,, cannot feed and must
survive on the stored nutrients acquired in the early
stages. Growth of the larva is interrupted during
moulting by periods of lethargus in which it neither
feeds nor moves.

The cuticle of the L, is rctained as a sheath around
the L;; this is important in larval sarvival with a protec-
tive role analogous to that of the egg shell in egg-
infective groups.

The two most important components of the external
environment are temperature and humidity,

The optimal temperature for the development of
the maximum number of larvae in the shortest feasible
time is generally in the range 18-26°C. At higher tem-
peratures, development is faster and the larvae are
hyperactive, thus depleting their lipid reserves. The
morlality rate then rises, so that few will survive
to L. As the temperature falls the process slows, and
below 10°C the development {rom egg to L, usually
cannot take place. Below 5°C movement and metabo-
lism of L; is minimal, which in many species favours
survival.

The optimal humidity is 100%, although some de-
velopment can occur down to 80% relative humidity.
It should be noted that even in dry weather where the
ambient humidily is low, the microclimate in faeces or
at the soil surfacc may be sufficiently humid to permit
continuing larval development.

In the trichostrongyloids and strongyloids, the
embryonated egg and the ensheathed L, are best
equipped to survive in adverse conditions such as
freezing or desiccation; in contrast, the L, and L, are
particularly vulnerable. Although desiccation is gener-
ally considered to be the most lethal influence in larval
survival, there is incrcasing evidence that by entering a
state of anhydrobiosis, certain larvae can survive se-
vere desiceation.

On the ground most larvae are active; although they
require a film of water for movement and are stimu-
lated by light and temperature, it is now thought that
larval movement is mostly random and encounter with
grass blades accidental,

INFECTION

As noted previously, infection may be by ingestion of
the free-living L, and this occurs in the majority of
trichostrongyloid and strongyloid nematodes. Tn
these, the L, sheds the retained sheath of the L, within
the alimentary tract of the host, the stimulus for
exsheathment being provided by the host in a manner
similar to the hatching stimulus required by egg-infec-
tive nematodes. In response to this stimulus the tarva
releascs its own exsheathing fluid, containing an en-
zyme leucine aminopeplidase, which dissolves the
sheath [rom within, either at a narrow collar anleriorly
so that a cap detaches, or by splitling the sheath long:-
tudinally. The tarva can then wriggle free of the
sheath.

As in the preparasitic stage, growth of the larva
during parasitic development is interrupted by two
moults, cach of these occurring during a short period
of lethargus.

The time taken for development from infection un-
lil mature adult parasites are producing cggs or larvae
is known as the prepatent period and this 15 of known
duration for each nematode species.
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METABOLISM

The main food reserve of preparasitic nematode lar-
vae, whether inside the egg shell or free-living, is lipid
which may be seen as droplets in the lumen of the
intesting; the infectivity of these stages is often related
to the amount present, in that larvae which have de-
pleted their rescrves are not as infective as those
which stiil retain quantities of lipid.

Apart from these reserves the free-living first and
second stage larvae of most nematodes {eed on bacte-
ria. However, once they reach the infective third stage,
they are sealed in the rctained cuticle of the second
stage, cannot feed and are completely dependent on
their stored reserves,

In contrast, the adult parasite storcs its energy as
glycogen, mainly in the lateral cords and muscles, and
this may constitute 20% of the dry weight of the worm.

Free-living and developing stages of nematodes
usually have an acrobic metabolism whereas adult
nematodes can metabolize carbohydrate by both
glycolysis (anaerobic) and oxidative decarboxylation
{(aerobic). However, in the latter, pathways may oper-
ate which are not present in the host and it is at this
level that some antiparasitic drugs operate.

The oxidation of carbohydrates requires the pres-
ence of an electron transport system which in most
nematodes can operate aerobically down to oxygen
tensions of 5.0mm Hg or less. Since the oxygen tension
at the mucosal surface of the intestine is around
20mmHg, nematodes in close proximity to the
mucosa normally have sulficient oxygen for aerobic
metabolism. Otherwise, if the nematode is tempo-
rarily or permanently some distance from the mucosal
surface, energy metabolism is probably largely
anacrobic,

As well as the conventional cytochrome and
flavoprotein electron transport system, many nema-
todes have ‘haemoglobin’ in their body fluids which
gives them a red pigmentation. This nematode hagmo-
globin is chemically similar to myoglobin and has the
highest affinity for oxygen of any known animal
haemoglobin. The main function of nematode hacmo-
globin is thought to be to transport oxygen, acquired
by diffusion through the cuticle or gut, into the tissues;
blood-sucking worms presumably ingest a consider-
able amount of oxygenated nutrients in their diet.

The end products of the metabolism of carbohy-
drates, fats or proteins arc excreted through the anus
or cloaca, or by diffusion through the hody wall. Am-
monia, the terminal product of protein metabolism,
must be excreted rapidly and diluted to non-toxic
levels in the surrounding fluids. During periods of
anaerobic carbohydrate metabolism, the worms may
also excrete pyruvic acid rather than retaining it for
future oxidation when aerobic metabolism is possible.

The *excretory system’ terminating in the excretory
pore is almost certainly not concerned with exeretion,
but rather with osmoregulation and salt balance,

Two phenomena which affect the normal parasitic
life cycle of nematodes and which are of considerable
biological and epidemiological importance are ar-
rested larval development and the periparturient rise
in faecal egg counts.

ARRESTED LARVAL DEVELOPMENT

(Synonyms: inhibited larval development, hypo-
biosis.)

This phenomenon may be defined as the temporary
cessation in development of a nematode at a precise
point in ils parasitic development. It is usually a facul-
tative characteristic and affects only a proportion of
the worm population. Some strains of nematodes have
4 high propensity for arrested development while in
others this is low.

Conclusive evidence for the occurrence of arrested
larval development can only be oblained by examina-
tion of the worm population in the host. Tt is usually
recognized by the presence of large numbers of larvae
al the same stage of development in animals withheld
from infection for a period longer than that required
to reach that particular larval stage.

The nature of the stimulus for arrested develop-
ment and for the subsequent maturation of the larvae
is still a matter of debatc. Although there are appar-
ently different circumstances which initiate arrested
larval development, most commonly the stimulus is an
environmental one received by the frec-living infec-
tive stages prior to ingestion by the host. It may be
seem as a ruse by the parasite to avoid adverse climatic
conditions for its progeny by remaining sexually im-
mature in the host until more favourable conditions
return. The name commonly applied to this seasonal
arrestment is hypobiosis. Thus the accumulation of
arrested larvae often coincides with the onset of cold
autumn/winter conditions in the northern hemisphere,
or very dry conditions in the subtropics or tropics. In
contrast, the maturation of these larvae coincides with
the return of cnvironmental conditions suitable to
their free-living development, although it is not clear
what triggers the signal to mature and how it is trans-
mitted.

The degree of adaptation to these seasonal stimuli
and therefore the proportion of larvae which do be-
come arrested seems (o be a heritable (rait and is
affected by various factors including grazing systems
and the degree of adversity in the environment. For
example, in Canada where the winters are severe,
most trichostrongyloid larvae ingested in late autumn
or winter becomc arrested, whereas in southern Brit-
ain with modcrate winters, about 50-60% are ar-
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rested. In the humid tropics where free-living larval
development 1s possible all the year round, relatively
few become arrested.

However, arrested development may also occur as a
result of both acquired and age immunity in the host
and although the proportions of larvae arrested are
not usually so high as in hypobiosis they can play an
important part in the epidemiology of nematode infec-
tions. Maturation of these arrested larvae seems to be
linked with the breeding cycle of the host and occurs at
or around parturition.

The epidemiological importance of arrested larval
development from whatever cause is that, (irst, il ¢n-
sures the survival of the nematode during periods of
adversity; secondly, the subsequent maturation of ar-
rested larvae increases the contamination of the envi-
ronment and can sometimes result in clinical disease.

PERIPARTURIENT RISE (PPR) IN FAECAL
EGG COUNTS

(Synonyms: post-parturient rise, spring rise.)

This refers to an inerease in the numbers of nema-
tode eggs in the facces of animals around parturition.
The phenomenon is most marked in ewes, sows and
goats.

The etiology of this phenomenon has been princi-
pally studied in sheep and seems to result from a tem-
porary relaxation in immunity which has been
associated with changes in the circulating levels of the
lactogenic hormone, prolactin. It appears that a de-
crease in parasite-speciflic immunc responses occurs
concurrently with elevation of serum prolactin levels.
These are rapidly restored when prolactin levels drop
at the end of lactation or more abruptly if lambs are
weaned early and the suckling stimulus removed.

The source of the PPR is three-fold:

(1) Maturation of larvae arrested due to host immu-
nity.

(2) Any increased establishment of infections ac-
quired from the pastures and a reduced turnover
of existing adult infections,

(3) An increased fecundity of existing adult worm
populations.

Contemporaneously, but not associated with the
relaxation of host immunity, the PPR may bce aug-
mented by the maturation of hypobiotic larvae.

The importance of the PPR is that it occurs at a ime
when the numbers of new susceptible hosts are in-
creasing and so ensures the survival and propagation
of the worm specics. Depending on the magnitude of
infection, it may also cause a loss of production in
lactating animals and by contamination of the envi-
ronment lead to clinical disease in susceptible young
stock.

Superfamily TRICHOSTRONGYLOIDEA

The trichostrongyloids are small, often hair-like,
worms in the bursate group which, with the exceplion
of the lungworm Dictyocaulus, parasitize the alimen-
tary tract of animals and birds.

Structurally they have few culicular appendages and
the buccal capsule is vestigial. The males have a well
developed bursa and two spicules, the configuration
of which is used for species differentiation. The life
cycle is direct and usually non-migratory and the
ensheathed L, is the infective stage.

The trichostrongyloids, including Dictyocatdus, are
responsible for considerable mortality and widespread
morbidity, especially in ruminants. The most impor-
tanl alimentary genera are Ostertagia, 1laemonchus,
Trichostrongylus, Cooperia, Nematodirus, Hyostr-
ongylus, Marshallagia and Mecistocirrus.

Ostertagia

This genus is the major cause of parasitic gastritis in
ruminants in temperate arcas of the world.

Hosts:
Ruminants.

Site:
Abomasum.

Species:

Ostertugiu ostertagi

0. (Teladorsagia) circumcincta
Q. trifurcata

cattle
sheep and goats
sheep and goats

Minor species are O. (syn. Skrjabinagia) lyrata and
kolchida, in cattle and O. lepiospicularis in cattle,
sheep and goats.

Distribution:

Worldwide; Ostertagia is cspecially important in tem-
perate climates and in subtropical regions with winter
rainfall.

IDENTIFICATION

The adults are slender reddish-brown worms up to
1.0cm long, occurring on the surface of the abomasal
mucosa and are only visible on close inspection. The
larval stages occur in the gastric glands and can only
be seen microscopically following processing of the
gastric mucosa.

Species ditferentiation is bascd on the structure of
the spicules which usually have threc distal branches

(Fig. 8).
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(a)

(b}

Fig. 8 Structure of spicules from five Ostertagia species. (a) O. ostertagi; {p) O. lyrata; (¢) O. circumcincta; (d) O. trifurcaia; {e) O.
leptospicularis.
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(e)

Fig. 8 (confinued)

BOVINE OSTERTAGIOSIS

Since €. ostertagi is the most prevalent of the species
in cattle it is considered in dctail.

Ostertagia ostertagi

O. ostertagi 1s perhaps the most common cause of
parasitic gastritis in cattle. The disease, often simply
known as ostertagiosis, is characterized by weight loss
and diarrhoea and typically affects young cattle during
their first grazing season, although herd outbreaks and
sparadic individual cases have also been reported in
adult cattle.

LIFE CYCLE

0. ostertagi has a direct life cycle. The eggs (Fig. 9),
which are typical of the trichostrongyloidea, are
passed in the faeces and under optimal conditions de-
velop within the [aecal pat to the infective third stage
within two weeks, When moist conditions prevail, the
L, migrate from the faeces on to the herbage.

After ingestion, the L., exsheaths in the rumen and
further development takes place in the lumen of an
abomasal gland. Two parasitic moults occur before
the L, emerges from the gland around 18 days after

infection to become sexually mature on the mucosal
surface.

The entire parasitic life cycle usually takes three
weeks, but under certain circumstances many of the
ingested L, become arrested in development at the
early fourth larval stage (EL,) for periods of up to six
months. '

PATHOGENESIS

The presence of (. ostertagi in the abomasum in sulfi-
cient numbers gives risce to extensive pathological and
biochemical changes and severe clinical signs. These
changes are maximal when the parasites arc cmerging
from the gastric glands (Plate 1). This is usually about
18 days after infection, but it may be delayed [or
several months when arrested larval development
occurs,

The developing parasiles cause a reduction in the
functional gastric gland mass responsible for the
production of the highly acidic proteolytic gastric
juice; in particular, the parietal cells, which produce
hydrochloric acid, are replaced by rapidly dividing,
undifferentiated, non-acid-secreting cells. Initially,
these cellular changes occur in the parasitized gland
(Fig. 10), but as it becomes distcnded by the growing
worm which increases from 1.3-8.0mm in length,
these changes spread to the sSurrounding non-

Fig. 9 Typical trichostrongyloid egg (range 60—-105.m in length,
30-55um in width).
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Fig. 10 Ostertagia ostertagi infection showing larva in gastric
gland.

kS

Fig. 11 Umbilicated nodules on mucosal surface after emergence
of Ostertagia larvae,

parasitized glands, the end result being a thickened
hyperplastic gastric mucosa (Plate 1).

Macroscopically, the lesion is a raised nodule with a
visible central orifice (Fig. 11); in hedvy infections
these nodules coalesce to produce an effect reminis-
cent of morocco leather, The abomasal folds are often
very oedematous and hyperaemic and somclimes
necrosis and sloughing of the mucosal surface occurs
(Plate I); the regional lymph nodes are enlarged and
reactive.

In heavy infections of 40000 or more adult worms
the principal elfects of these changes arc, first, a reduc-
tion in the acidity of the abomasal fluid, the pH in-
creasing from 2.0 up to 7.0. This results in a failure to
activate pepsinogen to pepsin and so denature pro-
teins. There is also a loss of bacteriostatic effect in the
abomasum. Sccondly, there is an enhanced permeabil-
ity ol the abomasal epithelium 1o macromolecules
such as pepsinogen and plasma proteins. One cxplana-
tion is that the cell junctions between the rapidly di-
viding and undifferentiated cells which come to line
the parasitized mucosa appear to be incompletely
formed, and as & resull, macromolecules may pass into
and oul of the cpithelial sheet.

The results of these changes are a leakage of
pepsinogen into the circulation leading to elevated
plasma pepsinogen levels and the loss of plasma pro-
teins into the gut lumen eventually leading to
hypoalbuminacmia. Another more recent theory is
that, in response to the presence of the adull parasiles,
the zymogen cells secrete increased amounts of pepsin
directly inte the circulation. Clinically the conse-
quencees arce reflected as inappetence, weight loss and
diarrhoca, the precise cause of the diarrhoea being
unknown.

In lighter infections the main effects are sub-
optimal weight gains.

Although reduced feed consumption and diarrhoea
alfeet liveweight gain they do not wholly account for
the loss in production. Current cvidence suggests that
this is primarily because of substantial lcakage of en-
degenous prolein into the gastrointestinal tract. De-
spite some reabsorption, this leads to a disturbance in
postabsorptive nitrogen and energy metabolism due
to the increased demands for the synthesis of vital
proleins, such as albumin and the immunoglobulins,
which occur at the expense of muscle protein and fat
deposition.

These disturbances are of course influenced by the
level of nutrition, being exacerbated by a low protein
intake and alleviated by a high protein diet.

CLINICAL SIGNS

Bovine ostertagiosis is known fo occur in two clinical
forms. In temperate climates with cold winters the
seasonal occurence of these is as follows:

The Type I discase is usually seen in calves grazed
intensively during their {irst grazing scason, as the re-
sult of larvae ingested 3-4 weeks previously; in the
northern hemisphere this normally accurs from mid-
Tuly onwards.

The Type IT disease occurs in yearlings, usually in
late winter or spring following their first grazing sea-
son and results from the maturation of larvae ingested
during the previous autumn and subsequently arrested
in their development at the early fourth larval stage.

The main clinical sign in both Type [ and Type 1L
disease is a profuse watery diarrhoea and in Type T,
where calves are at grass, this is usually persistent and
has a characteristic bright green colour. In contrast, in
the majority of animals with Type 11, the diarrhoea is
often intermittent and anorexia and thirst are usvally
present. The coats of affected animals in both syn-
dromes are dull and the hind quarters heavily soiled
with faeces.

In Type II ostertagiosis, hypoalbuminacmia is more
marked and there is a moderate anaemia of unknown
etiology. As a result of the hypoalbuminaemia,
submandibular oedema is often present. In hoth forms
of the disease, the loss of body weight is considerable
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during the clinical phase and may reach 20% in 7-1¢
days. Carcass quality may also be affected since there
is a reduction in total body solids relative to total body
water.

In Type I disease, the morbidity is usually high,
often exceeding 75%, but mortality is rare provided
treatment is instituted within 2-3 days. [n Type 11 the
prevalence of clinical disease is comparatively low and
often only a proportion of animals in the group are
affected; mortality in such animals is very high unless
early treatment with an anthelmintic effective against
both arrested and developing larval stages is insti-
tuted,

EPIDEMIOLOGY

The epidemiology of ostertagiosis in temperate coun-
tries of the northern hemisphere can be conveniently
considered under the headings of dairy herds and beel
herds; important differences in subtropical climates
are summarized later.

Dairy herds

From epidemiological studics the following important
[acts have emerged (Fig. 12):

(1) A considerable number of L, can survive the
winter on pasture and in soil. Sometimes the
numbers are sufficient to precipitate Type I dis-
case In calves 3—4 weeks after they are turned oult
to graze in the spring. However, this is unusual
and the role of the surviving L, is rather to infect
calves at a level which produces patent sub-
clinical infection and ensures contamination of
the pasture for the rest of the grazing season.

— Larvae on pasture
« Eggs in fagces

Overwintered
larvae

Calves turned
out to graze

¢

April June August October
Fig. 12 Epidemiclogy of bovine ostertagiosis in temperate zones
of the northern hemisphere showing mid-summer rise of infective

larvae on pasture.

(2) A high mortality of overwintered L, on the pas-
ture occurs in spring and only negligible numbers
can usually be detected by June. This mortality
combined with the dilution effect of the rapidly
growing herbage renders most pastures, not
grazed in the spring, safe for grazing after mid-
summer.

However, despite the mortality of L; on the
pasture it now seems that many survive in the soil
for at least another year and on occasion appear
to migrate on to the herbage. Whether this
is a common occurrence and whether the larvae
migrate or are transported by tlerrestrial
populations of earthworms or beetles is not defi-
nitely known, but the occurrence of this apparent
reservoir of larvae in soil may be important in
relation to certain systems of control based on
grazing management.

(3) The cggs deposited in the spring develop slowly
to L, this rate of development becomes more
rapid towards mid-summer as temperatures in-
crease, and as a result, the majority of eggs de-
posited during April, May and June all reach the
infective stage from mid-July onwards. If suffi-
cient numbers of these L, are ingested, the Type
I disease occurs any lime from July until October.
Development from egg to L, slows during the
autumn and it is doubtful if many of the eggs
deposited after September ever develop to L.

(4) As autumn progresses and temperatures fall an
increasing proportion {up to 80%) of the L, in-
gested do not malure but become inhibited at the
early fourth larval stage (EL,). In late autumn,
calves can therefore harbour many thousands of
these EL, but few developing forms or adults.
These infections are generally asymptomatic un-
til maturation ol the EL, takes place during win-
ter and early spring and if large numbers of these
develop synchronously, Type 11 disease material-
izes. Where maturation is not synchronous, clini-
cal signs may not occur but the adult worm
burdens which develop can play a significant epi-
demiological role by contributing to pasture con-
tamination in the spring.

Two factors, one management and one climatic,
appear to increase the prevalence of Type II
oslerlagiosis.

First, the practice of grazing calves [rom May until
late July on permanent pasture, then moving these Lo
hay or silage aftermath before returning them to the
original grazing in late autumn. In this system the
accumulation of L, on the original pasture will occur
from mid-July. ic. after the calves have moved to
aftermath. These L, are still present on the pastures
when the calves return in the late autumn and, when
ingested, the majority will become arrested.
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Secondly, in dry summers the L, are retaincd within
the crusted faecal pat and cannot migrate on (o the
pasture until sufficient rainfall occurs to moisten the
pat. If rainfall is delayed until late autumn many larvae
liberated on to pasture will become arrested following
ingestion and so increase the chance of Type 1T dis-
ease. Indeed, epidemics of Type Il osterlagiosis are
typically preceded by dry summers.

Although primarily a disease of young dairy cattle,
ostertagiosis can nevertheless affect groups of older
cattle in the herd, particularly if these have had little
previous exposure to the parasite, since there is no
significant age immunity to infection.

Acquired immunity in ostertagiosis is slow to de-
velop and calves do not achieve a significant level of
immunity until the end of their first grazing season. If
they are then housed for the winter the immunity
acquircd by the end of the grazing season has waned
by the following spring and yearlings turned out at
that time are partialty susceptible (o reinfection and so
contaminate the pasture with small numbers ol eggs.
However, immunity is rapidly re-established and any
clinical signs which occur are usually of a transient
nature. During the sccond and third year of grazing, a
strong acquired immunity develops and adult stock in
endemic areas are highly immunc to reinfection and of
little significance in the epidemioclogy. An exception o
this rule occurs around the periparturient period when
immunily wanes, particularly in heifers, and there are
reports of clinical discasc following calving. The rea-
son is unknown but may be duc to the development of
larvae which were arrested in their development as a
result of host immunity.

Beef herds

Although the basic epidemiology in beef herds is simi-
lar to dairy herds, the influence of immune adult ani-
mals grazing alongside susceptible calves has 1o be
considered. Thus, in beef herds where calving takes
place in the spring, oslertagiosis is uncommon since
egg production by immune adults is low, and the
spring mortality of the overwintered L, occurs prior to
the suckling calves ingesting significant quantities of
grass. Consequently only low numbers of L; become
available on the pasturc later in the year.

However, where calving takes place in the autumn
or winter, ostertagiosis can be a problem in calves
during the following grazing season once they are
weaned, the epidemiology then being similar to dairy
calves. Whether Type T or Type 1l disease subse-
quently occurs depends on the grazing management of
the calves following weaning,

In countries in the southern hemisphere with tem-
perate climates, such as New Zealand, the seasonal
pattern is similar to that reported for Europe with

Type I disease occurring in the summer and burdens
of arrested larvae accumulating in the autumn,

In those countries with subtropical climates and
winter rainfall such as parts of southern Australia,
South West Africa and some regions of Argentina,
Chile and Brazil, the increase in L, population occurs
during the winter and outbreaks of Type I disease arc
seen towards the end of the winter period. Arrested
larvac accumulate during the spring and where Type
I! discasc has been reported it has occurred in late
summer or carly autumn.

A basically similar pattern of infection is seen in
some southern parts of the USA with non-scasonal
rainfall, such as Louisiana and Texas. There, larvae
accumulate on pasture during winter and arrested de-
velopment occurs in late winter and early spring with
outbreaks of Type II disease occurring in late summer
or early autumn.

The environmental [actors which produce arrested
larvae in subtropical zones are not yet known,

THE EFFECT OF OSTERTAGIA
INFECTION ON LACTATION YIELDS
OF GRAZING COWS

Although burdens of adult Osterfagia spp. in dairy
cows are usually low there is some evidence that a
single anthelminlic trealment of such cows at, or soon
after, calving can improve milk yields. Howcever, the
economic benefit gained from such treatment varics
considerably from farm to farm and also apparently
from country to country and there are as yet insuffi-
cient grounds for advocating routine treatment of
herds at calving.

Tt has also been suggested (hat during lactation a
reduction in milk vield might result {rom oedema and
increased permeability of the abomasal mucosa, possi-
bly due to hypersensitivity reaction associated with
the continued ingestion and destruction of large num-
bers of L.

DIAGNOSIS

In young animals this is based on:

(1) The clinical signs of inappetence, weight loss and
diarrhoea.

(2) The season. For example, in Europe Type I oc-
curs from July until September and Type I from
March to May.

(3) The grazing history. In Type I disease, the calves
have usually been set-stocked in one area for
several months; in contrast, T'ype 11 disease often
has a typical history of calves being grazed on a
field from spring lo mid-summecr, then moved
and brought back to the original ficld in the au-

b}
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tumn. Affected farms usually also have a history
of ostertagiosis in previous years.

(4) Faecal egg counts, In Type I discase these are
usually more than 1000 eggs per gram (cpg) and
are 4 useful aid to diagnosis; in Type II the count
is highly variable, may even be negative and is of
limited value.

(5) Plasma pepsinogen levels. In clinically affected
animals up to two years old thesc are usually in
cxcess of 3.0iu tyrosine (normal levels are 1.01u
in non-parasitized calves). The test is less reliable
in older cattle where high values are not neces-
sarily correlated with large adult worm burdens
but, instead, may reflect plasma lcakage from
a hyperscensitive mucosa under heavy larval
challenge.

(6} Post-mortem examination, If this is available, the
appearance of the abomasal mucosa is character-
istic. There is a putrid smell from the abomasal
contents due to the accumulation of bacteria and
the high pH. The adult worms, reddish in colour
and 1.0cm in length, can be seen on close inspec-
tion of the mucosal surface. Adult worm burdens
are typically in excess of 40000, although lower
numbers are often found in animals which have
been diarrhoeic for scveral days prior to
LLCCTOPSY.

In older animals the clinical signs and history arc
similar but laboratory diagnosis is more difficult since
faecal egg counts and plasma pepsinogen levels are
less reliable. A useful technique to employ in such
situations 1s to carry out a pasture larval count on the
field on which the animals had been grazing, Where
the level of infection is more than 1000 larvae per kg of
dried herbage, the daily larval intake of grazing cows is
in excess of 10000 larvae. This level is probably suffi-
cient to cause clinical disease in susceptible adult ani-
mals or to upset the normal functioning of the gastric
Mucosa in immune cows.

TREATMENT

Type 1 disease responds well {o trcatment at the
standard dosage rates with any of the modern
benzimidazoles  (albendazole, fenbendazole or
oxfendazole), thc pro-benzimidazoles (febantcl
netohimin  and thiophanatc), levamisole, or the
avermectins/milbemycins e.g. ivermectin. All of these
drugs are effective against developing larvae and adult
stages. Following treatment, calves should be moved
to pasture which has not been grazed by cattle in the
same year.

For the successful trecatment of Type 11 disease it is
necessary to use drugs which are cffective against ar-
rested larvae as well as developing larvae and adult
stages. Only the modern benzimidazoles listed above

or the avermectins/milbemycins are effective in the
treatment of Typc II disease when used at standard
dosage levels, although the pro-benzimidazoles are
also effective at higher dose rates. Sometimes with the
orally administered benzimidazoles the drug by-passes
the rumen and enters the abomasum directly and this
appears to lower efficacy because of its more rapid
absorption and excretion.

The field where the outbreak has originated may be
grazed by sheep or rested until the following June,
Where there is concomitant liver fluke infection
additional treatment with a flukicidal preparation is
recommended.

CONTROL

Traditionally, ostertagiosis has becn prevented by
routinely treating young cattle with anthelmintics over
the period when pasture larval levels arc increasing.
For example, in Europe this involved one or two (reat-
ments usually in July and September and on many
farms this prevented disease and produced acceptable
growth rates. However, it has the disadvantage that
since (he calves are under continuous larval chalienge
their performance may be impaired. With this system,
effective anthelmintic treatment at housing is also nee-
essary using a drug effective against hypobiotic larvae
in order to prevent Type II discase.

Today, it is accepted thalt thc prevention of
ostertagiosis by limiting exposure to infection is a
more efficicnt method of control.

This may be done by grazing calves on new grass
leys, although it is doubtful if this should be recom-
mended for replacement dairy heifers, as it would re-
sult in a pool of susceptible adult animals. A better
policy is to permit young cattle sufficient exposure to
larval infection to stimulate immunity bul not suffi-
cient to cause a loss in production. The provision of
this ‘safe pasturc’ may be achieved in two ways:

First, by using anthelmintics to limit pasture con-
lamination with eggs during periods when the climate
is optimal for development of the frec-living larval
stages, i.e. spring and summer in temperate climates,
or autumn and winter in the sub-tropics.

Alternatively, by resting pasture or grazing it with
another host, such as sheep, which are not susceptible
to O. ostertagi, until most of the cxisting L, on the
pasture have died out.

Sometimes a combination of these methods is em-
ployed. The timing of events in the systems described
below is applicable to the calendar of the norihern
hemisphere.

Prophylactic anthelmintic medication

Since the crucial period of pasture contamination with
O. ostertagi eggs is the period up to mid-July, one of
the efficient modern anthelmintics may be given on
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two or three occasions between turn-out in the spring
and July to minimize the numbers of eggs deposited
on the pasture. For calves going to pasture in early
May two treatments, three and six weeks later, are
uscd, whereas calves turned out in April require three
treatments at intervals of three wecks. Where
parenteral avermectins are used the interval afler first
treatment may be extended to five weeks due to
residual activity against ingested larvae.

Several rumen boluses are now available which pro-
vide either the sustained release of anthelmintic drugs
over periods of three to five months or the pulse re-
lease of therapeutic doses of an anthelmintic at inter-
vals of three weeks throughout the grazing season.
These are administered to first season grazing calves at
turnout and effectively prevent pasture contamination
and the subsequent accumulation of infective larvae.
Although offering a high degree of control of
gastrointestinal nematodes there is some evidence to
suggest that young cattle protected by these boluscs or
other highly effective prophylactic drug regimens are
more susceptible to infection in their second year at
grass. This may warrant further anthelmintic treat-
ment either during the grazing period or at subsequent
housing.

Anthelmintic prophylaxis has the advantage that
animals can be grazed throughout the year on the
same pasture and is particularly advantageous for the
small heavily stocked farm where grazing is limited.

Anthelmintic treatment and move to safe
pasture in mid-July

This system, usually referred to as ‘dose and move’, is
based on the knowledge that the annual increase of L,
occurs after mid-July. Therefore if calves grazed from
carly spring are given an anthelmintic treatment in
carly July and moved immediately to a second pasture
such as silage or hay aftermath, the level of infection
which develops on the second pasture will be low,

The one reservation with this technique is that in
certain years the numbers of L, which overwinter are
sufficient to cause heavy infections in the spring and
clinical ostertagiosis can oceur in calves in April and
May. However, once the *dose and move’ system has
operated for a few years this problem is unlikely to
arise.

In some European countries such as the Nether-
lands, the same effect has been obtained by delaying
the turnout of calves until mid-summer. This method
has given good control of ostertagiosis, but many
farmers are unwilling to continue housing and feeding
calves when there is ample grazing available.

Alternate grazing of caltle and sheep

This system ideally utilizes a three-year rotation of
cattle, sheep and crops. Since the effective life-span of

most O. ostertagi L, is under one year and cross-infec-
tion belween cattle and sheep in temperate areas is
largely limited to O leprospicularis, Trichostrongylus
axei and occasionally C. oncophora good control of
bovine ostertagiosis should, in theory, be achicved. Tt
is particularly applicable to farms with a high propor-
tion of land suitable for cropping or grassland conser-
vation and less so for marginal or upland areas.
However, in the latter, reasonable control has been
reported using an annual rotation of beef cattle and
sheep.

The drawback of alternate grazing systems is {hat
they impose a rigorous and inflexible regimen on the
usc of land which the farmer may find impractical.
Furthermore, in warmer climates where Haemonchus
spp. are prevalent, this system can prove dangerous
since this very pathogenic genus establishes in both
sheep and cattle.

Rotational grazing of adult and young stock

This system Involves a continuous rotation of pad-
docks in which the susceplible younger calves graze
ahead of the immune adults and remain long enough
in each paddock to remove only the lealy upper herb-
age before being moved on to the next paddock. The
incoming immune adults then graze the lower more
{ibrous cchelons of the herbage which contain the
majority of the L, Since the faeces produced by the
immune adults contains few il any O. ostertagi eggs the

of this method depends on having sufficient fenced
paddocks available to prevent over-grazing and the
adults must have a good acquired immunity.

While this system has many attractions, its main
disadvantage is that il is costly in lerms of fencing and
again requires careful supervision. Its main attractions
are the optimal utilization of permanent grassland and
the control of internal parasitism without resort to
therapy.

OVINE OSTERTAGIOSIS

In sheep O. circumcincta and O. trifurcata are respon-
sible for outbreaks of clinical ostertagiosis, particu-
larly in lambs. In Europe a c¢linical syndrome
analogous Lo Type I bovine ostertagiosis occurs from
August to October; thereafter arrested development
of many ingested larvae occurs and a Type Il syn-
drome has been occasionally reported in late winter
and early spring, especially in young adults.

In subtropical areas with winter rainfall
ostertagiosis occurs primarily in late winter.

LIFE CYCLE

Both the free-living and parasitic phases of the life
cycle are similar to those of the bovine species.
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PATHOGENESIS

In clinical infections, this is similar to the situation in
cattle and the same lesions are present at nccropsy.
In subclinical infections, it has been shown under
bolh experimental and natural conditions that Q.
circumeincta causes a marked depression in appelite
and this, together with losses of plasma protcin into
the gastrointestinal tract, results in interference with
the post-absorptive metabolism of protein and to a
lesser extent the utilization of metabolizable energy.
In lambs with moderate infections of Osteriagia spp.,
carcass evaluation shows poor protcin, fat and calcinm
deposition.

CLINICAL SIGNS

The most frequent clinical sign is a marked loss of
weight. Diarrhoea is intermittent and although stained
hindquarters are commeon, the fluid faeces which char-
acterizc bovine ostertagiosis arc less frequently seen.

EPIDEMIOLOGY
In Europe the herbage numbers of Ostertagia spp. L,

increase markedly from mid-summer onwards and this

is when disease appcars.

These larvae are derived mainly from eggs passed in
the [aeces of cwes during the peripartunent period,
from about two weeks prior (o lambing until six weeks
post-lambing (Fig. 13). Eggs passed by lambs, from
worm burdens which have acerued from the ingestion
of overwintered larvae, also contribute to the pasture
contamination.

= Ewe faecal egg output §
-- Lamb faecal egg output §
«~ Larvae on pasture

June Qctober

Apri}

August

Fig. 13 Epidemiclogy of ovine parasitic gastroenteritis in temperate
zones of the northern hemisphere showing periparturient rise in the
faecal egg counts of ewes and the migd-summer rise of infective
larvae on pasture.

It is important to rcalize that it is these eggs depos-
ited in the first half of the grazing season from April to
June, which give rise to the potentialiy dangerous
populations of L, from July to October.

If ingested prior to October, the majority of these
larvae malture in threc weeks; thereafter, many be-
come arrested in development for several months and
may precipitate Type 1f disease when they mature.

Immunity is acquired slowly and requires exposure
over two grazing seasans before a significant resist-
ance to infection develops. Subsequently, adult ewes
harbour only very low populations ol Ostertagia spp.
except during the annual PPR.

The epidemiology in subtropical areas is basically
similar to that in temperatc zones, except that the
seasonal timing of events is different. Tn many of these
arcas lambing is geared to an increase in the growth of
pasture which occurs with the onset of rain in late
autumn or winter. This coincides with conditions
which are favourable to the devclopment of the free-
living stages of Ostertagia spp. and so infective larvae
accumulate during the winter to cause clinical prob-
lems or production loss it the second hall of the win-
ter; arrested larval development occurs at the end of
the winter or early spring. The sources of pasture con-
tamination are again the ewes during the PPR and the -
lambs following ingestion of larvae which have sur-
vived the summer.

The relative importance of these sources in any
country varies according (o the conditions during the
adverse period for larval survival. Where the summer
is very dry and hot, the longevity of L, is reduced
except in areas with shade and these can act as reser-
voirs of infection until the following winter. Although
L. can persist in sheep facces during adverse weather
conditions the protection is probably less than that
afforded by the more abundant bovinc [aecal pat.

DIAGNOSIS

This is bascd on clinical signs, seasonality of infection
and faecal cgg counts and, if possible, post-mortem
examination, when the characteristic lesions can be
seen in the abomasum. Plasma pepsinogen levels are
above the normal of 1.0iu tyrosine and usually exceed
2.01u in sheep with heavy infcctions.

TREATMENT

Ovine ostertagiosis responds well to treatment with
any of the benzimidazoles or pro-benzimidazoles,
levamisole, which in sheep is effcctive against arrested
larvae, or thc avermectins/milbemycins. Treated
lambs should preferably be moved to safe pasture and
if this is not possible, treatment may have to be re-
peated al monthly intervals until the pasture larval
levels decrease in early winter.
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CONTROL

See ‘The treatment and control of parasitic gastroen-
teritis (PGE)} in sheep’, p. 33.

CAPRINE OSTERTAGIOSIS

Increasing numbers of goats are being kept worldwide
and generally these run on permanent grazing. It has
been shown that goats are very susceptible to the
Ostertagia spp. which predominate in sheep, O.
circumcincta and O, trifurcata, and also to O,
leptospicularis which establishes equally wcll in sheep
and cattle. There is also some evidence that O.
ostertagt can establish in goats.

As in sheep there is a marked PPR in female goals;
these eggs are the main source of pasture contamina-
tion and, eventually, the L, which may then infect
grazing kids.

The pathogenesis, diagnosis, treatment and control
measures are as for the other ruminants, but carc must
be taken in choosing the anthelmintic since many of
those recommended for sheep and cattle are not regis-
tered for use in goats. Where goat milk or milk
products are uscd for human consumption, milk-
withholding periods for different drugs should be
observed. Thiabendazole has anti-fungal propertics
and should not be used when milk is processed for
cheese.

Marshallagia marshalli

Found in the abomasum of small ruminants in the
tropics and subtropics including southern Europe,
USA, South America, India and Russia. It is similar to
Ostertagia spp. and can be differentiated by its greater
length (up to 2.0cm). The eggs are much larger and
resemble those of Nematodirus battus.

The life cycle is similar to Osterragia and there is
penetration of the gastric glands with resultant
nodule formation. Each nodule contains three or four
devcloping parasites and measures 2.0-4.0mm in
diameler.

The pathogenicity of M. marshalli is not known.

Flaenionclus

This blood-sucking abomasal nematode may be re-
sponsible for exlensive losses in sheep and cattle, es-
pecially in tropical areas.

Hosts:
Cattle, sheep and goats.

Site:
Abomasum.

Species:

Haemonckus CORtorins
H. plucel

H. similis.

Until recently the sheep specics was called H.
contortus and the cattle species H. placei. However
there is now increasing evidence that these are the
single species H. contortus with only strain adaptations
lor cattle and sheep.

Distribution:
Worldwide. Most important in (ropical and subtropi-
cal areas.

IDENTIFICATION

Gross;

The adults are easily identificd because of their
specific location in the abomasum and their large size
(20-3.0cm). In fresh specimens, the white ovaries
winding spirally around the blood-filled intestine pro-
duce a ‘barber’s pole’ appearance.

Microscopic:

The male has an asymmetrical dorsal lobc and barbed
spicules; the female usually has a vulval flap. In both
sexes there are cervical papillae and a tiny lancet in-
side the buccal capsule (Fig. 14).

LIFE CYCLE

This is direct and the preparasitic phase is typically
trichostrongyleid. The females are prolific egg layers.
The eggs hatch to L, on the pasture and may develop
to L, in as short a period as five days but development
may be delayed for weeks or months under cool con-
ditions. After ingestion, and cxshcathment in the
rumen, the larvae moult twice in close apposition to
the gastric glands. Just before the final moult they
develop the picreing lancet which enables them to
obtain blood from the mucosal vessels. As adults they
move freely on the surface of the mucosa. The
prepatent period is 2-3 weeks in sheep and four weeks
in cattle.

OVINE HAEMONCHOSIS
PATHOGENESIS

Essentially the pathogenesis of haemonchosis is that
of an acule haemorrhagic anaemia due to the blood-
sucking habits of thc worms. Each worm removes
about 0.05ml of blood per day by ingestion and seep-
age from the lesions so that a sheep with 5000 H.
contortus may lose about 250ml daily.

In acute haemonchosis anacmia becomes apparent
about two weeks after infection and is characterized
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Fig. 14 Haemonchus contortus. (a) Male — bursa and spicules; {b) Female — vulval flap; (¢) Cervical papillae; (d) Buccal lancet.
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by a progressive and dramatic fall in the packed red
cell volume. During the subsequent weeks the
haematocrit usually stabilizes at a low level, but only
at the expense of a two- to three-fold compensatory
cxpansion of erythropoiesis. However due to the con-
tinual loss of iron and protein into the gastrointestinal
tract and increasing inappctence, the marrow eventu-
ally hecomes exhausted and the haematocrit falls still
further before death occurs.

When cwes are aflected, the consequent agalactia
may result in the death of the suckling lambs.

Al necropsy, between 2000 and 20000 worms may
be present on the abomasal mucosa which shows nu-
merous small haemorrhagic lesions (Plate [). The
abomasal contents are fluid and dark brown due to the
presence of altered blood. The carcass is pale and
oedematous and the red marrow has expanded from
the epiphyscs into the medullary cavity (Plate T).

Less commonly, in heavier infections of up to 30000
worms, apparently healthy sheep may die suddenly
from severe haemoerrhagic gastrilis. This is termed
hyperacute haemonchosis.

Perhaps as imporlamt as acute haemenchosis in
tropical arcas is the lesser known syndrome of chronic
haemonchosis. This develops during a prolonged dry
season when reinfection is negligible, but the pasture
becomes deficient in nutricnts. Over such a period the
continual loss of blood from small persisting burdens
of several hundred worms are sufficient to produce
clinical signs associated primarily with loss of weight,
weakness and inappetence rather than marked
anaemia.

CLINICAL SIGNS

In hyperacute cases, sheep die suddenly from
haemorrhagic gastritis.

Acute haemonchosis is characterized by anaemia,
variable degrees of oedema, of which the subman-
dibular form and asciles are most easily recognized
(Plate I, lethargy, dark coloured faeces and falling
wool, Diarrhoea is not generally a feature.

Chronic haemonchosis is associated with progres-
sive weight loss and weakness, neither severe anaemia
nor gross oedema being present.

EPIDEMIOCLOGY

The epidemiclogy of H. contorius is best considered
scparalely depending on whether it occurs in tropical
and subtropical or in temperate areas.

Tropical and subtropical areas

Because larval development of H. contortus occurs
optimally at relatively high temperatures, hae-
monchosis is primarily a disease of sheep in warm

climates. However, since high humidity, at lcast in the
microclimate of the faeces and the herbage, is also
essential for larval development and survival, the fre-
quency and severity of outbreaks of disease is largely
dependent on the rainfall in any particular area.

Given these climatic conditions, the sudden occur-
rence of acute clinical haemonchosis appears o de-
pend on two further factors. First, the high faecal
worm egg output of between 2000 and 20000epg, even
in moderate infections, means that massive pasture
populations of L, may appear very quickly. Second, in
contrast to many other helminth infections, there is
little evidence that sheep in endemic areas develop an
effective acquired immunity to Haemonchus, so that
there is continuous contamination of the pasture.

In certain areas of the tropics and subtropics such as
Australia, Brazil, the Middle Fast and Nigeria, the
survival of the parasite is also associated with the abil-
ity of H. contortus larvae to undergo hypobiosis. Al-
though the trigger for this phenomenon is unknown,
hypobiosis occurs at the start of a prolonged dry sea-
son and permits the parasile to survive in the host as
arrested L, instcad ol maturing and producing eggs
which would inevitably fail to develop on the arid
pasture, Resumption of development occurs just be-
fore the onset of seasonal rains. In other tropical arcas
such as East Africa, no significanl degree of
hypobiosis has been observed and this may be due to
more frequent rainfall in these areas making such an
evolutionary development unnecessary.

The survival of I contortus infection on tropical
pastures is variahle depending on the climate and de-
gree of shade, but the infective larvac are relatively
resistant to desiccation and some may survive for 1-3
months on pasture or in faeces.

Temperate areas

In the British Isles, the Netherlands and presumably in
other parts of northern Europe and in Canada, which
are among the least favourable areas for the survival
of H. contortus, the epidemiology is different from
that of tropical zones. From the information available,
infections seem to develop in two ways. Perhaps most
common is the single annual cycle. Infective larvac
which have developed from eggs deposited by ewes in
the spring are ingested by ewes and lambs in early
summer, The majority of these become arrested in the
abomasum as EL, and do not complete development
until the following spring. During the period of matu-
ration of these hypobiotic larvae, clinical signs of acute
haemonchosis may occur and in the ewes this often
coincides with lambing,.

In some ycars however clinical haemonchosis is
scen in grazing lambs in late summer. The underlying
cpidemiology is unknown, but is perhaps associated
with pasture contamination by that proportion of in-
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gested larvae which did not undergoe hypobiosis in
early summer.

DIAGNOSIS

The history and clinical signs are often sulficient for
the diagnosis of the acute syndrome especially if sup-
ported by [aecal worm cgg counts.

Necropsy, paying altention to both the abomasum
and the marrow changes in the long bones, is also
useful. Changes arc usually evident in both, although
int sheep which have just undergone ‘sclf cure” (see
below) or are in a terminal stage of the disease, the
bulk of the worm burden may have been lost from the
abomasum.

In hyperacute hacmonchosis, only the abomasum
may show changes since death may have occurred so
rapidly that marrow changes are minimal.

The diagnosis of chronic haemonchosis is more dif-
ficult because of the concurrent prescnce of poor nu-
trition and confirmation may have to depend on the
gradual disappearance of the syndrome after
anthcelmintic treatment.

TREATMENT

When an acute outbreak has occurred the sheep
should be treated with one of the benzimidarzoles,
levamisole, an  avermectin/milbemycin or salicy-
lanilide and immediately moved to pasture not re-
cently grazed by sheep. When the original pasture is
grazed again, prophylactic measures should be under-
taken, as enough larvac may have survived to institute
a fresh cycle of infection. Chronic haemonchosis is
dealt with in a similar fashion. If possible the new
pasture should have a good nutritional value; alterna-
tively some supplementary feeding may be given,

CONTROL

In the tropics and subtropics this varies depending on
the duration and number of periods in the year when
rainfall and temperature permit high pasture levels of
H. contorius larvae to develop. Atsuch times it may be
necessary to use an anthelmintic at intervals of 2-4
weeks depending on the degree of challenge. Sheep
should also be treated at least once at the start of the
dry season and preferably also before the start of pro-
longed rain to remove persisting hypobiolic larvae
whose development could pose a future threat. For
this purpose, one of the modern benzimidazofes or an
avermectin/milbemycin is recommended.

In some wool producing areas where Haemonchus
is endemic, disophenol, closante! or rafoxanide which
have a residual prophylactic effect may be used.
Because of long withdrawal periods thesc are of lim-
ited use in meat producing animals.

Apart from anthelmintic prophylaxis some studies,
especially in Kenya, have indicated the potential value
of some indigenous breeds of shecp which secm to be
naturally highly resistant to H. confortus inlection.
Presumably such breeds could be of value in develop-
ing areas of the world where veterinary surveillance s
poor.

In tcmperate arcas, the measures outlined for the
control of parasitic gastroenteritis in sheep are usually
sufficient to pre-empt outbreaks of haemonchosis.

Currently trials are in progress to determine the
efficacy of a recombinant vaccine based on a mem-
brane plycoprotein of intestinal microvilli of parasitic
stages of 11, contortus.

CAPRINE HAEMONCHOSIS

Goats arc highly susceplible to H. contorius, particu-
larly when they are precluded from browsing and de-
rive all their food intake from pasture.

BOVINE HAEMONCHOSIS

The disease caused by H. placei or H. similis, the latter
possessing a characteristic vulval flap (Fig. 15), is simi-
lar in most respects to haemonchosis in shecp and is
important in the tropics and subtropics during sea-
sonal rains when severe outbreaks may occur. How-
ever the discase has also been recorded al the end of a
long dry scason due to the maturation of hypobiotic
larvae.

Unlike haemonchosis in sheep, grazing cattle over
two years old are relatively immune although this may
be broken down by drought conditions which lead to
poor nutrition and heavy challenge from congregation
of animals around watering points. Treatment and
control arc simifar to that described for H. contortus in
sheep.

THE SELF-CURE PHENOMENON

In areas of cndemic haemonchosis it has often been
observed that after the advent of a period of heavy
rain the [aecal worm egg counts of sheep infected with
H. contortus drop sharply to near zero levels due to
the expulsion of the major part of the adult worm
burden. This cvent is commonly termed the self-cure
phenomenon, and has becn reproduced experimen-
tally by superimposing an infection of M. contortus
larvae on an existing adult infection in the abomasum.
The cxpulsion of the adult worm population is consid-
cred to be the consequence of an immediate-type
hypersensitivity reaction to antigens derived from the
developing larvae. Tt is thought that a similar mecha-
nism operates in the naturally occurring self-cure
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Fig. 15 Haemenchus similis showing the vulva situated at the tip of
the vulval flap.

when large numbers of larvae mature (o the infective
slage on pasture after rain.

Although this phenomenon has an immunological
mechanism it is not necessarily associated with protec-
tion against reinfection since the larval challenge often
develops to maturity.

Another explanation of the self-cure phenomenon
as it occurs in the field is based on the observation that
it may happen in lambs and adults contemporaneously
and on pasture with insignificant numbers of infective
larvae. This suggests that the phenomenon may also
be caused, in some nom-specific way, by the ingestion
of fresh growing grass.

Whatever the cause, sclf-cure is probably of mutual
benefit (o both host and parasite. The former gains a
temporary respite from persistent blood loss while the
ageing parasite population is eventually replaced by a
vigorous young generation.

stoctrruys digitatis

This hlood-sucking abomasal parasite, which to the
naked eye is indistinguishable from H. contortus, is
common in buffalo and cattle in certain arcas of Asia.
Microscopically it is most readily distinguished from
the latter by having long narrow spicules. The
prepatent period is also longer, being 60 to 80 days.
The pathogenesis is similar to that of A. contortus in
sheep and it is of similar economic importance.

trongyvins

Trichostrongylus is rarely a primary pathogen in tem-
perate areas, but is usually a component of parasitic
gastroenteritis in ruminants. By contrast, in the sub-
tropics it is one of the most important causes of para-
sitic gastroenteritis. Omnec specics, 1. axel, 15 also
responsible for gastritis in horses while 1. tenuis has
been implicated in outbreaks of severe enteritis in
game birds.

Hosts:
Ruminants, horses, pigs, rabbits and fowl.

Site:
Small intestine, except T. axei and T. tenuis.

Species:

Trichostrongylus axel  abomasum of ruminants and
stomach of horses and pigs

T. colubriformis ruminants

T. vitrinus }

T. capricola

T. retortaeformis rabbits

T. tenuis small intestine and caeca of
game hirds.

sheep and goats

There are a number of other specics of ruminants
with more local distribution and importance such as
T. rugatus, T. falculatus, T. probolurus and T.
longispicularis.

Distribution:
Worldwide.

IDENTIFICATION

Gross;
The adults are small and hair-like, usually less than
7.0mm long and difficult to see with the naked eye.

Microscopic:

The worms have no obvious buccal capsule. A most
useful generic character is the distinct excretory notch
in the oesophageal region (Fig. 16). The spicules are
thick and unbranched and in the case of T. axei arc
also unequal in length; in the female the tail is bluntly
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Fig. 16 Some characteristics of Trichosirongylus species. (a) Excretory noteh in aasophageal region (T); (b) Appearance of female tail; (c)
Unequal spicules of T. axei: (d) Leaf-like spicules of T. vitrinus; () 'Stepped’ tip of spicules of T. colubriformis.



Veterinary Helminthology 25
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Fig. 16 (continued)

tapered (Fig. 16) and there is no volval flap. In 7. axei
the eggs are arranged pole to pole longitudinally.

LIFE CYCLE

This is direct and the preparasitic phase is typically
trichostrongyloid, except that exsheathment of the L,
of intestinal species occurs in the abomasum. Under
optimal conditions, development from the egg to in-
fective stage occurs in 1-2 weeks.

The parasitic phasc is non-migratory and the
prepatent period in ruminants is 2-3 weeks. In the
horse, T. axei has a prepatent period of 25 days while
in game birds infected with 7. femuis it is only 10 days.

PATHOGENESIS

Following ingestion, the L, of the intestinal species
penetrate between the epithelial glands of the mucosa
with formation of tunnels beneath the epithelium, but
above the lamina propria (Plate IT). When the sub-
epithelial tunnels containing the developing worms
rupture to liberate the young worms about 10-12 days
after infection, there is considerable haemorrhage and
oedema and plasma proteins are lost into the lumen of
the gut. Grossly, there is an enteritis, particularly in
the duodenum; the villi become distorted and
flattened, reducing the area available for absorption of

nulrients and fluids. However many such areas appear
normal. Where parasites are congregated within a
small area, erosion of the mucosal surface is apparent
(Plate LI}. In heavy infections diarthoea occurs, and
this, together with the loss of plasma protein into the
lumen of the intesting, leads (0 weight loss. A reduced
deposition of protein, calcium and phosphorus has
also been recorded.

In the case of T. axef the changes induced in the
gastric mucosa are similar to those of Ostertagia with
an alteration in pH and an increased permeability of
the mucosa, One difference is that the worms pen-
clrate between the glands rather than into the glands
as in Ostertagia. Coalescence of the subsequent nodu-
lar lesions often results in plaques or ring-like lesions
(Plate TT).

CLINICAL SIGNS

The principal clinical signs in heavy infections arc
rapid weight loss and diarrhoea. At lower levels of
infection, inappetence and poor growth rates, some-
times accompanied by soft facces, are the common
signs. It is often difficult 1o distinguish the effects of
low infections from malnutrition.

EPIDEMIOLOGY

The embryonated eggs and infcclive Ly of Trich-
ostrongylus have a high capacity for survival under
adverse conditions whether these are extreme cold or
desiccalion, In temperate areas such as in Britain the
L, survive the winter well, sometimes in sufficient
numbers to precipitate clinical problems in the spring.
More commonly, larval numbers increase on pasture
in summer and autumn giving rise to clinical problems
during these scasons,

In the southern hemisphere larvae accumulate in
late winter and outbreaks are usually seen in spring. In
Australia, following a period of drought the advent of
rain has been shown (o rehydrate large numbers of
apparcntly desiccated L, (anhydrobiosis) which then
beecome aclive and rapidly available to grazing ani-
mals. Under similar circumstances in southern Brazil
in 1958, 20% of a total sheep population of 12 million
died from intestinal trichostrongylosis.

Until recently hypobiosis was not considered tobe a
feature of this genus. However, there is now ample
evidence in temperate areas that hypobiosis plays an
important part in the epidemiology, the seasonal oc-
currence being similar to that of Ostertagia spp. In
contrast to other trichostrongyles hypobiosis occurs at
the L, stage although their role in outbreaks of disease
has not becn established.

Immunity to Trichostrongylus as in Osterfagia is
slowly acquired and in sheep and probably goats il
wanes during the periparturient period.
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DIAGNOSIS

This is based on clinical signs, scasonal occurrence of
disease and, if possible, lesions al post-morlem exami-
nation. Faecal egg counts arc a useful aid Lo diagnosis,
although faecal cultures are necessary for generic
identification of larvac.

TREATMENT AND CONTROL

Depending on the host, this is as described for bovine
ostertagiosis, parasilic gastroenferitis in sheep and
strongylosis in the horse.

T. TENUIS INFECTION

In game birds, heavy infections produce an acute and
fatal haemorrhagic typhlitis. Lighter infections resnlt
in a chronic syndrome characterized by anaemia and
emaciation. On game farms, therapy with levamiscle
in the drinking water has proved uscful, but it is more
important that pens should be moved regularly 10 pre-
vent the accumulation of larvae. If possible the tuns
should not be placed in the same areas in successive
years.

Cooperiu

In temperale areas, members of the genus Cooperia
usually play a secondary vole in the pathogenesis of
parasitic gastroenteritis of ruminants although they
may be the most numerous trichostrongyle prescnt.
However, in some tropical and subiropical areas,
some species are responsible for severe enleritis in
calves.

Hosts:
Ruminants.

Site:
Smal! intestine.

Species:

Cooperig oncophora
C. punctata

C. pectinata

catlle

C. surnabada
{syn. C. mcmasteri)

C. curticet

cattle and sheep
sheep and goats.

Distribution:
Worldwide.

IDENTIFICATION

Gross:

In size Cooperia are similar to Ostertagia. The mosi
notable featurcs are the ‘watch spring-like’ posture of
C. curticei and the very large bursa in all species.

Microscopic:

The main generic features (Fig. 17) are the small ce-
phalic vesicle and the transverse cuticular striations in
the oesophageal region. The spicules usually have a
distinct wing-like expansion in the middle region and
often bear ridges; there is no gubernaculum. The fe-
males usually have a small vulval flap and a fong taper-
ing tail.

LIFE CYCLE

This is direct and typical of the supcrfamily. The
bionomic requirements of the free-living stages vary
according to species. Thus, for example, those of C.
oncophora and C. curticei which are primarily found
in temperate areas arc similar to those of Ostertagia;
(. punctata and C. pectinata which are more common
in warmer areas and have similar requirements to
Haemonchus. In the parasitic phase the iwo common
temperate zone species develop on the surface of the
intestinal mucosa whereas with the others some pen-
etration of the epithclium takes place. The prepatent
period varies from 15-18 days.

PATHOGENESIS

C. oncophora and C. curticei are generally considered
to be mild pathogens in calves and lambs respectively
although in some studies they have been associated
with inappetence and poor weight gains. A strong im-
munity to reinfection develops after onc year.

C. punctata, C, pectinata and probably C. surnabada
are more pathogenic since they penetrate the
epithelial surface of the small inlestine and cause a
disruption similar to that of intestinal trich-
ostrongylosis which leads to villous atrophy and a
reduction in the area available for absorption. In
heavy infections diarrhoea has been reported.

CLINICAL SIGNS

Thesc are loss of appetite, poor weight gains and with
C. punctata and C. pectinata, diarthoea, severe weight
loss and submandibular oedema.

EPIDEMIOLOGY

In temperate areas this is identical to that of
Ostertagia. Hypobiosis at the EL, is a regular feature
during late autumn and winter in the northern hemi-
sphere, and spring and summer in the southern
hemisphere.

In the subtropics the epidemiology is similar to that
of Haemonchus though Ceoperia does notl have the
same high biotic potential and the L, survive rather
better under arid conditions, Hypobiosis is a feature
during prolonged dry seasons.
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Fig. 17 Some characteristics of Cooperia species. (a) Cephalic vesicle and cuticular striations; (b} Elongated female tail; (¢} Spicules of C.
oncephora; (d) Spicules of C. punctata; {g) Spicules of C. pectinata; (f} Spicules of C. curticei.
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Fig. 17 {continued)

Veterinary Parasitology

A closcly related parasite Paracooperia nodulosa is
responsible for a severe nodular enteritis in buffaloes
in Asia, Africa and South Amecrica.

DIAGNOSIS, TREATMENT AND CONTROL

The principles arc similar to those applicd in bovine
ostertagiosis and PGE in sheep.

Hvostrongvlis

This parasite is respounsible for a chronic gastritis in
pigs, particularly gilts and sows.

Host:
Pig.

Site:
Stomach.

Species:
Hyostrongylus rubidus.

Distribution:
Worldwide.

IDENTIFICATION

Gross:
Slender reddish worms 5-8 mm in length.

Microscopic;

A small cephalic vesicle is present and the spicules
resemble Ostertagia, but have only two distal
branches.

LIFE CYCLE

Typical of the superfamily. The free-living and para-
sitic stages are similar to those of Ostertagia. The
prepatent period is three weeks.

PATHOGENES!S

Similar to ostertagiosis, with penetration of the gastric
glands by the L, and replacement of the parietal cells
by rapidly dividing undifterentiated cells which prolif-
erate to give rise to nodules on the mucosal sarface.
The pH becomes elevated in heavy infections. Some-
times there is ulceration and haemorrhage of the
nodular lesions, but more commonly light infections
occur and these are associated with decreased appcetite
and poor feed conversion rates.

CLINICAL SIGNS

These are inappetence, anaemia and loss of condition.
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EPIDEMIOLOGY

Because of the preparasitic larval requirements infee-
tion is confined Lo pigs with access to pasture or those
kept in straw yards. It is therefore more common in
breeding stock, particularly gilts. The epidemiology, at
least in temperate zones, is similar to that of Ostertagia
in rumninants with scasonal hypobiosis a feature.

DIAGNQOSIS

This is based on a history of access to permanent pig
pasturcs and the clinical signs. Confirmatory diagnosis
is by examination of faeces for eggs; for differentiation
from other nematodes, larval identification following
faecal culture may be necessary.

TREATMENT

When Hyostrongylus infection is diagnosed, particu-
larly in breeding stock, it is important to use a drug
such a8 a modern benzimidazole or an avermectin/
mitbemyein which will remove hypobiotic larvac.

CONTROL

The same principies apply as for the control of para-
sitic gastraenteritis in ruminants. For example, in tem-
perate areas there should be an annual rotation of
pasture with other livestock or crops. The timing of
the move to other pastures may be dependent on
other farming activilies, but if it can be delayed umntil
October or later and accompanied by an anthelmintic
treatment then eggs from any worms which survive the
treatment are unlikely to develop due to the unfavour-
able winter temperatures. A second treatment, again
using a modern benzimidazole or an avermectin/
mitbemycin, is recommended 3-4 weeks later to 1e-
move any residual infection,

Newatodiris

Nematodirus is of special importance as a parasite of
lambs in temperate regions.

Hosts:
Ruminants.

Site:
Small intestine,

Species:

Nematodirus battus  sheep, occasionally calves

N. filicollis sheep and goats

N. spathiger sheep and goats, occasionally

cattle

N. helvetianus cattle.

N. abrormalis and N. oirgtionus have also been re-
corded from sheep and goats in southern Europe,
Asia, America and Australia.

Distribution:

Worldwide, more commonly in (emperate zones, N.
hartus is most important in the British Isles, but also
occurs in Norway and the Netherlands.

IDENTIFICATION

Gross:

The adults are slender worms about 2.0 cm long. The
intertwining of the thin, twisted worms produces an
appearance similar to that of cotton wool.

Microscopic:

A small but distinct cephalic vesicle is present (Fig.
18). The spicules are long and slender with fused tips.
In all except N. battus the male has two sets of paraltel
rays in each of the main bursal lobes; the female has a
truncate tail with a small spine, and the egg is large,
ovoid and colourless (Fig. 18) and twice the size of the
typical trichostrongyle egg.

N. battus is characterized by having only one set of
parallel rays in each bursal lobe while the female
worm has a long pointed tail and the large egg is
brownish with parallel sides (Fig. 18).

LIFE CYCLE

The preparasitic phase is almost unique in the
trichostrongyloids in that development to the L, takes
place within the egg shell. This development is gener-
ally very slow and in temperate climates takes at least
two months. Once the L, is present there is often a lag
period before hatching occurs, the duration varying
according to the species.

Nemarodirus batries

In the case of M. barrus, the most importanl speeics in
Britain, hatching of most eges requires a prolonged
period of chill followed by a mean day/night tempera-
ture of more than 10°C, conditions which occur in
late spring. Hence most of the eggs from one season’s
grazing must remain unhatched on the ground during
the winter and only one generation is possible each
vear for the bulk of this species. However, some N,
battus eggs deposited in the spring are capable of
hatching in the autumn of the same year resulting
in significant numbers of L, on the pasture at this
lime,

The parasitic phase is non-migratory and the
prepatent period is 15 days,
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(d)

{b)

Fig. 18 Characteristics of most Nematodirus species (a—d). (a) Cephalic vesicle; {0} Lang slender spicules and ? sets of parallel rays in each
bursal lebe {T}; (¢} Tail of female showing spine; (d) Large ovoid egg (150-212um X 75-108 um). Exceptional features of N. battus {e—);
(e) One set of parallel rays in each bursal lobe (M); ) Long pointed female tail; {g) Large egg with parallel sides (164um X 70am).



{f)

Fig. 18 {continued)
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Other Nematoedirus species

The other species do not have the same critical hatch-
ing requirements as N. batius and so the L, appear on
the pasture within 2-3 months of the eggs being cx-
creted in the faeces. More than one annual gencration
is therefore possible.

PATHOGENESIS

Nematodirosis, due to N. battus infection, is an cxam-
ple of a parasitic disease where the principal patho-
genic effect is attributable to the larval stages.
Following ingestion of large numbers of L; there is
disruption of the intestinal mucosa, particularly in the
ileum, although the majority of developing stages arc
found on the mucosal surface. Devclopment through
L, to L; is complete by 10-12 days from inlection and
this coincides with severc damage to the villi and ere-
sion of the mucosa leading Lo villous atrophy (Fig. 19).
The ability of the intestine to exchange fuids and
nutrients is grossly reduced, and with the onsct of
diarrhoea the lamb rapidly becomes dehydrated. At
necropsy the carcass has a dehydrated appearance and
there is an cnteritis in the ileum.

Whilc the pathogenesis of infections with the other
Nematodirus spp. is probably similar there is some
controversy on the extent of their pathogenic effect.
For example, though N. helvetianus has been incrimi-
nated in outbreaks of bovine parasitic gastroenteritis,
experimental attempts to reproduce the disease have
becn unsuccessful.
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Fig. 18 Villous atrophy in small intestine due to Nematodirus battus
infection.

CLINICAL SIGNS

In severe infections, diarrhoea is the most prominent
clinical sign. As dehydration proceeds the affected
animals become thirsty and in infected flocks the cwes
continue to graze, apparently unaffccted by the larval
challenge, while their inappetent and diarrhoeic lambs
congregate round drinking places.

EPIDEMIOLOGY

This is best considered separately for N. baftus and
other Nematodirus spp.

The three most important features of the epidemiot-
ogy of N. battus infections are:

(1) The capacity of the free-living stages, particu-
larly the egg containing the Ly, to survive on
pasture, some for up to lwo years,

(2) The critical hatching requirements of most eggs
which ¢nsure the appearance of a large number
of L, on the pasture simultaneously, usually in
May and June. Though the flush of larvae on the
pasture may be an annual event, the appearance
of clinicul nematodirosis is not; thus if the flush of
L, is early the suckling lambs may not be con-
suming sufficient grass to acquire large numbers
of L, and if it is late the lambs may be old enough
to resist the larval challenge. There is some evi-
dence that there is an age resistance to N. bartus
which commences when lambs are about three
months old. However, lambs of 6-7 months
can have considerable N. battus burdens and
it is therefore doubtful if this age immunity is
absoclute.

(3) The negligible role played by the ewe in the an-
nual cycling of N. batius which can thus be con-
sidered as a lamb-to-lamb disease. Adult sheep
often have a few N. battus eggs in their faeces,
but these are insufficient to precipitate a larval
flush although enough to ensure the persistence

of infection on the pastures. The epidemiology is
illustrated in Fig. 20.

Since the other Nematodirus species do not have
such critical halching requirements, a sudden flush of
L, does not occur and although N. filicollis, N.
spathiger and N. helvetianus have all been associated
with outbreaks of nematodirosis in sheep and cattle, it
is more common to find them in conjunction with the
other trichostrongyles,

Though L, ol Nematodirus spp. apparently arrested
in their development have been recorded at necropsy,
there is no obvious seasonal pattern to their occur-
rence and it seems morc likely that they have accumu-
lated as a consequence of host resistance rather than
hypobiosis.

DIAGNOSIS

Because the clinical signs appear during the prepatent
period faccal cgg counts are of little value in diagnosis
which is best made on grazing history, clinical signs,
and if possible, a post-mortem examination.

TREATMENT

Several drugs arc highly ellective against Nermatodirus
inlections  especially levamisole, an avermectin/
milbemycin or one of the modern benzimidazoles,

== Larvae on pasture

== Lamb faecal egg output

May “Jaly

April )

March June

Fig. 20 Epidemiological features of Nematedirus battus infection
illustrating the sudden appearance of infective larvae in spring fol-
lowing mass hatching of overwintered eggs.
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[enbendazole, oxfendazole or aibendazole. The re-
sponse to treatment is usually rapid and if diarrhoea
persists coccidiosis should be considered as a compli-
cating factor.

CONTROL

With the exception of N. battus, which requires
special consideration, disease due to monospecific
Nematodirus infections is rarely seen. Instead,
they arc usually part of the worm burden of
trichostrongyloid species which arc responsible for
the syndrome of parasitic gastroenteritis in sheep and
as such may be controlled by the measures outlined
below.

Since N. battus infection of lambs has a unique epi-
demiology, its control is best considered separately.
Due to the annual hatching of N. batrus eggs in spring,
the disease can be controlled by avoiding the grazing
of successive lamb crops on the same pasture, Where
such alternative grazing is not available each year,
control can be achieved by anthelmintic prophylaxis,
the timing of treatments being based on the knowl-
cdge that the peak time for the appearance of N
battus L, is May to early June. Ideally, dosing should
be at three week intervals over May and June and it is
unwise to await the appearance of clinical signs of
diarrhoea before administering the drugs.

The Ministry of Agriculture in Britain has devel-
oped a forceasting system based primarily on soil tem-
perature in the early spring which can predict the
likely severity of nematodirosis, In years when the
forecast predicts severe disease, three treatments are
recommended during May and June; in other years
two treatments in May should suffice. Several drugs
are recommended, including levamisole, or any of the
modern benzimidazoles or ivermectin.

THE TREATMENT AND CONTROL
OF PARASITIC GASTROENTERITIS
(PGE) IN SHEEP

The recommendations outlined below are applicable
to temperate areas of the northern hemisphere, but
the principles can be adapted to local conditions
elsewhere.

TREATMENT

Because of the short period between birth and mar-
keting, the treatment of PGE in lambs is an inferior
policy compared with the preventive measures dis-
cussed below. However, when necessary, treatment
with any of the benzimidazoles, levamisole or an
avermectin/milbemycin will remove adult worms and
developing stages. Following treatment, lambs should

be moved to pasture not grazed by sheep that year,
otherwise they will immediately become reinfected,

The occasional outbreaks of Type 11 ostertagiosis in
young adult sheep in the spring may be treated with
the same anthelmintics. Unlike O. ostertagi in calves
the arrested stages ol the common sheep nematodes
are susceptible to thiabendazole and levamisole.

CONTROL

Although the control of PGE in sheep is hased on the
same principles as that described for . osrertagi in
cattle, its practice is somewhat different for the follow-
ing reasons:

(1) The PPR (periparturient rise in faecal egg
counts) is very marked in ewes and is the most
important causc of pasture contamination with
nematode eggs in the spring.

(2) PGE in sheep is generally associated with a vari-
ety of nematode genera with differing epidemio-
logical characteristics.

(3) Most sheep graze throughout their lives so that
pasturc contamination with nematode eggs and
the intake of infective larvac is almost continu-
ous and modified only by climatic restrictions.

In sclecting the best method of prophylaxis much
depends on whether the farm consists primarily of
permanent pasture or has pastures which are rotated
with crops so that new leys or hay and silage
aftermaths are available each vear.

FARMS CONSISTING OF MAINLY
PERMANENT PASTURE

On such farms control may be obtained either by
anthclmintic prophylaxis or by alternate grazing on an
annual basis with cattle and sheep. The former is the
only feasible method where the farm stock is primarily
shecep while the latter can be used where cattle and
sheep are both present in reasonable proportions.

Prophylaxis by anthelmintics

Adult sheep:

The most important source of infection for the lamb
crop is undoubtedly the increase in nematode eggs in
ewe [acces during the PPR and prophylaxis will only
be clficicnt if this is kept to a minimum. Effective
anthelmintic therapy of ewes during the fourth month
of pregnancy should eliminate most of the worm bur-
dens present at this time including arrested larval
stages and in the case of ewes on extensive grazing,
where nutritional status is frequently low, this treat-
ment often results in improved general body condi-
tion. Howcever, during late pregnancy and early
lactation, such treated ewes will soon become
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reinfected from the ingestion of overwintered larvae
on the pasture. It is therefore recommended that for
optimal prophylaxis, a further treatment be given at
4-f weeks post-lambing.

Young adults and rams should also be treated at
these times.

An alternative to the gathering of ewes for these
treatments is to provide anthelmintic incorporated in
a feed or energy block during the periparturient pe-
riod. The results obtained with the latter system ap-
pear to be best when the ewes are contained in small
paddocks or fields as the uptake of drug is less consist-
ent under extensive grazing systems.

Rumen boluses designed for the slow release of
anthelmintics over a prolonged period are now avail-
able for sheep und are recommended for use in ewes
during the peri-parturient period to e¢liminate worm
egg outpul.

Lambs:

Apart from specific treatment for N, bartus infection,
lambs should be treated at weaning, and if possible
moved to safe pastures, i.e, those not grazed by sheep
since the previous year. Where such grazing is not
available, prophylactic treatments should be repeated
until autumn or marketing. The number of treatmcents
will vary depending on the stocking rate, one treat-
ment in September sufficing for lambs under extensive
grazing and two between weaning and marketing for
those under more intensive conditions.

For prophylactic treatments levamisole, the henzi-
midazoles, pro-benzimidazoles and avermectins/
milbemycins may be used.

For low level administration in feed blocks thio-
phanate or fenbendazole have proved useful.

The prophylactic programmes outlined above are
relatively costly in terms of drugs and labour but are
currently the only methods available on farms where
the enterprise is heavily dependent on one animal
species,

Prophylaxis by alternate grazing of sheep
and cattle

On farms where sheep and cattle are both present in
significant numbers, good control is theoretically pos-
sible by alternating the grazing of fields on an annual
basis with each host, due to the relative insusceptibil-
ity of cattle to sheep nematodes and vice versa.

In practice, control is best achieved by exchanging,
in the spring, pastures grazed by sheep and beel caltle
over the previous year, prelerably combined with
anthelmintic treatment at the time of exchange.

FARMS WITH ALTERNATIVE GRAZING

In these mostly intensive [arms, rotation of crops and
grass is often a feature, and therefore new leys and hay

and silage aftermaths are available as safe pastures
each vear and can be reserved for susceptible stock. In
such a situation, control should be based on a combi-
nation of grazing management and anthelmintic
prophylaxis.

Prophylaxis by grazing management and
anthelmintics

Good control is possible with only one annual
anthelmintic treatment of ewes when they leave the
lambing field. This will terminate the PPR in faecal
egg counts prior to moving the ewes and lambs to a
safe pasturc. At weaning, the lambs should be moved
o another safe pasture and an anthelmintic treatment
of the lambs at this time is good policy.

A second system, not costly in labour or drugs, has
been devised for farms where arable crops, sheep and
cattle are major components and involves a three year
rotation of cattle, sheep and crops. With this system
the aftermath grazing available aller cropping may be
used for weaned calves and weaned lambs.

It has been suggested that anthelmintic prophylaxis
can be disposed of completely under this system but
clinical PGE has sometimes occurred when treatment
has been omitted. It is worth remembering that even
the highly elficient drugs currently available will not
remove all the worms present; that some cattle nema-
todes can infect sheep and vice versa; and that a few
infective larvae on the pasture can survive for beyond
two years. It is therefore advisable to give at least one
annual spring treatment to all stock prior to moving to
ncw pasturces.

Prophylaxis by grazing management

Many schemes were devised to control the acquisition
of L, based solely on grazing management. One rec-
ommendation was (o rotale sheep through paddocks,
but since it involved the return of the sheep to their
previously grazed paddocks in the same season, this
was of little value. Two other methods, which did not
involve a return to the original pasture, were strip
grazing, in which sheep were confined to a narrow
sirip across the ficld by fences which were moved
every few days, and creep grazing, in which a single
fence confined the ewes, but since it possessed a
‘creep’ or hole, allowed the lambs to graze forward.
The systems may have been highly effective in pre-
venting PGE, but were costly in fencing and labour
and are little used nowadays.

Dictvocaudus

This genus living in the bronchi of cattle, sheep, horses
and donkeys is the major cause of parasitic bronchitis
in these hosts.
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Hosts:
Ruminants, horses and donkeys.

Site:

Trachea and bronchi, particularly of the diaphrag-
matic lobes.

Species:

Dictyocuulus viviparus  cattle and deer

D. filaria sheep and goats

D. arnfieldi donkeys and horses.
Distribution:

Worldwide, but especially important in temperate
climates.

IDENTIFICATION

The adults are slender thread-like worms up to 8.0cm
in length, Their localion in the (rachea and bronchi
and their size are diagnostic.

Since D. viviparus is the most pathogenic of the
three species it is presented in detail. For the other two
species, only those features which are different to D
viviparus arc discusscd.

Dicivocaulus viviparus

Dictyocanlus viviparus is the cause of parasitic
bronchitis in cattle, also known as husk, hoose, ver-
minous pneumonia or dictyocaulosis. The disease is
characterized by bronchitis and pneumonia and typi-
cally affects young cattle during their first grazing sea-
son on permanent or semi-permanent pastures. The
disease is prevalent in temperate areds with high
rainfall.

LIFE CYCLE

The female worms are ovo-viviparous, producing eggs
containing fully developed larvae which hatch almost
immediately. The L, migrate up the (rachea, are swal-
lowed and pass oul in the faeces. The larvae are
unique in that they are present in fresh faeces, are
characteristically sluggish, and their intestinal cells are
filled with dark brown food granules (Fig. 21). In con-
sequence the preparasitic stages do not require to
feed. Under optimal conditions the L, stage is reached
within five days, but usually takes longer in the field.
The L, leave the faecal pat to reach the herbage either
by their own motility or through the agency of the
fungus Pilobolus.

After ingestion, the L, penetrate the intestinal
mucosa and pass 1o the mesenteric lymph nodes where
they moult. Thence the L, travel via the lymph and
blood to the lungs, and break out of the capillaries into
the alveoli about one week after infection. The final

Fig. 21

First stage larvae of Diclyocaulus viviparus.

moull occurs in the bronchioles a [ew days laler and
the young adults then move up the bronchi and ma-
ture. The prepatent period is around 3-4 weeks.

PATHOGENESIS
This may be divided into four phases:

(1) Peneiration phase: days 1-7

During this period the larvae are making their way
to the lungs and pulmonary lesions are nol yel
apparent.

(2) Prepatent phase: days 8-25

This phase starts with the appearance of larvae within
the alveoli where they cause alveolitis. This is followed
by bronchiolilis and finally bronchitis as the larvae
become immature adults and move up the bronchi.
Cellular infiltrates of neutrophils, eosinophils and
macrophages temporarily plug the lumina of the
bronchioles and cause collapse of other groups of al-
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Fig. 22 Scanning electron micrograph of mucus and cellular plug
(p) in small bronchiole following infection with Dictyocauius viviparus.

Fig. 23 Aspirated Dictyocauius viviparus L, surrounded by inflam-
matary cells.

veoli. This lesion (Fig. 22) is largely responsible for the
first clinical signs.

Towards the end of this phasc bronchitis develops,
characterized by mucus containing immature
lungworms in the airways, which may only be seen
with the aid of a low-power microscope, and by cellu-
lar infiltration of the epithelium.

Heavily infected animals, whose lungs contain scv-
eral thousand developing worms, may dic from day 15
onwards duc to respiratory [ailure [ollowing the devel-
opment of severe interstitial emphysema and pulmo-
nary oedema.

{3} Patent phase: days 26—60

This is associated with two main lesions.

First, a parasitic bronchitis characterized by the
presence of hundreds or even thousands of adult
worms in the frothy white mucus in the lumina of the
bronchi (Plate II). The bronchial cpithclium is
hyperplastic and heavily infiltrated by inflatnmatory
cells, particularly eosinophils.

Secondly, the presence of dark red collapsed areas
around infected bronchi. This is a parasitic pneumonia
(Plate 1) caused by the aspiration of eggs and L, into
the alveoli. These ‘foreign bodies’ quickly provoke
dense infiltrates of polymorphs, macrophages and
multinucleated giant cells around them (Fig. 23).

Depending on the extent of the infection there may
be varying degrees of interstitial emphysema and
oedema.

(4) Postpatent phase: days 61-90

In untreated calves, this is normally the recovery
phase after the adult lungworms have been expelled.
Although the clinical signs are abating the bronchi are
still inflamed and residual lesions such as bronchial
and peribronchial fibrosis may persist for several
weeks or months. Eventually the broncho-pulmonary
system becomes completely normal and coughing
ceases, However, in about 25% of animals which have
been heavily infected, there is a flare-up of clinical
signs during this phase which is frequently fatal. This is
caused by one of two entities.

Most commonly, there is a proliferative lesion so
that much of the lung is pink and rubbery and does not
collapsc when the chest is opened. This, often de-
scribed as ‘epitheliatization’, is due to the proliferation
of Type 2 pneumocytes on the alveoli giving the ap-
pearance of a gland-like organ (Fig. 24). Gaseous ex-
change at the alveolar surface is gravely hindered and
the lesion is often accompanied by interstitial cmphy-
scma and pulmonary cedema. The actiology is un-
known, but is thought to be due to the dissolution and
aspiration of dead or dying worm material into the
alveoli. The clinical syndrome is often termed
postpatent parasitic bronchitis.

The other cause, usually in animals convalescing
indoors, is a superimposcd bacterial infection of the

Fig. 24 ‘Alveolar epithelialization' which may occur during
posipatent parasitic bronchitis.
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imperfectly healed lungs leading to acute interstitial
pneumonia.

CLINICAL SIGNS

Within any affected group, differing degrees of clinical
severity are usually apparcnt; typically a few animals
are mildly alfected, most are moderately affected and
a few are severely alfected.

Mildly aifected animals cough intcrmittently, par-
ticularly when exercised.

Moderately affected animals have frequent houts of
coughing at rest, tachypnoea (>>60 respirations per
minute) and hyperpnoca. Frequently, squeaks and
crackles over the posterior lung lobes are heard on
auscultation.

Severely affected animals show severe tachypnoea
(>80 respirations per minute) and dyspnoea and fre-
quently adopt the classic ‘air-hunger” position of
mouth breathing with the head and neck outstretched.
There is usually a decp harsh cough, squeaks and
crackles over the posterior lung lobes, salivation, ano-
rexta and sometimes mild pyrexia. Often the smallest
calves are most severely affected.

Calves may show clinical signs during the prepatent
period and occasionally a massive infection can cause
severe dyspnoea of sudden onsct often followed by
death in 24-48 hours.

Most animals gradually recover although complete
return to normality may take weeks or months, How-
ever, a proportion of convalescing calves suddenly
develop severe tespiratory signs, unassociated with
pyrexia, which usually terminates fatally 1-4 days
latet. This syndrome of postpatent parasitic bronchitis
has heen described above.

EPIDEMIOLOGY

Generally only calves in their first grazing season are
¢linically affected, since on farms where the discasc
is endemic older animals have a strong acquired
immunity.

In endemic areas in the northern hemisphere infec-
lion may persist from year to year in two ways:

(1) Overwintered larvae: L, may survive on pasture
from autumn until late spring in sufficient num-
bers to initiate infection or occasionally to cause
disease. A similar effect may result when in-
fected shurry or manure is spread on pastures in
the spring.

{2) Carrier animals; small numbers of adult worms
can survive in the bronchi of inlected animals,
particularly yearlings, until the next grazing sea-
son. Until recently it was assumed that they all
persisted as adults, but it has now been shown
that the chilling of infective larvae before admin-

istration to calves will produce arrested L
hypobiosis at this stage has also been observed in
naturally infected calves in Switzerland, Austria
and Canada, although the extent (o which this
occurs naturally after ingestion of larvae in late
autumn and its significance in the transmission of
the infection has not yet been fully established.

The dispersal of larvae from the faccal pat during
the grazing season appears to be effected by a fungus
rather than hy simple migration. This fungus,
Pilobolus, is commonly found growing on the surface
of bovine faecal pats about onc week after these have
been deposited. The larvac of D. viviparus, crawling
on the surface of the pats, migrate in large numbers up
the stalks of the fungi on to, and even inside, the
sporangium or seed capsule (Plate I}, When the
sporangium is discharged it is projected a distance ol
up to 3m in still air to land on the surrounding herb-
age. It is possible that this very cffective method of
dissemination of larvae may be further enhanced
given a moderate wind. Perhaps also the rarc out-
breaks of parasitic bronchitis in howused calves arc as-
sociated with the dispersal of L, by Pilobolus growing
in the dung of adjacent infected cattle.

Parasitic brenchitis is predominantly a problem in
areas such as northern Europe which have a mild,
climate, a high rainfall and abundant permancnt grass.
Outbreaks of disease occur from June until Novem-
ber, but are most common from July until September.
It is not clecar why the disease is usually not apparent
until calves, turned out to graze in the spring, have
been at grass for 2-5 months. One explanation is that
the initial infection, acquired from the ingestion of
overwintered larvae in May, involves so few worms
that neither clinical signs nor immunity is produced;
however, sufficient numbers of larvae are seeded on to
the pasture so that by July the numbers of L, on pas-
ture are sufficient to produce clinical disease. Young
calves, added to such a grazing herd in July, may de-
velop clinical disease within 2-3 weeks.

An alternative explanation is that L; overwinter in
the soil rather than on the grass and only migrate on to
pasture at some point between June and October as a
result of some factor, as yet unknown, perhaps involy-
ing earthworms or coprophagic beetles. At prescnt
there is only circumstantial evidence to support this
theory.

Although dairy or dairy-cross calves are most com-
monly affected it should be recognized that autumn-
born single-suckled beef calves are just as susceptible
when turned out to grass in early summer. Spring-born
suckled beef calves grazed with their dams until
housed or sold do not usually develop clinical signs,
although coughing duc to a mild infection is common.
However, the Lypical disease may occur in weaned
calves grazed until late autumn.
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This epidemioclogical picture, typical of temperate
countries, may be modified in some areas by factors
such as climate or husbandry. Tn tropical countries,
where disease due to D. viviparus may oceur intermit-
tently, the epidemiology is presumably quite different
and probably depends more on pasture contamination
by carrier animals such as may occur during flooding
when cautle congregate on damp, high arcas, rather
than on the prolonged survival of infcctive larvae.

DIAGNOSIS

Usually the clinical signs, the time of the ycar and a
history of grazing on permanent or scmi-permanent
pastures are sufficient to enablc a diagnosis to be
made.

Larvae are found (50-1000/g} only in the faeces of
patent cases so that faccal sumples should be obtained
from a numbecr of aifected individuals. To avoid con-
tamination with soil nematodes, samples should be
obtained from the rectum.

TREATMENT

The anthelmintics available for the treatment of
bovinc parasitic bronchitis are the modern
benzimidazoles, levamisole or the avermectin/

milbemycins. These drugs have been shown to be ef-
fective against all stages of lungworms with a conse-
quent amelioration of clinical signs, Tn the past
diethylcarbamazine was widely used, but it has been
largely superseded by the drugs mentioned above.

For maximum efficiency all of these drugs should be
used as early as possible in the treatment of the disease
since clinical signs associated with pulmonary pathol-
ogy are not rapidly resolved by mere removal of adult
lungworms.

Where the disease is severe and well established in
4 number of calves, the stockowner should be warned
that anthelmintic treatment, while being the only
course available, may exacerbate the ¢linical signs in
one or more animals with a possible fatal termination.
The reasons underlying this are still under study, but
are probably similar to those which produce
postpatent parasitic bronchitis.

Whatever treatment is sclecled, it is advisable to
divide affected calves into two groups as the prognosis
will vary according to the severity of the disease.
Those calves which are only coughing and/or
tachypnocic are usually in the prepatent stage of the
discase or have a small adult worm burden and treat-
ment of these animals should result in rapid recovery.
Calves in this category may not have developed a
strong immunity and after treatment should nol be
returned to the field which was the source of infection;
if this is impossible, parenteral ivermectin may be used

since its residual effect prevents reinfection for a
further three weeks.

Any calves which are dyspnoeic, anorexic and pos-
sibly pyrexic should be kept indoors for treatment and
further obscrvation. The prognosis must be guarded
and the owner informed that a proportion of these
animals may not recover while others may remain
permanently stunted. As well as being treated with an
anthelmintic, severely alfected animals may require
antibiotics if pyrexic and may be in need of hydration
if they arc not drinking. In the case of valuable ani-
mals, treatment with oxygen may be merited.

CONTROL

The best method of preventing parasitic bronchitis is
to immunize all young calves with lungworm vaccine.
This live vaccine, consisting of larvae attenuated by
irradiation, is currently only available in Europe and is
given orally to calves aged eight weeks or more. Two
doses of vaccine arc given at an interval of four weeks
and, in order to allow a high level of immunity to
develop, vaccinated calves should be protected from
challenge until two weeks after their second dose.

- Although vaccination is effective in preventing
clinical disease, it docs not completely prevent the
establishment of small numbers of lungworms. Conse-
quently, pastures may remain contaminated, albeil al
a very low level, For this reason it is important that all
of the calves on any farm should be vaccinated
whether they go to pasture in the spring or later in the
year. Also once a vaccination programme has been
undertaken it must be continued annually for each calf
crop. Although the limited pasture larval contamina-
tion will serve to boost the immunity of vaccinated
calves it can lead to clinical diseasc in susceptible
animals. .

The vaccination programme [or dairy calves should,
if possible, be compleled before they go to grass in the
spring or early summer. However, these or suckled
calves can be vaccinated successfully al grass provided
the vaccine is given in spring or carly summer, that is,
prior to encountering a significant larval challenge.

Control of parasitic bronchilis in first year grazing
calves has been achieved by the use of prophylactic
anthclmintic regimens either by strategic carly season
(reatments or by the administration of rumen boluses,
as recommended in the control of bovine ostertagiosis
(p. 16}. The danger of these measures however is that
through rigorous control in the first grazing season,
exposure to lungworm larvae is so curtailed that cattle
remain susceptible (o husk during their second season;
in such situations it may be advisable to consider vac-
cination prior to their second year at grass.

It is also worth noting thal, because of the unpre-
dictable epidemiology, the technique commonly used
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in ostertagiosis of *dose and move’ in midsummer does
not prevent parasitic bronchitis.

PARASITIC BRONCHITIS IN ADULT
CATTLE

Parasitic bronchitis is only seen in adult cattle under
two circumstances. First as a herd phenomenon, or in
a particular age group within a herd, if they have failed
to acquire immunity through natural challenge in ear-
lier years. Such animals may develop the discase if
exposcd to heavy larval challenge as might occur on
pasture recently vacated by calves suffering from clini-
cal husk. Secondly, disease is occasionally seen in an
individual adult penned in a heavily contaminated calf
paddock because it requires daily attention for some
other reason.

The discasce is most commonly encountered in the
patent phase although the other forms have been rec-
ognized. In addition to coughing and tachypnoea, a
reduction in milk yield in cows is a common presenting
sign.

Treatment is similar to that discussed for calves but
in selecting a drug onc should consider the withdrawal
period of mitk for human consumption. If possible, an
annual programme of calf vaccination should be
started.

THE REINFECTION SYNDROME IN
PARASITIC BRONCHITIS

Normally the natural challenge of adult cattle, vear-
lings or calves which have acquired immunity to D.
viviparus, whether by natural exposure or by vaccina-
tion, is not associated with clinical signs.

Occasionally, however, clinical signs do occur to
produce the ‘reinfection syndrome’ which is usually
mild, but occasionally severe. It arises when an im-
mune animal is suddenly exposed to a massive larval
challenge, usually from a heavily contaminated field.
Significant numbers of larvae reach the lungs and mi-
grate to the bronchioles where they arc killed by the
animal’s immune response. The resulting proliferation
of lympho-reticular cells around each dead larva
causes bronchiolar obstruction and ultimately the for-
mation of a macroscopically visible greyish-green,
lymphoid nodule about 5.0mm in diameter (Fig. 25).
In addition, deose infiltration of the Jung by
eosinophils oceurs, and where these accumulate in the
small bronchi in large numbers, they may be seen as
greenish plugs at necropsy. .

Usually the syndrome is associated with frequent
coughing and slight tachypnoea over a period of a few
days; less frequently there is marked tachypnoea,
hyperpnoca and in dairy cows a reduction in milk
yicld. Deaths rarely occur,

Fig- 25 Small 'ymphoid nodules on lung surface, a seque! of
reinfection with Dictyocauius viviparus {T1).

In the absence of a good history it may be
impossible to differentiate this syndrome from the
early stages of a severe primary infection. The only
coursc of action in these instances is treatment with
onc of the anthelmintics described above and a change
ol pasture.

Dictvocatdus arnfieldi

This ubiquitous parasite of donkeys is rarely associ-
ated with signs of clinical disease. In horses, its preva-
lence is difficult to establish since infections rarely
become patent, although it is frequently incriminated
as a cause of chronic coughing.

LIFE CYCLE

The detailed life cycle is not fully known, but is consid-
ered to be similar to that of the bovine lungworm, D.
viviparus, except in the following respects.

The adult worms are most often found in the small
bronchi and their eggs, conlaining the first stage
larvae, hatch soon aflter being passed in the faeces
(Fig. 26).
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Fig. 26 The first stage larva of Dicfyocaulus arnfieldi resembles
that of D. viviparus, but possesses a small terminal lancet.

The prepatent period is between 2-4 months. Pat-
ent infections are common in donkeys of all ages, but
in horses generally only occur in foals and yearlings. In
older horses the adult lungworms rarely attain sexual
maturity.

PATHOGENESIS

The characteristic lesion is similar in both horses and
donkeys and is somewhat different from bovine para-
sific bronchitis.

In the caudal lung lobes particulatly, there are
raised circumscribed areas of over-inflated pulmonary
tissue 3.0-5.0cm in diameter (Fig. 27). On section, at
the centre of each lesion is a small bronchus contain-
ing lungworms and mucopurulent exudate. Micro-
scopically, the epithehum 1s hyperplastic with an
increase in the size and number of mucus-scereling
cells while the lamina propria is heavily infiltrated and
often surrounded by inflammatory cells, predomi-
nantly lymphocytes.

CLINICAL SIGNS

Despite the prevalence of patenl D. arnfieldi infection
in donkeys, overt clinical signs arc rarcly scen; how-

ever, on close examination slight hyperpnoea and
harsh lung sounds may be detected. This absence of
significant clinical abnormality may be partly a reflec-
tion of the fact that donkeys are rarely required to
perform sustained exercise.

Infection is much less prevaient in horses. However,
patent infections may develop in foals and thesc are
not usually associated with clinical signs. In older
horses infections rarely become patent but are often
associated with persistent coughing and an increased
respiratory rate.

EPIDEMIOLOGY

Donkeys acquire infection as [oals and ycarlings and
tend to rematn infected, presumably through re-cxpo-
sure, all their lives. Horses are thought to acquire
infection mainly from pastures contaminated by don-
keys during the summer months. Most commonly this
occurs when donkeys are grazed as companion ani-
mals with horses. Pilobolus {ungi may play a role in
the dissemination of D. arnfieldi larvae from [acces, as
in D. viviparus.

DIAGNOSIS

In donkeys, patent infections are common and L, arc
readily recovered from fresh faeces. In horses, al-
though a history of donkey contact and clinical signs
may be sugpestive of [). arnfieldi infection, it is often
not possible to confirm a diagnosis by demonstrating
larvae in the facces. When attempted, a modified
Baerman technique is employed using 50g of facees
from the rectum. Recently the detection of eosinophils

Fig. 27 Circumscribed lung lesions typical of Dictyocaulus arntfieldi
infection.
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in tracheal mucus has been described as an ancillary
aid to diagnosis.

In practice, a presumptive diagnosis of lungworm
infection in horses is often only possible in retrospect,
when resolution of the clinical signs occurs after
treatment.

TREATMENT

Successful treatment of both horses and donkeys has
been reported using various regimens of diethy-
lcarbamazine, levamisole, febendazole or
mebendazole. High efficacy has been reported in trials
with oral ivermectin at normal dose rates.

CONTROL

Ideally, horses and donkeys should not be grazed to-
gether, but if they are, it is advisable to treat the don-
keys, preferably in the spring, with a suitable
anthelmintic. A similar regimen should be practised in
donkey studs and visiting animals should be isolated in
separate paddocks.

Dictvocarlus filuria

This species, the most important lungworm of sheep
and goats, is commonly associated with a chronic syn-
drome of coughing and unthriftiness which usually
affects lambs and kids.

LIFE CYCLE

Similar to that of D. viviparus cxcept (hat the
prepatent period is five weeks.

PATHOGENESIS

Similar to that of D. viviparus infection. However,
since the number of lungworms in individual animals
is generally low, the widespread lesions associated
with thc bovine infection arc not common. Never-
theless, in scvere cases, pulmenary oedema and
emphysema may occur and the lung surface may
be studded with purulent areas of secondary
infection.

CLINICAL SIGNS

The most common signs are coughing and
unthriftiness which, in endemic arcas, is usually con-
fined to young animals. In more severe cases dyspnoea
and a tenacious nasal discharge are also present.
These signs may be accompanied by diarrhoea or
anaemia due to concurrent  gastrointestinal
trichostrongylosis or fasciolosis.

EPIDEMIOLOGY

Although this parasite is prevalent throughout the
world, it is only responsible for sporadic outbreaks of
disease in temperate countries such as Britain and
North America. However, it occurs more frequently
as a clinical problem in some warmer areas such as
Mediterranean countries, the Middle East and India.

In temperate areas the epidemiology is somewhat
similar to that of D. viviparus in that both the survival
of overwintered larvae on pasturc and the role of the
Cwe ds a carrier are significant faclors in the persis-
tence of infection on pasture from year to year in
endemic areas. In ewes it seems likely that the para-
sites are present largely as hypobiotic larvae in the
lungs during each winter and mature in the spring.

Development to the L, only occurs during the pe-
riod from spring to autumn. In lambs, patent infec-
tions first occur in early summer, but the heaviest
infections are usually seen in autumn. In ewes the
prevalence of infection is lower and their larval cutput
smaller. As with the other trichostrongyloids it scems
likely that only two cycles of the parasite occur during
cach grazing scason.

In warmer climates, where conditions are often
unsuitable for larval survival, the carrier animal is
probably a more important source of pasture contami-
nation and outbreaks of disease in lambs and kids are
most likely to oceur after a period of prolonged rain
around the time of weaning. Gouls appear (0 be more
susceptible to infection than sheep and are thought to
play a prominent role in the dissemination of infection
where both are grazed together.

DIAGNOSIS

This is based on history and clinical signs, but should
be confirmed by faecal examinations from a large sam-
ple of the flock. The L, resembles that of D. viviparus,
but has a characteristic cuticular knob at the anterior
extremity (Fig. 28). It is differentiated from other
ovine lungworms by its larger size and straight tail.

TREATMENT AND CONTROL

Where sporadic outbreaks occur, the affected animals,
or preferably the whole flock, should be gathered,
treated with a suitable anthelmintic and then, if pos-
sible, moved to fresh pasture. It is probable that the
prophylactic regimens of control currently recom-
mended for the control of gastreintestinal nematodes
in sheep will, in normal years, be effective to a large
extent in suppressing D. filaria infection.

Where it is necessary to apply specific control meas-
ures, it is suggested that the flock should be annually
treated with a suitable unthelmintic in late pregnancy.
The ewes and lambs should then be grazed on pasture
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Fig. 28 Head of infective larva of Dictyocaulus filaria showing
cuticular knaob on retained first larvai sheath.

which, in temperate areas at least, should not have
been used by sheep during the previous year.

Three trichostrongyloid genera of minor importance
arc Amidostomum, Qllulanus and Ornithostrongyfus.

Antidlostonimn aiseris

This parasite found in the upper alimentary tract, par-
ticularly the gizzard, may cause heavy mortality in
goslings, ducklings and other voung aquatic fowls,

The adult worms, bright red in celour and up to
2.5cm in length, are easily recognized at necropsy
where they predominate in the horny lining of the
gizzard. Microscopically they are characterized by a
shallow buccal capsule with three teeth. Eggs passed
in the faeces are already embryonated and, like
Nematodirus, develop to the L, in the ege.

Treatment with one of the benzimidazoles or
levamisole is effective and the condition may be pre-
vented by ensuring that birds do not run on the same
ground cuch year.

Mlulanus tricuspis

This very small trichostrongyle {0.7-1.0mm long) oc-
curs in the stomach of cats, pigs, wild felids, foxes and

ocecasionally domestic dogs. [t is identified microscopi-
cally by the spiral coil of the head and the {act that the
viviparous female has a tail with three or four short
points.

The whole life cycle may be completed endo-
genously and transmisston, at lcast in the cat, is
thought 1o be via ingestion of vomit ¢contlaining the L,
The worms live under a layer of mucus in the stomach
wall.

Little is known of its pathogenicity although a
chronic gastritis has been reported in the pig. Treat-
ment with benzimidazoles is effective.

Ornithostrongvius quadriradiaius

This trichostrongyle, found in the small intestine and
crop of pigeons, causes an enteritis and anaemia
which, in heavy infections, may result in severe mor-
lality in domestic pigeons.

The adult worms which measure up to 2.5cm are
bloodsuckers, have a reddish colour and can be seen
by the naked eye.

Supertfamily STRONGYLOIDEA

There are several important parasites of domestic
mammals and birds in this superfamily of bursate
nematodes.

Most are characterized by a large buccal capsule
which often contains teeth or cutting plates and in
some there are prominent leaf crowns surrounding the
mouth opening. The adults occur on mucosal surfaces
of the gastrointestinal and respiratory tracts and feed-
ing is generally by the ingestion of plugs of mucosa.

With the exception of three genera, Syngamus and
Mammomonogamus, which are parasitic in the tra-
chea and major bronchi, and Stephanurus found in the
perirenal area, all other genera of veterinary impor-
tance in this superfamily are found in the intestine and
can be conveniently divided into two groups, the
strongyles and hookworms.

The strongyles are parasitic in the large intestine
and the imporlant gencra arc  Strongylus,
Trivdontophorus, Trichonema  (cyathostomes),
Chabertia and Oesophagostiomum.

Hookworms are parasites of the small intestine and
the three genera of veterinary importance are
Ancylostoma, Uncinaria and Bunostomum.

STRONGYLES OF HORSES

Strongyviis

Members of this genus live in the large intestine of
horses and donkeys and, with Triedontophorus, are
commonly known as the large strongyles.
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Hosts:
Horses and donkeys.

Site:
Caecum and colon.

Species:
Strongylus vulgaris
S. edentatus

S. equinus.

Distribution;
Worldwide.

IDENTIFICATION

Gross:

Robust dark-red worms which are easily seen against
the intestinal mucosa. The well developed buccal cap-
sule of the adult parasite is prominent as is the bursa of
the male.

Microscopic:

Species differentiation is based on size and the pres-
ence and shape of the teeth in the base of the buccal
capsule (Fig. 29).

(@

Fig. 20 Buccal capsules of Strongyius species. (a) S. vuigaris, (b} S. edentatus; (c} S. equinus.
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S. vulgaris L5-25cm  Two ear-shapéd rounded
teeth. )

S. edentatus  2.5-4.5¢cm No teeth.

8. equinus 2.5-5.0cm  Three conical teeth.
One 1s situated dorsaily
and is larger than the
others and bifid.

LIFE CYCLE

The adult parasites live in the caecum and colon. Egps
which resemble those of the trichostrongyles (Fig. 30)
are passed in the [acces and development from egg to
the L, under summer conditions in temperate climates
requires approximately two weeks. Infection is by in-
gestion of the L,. Subsequently, parasitic larval devel-
opment of the three species differs and will be dealt
with separately.

S. vulgaris

The L, penetrate the intestinal mucosa and moult to L,
in the submucosa. These then enter small arteries and
migratc on the endothelium to their predilection site
in the eranial mesenteric artery and its main branches.
After a period of development of several months the
larvae moult to L, and return to the intestinal wall via
the arterial lumina. Nodules are formed around the
larvac mainly in the wall of the caccum and colon
when, due to their size, they can travcl no further
within the arteries and subsequent rupture of these
nodules releases the young adult parasites into the
lumen of the intestine,
The prepatent period is 6—7 months.

1

S. edentatus

After penetration of the intestinal mucosa L, travel
via the portal system, and reach the liver parenchyma

Fig. 30 Strongyle eggs in horse faeces.

Fig. 31 Strongylus edentatus larvas, 2-3cm, from the parietal
paritoneumn of the flank.

within a few days. About two wecks later the montlt to
L, takes place, further migration then occurs in the
liver and, by 6-8 weeks post-infection, larvae can be
found subpcritoneally around the hepatorcenal liga-
ment. The larvac then travel under the peritoncum to
many sites with a predilection for the flanks and
hepatic ligaments (Fig. 31). The final moult occurs
after four months and each L, then migrates, still
subperitoneally, to the wall of the large intestine
where a large purulent nodule is formed, which subse-
quently ruptures with release pf the young adult para-
site into the lumen,
The prepatent period is 10-12 months.

S. equinus

Of the three Strongylus species, least is known of the
larval migration of S. equinus. Tt appears that the L,
lose their sheaths while penetrating the wall of the
caccum and ventral colon and within one weelp pro-
voke the formation of nodules in the musedlar and
subserosal layers of the intestine. The moult to L,
occurs within these nodules and the larvae then travel
across the periloneal cavity to the liver where they
migrate within the parenchyma for six weeks or more,
After this time L, and L; have been found in and
around the pamncreas before their appcarance in the
large intestinal lumen.
The prepatent peried is 8-9 months.

PATHOGENESIS
Larvae

Despite the invasive behaviour of the parasitic larval
stages, little specific pathogenic effect can be attrib-
uted to them; the exception is S. vulgaris, many horses
in Britain having lesions in the arterial system of the
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intestine caused by this species. Lesions are most com-
mon in the cranial mesenteric artery and its main
branches, and consist of thrombus formation pro-
voked by larval damage to the endothelium together
with a2 marked inflammation and thickening of the
arterial wall (Plate TIT). True aneurysms with dilata-
tion and thinning of the arterial wall, although uncom-
mon, may be found cspecially in animals which have
experienced repealed infection.

Much of the information concerning §. vulgaris has
been derived from experimental infection of foals. A
few weeks after infection with several hundred L, a
clinical syndrome of fever, inappetence and dullness
occurs, sometimes accompanied by colic. At necropsy,
these signs are associated with arteritis and thrombo-
sis of intestinal blood wvessels with subsequent
infarction and necrosis of areas of bowcl. However, a
syndrome of this severity is not commonly reported in
foals under natural conditions, probably because lar-
val intake is conlinuous during grazing; it has been
shown experimentally that foals may tolerate large
numbers of larvae administered in small doses over a
long period.

In §. edentatus infection there are gross changes in
the liver associated with early larval migration, but
these rarely result in clinical signs. Similarly, the
haemorrhages and fluid-filled nodules which accom-
pany later larval development in subp(,rltom,al tissues
rarely result in clinical signs.

There has heen little work on the pathogenesis of
migrating larvae of S. equinus.

Adults

The pathogenesis of infection with adult Strongylus
spp. is associated with damage to the large intestinal
mucosa due to the feeding habits of the worms (Platc
111} and, to some extent, to the disruption caused by
emergence of young adults into the intestine following
completion of their parasitic larval development.

These worms have large buccal capsules and feced by
ingestion of plugs of mucosa as they move over (he
surface of the intestine. Although the worms appear (o
feed entircly on mucosal materiat the incidental dam-
age to blood vessels can cause considerable haemor-
rhage. Ulcers which result from these bites eventually
heal, teaving small circular scars. The cffects of infec-
tion with the adult worms have not been quantified,
but the gross damage and subsequent loss of blood
and tissue fluids is certainly partly responsible for the
unthriftiness and anacmia associated with intestinal
helminthosis in the horse.

Since members of this genus form only one compo-
nent of the total parasitic burdens of the large intes-
tine, the other aspects of infection will be dealt with
after a description of the life cycles and pathogenesis
of the other genera.

Trindontophorus

Members of this common genus of non-migratory
large strongyles frequently occur in large numbers in
the colon and contribute to the deleterious effects of
mixed strongyle infection.

Hosts:
Horses and donkeys.

Site:
Colon and caecum.

Species:
Triodontophorus serratuys
T tenuicollis

T. brevicauda

T. minor.

Distribution:
Worldwide.

IDENTIFICATION

Gross:

Robust, reddish worms 1.0-2.5 cm in length readily
visible on the colonic mucosa. In one species, T.
tenuicollis, groups of adult worms arc characteristi-
cally found feeding in groups.

Microscopic:

Species differentiation is based on buccal capsule
characteristics, cspecially the number and shape of the
teeth present in all specics.

LIFE CYCLE

Little information is available on the developmental
cycle of this genus, but it is thought to be similar to
that of the genus Trichonema.

PATHOGENESIS

Like the other horse strongyles, the pathogenic effcet
of these worms is damage to the large inlestinal
mucosa from the feeding habits of the adult parasites:
in particular, T. tenuicollis, whose adults feed in
groups and cause the formation of large deep ulcers
which may be several centimetres across (Plate I1T).

Trichonema/Cyvathostomes

This genus embraces over 40 specics, popularly known
as trichonemes, cyathostomes or small strongyles.
These parasites are found in the large intestine of
herses and their effects on the host range from poor
performance to clinical signs of severe enteritis.

Hosts:
Horses and donkeys.
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Site: .
Caecum and colon.

Species:

For many years there has been a great deal of con-
fusion in the classification of this group ol parasites
and in a rccent revision it has been proposed that
the genus Trichonema be discarded and replaced by
four genera, namcly Cyathostomum, Cylicocyclus,
Cylicodontophorus and Cylicostephanus, these being
collectively referred to as cyathostomes. Since the ma-
jority of species involved are similar both morphologi-
cally and in behaviour they will be referred to in this
text as trichonemes, cyathostomes or small strongyles.
Fifteen species of these are comnmonly present in large
numbers.

Distribution;
Worldwide.

IDENTIFICATION

Gross:

Small to medium sized {(<{1.5 cm in length) bursate
nematodes ranging in colour from white to dark red,
the majority being visible on close inspection of the
large intestinal mucosa or contents,

Microscopic:

The well developed buccal capsule is cylindrical and
species differentiation is based on characteristics of
the buccal capsule, and the internal and external leaf
crowns.

LIFE CYCLE

Hatching of eggs and development to L; is complete
within two weeks during the summer in temperate
areas, after which the larvae migrate [rom the faeces
on to the surrounding herbage. After ingestion, the L,
exsheath and invade the wall of the large intestine
where they develop to L, (Plate III) before emerging
into the gut tumen and moulling to become young
adult worms.

The prepatent periods of members of this genus
are generally between two and three months although
this may be extended, due to hypobiosis in some
species.

PATHOGENESIS

Parasitic larval decvelopment of most species takes
place entirely in the mucosa of the caecum and colon,
but a few penetrate the muscularis and develop in the
submucosa. The entry of larval cyathostomes into the
lumina of the tubular glands generally provokes an
inflammatory response together with marked goblet
cell hypertrophy. Emergence of the bright red L, into

the gut lumen appears to be associated with 4 massive
infiltration of the gut mucosa with ecsinophils. Many
thousand L, may be present, but their pathogenic sig-
nificance has been little studied. There are, however,
reports of heavy natural infections of adult worms and
larvac associated with catarrhal and hacmorrhagic
enteritis, with thickening and oedema of the mucosa,
especially in animals of six months to (hree years of
age.

Mature parasiles arc frequently present in large
numbers in the lumen of the large intestine and during
feeding those species with small buccal capsules take
in only glandular epithelium while large specics may
damage deeper layers of the mucosa. Although the
erosions caused by individual parasites may be slight,
when large numbers are present a desquamative en-
teritis may result.

THE CLINICAL SIGNS, EPIDEMIOLOGY,
DIAGNOSIS, TREATMENT AND CONTROL
OF EQUINE STRONGYLOSIS

CLINICAL SIGNS

Grazing horses usually carry a mixed burden of large
and small strongyles and the major clinical signs asso-
ciated with heavy infections in animals up to 2-3 years
of age are unthriftiness, anaemia and sometimes diar-
rhoea. Marked clinical signs are less common in older
animals, although general performance may bc im-
paired.

In temperate countries an acute syndrome of severe
diarrboea and death in horses and ponies in the spring
has been reported which is associated with the simul-
taneous mass emergence of cyathostome L, from the
intestinal mucosa and submucosa. This may have
aetiological and epidemiclogical similarities to Type 1T
ostertagiosis in young cattle and is often referred to as
larval cyathostomaosis.

The significance of migrating larvae of S. vulgaris in
natural cascs of colic is difficult to assess, but it is
generally recognized that where strongyle infections
of horses are efficicntly controlled the incidence of
colic is markedly decreascd.

EPIDEMIOLOGY

Strongylosis is most frequently a problem in young
horses reared on permanent horse pastures, although
cases of severe disease may occur in adult animals
kept in suburban paddocks and subjected to over-
crowding and poor managemenl.

Although the preparasitic larval requirements of
the horse strongyles are similar to those of the
trichostrongyles of ruminants, adult horses, unlike cat-
tle, may carry substantial worm burdens and therefore
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have a considerable influence on the epidemiology of
infection. Thus there are two sources of infection dur-
ing the grazing season in temperate areas. First there
are infective larvae which developed during the previ-
ous grazing season and have survived on pasture over
winter. The sccond and probably more important
source of infeclive larvae are the eggs passed in the
current grazing season by horses, including nursing
marcs, sharing the same grazing area. Pasture larval
levels increase markedly during the summer months
when conditions are optimal for rapid development of
egps to L, (Fig. 32).

At present there is little evidence for a peri-
parturicnt rise in faecal egg output in breeding mares
due 1o a relaxation of immunity since the egg rise in
the spring occurs in both breeding and non-breeding
animals and is often unrelated to parturition,

There is increasing evidence that many cyathostome
L, ingested during the autumn show a degree of
hypobiosis and remain in the large intestinal mucosa
uniil the following spring. Mass emergence of these
larvae results in the severe clinical signs described
previously.

DIAGNOSIS

This is based on the grazing history and clinical signs
of loss of condition and anaemia. Although the finding
of typical, oval, thin-shelled strongyle cggs on faecal
examination may be a uscful aid lo diagnosis, it is
important to remember that substantial worm burdens
may be associated with faecal egg counts of only a few
hundred epg, due either to low fecundity of adult
wOrms or to the presence of many immaturc parasiles.
On some occasions when heavy cyathostome infec-
tions in the spring cause severe diarrhoea, thousands

= Mare faecal egg culput
~= Fpal faecal egg output
" Larvae on pasture

Spring Summer Auturnn Winter

Fig. 32 The pattern of strongyle infecticn in mares and foals at
pasture in temperate areas.

of bright red cyathostome L,, apparcutly unable to
establish, may be present in the faeces.

TREATMENT

Treatment for clinical strongylosis should not be
necessary if prophylaclic measures are adequate.

There are a number of broad spectrum anthe-
Imintics including the benzimidazoles, pyrantel and
the avermectins/milbemycins, which are effective in
removing lumen-dwelling adult and larval strongyles
and these are usually markcted as in-feed or oral
preparations. The avermectins/milbemycins have the
additional advaniage of activity against larvae of horse
bot [lies (Gasterophilus spp.) which develop in the
stomach.

Some modern benzimidazoles and the avermectins/
milbemycins are also efficient against both developing
cyathostome larvae in the gut wall and some migrating
stages of the large strongyles.

CONTROL

Since horses of any age can become infected and ex-
crcte cggs, all grazing animals over two months of age
should be treated every 4-8 weeks with an effective
broad spectrum anthelmintic. This regimen will also
control infections with other intestinal parasites such
as Parascaris equorum and Oxyuris equi.

Any new animals joining a trecated group should
rcecive an anthelmintic and be isolated for 48-72
hours before being introduced.

If possible, a paddock rotation system should be
adopted so that nursing mares and their foals do not
graze the same area in successive ycars.

If horses are housed in the winter, treatment at that
time with an anthelmintic effective against larval
cyathostomes will reduce the risk of disease due to
their mass emergence in the spring.

There is evidence that some specics of
cyathostomes may become resistant to benzimidazole
compounds and to avoid this it is suggested that these
should be alternated with chemically unrelated
anthelmintics on an annual or a six-monthly basis.
Faecal samples from groups of horses should be exam-
ined at regular intervals to monitor drug cfficiency.

STRONGYLES OF OTHER ANIMALS

Clubertia

Chabertig ovina is present, usually in low numbers, in
the majority of sheep and goats. It contributes to the
syndrome of parasitic gastroenteritis and only occa-
sionally occurs in sufficient numbers to cause clinical
disease on its own.
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Hosts:

Sheep, goats and occasionally cattle.
Site:

Colon.

Species:

Chabertia ovina.

Distribution:

Waorldwide.

IDENTIFICATION

Gross:

The adulls are 1.5-2.0 em in length and are the largest
nematodes found in the coleon of ruminants. They are
white with a markedly truncated and enlarged ante-
rior end due to the presence of the very large buccal
capsule.

Microscopic:

The huge buccal capsule, which is bell shaped, has a
double row of small papillac around the rim. There are
no teeth (Fig. 33).

LIFE CYCLE

This is direct and the preparasitic phase is similar o
that of the trichostrongyles of ruminants.

In the parasitic phase the L, cnter the mucosa of the
small intestine and occasionally that of the caccum

Fig. 33 Large bell-shaped head of Chabertia ovina.

Fig. 34 Oedema and thickening of colon assaciated with Chabertia
ovina infection.

and colon; after a week they moult, the L, emerge on
to the mucosal surface and migrate to congregate in
the caecum where development to the L; is completed
about 25 days after infection. The young adults then
travel to the colon. The prepatent period is 42 days.

PATHOGENESIS

The major pathogenic effect is caused by the L; and by
mature adults which feed by ingesting large plugs of
mucosa resulting in local hacmorrhage and loss of
protein through the damaged mucosa.

A burden of 250-300 worms is considercd patho-
genic and in severe outbreaks the effects become evi-
dent during the late prepatent period. The wall of the
colon becomes pedematous, congested and thickened
with small hagmorrhages at the sites of worm attach-
ment (Fig. 34).

CLINICAL SIGNS

[n severe infections, diarrhoea, which may contain
blood and in which worms may be found, is the most
common clinical sign, The sheep become anaemic and
hypoalbuminaemic and can suifer severe weight loss.

EPIDEMIOLOGY

In temperate areas, L, are capable of surviving the
winter. The parasite may also overwinter in the host as
hypobiotic L, in the wall of the inlestinc cmerging in
the late winter and early spring.

Although outbreaks of chabertiosis have been re-
corded in goals and shcep in Europe, the disease is
more important in the winter rainfall areas of Aus-
tralasia and South Africa.

DIAGNOSIS

Since much of the pathogenic effect occurs within the
prepatent period, the faccal egg count may be very
low. However, during the diarrhocic phase, the worms
may be expelled and they are easily recognized. At
necropsy, diagnosis is generally based on the lesions
since the worm burden may be negligible following the
expulsion of worms in the faeces.
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TREATMENT AND CONTROL

Since the epidemiclogy of C. ovina is the same as that
of the trichostrongyles the control and treatment arc
similar.

Oesophagosiominm

Oesophagostomum species are responsible for an en-
teritis in ruminants and pigs. The more pathogenic
species in ruminants occur in the subtropics and (rop-
ics and are associated with nodule formation in the
intestine.

Hosts:
Ruminants, pigs.

Site:
Caecum and colon.

Species:

Oesophagostomum columbianum
Oe. venulosum

Oe. radiatum

sheep and goat
sheep and goat
caitle and buffalo

Oe. dentatum pig
Qe. quadrispinulatum pig.
Other species found in the pig are Qe

longicaudanam, Oe. granatensis and Oe. brevicaudum
and in sheep and goats Oe. asperum.

Distribution:
Worldwide; more important in tropical and subtropi-
cal areas.

IDENTIFICATION

Gross:
Stout white worm 1.0-2.0 cm long. Readily differenti-
ated by its tapered head [rom Chabertia.

Microscope:

The buccal capsule is small. Tn many species it is sur-
rounded by leal crowns. The external crown, if
present, is compressed and so there is only a narrow
opening into the buccal capsule. Around the anterior
vesophagus there is an inflated cuticular cephalic vesi-
cle (Fig. 35). This terminates in a cervical groove
which is followed in some species by broad cervical
alae. The position of cervical papillae and the leal
crown arrangements are uscd to identify species.

LIFE CYCLE

The preparasitic phase is (ypically strongyloid and in-
fection is by ingestion of L, although there is limited
evidence that skin penetration is possible, at least in
pigs. The L, enter the mucosa of any part of the small
or large inlestine and in some species {(Oe
columbianum, Qe. radiatum, Oe. quadrispinulatunt)
become enclosed in obvious nodules in which the
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Fig. 35 Head of Oesephagostomum venulosum showing cephalic
vesicle (T} characteristic of the genus.

moult to L, takes place (Plate IIT}. These L, then
emerge on to the mucosal surface, migrate to the co-
lon, and develop to the adult stage. The prepatent
period is about 45 days.

On reinfection with most species the larvac may
remain arrested as L, in nodules for up to one year;
however with Qe verulosum nodules are absent while
in Oe. dentatum they are barely visible.

PATHOGENESIS

All species are capable of causing a severe cnteritis
including Qe. venulosum, which does not provoke
nodule formation.

In the intestine Oe. cofumbianum L, migrate deep
into the mucosa, provoking an inflammatory response
with the formation of nodules which arc visible to the
naked cye. On reinfection, this response is more



50 Veterinary Parasitology

marked, the nodules reaching 2.0¢m in diameter and
containing greenish eosinophilic pus and an L,. When
the L, emerge there may be ulceration of the mucosa.
Diarrhoea occurs coincident with emergence about a
week after primary infection and from scveral months
to a year aller reinfection. In heavy infections, there
may be ulcerative colitis and the disease runs a chronic
debilitating course with effects on the production of
wool and mutton. The nodules in the gut wall also
render the intestines useless for processing as sausage
skins and surgical suturc matcrial.

In Qe. radicium infections in cattle, the pathogenic
effect is also attributed to the nodules (up to 5.0mm
in diameter) in the intestine and it appears that as
few as 500 larvae are sufficient to produce clinical
signs. Necropsy reveals a severely inflamcd mucosa
studded with yellowish-green purulent nodules. In
the later stages of the disease, anaemia and
hypoalbuminaemia develop due to the combined ef-
fects of protein loss and leakage of blood through the
damaged mucosa.

Qesophagostomum infections in the pig arc less of-
ten associated with clinical discasc, but arc responsible
for poor productivity,

CLINICAL SIGNS

In acute infections of ruminants, scvere dark green
diarrhoea is the main clinical sign and there is usually
a rapid loss of weight and sometimes submandibular
oedema. In chronic infections, which occur primarily
in sheep, inappetence and emaciation with intermit-
tent diarrhoea and anaemia are the main signs of
oesophagostomosis.

Pregnant sows show inappetence, become very thin,
and following farrowing, milk production is reduced
with effects on litter performance.

EPIDEMIOLOGY

In temperate areas, there is evidence that Oe.
venufosum undergoes hypobiosis at the L, stage in
sheep during autumn and winter, and that this is the
principal manner in which this species survives until
the next spring. It is not yet known if hypobiosis occurs
in Qe. radigtum. Both specics are also capable of
overwintering on pasture as L.

In the pig species, Qe dentatum and Qe
quadrispinidatum, survival of both free-living L, on
the pasture and hypobiotic L, in the host occur during
autumn and winter; the hypobiotic larvae completé
their development in the spring often coincident with
farrowing. There is also some evidence that larvae
develop in faeces on the skin of pigs and it seems likely
that, in housed animals, transmission is by contact
between sows and their litters, infection occurring
either orally or percutancously. Pen to pen transmis-

sion may also occur via dipteran flies which can carry
L, on their legs.

In tropical and subtropical areas, Oe. columbianum
and Oe. radianum, in sheep and cattle respectively, are
especially important. In Qe. columbianum infections,
the prolonged survival of the L, within the nodules in
the gut wall and the lack of an effective immunity
made control difficult until the advent of effective
anthelmintics. In contrast, cattle develop a good im-
munity to Oe. radiatum, partly due Lo age and partly to
previous exposure so that it is primarily a problem in
weaned calves.

DIAGNOSIS

This is based on clinical signs and post-mortem exami-
nation. Since the acute disease occurs within the
prepatent period, eggs of Qesophagostomum spp. arc
not usually present in the facces, In the chronic disease
cggs are present and L can be identified following
faecal culture.

TREATMENT AND CONTROL

The treatment and control of ruminant infections with
Oesophagostomum spp. is similar to that of the
trichostrongyles while infections in outdoor pigs can
be controlled by the methods described for
Hyostrongylus. Infections in indoor pigs can be con-
trolied by anthelmintic treatment regimens recomn-
mended for the control of Ascaris suum.

Stephanurus

This is the ‘kidney worm’ of swine which is of
economic importance in its endemic areas.

Host:
Pig.

Site:
Kidneys and perirenal tissucs.

Species:
Stephanurus dentatus.

Distribution:
Mainly warm to tropical regions of all continents. It
does not occur in western Europe.

IDENTIFICATION

A large stout worm up to 4.5¢m long, with a promi-
nent buccal capsule and transparent cuticle through
which the internal organs may be seen (Plate TII).
The colour is usually pinkish. The size and site are
diagnostic.
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LIFE CYCLE

Preparasitic development from egg to L, is typically
strongyloid, though carthworms may intervenc as
transport hosts. There are three modes of infection: by
ingestion of the free L., ingestion of earthworms carry-
ing the L, and percutaneously. After entering the
body, there is an immediate moult, and the L, travel to
the liver in the bloodstream, either from the intestinc
by the portal stream, or from the skin by the lungs and
syslemic circulation. In the liver the final moult takes
place, and the young adults wander in the parenchyma
for three months or more before piercing the capsule
and migrating in the peritoncal cavity to the perirenal
region. There they are enclosed in a cyst by host reac-
tion, and complete their development. The cyst com-
municates with the ureter either directly or, if it is
more distant, by a fine connecting canal, allowing the
worm eggs to be excreted in the urine.

Though the favoured site is in the perircnal fat,
some worms occur in the kidney itsell, in the calyces
and pelvis. Prenatal infection has been reported.

Erratic migration is common in Stephanurus infec-
tion, and larvae have been found in most organs and in
muscle. In these sites they are trapped by encapsula-
tion and never reach the perirenal arca.

The prepatent period ranges [rom 6-19 months and
the worms have a longevity of about two years.

PATHOGENESIS

The main pathogenic effect is due (o the larvae which,
by the late L, stage, have heavily sclerotized buccal
capsules capable of tearing tissue and they cause much
damage to the liver and occasionally other organs in
their wanderings. In heavy infections there may be
severe cirrhosis and ascites and, in rare cases, liver
failurc and death. In most infections, however, the
effects are seen only after slaughter as patchy cirrho-
sis, and the main importance of the worm is economic,
from liver condemnation.

Usually the adult worms, soon after arrival at the
perirenal stte, arc cncapsulated in cysts, which may
contain greenish pus. In rare cases the ureters may
be thickened and stenosed, with consequent
hydronephrosis.

Stephanurus may occasionally cause severe liver
damage in calves grazing on contaminated ground.

CLINICAL SIGNS

In most infections the only sign is failure to gain
weight or, in more severe cases, weight loss. Where
there is more cxtensive liver damage there may be
ascites, but it is only when there is massive invasion,
comparable to acute fasciolosis in sheep, that death
0Ceurs.

EFPIDEMIOLOGY

Though the adult worms are never numerous, they are
very fecund, and an infected pig may pass a million
cgpes per day.

The L, is susceptible to desiccation, so that
stephanurosis is mainly associated with damp ground.
Since it infects readily by skin penetration, the pigs’
habit of lying around the feeding area when kept out-
side presents a risk, as does damp, unhygienic accom-
modation for housed animals. Such conditions,
coupled with prenatal infection and the longevity of
the worm, ensure continuity of infection through
many generations of pigs.

DIAGNOSIS

The clinical signs are likely to be few, and since most
of the damage occurs during the prepalent phase, eggs
may not be found in the urine. However, in endemic
areas, where pigs are failing to thrive and where local
abattoirs record appreciable numbers of cirrhotic liv-
ers, a presumptive diagnosis can be made.

TREATMENT

Levamisole, the modern benzimidazoles and iver-
mectin are effective.

CONTROL

One approach o control is based on the suscepltibility
of the 1, to desiccation and on the fact that a major
route of infection is percutaneous. It follows that the
provision of impervious surfaces around the feeding
areas for outdoor reared pigs, and simple hygiene,
ensuring clean dry flooring, in pig houses will help to
limit inlection. This approach may be supplemented
by segregating young pigs from those of more than
nine months of age which will be excreting eggs.

The ‘gilt only’ scheme, which was advocated by
workers in the United States, consists essentially of
using only gilts for breeding. The gilts arc reared on
land which is dry and exposed to the sun. A single
litter is taken from them, and as scon as the piglets can
be weaned the gilts are marketed. The scheme takes
advantage of the extremely long prepatent period
which allows a single breeding cycle by the gilts to be
completed belore egg laying begins and so progres-
sively eliminates infection. The boars used in the
scheme are housed on concrete.

Regimes incorporating anthelmintic contro! recom-
mend treatment of sows and gilts 1-2 weeks before
putting to the boar, and again 1-2 weeks before far-
rowing.

It should be remembered in designing a control sys-
tem that the earthworm transport hosts present a con-
tinuous reservoir of infection.



Svugamuy

Only one member of this genus, Syngamus trachea, is
of veterinary significance and parasitizes the upper
respiratory tract of non-aquatic irds; it is commonly
known as the ‘gapeworm’ and may be responsible for
respiratory distress and death.

Hosts:
Domestic fowl and game birds such as pheasants and
partridges.

Site:
Trachea.

Species:
Synguamus trachea.

Distribution;
Worldwide.

IDENTIFICATION

Gross:

The reddish, large female (up to 2.0c¢m) and small
male (up to 0.5 cm) worms, are permanently in copula
forming a 'Y shape: they are the only parasites found in
the trachea of domestic birds (Plate TV).

Microscopic:

The worms have large shallow buccal capsules which
have up to ten teeth at their base. The ellipsoidal cgg
of §. trachea has an operculum at both ends (Fig, 36).

Fig. 36 Egg of Syngamus trachea showing an operculum at each
end (78-100um x 43-60um).
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LIFE CYCLE

Eggs escape under the bursa of the male and are car-
ried up the trachea in the excess mucus produced in
response to infection: they are then swallowed and
passed in the faeces. Unlike other strongyloids the L,
develops within the cgg.

Infection may occur by onc of three ways, firstly by
ingestion of the L, in the egg, secondly by ingestion of
the hatched L, or thirdly by ingestion of a transport
host containing the L.;.

The most common transport host is the common
earthworm, bul a varicly of other invertebrates includ-
ing slugs, snails and beetles, may act as transport hosts.
After penetrating the intestine of the final host the L,
travel to the lungs, probably in the blood since they
are found in the alveoli 4—6 hours after experimental
infection. The two parasitic moults take place in the
lungs within five days by which time the parasites are
1.0-2.0mm long, Copulation occurs around day seven
in the trachea or bronchi after which the female grows
rapidly. The prepatent period is 18-20 days.

PATHOGENESIS

The effects ol 8. trachea arc most severe in young birds
especially game chicks and turkey poults. In these,
migration through the lungs in heavy infections may
result in pneumonia and death. In less severc infce-
tions the adult worms cause a haemorrhagic tracheitis
with ¢xcess mucus production which leads to partial
occlusion of the airways and difficulty in breathing.

CLINICAL SIGNS

Pneumonia during the prepatent phase may cause
signs of dyspnoea and depression, whereas the pres-
ence of adult worms and excess mucus in the trachea
lead to signs ol asphyxia or suffocation with the hird
gasping for air; often there is a great deal of head
shaking and coughing as it tries to rid itself of the
obstruction. The clinical picture of ‘gapes’ may thus
range from gasping, dyspnoea and death to, in less
severely affecled animals, weakness, anaemia and
emaciation.

EPIDEMIOLOGY

Gapeworm infection primarily affects young birds, but
turkeys of all ages are susceptible, the adults often
acting as carriers. Eggs may survive for up to nine
months in soil and L, lor years within the earthworm
or other transport hosts. Disease is seen most fre-
qucntly in breeding and rearing establishments where
outdoor pens, such as are used for breeding pheasants,
are in use. Infection may be initiated by eggs, passed
by wild birds such as rooks and blackbirds; these may
also infect earthworms.
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DIAGNOSIS

This is based on clinical signs and the finding of eggs in
the faeces. Disease is probably best confirmed by post-
mortem examination of selected cases when worms
will be found attached to the tracheal mucosa.

TREATMENT

In-feed thiabendazole and fenbendarole ave effective,
administered usually over periods of 3-14 days.
Nitroxynil and levamisole are also very cfficacious
when given in the water.

CONTROL

Young birds should not be reared with adults, espe-
cially turkeys, and to prevent infection becoming es-
tablished runs or yards should be kept dry and contact
with wild birds prevented.

Drug prophylaxis may be practised aver the period
when outbreaks are normally expected.

Manunonionoganiuy

This genus, closely related to Syngamus, is parasitic in
the respiratory passages ol mammals. Two species, M.
larnygeus and M. nasicola, are parasites of cattle, buf-
falo and goats in the Far East, Africa and Central and
South America. Another species, M. ierei, in the nasal
cavities of cats has been reported from the Caribbean.
Little is known of the life cycle or effects of members
of this genus, but they are not considered scrious
pathogens.

HOOKWORMS OF DOGS AND CATS

The family Ancylostomidae, whose members arc com-
monly called hookwaorms because of the characteristic
hook posture of their anterior ends, are responsible
for widespread morbidity and mortality in animals pri-
marily due to their blood-sucking activities in the in-
lestine.

Ancvlostoma

Hosts:
Dog, cat and fox.

Site:
Small intcstine.

Species:

Ancylostoma caninum
A. ubaeforme

A. braziliense

dog and fox
cat
dog and cat.

Distribution:

Worldwide in the tropics and warm temperale areas.
In other countries it is sometimes seen in dogs im-
ported from endemic regions.

IDENTIFICATION

Gross:

They are readily recognized on the basis of size (1.0~
2.0 cm), being much smaller than the common ascarid
nematodes which are also found in the small intestine,
and by their characteristic *hook’ posture,

Microscopic:
The buccal capsule is large with marginal teeth (Fig.
37), there being three pairs in A, caninum and A,
fubaeforme and two pairs in A. braziliense.

Since the most important specics is A. caninum this
is discussed in detail.

Ancviostona cantiini
LIFE CYCLE

The life cycle is direct and given optimal conditions
the cggs may hatch and develop to L; in as little as five
days.

Fig. 37 Buccal capsule of Ancylostoma caninum showing three
pairs of marginal teeth,
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Infeciion s by skin penetration or by ingestion, both
methods being equally successful. In percutaneous in-
fection, larvae migrate via the blood stream to the
lungs where they moult to L, in the bronchi and tra-
chea, and are then swallowed and pass to the small
intestine where the final moult occurs. If infection is by
ingestion the larvac may cither penetrate the buccal
mucosa and undergo the pulmonary migration de-
scribed above or pass direct to the intestine and de-
velop to patency. Whichever route is taken the
prepatent period is 14-21 days. The worms are prolific
egg layers and an infected dog may pass millions of
eggs daily for several wecks.

An important feature of A. caninum infection is
that, in susceptible bitches, a proportion of the L,
which reach the lungs migrate to the skeletal muscles
where they remain dormant until the bitch is pregnant.
They are then reactivated and, still as L, are passed in
the milk of the bitch for a period of about three weeks
after whelping. This transmammary infcction is often
responsible for severe anaemia in litters of young pups
in their second or third week of iife. Infection of the
bitch on a single occasion has been shown to produce
transmammary infcetions in at least three consecutive
litters.

It also appears that dormant L in the muscles of
both bitches and dogs can recommence migration
months or years later to mature in the host’s intestine.
Stress, scverce illness or repeated large doses of
corticosteroids can all precipitate these apparently
new infections in dogs, which may perhaps now be
resident in a hookworm-free environment.

A final point is that, experimentally, L, of some
strains of A. caninum exposed to chilling before oral
administration have been shown to remain in arrested
development in the intestinal mucosa for weeks or
months. The signilicance of this observation is still
unknown, but it is thought that such larvae may
resume development if the adull hookworm popula-
tion is removed by an anthelmintic or at times of siress
such as lactalion.

PATHOGENESIS

This is essentially that of an acutc or chronic
hacmorrhagic anaemia. The disease is most commonly
seen i1 dogs under one year old and young pups, in-
fected by the transmammary route, are particularly
susceptible due o their low iron reserves. Blood loss
starts about the eighth day of infection when the im-
mature adult has developed the toothed buccal cap-
sule which enables it to grasp plugs of mucosa
containing arterioles. Each worm removes aboutl
0.1ml of blood daily and in heavy infections of several
hundred worms, pups quickly become profoundly
anaemic.

In lighter infections, common in older dogs, the

anacmia is not so severe, as the marrow responsc is
able (o compensate for a variable period. Ultimately
however, the dog may become iron deficient and de-
velop a microcytic hypochromic anacmia.

In previously sensitized dogs, skin reactions such as
moist cczema and ulceration at the sites of
perculancous infection occur especially affecting the
interdigital skin.

CLINICAL SIGNS

In acute infections, there is anaemia and lassitude and
occasionally respiratory embarrassment. In suckled
pups the anaemia is often severe and is accompanied
by diarrhoea which may conlain blood and mucus.
Respiratory signs may be due to larval damage in the
lungs or to the anoxic effects of anaemia.,

In more chronic infections, the animal is usually
underweight, the coat is poor, and there is loss of
appetite and perhaps pica. Inconsistently there are
signs of respiratory embarrassment, skin lesions and
lameness.

EPIDEMIOLOGY

In endemic areas the discasc is most common in dogs
under one year old. In older animals, the gradual de-
velopment of age resistance makes clinical disease
less likely, particulatrly in dogs reared in endemic
areas whose age resistance is reinforced by acquired
immunity,

The epidemiology is primarily associated with the
two main sources of infection, transmammary in
suckled pups and percutaneous or oral from the
environment.

An important aspect of transmammary infection is
that disease may occur in suckled pups reared in a
clean environmenl and nursed by a bitch which may
have been recently treated with an anthelmintic and
has a negative faecal egg count.

Contamination of the environment is most likely
when dogs arc exercised on grass or earth runs which
retain moisture and also protect larvae from sunlight.
On such surfaces larvac may survive for some weeks.
In contrast, dry impervious surfaces, particularly if
exposed to sunlight, are lethal to larvae within a day or
so. Housing is also important and failure to remove
soiled bedding, especially if the kennels are damp or
have porous or cracked floors, can lead to a massive
build-up of infection.

DIAGNOSIS

This depends on the clinical signs and history supple-
mented by haematological and faecal examination.
High faecal worm egg counts are valuable confirma-
tion of diagnosis, but it should be noted that suckled
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pups may show severe clinical signs before eggs are
detected in the faeces. Also, a few hookworm eggs in
the faeces, although confirmatory evidence of infec-
tion, do not necessarily indicate that an ailing dog is
suffering from hookworm disease.

TREATMENT

Affected dogs should be treated with an anthelmintic,
such as mebendazole, fenbendazole and nitroscanate,
all of which will kill both adult and developing intesti-
nal stages; several of the avermectins have similar ac-
tivity. If the disease is severe, it is advisable to give
parenteral iron and to ensure that the dog has a pro-
tein-rich diet. Young pups may require a blood
transfusion.

CONTROL

A system of regular anthelmintic therapy and hygicne
should be adopted. Weaned pups and adult dogs
should be treated every three months.,

Pregnant bitches should be dosed at least once dur-
ing pregnancy and the nursing litters dosed at least
twice, at 1-2 weeks of age and again 2 weeks later with
a drug specifically recommended for usc in pups. This
wilt also help to control ascarid infections.

The perinatal transfer of both Ancylostoma and
Toxocara larvae may be reduced by the oral adminis-
tration of tenbendazole daily from 3 weeks before to 2
days after whelping.

Kennel floors should be free of crevices and dry and
the bedding should be disposed of daily. Runs should
preferably be of tarmac or concrete and kept as clean
and dry as possible; faeces should be removed with a
shovel before hosing. If an outbreak has occurred,
earth runs may be treated with sodium borate which is
lethal to hookworm larvae, but this also kills grass. A
second possibility which is often used in fox farms is
the provision of wire-mesh flooring in the runs.

A tubaefornie

The life cycle and treatment of this hookworm of cats
are similar to that of A. caninum in Lhe dog, but there
is no evidence of lransmammary infection.

A brazifiense

This hookworm occurs in both dogs and cats. Its lile
cycle is similar to that of A. caninum although evi-
dence of transmammary infection is lacking. While it
may cause a degree of hypoalbuminaemia through an
intestinal leak of plasma, it is not a blood sucker and
consequently is of little pathogenic significance in
dogs. causing only mild digestive upscls and occa-

sional diarrhoca. Treatment is similar to that for A
caniniom,

The main importance of A. braziliense is that it is
regarded as the primary cause of cutaneous larva
migrans in man. This lesion, characterized by tortuous
erythematous inflammatory (racls within the dermis
and by scvere pruritus, is caused by infective larvae of
A. braziliense, and less frequently Uncinaria, penetrat-
ing the skin and wandering in the dermis. These larvae
do not develop, but the skin lesions usually persist for
weeks.

Similar lesions, although only transient and pin-
puint, may be caused by A. caninum larvae.

Uncinaria

Hosts:
Dog, cat and fox.

Site:

Small intestine,
Species:

Uncinaria stenocephala.

Distribution:
Temperate and
hookworm’.

sub-arctic arcas; the ‘northern

IDENTIFICATION

A small worm, up to 1.0em long, it possesses two
cutting plates on the border of the buccal capsule (Fig.
38) and at the base a small pair of tceth.

LIFE CYCLE

Similar 10 A, caninum except that oral infection, with-
out pulmonary migration, is the usual route. Although
the infective larvae can penetrate the skin, the infec-
tion rarely matures and there is no evidence as yet of
transmammary infection. The prepatent period is
about 15 days.

PATHOGENESIS AND CLINICAL SIGNS

The infection is not uncommon in groups of sporting
and working dogs. The worm is not a voracious blood
sucker like A. caninum, but hypoalbuminaemia and
low-grade anaemia, accompanied by diarrhoea, ano-
rexia and lethargy, have been recorded in heavily in-
fected pups. Probably the most common lesion in dogs
made hypersensitive by previous exposure is pedal
dermatitis, affecting particularly the interdigital skin.

EPIDEMIOLOGY

In England, in a paddock used continuously through-
out the year by greyhounds, the seasonal pattern of
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Fig. 38 Buccal capsule of Uncinaria stenocephala showing cutting
plates on border.

infective larvae on the pasture followed closcly that
described for gastrointestinal trichostrongyloids in ru-
minants with a sharp rise in July and a pcak in Septem-
ber; this supgests that devclopment to the 1, is heavily
dependent on temperature.

DIAGNOSIS

In areas where A. caninum is absent, the clinical signs
of the patent infection together with the demonstra-
tion of strongyle cggs in the faeces is indicative of
uncinariosis. Where Ancylostoma is also endemic, dif-
ferential diagnosis may require larval culture although
the treatment is similar.

TREATMENT AND CONTROL

Regular anthelmintic treatment and good hygienc as
outlincd [or Ancylostoma will control Uncinaria inlec-
tion. The pedal dermatitis responds poorly to sympto-
matic treatment, but regresses gradually in the
absence of reinfection.

HOOKWORMS OF RUMINANTS

Biunastonnan

Hosts:
Ruminants.
Site:

Small intestine.

Species:
Bunostomunt trigonocephalum
B. phlebotomum

sheep and goats
cattle

Distribution:
Worldwide.

IDENTIFICATION

Gross:

Bunostomunt is onc ol the larger nematodes of the
small intestinc of ruminants, being 1.0-3.0cm long
and characteristically hooked at the anterior end.

Microscopic:

The large buccal capsule bears on the margin a pair of
cutting plates and intcrnally a large dorsal cone {Fig.
39).

LIFE CYCLE

Infection with the L; may be percutaneous or oral,
only the former being followed by pulmonary migra-
tion, The prepatent period ranges from 1 to 2 months.

PATHOGENESIS AND CLINICAL SIGNS

The adult worms are blood suckers and infections
of 100-300 worms will producc anaemia, hypo-
albuminaemia, loss of wcight and occasionally diar-
thoea. In calves, skin penetration of the larvae may
be accompanicd by foot stamping and signs of
itching,

EPIDEMIOLOGY

In lcmperate countries, high worm burdens arc un-
common and in Britain, for example, only one out-
break has been recorded, occurring in young cattle
housed in a damp yard; in sheep it is unusual to find
more than 50 adult worms. In contrast, pathogenic
infcctions are more common in the tropics and in
some areas, such as Nigeria, the highest worm burdens
are found at the end of the dry season apparently due
to the maturation of hypobiotic larvae,

DIAGNOSIS

The clinical signs of anacmia and perhaps diarrhoea in
calves or young shcep are not in themselves
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Fig. 3¢ Head of Bunostormum showing the marginal cutting plates.
The cone-like structure in the buccal capsule is not a tooth, but
carries the duct of the cesophageal glana.

pathognomonic of bunostomosis. However, in tem-
perate arcas, the epidemiological background may be
useful in eliminating the possibility of Fasciola
hepatica infection. In the tropics, hacmonchosis must
be considered, possibly originating from hypobiotic
larvae.

Faecal worm egg counts are useful in that these are
lower than in Haemonchues infection while the eggs are
more bluntly rounded, with relatively thick sticky
shells to which debris is often adherent. For accurate
differentiation, larval culturcs should be prepared.

TREATMENT AND CONTROL

The prophylactic anthelmintic regimens practised for
Ostertagia or Haemaonchus are usually sufficient to
control this parasite. Otherwisc treatment of out-
breaks should be accompanied by measures to im-
prove hygiene, particularly with regard to the disposal
of manure, and by the provision of dry bedding for
housed or yarded animals.

Gaigeria

Gaigeria pachyscelis, which closely resembles
Bunostornunt in most respects, is found in sheep and
goats in South America, Africa and Asia. [t is a vora-
cious blood sucker and even 100200 worms are suffi-
cient to produce death in sheep within a few weeks of
infection.

Agriostomiun

Agriostomum veyburgi is a common hookworm of the
large intestine of cattle and buffaloes in Asia and
South America. Its lifc cycle is probably direct and its
pathogenicity, although unknown, presumably de-
pends on its haematophagic habits.

[Hookworms in man: Two hookworms, Ancylostoma
duodenale and Necator americanus, occur i man in
the tropics. Their pathogenesis is similar to that of A.
caninuym, but transmammary infection does not
occur.|

LOIDEA

Most worms in this superfamily inhabit the lungs or
the blood vessels adjacent to the lungs. The typical life
cycle is indirect, and the intermediate host is usually a
mollusc.

They may be conveniently divided into three groups
according to host; those occurring in pigs, in sheep and
goats, and in the domestic carnivores.

Superfamily METASTRONG

METASTRONGYLES OF PIGS

Only one genus occurs in pigs, Metastrongylus, and it
is exceptional in having carthworms, rather than mol-
luscs, as intermediate hosts.

Metastrongylus

Host:

Pig.

Intermediate hosts:
Earthworms,

Site:
Small bronchi and bronchioles, cspecially those of the
posterior lobes of the lungs.

Species:

Metastrongylus apri (syn. efongatus).
M. salmi

M. pudendotectus

Distribution:
Worldwide.
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IDENTIFICATION

Slender white worms, up to 6.0cm in length; the host,
site and long slender form are sufficient for generic
identification.

The eggs have rough, thick shells, and are larvated
when laid.

LIFE CYCLE

In cold temperatures the eggs are very resistant and
can survive for over a year in soil. Normally, however,
they hatch almost immediately, the intermediate host
ingesting the L, In the earthworm, development to L,
takes about ten days at optimal temperatures of 22—
26°C. The longevity of the L, in the earthworm is
similar to that of the intermediate host itsclf, and may
be up to seven years.

The pig is infected by ingestion of earthworms and
the L, released by digestion, travel to the mesenteric
lymph nodes, mouit and the L, then reach the lungs by
the lymphatic-vascular route, the final moult cccurring
after arrival in the air passages.

The prepatent period is about 4 weeks,

PATHOGENESIS

During the prepatent period areas of pulmonary con-
solidation, bronchial muscular hypertrophy, and
peribronchial lymphoid hyperplasia develop (Fig. 40),
often accompanicd by areas of overinflation.

When the worms are mature, and eggs are aspirated
into the smaller air passages and parenchyma, consoli-
dation increases and emphysema is more marked.

Fig. 40 Bronchial muscular

hypertrophy and peribronchial
lymphoid hyperplasia assoclated with Metastrongyius infection of pig
lung.

Hypersecretion of bronchiolar mucus also occurs dur-
ing this stage.

About six weeks after infection, chronic bronchitis
and emphysema arc cstablished and small greyish
nodules may be found in the posterior part of the
diaphragmatic lobes; these may aggregate to form
larger areas and are slow to resolve. Purulent
staphylococcal infection in the lungs has been noted in
many cases of metastrongylosis.

CLINICAL SIGNS

Most infections are light and asymptomatic. However
in heavy infections coughing is marked, and is accom-
panied by dyspnoea and nasal discharge. Secondary
bacterial infection may complicate the signs.

EPIDEMIOLOGY

Metastrongylosis shows a characteristic age distribu-
tion, being most prevalent in pigs of 4—6 months old.
The parasitc is common in most countries although
outbreaks of disease do not often occur, probably due
1o the fact that most systems of pig hushandry do not
allow ready access to earthworms by pigs. Though it is
often supgested that Merastrongylus may transmit
some of the porcine viruses, and may enhance the
cffeet of pathogens already present in the lungs, the
role of the worm is not conclusively proven.

DIAGNOSIS

For faecal examination saturated magnesium sulphate
should be used as the flotation solution because of the
heavy density of the eggs. The small rough-shelled
larvated egps are characteristic, but it should be
recoliected that Metastrongylus is often present in nor-
mal pigs, and pulmonary signs may be referable to
microbial infection rather than lungworms. The dis-
casc is most often encountered in pigs on pasture,
though an occasional outhreak has occurred in yarded

pigs.

TREATMENT

Many anthelmintics including the modern benzi-
midazoles, levamisole and the avermecting/milbe-
mycins are highly effective.

CONTROL

When pig husbandry is based on pasture, control is
exlremely difficult because of the ubiquity and longev-
ity of the earthworm intermediate host. On farms
where severe outbreaks have occurred pigs should be
housed, dosed, and the infected pasture cultivated or
grazed with other stock.




METASTRONGYLES OF SHEEP AND
GOATS

These worms all inhabit the lungs, bul none is a major
pathogen and, though common, they are of little eco-
nomic importance compared with the other helminth
parasites of sheep and goats. Although there arc sev-
eral different gencra they are sufficiently similar in
behaviour to be considered together.

Hosts:
Sheep and goats.

Intermediate hosts:
Molluscs: Muellerins in snails and slugs; Proro-
strongylus In snails,

Genera and sites:

Muellerius  capillaris is found in alveoli; Proto-
strongylus, many species, is found in small bron-
chicles. Minor related genera are Cystocaulus,
Spiculocaulus and Neostrongylus.

Distribution:
Worldwide except for arctic and subarctic regions.

IDENTIFICATION

These arc brown hair-like worms 1.0-3.0c¢cm long
which are difficult to discern with the naked eye as
they are embedded in lung lissve.

LIFE CYCLE

The worms are ovo-viviparous, the L, being passed in
the faeces: these penetrate the foot of the molluscan
intermediate host, and develop to I; in a minimum
period of 2-3 weeks. The sheep is infected by ingesting
the mollusc and the L, freed by digestion, travel to the
lungs by the lymphatic-vascular route, the parasitic
moults oceurring in the mesenteric lymph nodes and
lungs.

Tghe prepatent period of Meellerius is 6-10 weeks
and that of Protostrongylus is 5-6 weeks. The period
of patency is very long, exceeding two years in all the
genera examined.

PATHOGENESIS

Muellerius is associated with small, spherical, nodular
lesions, which occur most commonly near, or on, the
lung surface, and on palpation have the feel and size of
lead shot (Fig. 41). Nodules containing single worms
are almost imperceptible, and the visible ones enclose
several of the tiny worms as well as eggs and larvac.
In Protostrongylus infection there is a somewhat
larger area of lung involvement, the occlusion of a
small bronchus by worms rcsulling in its lesser
branches which occur toward the lung surface being

Veterinary Helminthology 59

Characteristic nodular lesions associated with Muellerius

Fig. 1
infection of sheep lung,

filled with eggs, larvac, and cellufar debris; the whole
lesion has a roughly conical form, with the base on the
surfacc of the lung,

CLINICAL SIGNS

Pneumonic signs have rarely been observed, and in-
fections arc almost always inapparent, being identified
only at necropsy.

EPIDEMICLOGY

Muellerius is by far the commonest genus, and in many
terperale areas such as Britain, the caslern states of
the USA and the winter rainfall regions of Australia,
almost all sheep carry the infection; the extensive dis-
tribution and high prevalence are partly attributable
to its wide range of intcrmediate hosts.
Protostrongvius, whose intermediate host range is
restricted to certain species of snail, has a lower preva-
lenee, though its geographic range is just as wide.
Additional factors which play a part in ensuring the
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endemicity of these worms are, first, the ability of the
L, to survive for months in faecal pellets and secondly,
the persistence of the 1., in the intermediate host for
the lifetime of the mollusc. Also important in this
respect are the long periods of patency and the appar-
ent inability of the final host Lo develop acquired im-
munity, so that adult sheep have the heaviest
infections and the highest prevalence.

DIAGNOSIS

The presence of infection is usually noted only during
routine faecal cxamination, The L, arc first differenti-
ated from those of Dictyocaulus filuria by the absence
of an anterior protoplasmic knob, and then on the
individual characters of the larval tail (Fig, 42).

TREATMENT

The modern benzimidazoles, levamisole
ivermectin have been shown to be effective.

and

CONTROL

Because of the ubiguity of the molluscan intermediate
hosts, and the fact that the L, can survive as long as the
molluscs, specific control is difficult, but fortunateiy
rarcly necessary.

Muellerius

Cystocautus

‘ Protostrongylus

Fig. 42 Differentiai features of larvae of three genera of

metastrongyleids of sheep.

Elaphostrongylus cervi is a metastrongyloid which
occurs in farmed deer, including reindeer, in Europe,
Asia and New Zealand. It is found in the iniermuscu-
lar connective tissue of the thorax and back, the cggs
being carried in the bloodstream to the lungs, where
they hatch and are coughed up and swallowed. How-
ever, sometimes the worms invade the CNS to cause a
meningoencephalitis with paralysis and occasional

death. In the muscles the parasites are harmless, but
their presence may necessitate trimming of the
carcass.

A related species, Parelaphostrongylus tenuis,
whose natural host is the white-tailed deer in N,
America occasionally invade the CNS of sheep caus-
ing paralysis.

METASTRONGYLES OF DOGS AND CATS

Like most members of the superfamily, these worms
live in, or adjacent to, the lungs. The few genera of
velerinary interest are considered in order of impor-
tance,

Oslerus (svn. Filaroides)

This genus was, until recently, part of the larger genus
Filaroides, but has now becn separated on morpho-
logical grounds from the other members. Though dis-
tinction has been made on morphology it is also useful
from the veterinary standpoint, for il scparates the
single harmful specics, Oslerus osleri, living in the up-
per air passages, from the relatively harmless species
which are retained in the genus Filaroides, and which
live in the lung parenchyma.

Haosts:
Domestic and wild dogs.

Site:

The worms are embedded in fibrous nodules in the
trachea at the region of bifurcation, and in the adja-
cent bronchi

Species:
Oslerus osleri.

Distribution:
Worldwide.

IDENTIFICATION

Small, pale, slender worms, up to 1.5cm long; the site
and lesions are diagnostic,

LIFE CYCLE

Oslerus, and its closely related genus, Filgroides, are
exceptional in the superfamily in having direct life
cycles. The females are ovo-viviparous, and most cggs
hatch in the trachea. Many larvae are coughed up and
swallowed, and passed in the [acces and infection may
accur by ingestion of these; more commonly, transmis-
sion occurs when an infected bitch licks the pup and
transfers the newly hatched L, which are present in
her sputurmn.

Alter ingestion, the first moult occurs in the small
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Fig. 43 Nodules at tracheal bifurcation caused by infection with
Osleris osleri.

intestine and the L, travel to the lungs by the lym-
phatic-vascular route. Development through to L
takes place in the alveoli and bronchi, and the adults
migrate o the trachea.

The prepatent period varies [rom 10 to 18 wecks.

PATHOGENESIS

The nodules in which the worms live first appear at
about two months from infection, They are pinkish
grey, and the small worms may be seen partly protrud-
ing from their surfaces. These nodules are fibrous in
character and are very firmly applied to the mucosa;
they may be up to 2.0cm in diameter. Though the
majority occur near the tracheal bifurcation a few may
be found several centimetres from this arca (Fig. 43).

CLINICAL SIGNS

Many infections are clinically inapparent, and the
characteristic nodules are only discovered incidentally
at necropsy.

The major signs of Qsferus infection are respiratory
distress and a rasping cough, especially after exercise.
The most severe cases have usually been seen in dogs
of 12 months old, and obviously the infection is of

greater importance in working dogs. In household pets
whose exercise is limited the presence of the tracheal
nodules is well tolerated, and animals show little respi-
ratory distress.

EPIDEMIOLOGY

Though Oslerus has been recorded from many coun-
tries there is little data on its local prevalence, In the
south of England one survey has given a figure of 6%
for all types of dog. In further surveys in that area,
greyhounds have shown a prevalence rate of 18%, but
there is no evidence of breed susceptibility. In general
the focus of infection appears to be the nursing bitch.

DIAGNOSIS

Swabs of pharyngeal mucus give variable results and
repeated sampling may be necessary. However, in par-
oxysmal coughing, large amounts of bronchial mucus
arc often expelled, containing large numbers of larvae.
Less rewarding techniques arc those based on faceal
examination, either by flotation or by the Bacrman
method.

Although requiring general anaesthesia, broncho-
scopy is the most reliable method, as it will indicate
not only the presence, size and location of many of the
nodules, but will also allow the collection of trachceal
mucus for confirmatory examination for eges and
larvae; the latter are invariably coiled, sluggish and
have an S-shaped tail (Fig. 44).

Large nodules may be detected by lateral thoracic
radiography.

TREATMENT

There are reports of amelioration of clinical signs,
apparently due to a reduction in the size of the
nodules, after prolonged treatment with some
benzimidazoles. Fenbendazole and albendazole at in-
creased dosage rates are now licensced for the treat-
ment of (slerus infection in dogs.

CONTROL

This is difficult unless infected bitches can be identi-
ficd and treated before whelping and during lactation.
In the past the only certain method of control was the
removal of pups from infected dams at hirth, and hand
rearing or fostering on uninfected bitches.

Hosts:

Domeslic dog and wild carnivorcs.
Site:

Lung parenchyma.
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Fig. 44 First-stage larva of O. osleri showing coiled appearance
and S-shaped tip of tail.

Species:
Filaroides milkst
F. hirthi.

Distribution;
North America, Europe and Japan.

IDENTIFICATION

The worms are very small, slender, hair-like and
greyish, and are not only difficult to ses with the naked
eve in the lung parenchyma, but are unlikely to be
recovered intact from the tissue. A squeeze prepara-
tion from a cut surface of the lung will show worm
fragments, eggs and larvae, and this, with the host and
site, is sufficient for generic diagnosis.

LIFE CYCLE

The worms are ovo-viviparous and the hatched L, are
passed in faeces or expelled in sputum. Though infec-
tion may be acquired by ingestion of faecal larvae, the
impaortant route, as in Oslerus infection, is thought to

be by transfer of L, in the bitch’s saliva when the pup
is licked. The prepatent period of F. hirthi is five
weeks; that of F. milksi 1s unknown.

PATHOGENESIS

The chief lesions are the small, soft, greyish miliary
nodules which are associated with the presence of
worms and which are distributed subpleurally and
throughout the lung parenchyma; in heavy infections,
somelimes observed in experimental dogs subjected to
immunosuppressive drugs, the nodules may coalesce
into greyish masses.

CLINICAL SIGNS

Infection is almost invariably asymptomatic, and is
discovered only at postmortem examination. How-
ever, in the rare heavy infection, hyperpnoea may
occur.

EPIDEMIOLOGY

Little is known of the epidemiology. F. hirthi was first
observed in a breeding colony of experimental bea-
gles, and it would be fair to suggest, in view of its mode
of transmission, that a high prevalence could be cx-
pected in dogs trom breeding kennels.

DIAGNOSIS

Only F. hirthi has been diagnosed in the live animal
and this was in experimental dogs. The L, prescnt in
the faeces and sputum, is coiled, and the tail has a
notch, followed by a constriction, and has a terminal
lance-like point.

TREATMENT

Albendazole has been reported to be ellective al-
thaugh treatment is rarcly called for.

CONTROL
Unlikely to be required.

Aelurostrongvlies

One species, Aelurostrongylus abstrusus, is common in
the Jungs of the domestic cal.

Hasts:
Cats.

Intermediate hosts:

Many molluscs.

Site:

Lung parenchyma and small bronchioles.



Veterinary Helminthology 63

Species:
Aelurostrongylus abstrusus.

Distribution:
Worldwidc.

IDENTIFICATION

Aggregations of worms, eggs and larvae are present
throughout the lung tissue. The worms, about 1.0cm
long, are very slender and delicate, and are dilflicult to
recover intact for cxamination; a squeeze preparation
from a cut surface of the lung will show the worm
malcrial including the characteristic I.,.

LIFE CYCLE

The worms are ovo-viviparous, and the L, are passed
in the faeces. These penetrate the foot of the
molluscan intermediate host and develop (o the infec-
tive L,, and during this phase the mollusc may be eaten
by paratenic hosts such as birds and rodents. The cat is
infected by ingestion of these hosts and the L, re-
leased in the alimentary tract, travel to the lungs by
the tymphatic or blood stream.

The prepatent period is between 4 and 6 weeks, and
the duration of palency is about four months, though
some worms may survive in the lungs for several years
despite (he absence of larvae in the faeces.

PATHOGENESIS

The worm generally has a low pathogenicity, and the
“majority of infections are discovered only incidentally
at postmortem examination. In most cases the lungs
show only multiple small foci with greyish centres con-
laining the worms and tissue debris, but in the rare
severe infections larger nodules are present. up to
L.0cm in diameter with caseous centres, projecling
from the lung surface; these nodules may coalesce to
form arcas of consolidation. Microscopically the al-
veoli are seen to be blocked with worms, eggs, larvae,
and cellular aggregations which may progress to
granutoma formation (Fig. 45). A charactleristic
change is muscular hypertrophy and hyperplasia,
which affects not only the bronchioles and alveolar
ducts, but also the media of the pulmaonary arteries.

With the exception of the muscular changes, which
appear to be irreversible, resolution is rapid, and the
lungs appear almost completely normal within six
months of experimental infection, though 4 [ew worms
may still be present.

CLINICAL SIGNS

The clinical effects are slight, and in the resting cat are
limited to a chronic mild cough; following exercise or

Fig. 45 Section of cat lung infected with Aelurostrongyius
abstrusus.

handling, there may be coughing and sneezing with
slight dyspnoea and production of mucoid sputum. In
heavy experimental infections the most scvere signs
have appeared at 6-12 weeks after infection when egg
laying is maximal.

EPIDEMIOLOGY

Aelurostrongylus infection is widespread partly be-
cause it is almost indiscriminate in its ability to de-
velop in slugs and snails, and partly because of its wide
range of paratenic hosts. So tar all surveys have shown
prevalences greater than 5%.

DIAGNOSIS

Repeated faccul examination by smear, flotation, or
Baerman technique may be necessary to find the char-
acteristic L, which bears a subterminal spinc on its §-
shaped tail. Examination of pharyngcal swabs may be
a useful additional proccdure. Radiography has re-
vealed the increased vascular and focal parenchymal
densitics which would be expected from the changes
described above.

TREATMENT

Fenbendazole at 30mg/kg daily for 3 days has proved
cffective,

CONTROL

In household pcts, and especially in those of a no-
madic disposilion, access to the intermediate and
paralenic hosts is difficult to prevent.
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Angiostrongvius

The single specics of velerinary importance is not
found in lung tissue, but in the heart and associated
pulmonary vessels.

Host:
Dog.

Intermediate hosts:
Land snails and slugs.

Site:
Right ventricle and pulmonary artery.

Species:
Angiostrongylus vasorum.

Distribution:
Worldwide except in the Americas.

IDENTIFICATION

Slender worms, up to 2.5¢m long, In the female the
white ovaries are coiled round the red intestine as in
Haemonchus spp.

LIFE CYCLE

The genus is ovo-viviparous, The adult worms in the
larger pulmonary vessels lay eggs which are carried to
the capillaries, where they hatch. The L, break into the
alveoli, migrate to the trachea and thence to the
alimentary tract to be passed in the faeces. Further
development takes place after cntry inlo the
intermediate host, the infeclive stage being reached in
17 days.

After the mollusc has been ingested by the dog the
infective L,, freed by digestion, travel to the lymph
nodes adjacent to the alimentary tract, where both
parasitic moults take place, and then to the vascular
predilection site; Ls have also been found in the liver.

The prepatent period is seven weeks, and the worms
can live in the dog for more than two years.

PATHOGENESIS

Canine angiostrongylosis is usually a chronic condi-
tion, extending over months or even years.

Much of the pathogenic effect is attributable to the
presence of the adult worms in the larger vessels and
eggs and larvae in the pulmonary arterioles and capil-
laries. Blockage of these results in circulatory impedi-
ment which may lead eventually to congestive cardiac
failure.

In the larger vessels, there is endarteritis and
periarteritis which progresses to fibrosis, and at
necropsy the vessels have a pipe-stem feel on palpa-
tion. The vascular change may extend to the right

ventricle, with cndocarditis involving the tricuspid
valve.

The cut surface of the lung is mottled and reddish-
purple. One reported systemic effect which is un-
usual in helminth infections is interference with the
blood-clotting  mecchanism, so that subcutaneous
haematomata may be present.

CLINICAL SIGNS

Tn recently established infections the resting dog usu-
ally shows no clinical signs, but if a substantial number
of worms is present the active animal will show
tachypnoea, with a heavy productive cough, the spu-
tum sometimes showing blood.

In longer established severe infections signs arc pre-
sent even in the resting dog. There may be recurrent
syncope. As a consequence of reduced blood-clotting
capacity, slowly developing painless swellings may ap-
pear in dependent areas such as the lower abdomen
and intermandibular space, and on the limbs where
bruising has occurred.

The rare acute infection shows dyspnoca and vio-
lent cough, with whitc-yellow, occasionally bloody,
sputum.

EPIDEMIOLOGY

Though worldwide in general distribution, A. vasorum
is only prevalent in certain localities, and these are
invariably rural. In Europe, endemic foci have been
recognized in France, Spain, Eire and England.

DIAGNOSIS

The L, which may be present in facces and sputum,
has a small cephalic button, and a wavy tail with a
subterminal notch, and its presence in association with
respiratory and circulatory signs is accepted as
confirmatory.

TREATMENT

Mebendazole and fenbendazole at increased dose
rates have proved effective.

CONTROL

Control is impractical in most cases, due to the
ubiquity of the molluscan intermediate hosts.

[Angiostrongyius cantonensis, which is normally para-
sitic in the pulmonary artery of rats in the Far East,
may cause discasc in humans if the infected molluscs
or crustacean paralenic hosts are ingested. The L,
travel to the brain, where they cause an eosinophilic
meningoencephalitis, which may prove fatal.|
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Creneseniad

This genus contains several species parasitic in carni-
vores and insectivores, but only one is of veterinary
interest.

Hosts:
Dogs and farmed foxes.

Intermediate hosts:
Mainly land snails.

Site:
Trachea, bronchi, and bronchioles.

Species:
Crenosoma vulpis.

Distribution:
Worldwide.

IDENTIFICATION

Slender white worms, up to 1.5e¢m long. The host and
site are sullicient for generic diagnosis. Microscopic
confirmation is based on the presence of annular folds
of the cuticle which bear small backwardly directed
spines on their margins.

LIFE CYCLE

C. vulpis is ovo-viviparous and L, are passed in the
facces. After ingestion of the molluscan intermediate
host by the final host the L, are released by digestion,
and travel to the lungs where both parasitic moults
take place. The prepatent period is 19 days.

PATHOGENESIS

The spiny cuticular folds abrade the mucosa of the air
passages with resulting bronchopneumonia and occlu-
sion of the smaller bronchi and bronchioles.

CLINICAL SIGNS

The symptoms are those of a chronic respiratory infec-
tion, with coughing, sneezing, and nasal discharge
associated with tachypnoea. Foxes may become
emaciated, with fur of poor quality.

In the infrequent acute infections there may be high
mortality.

EPIDEMIOLOGY

C. vulpis is more common in the fox than in the dog,
and can be a problem in farmed foxes. The infection
has a scasonality corresponding to fluctuations in
population of its snail veetors so that, though cubs may
hegin to acquire L, in early summer, the highcs( inci-
dence of clinical crenosomosis is seen in autumn.

DIAGNOSIS

Examination of faeces by smcar, flotation, or
Baerman technique will reveal the L, with a straight
tail which differentiates it in fresh canine faeces [rom
those of Oslerus, Filaroides and Angiostrongylus. The
L, resembles somewhat that of Strongyleides spp.

TREATMENT

Diethylcarbamazine has been reported to be ellective
but is no longer widely available. Some of the more
modern anthelmintics are likely to be effective.

CONTROL

The snail vectors may be eliminated by spraying [ox
runs with molluscicide and painting woodwork with
creosote up to 20cm from the ground. Faeces should
be disposed of in a manner which will avoid access by
molluscs.

OTHER METASTRONGYLOIDS

Scveral other metastrongyloid genera occur in the
domeslic carnivores, but they are limited in distribu-
tion. They include Merathelazia, found in domestic
cats in Russia, and in wild cats in the USA,
Anafilareides in the domestic cat in the USA, Sri
Lanka and Tsrael, and Gurltia in cats in South
Amcrica. Metathelazia and Anafilaroides inhabit the
lung parcnchyma, whilst (Gurltia is found in the veins
of the upper hind limb and is an occasional cause of
paralysis.

Superfamily RHABDITOIDEA

This is a primitive group of nematodes which are
mostly free-living, or parasitic in lower vertebrates
and invertebrates.

Although a few normally free-living genera such as
Micronema and Rhabditis occasionally cause prob-
lerns in animals, the only important genus from the
veterinary point of view is Strongyloides.

Stron g_\‘/ ides

Members of this genus are common parasites of the
small intestine in very young animals and, although
generally of little pathogenic significance, under cer-
tain circumslances may give rise to a severe enteritis.

Hosts:
Mosl animals.

Site:
Small intestine; also caecum in poultry.
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Species:

Strongyloides westeri  Horses and donkeys

8. papillosus Ruminants

8. ransomi Pigs

S. stercoralis Dogs and cats; man
S. avium Poultry.
Distribution:

Worldwide.

IDENTIFICATION

Gross:

Slender, hair-like worms generally less than 1.0 cm
long.

Microscopic:

Only females are parasitic. The long cesophagus may
occupy up to one third of the body length and the
aterus is intertwined with the intestine giving the ap-
pearance of twisted thread. Unlike other inlestinal
parasiles of similar size the tail has a blunt point (Fig.
46).

Strongyloides eggs are oval, thin-shelled and small,
being half the size of typical strongyle eggs (Fig. 47}. Tn
herbivores it is the larvated egg which is passed out in
the faeces but in other animals it is the hatched L.

LIFE CYCLE

Strongyloides is unique among the nematodes of vet-
erinary importance, being capable of both parasitic

Tail

Fig. 46 Adult Strongyloides female.

Fig. 47 Egg of Strongyloides westeri {45um X 35um).

and free-living reproductive cycles. The parasitic
phase is composed enlirely of (emale worms in the
small intestine and these produce larvated eggs by
parthenogenesis, ie. development from an unfertilized
egg. After hatching, larvae may develop through four
larval stages into free-living adult male and female
worms and this can be [ollowed by a succession of
free-living generations. However under certain condi-
tions, possibly related to temperature and moisture,
the L, can become parasitic, infecting the host by skin
penetration or ingestion and migrating via the venous
system, the lungs and trachea to develop into adull
female worms in the small intestine,

Foals, lambs and piglets may acquire infection im-
mediately after birth from the mobilization of arrested
larvae in the tissues of the ventral abdominal wall of
the dum which are subsequently cxereted in the miik.
In addition, prenatal infection has been demonstrated
experimentally in pigs and cattle.

The prepatent pertod is from 8 to 14 days.

FATHOGENESIS

Skin penetration by infective larvae may cause an
erythematous reaction which in sheep can allow the
entry of the causative organisms of foot-rot. Passage
of larvae through the lungs has been shown experi-
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mentally to result in multiple small haemorrhages vis-
ible over most of the lung surfaces.

Mature parasites are found in the duodenum and
proximal jejunum and if present in large numbers may
causc inftammation with oedema and erosion of the
epithelium. This results in a catarrhal enteritis with
impairment of digestion and absorption.

CLINICAL SIGNS

The common clinical signs usually seen only in very
young animals are diarrhoea, anorcxia, dullness, loss
of weight or reduced growth rate,

EPIDEMIOLOGY

Strongyloides infective larvae are nol ensheathed and
are susceptible (o extreme climatic conditions. How-
cver warmih and moisture favour development and
allow the accumulation of large numbers of infective
stages. For this reason it can be a4 major problem in
housed calves up to six months of age in some Medi-
terranean countries.

A sccond major source of infection for the very
young animal is the reservoir of larvae in the tissues of
their dams and this may lead to clinical strongyloidosis
in foals and piglets in the first few weceks of life, Suc-
cessive progeny from the same dam often show heavy
infections.

DIAGNOSIS

The clinical signs in very young animals, usually within
the first few weeks of life, together with the finding of
large numbers of the characteristic eggs or larvae in
the faeces are suggestive of strongyloidosis. It should
be emphasized however that high faccal egg counts
may be found in apparcntly healthy animals.

TREATMENT AND CONTROL

Specific control measures for Strongyloides infection
are rarely called for. The benzimidazoles and the
avermecting/milbemycins may be used for the treat-
ment of clinical cases and a single dose of ivermectin
4-16 days prior to farrowing has been shown to sup-
press larval excretion in the milk of sows. On stud
farms, foals arc often given an anthelmintic treatment
at 1-2 weeks of age against 5. westert.

Rhahditiy

Several members of this free-living genus of nema-
todes may become casual parasites, invading the skin
and causing an intense pruritus. Cases have been most
frequently reported in dogs housed in kennels with
damp hay or straw bedding and the lesions, usvally

confined to arcas of the body in contact with the
ground, show hair loss, erythema and pustule forma-
tion il infected with bacteria. The very small worms
1.0-2.8mm in length with a rhabditiform oesophagus
may be recovered from skin scrapings. Treatment is
symptomatic and the condition can be prevented by
housing animals on clean, dry bedding.

In the tropics otitis externa associated with
Rhabditis infection has been reported in cattle.

Halicephalobus (syn. Micronema)

Occasional cases of infcction of horses with the
saprophytic, frec-living nematode Halicephalobus
deletrix have been described from various parts of the
world, In atfected animals the very small worms, less
than 0.5mm in length, have been found in nasal and
maxillary granulomata and in the brain and kidney.
Severe nervous signs and death may accompany infec-
tion of the central nervous system.,

{Strongyloidosis in man: S. sfercoralis occurs in man in
warm climates. It produccs diarrhoea, especially in
young children, and in immunologically compromised
adults may multiply within the host with fatal conse-
quences. The dog may act as a natural host for this
species. |

Superfamily ASCARIDOIDEA

The ascaridoids arc among the largest nematodes and
occur in most domestic animals, both larval and adult
stages being of veterinary importance. While the
adults in the intestine may cause unthriftiness in young
animals, and occasional obstruction, an important fca-
ture of the group is the pathological consequences of
the migratory behaviour of the larval stages,

With a few exceptions the genera have the following
characters in common.

They are large, white opaque worms which inhabit
the small intestine. There is no buccal capsule, the
mouth consisting simply of a small opening sur-
rounded by three lips. The common mode of infection
is by ingestion of the thick-shelled egg containing the
L,. However, the cycle may involve transport and
paratenic hosts.

Ascaris

Host:

Pig.

Site:

Small intestine.

Species:
Ascaris suum.
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Distribution:
Worldwide,

IDENTIFICATION

A. st 1s by far the largest nematode of the pig; the
femalcs arc up (0 40.0¢cm long, and could only be
confused with Macracanthorhyncus where this occurs.

The egg is ovoid and yellowish, with a thick shell,
the outer layer of which is irregularly mamillated
(Fig. 48).

LIFE CYCLE

The lite cycle is direct. Though the single preparasitic
moult occurs at about three weeks after the egg is
passed, a period of maturation is nccessary, and it is
not infective until a minimum of four weeks after be-
ing passed, even in the oplimal temperature range of
22-26°C. The egg is very resistant to temperature ex-
(remes, and is viable for more than four years.

After infection, the egg hatches in the small intes-

Fig. 48 Eggs of Ascaris suum (60um x 50 um).

tine and the L, travels to the liver, where the first
parasilic moult takes place. The 1., then passes in the
bloodsiream to the lungs and thence to the small intes-
tine via the trachea. Tn the intestine the final two para-
sitic moults occur.

If the eggs are ingested by an earthworm or dung
beetle they will hatch, and the L, travel to the tissues
of these paratenic hosts, where they can remain, fully
infective for pigs, for a long period.

The prepatent period is between 6 and 8 weeks, and
each female worm is capable of producing more than
200000 egpes per day.

PATHOGENESIS

The migrating larval stages in large numbcrs may
cause a transient prneumonia, but it is now recognized
that many cases of so-called ‘Ascaris pneurmnonia’ may
be attributable to other infections, or to piglet
anacmia.

In the liver, the migrating L, and L, can cause ‘milk
spot” which appears as cloudy whitish spots of up lo
1.0cm in diameter, and represents the fibrous repair of
inflammatory reactions to the passage of larvae in the
livers of previously scnsitized pigs (Plate [V).

The adult worms in the intestine cause little appar-
ent damage to the mucosa, but occasionally, if large
numbers are present, there may be obstruction, and
rarely a worm may migrate into the bile duct, causing
obstructive jaundice and carcass condemnation.

Experimental infections have shown that in young
pigs the important effect of alimentary ascariosis is
economic, with poor feed conversion and slower
weight gains, leading to an extension of the fattening
period by 6-8 weeks.

CLINICAL SIGNS

The main effect of the adult worms is to cause produc-
tion loss in terms of diminished weight gain. Other-
wise, clinical signs are absent except in the occasional
case of intestinal or biliary obstruction. In piglets un-
der four months old, larval activity during the pulmo-
nary phasc of migration may cause a clinically evident
pncumonia which is usually transient and rapidly re-
solving.

EPIDEMIOLOGY

A partial age immunity operates in pigs from about
four months of age onwards, and this, coupled with the
fact that the worms themselves have a limited life-span
of several months, would suggest that the main source
of infection is the highly resistant egg on the ground, a
common characterisiic of the ascaridoids. Hence ‘milk
spot’, which is economically very important, since it is
a cause of much liver condemnation, presents a con-



Veterinary 1elminthology 69

linuous problem in some pig establishments. This con-
dition has bcen widely noted to have a distinct
seasonality of occurrence, appearing in greatest incl-
dence in temperale arcas during the warm summer
months, and almost disappearing when the tempera-
tures of autumn, winter and spring arc too low to allow
development of eges to the infective stage.

A, sunm may occasionally infect cattle, causing an
acute, atypical, interstitial pneumonia, which may
prove fatal. In most cases reported the cattle have had
access to housing previously occupied by pigs, some-
times several years before, or to land fertilized with
pig manure. In lambs, A. suwm may also be a cause of
clinical pncumonia as well as ‘milk spot’ lesions, re-
sulting in condemnation of livers. In most cases lambs
have been grazed on land fertilized with pig manure or
slurry, such pasture remaining infective for lambs,
even after ploughing and cropping. Young adults of A.
suum are occasionally found in the small intestine of
sheep.

There are a few recorded cases of patenl A. suum
infection in man.

DIAGNOSIS

Diagnosis is based on clinical signs, and in infections
with the adult worm, on the presence in faeces of the
yellow-brown ovoid eggs, with thick mamillated shelis.
Being dense, the cggs float more readily in saturated
solutions of zinc sulphate or magnesium sulphate than
in the saturated sodium chloride solution which is used
in most faecal examination techniques.

TREATMENT

The intestinal stages arc susceptible to most of the
anthelmintics in current use in pigs, and the majority
of these, such as the benzimidazolcs, are given in the
feed. In cases of suspected Ascaris pneumonia inject-
able levamisole and ivermectin may be morc
convenient.

CONTROL

In the past, elaborate control systems have been de-
signed for ascariosis in pigs, but with the appcarance
of highly ellective anthelmintics these labour-tnten-
sive systems are falling into disuse.

The chief problem in control is the great survival
capacity of the eggs, but in houscd pigs, strict hygiene
in feeding and bedding, with frequent hosing of walls
and floors, will limit the risk of infection. In pigs on
free range the problem is greater, and where there is
serious ascariosis it may be necessary to discontinue
the use of paddocks [or scveral years, since the eggs
can survive cultivation,

Itis good practice 1o treat in-pig sows at entry fo the

farrowing pen, and young pigs should receivc
anthelmintic treatment when purchased or on entry to
the finishing house and 8 weeks later; hoars should be
treated every 3-6 months.

[Ascariosis in man: The type species, Ascaris
lumbricoides, occurs in man, and at one time it was nol
differentiated irom A. suwm, so that the pig was
thought to present a zoonotic risk for man. With mor-
phological distinction now possible, A, lumbricoides is
accepted as specific for man, and is irrelevant to veteri-
nary medicine.]

Toxocarad

Though the mcmbers of this genus are in many re-
specis typical ascaridoids, their biology is sufficiently
varied for it to be necessary to consider each species
scparately.

Toxocara canis

Apart from its veterinary importance, this species is
responsible for the most widely recognized form of
visceral larva migrans in man.

Host:
Dog.

Site:
Small intestine.

Distribution:
Worldwide.

IDENTIFICATION

Toxocara canis 1s a large white worm up to 10.0cm in
length, and in the dog can be confused only with
Toxascaris leonina. Differentiation of these two spe-
cies is difficult, as the only useful character, visible
with a hand lens, is the presence of a small finger-like
process on the tail of the male T. canis.

The egg is dark brown and subglobular, with a thick,
pitted shell (Fig. 49).

LIFE CYCLE

This species has the most complex life cycle in the
supcrfamily, with four possible modes of infection.
The basic form is typically ascaridoid, the egg con-
taining the L, being infective, at optimal temperatures,
four weeks after being passed. After ingestion, and
hatching in the small intestine, the L, travel by the
bloodstream via the liver to the lungs, where the sec-
ond moult occurs, the L; returning via the trachea to
the intestine where the final two moults take place.
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Fig. 49 Egg of Toxocara canis {75um X 90um) showing thick
pitted shell. Compare with that of Toxascaris in Fig. 51.

This form ol infection occurs regularly only in dogs of
up to three months old.

In dogs over three months of age, the hepatic-tra-
cheal migration occurs less frequently, and at six
months it has almost ceased. Instead, the L, travelto a
wide range of tissues including the liver, lungs, brain,
heart and skcletal muscle, and the walls of the alimen-
tary tract. In the pregnant bitch, prenatal infection
occurs, larvae becoming mobilized at about three
weeks prior to parturition and migrating to the lungs
of the foetus where they moult to L; just before birth.
In the newborn pup the cycle is completed when the
larvae travel 1o the intestine via the trachca, and the
final moults occur. A bitch, once infected, will usually
harbour sufficient larvae to infect all her subsequent
litters, even if she never again encounters the infec-
tion. A few of these mobilized larvae, instcad of going
to the uterus, complete the normal migration in the
bitch, and the resulting adult worms produce a tran-
sient but marked increase in faecal Toxocara egg out-
put inn the weeks following parturition,

The suckling pup may also be infected by ingestion
of L; in the milk during the first three weeks of lacta-
tion. There is no migration in the pup following infec-
tion by this route.

Paratenic hosts such as rodents or birds may ingest
the infective eggs, and the L, travel to their tissues
where they remain until eaten by a dog when subse-
quent development is apparently confined to the
gastrointestinal tract.

A final complication is recent evidence that hitches
may be reinfected during late pregnancy or lactation,
leading directly to transmammary infection of the

suckling pups and, once patency is established in the
bitch, to contamination of the environment with cggs.
The known minimum prepatent periods arc:

Direct infection following
ingestion of eggs or larvae in a
paratentic host:

Prenatal infection:

4-5 weeks
3 weeks.

PATHOGENESIS

In moderate infections, the larval migratory phase is
accomplished without any apparent damage to the
tissucs, and the adult worms provoke little reaction in
the intestine.

In heavy infections the pulmonary phase of larval
migration is associated with pneumonia, which is
sometimes accompanicd by pulmonary oedema; the
adult worms causc a mucoid enteritis, there may be
partial or complete occlusion of the gut (Plate [V) and,
in rare cases, perforation with peritonilis or in some
instances blockage of the bile duct.

CLINICAL SIGNS

In mild to moderate infections, there are no ¢linical
signs during the pulmonary phasc of larval migration.
The adults in the intestine may cause pot-belly, with
failure to thrive, and occasional diarrhoea. Entire
worms are sometimes vomnited or passed in the faeces.

The signs in heavy infections during larval migra-
tion result from pulmonary damage and inciude
coughing, increased respiratory rate, and a frothy na-
sal discharge. Most fatalitics from T. canis infection
occur during the pulmonary phase, and pups which
have been heavily infccted transplacentally may die
within a few days ol birth.

Nervous convulsions have been attributed by some
chinicians to toxocarosis, but there is still some disa-
greement on whether the parasite can be implicated as
a cause of these signs.

EPIDEMIOLOGY

Surveys of T. canis prevalence in dogs have been car-
ricd out in most countries and have shown a wide
range of infection rates, from 5% to over 80%. The
highest prevalences have been recorded in dogs of less
than six months of age, with the fewest worms in adult
animals.

The widespread distribution and high intensity of
infection with 7. canis depend essentially on three
factors.

First, the females are extremely fecund, one worm
being able to contribute about 700 eggs to each
gramme of faeces per day, and egg counts of 15000
epg are not uncommon in pups.
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Second, the eggs are highly resistant to climatic ex-
tremes, and can survive for years on the ground.

Third, there is a constant reservoir of infection in
the somatic tissues of the bitch, and larvae in these
sites are insusceptible to most anthelmintics.

DIAGNOSIS

Only a tentative diagnosis is possible during the pul-
monary phase of heavy infections when the larvae are
migrating, and is based on the simultaneous appear-
ance of pneumonic signs in a litter, often within two
weeks of birth.

The eggs in faeces, subglobular and brown with
thick pitted shells, are species-diagnostic. The egg pro-
duction of the worms is so high that there is no need to
use flotation methods, and they are readily found in
simple faecal smears to which a drop of water has been
added.

TREATMENT AND CONTROL

The adult worms are easily removed by anthelmintic
treatment. The most popular drug used has been
piperazine, although this is being superseded by the
benzimidazoles, fenbendazole and mebendazole and
by nitroscanate.

A simple and frequently recommended regime for
control of toxocarosis in young dogs is as follows.

All pups should be dosed at 2 weeks of age, and
again 2-3 weeks later, to eliminate prenatally acquired
infection. It is also recommended that the bitch should
be treated at the same time as the pups.

A further dose should be given to the pups at two
months old, to eliminate any infection acquired from
the milk of the dam or from any increase in faecal egg
output by the dam in the weeks following whelping.

Newly purchased pups should be dosed twice at an
interval of 14 days.

Since there are likely to be a few worms present,
even in adult dogs, in spite of the diversion of the
majority of larvae to the somatic tissues, it is recom-
mended that adult dogs should be treated every 3-6
months throughout their lives.

It has been shown that daily administration of high
doses of fenbendazole to the bitch from three weeks
pre-partum to two days post-partum has largely elimi-
nated transmammary and prenatal infection of the
pups, although residual infection in the tissues of the
bitch may persist. This regimen may be useful in
breeding kennels.

VISCERAL LARVA MIGRANS

Though this term was originally applied to invasion of
the visceral tissues of an animal by parasites whose

natural hosts were other animals, it has now, in com-
mon usage, come to represent this type of invasion in
humans alone and, in particular, by the larvae of
Toxocara canis. Its complementary term is cutaneous
larva migrans, for infections by ‘foreign’ larvae which
are limited to the skin.

The condition occurs most commonly in children
who have had close contact with household pets, or
who have frequented areas such as public parks where
there is contamination of the ground by dog faeces.
Surveys of such areas in many countries have almost
invariably shown the presence of viable eggs of T.
canis in around 10% of soil samples.

Despite this high risk of exposure to infection, the
reported incidence of clinical cases is small. For exam-
ple, in 1979 a French survey of the world literature
reported that only 430 cases of ocular, and 350 cases of
visceral, larva migrans had been recorded. However, it
has been suggested that 50-60 clinical cases occur in
Britain each year, since many are not recorded.

In many cases larval invasion is limited to the liver,
and may give rise to hepatomegaly and eosinophilia,
but on some occasions a larva escapes into the general
circulation and arrives in another organ, the most fre-
quently noted being the eye. Here, a granuloma forms
around the larva on the retina, often resembling a
retinoblastoma, and there have been cases of precipi-
tate removal of the eye in children following
misdiagnosis. Only in rare cases does the granuloma
involve the optic disc, with total loss of vision, and
most reports are of partial impairment of vision, with
endophthalmitis or granulomatous retinitis. Such
cases are currently treated using laser therapy. In a
few cases of epilepsy, T. canis infection has been iden-
tified serologically, but the significance of the associa-
tion has yet to be established.

Control of visceral larva migrans is based on the
anthelmintic regimen described above, on the safe dis-
posal of dog faeces in houses and gardens, and on the
limitation of access by dogs to areas where children
play, such as public parks.

Toxocara cati

Host:
Cat.

Site:
Small intestine.

Distribution:
Worldwide.

IDENTIFICATION

Typically of the superfamily, Toxocara cati is a large
white worm, often occurring as a mixed infection with
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Toxascaris leonina

Toxocara cati

Fig. 50 Ditferentiation of Toxocara cati and Toxascaris leonina
may be made on the shape of the cervical alae.

the other ascaridoid of carnivorcs, Toxascaris leonina.
Differentiation (Fig. 50) is readily made between
the two on gross examination or with a hand lens,
when the cervical alae of 1. cati are seen to have an
arrow-head form, with the posterior margins almost at
a right angle to the body, whereas thosc of Toxascaris
taper gradually into the body. The male, like that of 7.
canis, has a small finger-like process at the tip of the
tail.

The cgg, subglobular, with a thick, pitted shell and
almost colourless, is characteristic in cat faeces.

LIFE CYCLE

Like 7. canis, the life cycle of T, cati is migratory when
infection occurs by ingestion of the L, in the egg and
non-mipratory after transmammary infection with L,
or after ingestion of a paratenic host. However, unlikc
T. canis prenatal infection does not occur,

The prepatent period from egg infection is about
eight weeks.

PATHOGENESIS AND CLINICAL SIGNS

Because the majority of infections are acquired cither
in the milk of the dam or by ingestion ol paratenic
hosts, there is no migratory phase and any changes are
usually confined to the intestine, showing as pot-belly,
diarrhoea, poor coat and failure to thrive.

EPIDEMIOLOGY

The epidemiology of T. cati depends largely on a
reservoir of larvac in the tissues of the dam which
arc mobilized late in pregnancy and excreted in the
milk throughout lactation. The paratenic host is
also of considerable significance because of the
strong hunting instinct in cats. Exposurc to the latter
route of infection does not occur unlil kittens begin
to hunt for themsclves or Lo share the prey of their
dams.

DIAGNOSIS

The subglobular eggs, with thick, pitted shells, are
easily recognized in facces.

TREATMENT

This is similar to that described for 7. canis in dogs.

CONTROL

Since infection is first acquired during suckling, com-
plete control would be based on removal of kittens
from the dam and artificial rearing. Tn most cases,
adequate control is achieved by early and repeated
administration of anthelmintics to kittens along the
lines recommended for T. canis In pups.

T. cari has been reported as a rare cause of visceral
larva migrans in man,

Toxocara (svn. Neoascaris) vitulorum

Hosts:
Cattle and buffalo.

Site:
Small intestine,

Distribution:
Mainly in tropical and warm regions.

IDENTIFICATION

T. vitulorum is the largest intestinal parasite of cattle,
the females being up to 30.0cm long. It is a thick
worm, pinkish when fresh, and the cuticle is rather
transparent so that the internal organs can be seen.

The egg is subglobular, with a thick pitted shell, and
is almost colourless.

LIFE CYCLE

The life cycle of this species resembles that of T. cati,
in that the most important source of infection is the
milk of the dam in which larvac are present for up to
30 days after parturition. There is no tissue migration
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in the calf following infection and the prepatent period
is 3—4 weeks.

The ingestion of larvated eggs by calves over six
months old seldom results in patency, the larvae mi-
grating to the tissues where they are stored; in female
animals. resumption of development in late pregnancy
allows further transmammary transmission.

PATHOGENESIS AND CLINICAL SIGNS

The main etfects of this infection appear to be caused
by the adult worms in the intestines of calves up 1o six
months old. Heavy infections are associated with poor
thriving and intcrmittent diarrhoea, and in buffalo
calves particularly, fatalitics may occur.

EPIDEMIOLOGY

‘The most important lealure is the reservoir of larvae
in the tissues of the cow, with subsequent milk-borne
transmission ensuring that calves are exposed to infec-
tion from the first day of life.

DIAGNOSIS

The subglobular cggs, with thick, pitted shells, are
characteristic in bovine {aeces.

TREATMENT

The adult worms are susceptible (o a wide range of
anthelmintics including piperazine, levamisole and the
benzimidazoles. All these drugs are also effective
against developing stages in the intestine.

CONTROL

The prevalence of infection can be dramatically re-
duced by treatment of calves at three and six weeks of
age preventing developing worms reaching patency.

Tovascaris

This genus occurs in domestic carnivores, and though
common, is of less significance than Toxocara because
its parasitic phase is non-migratory.

Hosts:

Dog and cat.

Site:

Small intestine.

Species:

Toxascaris leonina.

Distribution:

Worldwide.

Fig. 51 Egg of Toxascaris lecnina {75u#m = 85um) showing
smooth shell.

IDENTIFICATION

Toxascaris is almost indistinguishable grossly from
Toxocara canis, the only point of difference being the
prescnce of a finger-like process at the tip of the male
tail of the latter. In the cat, differentiation from 7. cati
is based on the shape of the cervical alae, which are
lanceolate in Tovxascaris butl arrow-head shaped in T.
cati (Fig. 50).

The egg is slightly ovoid, with a smooth thick
shell, and is characteristic in dog and cat faeces (Fig.
51).

LIFE CYCLE

Infcction is by ingestion of the L.; in the egg or as
larvae in the tissucs of micc and subsequent develop-
ment takes place entircly in the wall and lumen of the
intestine, there being no migratory phase. The
prepatent period is around 11 weeks.

TREATMENT AND CONTROL

Since ascarid infections in the domestic carnivores in-
variably include Toxocara, the measures recom-
mended for control of the latter will also have an effect
on Toxascaris.

Since the two main reservoirs of infection are larvac
in the prey or eggs on the ground, control has to
be based on trcatment of worm infection in the
host animals, and on adequate hygicne to limit the
possibility of acquisition of infection by ingestion of
eggs.
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Fig. 52 Adult Parascaris equorum in small intestinal contants.

Parascaris

equorm i common

Infection with Parascaris
throughout the world and is a major cause of
unthriftiness in young foals.

Hosts:
Horses and donkeys.

Site:
Small intestine,

Species:
Parascaris equorum.

Distribution:
Worldwide,

IDENTIFICATION

Gross:

This very large whitish nematode, up to 40cm in
length, cannot be confused with any other intestinal
parasile of equines (Fig. 52).

Microscopic:
The adult parasites have a simple mouth opening sur-
rounded by three large lips and in the malc the tail has
small caudal alae.

The egg of £. equorum is almost spherical, brownish
and thick-shelled with an outer pitted coat.

LIFE CYCLE

The life cycle is direct. Eggs produced by the adult
female worms are passed in the faeces and can reach
the infective stage containing the L, (Fig. 53) in as
little as 10-14 days, although development may be

delayed at low temperatures. After ingestion and
hatching the larvae penetrate the intestinal wall and
within 48 hours have reached the liver. By two weeks
they have arrived in the lungs where they migrate up
the bronchi and trachea, arc swallowed and return to
the small intestine. The site of occurrence and timing
of the parasitic larval moults of P. equorum are not
preciscly known, but it would appear that the moult
from L, to L, occurs between the inlestinal mucosa
and the liver and the two subscquent moults in the
small intestine.

The minimum prepatent period of P. equorum is 10
weeks. Therc is no evidence of prenatal infection.

PATHOGENESIS

Gross changes are provoked in the liver and lungs by
migrating . equorwm larvac. In the liver, larvae cause
focal haemorrhages and eosinophilic tracts which re-
solve leaving whitish areas of fibrosis. Larval migra-
tion in the lungs also leads to hacmorrhage and
infiitration by eosinophils which are later replaced by
accumulations of lymphocytes, while sub-pleural grey-
ish-green lymphocytic nodules develop around dead
or dying larvae; these nodules are more numerous
following reinfection.

Allhough the presence of worms in (he small intes-
tine is not associated with any specific lesions, occa-
sionally, heavy infections have been reported as a
cause of impaction and perforation leading to perito-
nitis. However, under experimental conditions,
unthriftiness is a major sign and despite maintaining a
good appelite infected foals lose weight and may be-
come emaciated. Competition between a large mass of

Fig. 53 Eggof P. equorum (100 am x 90 um) which has developed
1o the infective stage.

o
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parasites and the host for nutrients may be the under-
lying cause of this weight loss.

CLINICAL SIGNS

During the migratory phase of experimental infec-
tions, up to four weeks following infection, the major
signs are frequent coughing accompanied in some
cases by a greyish nasal discharge although the foals
remain bright and alert. Light intestinal infections are
well tolerated, but moderate to heavy infections will
cause unthriftiness in young animals with poor growth
rates, dull coats and lassitude.

A wide variety of other clinical signs including fe-
ver, nervous disturbances and colic have been attrib-
uted to field cases of parascariosis, but these have not
been observed in experimental studies.

EPIDEMIOLOGY

There are two important factors. First, the high fecun-
dity of the adult female parasite, some infected foals
passing millions of eggs in the faeces each day. Sec-
ondly, the extreme resistance of the egg in the envi-
ronment ensures its persistence for several years. The
sticky nature of the outer shell may also facilitate pas-
sive spread of eggs.

In the northern hemisphere, summer temperatures
are such that many eggs become infective at a time
when a population of susceptible foals is present.
The infections acquired by these result in further con-
tamination of pasture with eggs which may survive
during several subsequent grazing seasons. Although
mature horses may harbour a few adult worms, heavy
burdens are usually confined to yearlings and to
foals, which become infected from the first month
or so of life, and infection is maintained largely by
seasonal transmission between these groups of young
animals.

DIAGNOSIS

This depends on clinical signs and the presence of
spherical thick-shelled eggs on faecal examination. If
disease due to prepatent infection is suspected, faecal
examination having proved negative, diagnosis may
be confirmed by administration of an anthelmintic
when large numbers of immature worms may be ob-
served in the faeces.

CONTROL

Anthelmintic prophylaxis for the horse strongyles will
effectively control P. equorum infection. Since trans-
mission is largely on a foal-to-foal basis it is good
policy to avoid using the same paddocks for nursing
mares and their foals in successive years.

Ascaridia

This is a non-migratory ascaridoid, and its appearance
and biology are typical of the Superfamily.

Hosts:
Domestic and wild birds.

Site:
Small intestine.

Species:
Ascaridia galli. Two other species are A. dissimilis in
turkeys and A. columbae in pigeons.

Distribution:
Worldwide.

IDENTIFICATION

The worms are stout and densely white, the females
measuring up to 12.0cm in length. Ascaridia is by far
the largest nematode of poultry.

The egg is distinctly oval, with a smooth shell (Fig.
54), and cannot easily be distinguished from that of the
other common poultry ascaridoid, Heterakis.

LIFE CYCLE

The egg becomes infective at optimal temperatures in
a minimum of three weeks and the parasitic phase is
non-migratory. The egg is sometimes ingested by
earthworms, which may act as transport hosts.

The prepatent period ranges from 5-6 weeks in
chicks to eight weeks or more in adult birds. The
worms live for about one year.

PATHOGENESIS AND CLINICAL SIGNS

Ascaridia is not a highly pathogenic worm, and any
effects are seen in young birds, adults appearing rela-

Fig. 54 Smooth-shelled egg of Ascaridia galli (80 um X 50 um).
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tively unaffected. The main effect is scen during the
prepatent phase, when the larvae are in the mucosa,
There they cause an enterilis which is usually ca-
tarrhal, but in very heavy infections may be
haemorrhagic. In moderate infections the adult worms
are tolerated without clinical signs, but when consider-
able numbers arc present the large size of these worms
may cause intestinal occlusion and death.

EPIDEMIOLOGY

Adult birds are symptomless carriers, and the reser-
voir of infection is on the ground, either as free eggs or
in earthworm transport hosts.

DIAGNOSIS

In infections with adult worms, the eggs will be found
in faeces, but since it is difficult to distinguish these
from Heterakis eggs, confirmation must be made by
post-mortem cxamination of a casualty when the large
whitc worms will be [ound. In the prepatent period,
larvae will be found in the intestinal contents and in
scrapings of the mucosa.

TREATMENT AND CONTROL

When birds are reared on a free-range system, and
ascaridiosis is a problem, the young birds should, if
possible, be segregated and reared on ground previ-
ously unused by poultry.

Since the nematode may also be a problem in deep
litter houses, feeding and watering systems which will
limit the contamination of food and water by faeces
should be used.

In cither case treatment with piperazinc salts
levamisole or a benzimidazole, such as flubendazole,
can be administered either in the drinking water or the
feed. Capsules containing fenbendazole for use in pi-
geons are also highly effective.

Heterakiy

This genus is exceptional in its small siz¢ and in its
location in the large intestine, in contrast to Ascaridia
which is large and inhabits the small intestine (Fig. 55).
Hosts:

Domestic and wild birds.

Site:

Caeca.

Species:
IHeterakis gallinarum. Another species, H. isolonche,
occurs in game birds, notably pheasants.

Distribution:
Worldwide.

Flg. 55 The two commen poultry ascarids are Ascaridiz galfi (up to
12cm long) and Heterakis gallinarum {up to 1.5cm long).

IDENTIFICATION

Whitish worms up to 1.5cm long, with clongated
pointed tails. Gross cxamination readily indicates the
genus, but for specific identification microscopic ex-
amination is necessary to demonstrate the spicules,
which are unequal in length in H. gallinarum, but
of equal length in H. iselonche. Microscopically,
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also, generic identity may be confirmed by the pres-
ence of a large precloacal sucker in the male, and
promincnt caudal alac supported by large caudal
papillae.

The egg is ovoid and smooth-shelled, and is difficult
to distinguish from that of Ascaridia.

LIFE CYCLE

The egg is infective on the ground in aboul two weeks
at optimal temperatures. Earthworms may be trans-
port hosts, the eggs simply passing through the gut, or
paratenic hosts in which the egg hatches and the L,
travels to the tissues to await ingestion by the fowl. In
H. gallingrum all three parasitic moulls appear to oc-
cur in the caecal lumen, but in /{, isvlonche infection
the hatched larvae enter the caecal mucosa, and de-
velop to maturity in nodules. Each nodule has an
apening into the gut through which the eggs reach the
lumen.

The prepatent period of the genus is about four
weeks.

PATHOGENESIS AND CLINICAL SIGNS

H. gallinarum is the commonest nematode parasite of
poultry. and is usually regarded as being non-patho-
genic. Its chief pathogenic importance is as a vector of
the protozoan, [Histormonas meleagridis, the causal
agent of ‘blackhead’ in turkeys. The organism can be
transmitted from fowl to fowl in the egg of Heterakis
and in earthworms containing hatched larvae of the
worm.

H. isolonche of game birds is in itself pathogenic,
causing a severe inflammation of the caeca with
nodules projecting from both peritoneal and mucosal
surfaces. These cause diarrhoea with progressive ema-
ciation and there may be high mortality in heavily
infected flocks.

EPIDEMIOLOGY

H. gallinarum is widespread in most poultry flocks and
is of little pathogenic significance in itself, but is of
great importance in the epidemiology of Histormonas.
In contrast H. isolonche in game birds occurs as a
clinical entity.

DIAGNOSIS

H. gallinarum infection is usually only diagnosed
accidentally, by the finding of cggs in facces or the
presence of worms at necropsy. I1 isolonche infection
is diagnosed at necropsy by the finding of caecal
nodules containing adult worms, and if necessary,
confirmed microscopically by examination of the
spicules.

TREATMENT

Like Ascaridia, Heterakiy is susceptible to piperazine,
levamisole and a number of benzimidazoles.

CONTROL

Control of H. gallinarum is only necessary when
histomonosis is a problem in turkeys. It is largely
based on hygiene, and in backyard flocks two main
points are: the segregation of turkeys from other do-
mestic poultry, and the removal and disposal of litter
from poultry houses. Where the problem is serious
and continuous, it may be advisable to administer
either piperazine or levamisole intermittently in the
feed or water in addition to continuous Histomonas
chemoprophylaxis,

Where I isolonche infection is endemic in
pheasantries, the runs should be abandoned and
pheasant chicks reared on fresh ground.

Anisakid infection

The Anisakidae are ascarideoids whose adults are para-
sitic in a wide range of animals, including marine
mammals and birds. The larvae occur in many fish
which have ingested either the eggs or crustacean
paralenic hosts carrying larvae, If the {ish are caten by
humans, the larvae will migrate from the alimentary
tract into other tissues, causing a form of visceral larva
migrans which can be fatal. One outbreak in the Neth-
erlands involved the consumption of raw herring
which harboured the larvae in their muscles, but the
most widespread endemic cycle is usually recognized
as being between seals and cod, and for this reason
there is pressure in some fishing communities for the
reduction of seal populations in order to diminish the
economic loss resulting from rejection of fish at
inspection.

Supertamily OXYUROIDEA

Adult oxyuroids of animals inhabit the large intestine
and are commonly called pinworms because of the
pointed tail of the female parasite. They have a double
bulb oesophagus and a direct life cycle. The only
genera of veterinary interest arc Oxyuris and
Probsimayria, both parasitic in the horse, and
Skrjabinema which is a parasite of ruminants.

Oxviuris

Infection with the horse pinworm, Oxyuris equi, is
extremely common and, although of limited patho-
genic significance in the intestine, the female parasites
may cause an intense anal pruritis during the process
of egg laying.
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Hosts:
Horses and donkeys.

Site:
Caecum, colon and rectum.

Species:
Oxyuris equi.
IYistribution:
Worldwide.

IDENTIFICATION

Gross:

The mature females arc large white worms with
pointed tails which may reach 1.0cm in length (Fig.
56) whereas the mature males are generally less than
1.0cm long. O. egui L, from 5 to 10mm in length, have
tapering tails (Fig. 57) and are often attached orally to
the intestinal mucosa.

Microscopic:
There is a doublc ocsophageal bulb and the tiny males
have caudal alac and a single spicule. Tn the female the
vulva is siluated anteriorly.

O, equi eggs are ovoid, yellow and slightly flattened
on one side with a mucoid plug at onc end (Fig. 38).

LIFE CYCLE

The adult worms are found in the lumen of the colon,
Aller [ertilization the gravid female migratcs to the

Flg. 56 Adult Oxyuris equi females.

Fig. 57 Fourth-stage larvae of Oxyuris equi which resemble small
carpet tacks.

Fig. 58 Oxyuris equi egg (90xm x 45.m).
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anus, extrudes her anterior end and lays her eggs in
clumps, scen grossly as yellowish white gelatinous
streaks on the perineal skin. Development is rapid and
within 4-5 days the egg contains the infective L;. In-
fection is by ingestion of the eggs and the larvae are
refeased in the small intcstine, move into the large
intestine and migrate into the mucosal crypts of the
caecum and colon where development to L, takes
place within 10 days. The L, then emerge and feed on
the mucosa before maturing to adult stages which feed
on intestinal contents.
The prepatent period of O. egui is 5 months.

PATHOGENESIS

Most of the pathogenic effects of €3 egui in the intes-
tinc are due to the feeding habits of the L, which result
in small erosions of the mucosa and, in heavy infec-
tions, these may be widespread and accompanied by
an inflammatory response. Normally, a more impor-
tant effect is the perineal irritation caused by the adult
females during egg laying.

CLINICAL SIGNS

The presence of parasites in the intestine rarely causes
any clinical signs. However, intense pruritis around
the anus causes the animal to rub, resulting in broken
hairs, bare patches and inflammation of the skin over
the rump and tail head.

EPIDEMIOLOGY

Although the infective stage may be reached on the
skin, more often flakes of material conlaining eggs are
dispersed in the environment by the animal rubbing
on stable fittings, fencing posts or other solid objects.
Heavy burdens may build up in horses in infected
stables and there appears to be little immunity fo
reinfection.

DIAGNOSIS

This is based on signs of anal pruritis and the finding of
greyish-ycllow egg masses on the perineal skin. The
large white long-tailed female worms are often seen in
the faeces, having been dislodged while laying their
eggs.

0. equi eggs arc rarcly found on faecal examination
of samples taken [rom the rectum, but may be ob-
served in material [rom the perineum or in faecal ma-
terial taken from the ground.

TREATMENT AND CONTROL

0. equi is susceplible to many broad spectrum
anthelmintics and should be controlled by routine

chemotherapy for the more important horse parasites
such as the strongyles and P. equorum.

Where animals are showing clinical signs, the
perineal skin and underside of the tail should be fre-
quently cleaned using a disposable cloth, in addition to
anthelmintic (reatment. A high standard of stable hy-
gicne should be observed.

Probstmuayria

Probstmayria vivipara is a 2.0-3.0mm long oxyuroid
parasite which is unusual in that it is a perpetual para-
sitc and lives from generation to generation in the
equine caecum and colon. The females are viviparous
and adults and larvae may be passed in the faeces:
transmission is therefore probably via coprophagia.
Although millions of thesc pinworms may be present
they have never given risc Lo any clinical signs. Like
Oxyuris, this parasile is susceptible to most modern
anthelmintics. )

Skrjabineniu

This genus of small pinworms contains several species
parasitic in the caccum and colon of domestic and wild
ruminants. Skrjabinema ovis, for example, is a
pinworm, up to 1.Ocm long, of goats and less com-
monly of sheep. It has rarely been incriminated as a
cause of disease and is usually recognised only at
necropsy.

[Pinworms in man: Enterobius vermicularis, the hu-
man pinworm, is common throughout the world and
although it occurs in all age groups it is most prevalent
in children. It is important to note that £. vermicualaris.
like other oxyuroids, is highly host-specific, so that
there is no possibility of household pets becoming
infected and acling as reservoirs of human pinworm
infection.]

Superfamily SPIRUROIDEA

The precise classification of a number of genera
currcnily assigned to this superfamily is controversial,
but there are five of significance in velerinary
medicine: Spirocerca, Habronema, Draschia, Thelazin
and Grathostoma. A major characteristic of this group
is the tight spirally coiled tail of the male. The life
cycles are indirecl involving arthropod intermediate
hosts.

Spirocerca

The adult nematodes are found in large
granulomatous nodules in the wall of the oesophagus.
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These may cause a variety of clinical signs including,
infrequently, those of oesophageal osteosarcoma.

Hosts:
Dog and occasionally cat.

Intermediate hosts:
Coprophagous beetles.

Site:

The migrating larvae produce characteristic lesions in
the wall of the aorta while the adults are found in
granulomatous lesions in the wall of the oesophagus
and stomach.

Species:
Spirocerca lupi.

Distribution:
Tropical and subtropical areas.

IDENTIFICATION

The appearance of the granulomatous lesions, up to
golf-ball size, is usually sufficient for identification
(Fig. 59). Numercus pink worms may he seen on sec-
tion of the granulomas (Fig. 60), but these are difficult
to extricate inlact since they are cotled and up to
8.0em long.

LIFE CYCLE

The thick-shelled elongate egg, containing a larva, is
passed in the [acces or vomit and docs not hatch until
ingested by a dung-beetle. In this, the intermediate
host, the larva develops to the [; and encysts.
Paratenic hosts may also be involved if the dung-
beetle, in turn, is ingested by any of a variety of other
animals including the domestic chicken, wild birds,
and lizards. In these the Ly becomes encysted in the
viscera,

On ingestion of the intermediate or paratenic host
by the final host the L, are liberated, penetrate the
stomach wall and migrate via the coeliac artery to the
thoracic aorta. About three months later they cross to
the adjacent oesophagus where they provoke the de-
velopment of granulomas as they develop Lo the adult
stage in a further three months. The prepatent period
is therefore six months. Eggs, however, may not be
found in the facces of a proportion of animals with
adult infections where the granulomas have no open-
ings into the oesophageal lumen. ‘

PATHOGENESIS AND CLINICAL SIGNS

The migrating larvae produce scarring of the internal
wall of the aorta which, if particularly severe, may
cause stenosis or even rupture,

The oesophageal granulomas, up to 4.0cm in size,

Fig. 59 Large cesophageal granuloma due to Spirocarca lupi
infection.

Fig. 60 Transverse section showing Spirocerca lupi within a
granuloma and in the oesophageal lumen.
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associated with the adult worms may be responsible
for a variety of clinical signs including dysphagia and
vomiting arising from obstruction and inflammation.
Two further complications arc, first, the develop-
ment of oesophageal osteosarcoma in & small propor-
tion of infected dogs. These may be highly invasive
and produce metastases. Secondly, also relatively rare,
is the occurrence of spondylosis of the thoracic verte-
brae or of hypertrophic pulmonary ostcopathy of the
long bones, The aetiology of these lesions is unknown.
However, despite the potential pathogenicity of this
parasite, many infected dogs do not exhibit clinical
signs even when extensive aortic lesions and large,
often purulent, oesophageal granulomas are present.

EPIDEMIOLOGY

In endemic areas the incidence of infeclion in dogs is
often extremely high, sometimes approaching 100%.
Probably this is associated with the many opportu-
nities of acquiring infection from the variety of
paratenic hosts.

DIAGNOSIS

Eggs may be found in the faeces or vomit if there are
fistulac in the oecsophageal granulomas. Otherwise
diagnosis may depend on endoscopy or radiography.

TREATMENT

Treatment is rarely practical but levamisole
disophenol and albendazele have been reported to be
of value, Disophenol is given subcutancously at 7mg/
kg body weight and the treatment is repeated alter
seven days.

CONTROL

This 15 difficult because of the ubiquity of the inter-
mediate and paratenic hosts. Dogs should not be fed
uncooked viscera from wild birds or from free-range
domestic chickens.

Heabronema

Members of this and the closely related genus
Draschia are parasitic in the stomach of the horse;
Habronema may cause a catarrhal gastritis, but is not
considered an important pathogen while Draschia
provokes the formation of large fibrous nodules which
are occasionally significant. The chief importance of
these parasites is as a causc of cutaneous ha-
bronemosis or ‘summer sores’ in warm countrics.

Hosts:
Horses and donkeys.

Intermediate hosts:
Muscid flies.

Site:
Stomach.

Species:
Hahronema muscae
H. microstoma (syn. H. majus).

Distribution:
Worldwide.

IDENTIFICATION

Slender white worms 1.0-2.5¢m long. In the male the
tail has a spiral twist. Tt is unlikely to be confused with
other nematodes in the stomach since Draschia is as-
sociated with characteristic lesions and 7. axei is less
than 1.0cm in length.

The elongated eggs are thin shelled and larvated
when laid.

LIFE CYCLE

Eggs or L, are passed in the faeces and the L, are
ingested by the larval stages of various muscid flies
including Musca, Stomoxys and Haematobia which are
often present in faeces. Development to L, occurs
synchronously with the development to maturily of
the fly intermediate host. When the fly feeds around
the mouth of the horse the larvae pass from its
mouthparts on to the skin and are swallowed. Alterna-
tively infected flics may be swallowed whole. Develop-
ment to adult takes place in the glandular arca of the
stomach in approximately two months,

When Habronema larvae are deposited on a skin
wound or around the eyes they invade the tissues, but
do not complete their development.

PATHOGENESIS

The adults in the stomach may cause a mild catarrhal
gastrilis with ¢xcess mucus production. More impor-
tant arc the granulomatous lesions of cutaneous
habroncmosis, commonly known as ‘summer sores’
(Plate 1V), and the persistent conjunctivitis with
nodular thickening and ulceration of the cyclids
associated with invasion of the eyes. Larvae have also
been found associated with small lung abscesses.

CLINICAL SIGNS

These are usually absent in gastric habroncmosis, Le-
sions of cutaneous habronemosis are most commaon in
areas of the body liable to injury and occur during the
fly season in warm countries. During the early stages,
there is inlensc itching of the infected wound or
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abrasion which may cause further self-inflicted dam-
age. Subsequently a reddish-brown non-healing
granuloma develops which protrudes above the level
of the surrounding skin and may be up to 8.0cm in
diameter, Later the lesion may become more fibrous
and inactive, but will not hecal until the advent of
cooler weather when fly aclivily ceases. Invasion of
the eye produces a persistent conjunctivitis with nodu-
lar ulcers especially at the medial canthus.

EPIDEMIOLOGY

The seasonality of cutancous lesions is related to the
activity of the fly vectors.

DIAGNOSIS

This is based on the finding of non-healing, reddish
cutaneous granulomas. The larvac, recognized by
spiny knobs on their tails, may be found in material
from these lesions. Gastric infection is not easily diag-
nosed since [Hubronema eggs and larvae are not read-
ily demonstrable in the faeces by routine tcchniques.

TREATMENT AND CONTROL

A number of modern broad spectrum anthelmintics
have heen shown to have activity against the adull
parasites in the stomach. Cutaneous lesions are best
treated with ivermectin. The use of insect repellents
has some benefit and radiation therapy and cryo-
surgery have been used in more chronic cases. Obvi-
ously any measures taken to prevent injuries and to
control fly populations will be beneficial.

Daschia

There is only one species of veterinary importance,
Draschia megastoma, and this behaves in many ways
like ffabronema. However in the stomach the worms
live in colonies around which develop large nodular
lesions (Plate I'V). These oceur in the fundus and seem
to be well toleraled unless they protrude into the
lumen sufficiently (o interfere mechanically with stom-
ach function. In all other respects D. megastoma can
be considered similar to Habronema.

Puarabronema

This genus in ruminants is the equivalent to
Habronema in equines. It occurs in the abomasum of
sheep and goats and has a wide distribution in Africa,
Asia and some Mediterrancan countries, notably Cy-
prus. The adult worms resemble Haemonchus spp.
somewhat in gross form and size, but without the red

spiral colouration, while the younger worms are closer
to Ostertagia in appcarance. Microscopically, the ge-
nus is readily distinguished [rom the other abomasal
worms by the presence of large cuticular shields and
cordons in the cephalic region.

The life cycle is typically spirurcid. Parabronema is
usually regarded as non-pathogenic, and treatment
and control are never demanded.

Thelazia

Members of this genus are principally found in or
around the eyes of animals and can be responsible for
a keratitis. Unlike most spiruroids, the L, stage is not
ingested [rom the faeces, but by ilies feeding on ocular
seerelions.

Hosts:

Cattle; other domestic animals and occasionally man,

Intermediate hosts:

Muscid flies, particularly Musca, Fannia and Morellia.
Site:

Ocular region especially the conjunctival sac and lach-
rymal duct (Fig. 61).

SPECIES AND DISTRIBUTION

mainly equines in Europe and
N. America

dog, cat and occasionally
sheep in N. America.

Thelaziu lacrymalis

T. californiensis

Other species which occur worldwide in cattle include
T. rhodesi, 1. gulosa and T. skrjabini.

IDENTIFICATION

Small thin white worms 1.0-2.0cm long. A mouth cap-
sule is present and the cuticle has prominent striations
at the anterior end.

Thelazig spp. in conjunctival sas (M.

Fig. 61
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LIFE CYCLE

The worms are viviparous. The L, passed by the fe-
male worm into the lachrymal secretion is ingested by
the fly intermediate host as it feeds. Development
from L, to [; occurs in the ovarian follicles of the fly in
15-30 days during the summer months, I, migrate to
the mouthparts of the fly and arc transferred to the
final host when the fly feeds. Development in the cyc
takes place without further migration and the
prepatent period is between 3 and 11 weeks depending
on the species.

PATHOGENESIS

Lesions are caused by the serrated culicle of the worm
and most damage results from movement by the active
young adults causing lachrymation, followed by con-
junctivitis. In heavy infections the cornea may become
cloudy and ulcerated. There is usually complete recov-
ery in about two months although in some cases areas
of corneal opacily can persist.

CLINICAL SIGNS

Lachrymation, conjunctivitis and photophobia. Flies
are usually clustered around the eye becausc of the
excessive secretion. In severe cases, the whole cornea
can be opaque.

EPIDEMIOLOGY

Thelazia infections occur seasonally and are linked to
periods of maximum fly activity. The parasite can sur-
vive in the eye for several years, but since it is only the
young adult which is pathogenic a reservoir of infec-
tion may persist in symptomless carrier cattle, Survival
of farvae also occurs in the pupal stages of flies during
the winter.

DIAGNOSIS

This Is based on observation of the parasites in the
comjunctival sac. Tt may be necessary to instil a few
drops of local anaesthetic to facilitate manipulation of
the third eyelid.

TREATMENT AND CONTROL

Treatment was at one time based on manual removal
of the worms under a local anaesthetic, but this is now
replaced by administering an effcctive anthelmintic
such as levamisole or an avermectin; the former drug
may be applied topically as a 1% aqueous solution.

Prevention is difficult because of the ubiquitous na-
ture of the fly vectors.
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Crirerthioston

Like most spiruroids, Grathoestoma inhabits the upper
alimentary tract, occurring in nodules in the stomach
wall of omnivores and carnivores. Il is exceptional in
requiring two intermediate hosts.

Hosts:
In domestic animals, the pig, cat, and dog. It occurs
crralically in man as a cause of visceral larva migrans.

Intermediate bosts:

(1) Many species of aguatic crustacean;

(2) Small vertebrates including mammals, birds, rep-
tiles, fish and amphibians.

Site:

Stomach.

Species:

Grathostoma hispidum  pig

G. doloresi pig

G spinigerum cat and dog; also erratically
in man.

Distribution:
Southern Europe, Africa, Asia and Australia.

IDENTIFICATION

Grathostoma is a thick-bodied worm, and the [emales
are up to 3.0cm long. The presence of the worms in
gastric nodules is sufficient for gencric diagnosis, and
confirmation is easily made with a hand lens when the
swollen anterior end covercd with rows of small hooks
will be seen.

LIFE CYCLE

The adult worms live in tunnels in the gastric nodules,
and the eggs pass from there into the lumen and are
dropped into the water in the faeces. The crustaccans
(first intermediate hosts) ingest L, and development to
[., takes place. The crustaceans are themselves
ingested by the vertebrates (sccond intermediate
hosts) and development to L, occurs in the liver and
muscle of these animals,

The final host is infected by ingestion of the verte-
brate vector and further development occurs in the
stomach wall, where the worms provoke the growth of
fibrous lesions.

PATHOGENESIS

As in many spiruroid infections, the most obvious ef-
fect of gnathosiomosis is the prescnee of fibrous
growths on the stomach wall. These growths are of
variable size, the largest being 3—4 ¢m in diameter,snd
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Z

i



84 Veterinary Parasitology

are cavitated, amounting to thick-walled cysts contain-
ing worms and fluid. Ulceration and nccrosis of the
stomach wall are often present.

The most pathogenic specics is G, spinigerum,
which in cats may cause [atal gastric perforation and
perilonitis.

In some cases a number of larvae will migrate from
the stomach to other organs, most commonly the liver,
in which they burrow, leaving nccrotic tracks.

When visceral larva migrans duc (o Gnathostoma
occurs in humans G. spinigerum is the species usually
involved, and the commonest source of infection is
domestic poultry acting as second intermediate hosts.
The worms never become fully adult, and the imma-
ture forms are most commonly found in subcutaneous
nodules which appear and disappear irregularly as the
parasites wander in various parts ol the body.

CLINICAL SIGNS

Except in the cat, in which acute abdominal signs
may be present, Gnathostoma infection is usually
inappatent.

EPIDEMIOLOGY

It should be noted that the final hosts are also eligible
sccond intermediate hosts, so that, for example, the
pig may harbour L; in its liver and muscles as well as
adult worms in its stomach.

DIAGNOSIS

The infection in the living animal can only be diag-
nosed by the finding of the greenish, oval eggs, which
have a thin cap at one pole, in the fagces. Often, how-
cver, eges are not present in fagces.

TREATMENT AND CONTROL

Treatment has not been investigated. With ubiquity of
the first and second intermediate hosts complete con-
trol cannot be achieved, but partial limitation is pos-
sible by the thorough cooking of all food.

Gongylonema

‘This genus is unusual among the spirurcids in having a
very wide final host range which includes all the do-
mesticated animals, though it is most prevalent in ru-
minants. Tts intermediate hosts include coprophagous
beetles and cockroaches and it has a worldwide distri-
bution, Itis a long, slender worm, the females being up
to 9.0cm in length, and is easily distinguished micro-
scopically by the presence of longitudinal rows of
cuticular plaques in the anterior region of the body.

Flg. 62 Cross-section of a single adult Gongylonema embedded in
the oescphageal mucosa of a sheep.

Like most spiruroids the favoured location of the
adults is in the upper alimentary tract, in the oesopha-
gus, and in the forestomachs and stomach of mammals
and the crop of birds.

The commeoen species are Gongylonema pulchrum in
all domesticated mammals, though mainly sheep and
goats, G. verrucosum in ruminants, and G. ingluvicola
in birds.

The life cycle is typically spiruroid, and the adult
worms live cmbedded in the alimentary mucosa (Fig,
62). They are usually regarded as non-pathogenic,
though they have been associated with a mild chronic
oesophagitis in ruminants.

LESSER SPIRUROIDS OF PIGS

Pigs reared outdoors may harbour several spiruroids
besides Grathostoma and Gongylonema, but none is
of great economic or pathogenic importance. The
most  widespread are  Ascarops  strongviina,
Physocephalus sexalatus and Simondsia paradoxa.

Ascarops and Physocephalis arc widely distributed.
Both arc small, slender worms, up to 2.0¢m long, liv-
ing on the stomach wall under a layer of mucus. The
intermediate hosts are coprophagous beetles, and the
life cycles are typically spiruroid, Ascarops having
a prepatent period of about four wecks, and
Physocephalus six weeks. Neither is severely patho-
genic, the main elfect being a catarrhal gastritis.
Simondsia also occurs in the stomach. It is similar in
length to the other two, but the gravid female has a
characteristic form, the posterior end of the body be-
ing a rounded sac filled with ¢ggs. The males live on
the surface of the gastric mucosa, but the females are
found in small cysts in the mucosal crypts with their
anterior cnds projecting. The inlermediate hosts are
unknown. This genus is predominantly a parasite of
tropical and subtropical regions, and like the others it
is a cause of catarrhal gastritis, but in addition, there
is somc fibrous reaction around the nodules in the
stomach wall.
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Plate |

{f} Anaemia and submandibular
haemonchosis.

) Ostertagia ostertagi emerging frem a gastric gland.
(M Characteristic gross lesions of ostertagiosis.
) Necrosis of mucosa in severe ostertagiosis.
{d) Abomasal haemorrhages in hagmonchosis.
) Expansion of red marrow in tibia in acule haemonchosis.

oedema  characteristic

of
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Plate Il

(a) Developing Trichostrongylus vitrinus in the small intestinal
mucesa.

{b) Erosions characteristic of intestinal trichastrongylosis.

{¢) Raised plagues in abomasum due to Trichostrongylus axei
infection. (1

(d)  Adult Dictyocaulus viviparus in the bronchi.

(e) Typical gistribution of pneumenic lesions of parasitic bronchitis.

{1y Larvae of Dictyocaulus viviparus on the fungus Pifobolus.




Plate Il

{a)
{b)

Arteritis and thrombosis of cranial mesenteric artery caused by
Strongyius vulgaris larvae.

Strongylus edentatus feeding on the mucosa of the large
intestine.

Triodontophorus tenuicoiiis adults feeding around the periphery
of an ulcer in the ventral colon.

Developing small strengyle larvae in the mucosa cf the caecum.
Intestinal nedules associated with developing Oeso-
phagostomum spp.

The ‘kidney worm', Stephanurus dentatus.



Plate IV

(a) Adult Syngamus trachea in situ (T).

(b) ‘Milk spot’ lesions in the liver associated with Ascaris suum
infaction. .

(c) Heawvy Toxoeara canis infection in the small intestine of a pup.

) Ulgerated granuloma an commissure of lips of hotse due to

cutanecus habronemasis.

(e} Large nodule in equine stomach associated with Draschia
megastoma infection.

(f}  Nodules typical of bovine anchocercosis.
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Diagnosis of a particular genus is difficult by faecal
examination, but the presence of the small elongate
eggs in the faeces of animals showing signs of gastritis
will give a tentative indication of spiruroidosis.

Treatment has not been considered with these
genera.

LESSER SPIRUROIDS OF CARNIVORES

Physaloptera praeputialis and P, rara, worldwide in
distribution, occur in the stomach of the dog and cat.
They are larger than most spiruroids, being 4.0-6.0cm
long and resembling ascarids. The intermediate hosts
are beetles, cockroaches and crickets and the life cycle
is typically spiruroid. The adult worms have small
teeth on their large triangular lips, and attach strongly
to the gastric mucosa, leaving small ulcers when they
move to fresh sites. They may cause catarrhal gastritis,
with emesis, and in heavy infections blood may appear
in the facces. Diagnosis is by the finding of the elon-
gale eggs, thickened at cither pole, in the faeces or
vomit. There is no efiective treatment, and with the
ubiquity of the insect intermediate hosts control can-
not be considered.

Spirura ritypleurites occurs in the cat and less com-
monly the dog. It is a thick, short worm, inhabiting
mainly the stomach, but occurring occasionally in
the oesophagus, The intermediatc hosts arc
coprophagous beetles and the life cycle is typically
spiruroid. This worm is endemic in parts of southern
Europe, Africa and Asia and is usually presumed to be
non-pathogenic.

SPIRUROIDS OF POULTRY

Most of these worms oceur in free-range poultry and
inhabil the alimentary tract with the exception of one
genus which occurs in the cye. In the gut they are
found in three distinct locations.

Proventriculus:

Three genera occur here, Echinuria, Dispharynx and
Tetrameres, all having a worldwide distribution.
Though the first two have dilferent host preferences,
Echinuria occurring in ducks and geese and being
transmitted by water crustaceans while Dispharynx is
parasitic in non-aquatic domestic poultry and has ter-
restrial crustaccans as intermediate hosts, they are
otherwise similar in appearance, behaviour and
pathogenesis. The body is slender and coiled, up to
2.0cm long, and the cuticle is ornamented with cor-
dons. Small thick-shelled embryonated eggs are
passed, and development to L; takes place in the ¢rus-
taceans which are ingested by the final hosts. The
worms usually provoke only a mild nodular reaction in
the mucosa with excessive mucus production. Most
infections with FEchinuria and Dispharynx are
inapparent.

Tetrameres is somewhat different. It has a wider
intermediate host range, using nol only water crusta-
ceans, but cockroaches, grasshoppers and beetles, and
it can infect all domestic fowl including pigeons. The
adults show sexual dimorphism, the males, which are
pale, slender, and only 6.0mm long, with spiny
cuticles, living on the mucosal surfacc, while the fe-
males, bright red and almost spherical, with a diameter
of about 5.0mm, are deep in the mucosal glands. The
females in the glands are blood suckers, and can causc
anaemia as well as local erosion. Heavy infections may
be fatal in chicks, but this genus is usually present only
in moderate numbers and is well-tolerated.

Gizzard:

The genera  Streptocara, Cheilospirura  and
Histiocephalus occur in this region. Histiocephalus is
of only trivial importance and occurs in Europe and
nothing is known of its life cycle; it is hardly ever
pathogenic. Of the other two, Streptocara has the
wider hosl range, occurring in all types of fowl; it is
transmitted by crustaceans. Cheilospirura is confined
to non-aquatic fowl and has grasshoppers and weevils
as intermediate hosts. These last two genera arc
worldwide in distribution, but like the others, they are
of low pathogenicity.

Duodenm:

This is the habitat of Hartertia, which is widespread in
Europe, Africa and Asia, but is not [ound in the New
Waorld. It is a slender worm, and is exceptionally long
for a spiruroid, the females reaching 11.0 cm. The in-
termediate hosts are termites. Infections are never fa-
tal, but when very large numbcrs are present there
may be diarrhoea and emaciation.

Eye:
The genus Cxyspirura in birds is the equivalent of
Thelazia in mammals. Tt occurs on the conjunctiva and
occasionally in the nasal sinuses, and its vectors are
cockroaches and the mayfly. It is not present in
Europe, but is widely distributed throughout the rest
of the world.

This is not a highly pathogenic genus, but heavy
infections may cause blindness or occlusion of the na-
sul passages.

Attempts to controal the poullry spiruroids arc unlikely
to be successful because of the ready availability of the
intermediate hosts. Levamisole has been found effec-
tive against the alimentary genera.

Superfamily FILARIOIDLA

This superfamily is closely related to the Spiruroidea
and, as in the latter, all its genera have indirect life
cycles. None of them inhabits the alimentary tract, and
they depend upon insect vectors for transmission.
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Fig. 63 A microfilaria, the first larval form of filaricid worms.

Within the superfamily, differences in biclogical
behaviour are seen, the more primitive forms laying
cggs which are available to the vectors in dermal
exudates, and the more highly evolved forms laying
larvae, termed microfilariae (Fig. 63). The latter which
may be enclosed in a flexible, sheath-like ‘cgg shell’
are taken up by parasitic insects feeding on blood and
tissue fluids. In some species, the microfilariae only
appear in the peripheral blood and tissues at regular
intervals, some appearing in the daytime and others at
night; this behaviour is termed diurnal or nocturnal
periodicity.

Parafilaria

The adults of this genus of primitive filarioids live
under the skin where they produce inflammatory le-
sions or nodules and, during ¢gg laying, haemorrhagic
exudates or ‘bleeding points” on the skin surface.

Parafilaria bovicola

Hosts:
Cattle and buffalo.

Intermediate hosts:
Muscid flies; M. aummnalis in Europe.

Site:
Subcutaneous and intermuscular conneclive lissue.

Distribution:
Africa, Asia, Southern Europe and Sweden.

IDENTIFICATION

Slender white worms 3.0-6.0cm in length. Anteriorly,
there are numerous papillae and circular ridges in the
cuticle. In the femalc the vulva is siluated anteriorly
near the simple mouth opening.

Small embryonated eggs are laid on the skin surface
where they hatch to release the microfilariae or L,
which are about 200um in length.

LIFE CYCLE

Eggs or larvae present in exudates from bleeding
points in the skin surface are ingested by muscid flies,
for example M. autumnalis in Europe and M. lusoria
and M. xanthomelas in Alfrica, in which they develop
to L, within scveral weeks to months, depending on air
temperature,

Transmission occurs when infected flies feed on
lachrymal secretions or skin wounds in other catlle
and the L, deposited then migrate and develop to the
adult stage under the skin in 5-7 months (Fig. 64).
Bleeding points develop 7-9 months after infection.

PATHOGENESIS

When the gravid female punctures the skin to lay her
eggs there is a haemorrhagic exudate or ‘bleeding
point’ which streaks and mats the surrounding hairs
and attracts flies, Individual lesions only bleed for a
short time and healing is rapid.

At the sites of infection, which are predominantly
on the shoulders, withers and thoracic areas, there is
inflammation and oedema which, at meat inspection,
resemble subcutaneous bruising in early lesions and
have a gelatinous greenish-yellow appearance with a

;24

Flg. 64 Parafilaria bovicola in the subcutaneous tissues.
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metallic odour in longer standing cases. Somctimes
the lesions extend into the intermuscular fascia, The
alfected areas have to be trimmed at marketing and
further economic loss is incurred by rejection or down-
grading of the hides.

CLINICAL SIGNS

The signs of parafilariosis are pathognomonic. Active
bleeding lesions are seen most commonly in warm
weather, an apparent adaptation to coincide with the
presence of the fly intermediate host.

EPIDEMIOLOGY

In Europe, bovine parafilariosis occurs in spring and
summer, whereas in tropical arcas it is seen mainly
after the rainy season. A high prevalence of 36% in
cattle has been reported from some endemic areas
in South Africa and the disease is now present in
Sweden, an area previously frec from infection.
Parafilaria infection may be introduced by the impor-
tation of cattle from endemic areas, but its spread
will depend on the presence of specific fly vectors.
It has been estimated in Sweden that one ‘bleeding’
cow will act as a source of infection for three other
animals.

DIAGNOSIS

This is normally based on clinical signs, but if labora-
tory confirmation is required, the small embryonated
eggs or microfilariae may be found on examination of
exudate from bleeding points. The demonstration of
eosinophils in smears taken from lesions is also consid-
ered a constanl diagnostic featurc. In Sweden,
serodiagnosis using an ELISA tcchnique has been
developed.

TREATMENT

Patent infections in beef and non-lactating dairy cattle
may be treated with ivermectin or npitroxynil. The
former is given parenterally as a single dose whereas
wa doses of nitroxynil are required at an interval of
three days. Neither drug is licensed for usc in lactating
cattle when the less effective levamisole may be tried.
These drugs produce a marked reduction in bleed-
ing points and, due to resolution of the muscle lesions,
a significant reduction in meat condemnation if
slaughter is delayed for 70 days after treatment.

CONTROL

This is difficult, becausc of the long prepatent period
during which drugs are thought not to be effective. In
Sweden dairy cattle, and particularly heifers at pas-

ture, are the main source of infection for M.
autumnalis, which is an outdoor fly, active in spring
and summer. However, infections in young beef cattle
are the chief cause of economic loss through carcass
damage.

Since neither ivermectin nor nitroxymil is effective
against immature worms, treatment is only useful for
patent infections recognizable by the clinical signs.
However, because of restrictions on the use of iver-
mcciin and nitroxynil in lactating cows, these are
rarely treated and instcad are kept indoors during the
period of fly activity.

In endemic areas young beef caltle may be treatcd
with an anthelmintic some time before slaughter as
described above. In Sweden the use of insecticide-
impregnated ear tags has been recommended for vec-
tor control.

Puarafilaria multipapiliosa
This parasite, similar in appearance to P. bovicola, is
transmitted by Haemarobia spp. and occurs in the sub-
cutaneous and intcrmuscular connective tissue of
horses. It has been recorded from Asia, Africa,
Europe and South America. In Britain it has only been
recognized in imported horses.

The lesions are more nodular than those of P.
bovicola in cattle and their distribution in the harness
areas may make the animals unsuitable for work.

Clinically the condition is characterized by matting
of the hair {Fig. 65) due to blood and tissue fluid
exudales from ruptured nodules, The lesions are more
prominent in the summer and particularly when the
animals are hot, so that they appear to be ‘sweating
blood’.

Fig. 65 MNodular lesions of Parafilariz muttipapillosa in a horse.
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Although the condition tends to disappear in cold
weather it will periedically reappear during warmer
months for up to four years in individual animals.
Occasionally, lesions are mistaken for injuries caused
by thorns and barbed wire. Treatment is difficult, but
ivermectin may be tried.

Steplanofilaria

The worms of this genus inhabit the dermis and are
responsible for chronic dermatitis in cattle and buflalo
in the tropics and subtropics.

Hosts:
Cattle and buffalo.

Intermediate hosts:

Muscid flics.

Site:

Skin; depending on the species, different regions of
the body are preferred.

SPECIES AND DISTRIBUTION

Stephanofilaria stifesi: lower abdomen, USA, Russia.
S. assamensis: hump of zebu, Asia. In India and the
Far East 8. zaheeri, 5. kaeli and §. okinawaensis occur
mainly on the head, legs and teats.

IDENTIFICATION

Very small worms, less than 1.0cm in length. Micro-
scopically the mouth opening is surrounded by a spiny
collar.

LIFE CYCLE

The fly vectors are attracted to the open lesions in the
skin caused by the adult parasites, and ingest the
microfilariac in the exudate. Development to Ly takes
about three weeks, and the final host is infected when
the flies deposit larvae on normal skin.

PATHOGENESIS AND CLINICAL SIGNS

Lesions begin to appear within two weeks of infection.
In the casc of 8. snlesi, the flics congregate on the
shady underside of the abdomen and it is in this area
that the most severe damage occurs; in contrast, the
lesion due to 8. assamensis is commonly termed ‘hump
sore’. In all species, the lesions are usually localized to
the preferred biting areas of the vectors. The skin is at
first nodular, but later there is papular eruption with
an cxudate of blood and pus. In the centre of the
lesion there may be sloughing of the skin, but at the
margin there is often hyperkeratosis. The condition is
essentially an exudative, often haemorrhagic, dermati-
tis which attracts the fly vectors.

EPIDEMIOLOGY

In endemigc areas the incidence of infection may be as
high as 90% and the occurrence is to a great extent
influenced by the type of herbage. Succulent grazing
produces soft, moist faeces which are more suitable
breeding siles for the [lics than the hard crumbly
faeces deposited on sparse dry grazing. Hence irriga-
tion of pasture may result in an increase of
stephanofilariosis.

Though the lesions subside in cooler weather, the
damage to the hide is permanent and may result in
considerable cconomic loss. Milk yicld may be se-
verely diminished from the pain of the lesions and the
irritation of cattle by the fiies.

DIAGNOSIS

Though adult worms and microfilariae are present in
the lesions they are often scarce and many scrapings
prove negative. Diagnosis is therefore usually pre-
sumptive in endemic areas, and is based on the ap-
pearance and site of the lesions.

TREATMENT

Organophosphorus compounds applied topically as an
ointment have proved effective. The avermectins are
likely to be effective.

CONTROL

This 1s rarcly fcasible becaust of the ubiquity of the
vectors, but would have to be based on the use of
insecticides or repellents.

Dirofilaria

Of the two species occurring in domestic carnivores,
one, Dirofilaria immitis, is by [ar the more important,
The adults which are found in the right side of the
heart and adjacent blood vessels of dogs are respon-
sible for a debilitating condition known as canine
heartworm disease. Although primarily a problem of
warm countrics where the mosquito intermediate host
abounds, the discase has become much more wide-
spread in the past decade and the problem in North
America is now so extensive that special heartworm
clinics have been created.

Dirofilaria inunitis

Hosts:
Dog, occasionally cat and rarely man.

Intermediate hosts:
Mosquitoes.
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Fig. 66 Adult Dirofitaria immitis in right ventricle of the heart.

Site:
Cardiovascular system; adults in the right ventricle,
pulmonary artery and posterior vena cava.

DISTRIBUTION

Essentially in warm-tcmperate and tropical zones
throughout the world including southern Europe and
Canada. It is only found in importcd dogs in Britain.

IDENTIFICATION

Gross:

Long slender worms 20-30 cm long (Fig. 66). The
male tail has the typical loose spiral common to the
filarioids. The size and site are diagnostic for D.
immitis.

Microscopie:

The microfilariae in the blood arc not ensheathed and
are 307-332 um in length by 6.8 um wide (Fig. 67).
They have a tapered anterior end and blunt posterior
end.

LIFE CYCLE

The adults live in the heart and adjacent blood vessels
and the females release microfilariac directly into the
bloodstream. These are ingested by female mosqui-
toes during feeding. Development to L; in the mos-
quito lakes about two weeks, by which time the larvae
are present in the mouthparts and the final host is
infected when the mosquito lakes a further blood
meal. In the dog the L, migrate to the subcutaneous or
subserosal tissues and undergo two moults over the

next few monihs; only after the final moult do the
young D. immitis pass lo the heart via the venous
circulation. The minimum prepatent period is six
months. The adult worms survive for several years and
patency has been recorded for over five years.

PATHOGENESIS

This is associated with the adull parasites. Many dogs
infected with low numbers of D. immitis show no ap-
parcnt ill effects and it is only in heavy infcctions that
circulatory distress occurs, primarily due to obstruc-
tion to normal bloed flow leading to chronic conges-
tive right-sided heart failure. The presence of a mass
of active worms can cause an endocarditis in the heart
valves and a proliferative pulmonary cndarteritis, pos-
sibly due to a response to parasile excretory products.
In addition, dead or dying worms may causc pulmo-
nary embolism. After a period of about nine months
the effect of the developing pulmonary hypertension
is compensated for by right ventricular hypertrophy
which may lead to congestive hearl failure with the

Fig, 67 Microfilariae of Dirofilaria immitis,



90 Veterinary Parasitology

usual accompanying signs of cedema and ascites. At
this stage the dog is listless and weak.

A mass of worms may lodge in the posterior vena
cava and the resulting obstruction leads to an acute,
sometimes fatal, syndrome known as the vena caval
syndrome. This is characterized by haemolysis,
haemoglobinura, bilirubinacmia, icterus, anorexia and
collapse. Death may occur within 2-3 days. Very occa-
sionally there is blockage of the renal capillarics by
microfilariae leading to a glomerulonephritis, possibly
related to the deposition of immune complexes.

CLINICAL SIGNS

Heavily infected dogs are listless and there is a gradual
loss of condition and exercise intolerance. They have a
chrenic soft cough with haemaoptysis and in the later
stages of the discase become dyspnoeic and may de-
velop oedema and ascites.

The acute vena caval syndrome described above is
characterized by hacmoglobinuria, icterus and
collapse.

Lighter infections in working dogs may be respon-
sible for poor performance during periods of sustained
exercise.

EPIDEMIOLOGY

The important factors in the spread of heartworm dis-
ease can be divided into those affecting the host and
those affecting the vector.

Host factors include a high density of dogs in areas
where the vectors exist, the lengthy patent period of
up to five years during which time circulating
microfilariae are present, and the lack of an effective
immune response against established parasites.

Vector faclors include the ubiquily of the mosquito
intermediate hosts, their capacity [or rapid population
increase and the short development period from
microfilariae to L,.

DIAGNOSIS

This is based on the clinical signs of cardiovascular
dysfunction and the demonstration of the appropriate
microfilariae in the blood. Affected dogs arc seldom
less than one year old and most are over (wo years. In
suspected cases in which the microfilariae cannot be
demonstrated thoracic radiography may show the
thickening of the pulmonary artery, its tortuous course
and right ventricular hypertrophy. Angiography may
also be used to demonstraie more clearly the vascular
changes.

Immunodiagnostic tests arc also available to
identily cases which do not have a detectable
microlilaraemia, For example there are a number of

ELISA test kits for the detection of adult heartworm
antigens which will identify most mature infections
and which are highly specilic.

The identification of the microfilariac in the blood is
aided by concentrating the parasites lollowing lysis,
filiration and then staining with methylene blue. Com-
mercial kits are available for this technique. Alterna-
tively one part of blood and nine parts of {ormalin
are centrifuged and the sediment mixcd with a blue
stain and examined as a microscopic smear. The
microfilariac have to be differentiated from those of
Dipetalonema reconditum, a filarial parasite com-
maonly found in the subcutis in dogs. Those of D.
immitis are more than 300gm in length and have a
tapered head and a straight tail; those of D. reconditum
are less than 300pm in length and have a blunt
head and a hooked posterior end. More precise differ-
entiation may be achieved by using histochemical
stains for acid phosphatasc activity. D). imemitis show
distinct red acid-phosphate positive spots at the excre-
tory pore and anus, while D). reconditum slains pink
overall.

TREATMENT

Treatment should not be undertaken withoul a physi-
cal examination of the dog and an asscssment of heart,
lung, liver and kidney function. Where these functions
are grossly abnormal it may be necessary to give prior
treatment for cardia¢ insufficiency, The usual recom-
mendation is that infected dogs are first treated intra-
venously with thiacelarsamide twice per day over a
three day period to remove the adull worms; toxic
reactions are not uncommon following this treatment
due to the dying heartworms and resultant embolism;
activily of the dog should be restricted for a period of
2-6 weeks. This drug should be used with extreme
care.

A further treatment with a differcnt drug is then
given six weeks later to remove the microfilariae
which are not susceptible to thiacetarsamide treat-
ment, Several drugs are now available for this pur-
pose; the traditional one was dithiazanine and either
this or levamisole given orally over a 10-14 day period
has proved cllective. The avermectins are also highly
efficicnt against microfilariae, as is milbemycin at the
heartworm prophylactic dose of 500ug/kg. Thesc in-
duce rapid clearance of microfilariae but are not li-
censed for this purposc because of occasional toxic or
microfilaricidal side cffects. Veterinarians who choose
to use either drug as a microfilaricide should realize
that this is an ‘extra-label’ application and that they
take responsibility for administration of the correct
dose and provide appropriate maonitoring and
aftercare.
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with all of these drugs there is a risk of adverse
reactions to dying microfilariae.

In some severe cases, heartworms have been re-
moved surgically rather than risk adverse reactions
following drug therapy.

Following treatment it is usual to place dogs on a
prophylactic programme and this is constdercd under
the next section, on control.

CONTROL

Mosquito control is difficult and therefore prophylaxis
is based almost entirely on medication. The drug
widely used for this has been dicthylcarbamazine,
which in endemic areas is given orally to pups daily
from two to three months of age. This kills developing
larvae and so pre-empts the problems of treating pa-
tent infections and microfilaraemia. In tropical areas
the drug is given all year round, but in more temperate
zones, where the mosquito has a limited season, treal-
ment commences one month prior 1o the mosquito
season and ceases two months aller it ends. Where
prophylaxis is introduccd in older dogs or after treat-
ment of an infected dog, care must be exercised to
ensurc thal the dog is free from microfilarial infection
as anaphylactoid reactions may oceur in infected dogs
after diethylcarbamazine treatment. Once prophylaxis
is introduced regular checks for microfilariae should
be made every six months.

The most up lo date methods of preventing
heartworm infection invelve monthly administration,
throughout the mosquito season, of ivermectin or
milbemycin especially formulated for this use in
dogs.

Dirofitaria repens

This parasite of the dog and cat is of little pathogenic
significance. The adults are found in subcutancous tis-
sues and the microfilariae in the blood and lymph. It
occurs in the Mediterranean basin, the Middle East,
Africa and Asia,

Dipetalonenmua

Several species of Dipetalonema (ransmitted mainly
by ticks and fleas occur in the subcutis of dogs in
tropical and subtropical zones. They are not especially
pathogenic except for causing occasional cutaneous
ulceration and subcutaneous abscesses.

Dipetalonema reconditum often occurs in the same
endemic area as D. immitis and the presence of its
microfilariae may lead 1o misdiagnosis on blood ex-
amination. The morphological differences have been
described in the description of D. irmmilis.

Onchocerca

Though onchocercosis is an important filarial infection
in human medicine, most species in domestic animals
are rclatively harmless,

Hosts: )
Equines and cattle.

Intermediate hosts:
Culicoides spp. and Simulivm spp.

Sites:
Fibrous tissue, usually of ligaments and intermuscular
connective tissue; one species occurs in the bovine
aorta.

SPECIES AND DISTRIBUTION

Scveral species oceur in equines and cattle and they
are conveniently discussed according to their host.

IDENTIFICATION

The slender worms range from 2,0 to 6.0cm in length
and lie tightly coiled in tissue nodules. In active lesions
the presence of worms is readily established on section
of these nodules.

LIFE CYCLE

The life cycle of Onchocerca spp. is typically filarioid,
with the exception that the microfilariae occur in the
tissue spaces of the skin, rather than in the peripheral
bloodstream.

EQUINE ONCHOCERCOSIS

The single species . reticulata (syn. Q. cervicalis)
has a worldwide distribution and occurs commonly in
the ligamentum nuchac, and less frequently in the sus-
pensory ligamenis and flexor tendons of the lower
limbs. '

The ligamentum nuchae in the region of the withers
is the preferential site. Following inoculation of L, by
the vector, Culicoides (C. nubeculosus being most of-
ten incriminated), the arrival of the parasites in their
final sit¢ results in host reaction in the form of a pain-
less, diffuse swelling, which gradually increases in size
to become a palpable soft lump, and then regresses to
leave a calcified focus, the skin over the area remain-
ing intact. Open purulent lesions, commonly called
‘fistulous withers’, may occur, but though O. reticulata
has been found in these, there is no clear causal rela-
tionship between the worms and the condition, and it
is thought that bacteria, possibly including Brucella
abortus, are more likely to be involved.
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In the lower limbs the reaction to the presence of
the parasite is similar to that in the ligamentum
nuchae, with a soft painless swelling succeeded by
small fibrous nodules.

The general prevalence of equine onchocercosis is
high, most surveys in the USA having shown rates of
more than 50%., though the highest so lar recorded in
Britain is 23%. Apart from the initial mild reaction no
clinical signs attributable to the adult worms have
been demonstrated. However in the USA a ventral
midline dermatitis has been described apparently as-
sociated with the feeding ol the hornfly Haematobia
irritans on the skin over the linea alba, the predilection
site of the microfilariae of Q. cervicalis.

BOVINE ONCHOCERCOSIS

The main features of the specics occurring in cattle are
summarized below.

Species Site Distribution  Vector
O. gutturosa  ligamentum Worldwide  Simufium
(syn. nuchae and spp.
O. lienalis) gastro-splenic
ligament
Q. gibsoni subcutaneous Africa, Culicoides
and Asia, spp.
intermuscular Australasia
nodules
Q. armiliata  wall of thoracic  Middle Unknown
aorta East,
Africa,
India

Lesser species include Q. dukei in subcutaneous and
muscle nodules and Q. ochengi and Q. sweetae in
intradermal tissue.

Depending on the site, the various species in cattle
are associated with different changes. O. gusturosa, in
the large ligaments, is of little clinical or cconomic
importance; Q. gibsoni, provoking a tibrous reaction
in muscle tissue (Plate IV), can be responsible for
economic loss duc to carcass trimming; O. ochengi and
Q. sweetae in the skin cause some economic loss from
blemished hides. The nodules in muscle provoked by
Q. dukei, though of little importance in themselves,
assume significance in some areas of Alrica where
they may be confused with Cysticercus hovis at meat
inspection.

It is interesting that Q. armillaia, though occurring

Confluent nodular aortic lesions due to Onchocerca
armiflatza infection.

Fig. 68

in a strategically important site in the bovine aorta, is
never associated with clinical signs; it is usually only
discovered at the abattoir, surveys in the Middle East
having shown a prevalence as high as 90%. The worms
are found in grossly visible nodules in the intima, me-
dia and adventitia of the aorta, and atheromatous
plaques are commonly seen on the intima (Fig. 68).
Aortic aneurysms have been noted in about a quarter
of infections.

DIAGNOSIS

This is rarely called for and depends on the finding of
microfilariae in skin biopsy samples. In most species
the microfilariae are concentrated in the preferred
feeding sites of the vectors, which for Simudium spp.
and Culicoides spp. are usually the shaded lower parts
of the trunk, and il is usually recommended that sam-
ples should be taken from the region of the linca alba.
The piece of skin is placed in warm saline and teascd
to allow emergence of the microfilariae, and is then
incubated for six hours or more. The microfilariae are
readily recognized by their sinuous movements in a
centrifuged sample of the saline.

TREATMENT

In the past this has consisted of daily administration of
diethylcarbamazine over a period as a microfilaricide,
but it now appcars that a single dose of ivermectin is
highly efficient in this respect, although the dying
microfilariae may provoke local tissue reactions. In
the casc of equine ventral midline dermatitis local
treatment with synthetic pyrethroids controls hornfiies
and aids resolution of the lesions.
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CONTROL

With the ubiquity of the insect vectors there is [ittle
possibility of efficient control, though the use¢ of
microfilaricides will reduce the numbers of infected
flies. In any case, with the relatively innocuous nature
of the infection these is unlikely 10 be any demand for
control.

Seturiu

The members of this gentus are usually harmless inhab-
itants of the peritoneal and pleural cavities,

Hosts:
Ruminants and equines.

Intermediate hosts:
Many species of mosquilo.

Site:

Usually the peritoneal surface and free in the
peritoneal cavity; less commonly the pleural cavily
and, following erratic migration, the CNS.

Species:

Setaria labiato-papillosa
{syn. S. digitata)

S, equina

cattle and wild ruminants

horses and donkeys

Distribution:
Worldwide.

IDENTIFICATION

Leng slender worms, up to 12.0cm in length. The
sitc and gross appearance are sufficient for generic
identification.

LIFE CYCLE

The microfilariae in the bloodstream are taken up by
mosquitoes in which development to L, takes about 12
days. The prepatent period is 8-10 months.

PATHOGENESIS

The worms in their normal site are harmless and are
only discovered at necropsy. S. labiato-paillosa may
have an erratic migration in sheep and goats and enter
the spinal canal causing cercbrospinal nematodosis,
‘lumbar paralysis’, which is irreversible and often fa-
tal; the condition has only been reported in the Middle
and Far East.

CLINICAL SIGNS

There are no clinical signs when thc worms are in their
normal site, but when nervous tissue is involved there

is locomotor disturbance, usually of the hind limbs,
and if the parasites are high in the spinal canal there
may be paraplegia.

EPIDEMIOLOGY

Since the worms are usually innocuous their cpidemi-
ology has received little study. The prevalence is
higher in warmer countries, where there is longer sea-
sonal activity of the mosquito vectors.

DIAGNOSIS

Infection with the adult worms is only accidentally
discovered in the living animal by the finding of
microfilariae in routine blood smears. In cases of
cercbrospinal nematodosis confirmatory diagnosis is
only possible by microscopic examination of the spinal
cord, since the parasites exist only as larval forms in
their aberrant site.

TREATMENT

There is no lreatment for setarial paralysis. Ivermectin
has been reported to be cffective against adult S
equing.

CONTROL

This would depend on control of the mosquito vectors,
which is unlikely o be applied specifically for this
parasite.

Elacophora

These worms inhabit large blood vessels, but are only
of local importance.

Hosts:
Ruminants and equines.

Intermediate hosts:
Tabanid flies.

Species Hosts Site Distribution
Elaeophora sheep, carotid, Southern
schneideri goat mesenteric USA
and iliac
arteries
E. bohmi equines veins and Europe
arteries (Austria)
E. poeli cattle, aortic intima Africa, Asia
buffalo
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IDENTIFICATION

Slender worms, up to 12.0cm long.

LIFE CYCLE

Only the life cycle of E. schreideri has been studied,
and this is typically filarioid. The microfilariae are in-
gested by the tabanid in feeding and the L,, when
developed, are released into the wound made when
the insect next feeds. Early development appears to be
in the meningeal arteries, and the worms are mature
and producing microfilariae about four and a hall
months from infection.

The adult worms are cmbedded in the arterial
intima of blood vessels with only the anterior part of
the female free in the lumen.

PATHOGENESIS

In cattle nodules, from which the worms protrude,
form on the intima of the vessels but in other domestic
animals the adults appear to provoke little reaction. In
E. schneideri infection in sheep the circulating
microfilariae are associated with a facial dermatitis
which appcars in the summer months; in severe cases
there may be self-injury from rubbing, with abrasion,
bleeding and scab formation. It is thought that the
natural hosts of F. schneideri arc deer, in which the
infection is asymptomatic, and that sheep may be ab-
normal hosts.

CLINICAL SIGNS

Only the seasonal facial dermatitis in shecep is recog-
nized as a clinical indication of elacophorosis.

EPIDEMIOLOGY

Because of the innocuous nature of the infection in
cattle and cquings, the distribution of the species in
these hosts is not completely known. Elaeophora
schneideri is distributed over the southern and western
states of the USA. The natural hosts appear 1o be deer
of Odocoileus spp., the white-tail and the mule deer,
and in these the infection is clinically inapparent.
However, in American elk (Cervus canadensis)
thrombosis due to the worms often results in necrosis
of the muzzle, ears, and optic nerves, resulting in
severe facial damage, blindness and death.

DIAGNOSIS

Only in sheep is diagnosis requircd, and though the
obvious method is by examination of a skin biopsy,
microfilariae are often scarce in samples, and diagno-

o

!

sis is usually presumptive, biscd on the locality, the
facial lesions, and thc scasonal appearance of the
dermatitis.

TREATMENT

Repeated administration of dicthylcarbamazine is ef-
fective, but the risk of fatalities from the presence of
dead worms in the arteries should be recognized.

[Filariosis in man: Though they are probably the most
important group of helminth infections in humans,
these filartoidoses are of only marginal concern to the
veterinarian, since domestic animals are of little sig-
nificance in their epidemiology. The following are the
most importan! species:

(1) Onchocerca volvulus. Human onchocercosis due
to €. velvulus occurs around the world in the
equatorial zone, and is transmitted by Simudium
spp. The adull worms live in subcutanecus nod-
ules, and almost the entire pathogenic effect is
caused by the microfilariae; dermatitis and cl-
ephantiasis are common, but the most important
effect is ‘river blindness’, so-called because of its
distribution along the habitats of Simudium spp.
It has been estimated that in Africa there are
about 20 million people affected by
onchocercosis. The only other animals to which it
is transmissible are the higher primates, chim-
panzee and gorilla. Ivermectin is effective in
reducing skin microfilarial counts in O. volvulus
infection and repeated treatment should help
reduce transmission. The onchocercosis associ-
ated pathology in the eye and skin has also
been shown to be reduced with ivermectin
treatment.

(2) Brugia spp. arc carricd by many species of mos-
quito and occur in Asia, notably in Malaysia,
causing elephantiasis. The most important spe-
cies, B. malayi, is infective for monkeys and wild
carnivores, and has been transmitted experimen-
tally to the cat and dog. The lesser species occur-
ring in man, B. pahangi, has a reservoir in many
specics of wild animals, and is also transmissible
Lo the domestic cat.

(3) Wuchereria bancrofti is also mosquito borne and
causes elephantiasis in Africa, Asia and South
America. It is exclusive to man.

{4) Loa loais transmitted by Chrysops spp., and oc-
curs in West and East Africa, where it causes the
transient subcutaneous enlargements known as
‘Calabar swellings’. Tt is confined to man, apes
and monkeys.

(5) Mansonella ozzardi, carried by Culicoides spp.
and Simulium spp., occurs in the Caribbean, and
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in Central and South America. It lives in the fat
and on the mesentery, and is usually considered
1o be non-pathogenic, though recently it has
been associated with allergic signs. The preva-
lence is extremely high in endemic areas, where
parasites closely resembling M. ozzardi arc com-
monly found in monkeys and in horses and cat-
tle. There is, however, reluctance to presume
that these animals may be reservoir hosts until
positive identification is made.]

Superfamily TRICHUROIDEA

The members of this superfamily are found in a wide
variety of domestic animals. A common morphologi-
cal feature is the ‘stichosome’ oesophagus which is
composed of a capillary-like tube surrounded by a
single column of cells.

There arc three genera of interest. The first,
Trichuris, is found in the cagcum and colon of mam-
mals; the second, Capillaria, is most commonly
present in the alimentary or respiratory tract of mam-
mals or birds. Both lay eggs with plugs at both poles.
The adults of the third genus, Trichinella, are found in
the small intestine of mammals and produce larvae
which immediately invade the tissues of the same host.

Triclrs

The adults are usually found in the caecum but arc
only occasionally present in sufficient numbers 1o be
clinically significant.

SPECIES AND HOSTS
The common species are:

Trichuris ovis  sheep and goal

T. globulosa cattle
T. suis pig
T vulpis dog.

Less common arc 7. discolor in cattle, T. skrjabini in
sheep, goal and camel and 7. serrata in the cat.

Sites
Large intestine, particularty the caecum.

Distribution:
Worldwide.,

IDENTIFICATION

Gross:

The adults are 4.0-6.0 cm long with a thick posterior
end tapering rapidly (o a long filamentous anterior end
which is characteristically embedded in the mucosa.

Fig. 88 Typical appearance of egg of Trichuris specias.

Because of their appearance the members of this ge-
nus are often called the ‘whipworms’.

Microscopic:

The male tail is coiled and possesses a single spicule in
a sheath; the female tail is merely curved. The charac-
teristic eggs are lemon shaped with a conspicuous plug
at both ends; in the facces these eggs appear yellow or
brown in colour (Fig. 69).

LIFE CYCLE

The infective stage is the L, within the egg which
develops in one or two months of being passed in the
facees depending on the temperature. Under optimal
conditions these may subsequently survive for several
years.

After ingestion, the plugs are digested and the re-
leased L, penetrate the glands of the caecal mucosa.
Subsequently all four moults occur within these
glands, the adults emerging to lie on the mucosal sur-
face with their anterior ends embedded in the mucosa
(Fig. 70). The prepatent period ranges from 6-12
weeks depending on the species.

PATHOGENESIS

Most infections are light and asymptomatic. Qccasion-
ally when large numbers of worms are present they
cause a diphtheritic inflammation of the caecal
mucaosa. This results from the subepithelial location
and continuous movement of the anterior end to the
whipworm as it searches for blood and fluid. In pigs,
heavy infections are thought to facilitate the invasion
of potentially pathogenic spirochaetes.



96 Veterinary Parasitology

Fig. 70 Trichuris ovis in caecum of sheep. The anterior end of the
worm is usually embedded in the mucosa but is visible in the
arrowed specimen.

CLINICAL SIGNIFICANCE

Despite the fact that ruminants and to a lesser extent
pigs have a high incidence of light infections, the clini-
cal significance of this genus, especially in ruminants,
is generally negligible although isolated outbreaks
have been recorded. Sporadic disease due to heavy
infections is more common in pigs and dogs and is
associated with watery diarrhoea which usually con-
tains blood.

EPIDEMIOLOGY

The most important feature is the longevity of the eggs
which after three or four years may still survive as a
reservoir of infection in piggeries or in kennels. On
pasture this is less likely since the eggs tend to be
washed into the soil.

DIAGNOSIS

Since the clinical signs are not pathognomonic, diag-
nosis may depend on finding numbers of Trichuris
egps in the faeces. However, since clinical signs may
occur during the prepatent period, diagnosis in food
animals may depend on necropsy and in dogs on a
favourable response to anthelmintic treatment.

TREATMENT

In ruminants the pro-benzimidazoles, the modern
benzimidazoles, the avermectins/milbemycins or
levamisole by injection are very effective against adult
Trichuris, but less so against larval stages. In pigs,
these drugs may be used, while in the dog, some of

the benzimidazoles and milbemycins are the drugs of
choice.

CONTROL

Prophylaxis is rargly necessary, particularly in rumi-
nants, but in the case of pigs or dogs attention should
be given to areas where egps might continue to survive
for long perinds. Such areas should be thoroughly
cleaned and disinfected or sterilized by wet or dry
heat.

[Trichuriosis in  wman: Frichuris  trichiura, the
whipworm of man, is morphologically indistinguish-
able from T. suis. However, it is generally considered
that these two parasites are strictly host specific. |

Capillaria

These very thin hair-like worms are not readily visible
to the naked eye in unprepared gut contents. Al-
though there are many species in mammals and birds
only thosc in the latter are of general veterinary sig-
nificance.

IDENTIFICATION

These arc very fine filamentous worms between 1.0
to 5.0cm long, the narrow stichosome oesophagus
occupying half the body length. The males have a long
thin single spicule and often possess a primitive bursa-
like structure; the females contain eggs which resem-
ble those of Trichuris in possessing bipolar plugs,
but which are more barrel-shaped and colourless (Fig.
71).

Fig. 71 Typical barrel-shaped Capifiaria eggs within the uterus ofa
female worm.
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Because of the large number of species, hosts and
predilection sites and the fact that some of these para-
sites have a direct and others an indirect life cycle the
important species in birds and mammals are summa-
rized scparately.

CAPILLARIA IN BIRDS

Capillaria obsignata is present in the upper small intes-
tine of chickens, turkeys and pigeons and has a direct
life cycle. The infective L, develops within the egg in
about a week.

C. caudinflata is also found in the small intestine of
chickens and turkeys. The cgg of this species requires
to be ingested by an earthworm in which it hatches,
the final host being infected by ingestion of the
earthworm.

C. contarta (syn. C. annulata) occurs in the oesopha-
gus and crop of the chicken, turkey, duck and wild
birds and an earthworm intermediate host is also
essential.

The prepatent period of these three avian specics is
3-4 weeks.

PATHOGENESIS AND CLINICAL
SIGNIFICANCE

Like Trichuris the anterior ends of the parasite are
buried in the mucosa and in heavy infections cause
diphtheritic inflamrnation leading to inappetence and
emaciation, and in the intestinal infection, diarrhoea.
Mortality in such cases may be high. There is also
evidence that light infections of less than one hundred
worms may ¢ause poor weight gains and lowered egg
praduction.

EPIDEMIOLOGY

Young birds are most susceptible to Capillaria infce-
tions whilc adults may serve as cartiers. C. obsignatu is
perhaps most important since, having a direct life ¢y-
cle, it occurs indoors in birds kept on deep litter. The
epidemiology ol the other two species is largely based
on the ubiguity of the earthworm intcrmediate host.

DIAGNQOSIS

Because of the non-specific nature of the clinical signs
and the fact that, in heavy infections, these may ap-
pear before Capillaria eggs are present in the faeces,
diagnosis depends on necropsy and careful examina-
tion of the oesophagus, crop or intestine for the pres-
ence of the worms. This may be carried out by
microscopic  examination of mucosal scrapings
squeczed between two glass slides; alternatively the
contents of the suspected organ should be gently

washed through a fine sieve and the retained material
resuspended in water and examined against a black
background.

TREATMENT

Levamisole in the drinking water is highly effeclive as
are a number of benzimidazoles given in the feed.

CONTROL

Where the species of Capillaria involved have an
earthworm intermediate host, complete conirol may
be achieved by housing the birds after anthelmintic
treatment. Otherwise, control depends on regular
anthclmintic treatment accompanied if possible by
moving the birds to fresh ground.

In the case of C. obsignata scrubbing and heat treat-
ment of affected surfaces is essential as is the provision
of fresh litter in chicken houses. Periodic treatment of
the flock with an anthelmintic will also be of value,

CAPILLARIA IN MAMMALS

C. aerophila is found embedded in the mucosa of the
truchea, bronchi and nasal passages of foxes and occa-
sionally dogs and cats. The parasite has a direct life
cycle. The eggs can survive for months, and after in-
gestion, the larvae penctrate the intestine and migrate
in the bloodstream to the lungs. The prepatent period
is around six weeks.

The clinical signs are those of rhino-tracheitis and in
this respect are similar to those caused by Oslerus or
Crenosoma infection.

C. plica is common in the urinary bladder of foxes,
dogs and more rarely catls. This parasite apparently
requires an earthworm intermediate host, but it is
rarcly of pathogenic significance.

C. hepatica 1s primarily a parasite of wild rodents,
but occurs occasionally in the dog, cat, and man. The
predilection site is the liver and the cggs are laid in the
parenchyma from which there is no natural access to
the exterior. Infection is acquired by ingestion of
either the liver, following predation, cannibalism or
carrion [eeding, or eggs on the ground which have
been freed by decoemposition of the host. The lesion
in domestic animals and man is a granulomatous
reaction to the egg masses in the liver, followed by
cirrhosis. Infecttons are rarely fatal and most are
discovered at routine necropsy.

frichinella

The only member of this genus is Trichinella spiralis, a
nematode with a very wide host range and the cause of
an important worldwide zoonosis. Since this parasite
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shows various lifc cycles in different parts of the world,
it is often considered to exist as a number of
sub-species.

Hosts:
Most mammals. From the zoonotic aspect, the pig and
man are the important hosts.

Sites:

The adults occur in the small intestine and their larvae
in the striated muscles; the diaphragmatic, intercostal
and masseter muscles arc considered to be predilce-
tion sites.

Distribution:
Worldwide, with the apparent cxceptions of Australia
and Denmark.

IDENTIFICATION

Because of their short lifespan, the adult worms are
rarely found in natural infections.

The male is about 1.0mm long, the oesophagus is at
least one third of the total body length and the tail has
two small cloaca! flaps, but no spicule. The female is
3.0mm long and the uterus contains developing
larvae.

Trichinella infection is most casily identified by the
presence of coiled larvac in striated muscle (Fig. 72).

LIFE CYCLE

"The developing adults lie between the villi of the small
intestine, After fertilization, the males die while the
females burrow deeper into (he villi. Three days later,
they produce L, which enter the lymphatic vessels and
travel via the bloodstream to the skelctal muscles.
There, still as L, they penetrate muscle cells where
they are encapsulated by the host, grow and assume a

Fig. 72 Muscle infected with Trichinelta spiralis latvae.

characteristic coiled position; the parasitized muscle
cell is sometimes known as a ‘nursc cell’. This process
is complete within seven weeks by which time the
larvae are infective and may remain so for years.

Development is resumed when the larvae are in-
gested by another host, usually as a result of predation
or carrion [eeding. The L, is liberated, and in the
intestinc undergoes four moults to become sexually
malure within two days. Patent infections persist for
only a few weeks at the most.

PATHOGENESIS AND CLINICAL SIGNS

Infection in domestic animals is invariably light, and
clinical signs do not occur. However when hundreds of
larvae are ingested, as occasionally happens in man
and presumably also in predatory animals in the wild,
the intestinal infection is often associated with enteri-
tis, and 1-2 weeks later the massive larval invasion of
the muscles cause acute myositis, fever, eosinophilia
and myocarditis; periorbital oedema and ascitcs are
also common in man. Unless treated with an
anthelmintic and anti-inflammatory drugs, such infec-
tions may frequently be fatal, but in persons who sur-
vive this phuse the clinical signs start (o abate after 2-3
weeks.

It is important to realize that trichinellosis is basi-
cally an infection of animals in the wild and that
the involvement of man in these circumstances is
accidental.

EPIDEMIOLOGY

The epidemiology of trichinellosis depends on two
factors. First, animals may become infccted from a
wide variety of sources, predation and cannibalism
being perhaps the most common. Others include feed-
ing on carrion, since the encapsulated larvae are ca-
pable of surviving for several months in decomposing
flesh, and the ingestion of fresh faeces from animals
with a patent infection. It is also thought that transport
hosts such as crustaceans and fish, feeding on drowned
terresirial animals, may account for infection in some
aquatic mammals such as seals.

The second factor is the wide host range of the
parasite. In temperate areas rodents, brown bear,
badger and wild pig are most commonly involved; in
the arctic, polar bear, wolf and fox; in the tropics, lion,
leopard, bushpig, hyaena and jackal.

In these wild cycles man and his animals are only
occasionally involved. For example, the consumption
of polar bear meat may cause infection in Eskimos and
sledge-dogs, while in Europe the hunting and subse-
quent ingestion of wild pigs may also produce disease
in man and his companion animals.

The domestic cycle in man and the pig is an ‘artifi-
cial” zoonosis largely created by feeding pigs on food
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waste containing the flesh of infected pigs; more re-
cently, tatl biting in pigs has been shown to be a mode
of transmission. Rats in piggeries also maintain a sec-
ondary cycle which may on occasions pass to pigs or
vice versa from the ingestion of infected flesh or fac-
ces. [nfection in man is acquired from the ingestion of
raw or inadequately cooked pork or its by-products,
such as sausages and salami. Tt is also important to
realize that smoking, drying or curing pork does not
necessarily kill larvae in pork products.

In areas such as Poland, Germany and the USA
human trichinosis acquired from pork has, until re-
cently, been an important zoonosis. Over the past few
decades, prohibition of feeding uncooked food waste
to pigs, improved meat inspection and public aware-
ness have greatly diminished the significance of the
problem. In Britain only cight outbreaks in man have
been reported in the last 40 years, the last in 1953, In
other countries in Europe and in the USA the num-
bers of outbreaks are similarly few and sporadic.

The decreasing prevalence is also reflected in the
fact that inapparcnt infection in man, as shown by the
presence of T. spiralis larvac in muscle samples at
necropsy, has decreased from 10% to less than 1% in
Britain and from 20% to under 3% in the USA over
the past 50 years.

DIAGNOSIS

This is not relevant in live domestic animals. At meat
inspection, heavy larval infections may occasionally be
seen with the naked eye as tiny greyish white spots.
For routine purposcs small samples of pig muscle of
about one gram are squeezed between glass plates,
the apparatus being called a trichinoscope or a
compressorium, and examined for the presence of lar-
vae by direct microscopic examination or projection
on a screen. Alternatively, small portions of muscle
may be digested in pepsin/HCI and the sediment ex-
amined microscopically (or the presence of larvae.

For mass screening purposes, designed to determine
the incidence of trichinellosis in pigs within regions,
immunodiagnostic tests have been used. Of these, the
ELISA appears to be the test of choice.

TREATMENT

Although rarely called for in animals, the adult worms
and the larvae in muscles are susceptible to the
benzimidazole anthelmintics.

CONTROL

Probably the most important factor in the control of
trichinellosis is a legal requirement that swill or waste
human food intended for consumption by pigs must be
boiled. In fact, this practice is mandatory in many

countries to limit the potential spread of other dis-
eases such as foot and mouth disease and swine fever.
Other essential steps include:

(1) Meat inspection, which plays an essential role in
monitoring the detection of infected carcasses.
(2) Measures to eliminate rats {rom piggerics and
slaughterhouses.
(3) Regulations to ensure that larvae in pork are
destroyed by cooking or freezing. In the USA,
for example, any pork or pork products, other
than fresh pork, must be treated by heating or
freezing before marketing and it is likely also
that irradiation might soon be introduced as a
further method of control.
Consumer education, and particularly the recog-
nitien that pork or pork products or the flesh of
carnivorous game should be thoroughly cooked
before consumption.

(4)

Superfamily DIOCT

Dioctopliviia

The only species of veterinary interest in this super-
family is the ‘kidney worm’, Dioctophyma renale.

Hosts:
Dog, fox and mink.

Intermediate host:
The aquatic annelid, Lumbriculus variegatus.

Site:
Kidney parenchyma.

Species:
Divctophyma renale.

DISTRIBUTION

Temperate and subarctic areas. It occurs sporadically
in Europe, but has not been recorded in Britain. Tts
main cndemic area is the northern part of North
America, chicfly Canada.

IDENTIFICATION

Dioctophyma is the largest parasitic nematode of do-
mestic animals, the female measuring more than 60cm
in length, with a diameter of 1.0cm. Its size and predi-
lection site are sufficient for identification.

LIFE CYCLE

The worms are oviparous. The eggs, in the single-cell
stage, are passed in the urine in clumps or chains, and
are ingested by the annelid intermediate host in which
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the (wo preparasitic moults occur. The final host is
infected by swallowing the annelid with the drinking
water, or by the ingestion of a paratenic host, such as
a frog or fish, which has itself eaten the infected
annelid. The prepatent period is not known with cer-
tainty, but has been observed to be as long as two
years.

PATHOGENESIS

The final effect of infection is destruction of the kid-
ney. Usually only one kidney is affected, the right
being more often involved than the Ieft. The paren-
chyma is destroyed, leaving only the capsule as a sac
containing the worms; though there may be three or
four worms in a kidney, occasionally there is only one.
Rarely, the worms may occur in the abdominal cavity
and in the subcutaneous connective tissue.

CLINICAL SIGNS

The main signs are dysuria with some haematuria,
especially at the end of micturition; in a few cases
there is lumbar pain. Most cases, however, are com-
pletely asymptomatic, even when one kidney has been
completely destroyed.

EPIDEMIOLOGY

As in many of the parasitic infections of domestic
carnivores there is a large reservoir in wild animals
from which the intcrmediate and paratenic hosts are
infected, Ranch mink probably acquire infection from
their fish diet, and domestic dogs by casual ingestion of
infected annelids, frogs or fish,

DIAGNOSIS

The eggs are quite characteristic, being ovoid and
brown, with pitted shells, and their occurrence in
the urine, either singly or in clumps or chains, is
diagnostic,

TREATMENT

This is rarely called for, although surgery may be
attempted in confirmed cases.

CONTROL

Elimination of raw fish [rom the diet.

This is a separate phylum, closely related to the
Nematoda, which contains a few gencra of velerinary
importance. They are generally referred to as ‘thorny-
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headed worms’ due Lo the presence anteriorly of a
hook-covered proboscis and most are parasites of the
alimentary tract of vertebrates. The hollow proboscis
armed with recurved hooks, which aid in attachment,
is retractable and lies in a sac. There is no alimentary
canal, absorption taking place through the thick cuti-
cle, which is often folded and invaginated to increase
the absorptive surface. The sexes are separate, males
being much smaller than females. Posteriorly, the
male has a muscular bursa and penis and after copula-
tion, eggs, discharged by ovaries into the body cavity
of the female, are fertilized and taken up by a complex
structure called the uterine bell which only allows
mature ¢ggs to pass oul. These are spindle-shaped,
thick-shelled and contain a larva which has an anterior
circlet of hooks and spines on its surface and is called
an acanthor. The life cycle is indirect involving either
an aquatic or terrestrial arthropod intermediate host.
On ingestion by the intermediate host, the egg hatches
and the acanthor migrates to the haemocoel of the
arthropod where it develops to become a cystacanth
after 1-3 months., The definitive host is infected by
ingestion of the arthropod intermediate host, and the
cystacanth, which is really a young adult, attaches and
grows to maturity in the alimentary canal. The
prepatent period varies from five to twelve weeks.

Although there are a number of genera parasitic in
a wide variety of mammals and birds, the major genus
of veterinary significance is Muacracanthorhiynchus. A
few other genera are important as parasites of aquatic
hirds.

Muacracanthorhvichus

Host:

Pig.

Intermediate hosts:
Various dung beetles.

Species:
Macracanthorhynchus hirudinaceus.

Distribution:
Worldwide, but absent from certain areas, for exam-
ple, parts of western Europe.

IDENTIFICATION

Gross:

Adults resemble A. suwurn, but taper posteriorly. The
males are up to 10 ¢m and the females up to 65 cmin
Iength. When placed in water the spiny proboscis is
protruded, thus aiding differentiation from Ascaris
(Fig. 73).

Microscopic:
The egg is oval, 110 gm by 65 gm, with a thick brown
shell and contains the acanthor larva when laid.
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Fig. 73 Anterior end of Macracanthorhynchus hirudinaceus show-
ing the protruding spiny proboscis.

LIFE CYCLE

Adults, attached to the small intestinal mucosa, lay
eggs which are passed in the faeces. These are pro-
duced in large numbers, are very resistant to extremes
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of climate and can survive for years in the cnviron-
ment. After ingestion by dung beetle larvae, the
acanthor develops to the infective cystacanth stage in
approximately three months. Infection of pigs occurs
after ingestion of beetle grubs and adults and the
prepatent period is 2-3 months.

PATHOGENIC SIGNIFICANCE

M. hirudinaceus produces inflammation and may pro-
voke granuloma [ormation at the site of attachment in
the small intestinal wall. Heavy infections may cause
weight loss and, rarely, penetration of the intestinal
wall results in a fatal peritonitis.

DIAGNOSIS
This is based on finding the typical cggs in the faeces.

TREATMENT AND CONTROL

Pigs should be prevented from access to the intermedi-
ate hosts.

In modern management sysicms this may be easily
achieved, but where pigs are kept in small slies the
facces should be regularly removed to reduce the
prevalence of the dung beetle intermediate hosts. Al-
though there is litlle information on treatment,
levamisole and ivermectin arc reported to be effective.

Acanthocephalans of aquatic birds

There arc two genera which may cause enteritis in
aquatic fowl, namely Polvmorphus and Filicollis. The
intermediate hosts in both cases are crustaccans and in
all other respects they are typical of the group.
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the Monoegenea, which have a direct life cycle, and the
Digenea, which require an intermediate host. The
former are found mainly as external parasites of [ish,
while the latier are found exclusively in vertebrates
and are of considerable veterinary importance.

The adult digenetic trematodes, commonly called
‘flukes’, occur primarily in the hile ducts, alimentary
tract and vascular system. Most flukes are flattened
dorsoventrally, have a blind alimentary tract, suckers
for attachment and arc hermaphrodite, Depending on
the predilection site, the eggs pass out of the final host,
usually in faeces or urine, and the larval stages develop
in a molluscan intermediate host. For a few species, a
second intermediate host is involved, but the mollusc
is essential for all members of the group.

There are many familics in the class Trematoda, and
those which include parasites of major veterinary
importance are the Fasciolidae, Dicrocoeliidae,
Paramphistomatidae and Schistosomatidae. Of lcsser
importance  are  the  Troglotrematidae  and
Opisthorchiidae. The most important group by far arc
the Fasciolidae and the discussion below of structure,
function, and life cycle is largely orientated towards
this group.

DIGENETIC TREMATODES

The adult possesses two suckers for attachment. The
oral sucker at the anterior end surrounds the mouth
and the ventral, as the name indicates, is on that sur-
face. The body surface is a tegument which is absorp-
tive and is often covered with spincs. The muscles lie
immediately below the tegument. There is no body
cavity and the organs are packed in a parenchyma
(Fig. 74).

The digestive system is simple, the oral opening
leading into a pharynx, oesophagus and a pair of
branched intestinal caeca which end blindly. Un-
digested material is presumably regurgitated, The ex-
cretory system consists of a large number of ciliated
Name cells, which impel waste metabolic products
along a system of tubules which ultimately join and
open to the exterior. The nervous system is simple,
consisting of a pair of longitudinal trunks connecting
anteriorly with two ganglia.
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Fig. 74 The structure of Fasciola hepatica.

The trematodes are usually hermaphrodite and
both cross- and self-fertilization may occur. The male
reproductive system consists of a pair of testes each
leading into a vas deferens; these join to enter the
cirrus sac containing a seminal vesicle and the cirrus, a
primitive penis which terminates at the common geni-
tal opening. The female system has a single ovary
leading nto an oviduct which is expanded distally to
form the ootype. There the ovum acquires a yolk from
the secretion of the vitelline glands and ultimately a
shell. As the egg passes along the uterus, the shell
becomes hardened and toughened and is finally ex-
truded through the genital opening adjacent to the
ventral sucker. The mature egg is usually yellow be-
cause of the tanned protein shell and most species
have an operculum.

Food, generally blood or tissue debris is ingested
and passed into the caeca where it is digested and
absorbed. Metabolism  appears to be primarily
anaercbic.

THE LIFE CYCLE OF DIGENETIC
TREMATODES

The essential point of the life cycle is that whereas one
ncmatode egg can develop into only one adult, one
trematode egg may eventually develop into hundreds
of adults. This is due to the phenomenon of
paedogenesis in the molluscan intermediate host, i.e.
the production of new individuals by single larval
forms.

The adult flukes are always oviparous and lay eggs
with an operculum or lid at one pole. In the egg the
embryo develops into a pyriform (pear-shaped), cili-
ated larva called a miracidiom. Under the stimulus
of light, the miracidium releases an enzyme which
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attacks the proteinaceous cement holding the
operculum in place. The latter springs open like a
hinged lid and the miracidium emerges within a few
minutes.

The miracidium, propelled through the water by its
cilia, does not feed and must, for its further develop-
ment, find a suitable snail within a few hours, It is
believed to use chemotactic responses to ‘home’ on
the snail and, on contact, it adheres by suction to the
snail and penetratcs its soft tissues aided by a cytolytic
enzyme. The entire process of penetration takes about
30 minutes after which the cilia are lost and the
miracidium develops into an clongated sac, the
sparocyst, containing a number of germinal cells.
These cells develop into rediae which migrate ta the
hepato-pancreas of the snail; rediae are also larval
forms possessing an oral sucker, some flame cells and
a simple gut. From the germinal cells of the rediae
arise the final stages, the cereariae, although if ¢cnvi-
ronmental conditions for the snail are unsuitable, a
second or daughter generation of rediae is often pro-
duced instcad. The cercariae, in essence young flukes
with long tails, emerge actively from the snail, usually
n considerable numbers. The actual stimulus for
emergence depends on the species, but is most com-
monly a change in temperaturc or light intensity. Once
a snail is infected, cercariae continue to be produced
indefinitely although the majority of infected snails
dic prematurely from gross destruction of the hepato-
pancreas.

Typically the cercariae swim for some time, utilizing
even a film of water, and within an hour or so attach
themsclves to vegetlation, shed their tails and encyst.
This stage is called a metacercaria.

Encysted metacercariae have great potential for
survival extending to months. Once ingested, the
outer cyst wail is removed mechanically during
mastication. Rupture of the inner cyst occurs in the
intestine and depends on a hatching mechanism,
enzymatic in origin, triggered by a suitable oxidation-
reduction potential and a CQO, system provided by the
intestinal environment. The emergent juvenile fluke
then penetrates the intestine and migrates to the pre-
dilection site where it becomes adult alter several
weeks.

FFamily FASCIOLIDAE

- These are large leaf-shaped flukes. The anterior end is
usually prolonged into the shape of a cone and the
anterior sucker is located at the end of the cone,
The ventral sucker is placed at the level of the ‘shoul-
ders’ of the fluke. The internal organs are branchcd
while the cuticle is covered in spines.” There are
three important genera: Fasciola, Fascivloides and
Fasciolopsis. «
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Fuasciola

The members of this genus are commonly known as
liver flukes. They are responsible for widespread mor-
bidity and mortality in sheep and cattle characterized
by weight loss, anaemia and hypoproteinaemia, The
two most important species are F. hepatica found in
temperate areas and in cooler areas of high altitude in
the tropics and subtropics, and F. gigantica which pre-
dominates in tropical areas.

Fusciola hepatica

Hosts:
Most mammals; sheep and callle are the most
important.

Intermediate hosts:

Snails of the genus Lymnaea. The most common, L.
truncatule, is an amphibious snail with a wide distribu-
tion throughout the world. Other important Lymnaea
vectors of F. hepatica outside Europe arc:

Australia, New Zcaland

North America,

Australia, New Zealand

Southern UUSA and the Caribbcan
North America

South America

South America.

1.. tomentosa
L. columella

L. bulimoides
L. humilis

L. viator

L. diaphena

Site:

: The adults are found in the bile ducts and the tmma-
ture flukes in the liver parenchyma. Occasionally aber-
rant flukes become encapsulated in other organs, such
as the lungs.

Distribution:
Worldwide.

IDENTIFICATION

Gross:

The young tluke at the time of entry into the liver is
1.0-2.0 mm in length and lancet-like. When it has be-
come fully mature in the bile ducts it is leaf-shaped,
grey-brown in colour and is around 3.5 cm in length
and 1.0cm in width. The anterior end is conical
and marked off by distinct shoulders from the body
(Fig. 75).

Microscopic:

The tegument is covered with backwardly projecting
spincs. An oral and ventral sucker may be readily
seen. The egg is oval, operculate, vellow and large
{150 gm X 90 um), and about twice the size of a
trichostrongyle epg (Fig. 76).
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Fig. 75 Adult Fasciola hepatica showing characteristic leaf shape
and conical anterior end.

Fig. 76 Egg of Fascicla hepatica (150 um x 90um).
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LIFE CYCLE (Fig. 77)

Eggs passcd in the facces ol the mammalian host de-
velop and hatch releasing motile ciliated miracidia.
This takes nine days at optimal temperatures of 22°
26°C and little development occurs below 10°C.
The liberated miracidium (Fig. 78) has a short life
span and must locate a suitable snail within three
hours if successful penetration of the latter is to occur.
In infected snails, development proceeds through the
sporocyst and redial stages to the final stage in the
intermediate host, the cercaria; these are shed from
the snail as motile forms which attach themselves to
firm surfaces, such as grass blades, and encyst there to
form the infective metacercariae (Fig. 78). It takes a
minimum of 6-7 weeks for completion of develop-
ment from miracidium to metacercaria, although un-
der unfavourable circumstances a period of several
months is required. Infection of a snail with onc
miracidium can produce over 600 metacercariae.
Metacercariae ingested by the final host excyst in
the small intesline, migrate through the gut wall, cross
the peritoneum and penetrate the liver capsule. The
young flukes tunnel through the parenchyma for 6-8
weeks, then enter the small bile ducts wherc they mi-
erate to the larger ducts and occasionally the gall blad-
der (Fig. 78). The prepatent period is 10-12 weeks.
The minimal period for completion of one entire life
cycle of I, hepatica is therefore 17-18 weeks.
The longevity of F. hepafica in untreated sheep may
be years; in cattle it is usually less than onc ycar.

ECOLOGY OF LYMNAEA SPECIES IN
TEMPERATE CLIMATES

Since L. truncatula is the most widespread and impor-
tant species involved in the transmission of F. kepatica,
it is discussed in detail.

L. truncatula is a small snail, the adults being about
1.0cm in length (Fig. 79). The shell is usually dark
brown and has a turreted appearance, being coiled in
a series of spiral whorls. When held with the turret
upright and the aperture facing the observer, the latter
is approximately half the length of the snail and is on
the right hand side, and there are four and a hall
whorls. The snails are amphibious and although they
spend hours in shallow water, they periodically
emerge onto surrounding mud. They are capable of
withstanding summer drought or winter freezing for
several months by respectively aestivating or hibernat-
ing deep in the mud.

Optimal conditions include a slightly acid pH envi-
ronment and a slowly moving water medium to carry
away waste products. They feed mostly on algae and
the optimum temperature range for development is
15-22°C; below 5°C development ceases. In Britain
snails breed continuously from May to Oclober, one
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Fig. 77 The life cycle of Fascioia hepatica,

snail being capable of producing up to 100000 de-
scendants over three months.

EPIDEMIOLOGY

There are three main factors influencing the produc-
tion of the larpe numbers of metacercariae necessary
for outbreaks of fasciolosis.

(1) Availability of suitable snail habitats: L.
iruncatila prefers wet mud to free water, and
permanent habitats include the banks of ditches
or streams and the edges of small ponds. Follow-
ing heavy rainfall or flooding, temporary habitats
may be provided by hoof marks, wheel ruts or
rain ponds. Ficlds with clumps of rushes are of-
tensuspect siles. Though a slightly acid pH envi-
ronment is optimal for L. truncatila, excessively
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(3)

acid pH levels are detrimental, such as occur in
peat bogs, and areas of sphagnum moss.
Temperatnre: A mean day/night temperature of
10°C or above is necessary both for snails lo
breed and for the development of F. hepatica
within the snail, and all activity ceases at 5°C.
This is also the minimum range for the develop-
ment and hatching of F. hepatica cggs. However,
it is only when temperatures rise to 15°C and are
maintained above that level, that a significant
multiplication of snails and fluke larval stages
ensues.

Moisture: The ideal moisture conditions for snail
breeding and the development of F. hepatica
within snails are provided when rainfall cxceeds
transpiration, and field saturation is attained.
Such conditions are also essential for the devel-
opment of fluke eggs, for miracidia searching for
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{a)

(d

(b}
Fig.78 Stages in Fascioia hopatica life cycle. (a} Miracidium; (b} Mature redia containing cercariae; (¢) Cercaria; (d) Encysted metacercaria;
{e) Migrating young fluke in Yiver parenchyma; (f) Fluke in bile duct.

(e},
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Fig. 78 (continued)

Fig. 79 Adult Lymnaea truncatula; note encysted metacercariae on
surface of shell.
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snails and for the dispersal of cercariae being
shed [rom the snails.

In temperate countries such as Britain, these factors
usually only exist from May to October. A marked
increase in numbers of metacercariae on pasture is
therefore possible during two periods, First, from
what is known as the summer infection of snails, in
which metacercariae appear on pasture from August
to October (Fig. 80). These snail infections arise from
miracidia which have hatched either from eggs ex-
creted in the spring/early summer by infected animals,
or from eggs which have survived the winter in an
undeveloped state, Development in the snail occurs
during the summer and the cercarias are shed from
August until October. Secondly, from the winter in-
fection of snails in which metacercariae appear on the
pasture in May to June (Fig. 81). These are derived
from snails which were infected the previous autumn,
and in which larval development had temporarily
ceased during the period of winter hibernation of the
snail host.

Both F. hepatica eggs and metacercariae can survive
over the winter and play important parts in the epide-

(f)
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miology. The eggs, by hatching into miracidia in late
spring, can infect snails. The metacercariae, by infect-
ing stock in early spring, result in eggs being available
by mid-summer at the optimal snail breeding season.
However, survival of metacercariae is poor under con-
ditions of high temperatures and drought and they
rapidly lose their infectivity during processes such as
silage making, although they may survive for several
months on hay.

In most European countries, the summer infecticn
of snails is the more important and an increase in the
numbers of metacercariae occurs annually from Au-
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gust to October. The extent of this increase is highest
in years when summer rainfall is heavy, The winter
infection of snails is much less important, but occa-
sionally gives rise (0 large numbers of metacercariae in
late spring and early summer, particularly when the
preceding months have been unduly wet.

Circulating antibodics to F. hepatica are readily de-
tectable in sheep, but there is no evidence that, under
ficld conditions, sheep ever become immune to
reinfection with F. hepatica, and in the absence of
treatment, the flukes will live as long as the sheep.
Severe outbreaks of ovine fasciclosis frequently in-
volve adult shecp which have been previously exposed
to infection. In contrast, although outbreaks do occur
in young cattle, more usually an acquired immunity
gradually develops; this limits the life span of the pri-
mary infection, slows the migration of secondary in-
fection and eventually reduces the numbers of flukes
established. Thus, in endemic arcas, adult caltle often
appear unalfecled clinically whereas severe losses
from fasciolosis may be occurring in adult sheep.

Finally it should be remembered that F. hepatica
can infect a wide range of mammals including horses,
donkeys, deer, pigs and rabbits and it is possibic that
on occasions these hosts may act as reservoirs of
infection. Man may also become infected, especially
from the consumption of watercress from unfenced
beds.

Most of the above comments on the ecology of L.
truncatula also apply to the other amphibian species of
Lymnaea which transmit the parasite. Diffcrentiation
of Lyminaea speeics is a specialist lask and is usually
based on morphological characteristics, although bio-
chemical and immunological methods are now also
employed.

[n warmer areas such as the southern USA or Aus-
tralia, the sequence of events has a different
seasonality, but the epidemiological principles are the
same. For example, in both Texas and Louisiana snail
activity is maximal during the cooler months of au-
tumn with peak numbers of metacercariae appearing
in the winter.

The situation differs with L. romentosa which, al-
though classcd as an amphibian snail, is well adapted
1o aqualic life in swampy areas or irrigation channels
and therefore temperature is the most important con-
trolling biological factor. Thus, in most of Eastern
Australia, L. romentosa continues to produce egg
masses throughout the year, although (he rate of re-
production is controlled by lemperature and is at its
lowest during the winter. The lower winter tempera-
tures also delay hatching of fluke eggs and larval de-
velopment in the snail so that large numbers of
metacercariae first appear in late spring. During the
summer and autumn there 15 a second wave of
melacercarial production derived from new genera-
tions of snails.
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There is some evidence that the prevalence of
fasciolosis in hot countries is higher after several
months of drought, possibly because the animals con-
gregate around areas of water conservation and so the
chances of snails becoming infected are increased.

PATHOGENESIS AND CLINICAL SIGNS

These vary according to the phase of parasitic devel-
opment in the liver and the species of host involved.
Essentially the pathogenesis is two-fold; the first phase
occurs during migration in the liver parenchyma and is
associated with liver damage and haemorrhage. The
second oceurs when the parasite is in the bile ducts,
and results from the hacmatophagic activity of the
adult lukes and [rom damage to the biliary mucosa by
their cuticular spines.

Most studies have been in sheep and the disease in
this host is discussed in detail. The seasonality of cut-
breaks is that which occurs in Western Europe.

OVINE FASCIOLOSIS

Fasciolosis may be acute, sub-acute or chronic,

The acute disease occurs 2-6 weeks after the inges-
tion of large numbers of metacercariae, usually over
2000, and 1s due to the severe haemorrhage which
results when the young flukes, migrating in the liver
parcnchyma, rupture blood vessels, Damage to the
tiver parenchyma is also severe,

At necropsy the liver is enlarged, haemorrhagic and
honeycombed with the tracts of migrating flukes
(Plate V). The surface, particularly over the ventral
lobe, is frequently covered with a fibrinous exudate.
Subcapsular hacmorrhages (Plate V) are common and
these may rupture so that a quantity of blood-stained
fluid is often present in the abdominal cavity.

Outbreaks of acute fasciolosis are generally pre-
sented as sudden deaths during autumn and early win-
ter. On examination of the remainder of the flock, one
may lind some sheep which are weak, with pale mu-
cous membranes, dyspnoeic and in some instances
have palpable enlarged livers associated with abdomi-
nal pain and ascites.

Sometimes these cutbreaks are complicated by con-
current infections with Clostridium novyi resulting in
‘Black disease’, although this is less common nowa-
days because of widespread vaccination against
closiridial diseases.

In the subacute disease, metacercariae are ingested
over a longer period and while some have reached the
hile ducts, where they cause a cholangitis, others are
still migrating causing lesions less severce, but similar
to those of the acute disease; thus the liver is enlarged
with numerous necrotic or haemorrhagic tracts visible
on the surface and in the substance. Subcapsular
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haemorrhages are usually evident, but rupture of
these is rare.

This form of the discase, occurring 6-10 weeks after
ingestion of approximately 500-1500 metlacercariae,
also appears in the late autumn and winter. It is pre-
sented as a rapid and severe haemorrhagic anaemia
wilh hypoalbuminaemia, and if untreated, can resuit
in a high mortality rate. However it is not so rapidly
fatal as the acute condition and affected sheep may
show clinical signs for 1-2 weeks prior to death; these
include a rapid loss of condition, a marked pallor of
the mucous membranes, and an enlarged and palpable
liver. Submandibular or facial ocdema and ascites may
be present.

Chronic fasciolosis, which is seen mainly in late win-
ter/early spring, is the most common form of the dis-
ease. It occurs 4-5 months after the ingestion of
moderate numbers, 200500, of metacercariae. The
principal pathogenic  effects are  anaemia and
hypoalbuminaemia and more than 0.5ml blood per
fluke can be lost into the bile ducts each day. Addi-
tional loss of plasma proteins occurs by leakage
through the hyperplastic biliary mucosa and the
pathogenic effect is exacerbated if the sheep is on a
low planc of nutrition.

At necropsy the liver has an irregular outline and is
pale and firm, the ventral lobe being most affected and
reduced in size (Plate V). The liver pathology is char-
acterized by hepatic fibrosis and hyperplastic
cholangitis.

Scveral different types of fibrosis are present. The
first to occur is post-necrotic scarring, found mainly in
the ventral lobe and associated with the healing of
fluke tracts. The second, often termed ischaemic
fibrosis, is a sequel of infarction caused by damage and
thrombosis of large vessels. Thirdly, a peribiliary
fibrosis develops when the flukes reach the small bile
ducts.

Sometimes fluke eggs provoke a granuloma-like re-
action which can result in obliteration of the affected
bile ducts.

The hyperplastic cholangitis in the larger bile ducts
arises [rom the scvere crosion and necrosis of the
mucosa caused by the feeding Aukes.

Clinically, chronic fasciolosis is characterized by a
progressive loss of condition and the development
of anaemia and hypoalbuminaemia which can result
in emaciation, pallor of the mucous membranes,
submandibular eedema and ascites. The anaemia is
hypochromic and macrocylic with an accompanying
eosinophilia. Fasciola eggs can be demonstrated in the
faeces.

In light infections, the clinical effect may not be
readily discernible, but the parasites can have a signifi-
cant effect on production due (o an impairment of
appetite and to their effect on post-absorptive me-
tabolism of protein, carbohydrates and minerals.
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BOVINE FASCIOLOSIS

Although acute and subacute discase may occasion-
ally occur under conditions of heavy challenge, espe-
cially in young calves, the chronic form of the disease
is by far the most important, and as in sheep, is seen in
the late winter/early spring.

The pathogenesis is similar to that in sheep but has
the added features of calcification of the bile ducts and
crlargement of the gallbladder (Plate V). Aberrant
migration of the flukes is more common in cattle and
encapsulated parasites are often seen in the lungs. On
reinfection of adult cows, migration to the foctus has
been recorded resulting in prenatal infection, There is
some experimental evidence that fasciolosis increases
the susceptibility of cattle to infection with Salmonella
dublin.

In heavy infections, where anaemia and
hypoalbuminaemia are severe, submandibular
cedema frequently occurs. With smaller fluke bur-
dens, the clinical effect is minimal and the loss of
productivity is difficult to differentiate from inad-
equate nutrition. It must be emphasized that diar-
rhoea is not a feature of bovine fasciolosis unless it is
complicated by the presence of Ostertagia spp. Com-
bined infection with these two parasiles has been re-
ferred o as the fasciolosis/ostertagiosis complex.

Fasciola infections may cause a loss of production in
milking cows during winter. Clinically, these are diffi-
cult to detect since the fluke burdens are usually low
and anaemia is not apparent. The main cffects arc a
reduction in milk yicld and quality, particularly of the
solids-not-fat compoenent.

DIAGNOSIS

This is based primarily on clinical signs, seasonal oc-
currence, prevailing weather patterns, and a previous
history of fasciolosis on the farm or the identification
of snail habitats.

While diagnosis of ovine fasciolosis should present
few problems, especially when a postmortem exami-
nation is possible, diagnosis of bovine [asciolosis can
sometimes prove difficult. In this context, routine
hacmalological tests and examination of faeces for
Nuke eggs are useful and may be supplemented by two
other laboratory tests.

The first is the estimation of plasma levels of cn-
zymes rcleased by damaged liver cells. Two enzymes
arc usually measured. Glutamate dehydrogenase
(GLDH) is released when parenchymal cells are dam-
aged and levels become elevated within the first few
weeks of infection. The other, gamma glutamyl
transpeptidase  (GGT) indicates damage to the
epithelial cells lining the bile ducts; clevation of this
cnzyme takes place mainly after the flukes reach the
bile ducts and raised levels are maintained for a longer
period.
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The second is the detection of antibodies against
components of flukes, the ELISA and the passive
haemagglutination test being the most reliable.

Meteorological forecasting of fasciolosis

The life cycle of the liver fluke and the prevalence of
fasciolosis is dependent on climate. This has led to the
development of forecasting systems, based on mete-
orological data, which estimate the likely timing and
severily of the disease. In several western European
countries, these forecasts are used as the basis for
annual control programmes.

Two different formulae have been developed. One
cstimates ‘ground surface wetness’, which is the criti-
cal factor affecting the sumnmer infection of snails. The
formula is M = n(R — P + 3) where M is the month,
R is the monthly rainfall in inches, P is the eva-
potranspiration in inches and # is the number of wet
days per month. A value of 100 or more per month is
optimal for parasite development and therefore
values of more than 100 are registered as 100. The
formula is applied over the months when tempera-
tures are suitable for snail breeding and parasite
development, i.e. May—Qctober in Europe, and the
monthly values summated to give a scasonal index or
Mt value. Since the temperatures are generally-lower
in May and October, the values for these months are
halved prior to summation. Where the Mt exceeds 450,
the prevalence of fasciolosis is likely to be high.

The forecast is used to issue an early warning of
disease by calculating data from May to August so that
control measures can be introduced prior to sheddng
of cercariae. The disadvantage of the forecast is that it
may overestimate the prevalence where there is an
autumn drought or underestimate the likely preva-
fence where the presence of drainage ditches allows
the parasite life cycle to be maintained in dry sum-
mers. Although this technique is mainly appliced to the
summer infection of snails, it is also used for forecast-
ing the winter infection of snails by summating the
values for August, September and October; if these
exceed 250 and the following May or June has a high
rainfall then fasciolosis is forecast for the area.

The other echnigue used is a ‘wet day’ [orecast,
This compares the prevalence of fasciolosis over a
number of years with the number of rain-days during
the summers of these years. In essence, widespread
fasciolosis is associated with 12 wet days (over 1.0mm
of rainfall) per month from June to September where
temperalures do not fall below the seasonal normal,

TREATMENT

The older drugs such as carbon tetrachloride,
hexachlorethane and hexachlorophene are still used in
some countries, but these have been largely replaced
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by more efficient and less toxic compounds and only
the tatter will be discusscd.

Acute ovine fasciolosis

Until recently, treatment was not highly successful due
ta the inefficiency of the older drugs against the early
parenchymal stages. However, elflicient drugs are now
available and the onc of cheice is triclabendazole
which removes all developing stages over one week
old. Other drugs are rafoxanide, closantel and
nitroxynil, which will remove flukes over four weeks
old.

A single dose of triclabendazole accompanied with
amove to fluke-frec pasture or a well drained, recently
cultivated field should be adequate treatment. How-
ever with rafoxanide, closantel or nitroxynil a second
treatment may be necessary 2-3 weeks after moving to
fluke-free ground. Where sheep cannot be moved to
clean ground, treatment should be repeated at three
weekly intervals uniil six weeks after deaths have
ceased.

Subacute ovine fasciolosis

The drugs recommended for acule fasciolosis can be
used against older flukes responsible for subacute
fasciolosis. Movement to fluke-free pasture is again
advisable following treatment, and where this is not
possible treatment should be repeated at four and
eight weeks to eliminate maturing flukes.

In addition to the above drugs. brotianide is also
effective.

Chronic ovine fasciolosis

Outbreaks of chronic fasciolosis can be successfully
treated with a single dose of any of a range of drugs
(rafoxanide,  nitroxynil,  brotianide, closantel,
oxyclozanide and triclabendazole) and following
treatment, the anaemia usually regresses within 2-3
wecks. The roundworm anthelmintics, albendazole
and netobimin are also effective against adult flukes
albeit at increased dosage rates.

Bovine fasciclosis

At present there is only one drug, namely tni-
clabendazole, which will remove the carly paren-
chymal stages. Apart from triclabendazole, the two
drugs most commaonly used for subacute or chronic
fasciolosis are rafoxanide and nitroxynil and several
others, such as clorsulon and niclofolan, are also
marketed in some countries; albendazole is also effec-
tive at an increased dosage rate. In lactating cows,
where the milk is used for human consumption, the
above drugs are either banncd or have extended with-
drawal periods in most countries. An exception is
oxyclozanide which is licensed for use in lactating ani-
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mals in many countries and has a milk-withholding
time of up to 3 days.

CONTROL

Control of fasciolosis may be approached in two ways;
by reducing populations of the intermediate snail host
or by using anthelmintics.

Reduction of snail populations

Before any scheme of snail control is undertaken a
survey of the area for snail habitats should be made to
determine whether these are localized or widespread.

The best long-lerm method of reducing mud-snail
populations such as L. fruncatula is drainage, since it
cnsures permanent destruction of snail habjtats. How-
ever, farmers are often hesitant to undertake cxpen-
sive drainage schemes, although in many countries
special drainage grants arc available.

When the snail habitat is limited a simple method of
control is to fence off this area or treat annually with a
molluscicide. Currently copper sulphate is most
widely used and although more efficient molluscicides,
such as N-trityl morpholine, have been developed,
none are generally available,

In Europe cxperimental evidence indicates that a
molluscicide should be applied either in the spring
(May), to kill snail populations prior to the com-
mencement of breeding, or in summer {July/August)
to kill infected snails. The spring application should
enslire hetter contact with the snails, because pasture
growth is limited, but in practice is often impractical
because the salurated nature of the habitat makes
vehicular access difficult. In the summer this is less of
a problem although molluscicide/snail contact may be
reduced because of the increase in herbage growth,
The application of a molluscicide should be combined
with anthelmintic trecatment (o remove existing fluke
populations and thus the contamination of habitats
with eggs.

When the intermediate snail host is aquatic, such as
L. tomentosa, gond control is possible by adding a
molluscicide, such as N-trityl morpheline, to the water
habitat of the snail, but there are many environmental
objections (o the use of molluscicides in water or irri-
gation channels.

Use of anthelmintics

The prophylactic usc of fluke anthelmintics is aimed
at:

(1) Reducing pasture confamination by fluke eggs at
a time most suitable for their development, i.e.
April to August.

(2) Removing fluke populations at a time of heavy
burdens or at a period of nutritional and preg-
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nancy stress.to the animal. To achieve these ob-
jectives, the following control programme for
sheep in the British Isles is recommended for
years with normal or below average rainfall.
Since the timing of treatments is based on the
fact that most mctacercaniae appear in autumn
and carly winler, it may require modilication for
usc¢ in other areas,

In late April/early May treat all adult sheep with a
drug effective against adult and late immature stages.
At this time, products containing both a fasciolicide
and a drug effective against nematodes which contrib-
ute to the periparturient rise (PPR) in faecal egg
counts in ewes may be used.

In October, treat the entire flock using a drug effec-
tive against early parenchymal stages, such as
triclabendazole.

In January, treat the flock with any drug cifective
against adult stages.

In wet years further doses may be necessary as fol-
lows:

In June, 4-6 weeks after the April/May dose, all
adult sheep should be treated with a drug effective
against adult and late immaturce flukes.

In October/November, 4 weeks after the early Oc-
tober dose, treat all sheep with a drug effective against
parenchymal stages.

The precise timing of the spring and autumn treat-
ments will depend on lambing and service dates.
Although very good results have been obtained on
sheep farms by anthelmintic prophylaxis, the same has
not been true for the control of disease in cattle. This
is because, until recently, most drugs available for cat-
tle were ineffective against the early parenchymal
stages.

Prophylactic treatment in cattle is therefore di-
rected at reducing the fluke burdens in winter at a time
when parasites are susceptible to available drugs and
when the nutriticnal status of the animals is at its
lowest. It is unlikely that their faeces will remain free
from eggs for any length of time as the parenchymal
stages not removed by the anthelmintic will soon de-
velop to the adult stage. In the British Isles it is usual
1o treat calttle in fluke areas in mid-winter.

This situation could change with the increased use
of drugs such as triclabendarole in cattle.

Fusciolu gisantica
Hosts:
Ruminants.

Intermediate hosts:

Snails of the genus Lymnaea; in southern Europe it is
L. auricularia which is also the important species in
the southern USA, the Middle East and the Pacific
Islands. Other important Lymnaea vectors of F
gigantica are;
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L. natalensis Alrica
L. rufescens and L. acuminata India and Pakistan
L. rubiginosa Malaysia.

All these snails are primarily aquatic snails and are
found in streams, irrigation channels and marshy
swamps.

Site:
The adults are found in the bile ducts and the imma-
ture flukes in the liver parenchyma.

Distribution:
Most continents. Does not occur in western Europe,

IDENTIFICATION

Gross:

It is larger than F. hepatica and can reach 7.5 cm in
length. The shape is more leaf-like, the conical ante-
rior end is very short and the shoulders characteristic
of F. hepatica are barely perceptible,

Microscopic:
The eggs are larger than those of F. hepatica, measur-
ing 190 > 100 zm.

LIFE CYCLE

This is similar to F. hepatica, the main diffcrences
being in the lime scale ol the cycle. Mosl parasilic
phases are longer and the prepatent period is 13-16
weeks.

PATHOGENESIS AND CLINICAL SIGNS

Similar to thosc of F. hepatica.

EPIDEMIOLOGY

The snails which carry the larval stages of F. gigantica
arc primarily aquatic and as a result the discasc is
associated with animals grazing on naturally or artifi-
cially looded areas or around permanent water chan-
nels or dams.

1n subtropical or tropical countries with distinct wet
and dry seasons, it appears that optimal development
of eggs to miracidia occurs at the start of the wet
season and development within the snail is complete
by the end ol the rains, Shedding of cercariae then
commences at the start of the dry season when the
water level is still high and continues as the water level
drops. Under laboratory conditions, a large number of
metacercariae simply encyst on the surface of the wa-
ter rather than on herbage, and under natural condi-
tions this could have a very significant effect on the
dissemination of infection. Metacercariae are ac-
quired by animals utilizing such areas during the dry
season and clinical problems, depending on the rate of
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infection, occur at the end of that season or at the
beginning of the next wet season.

Like F. hepatica, F. gigantica is capable of infecting
man.

DIAGNQOSIS AND TREATMENT
As for F. hepatica.

CONTROL

The principles are the same as for the control of I
hepatica and arc based on the routine use of
anthelmintics together with measures to reduce
populations of the snail intermediate host. There is,
however, the important diflcrence that the latter are
water snails whose control depends on a different ap-
proach from that for the mud snail L. fruncatula.

Routine anthelmintic treatment of animals at sea-
sons when heavy infections of adult flukes accumulate
in the host is recommended using a drug effective
against adult and immaturce flukes. This should pre-
vent serious losses in production, but for optimal ben-
efit should be accompanied by snail control.

When watering of stock is from a reservoir or
stream, complete control can be achieved by fencing
the water source and leading a pipe to troughs. To do
this effectively from streams, the water may require to
be pumped and in remole arcas simple water-driven
pumps whose power source depends on the water flow
have been found useful. Tt is important that the water
troughs be cleaned out regularly since they can be-
come colonized by snails.

When grazing depends on Lhe dry season use of
marshy areas around receding lake beds, snail control
is difficult. Molluscicides are usually impractical be-
cause of the large body of water involved and their
possible effect on fish which may form an important
part of the local {ood supply. Apart from repeated
anthelmintic treatment to prevent patency of acquired
infections of F. gigantica, there is often little one can
do. [deally, such areas are often best suited to irriga-
tion and the growing of cash crops, the profit from
which can be used to improve the dry season food and
water supply to cattle.

OTHER GENERA OF FASCIOLIDAE

Fascioloides muagna

This is primarily a parasitc of deer which can infect
other ruminants. It is found in North America and
central and SW Europe. Transmitted by Lymnaea spe-
cies this very large fluke measures up to 10ecm and has
o ANtErior cone.

In deer and cattle, the parasite can cause hepatic
damage on reaching the liver, but it rapidly becomes
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encapsulated by the host reaction and clinical effects
are minimal. However in sheep this response is negli-
gible and the damage to the liver can be severe or even
fatal; because of this sheep rearing is difficult in areas
where the parasite is prevalent.

Fasciolopsis buski

This fluke, found in India, Pakistan, SE Asia and
China, is primarily a parasite of man, but ¢an occur in
the pig which may act as a reservoir host. Unlike
Fasciola and Fascioloides it is located in the small
intestine where il causcs severe uleeration.

Family DICROCOELIIDAE

These trematodes are small, lancet-like flukes occur-
ring in the biliary and pancreatic ducts of vertebrates.
Miracidia are present in the eggs when they are passed
in the faeces; there is no redial stage during develop-
ment in the snail.

Dicrocoelitn

Hosts:
Sheep, catile, deer and rabbits.

Intermediate hosts:
Two are required:

(1) Land snails of many genera.
{2) Brown ants ol the genus Formica.

Site:
Bile ducts and gall bladder.

Distribution:

Worldwide. The prevalence in the British Tsles is very
low being confined to small foci in western Scotland
and Ireland. In contrast the prevalence in many other
European countries is high.

Species:
Dicrocoelium dendriticum.

IDENTIFICATION

Gross:

There is no possibility of confusion with other lukesin
the bile ducts of ruminants as Dicrocoelinm is less than
1.0 cm long, distinctly lanceolate and semilransparent
(Fig. 82).

Microscopic:

The gut is simple, consisting of two branches and re-
sembles a tuning fork. Behind (he ventral sucker the
testes lie in tandem with the ovary immediately poste-
rior. There are no spines on the cuticle {cf Fasciola).
The cgg is small, 45 X 300 xm, dark brown and
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Fig. 82 Dicrocoelium dendriticurn, a small lanceolate fluke of rumi-
nants. The dark uterus and white vitellaria can be clearly seen.

Fig. 83 The egq of Dicrocoelium dendriticum contains a miracidium
when passed in the faeces.

operculate, usually with a flattened side (Fig. 83). It
contains a miracidium when passed in the facces.

LIFE CYCLE

The egg does not hatch until ingested by the first inter-
mediate host, the land snail, in which two generalions

D un
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of sporocysts develop which then produce cercariae.
The latter are extruded in masscs cemented together
by slime. This phase of devclopment takes at least
three months.

'The slime balls ol cercariae are ingested by ants in
which they develop to metacercariae mainly in the
body cavity and occasionally the brain. The presence
of & brain lesion in the ant, induced by metacercariae,
impels the ant to climb up and remain on the tips of
the herbage, thus incrcasing the chance of ingestion by
the final host. This phase in the ant is completed in just
over onc month in summer temperatures,

In the final host, the metaccrcariae hatch in the
small intestine and the young flukes migrate up
the main bile duct and thence to the smaller ducts in
the liver. There is no parenchymal migration and the
prepatent period is 10-12 weeks. The flukes are long-
lived and can survive in the final host for scveral years.

PATHOGENESIS

Although several thousand D. dendriticum are com-
moniy found in the bile ducts, the livers are relatively
normal; this s presumably due to the absence of a
migratlory phase. However, in heavier infections there
is {ibrosis of the smaller bile ducts and extensive cir-
rhosis can occur {Plate V); sometimes the bile ducts
become markcdly disiended.

CLINICAL SIGNS

In many instances these are absent. Anaemia, oedema
and emaciation have been reported in severe cases.

EPIDEMIOLOGY

There are two important features which differentiate
the epidemiology of Dicrocoelium from that of
Fusciola:

(1} The intermediate hosts are independent of water
and are evenly distributed on the lerrain.

(2} The egg can survive for months on dry pasture,
presenting a reservoir additional to that in the
intermediate and final hosts.

DIAGNOSIS

This is entirely based on faecal examination for eggs
and necropsy findings.

TREATMENT ;

Nctobimin has been shown to be highly effective at
a dose rate of 20mg/kg High doses of other
anthelmintics are required for effective removal of
Dicrocoelium. The benzimidazole, albendazole, given
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at three times the roundworm dosage rate, is very
effective, as is praziquantel at twice the rate used for
tapeworms. Other drugs such as thiabendazole and
lenbendazole are also effective, but at very high dose
rates.

CONTROL

This is dilficull because of the longevity of D
dendriticum eggs, the wide distribution of the interme-
diate hosts and the number of reservoir hosts. Control
depends almost entirely on regular anthelmintic treat-
ment.

Note: In sub-Saharan Africa a closely related species

D. hospes occurs, ants of the genus Campanotus being
the second intermediate host.

Eurvirenia

The fluke Euryirema pancreatictm is found in the pan-
creatic ducts of ruminants in parts of Asia, Brazil and
Venezuela. Like D. dendriticum it has two consecutive
intermediate hosts, a land snail followed by a grass-
hopper or tree cricket, Infection of the final host is by
ingestion of the grasshopper and migration of the
fluke from the small intestine to the final site in the
pancreatic duct. Heavy infections are reported as
causing fibrosis and atrophy of the pancreas. At
present there is no known cffective treatment.

Phatveosomum

The parasite Platynosomum fastosum is [ound in the
bile duct of cals in parts of South America, the Carib-
bean, southern USA, West Africa, Malaysia and the
Pacific Islands. Three consecutive intermediate hosts,
2 land snail, a crustacean and lizard, are required.

The cat is infected by ingesting the lizard, Most
infections are well tolerated by the cat causing only a
mild inappetence but in heavy infestations, so-called
‘lizard poisoning’, cirrhosis and jaundice have been
reported with diarrhoea and vomiting in terminal
cases. Praziquantel and nitroscanate are reported to
be cifective treatments.

Familv PARAMPHISTOMATIDAE

Adult paramphistomes are mainly parasitic in the
forestomachs of ruminants, although a few species
occur in the intestine of ruminants, pigs and horses.
Their shape is not typical of the trematodes, being
conical rather than flat. All require a water snail as an
intermediate host. There are several genera of which
Paramphistomum is the most common and wide-
spread.

Parampliistomum

Hosts:
Ruminants.

Intermediate hosts:
Water snails; principally Planorbis and Bulinus.

Site:
Adults in the rumen and reticulum and immature
stages in the duodenum.

Species:
There are at least 14 species of which Param-
phistomum cervi and P. microbothrium are the most
common.

Distribution:

Worldwide. They are of little veterinary significance in
Europe and America, but are occasionally the cause of
disease in the tropics and subtropics.

IDENTIFICATION

Gross:

The adults are small, conical, maggot-like flukes about
1.0 ecm long. One sucker is visible at the tip of the cone
and the other at the base. The larval stages are less
than 5.0 mm, fresh specimens having a pink colour.

Microscopic: '
The egg resembles that of F. hepatica being large and
operculate, but is clear rather than yellow,

LIFE CYCLE

Development in the snail intermediate host is similar
to that of Fasciela and under favourable conditions
{26-30°C) can be completed in four weeks. After in-
gestion of encysted metacercariae with herbage, de-
velopment in the final host occurs entirely in the
alimentary tract. Following excystment in the duode-
num the young flukes attach and feed there for
about six weeks before migrating forward to the
forestomachs where they mature, The prepatent
period is between 7 and 10 weeks.

PATHOGENESIS

Any pathogenic effect is associated with the intestinal
phase of the infection. The young flukes are plug feed-
ers and this results in severe erosions of the duodenal
mucosa. In heavy infections these cause an enteritis
characterized by oedema, haemorrhage and ulcera-
tion. At necropsy the young flukes can be seen as
clusters of brownish pink parasites attached to the
duodenal mucosa and occasionally also in the jejunum
and abomasum. The adult parasites (Plate V) in the
forestomachs are well tolerated, even when many
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Fig. 84 Section of adult Paramphistermum feeding on the ruminal
epithelium,

thousands are present and feeding on the wall of the
rumen or reticulum (Fig. 84).

CLINICAL SIGNS

In heavy duodenal infections, the most obvious sign is
diarrhoea accompanied by anorcxia and intense thirst.
Sometimes in cattle, there is rectal haemorrhage fol-
lowing a period of prolonged straining. Mortality in
acute outbreaks can be as high as 90%.

EPIDEMIOLOGY

Paramphistomosis often depends for its continuous
endemicity on permanent water masses, such as lakes
and ponds, from which snails are dispersed into previ-
ously dry areas by flooding during heavy rains.
Paramphistome eggs deposited by animals grazing
these areas hatch and infect snails. Subscquent pro-
duction of cercariae often coincides with receding
water levels making them accessible to grazing rumi-
nants. In other areas, the situation is complicated by
the ability of the snails to aestivate on dry pastures and
become reactivated on the return of rainfall.

A good immunity develops in cattle, and outbreaks
are usually confined to young stock. However, adults
continue to harbour low burdens of adult parasites
and are important reservoirs of infection for snails. In
contrast, sheep and goats are relatively susceptible
throughout their lives.

DIAGNOSIS

This is based on the clinical signs usuoally involving
young animals in the herd and a history of grazing
around snail habitats during a period of dry weather.
Faecal examination is of little value since the discase

oceurs during the prepatent period. Confirmation can
be obtained by a postmortem examination and recoy-
ery of the small flukes from the duodenum.

TREATMENT

Resorantel and oxyclozanide are considered the
anthelmintics of choice against both immature and
adult rumen flukes in cattle and sheep.

CONTROL

As in F. gigantica the best control is achicved by pro-
viding a piped water supply to troughs and preventing
access of the animals to natural waler. Even then
snails may gain access to watcring lroughs and regular
application of a molluscicide at source or manual re-
moval of snails may be necessary.

Other paramphistomes of veferinary
importance

Apart from Paramphistomum there are many gencra
found in domestic stock. Among the best known of
those occurring in the forestomachs are Cotylophoron
and Ceylonocotyle which are responsible for out-
breaks of paramphistomosis in buffalo and cattle in
Asia and cattle in Australasia and the southern USA.
Of those occurring in the lower alimentary tract,
Guastrodiscus has a high prevalence in the small and
large intestine of equines in the tropics and
Homologaster in the large intestine of ruminants in
some parts of Asia. Another genus, Gigantocotyle,
occurs in the bile ducts of buffaloes in the Middle and
Far East.

Family TROGLOTREMATIDAL

Two genera are of local veterinary interest. The first,
Paragonimus, commonly referred to as the ‘lung
fluke’, is found in cats, dogs and other carnivores and
in man in North America and Asia. The cycle involves
a watcr snail and a crayfish or fresh water crab. The
water snail, previously infected by a miracidium in the
same way as in other flukes, is ingested by a crusta-
cean. Infection of the final host occurs by ingestion of
the metacercariae in the liver or muscles of the crusta-
cean. The young flukes migrate to the lungs where
they are encapsulated by fibrous cysts connected by
fistulac to the bronchioles to facilitate egg excretion.
Pulmonary signs are comparatively rare in cats or dogs
and the veterinary interest is in the potential reservoir
of infection for man.

The second genus, Nanophyetus, is a fluke found
mainly in the small intestine of dogs, mink and other
fish-cating mammals. It occurs in the NW United
States and parts of Siberia and is of importance be-
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causc the flukes are vectors of the rickettsia
Neorickentsia helminthoeca which causes a severe
haemorrhagic enteritis of dogs, the so-called ‘salmon
poisoning’. This name is derived from the cycle of the
fluke which involves a water snail and a fish which is
often one of the salmonid type.

The rickettsial infection is presumed to pass via the
fluke egg to the waler snail and thence to the fish
where the cercariae locate in the kidney. The dog is
infected by ingesting fish containing the metacercariae
and the associated rickettsia.,

Family OPISTHORCHIIDAE

The members of this family require two intermediate
hosts, the first being water snails and the second a wide
variely of fish, in which the metacercariae are
encysted. The final hosts are fish-eating mammals in
which they inhabit the bile ducts.

Opisthorchis, by far the most important genus,
is a small lanceolate fluke, grossly resembling
Dicrocoelium. Two species have man as their primary
host. O. sinensis {(formerly Clonorchis sinensis) is the
‘Chinese liver fluke” which, in spitc of its name, occurs
in most of Asia east of, and including, the Indian sub-
continent; the dog and cat are occasional hosts. O.
viverrini, though discovered in the civet cat, which is
therefore the type host, is essentially a parasile of
humans; it is found sufficiently often in the dog and cat
for these animals to be important reservoir hosts, It
occurs in the Far East. O, tenuicollis (syn. O. felineus)
has the cat, and less often the dog, as primary hosts;
man is an occasional host. This species occurs in east-
e Europe, the Middle East, Asia Minor, and Asiatic
Russia; it has been reported in Canada.

Humans and animals acquire infection by ingestion
of raw or insufficiently cooked fish, and the young
flukes travel to the liver by the bile ducts, Most infec-
tions are inapparent, though Opisthorchis is very com-
mon in its endemic arcas. In very heavy infections the
main damage is caused by the young flukes whose
cuticular spines abrade the bile duets, causing thicken-
ing with papilloma formation and the development of
cysts, containing flukes, adjacent to the ducts. In these
infections the symptoms are emaciation, jaundice and
asciles; 1t is sometimes possible to palpate the en-
larged nodular liver,

Control of opisthorchosis is bascd on thorough
cooking of fish.

A second genus, Metorchis, occurs mainly in sledge
dogs and hunting dogs, and has a mostly Arctic and
subarctic distribution in Europe, Asia and America;
it has also been recorded in former Yugoslavia. The
pathogenesis is similar to that of opisthorchosis and
there is a reservoir of infection in wild fish-eating car-
nivores.
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Family SCHISTOSOMATIDAL

This family is primarily parasitic in the blood vessels
of the alimentary tract and bladder. In man,
schistosomes arc often responsible for severe and de-
bilitating disease and veterinary interest lies in the fact
that they can cause a similar discasc in animals, some
of which may act as reservoirs of infcction for man.
The schistosomes differ from other flukes in that the
sCXes arc separate, the small adult female lying perma-
nently in a groove, the gynaecophoric canal, in the
body of the male (Fig. 85). The most important genus
is Schistoserma and this will be discussed in some
detail.

Schistosonia

Hosts:
All domestic mammals. Mainly impertant in sheep
and callle.

Intermediate hosts:

Water snails. Bulinus and Physopsis spp. are particu-
larly important in the transmission of bovine and
ovine schistosomosis,

Site:
Usually mesenteric veins; one species occurs in nasal
veins.

Species and distribution:
Major:

Schistosoma hovis Ruminants in Africa,
Middle East, Asia,
southern Europe
Ruminants and
occastonally man in
Africa

Man and most domestic
animals in the Far East

8. mattheel

S. Japonicum

Minor:
S. leiperi
S. spindale

Cattle in Africa
Ruminants, horses and
pigs in Asia and the Far
East

Pigs and dogs in India
and Pakistan

Man and wild animals in
Africa, South America
and the Middle East
Ruminants in Asia

S. incognitum

S. mansoni

S. (syn. Orientobilharzia)

turkestanica
5. nasalis Ruminants and horses
in India and Pakistan.
Distribution:

Tropics and subtropics. Occurs sparsely in southern
Europe.
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Fig. 85 The large male Schistosorna carries the smaller female in
the gynaecophoric canal.

IDENTIFICATION

Gross:

The sexes are separate, the male, which is broad and
flat and about 2.0 ¢m long, carrying the female in the
hollow of its inwardly curved body. This characteristic
and the vascular predilection site are sufficient for
generic identification,

Microscopic:

The eggs are 100-500 um long, spindle-shaped and
have a lateral or terminal spine (Fig. 86). There is no
operculum.

LIFE CYCLE

The female in the mesenteric vein inscrts her Lail into
a small venule and since the genital pore is terminal,
the eggs are deposited, or even pushed, into the
venule. There, aided by their spines and by proteolytic
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Fig. 86 Thin shelled Schistosoma egg with terminal spine.

enzymes secreted by the unhatched miracidia, they
penetrate the endothelium to enter the intestinal
submucosa and ultimately the gut lumen; they are
then passed out in the facces. The eggs hatch in min-
utes in water and the miracidia penetrate appropriate

snails, Development to the cercarial stage occurs withH

out a redial form and there is no metacercarial phase

penetration of the final host by the molile cercariae
(Fig. 87) occurring via the skin or by ingestion in
drinking water. The developrental period in the snail

can be as shorl as five weeks. After penetration or

inecstion the cercariae lose their forked tails, trans-

form to schistosomula, or young flukes, and travel via
the blood stream through the heart and lungs to the
systemic circulation. In the liver they locate in the
portal veins and become sexually mature before mi-
grating to thcir final site, the mesenteric veins. The
prepatent period is 6-7 weeks.

Fig. 87 Motile cercaria of Schistosorna showing typical forked
(furcocercous) tail.
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PATHOGENESIS

Schistosomosis is generally considered to be a much
more serious and important infection in sheep than in
larger ruminants, and even where a high prevalence of
the parasite is detected in slaughtered cattle, clinical
signs of the discase are seen only rarely.

Acute discasc characterized by diarrhoea and ano-
rexia occurs 7-8 weeks after heavy infection and is
entirely due to the inflammatory and granulomatous
response to the deposition of eggs in the mesenteric
veins and their subscquent infiltration in the inlestinal
mucosa. Following massive infection death can occur
rapidly, but more usually the clinical signs abate
slowly as the infection progresses. As this occurs, there
appears to be a partial shift of worms away from
the intestinal mucosa and reactions to these
migrating parasites and their eggs can occur in the
liver (Fig. 88).

At necropsy during the acute phase of the disease
there are marked haemorrhagic lesions in the mucosa
of the intestine, but as the disease progresses the wail
of the intestine appears greyish, thickened and
oedematous due to confluence of the egg granulomata
and the associated inflammatory changes; on sections
of the liver there is also evidence of egg granulomata
and of portal fibrosis provoked by eggs which have,
inadvertently, been swept into small portal vessels.

In sheep, anaemia and hypoalbuminaemia have
been shown to be prominent during the clinical phase
apparently as a result of mucosal haemorrhage,
dyshaemopoeisis and an expansion in plasma volume.

The significance of low-level infection is not known,
but it has been suggested that this may have a consid-
erable cffect on productivity.

There is evidence, experimentally, of acquired re-

Granuloma formation around Schistosoma eggs in the
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sistance to reinfection by homologous species and,
from natural infections, that resistance may develop as
a result of prior exposure to a heterologous species.

CLINICAL SIGNS

These are dHarrhoea, sometimes blood stained and
containing mucus, anorexia, thirst, anagmia and ema-
ciation.

EPIDEMIOLOGY

The epidemiology is very similar to that of F. gigantica
and Paramphistomum spp., Schistosoma spp. being
totally dependent upon water as a medium for infec-
tion of both the intermediate and final host. The fact
that percutaneous infection may occur encourages in-
fection where livestock are obliged to wade in water,

DIAGNOSIS

This is based mainly on the clinico-pathological pic-
ture of diarrhoea, wasting and anaemtia, coupled with
a history of access to natural water sources, The rela-
tively persistent diarrhoea, often blood stained and
containing mucus, may help to differentiate this syn-
drome from fasciolosis.

The demonstration of the characteristic eggs in the
faeces or in squash preparations of blood and mucus
[rom the facces is usclul in the period [ollowing
patency but less useful as egg production drops in the
later stages of infection.

In general, when schistosomosis is suspected, diag-
nosis is best confirmed by a detailed postmortem ex-
amination which will reveal the lesions and, if the
mesentery is stretched, the presence of numerous
schistosomes in the veins. In epidemological surveys,
serological tests may be of value.

TREATMENT

Care has to be exercised in treating clinical cases of
schistosomosis since the dislodgement of the damaged
flukes may result in emboli being formed and subse-
quent occlusion of major mesenteric and portal blood
vessels with fatal consequences. The drugs still widely
used are the antimonial preparations, tartar emetic,
antimosan and stibophen, although these are being
superseded by niridazole and trichlorfon, all of which
have to be given over a period of days at high dosage
rates. Fatalities associated with the use of these drugs
are not uncommon. Praziquantel which is used in the
treatment of human schistosomosis 1s also effective in
animals.
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CONTROL

This is similar to that outlined for F. gigantica and
Paramphistormum infections. Since the prevalence of
snail populations varies according to temperature, lo-
cal efforts should be made to identify the months of
maximum snail population, and cattle movements
planned to avoid their exposure to dangerous
stretches of water at these times.

Nasal schistosomosis

In parts of the India sub-continent Schistosoma nasalis
occurs in the nasal mucosal veins of cattle, bullalo and
horses. In heavy infections therc i1s a copious
mucopurulent discharge, snoring and dyspnoea. The
main pathogenic effects arc associated with the eggs
which cause abscess formation in the mucosa. Fibrous
granulomatous growths occur which may occlude the
nasal passages. Infection is confirmed by the presence
of the spindle-shaped eggs in the nasal discharge.

[Schistosomosis in man: Schistosomosis, still often
called by the old name of bilharziasis, is of major
importance and together with ancylostomosis and
filariosis arc the most important helminth diseascs of
man. The two most common intestinal species are S
mansoni and S. jeponicum, the lalter occasionally
occurring in  domestic livestock. The third, S.
haematobium, is found in the veins of the bladder.

A form of cutancous larva migrans, often called
‘swimmers itch’, occurs in man and is thought to be
caused by cercariae of avian and animal schistosomes
which have a limited migration in human skin.|

Family DIPLOSTOMATIDALE

The family Diplostomatidae includes the genus Alaria
of which several species occur in the small intestine of
dogs, cats, foxes and mink in most continents, al-
though they have not becn recorded in Britain. The
life cycle involves two intermediate hosts, namely
freshwater snails and frogs. The definitive host be-
comes infected by eating frogs containing encysted
metacercariae {mesocercariae) and the flukes migrate
extensively, including passage through the lungs, be-
fore returning to the small intestine. Heavy infections
may cause a severe duodenitis in dogs and cats. A fatal
case has been recorded in man through eating inad-
equately cooked frogs’ legs; the principal lesions were
in the lungs.
Treatment with praziquantel is recommended.

B e &

This Clss differs from the Trematoda in having a tape-
like body with no alimentary canal. The body is seg-

mented, each segment containing onc and sometimes
two sets of male and female reproductive organs. Al-
most all the tapeworms of veterinary importance are
in the order Cyclophyllidea, the two exceptions being
in the order Pseudophyllidea.

STRUCTURE AND FUNCTION

The adult cestode (Fig. 89) consists of a head or scolex
bearing attachment organs, a short unsegmented neck
and a chain of segments. The chain is known as a
strobila and each scgment as a proglottid.

The organs of attachment are four suckers on the
sides of the scolex and these may bear hooks. The
scolex usually bears anteriorly a mobile protrusible
conc or rostellum and in some species this may be also
armed with one or more concentric rows of hooks
which aid in attachment.

The proglottids arc continuously budded from the

Flg. 89 Structure of a typical cyclophyllidean cestode. (a} Scolex,
neck and strobila; (b) Mature segment showing reproductive organs;
(c) Gravid segment; (d) Typical taeniid egg (27-38 um).

@
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neck region and become sexually mature as they pass
down the strobila. Each proglottid is hermaphrodite
with one or two sets of reproductive organs, the geni-
tal pores usually opening on the lateral margin or
margins of the segment (Fig. 89); both self-fertilization
and cross-fertilization between proglottids may occur.
The structure of the genital system is generally similar
to that of the trematodes. As the segment matures, its
internal structure largely disappears and the fully ripe
or gravid proglottid eventually contains only remnants
of the branched uterus packed with eggs. The gravid
segments are usually shed intact from the strobila and
pass out with the faeces. Oultside the body the eggs are
liberated by disintegration of the segment or are shed
through the genital pore.
The egg [Fig. 89 (d)] consists of:

(1) The hexacanth (6-hocked) embryo or
onchosphere.

(2) A thick, dark, radially striated ‘shell” called the
embryophore.

(3) A true shell which is a delicate membrane and is
often lost while still in the uterus.

The tegument of the adult tapeworm is highly ab-
sorptive, the worm deriving all ils nourishment
through this structure. Betow the tegument are muscle
cells and the parenchyma, the latter a syncytium of
cells which fills the space between the organs. The
nervous system consists of ganglia in the scolex from

" which nerves enter the strobila. The excretory system,
as in the Trematoda, is composed of flame cells lead-
ing to ciferent canals which run through the strobila to
discharge at the terminal segment.

fe}

Fig. 89 (continued)
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LIFE CYCLE

The typical life cycle of these cestodes is indirect with
one intermediate host. With few exceptions, the adult
tapeworm is found in the small intestine of the linal
host, the segments and eggs reaching the exterior in
the faeces.

When the egg is ingested by the intermediate host,
the gastric and intcstinal secretions digest the
embryophore and activate the onchosphere. Using its
hooks, it tears through the mucosa to reach the blood
or lymph stream or, in the case of inverlebrates, the
body cavity. Once in its predilection site the
onchosphere loses its hooks and develops, depending
on the species, into one of the following larval stages,
often known as metacestodes (Fig. 90).

Cysticercus:
Fluid-filled cyst containing an attached single
invaginated scolex, sometimes called a protoscolex.

Coenurus:
Similar to a cysticercus, but with numecrous
invaginated scolices.

Strobilocercus:
The scolex is evaginated and is connected to the cyst
by a chain of ascxual proglottids. The latter are di-
gested away afler ingestion by the final host, leaving
only the scolex.

Hydatid:

This is a large fluid-filled cyst lined with germinal epi-
thelium from which are produced invaginated scolices

Hydatid cyst

Cysticercus Exogenous

‘Endogenous
cyst

i o
(N Eumgiated
\\\—-) Cysticorcoid
Strobilocercus

Coenurus

Flg. 90 Larval stages of cyclophyllidean cestodes.

which lie free or in bunches, surrounded by germinal
epithelium (brood capsules). The contents of the cysts
other than the fluid, i.e. scolices and brood capsules,
are frequently described as ‘hydatid sand’. Occasion-
ally also, daughter cysts complete with cuticle and ger-
minal layer are formed endogenously or, if the cyst
wall ruptures, exogenously.

Cysticercoid:

A single evaginated scolex embedded in a small solid
cyst. Typically found in very small intermediatc hosts
such as arthropods.

Tetrathyridium:
Worm-like larva with an invaginated scolex; found
only in Mesocestoididae.

When the metacestode is ingested by the final host the
scolex attaches to the mucosa, the remainder of the
structure is digested off, and a chain of proglottids
begins to grow from the base of the scolex.

The scven main families of veterinary interest in
the order Cyclophyllidea are the Taeniidae, Anoploce-
phalidae, Dilepididae, Davaineidae, Hymenolepididae,
Mesocestoididae and Thysanosomidae.

Family TAENIIDAL

The adults are found in domestic carnivores and man.
The scolex has an armed rostellum with a concentric
double row of hooks {the important exception is
Taenia saginata whose scolex is unarmed). The gravid
segments are longer than they are wide.

The intermediate stage 1is a  cysticercus,
strobilocercus, coenurus or hydatid cyst and these oc-
cur only in mammals.

Tererni

l )

This is a most important genus, both the adult and
larval stages being of importance in human health and
veterinary medicine. :

The final host, larval stage, intermediate host and
larval predilection site of the major species are given
in Table 2.

Taenia saginaty

The intermediate stages of this tapeworm, found in
the muscies of cattle, frequently present economic
problems to the beef industry and are a public health
hazard.

DISTRIBUTION
Worldwide.
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Table 2 Final and intermediate hosts of Taenia spp.
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Adult 1apeworm Final host Larva Intermediate host  Larval site

T. saginata Man Cysticercus bovis Cattle Muscle

T. solium tMan Cysticercus cellulosae Pig, man Muscle

T. multiceps Dog Coenurus cerebralis Sheep, cattle Central nervous system
T. hydatigena Dog Cysticercus tenuicoliis Sheep, cattle, pig  Peritoneum

T. ovis Dog Cysticercus ovis Sheep Muscle

T. pisiformis Dog Cysticercus pisiformis Rabbit Peritoneum

T. serialis Dog Coenurus serialis Rabbit Connective tissue
T. taeniaeformis  Cat Cysticercus fasciolaris (strobilocercus)  Mouse, rat Liver

T. krabbei Dog Cysticercus tarandi Reindeer Muscle
IDENTIFICATION PATHOGENESIS AND CLINICAL SIGNS

The adult tapeworm, found only in man, ranges
from 5.0-15.0m in length., The scolex, exceptional
among the species of Taenia, has neither rostellum nor
hooks; the uterus of the gravid segment has 15-30
lateral branches on each side of the central stem in
contrast to that of T. solium with only 7-12 lateral
branches,

In the bovine animal the mature cysticcrcus, €.
hovis, is greyish white, about 1.0cm in diameter and
filled with fluid in which the scolex is usually clearly
visible. As in the adult tapeworm it has neither
tostellum nor hooks. Although it may occur anywhere
in the striated muscles the predilection sites, at least
from the viewpoint of routine meal inspection, are the
heart, the tongue and the masseter and intercosial
muscles.

LIFE CYCLE

An infected human may pass millions of eggs daily,
either free in the facces or as intact segments each
containing about 250000 eggs, and these can survive
on pasture for scveral months. After ingestion by a
susceptible bovine the onchosphere travels via the
blood to striated muscle. It is first grossly visible about
two weeks later as a pale, semi-transparent spol about
t.0mm in diameter, but is not infective to man until
about 12 weeks later when it has reached its full size of
1.0cm (Plate VI). By then it is enclosed by the host in
a thin fibrous capsule but despite this the scolex can
usually still be seen. The longevity of the cysts ranges
from weeks to years. When they die they are usually
replaced by a caseous, crumbly mass which may be-
come calcified. Both living and dead cysts are fre-
quently present in the same carcass.

Man becomes infected by ingesting raw or inad-
equately cooked meat. Development to patency takes
2-3 months.

Under natural conditions the presence of cysticerci in
the muscles of callle is not associated with clinical
signs although, experimentally, calves given massive
infections of 7. saginata eggs have developed severe
myocarditis and heart failure associated with develop-
ing cysticerci in the heart..

In man, the adult tapeworm may produce diarrhoea
and hunger pains, but the infection is usually asympto-
matic and is mainly objectionable on aesthetic grounds.

EPIDEMIOLOGY

There are two quite distinet epidemiological patterns
found in developing countrics and developed coun-
tries respectively.

Developing countries

In many parts of Africa, Asia and Latin America cat-
tle are reared on an extensive scale, human sanitation
is poorly developed and cooking fucl is expensive. Tn
these circumstances the incidence of human infection
with T saginata is high, in certain areas being well aver
20%. Because of this, calves are usually infected in
early life, often wilhin the first few days after birth,
from infected stockmen whose hands are contami-
nated with Taenia eggs. Prenatal infection of calves
may also occur, but is rare. Of the cysts which devcelop,
a proportion persist for years even though the host has
developed an acquired immunity and is completely
resistant to further infection.

Based on routine carcass inspection, the infection
rate is often around 30-6(%, although the real preva-
lence is considerably higher.

Developed countries

In areas such as Europe, North America, Australia
and New Zealand, the standards of sanitation are high
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and meat is carcfully inspected and generally thor-
oughly cooked before consumption, In such countrics,
the prevalence of cysticercosis is low, being less
than 1% of carcasses inspected. Occasionaily how-
ever, a cysticercosis *storm’, where a high proportion
of cattle arc infected, has been reported on particular
farms. In Britain and in Australia, this has been asso-
ciated with the use of human sewage on pasture as a
fertilizer in the form of sludge, i.e. sedimented or bac-
terial-digested faeces. Since T, saginata eggs may sui-
vive for more than 200 days in sludge, the occurrence
of these ‘storms’ is perhaps not surprising. Other
causes of a sudden high incidence of infection on par-
ticular farms are due to a tapeworm infection in a
stockman occurring either as a random event or, as has
been reported from feedlots in some of the southern
states of the USA, as a result of the use of migrant
labour from a country with a high prevalence of
infection.

As distinct from these ‘storms’, the cause of the low
but persistent prevalence of infection in cattle is ob-
scure, but is thought to be due to the access of cattle to
water contaminated with sewage effluents, to the car-
riage and dispersal of T. saginata eggs by birds which
frequent sewage works or [eed on effluent discharged
into rivers or the sea, and to occasional fouling of
pasture by itinerant infected individuals.

In contrast to the epidemiology in developing coun-
trics cattle of any age are susceptible to infection since
they generally possess no acquired immunity. There is
also evidence that when catlle are first infected as
adults the longevity of the cysticerci is limited, most
being dead within nine months.

DIAGNQOSIS

Individual countries have different regulations regard-
ing the inspection of carcasses, but invariably the
masseter muscle, tongue and heart are incised and
examined and the intercostal muscles and diaphragm
inspected; the triceps muscle is also incised in many
countries. -

The inspection is inevitably a compromise belween
detection of cysticerci and the preservation of the eco-
nomic value of the carcass.

TREATMENT

As yet there is no licensed drug available which will
effectively destroy all of the cysticerci in the muscle
although praziquantel has shown efficacy in experi-
mental situations.

CONTROL

In developed countries the control of bovine
cysticercosis depends on a high standard of human
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sanitation, on the general practice of cooking meat
thoroughly {the thermal death point of cysticerci is
57°C) and on compulsory mcat inspcetion.

are frozen at —10°C for at least 10 days which is
sufficient to kill the cysticerci although the process
reduces the economic value of the meat. Where rela-
tively heavy infections of more than 25 cysticerci are
detected, it is usual Lo destroy the carcass.

In agricultural practice the use of human sludge asa
fertilizer should be confined to cultivated fields or to
those on which cattle will not be grazed for at least two
YCATS.

In developing countries the same measurcs are nec-
essary, but are not always economically feasible, and
at present the most usetul step would appear to be the
education of communities in both sanitary hygiene
and the thorough cooking of meat.

Tacnia soliun

This is the other Taenia species of man, the larval
stage, Cysticercus cellulosae, occurring in the muscles
of the pig. On occasions the cysticerel may also de-
velop in man and the disease, human cysticercosis, is
the most serious aspect of this zoonosis.

DISTRIBUTION

This cestode is most prevalent in Latin America, In-
dia, Africa and parts of the Far East, apart from
areas where there are religious sanctions on the
eating of pork. It is now uncommon in developed
countries,

IDENTIFICATION

The adult tapeworm is similar to T, saginata except
that the scolex is typically taeniid, having a rostellum
armed with two concentric rows of hooks (Fig. 91),
while the uterus of the gravid segment, as noted previ-
ously, has fewer lateral branches.

LIFE CYCLE

This is also similar to that of T. saginara wilh the
important difference that man, the final host, may also
become infected with cysticerci. This may occur either
from the accidental ingestion of T. solium eggs or,
apparently, in a person with an adult tapeworm, from
the liberation of oncospheres after the digestion of a
gravid segment which has entered the stormach from
the duodenum by reverse peristalsis; this is known as
autoinfection.
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Fig. 91 Typical taeniid head showing four suckers and rostellum
bearing hooks.

PATHOGENESIS AND CLINICAL SIGNS

As in 1. saginata infection, clinical signs are
inapparent in pigs naturally infccted with cysticerci
and generally insignificant in humans with adult
tapeworms.

However, when man is infected with cysticerci, vari-
ous clinical signs may occur depending on the location
of the cysts in the organs, muscles or subcutaneous
tissue. Most seriously, cysticerci may develop in the
central nervous system producing mental disturbances
or clinical signs of epilepsy or increased intracranial
pressure; they may also develop in the eye with conse-
guent loss of vision. In Latin America alonc it is esti-
mated that almost (.5 million people are affected,
either by the nervous or ocular forms of cysticercosis,

EPIDEMIOLOGY

This is basically similar to that of T. saginata in devcl-
oping countries except, of coursce, that it depends pri-
matily on the close association of rural pigs with man,
and in particular, their often unrestricted access to
human faeces. Indifferent standards of meat inspec-

tion and illicit trading in uninspected pork are also
major factors in the spread of the infection.

As noted above, man may become infected with
cysticerci and this may occur from the ingestion of
eggs on vegelables or other foodstuffs contaminated
wilh human faeces or handled by an infected person.

DIAGNOSIS

For all practical purposes, diagnosis depends on mcat
inspection procedures similar to thosc outlined for 7.
saginata.

In man the diagnosis of cerebral cysticercosis de-
pends primarily on the detection of cysticerci by CAT
{computerized axial tomography) scanning tech-
niques, and on the finding of antibody to cysticerci in
the cerebrospinal fluid.

TREATMENT

No effective drugs arc available to kill cysticerci in the
pig although in man praziquantel and albendazole are
considered to be of some value as possible alternatives
to surgery.

CONTROL

This depends ultimately on the enforcement of meat
inspection regulations and deep freezing procedurcs,
as described for T saginata. Also, the exclusion of pigs
from contact with human faeces, the (horough cooking
of pork and proper standards of personal hygiene will
reduce the prevalence of infection.

TAENIOSIS IN DOGS AND CATS

Taenia (syn, Multiceps) multiceps

The adult tapeworm is up to 100em long and is found
in the dog and wild canids. The onchospheres, when
ingested by sheep or other ruminants, are carried in
the blood to the brain or spinal cord where each devel-
ops into the larval stage, Coenurus cerebralis. When
mature, this is readily recognized as a large fluid- ﬁlledl
cyst up to 5.0cm or more in diameter which bearé
clusters of scolices on its internal wall (Plate VI).

The coenurus takes about eight months to mature in
the central nervous system and, as it develops, clinical
signs commonly occur. These depend on the location
of the cyst or cysts and include circling, visual defects,
peculiarities in gait, hyperaesthesia or paraplegia. The
clinical syndrome is often known as ‘gid’.

Surgical removal is possible if the cyst is situated on
the brain surface. This may be detected by local
softening of the skull, or by detailed neurological
cxamination. However, for many cases there is no
treatment.
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Tuenia hvdatigena

This large tapeworm, up to 500cm long, is found in the
dog and wild canids. The onchospheres, infective to
sheep, cattle and pigs, are carried in the blood to the
liver in which they migrate for about four weeks be-
fore they emerge on the surface of this organ and
attach (o the peritoneum. Within a further four weeks
each develops into the characteristically large
Cysticercus tenuicollis which is up to 8.0cm in diam-
eter (Plate VI).

Infection is prevalent, particularly in shcep, but is
generally only detected at meat inspection. Infre-
guently, however, large numbers of developing
cysticerci migrate contcmporaneously in the liver of
the sheep or pig producing ‘hepatitis cysticercosa’
(Plate VI), a condition whose gross pathelogy resem-
bles acute fascioliasis, and which is often fatal. Occa-
sionally, also, the developing cysticcrcl are killed in
the liver, presumably in shecp previously exposed to
infection; in these cascs the subcapsular surface of the
liver is studded with greenish nodules of around 1cm
in diameter.

Taenia ovis

This common tapeworm of dogs and wild carnivores is
up to 200cm long. The life cycle is similar to that of 7.
saginata, the intcrmediate stage, Cysticercts ovis, be-
ing found in the muscles of sheep (Fig. 92).

It is primarily important because of acsthetic objec-
tions Lo the appearance of the cysts in sheep meat and,
in consequence, it can be a significant cause of eco-
nomic loss through condemnation at meat inspection.
Strenuous cfforts are being made to eradicale this
tapeworm in dogs in sheep-rearing areas of Ausiralia
and New Zealand by regular chemotherapy and by
prohibiting the feeding of uncooked sheep meat to
dogs. A recombinant vaccine against T. ovis in sheepis
being developed commercially and should be avail-
ablc in the near future.

Tuenia pisiformis

The life cycle of this tapeworm, up to 200¢m long, of
dogs and related carnivores is similar to that of T.
hydaiigena except that the inlermediate stage, the pea-
like Cysticercus pisiformis, is found on the peritoneum
of the rabbit and hare.

Taenia serialiy

"This is another tapeworm of dogs, around 70cm long,
whosc intermediate stage Coenurus seriglis is found in
the rabbit, usually subcutaneously or in the inteérmus-
cular connective tissue. The numcrous scolices in the
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Flg. 92 Cysticercus ovis in sheep muscle.

coenurus ar¢ arranged in fines as the nmame ‘scriakis’
implics (Fig. 93).

Taenia taeniaeforniis

This is a cat lapeworm, about 60cm long, whose inter-
mediate slage, Cysticercus fasciolaris, is found in the
liver of mice and other rodents (Plate VI). Each
strobilocercus is found within a pea-sized nodule par-
tially embedded in the liver parenchyma.

DIAGNOSIS, TREATMENT AND CONTROL

Diagnosis depends on the demonstration of segments
or individual taeniid eggs in the facces. Specific identi-
fication of the adult tapeworm is a specialized task.
For adult tapeworms a number of effective drugs
are available including praziquantel, mebendazole,
fenbendazole, nitroscanate, and dichlorophen.
Control depends on dietary methods which exclude
access to the larval stage in the intermediate hosts.
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Flg. 93 Coenurus serialis from intermuscular tissus of rabbit.

This is the other important genus in the family
Taeniidae, and is one of the smallest cestodes of do-
mestic animals. Two species, E. granulosus and F.
multiloctdaris, are important in velerinary medicine
and the larval stage, the hydatid, develops in a very
wide range of intermnediate hosts, including man.

Fehinococeus granlosus

There are two major strains of E. granulosus in domes-
tic animals, namcly E. granulosus granulosus and E.
granulosus equinus.

Hosts:
E.g granulosus
E.g equinus

dog and many wild canids
dog and red fox.

Intermediate hosts:

Eg granulosus  domestic ruminants, man, pig and
wild ruminants; horses and
donkeys are resistant

E.g equinus horse and donkey.

Site:
Adults in the small intestine and hydatid cysts mainly
in liver and lungs.
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Distribution:
E.g. granulosus
E.g. equinus

worldwide
mainly Europe.

IDENTIFICATION

Gross:

The entire cestode is only about 6.0 mm long (Fig. 94),
and is therefore difficult to find in the [reshly opened
intestine. It consists of a scolex and three or four seg-
ments, the terminal gravid one occupying about haif
the length of the complete tapeworm.

Microscopic:

The scolex is typically taeniid, and cach scgment has a
single genital opening. The ecmbryophore is similar to
that of Taenia spp., radially striated and containing a
six-hooked onchosphere.

LIFE CYCLE

The prepatent period in the final host is around 40-30
days, after which only one gravid segment is shed by
the tapeworm per week. The oncospheres are capable
of prolonged survival outside the host, being viable on

Fig. 84 Adult Echinocoecus granulosus.
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the ground for about two years. Aller ingestion by the
intermediate host, the onchosphere penetrates the gut
wall and travels in the blood to the liver, or in the
lymph to the lungs. These are the two commonest sites
for larval development, but occasionally onchospheres
escape into the general systemic circulation and de-
velop in other organs and tissues.

Growth of the hydatid is slow, maturity being
reached in 6-12 months. In the liver (Plate VT) and
lungs the cyst may have a diameter of up 20cm, but in
the rarer sites such as the abdominal cavity, where
unrestricted growth is possible, it may be very large,
and contain several litres of fluid. The cyst capsule
consists of an outer membrane and an inner germinal
epithelium from which, when cyst growth is almost
complete, brood capsules each containing a number of
scolices are budded off {Fig. 95). Many of these brood
capsules become detached and cxist free in the
hydatid fluid; collectively these and the scolices are
often referred to as ‘hydatid sand’.

Sometimes, complete daughter cysts are formed
either inside the mother cyst or externally; in the latter
case they may be carried to other parts of the body to
form new hydatids.

In sheep about 70% of hydatids occur in the lungs,
about 25% in the liver, and the remainder in other
organs. In horses and cattle more than 90% of cysts
are usually found in the liver. Little local reaction is
shown by most animals to the growing hydatid, which
appears as a thin-walled cyst, partially embedded in
the organ, but in horses a thick fibrous capsule devel-
ops around the cyst. The cysts may be few, and as large
as tennis balls, or numerous and small and showing cn
the liver as small white patches.

PATHOGENESIS AND CLINICAL SIGNS

The adult tapeworm is not pathogenic, and thousands
may be present in a dog without clinical signs.

Scolices of Echinococous granuiosus from hydatid cyst.

Fig. 95
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In domestic animals the hydatid in the liver or lungs
is usually tolerated without any clinical signs, and the
majority of infections are only revealed at the abattoir.
Where onchospheres have been carried in the circula-
tion to other sites, such as the kidney, pancreas, CNS
or marrow cavily of long bones, pressure by the grow-
ing cyst may cause a variety of clinical signs.

In contrast, when man is involved as an intermedi-
ate host the hydatid in its pulmonary or hepatic site is
often of pathogenic significance. One or both lungs
may be affected causing respiratory symptoms, and if
several hydatids are present in the liver there may be
gross abdominal distension. If a cyst should rupture
there is a risk of death from anaphylaxis or if the
person survives, released daughter cysts may resume
development in other regions of the body,

EPIDEMIOLOGY

£.g. granulosus

Only a few countries, notably Teeland and Eire, are
free from this strain of E. granulosus. 1t is customary
to consider the epidemiology as being bascd on two
cycles, pastoral and sylvatic,

In the pastoral cycle the dog is always involved,
being infected by the feeding of ruminant offal con-
taining hydatid cysts. The domestic intermediate host
will vary according to the local husbandry but the most
important is the sheep, which appears to be the natural
intermediate host, scolices from these animals being
the most highly infective for dogs. In parts of the Mid-
dle East the camel is the main reservoir of hydatids,
while in northern Europe and northern Russia it is the
reindeer.

The pastoral cycle is the primary source of
hydatidosis in man, infection being by accidental in-
gestion of onchospheres from the coats of dogs, or
from vegetables and other foodstuffs contaminated by
dog faeces.

The sylvatic cycle occurs in wild canids and rumi-
nanls and is based on predation or carrion feeding, It
is less important as a source of human infection, ex-
cept in hunting communities where the infection may
be introduced to domestic dogs by the feeding of vis-
cera of wild ruminants.

E.g. equinus

Equine hydatidosis is commonest in Europe, and in
other parts of the world most cases have been re-
corded in imported European horses. The strain is
highly specific for the horse and the eggs do not
develop in the sheep. The domestic dog and the red
fox are the final hosts, and the cycle in countries of
high prevalence depends on access by dogs Lo
infected equine viseera. On mainland Europe, the
most likely source 1s olfal from horse abattoirs and in
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Britain the viscera of hunting horses which are fed to
foxhounds.

DIAGNOSIS

The presence of hydatids as a clinical entily is rarely
suspected in domestic animals, and specific diagnosis
is never called [or, In man, the methods most com-
monly used are serological tests such as complement
fixation or immunoelectrophoresis. Scanning tech-
niques may be used to locate the cysts.

Diagnosis of infection in dogs with adult tapcworms
is difficult, beeause the segments are small and are
only shed sparscly. When found, identification is
based on their size of 2.0-3.0mm, ovoid shape, and
single genital pore.

In some countries control regimes have involved the
administration of purgative anthelmintics, such as
arecoline hydrochloride, so that the whole tapeworm
is expelled in mucus and can be searched for in the
faeces. If a necropsy is available the small intestine
should be opened and immersed in shallow water,
when the attached tapeworms will bc scen as small
slender papillae.

TREATMENT

Echinococcus tapeworms are more difficult to remove
than Taenia, bul several drugs, notably praziquantel,
are now available which are highiy effective. After
treatment it is advisable to confine dogs for 48 hours to
facilitate the collection and disposal of infected facces.
In man, hydatid cysts may be excised surgically al-
though, mebendazole, albendazole and praziquantel
therapies have been reported to be effective.

CONTROL

This is based on the regular trcatment of dogs to
eliminate the adult tapeworms and on the prevention
of infection in dogs by exclusion from their diet of
animal material containing hydatids. This is achieved
by denying dogs access to abattoirs, and where pos-
sible, by proper disposal of sheep carcasses on farms.
In some countries these measurcs have been
supported by legislation, with penalties when they are
disregarded.

In countries where no specific measures for hydatid
control exist, it has been [ound that an incidental ben-
efit from the destruction of stray dogs for rabies con-
trol has been a great reduction in the incidence of
hydatid infection in humans.

Fchinococeus mudiflocilaris

Heosts:
Wild canids, domestic dog and cat.
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Intermediate hosts:

Mainly microtine rodents, such as voles and lemmings,
and insectivores; some of the larger mammals, includ-
ing man, are also suscepiible.

Site:
The adults occur in the intestine and the hydatids
mainly in the liver.

Distribution:

Northern hemisphere, including North America,
Greenland, Scandinavia, Central Europe, Middle
Easl; also India and Japan.

IDENTIFICATION

Generally similar to £ granulosus, but usually with
four or five segments.

LIFE CYCLE AND PATHOGENESIS

The intermediate host 1s infected by ingestion of the
onchosphere, and the larval stuge develops primarily
in the liver as the so-called multilocular or alveolar
cyst, a diffuse growth with many compartments con-
taining a gelatinous matrix into which the scolices are
budded off (Fig. 96). Growth of the intermediate stage
is invasive, extending locally and capable of systemic
metastases.

EPIDEMIOLOGY AND SIGNIFICANCE

Though F. multilocularis has a wide distribution in the
northern hemisphere, it is esscntially a parasite of tun-
dra regions with its greatest prevalence in the
subarctic regions of Canada, Alaska and Russia. Its
basic epidemiologjcal cyele in these regions is in the
arctic fox and wolf, and their prey, small rodents and
insectivores. In North America, its range is extending

Flg. 96 Human
multitocularis.

liver infected with larval Echinococcus
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south from Canada into the United States wherc the
red fox and coyole act as final hosts. The cycle is
therefore sylvalic, and most cases in humans occur in
trappers and their families following contact with the
contaminated fur of foxes and wolves. However, occa-
sionally suburban man may become infected by eating
vegetables or fruil contaminated by infected [oxes
seeking garden voles. The invasive growth in man
simulates malignant neoplasia, and because of its infil-
trative spread in tissues and its rcadiness to develop
metastatically, surgery is not advisable; instead treat-
ment with mebendazole or praziquantel is recom-
mended.

The adult tapeworm occurs in the sledge-dogs of
trappers, and the fact that these and other domestic
dogs, as well as the domestic cal, are potential carriers
of infection for man brings it into the veterinary
sphere of interest.

Because of the large sylvatic reservoir control ol E.
multilocutaris is unlikely ever to be achieved.

Family ANOPLOCEPHALIDAL

Anoplocephala

Essentially tapeworms of herbivores. The scolex has
neither rostellum nor hooks and the gravid segments
arc wider than they are long. The intermediate stage is
a cysticercoid.

'Two species of this genus are parasitic in the intes-
tine of the horsc and although little is known of their
precisc pathogenic significance they are associated
wilh erosive changes in the intestinal mucosa.

Hosts:
Horses and donkcys.

Intermediate hosts:
Various forage mites in the soil and pasture, of the
(amily Oribatidae.

Site:
The adults arc found in the small and large intestine,
and the cysticercoids in forage mites.

Species:
Anoplocephala perfoliata and A. magna.

Distribution:
Worldwide, A. perfoliata is the more common.

IDENTIFICATION

These together with the related but less common and
smaller tapeworm, Paranoplocephala mumillona, are
the only adult cestodes [ound in the horse. A.
perfoliata, whose overall appearance (Fig. 97) is that
of a large white flukec. is up to 20.0cm in length and has

a rounded scolex with a lappet behind each of the four
suckers: it has a very short neck and the strobila wid-
ens rapidly, individual proglottids being much wider
than they are long. A. magna is similar morphologi-
cally but much longer, up to 80.0cm, and there are no
lappets on the scolex.

Eggs are irregularly spherical or triangular and vary
from 50 to 80 xm in diameter; the onchosphere is sup-
ported by a pair of projections called the pyriform
apparatus (Fig. 98).

LIFE CYCLE

Mature segments are passed in the faeces and disinte-
grate, releasing the eggs. These are ingested by forage
miles in which they develop to the cysticercoid stage in
2-4 months. One or two months afier the ingestion of
infected mites in the herbage the adult tapeworms are
found in the intestine of horses.

PATHOGENESIS

Anoplocephala is usually considered to be relatively
non-pathogenic but there is some evidence that heavy
infections may causc severe clinical signs and may
even provc fatal.

i

Fig. 87 Anoplocephala perfoliata. (a) Head showing lappets; (b) A
group of tapeworms attached to cascal mucosa.

(o)
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Fig. 97 (continued)

A. perfoliata is usually found around the ileo-caecal
junction and causes ulceration of the mucosa at its site
of artachment; these lesions have been incriminated as
a cause of intussusception. A, magna is morce com-
monly found in the jejunum and when present in large
mumbers may result in catarrhal or haemorrhagic
enteritis.

Cases of intestinal obstruction and perforation of
the intestinal wall have been recorded associaled with
massive infections with both species.

CLINICAL SIGNS

In most infections there are no clinical signs. However,
when there are significant pathological changes in the
intestine there may be unthriftiness, enteritis and
colic. Perforation of the intestine will prove rapidly
fatal.

EPIDEMIOLOGY

Horses of all ages may be affected, but clinical cases
have been reported mainly in animals up to 3-4 years
of age. There appears to be slight scasonal fluctuation
in A. perfoliata, worm numbers being lowest in the
spring and then accumulating until winter.

DIAGNOSIS

Where clinical signs occur they may be difficuit to
differentiate  from more common causes of
unthriftiness and digestive upsets. However, it may be
possible to confirm the presence of Anoplocephala
by the demonstration of the typical eggs on faecal
examination.

Flg. 98 Eggs of Anoplocephala perfoliata (65-80um; embryo
diameter 16 am}.
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TREATMENT AND CONTROL

Specific treatment for Anoplocephala infection is
rarely called for but a number of compounds have
been reported as efficient including pyrantel at in-
creased dosage rates.

Control is difficult, since forage mites are widc-
spread on pasture. Treatment with an cffective
anthelmintic before the animals enter new grazing
may help to control Anoplocephala infeetions in areas
where problems have arisen.

Paranoplocephala

Paranoplocephala mamillana is a non-pathogenic
small tapcworm, up to 5.0cm long and 0.5cm wide,
which occurs in the duodenum of horses in most parts
of the world. There are no lappets on the scolex and
the suckers are slit-like. The life ¢ycle is similar to that
of Anoplocephala.

Monicezia

This genus of cestodes is common in ruminants and
resembles, in most respects, Anoplocephala of the
horse.

Hosts:
Ruminants.

Intermediate hosts:
Forage mites, mainly of the family Oribatidae.

Site:

Adults in small intestine; cysticercoids in miles.
Species:

Moniezia expansa  sheep, goats, occasionally cattle
M. benedeni chiefly cattle,

Distribution:

Worldwide. The only tapeworms of ruminants in west-
ern Europe.

IDENTIFICATION

These are long tapeworms, 2m or more, which are
unarmed possessing only suckers (Fig. 99). Segments
are broader than they are long and contain two sels
of genital organs grossly visible along the lateral
margin of each segment. M. expansa is up to 1.5cm
widc whereas M. benedeni may be up to 2.5cm
wide. Microscopically there is a row of inter-
proglottidal glands at the posterior border of each
segment which may be used in species differentiation
(Fig. 100); in M. expansa they extend along the full
breadth of the segment, whereas in M, benedeni they

~ are confined to a short row close to the middle of the
segment.
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Fig. 99 Unarmed head of Moniezia.

The irregularly triangular eggs have a well defined
pyriform apparatus and vary from 55 to 75um in diam-
eter.

LIFE CYCLE

This is similar to Anoplocephala. Mature proglottids
or eggs are passcd in the faeces and on pasture the
onchospheres are ingested by forage miles, The em-
bryos migrate into the body cavity of the mite where
they develop to cysticercoids in 1-4 months and infec-
tion of the final host is by ingestion of infected mites
during grazing. The prepatent period is approximalely
six weeks, but the adult worms appear to be short
lived, patent infections persisting for only three
months,

PATHOGENESIS

Although generally regarded as of little pathogenic
significance there are a number of reports, especially
from castern Europe and New Zealand, of heavy in-
fections causing unthriftiness, diarrhoea and even in-
testinal obstruction. However, Moniezia infections are
so obvious, both in life, because of the presence of
proglottids in the faeces, and at necropsy, that other
causes of ill health may be overiooked. 1t is interesting




Plate VI

{a) Cysticercus bovis in skeletal muscle.

(b} Coenurus cerebralis cyst from brain of sheep.

{¢) Large fluid-filled Cysticercus tenuicoitis attached 1o the liver.

{d} ‘Hepatilis cysticercosa’ caused by massive infection with
Cysticarcus tenuicoffis. f

(&) Mouse liver infected with Cysticercus fasciofaris.

(f)y Section of sheep liver showing hydatid cyst.
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Fig. 100 Segmenis of (a) Moniszia expansa; (b} Moniszia
benedeni. Note different distribution of interproglotidal glands.

that experimental studies have failed to demonstrate
substantial clinical cifcets cven with fairly heavy worm
burdens.

CLINICAL SIGNS

While a great varicty of clinical signs including
unthriftiness, diarrhoea, respiratory signs and cven
convulsions have been attributed to Moniezia, infec-
tion is generally symptomless. Subclinical effects re-
main to be established.

EPIDEMIOLOGY

Infection is common in lambs, kids and calves during
their first year of life and less common in older ani-
mals. A seasonal fluctuation in the incidence of
Moniezia infection can apparently be related to active
periods of the forage mite vectors during the summer
in temperate arcas. The cysticercoids can overwinter
in the mites.
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DIAGNOSIS

This is based largely on the presence of mature
proglottids in the facces.

TREATMENT AND CONTROL

In many countries a variety of drugs including
niclosamide, praziquantel, bunamidine and a number
of broad spectrum benzimidazole compounds, which
have the advantage of also being active against
gastrointestinal nematodes, are available for the treat-
ment of Moniezia infection. If this is carried out in
calves and lambs in late spring, in temperate areas, the
numbers of newly infected mites on pasture will be
reduced. Ploughing and reseeding, or avoiding the use
of the same pastures for young animals in consecutive
years, may also prove heneficial.

Family DILLEPIDIDAL

Tapeworms of the dog, the cat and the fowl. The scolex
usually has an armed rostellum with several rows of
hooks. The intermediate stage is a cysticercoid.

This is the commonest tapeworm genus of the domes-
tic dog and cat.

Hosts:
Dog and cat; rarcly man.

Intermediate hosts:
Fleas (Ctenocephalides canis, C. felis and Pulex
irritans) and lice (Trichodectes canis).

Site:
Small intesting; cysticercoid in fleas and lice.

Species:
Dipylidium caninum.

Distribution:
Worldwide.

IDENTIFICATION

Dipylidium is a much shorter tapeworm than Taenia,
the maximum length being about 30cm. The scolex
has a protrusible rostellum which is armed with four or
five rows of small hooks (Fig. 101). The proglottid is
easily recognized, being clongate, like a large rice
grain, and has two sets of genital organs, with a pore
opening on each margin,

LIFE CYCLE

The newly passed segments are active, and can crawl
about on the tail region of the animal. The



(@

(b)

134

Flg. 101 Dipylidium caninum. (a) Head showing rostellum armed
with several rows of hooks; (b) Mature segment with genital pore on
each margin.
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onchospheres are conlained in egg packets or capsules
(Fig. 102), cach with about 20 eggs, and these are
either expelled by the active segment or rclcased by its
disintegration.

After ingestion by the intermediate host, the
onchospheres travel to the abdominal cavity where
they develop into cysticercoids. All stages of the biting
louse can ingest onchospheres, but the adult flea, with
its mouthparts adapted for piercing, cannot do so, and
infection is only acquired during the larval stage which
has chewing mouthparts.

Development in the louse, which is permanently
parasitic and therefore enjoys a warm habitat, lakes
about 30 days, but in the flea larva and the develop-
ing adult in the cocoon, both of which are on the
ground, development may extend over several
months.

The final host is infected by ingestion of the flea or
louse containing the cysticercoids and development to
patency, when the first gravid segments arc shed, takes
aboul three weeks.

PATHOGENESIS AND CLINICAL SIGNS

The adult is non-pathogenic and several hundreds can
be tolerated without clinical effect. They shed seg-

Fig. 102

Egg packet of Dipylidium canirum (120200 pm).
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ments, which, as they crawl actively from the anus,
may cause some discomfort, and a useful sign of infec-
tion is excessive grooming of the perineum. It has been
suggested that infected dogs form the habit of rubbing
the anus along the floor, but impacted anal glands are
a more common cause of this behaviour.

EPIDEMIOLOGY

Dipylidium infection is very common and, being de-
pendent on the continuous presence of cetoparasites
for its local endemicity, it is more prevalent in ne-
glected animals, though infestations are also seen in
well kept dogs and cats.

DIAGNOSIS

Often the first indication of infection is the presence
of a scgment on the coat around the perincum. If
the segment is freshly passed, preliminary identifica-
tion may be made on the elongate shape, and the
double genital organs which may be seen with a hand
lens. If it is dried and distorted it will be necessary
to break it up with mounted ncedles in water, where
the ecgg packets are casily scen under the micro-
scope, thus differentiating (he segment from that of
Taenia spp. which contains only numerous single
onchospheres.

TREATMENT AND CONTROL

in Dipylidium infection, treatment and control must
be instituted together, for it is clearly of no value to
eliminate the adult tapeworm while leaving a reservoir
inthe animal’s ectoparasites. Hence, administration of
anthelmintics such as nitroscanate and praziquantel
should be accompanied by the use of insecticides. It is
also imperative that the ammal’s bedding and custlom-
ary resting places should receive attention with insec-
ticides to eliminate the immature stages of the flea,
which are many times more numerous than the adult
parasites feeding on the dog or cat.

Amoebotaenia

Amoebotaenia sphenoides, a small tapeworm ol the
small intestine of domestic fowls, is up to 4.0mm long,
has up to 20 proglottids and is roughly triangular in
shape. The intermediate stage, a cysticercoid, is found
in earthworms.

It is not normally pathogenic unless present in very
large numbers.

Choanotaenio

Choanotaenia infundibulum, a relatively large tape-
worm of the smali intestine of the fowl, is up to 20.0cm
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in length. Each segment is wider posteriorly, giving the
margin of the tapeworm a ‘saw-edge’ appearance. The
cysticercoid 18 found in the house-fly, Musca
domestica, and in beceties, Like Amoebotaenia, il 1s nol
normally pathogenic,

Family DAVAINLIDAL

Mainly parasitcs of birds. These tapeworms usually
have rows of hooks on both rostellum and suckers.
The intermediate stage is a cysticercoid.

Duvained

This genus contains Davainea proglotting, the most
pathogenic cestode of poultry.

Hosts:
Domestic fow] and pigeon.

Intermediate hosts:
Slugs and land snails.

Site:

Adults in small intestine; cysticercoids in slugs and
snails,

Species:

Davainea proglottina.

Distribution:
Worldwide.

IDENTIFICATION

D. proglottinag is a small cestode up to 4.0mm long, and
unlike Amoeboigenia, possesses only 69 segments
{Fig. 103). Both the rostellum and suckers bear hooks.

PATHOGENESIS AND CONTROL

This is the most pathogenic of the poultry cestodes,
the doubly armed scolex penetrating deeply between
the duodenal villi. Heavy infections may cause
haemorrhagic enteritis, and light infections retarded
growth and weakness.

Control depends on the treatment of infected birds
wilh a suitable anthelminlic such as niclosamide or
butynorate and the destruction of slugs and snails
when possible.

Ruillietine

The numerous specics of this genus are found in the
small intestine of the fowl and turkey and the
cysticercoid intermediate stage, depending on the spe-
cies, in ants or beetles.

Perhaps the most important species is Raillietina
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Fig. 103 Davainea proglioftina is tess than 4mm long and pos-
sesses only 69 segments.

echinobothrida which is up to 25cm long, has hooks on
both rostellum and suckers and whose eggs arc con-
tained in egg capsules in the gravid segments. In heavy
infections, the embedded scolices of this parasite pro-
duce large cascous nodules in the wall of the small
intesline,

Control depends on anthelmintic treatment as for
Davaines and the destruction of the intermediatc
hosts with insecticides.

Family HYMENOILEPIDIDAE

Of minor veterinary importance. Members of this
tamily, which has a characteristically slendcr strobila,
infect birds, man and rodents. The intermcdialc hosl is
a cysticercoid.

Hymenolepis nrana is of peripheral veterinary im-
portance in that it is a common tapeworm of man and
of laboratory and wild rodents. Tt is of interest in that
the life cycle can be direct, the cysticercoids develop-
ing in the villi of the small intestine of the {inal host

and then emerging to develop to the adult tapeworm,
about 30.0mm long, in the intestinal lumen. Other-
wise flour beetles or fleas can serve as intermediate
hosts.

In laboratory colonies of rodents, eradication de-
pends on strict hygiene, preferably with caesarean-
derived stock. Treatment depends on niclosamide or
mebendazole.

Other species of Hymenolepis arc recorded in do-
mestic poultry.

Family MESOCESTOIDIDAE

Also of minor veterinary importance, these cestodes
of carnivorous animals and birds have wo
metacestode stages. The first is a cysticercoid in an
insect or mite, and the second a solid larval form, a
tetrathyridium, in a vertcbrate.

Mesaocestoides

The adult cestodes are found in the small intestine of
dogs, cats and wild carnivores in parts of Europe, Asia,
Africa and North America. They are up to 40cm in
length, cach scgment having a central genital pore,
and the unarmed scolex has four suckers.

The life cycle of the parasite apparently requires
two intermediate stages and hosts, the first a
cysticercoid in a mite and the sccond a tetrathyridium
in the peritoneal or pleural cavily ol a wide variety of
vertcbratcs.

Their veterinary interest lies in the fact that the dog
or cat as well as being definitive hosts may also har-
bour tetrathyridia in their peritoncal cavity. These
tetrathyridia, each 1.0cm or longer, have the capacity
to multiply asexually and the resulting massive infec-
tions may produce severe ascites.

Family TIHT'YSANOSOMIDAE

Closely related to the Anoplocephalidae, this family
contains three tapeworms of velerinary importance.

Stilesia

Stilesia hepatica is extremely common in sheep and
other ruminants in Africa and Asia, Large numbers of
these tapewdrms are often found in the bile ducts of
sheep at slaughter and although they cause neither
clinical signs nor significant hepatic pathology, the
liver condemnations are a source of considerable eco-
nomic loss, on aesthetic grounds.

The eggs posscss a pyriform apparatus and the in-
termediate host is probably an oribatid mite.

S. globipunctata, another species, occurs in the small
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intestine of ruminants in southern Europe as well as
Africa and Asia.

Treatment is rarely called for, but praziquantel has
proved effective.

Thysanosoma

Thysanosoma actinioides is known as the ‘fringed
tapeworm’ since each segment has a row of large,
grossly visible, papillae on the posterior border of
each segment. Like S. hepatica it is found in the bile
ducts of sheep and other ruminants and its significance
is largely concerned with liver condemnation at meat
inspection. However its geographic distribution is dif-
ferent from Stifesia being confined to North and South
America, The intermediate hosts are thought to be
oribatid mites or psocid lice (bark-lice).
Niclosamide has been shown to be cffcclive.

Aviteliiia

Avitellina centripunctata is found in the small intestine
of sheep and other ruminants in southern Europe,
Africa and Asia. This tapeworm resembles Moniezia

Fig. 104 Head of Diphyllobothrium latum.
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on gross inspection except that the segmentation is so

poorly marked that it appears somewhat ribbon-like.
Of ncgligible pathogenicity, the intermediate hosts

are thought to be oribatid mites or psocid lice.
Treatment is as for Thysanosoma.

B W i
The morphology of the Pseudophyllidea is generally
similar to that of the Cyclophyllidea, but there are two
distinet features. First, the scolex has no suckers and
instead has two longitudinal grooves or bothria (Fig.
104) which become flattened to form organs of attach-
ment. Secondly, the egg shelt is thick, brown and
operculate, and the coracidium which emerges after
hatching is an onchosphere with an embryophore
which is ciliated for mobility in water.

The pseudophyllidean life cycle utilizes two inter-
mediate hosts. The coracidium must first be ingested
by a crustaccan in whose body cavity a larval
procercoid develops. Subsequently, if the crustacean is
caten by a freshwater fish the procercoid is liberated,
and in the muscles of the new host develops into a
second larval stage, a plerocercoid, which posscsses
the characteristic scolex; it is only this stage which is
infective to the final host.

This order contains only two genera of veterinary
importance, Diphyllobothrim and Spirometra.

Diphvllobothritim

Diphvllobothrium latum is an important cestode para-
site of the small intestine of man in northern climates
such as parts of Scandinavia, Russia and North
America; il may also infect other fish-eating mammals.

Hosts:
Man and fish-eating mammals such as the dog, cat, pig
and polar bear.

Intermediate hosts:
Two are required, a copepod crustacean such as
Cyclops, followed by a freshwater fish.

IDENTIFICATION

A very long tapeworm up to 20m in length. The scolex
is unarmed with two muscular longitudinal grooves or
bothria as organs of attachment. The maturc and
gravid segments are square-shaped with a central
genital pore (Fig. 105).

LIFE CYCLE

Fggs are continuously discharged from the” genital
pores of the attached gravid segments of the strobila
and pass to the exterior in the facces. They resemble F



Fig. 105 Segment of Diphyllobothrium latum showing square
shape and central genital pore.

hepatica eggs being yellow and operculate, but are
approximately half the size.

The eggs must develop in water and within a few
weeks cach hatches to liberale a motile ciliated
coracidium which, if ingested by a copepod, develaps
into the first parasitic larval stage, a procercoid. When
the copepod is ingested by a freshwater fish such as
pike, trout or perch, the procercoid migrates to the
muscles or viscera to form the second larval stage, the
plerocercoid; this solid larval metacestode is about
5.0mm long and possesses the characteristic scolex.
The life cycle is completed when the infected fish is
eaten raw, or insufficiently cooked, by the final host.
Development to patency is rapid, occurring within
four weeks of ingestion of the plerocercoid. Howcever,
if the infected fish is caten by a larger fish, the
plerocercoid has the ability to establish itself in its new
host.

Veterinary Parasitology

PATHOGENESIS AND CLINICAL SIGNS

In man the tapeworm sometimes causcs a macrocytic
anaemia, rescmbling pernicious anaemia, due to its
uptake of vitamin B,; from the intestine.

EPIDEMIOLOGY

D. latum is essentially a parasite of man since in other
hosts the cestode produces few fertile eggs. The epide-
miology is therefore largely centred around two fac-
tors, the access of human sewage to freshwater lakes
and the ingestion of uncooked fish. Domestic animals
such as dogs or pigs become infected by cating raw fish
or fish offal.

DIAGNOSIS

This depends on the detection of the characteristic
cggs in the faeces.

TREATMENT

Praziguanlel and niclosamide are effective against the
adult tapeworm.

CONTROL

In areas where infection is common, domestic animals
should not be fed fish products unless these have been
thoroughly cooked or deep-lrozen.

Spirometra

Adult Spirometra are found in dogs, cats and wild
carnivores in North and South America, Australia and
the Far East. The morphology and life cycle of these
tapeworms is similar lo that of D. lamwm, the
pracercoids being found in crustaceans and the
plerocercoids in a wide varicty of hosts including
amphibia, birds and mammals,

Occasionally, man may become infected with
plerocercoids either through drinking water contain-
ing procercoid-infected crustacea or from eating
a plerocercoid-infected host such as a pig. This
zoonosis, known as sparganosis (Sparganum was
the old name for these plerocercoids), is characterized
by the presence of larvae up to 35mm long in
the muscles and subcutaneous tissues, particularly
the periorbital arca, causing oedema and inflamma-
tion.




VETERINARY ENTOMOLOGY




Veterinary entomology, in its literal sense, means a
study of insects of veterinary importance. This term,
however, is commonly used to describe the wider
study of all arthropods parasitic on animals, including
arachnids such as ticks and mites.

The phylum Arthropeda contains over 80% of all
known animal species and consists of invericbrates
whose major characteristics are a hard chitinous
exoskeleton, a segmented body and jointed limbs,

STRUCTURE AND FUNCTION

The hard exoskeleton of arthropods is secreted by an
underlying epidermis and consists of numerous seg-
ments which are often clearly separated into three
regions, the head, thorax and abdomen (Fig. 106).
These segments are made up of thick chitinous plates
called sclerites, which may be variously adapted or
fused, thus obscuring segmentation, but each usually
consists of a dorsal tergum, a ventral sternum and two
lateral pleurens connected by small fiexible pieces of
chitin which function as joints.

There is great diversity in the morphology of
the alimentary canal, but generally it can be divided
into three regions, namely, the fore-, mid- and
hind-gut.

The fore-gut begins with the frequently complex
and varied mouthparts which lead into the buccal cav-
ity, pharynx, oesophagus and proventriculus. In many

cases the ocsophagus is dilated posteriorly and re-
ferred to as the crop, while the muscular
proventriculus or gizzard acts as a valve, lo prevent
regurgitation, and may have ‘teeth’ to aid the disinte-
gration of food particles.

The mid-gut stores food and secretes enzymes nec-
essary for digestion. Opening into the alimentary ca-
nal at the junction of the mid- and hind-gut are a
variable number of excretory tubulcs termed
malpighian tubules. These act as filters, extracting
waste products from the blood which are subsequently
discharged into the gut.

The hind-gut consists of an anterior ileum and a
dilated rectum posteriorly, the latter often having pa-
pillae or glands involved in the reabsorption of water
from the faeces.

The body cavity or coelom (the space between the
gutl and the body wall) is often called the haemocoele
since it contains blood or haemolymph whose primary
function is the transport of metabolites. The internal
organs are bathed in this blood which is continuously
circulated by a dorsally situated, primitive, tubular
heart. Blood enters through openings in the heart wall,
called ostia, and is expelled through short vessels into
the haemocoele.

Respiration in arthropods is simple, oxygen reach-
ing the tissues by direct gaseous diffusion. Small circu-
lar openings in the exoskeleton called spiracles allow
air into the body. This then enters a system of branch-
ing tracheae and tracheoles which ramify through
most parts of the body. Oxygen diffuses from the
tracheoles into the cells, and conversely, carbon diox-
ide from the cells passes to the exterior via the
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Ostia
Malpighian tubules

Vascular system

Mouthparts

Flg. 106 Some general features of an arthropod.

tracheoles, tracheac and spiracles. The tracheal sys-
tem in some arthropods is also involved in regulation
of waler loss. Direct cuticular respiration also oceurs
in some aquatic arthropods.

The nervous system consists of a ventrally situated
ganglionated nerve cord which connects in the head
region with a large supraoesophageal ganglion often
called the ‘brain’, Associated with the nervous system
are the sensory organs, including the eyes and various
tuctile and auditory organs. In some arthropoeds eyes
are absent or reduced, as in the ticks and lice, whereas
in others such as some blood-sucking flies, whose sight
is important in localing their hosts, the eyes are well
developed. Often two types of eyes co-exist in the
same animal. The most complex is thec compound eye
which is particularly adapted for the perception of
movement; in the female of some species the eyes are
distinctly separated (dichoptic) while in the males they
may be very close together (holoptic). Simple eyes or
ocelli are also frequently present on the top of the
head, and although their function is not well under-
stood, they can apparently differentiate between light
and dark. Other sensory organs include antennae,
palps and various receptors in the body which respond
to temperature, humidity, food stimuli and host
odours. Tactile sense in some arthropods also depends
on the displacement of hairs situated on the body
surface.

In the arthropods the scxes are separate. The exter-
nal genital structures, such as the penis and paired
claspers of the male, can be of taxonomic value in
identification at the species level. Internally the male
reproductive organs consist of a pair of testes, each
with a vas deferens which is expanded distally to form
a common or paired seminal vesicle which stores the
spermatozoa. The external genital apparatus of the
female is usually inconspicuous although a few species
may have well developed ovipositors. Internally the
female reproductive system comprises paired ovaries
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and oviducts leading into a ‘uterus’, sometimes re-
ferred to as the common oviduct, and, posteriorly, the
vagina. An imporlant accessory organ opening into
the common oviduct is the spermatheca which consists
of several receptacles which are filled with spermato-
zoa from the male during copulation. Eggs passing
into the vagina are fertilized by the spermatozoa
which remain viable in the spermatheca often
throughout the female’s life. Most arthropods are
oviparous.

CLASSIFICATION

There are two major classes of arthropods of
veterinary importance, namely the Insccta and
Arachnida, and the important orders in these classes
are shown in Table 3.

The two major classes can be differentiated by the
following general characteristics;

Insecta: These have three pairs of legs, the head, tho-
rax and abdomen are distinct, and they have a single
pair of antennae.

Arachnida: The adults have four pairs of legs, the
bady is divided into a cephalo-thorax and abdomen,
and therc arc no antennae.

il il

GENERAL MORPHOLOGY AND LIFE CYCLE

The head of an inscct generally comprises six fused
segments with a single pair of antennae. Therc is great
variation in the structure of the mouthparts, depend-

Labrum

Food channei
Mandibles

Labium
Salivary duct

Flg. 107 Basic elements of insect mouthparts.
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Table 3 Classification of the Arthropoda.

Arthropoda
[ I ]
CLASS: Insecta Arachnlda Others
{e.g. Crustacea,
Pentastomida)
I I J
ORDER: Diptera Phthiraptera Siphonaptera Others Acarina
{fies) (lice) (fleas) {mites/ticks)
(e.g. Hemiptera
— bed bugs)
ing on feeding habits, with adaptations for chewing-

biting, sponging or piercing-sucking. Basic elements of
insect mouthparts are illustrated in Fig. 107 and con-
sist of the following:

(1) The labrum or upper lip is a hinged platc at-
tached to the face or clypeus.

(2} The paired mandibles and maxillae or jaws have
areas of their surfaces adapted for cutting, slash-
ing or grinding. The maxillae may also carry
maxillary palps which are sensory in function and
used in the monitoring of food.

(3) A hypopharynx which arises from the floor ol the
mouth, bears the external opening of the salivary
glands and is similar to a tongue.

(4} A labium or lower lip, which may be extensively
modified, especially in the flies, and sometimes
bears two sensory labial palps.

The three scgments in the thorax (pro-, mese- and
meta-thorax) each bear a pair of jointed legs. The
thorax of many insects also bears two pairs of wings,
but in the winged insects of veterinary significance, i.e.
the Diptera (Fig. 108), only onc pair is functional, the
seccond being reduced to small knob-like sensory
structures, called halteres, which apparently have a
balancing function, Wings are outgrowths of the tho-
racic tegument supported by hollow tubes called veins
which run longitudinally and crosswise, the interven-
ing areas of tegument being known as cells. The ar-
rangement of the veins and the shape of the cells are
important in identification,

The abdomen of insects consists of up to 11
segments with terminal modifications to form the
genitalia.

In insects the sexes are separate and after fertiliza-
tion either eggs or larvae are produced. Development
often involves three or more larval stages followed by
the formation of a pupa and a marked transformaticn

Proboscis

/Antenna
" _-Compound eye

Wing veins

Halteres

Fig. 108 General fealures of a dipteran fly.

or metamorphosis to the adult stage as in all the flies
and fleas, i.e. a holometabolous life cycle (Fig. 109). In
other insects development occurs from the egg
through several nymphal stages which resemble the
adult, as in lice, i.e, 8 hemimetabolous life cycle (Fig.
110). The different stages in the life cycle are known as
instars.

This order of insects contains all of the flies of veteri-
nary importance. These are generally characterized by
having a single pair of membranous wings and a pair
of halteres. Some are important as external parasites,
while in others the larvae parasitize the tissues of the
host. Many members of this group are also important
as vectors of discasc.

The Diptera can be conveniently divided into three
suborders, namely, the Nematocera, Brachycera and
Cyclorrhapha, and a simplified classification showing
the various families is given in Table 4.
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Puparium
GroEe

JTI
Jaeunn,

Larvae

Fig. 108 A holometabolous life cycle characterized by metamor-
phosis is typical of many flias.

Fig. 110 A hemimetabolous life cycle in which there is nc metamor-
phesis is typified by this louse life cycle.

These are small flies and the adults are characterized
by having a pair of long, jointed antennae (Fig. 111)
and segmented maxillary palps. The wings generally
have few cross-veins (Fig. 112). Only the females are
parasitic and have piercing-sucking mouthparts.

Eggs are laid in or near water and develop into

Veterinary Parasitology

aquatic larvae and pupae: both of these stages have
recognizable heads and are mobile.

These are large flies with stout antennae often consist-
ing of only three segments (Fig. 111), the last scgment
frequently bearing annulations. The maxillary palps
are usually held forwards and cross-veins are present
on the wings (Fig. 112}.

Using their slashing-sponging mouthparts, the fe-
males feed on blood and the eggs, which are laid on
vegetation overhanging mud or shaliow water, de-
velop inte large carnivorous larvae with ill defined but
usually retractile heads. Like the Nematocera, both
larvae and pupae are mobile and aquatic, and are
usually found in mud.

- "
| Seboiet O3

These are small to medium sized flies with short,
three-segmented antennae, the last of which often
bears a feather-like attachment, the arista (Fig. 111).
The maxillary palps are small and the wings show
cross-venation (Fig. 112).

Both males and females may feed on animals, but
many members of this group are not parasitic as adults
and have either vestigial or sponging mouthparts. The
larvae have a poorly defined head, and are mobile and
worm-like, often being referred to as ‘maggots’. The

i

Nematocera

Brachycera

Cyclorrhapha

Fig. 111 The three suborders of the Diptera each possess charac-
teristic antennae.




Veterinary Entomeology

Table 4 Classification of the Diptera.

145

Diptera

Brachycera

1
Cyclorrhapha

Tabanidae
(Horse flies)

Nematocera
[ I T ]
Ceratopogonidae  Simuliidae  Psychodidae Culicidae
(midges) (blackflies}  (sandflies) (mosquitoes)

Muscidae Calliphoridae Hippoboscidae Oestridae
(house & (blowflies) {forest flies (bot-flies)
stable flies) & keds)

T

Nermatocera

Cyclorrhapha

Fig- 112 Variations in wing venation found in the three subocrders of
the Diptera.

mature larva pupates on the ground within a hard
pupal case or puparium, which is completely immeo-
bile. When the young fly is ready to emerge, it does so
by inflating a membranous bladder called the ptilinal
sacsituated on the front of the head which then pushes
off a circular piece of the anterior end of the
puparium.

..... ——

Familv CLRATOPOGONIDAE

This family consists of very small flies which are com-
monly known as biting midges. The [emales fced on
man and animals and are known to transmit various
viruses, protozoa and helminths. The only important
genus from a veterinary standpoint is Culicoides.

Culicoddes

Hosts:
All domestic animals and man.

Species:
There are over 800 species of Culicoides, commonly
known as midges.

Distribution:
Worldwide.

MORPHOLOGY

These flies are 1.5-50mm long with the thorax
humped over a small head, and wings, generally
mottled, which are held at rest like a closed pair of
scissors over the grey or brownish-black abdomen.
The antennae arc prominent, the legs relatively short,
and the small mouthparts hang vertically.

The short picreing proboscis consists of a sharp
labrum, two maxillae, two mandibles, a hypopharynx
and a fleshy labium which does not enter the skin
during feeding by the adult female. In the male, the
long antennac are feathery or plumose whereas
those of the female possess only short hairs, and are
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known as pilose antennae. Microscopic hairs cover the
wings.

LIFE CYCLE

The eggs, which are brown or black, are cylindrical or
banana-shaped and 0.5mm in length; these are laid in
damp marshy ground or in decaying vegelable matter
near water. Hatching occurs in 2-9 days depending on
the species and temperaturce, but temperate species
may overwinter as eggs. There are four larval stages
and these arc characterized by having small dark
heads, scgmented bodies and terminal anal gills. They
have a serpentine swimming action in water and feed
on decaying vegetation. Larval development is com-
plete in warm countrics in 14-25 days, but in temper-
ate areas this may be delayed for periods of up to
seven months. The less active brown pupac, 2.0-
4.0mm long, are found at the surface or cdges of water
and are characterized by a pair of respiratory trumpets
on the cephalothorax and a pair of terminal horns
which enable the pupa to move. Adult flies emerge
from the pupac in 3-10 days and the females suck
blood.

PATHOGENIC SIGNIFICANCE

Since these flics may be present in vast numbers, they
can be a serious source of annoyance. In addition they
may transmil virus diseases such as bluctongue and
African horse sickness as well as filarioid nematodes
such as Dipetalonema spp., Onchocerca reticulata and
Q. gibsoni. Several specics have also been incrimi-
nated as the causative agents of a seasonally occurring,
intensely pruritic, skin disease of horses called ‘sweet
itch’ (Fig. 113), and, in Australia, ‘Queensland itch’.

Fig. 113 A severe case of ‘swest itch’ in a pony.
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This affects mainly the withers and base of the tail and
has been shown to be due to an immediate-lype
hiypersensitivity reaction to the bites of the flics.

CONTROL

This is difficult because of the usually extensive breed-
ing habitat and depends on the destructlion of breeding
sites by drainage or spraying with insecticides since the
adults normally fly only a few hundred metres. How-
ever, wind dispersion of these small flies may be par-
ticularly important in the spread of some virus
discases. Repellents or screens may be used, but the
latter have to be so fine that they may reduce air flow
and, instead, impregnation with insecticides of screens
designed to exclude larger flies has been recom-
mended. For ‘swect ilch’. antihistamine treatment
may give immediate relief and the regular application
of synthetic pyrethroid dressings may help prevent
recurrence of the condition. Tt is also recommended
that animals are housed when fly activity is maximal,
usually in late afternoon and early morning.

Family SIMULITDAE

Of the 12 genera belonging to this family of small flies,
Simulium is the most important. Commonly referred
to as ‘blackflies’ or ‘buffalo gnats’ they have a wide
host range, [eeding on a great variety of marnmals and
birds and causing annoyance due to their painful bites.
In man however, they are most important as vectors of
Onchocerca volvulus, the filarioid nematode which
causes ‘river blindness’ in Africa and Central and
South America.

Simuditim

Hosts:
All domestic animals and man.

Species:
Numecrous and often divided into sub-species.

Distribution:
Worldwide except New Zealand, Hawaii and some
minor island groups.

MORPHOLOGY

As their common names indicate these flies are usually
black with a humped thorax (Fig. 114). The adulis are
1.5-5.0mm long, relatively stout-bodied, with colour-
less wings which show indistinct venation and are held
at rest like the closed blades of a pair of scissors.
Morphologically, adult male and female flies arc simi-
lar, but can be differentiated by the fact that in the
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Fig. 114 The life cycle of Simulium.

female the eyes are distinctly separated (dichoptic)
whereas in males the eyes are very close together
(holoptic).

Compared with other nematoceran flies, the anten-
nae, although segmented, are relalively short and
stout and do not bear hairs. Basically the mouthparts
resemble those of the biting midges except for the
presence of conspicuous segmented maxillary palps.

LIFE CYCLE

Eges, 0.1-0.4mm long, are laid in sticky masses ol
several hundred on partially submerged stones or
vegetation in flowing water (Fig. 114). Hatching takes
only a few days in warm conditions, but may take
weeks in temperate areas and in some species the eggs
can overwinter. There may be up to eight larval
instars, the mature larvae, which are 5.0-13.0mm long,
light-coloured and poorly segmented, being distin-
guished by a blackish head which bears a prominent
pair of feeding brushes. The body is swollen
posteriorly and just below the head is an appendage
called the proleg which bears hooks. Larvae normally
remain attached to submerged vegetation or rocks by
a circlet of posterior hooks, but may change their po-
sition in a looping manner by alternate use of the
proleg and the posterior hooks. Larval maturation
takes several weeks to several months and in some
species larvae can overwinter. Mature larvae pupate in
aslipper-shaped brownish cocoon fixed to submerged
objects and the pupa has prominent respiratory gills
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projecting from the cocoon. The pupal period is nor-
mally 2-6 days and a characteristic feature of many
species is that there is simultaneous mass emergence
ol the adult lies which gain the surface of the water
and take flight.

PATHOGENIC SIGNIFICANCE

Only the adult females suck hlood and different spe-
cies have different preferred feeding sites and times.
Generally they feed on the legs, abdomen, head and
ears, and most speeics are particularly active during
the morning and evening in cloudy warm weather.
Although flies may be active throughout the year
there may be a large increase in their numbers in the
tropics during the rainy season. In temperate and arc-
tic regions the biting nuisance may be seasonal, since
adults dic in the autumn with new generations in
spring and summer. In domestic animals, cspecially
cattle, mass attack by these flies may be associated
with an acute syndrome characterized by generalized
petechial haemorrhages, particularly in areas of fine
skin, together with oedema of the larynx and abdomi-
nal wall. The painful bites of swarms of Simulivm may
interfere with grazing and cause production loss and in
certain areas of Central Europe it is often impossible
to graze cattle during the spring due to the activity of
these flics. Horses are often affected by the flies feed-
ing inside the cars and poultry may become anaemic
from blood loss when attacked.

Simulium spp. may transmil (he viruses causing
Eastern equine encephalitis and vesicular stomatitis,
the avian protozoan Leucocytozoon and filarioid -
helminths such as Onchocerca gutturosa of cattle.

CONTROL

The most practical control method is the application
of insecticides to brecding sites to kill larvae. This
technique has been developed for the control of
Simulium species which are vectors of ‘river blindness’
in man in Africa, and entails the repeated application
of organochlorine or organophosphorus insecticides
Lo selected water courses at intervals throughout the
year. The insecticide 1s then carricd downstream and
kills larvae over long stretches of water,

Alternatively, bush clearing will remove adult rest-
ing sitcs and acrial application of insecticides may help
in areas where breeding occurs in networks of small
streams and walercourses. Inm horses, insecticides or
repellents may be applied topically and poultry can be
provided with insecticidal dust baths.

Family PSYCHODIDAL

The flies of this family are called the ‘sandflies’ and
Phlebotomus is the only genus of any veterinary im-
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portance. Since, in some areas of the world, the term
‘sandflics’ includes some biting midpes and blackflies a
better term is ‘phlebotomine sandflies’. These flies arc
important as vectors of Leishmania.

Plitehotontis

Hosts:
Many mammals, reptiles, birds and man.

Species:
There are over 600 species of phlebotomine sandflies.

Distribution:

Widely distributed in the tropics, subtropics and the
Mediterranean area. Most specics prefer semi-arid
and savannah regions to forests.

MORPHOLOGY

These small flies, up to 5.0mm long, are characterized
by their hairy appearance, their large black eyes and
long still-like legs. The wings, which, unlike those of
other biling flies, are lanceolate in outline, are also
covered in hairs and are held erect over the body at
rest.

As in many other nemaloceran flies the mouthparts
are of short to medium length, hang downwards, and
are adapted for piercing and sucking. The maxillary
palps are relatively conspicuous and consist of five
segments. In both sexes the very long antennae of up
10 16 segments bear many short hairs.

LIFE CYCLE

Up to 100 ovoid, 0.3-0.4mm long, brown or black cggs
may be laid at each oviposition in small cracks or holes
in the ground, the floors of animal houses or in leal
litter. Although not laid in water the eggs need moist
conditions for survival, as do the larvae and pupae.
Under optimal conditions the eggs can hatch in 1-2
weeks, but this may be prolonged in cold weather. The
larvae, which resemble small caterpillars, scavenge on
organic matter and can survive flooding. There are
four larval instars, maturation taking three weeks to
several months depending on species, temperature
and food availability and in temperate regions these
flics overwinter as mature larvae. The major charac-
teristics of the mature larvae, which are 4.0-6.0mm
long, are a black head and a segmented greyish body
covered in bristles. The adults emerge from pupation
after 1-2 weeks. The wholc lile cycle takes 30-100
days, or even longer in cool weather.

PATHOGENIC SIGNIFICANCE

In common with many other small biting flies, only the
females suck blood. They prefer to feed at night, rest-
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ing in shaded arcas during the day. Since they are
capable ol only limited flight, nuisance due to biting
may be confined to certain arzas near the breeding
sites.

There is some seasonality in activity, the numbers of
flies increasing during the rainy season in the tropics
whercas they are only present during the summer
months in temperate zones. Apart from their biting
nuisance in localized areas, phlebotomine sandflies
are important as the sole known vectors of Leishmania
tropica and I.. dorovani, which causc culaneous and
visceral leishmaniosis in man, dogs being important
reservoir hosts in some regions.

CONTROL

There have been few serious attempts to control
phlcbotomine sandflies, probably due to the fact that
leishmaniosis has merited insufficient attention as a
disease and also because little is known in detail of the
biology and ecology of the developing stages of these
flies. The adults are, however, susceptible to most in-
sccticides and where there have been spraying cam-
paigns to control the mosquito vectors of malaria
these have effectively controlled Phlebotomus. Man
has protected himself from the bites of these flies by
using residual housc-sprays, repellents and very fine
mesh fly screcns.

Family CULICIDAE

The Culicidae (not to be confused with midges of the
genus Culicoides) are the mosquitocs, small slender
flies with long legs. Although their bites are a severe
nuisance to man and animals they are principally im-
portant as veclors of malaria (Plasmodium spp.),
filarial ncmatodes and viruses. Primarily because of
their importance as vectors of human malaria there is
a vast literature on their classification, behaviour and
control, but the family is of limited veterinary signifi-
cance and only general aspects of morphology, signifi-
cance and control need be discussed.

Hosts:

A wide variety of mammals, including man; reptiles
and birds.

Species:

This family contains over 3000 species belonging to 34

genera, the most important of which are Anopheles,
Culex and Aedes.

Distribution:
Worldwide.

GENERAL MORPHOLOGY

Mosquitoes vary from 2.0 to 10.0mm in length and
have slender bodies, prominent eyes and long legs




Veterinary Entomology 149

(Fig. 115). The long narrow wings bear scales, which
project as a fringe on the posterior margin, and arc
held crossed flat over the abdomen at rest.

The mouthparts consist of a conspicuous, forward-
projecting, elongated proboscis adapted for piercing
and sucking. Individual elements comprisc a long U-
shaped fleshy labium containing paired maxillae, man-
dibles and a hypopharynx which carries a salivary duct
which delivers anticoagulant into the host’s tissues
{Fig. 116). The labrum forms the roof of the praoboscis
and all the elements, with the exception of the labium,
enter the skin during feeding by the [emales, forming
a tube through which blood is sucked. In the pon-
parasitic males the maxillae and mandibles are re-

Anopheles

duced or absent. The maxillary palps of different spe-
cies are variable in length and morphotogy. Both sexes
have long filamentous segmented antennae, pilose in
femaics and plumose in males,

GENERAL LIFE CYCLE

After a blood meal the gravid female lays up to 300
cggs on the surface of water either singly or, in the
case of Culex, in groups forming cgg-rafts (Fig. 113).
The eggs are dark-coloured, elongate or ovoid, and in
the genus Anopheles, boat-shaped, and cannot survive
desiccation. Hatching is temperature-dependent and
occurs after several days (o weeks, but in some tem-

Culex

Eggs

e,

“
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Fig. 115 The comparative life ¢ycles of anopheline and culicine mosquitoes.
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perate species cggs may overwinter. All four larval
instars are aquatic. There is a distinct head with one
pair of antennae, compound eyes and prominent
mouth brushes, used in feeding on organic material.
Most larvae take in air through a pair of spiracles on
the penultimate abdominal segment, but in Culex spp.
these are situated at the end of a small tubc called the
respiratory siphon (Fig. 115). Maturation of larvae can
extend from one week to several months and several
species overwinter as larvae in temperate areas. Lar-
val habitats vary tremendously and range from small
temporary collections of waler to extensive areas such
as marshes, but they are usually absent from large
tracts of uninterrupted water, such as lukes, and from
fast-flowing streams or rivers.

All mosquito pupae are aquatic, motile and comma-
shaped with a distinct cephalothorax which bears a
pair of respiratory trumpets (Fig. 115). The tegument
of the cephalothorax is transparent and the cyes, legs
and other structures of the developing adull are read-
ily visible. The tapering abdominal segments have
short hairs and terminally there is a pair of oval, pad-
dle-like extensions which enable the pupa to move up
and down in the water. Generally the pupal stage is

Maxillae

Labiurn

Antennae

Mandibles

Labrum Hypopharynx

Fig. 116 Piercing and sucking mouthparts of a mosquito.
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short, being only a few days in the tropics and several
weeks or longer in temperate regions, the adult
emerging through a dorsal split in the pupal tegument.
Adults usually fly only up to a few hundred metres
from their breeding sites, but may be dispersed long
distances by winds. Although the life-span of adult
flies is generally short some species can overwinter by
hibernating,

PATHOGENIC SIGNIFICANCE

Most species of mosquiloes are nocturnal fecders and
may causc considerable annoyance by biting, their
long mouthparts allowing them to bite man even
through clothing. More importantly, species of
Anopheles, Culex and Aedes transmit both the dog
heartworm, Dirofilaria intmitis, and one form of avian
malaria caused by Plasmodivm. Mosquitaes are also
important in the (ransmission of the arboviruses
{arthropod-borne) causing Eastern, Western and
Venezuclan encephalitis in horses and other arbovirus
discases of man and animals.

The only known vectors of human malaria belong to
the genus Anppheles while yellow fever is transmitted
by Aedes spp. All three genera transmit the human
filarial nematodes Wiechereria and Brugia.

CONTROL

Measures, largely developed for the control of human
malaria, are directed either against the devcloping lar-
vae or adults, or against both simultancously.

The varicus measures used against larvae include
the removal or reduction of available breeding sites by
drainage or other mecans which make these sites un-
suitable for larval development. This is not always
practicable, economical or acceptable and the feasibil-
ity of these mcthods must always be assessed locally.
Biological control has been attempted by, for exam-
ple, introducing predatory fish into marshy areas and
rice fields, but these methods are unsuitable for those
mosquito species breeding in small temporary collec-
tions of water. The isolation and development of mos-
quito pathogens including micro-organisms, protozoa
and nematodes is mainly experimental at present as
ar¢ genetic methods of conltrol.

Probably the most widely used measures against
mosquito larvae are those which involve the repeated
application to breeding sites of toxic chemicals, min-
eral oils or insecticides, but these have to be continu-
ously applied. Since such mcasures may lead to
environmental pollution and may also accelerate the
development of insecticide resistance, the only perma-
nent solution is the destruction of breeding sites. Es-
sential water sources can be rendered unsuitable as
breeding sites by spreading inert polystyrene beads to
cover the surface of the water.
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MORFPHOLOGY

These are medium to large biting flies, up to 2.5¢cm in
length, with wing spans of up to 6.5cm. They are gen-
erally dark coloured, but may have various stripes or
patches of colour on the abdomen or thorax and cven
the large eves, which arc dichoptic in the female and
holoptic in the male, may be coloured. The coloration
of the wings is useful in differentiating the three major
genera. Thus Tabanus has clear or browmish wings,
while there are often dark bands across the wings in
Chrysops: in contrast Haematopota has mottled or
speckled wings (Fig. 117). Also uscful in gencric dif-
ferentiation are the characteristics of short, stout,
three-segmented antennae which, unlike large
cyclorrhaphan flies, have no arista (Fig. 111),

The mouthparts, which arc adapted for slashing/
sponging, are short and strong and always point down-
wards. Most prominent is the stout labium which is
grooved dorsally to take the other mouthparts, collec-
tively termed the biting fascicle: the labium is also
expanded terminally as paired large labella which
carry tubes called pseudotracheae through which
blood or fiuid from wounds is aspirated (Fig. 118).
The biting fascicle, which creates the wound, con-
sists of six elements, the upper sharp labrum, the

Labrum

Labella with

Mandibles pseudotracheae

Maxillae
Hypopharynx

Fig. 118 Stashing and sponging mouthparts of a female tabanid fly.

hypopharynx with its salivary duct, paired rasp-like
maxillae and paired broad pointed mandibles. Male
flies have no mandibles and therefore cannot feed on
blood.

LIFE CYCLE

Alter a blood meal the female lays batches of several
hundred creamy-white or greyish cigar-shaped eggs,
1.0-2.5mm long, on the underside of vegetalion or on
stones, generally in muddy or marshy arcas. The eggs
hatch in 1-2 wecks and the cylindrical, poorly differ-
entiated larvac drop into the mud or water. The lar-
vae, 1.0-6.0cm long, are recognized as tabanids by
their small black rctraciable heads, the prominent
raised rings around the segments, most of which bear
pseudopods and a structure in the last sepment,
unjque to tabanid larvae, known as Graber’s organ,
the function of which may be sensory. They are slug-
gish and feed cither by scavenging on decaying organic
maiter or by predation on smali arthropods including
other tabanid larvae. Optimally, larval development
takes three months, but if hibernation occurs, may
extend for up to three years. Mature larvae pupate
partially buried in mud or soil and the adult fly
emerges after 1-3 weeks. The wholc life cycle takes a
minimum of 4-5 months or longer if larval develop-
ment is prolonged.

Populations of adult fties show seasonal fluctuations
in both temperate and tropical areas. In temperate
climatcs, adults dic in the autumn and are replaced by
new populations the following spring and summer,
whereas in tropical arcas their numbers arc merely
reduced during the dry season with an increase at the
start of the rainy scason.

PATHOGENIC SIGNIFICANCE

These powerful flies may disperse many kilometres
from their breeding areas and arc most active during
hot, sunny days. The adult females locate their prey
mainly by sight and their bites are decp and painful,
They feed every 3-4 days causing a great deal of an-
noyance, and because their feeding is often disturbed,
arc efficient mechanical vectors of the orpanisms re-
sponsible for such discases as anthrax, pastcurellosis,
trypanosomaosis, anaplasmosis and the human filarial
disease, loaosis.

It is difficult to assess the real significance of this
group of flies, but there arc estimates of annual losses
in the USA of approximately $40 million due to both
nuisance effecl and discase transmission.

CONTROL

This poses a special problem since breeding places are
both diffuse and difficult to detect. For general fly

L
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in 3-7 days under suitable conditions. These then
move to drier areas around (he larval habitat and
pupate in the final larval skin which contracts and
becomes rigid and dark brown, to form the 6.0mm
long barrel-shaped puparium or pupal case. The adult
fly emerges after 3-26 days depending on tempera-
ture,

Total development time from egg to adult fly may
therefore be as little as eight days at 35°C, but is
extended at lower tcmperatures, e.g. to 49 days at
16°C. In tempcrate areas a small proportion of
pupae or larvae may survive the winter, but
apparently more frequently the flics overwinter as hi-
bernating adults.

PATHOGENIC SIGNIFICANCE

Houseflics, as their name suggests, arc closely associ-
ated with buildings inhabited by animals and man.
They are not only a source of annoyance, but may also
mechanically transmil viruses, bacteria, helminths and
protozoa due to their habit of visiting faecal and de-
caying organic malerial; pathogens are eithcr carried
on the hairs of the feet and body or regurgitated as
salivary vomit during subsequent feeding. A number
of Musca spp. have been incriminated in the spread of
diseases including mastitis, conjunctivitis and anthrax,
In man they arc probably most important in the dis-
semination of Skigella and other enteric bacteria. Eggs
of various helminths may be carried by flies which feed
on facces and they also may act as intermediate hosts
ol a number of helminths such as {abronema spp. and
Raillietina spp. Dceposition of Habronema larvae in
wounds may pive rise to skin lesions commonly
termed ‘summer sores” in horses.

The “face Iy’ M. autumnalis tends to feed on secre-
tions from the eves. nose and mouth as well as on
wounds left by biting flies and this is often the most
numerous of the flics which worry cattle at pasturc.
The eggs of M. autumnalis are usually laid in bovine
faeces and if conditions are suitable the resultant large
fly populations can cause serious annoyance and so
interfere with grazing. These flies are considered to be
important in the transmission of infectious bovine
keratoconjunctivitis (‘pink eye” or New Forest dis-
ease) due to Moraxella bovis and they arc also inler-
mediate hosts of Parafilaria bovicola and the eyeworm
Thelazia. In North America in recenl years, increases
in the number of these flies has led to a high incidence
of ¢ye disorders such as conjunctivitis.

There are a number of closely related genera of
non-biting muscid flies, namely funnia, Moreflic and
Muscina, which may, in some areas, makc a substan-
tial contribution to ‘fly-worry” in livestock, but the life
cycles and control of these are similar to that de-
scribed for Musca spp.

Veterinary Parasitology

CONTROL

Various types of screens and electrocution grids for
buildings are available to reduce fly nuisance to hu-
mans, but the best methods of control are those aimed
at improving sanilation and reducing brecding places
(source reduction). For example, in stables and farms,
manure should be removed or stacked in large heaps
when the heat of fermentation will kill the developing
stages of flies, as well as eggs and larvae of helminths,
In addition, insccticides applied to the surface of ma-
nure heaps may prove beneficial.

A range of insecticides and procedures are available
for the control of adult houseflies. Aerosol space
sprays, residual insecticides applied to walls and ceil-
ings and insecticide-impregnated cards and strips may
reduce fly numbers indoors. [nsecticides may also be
incorporated in solid or liquid fly baits using attract-
ants such as various sugary syrups or hydrolyzed yeast
and animal proteins.

Outdoors, insecticide impregnated ear tags, tail
bands and halters, mainly containing synthetic
pyrethroids, together with pour-on, spot-on and spray
preparations, arc widely used to reduce fly annoyance
in cattle and horses.

Previously, insecticide dust bags (‘backrubbers’)
were used to reduce the numbers of muscid flies asso-
ciated with fly-worry. These consist of sacking im-
pregnated with or containing insecticide, which is
suspended between two posts at a height which allows
cattle to rub and thus apply the insecticide Lo the skin.

f[_\-’(f.'"r)l{l{’u

This genus of non-biting flies, which closely resembies
Musca, contains onc species of special veterinary im-
portance, the headfly Hydrotaeq irritans, which is re-
sponsible for a serious condition in sheep. In many
arcas it is also the most numerous muscid species
found on cattle and horses and has been incriminated
in the transmission of summer mastitis and infectious
bovine keratoconjunctivitis,

Hosts:
Sheep, caltle and horses.

Species:
Hydrotaea irritans.

A numbcer of other Hydrotaea spp. may also be
associaled with fly-worry in livestock, for example /.
albipuncta which is found round the cyes of cattle.

Distribution:
Mainly northern Europe.

MORPHOLOGY

H. irritans, not unlike Musca in size, is characterized
by an olive-green abdomen and an orange yellow col-
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oration at the base of the wings (Plate VI1I1). Specific
dentification of non-biting muscid flies requires spe-
cialist advice.

LIFE CYCLE

Adult flies prefer stll conditions, and are found near
woodlands and plantations with peak numbers occur-
ring in mid-summer. Eggs are laid in decaying vegeta-
tion or faeces and these hatch and develop into mature
larvae by the autumn: these larvae then go into
diapause (a temporary cessation of development) un-
iil the following spring when pupation and develop-
ment is completed with emergence of a new
generation of adults in early summer. Thus there 1s
only one generation of headflies each year.

PATHOGENIC SIGNIFICANCE

Although not obligatory parasites, headflies are at-
tracted to animals and feed on lachrymal secretions
and wounds. such as those incurred by fighting rams.
As in Musca, the labella are adapted for sponging, but
in addition they possess small teeth and the rasping
effect of these during feeding leads to skin damage.
Horned breeds of sheep, such as the Swaledale and
Scottish Blackface, are most susceptible to attack and
swarms of these flies around the head lead to intense
irritation and annoyance and result in self-inflicted
wounds which then attract more flies. Clusters of flies
feeding at the base of the horns (Plate VIII) lead to
extension of these wounds and the condition may be
confused with blowfly myiasis. Secondary bacterial in-
fection of wounds is common, and this may encourage
blowfly strike.

In cattle, large numbers of H. irritans have been
found on the ventral abdomen and udder and since
the bacteria involved in ‘summer mastitis’ (Cory-
nebacterium pvogenes, Streptococcus dysgalactiae and
Peptococcus indolicus) have been isolated from these
flies there is strong presumptive evidence that they
may transmit the disease.

The economic losses due to headfly infection are
difficult to assess, but are thought to be substantial.

CONTROL

This has proved difficult. It has been traditional in
Some areas to provide rams with protective canvas
head caps. Reduction in the use of fields bordenng
| has also been advised as has the introduc-
:‘::‘ of polled breeds of sheep. Affected ammals re-
e to be housed and treated to prevent further

A number
\ number of protective or repellent creams are
available for application around the base of the horns,
h‘“m?dmmmﬁnlsﬂnmlm.ﬂDInn-
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noyance. Better control has been achieved using syn-
thetic pyrethroids as spot-ons or sprays during the fly
season, or as impregnated ear tags.

In cattle the use of similar pour-on or spot-on
preparations or the application of one or two insecti-
cide-impregnated ear tags, or tail-bands, usually con-
taining synthetic pyrethroids, have proved beneficial
in easing fly-worry. Where summer mastitis is a prob-
lem tail-bands are preferable.

The commonest species in this genus i1s Stomoxys
calcitrans, commonly known as the stable fly or biting
housefly. The bites of this fly are painful and it is a
vector of several protozoal and helminth diseases of
animals.

Hosts:
Most animals and man.

Species:
Stomoxys calcitrans.

Distribution:
Worldwide.

MORPHOLOGY

Superficially, . calcitrans resembles the housefly M.
domestica, being similar in size and grey with four
longitudinal dark stripes on the thorax. Its abdomen,
however, is shorter and broader than Musca with
three dark spots on the second and third abdominal
segments (Plate VII). Probably the simplest method of
distinguishing stable flies from Musca and other gen-
era of non-biting muscid flies is by examination of the
proboscis, which in Stomoxys is conspicuous and for-
ward projecting. Stable flies can be distinguished from
biting muscid flies of the genus Haematobia by the
larger size and the shorter palps of the former.

Larvae of Musca and Stomoxys can be differenti-
ated by examination of the posterior spiracles.

LIFE CYCLE

Both male and female flies feed on blood and the
female lays batches of 25-50 eggs. resembling those of
houseflies, in moist, decaving vegetable matter such as
hay and straw contaminated with urine. Eggs hatch in
1-4 days. or longer in cold weather, and the larvae,
which again resemble housefly larvae, are mature in 6-
30 days. After emergence the adult females require
several blood meals before the ovaries mature and egg
laying can start.

The complete life cycle from egg to adult iy may
take 12-60 days depending mainly on temperature.

In temperate areas flies may overwinter as larvae or
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pupae whereas in tropical climates breeding is con-
tinuous throughout the year.

PATHOGENIC SIGNIFICANCE

When feeding, the proboscis swings downwards and
skin penetration is achieved by the rasping action of
fine teeth on the end of the labium (Fig. 120). This is
painful and stable flies may be a serious pest of ani-
mals and man. Approximately three minutes is
required for a blood meal and feeding is often inter-
rupted, thus allowing mechanical transmission of
pathogenic micro-organisins and protozoa, such as
trypanosomes. S. calcitrans also acts as an intermedi-
ate host of Habronema.

Adult flies live for about one month and are abun-
dant around tarm buildings and stables in late summer
and aulumn in temperate areas. They prefer strong
sunlight and they bite mainly oul of doors although
they will follow animals inside to feed. In large num-
bers these flics are a great source of annoyance to
grazing cattle and in some areas there are estimales of
milk and meat production losses of up to 20%.

Labrum

Hypopharynx
Labella with
teeth

Fig. 120 Piercing-sucking mouthparts of the stable fly Stomoxys
calcitrans in a downward feeding position,
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CONTROL

Many of the control measures outlined for Musca are
applicable to Stomoxys. Source reduction is important
and potential breeding sites should be avoided by the
regular removal and stacking of moist bedding, hay
and food wastes from stables and cattle accommoda-
tion. Aerosol insecticide sprays in and around stables
and farm buildings may give good local control of 8.
calcitrans.

Huematobia

Several specics of this genus of blood-sucking muscid
flies occur in various countries and may be a scrious
nuisance on cattle. One species, the horn fly, is known
as Haematobia irritans in the USA and somctimes as
Lyperosia irritans in Britain and parts of Europe.

There is additional taxonontic confusion in that cer-
tain other species assigned to the genus Haematobia
are sometimes referred to under the gencra
Haematobosca and Siphona. For simplicity all of the
biting muscid flies other than Stomoxys and Glossina
will be considered under Haematobia.

Hosts:

Cattle and buffalo.

Species:

Haematobia (syn. Lyperosia) irritans  the horn fly
H. exigua the buffalo fly

H. (syn. Haematobosca) stimulans.

Distribution:

Horn {flies occur in many parts of the world including
Europe, the USA and Australia, whereas the buffalo
fly is restricted to the Far East and northern Australia,
while H. stimulans appears to be distributed mainly in
Europe.

MORPHOLOGY

'The adults are up to 4.0mm long and are the smallest
of the blood-sucking muscids (Plate VII). They are
usually grey, often with several dark stripes on the
thorax. Unlikc Musca the proboscis is held forwards
and unlike Stomoxys the palps are stout and as long
as the proboscis. In contrast to other muscids
Haematobia spp. gencrally remain on their hosts leav-
ing only to fly to another host or, in the case of fe-
males, to lay eggs in [reshly passed faeces.

LIFE CYCLE

Eggs, 1.0-1.5mm long, are laid in fresh faeces. These
hatch quickly and larvae may be mature in as litlle as
four days given adequate moisture and temperatures
of around 27°C, Low temperatures and dry condilions
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delay larval development and kill the eggs. The pupal
pericd is around 6-8 days and on emergence the adull
flies seek and remain on their cattle or buffalo hosts,

PATHOGENIC SIGNIFICANCE

Horn flies may be found in thousands feeding along
the back, sides and ventral abdomen of cattle. Their
common name is derived from the fact that they tend
to cluster around the horns or poll region when not
feeding. Large numbers cause intense irritation and
the skin wounds made in feeding may attract other
muscids and myiasis-producing flies. It is difficult to
assess the precise cconomic effect of these flies, but
their control on grazing cattle can result in significant
increases in production. The buffalo fly and other
Haematobia spp. have a similar pathogenic cifect.
Although less important than many other muscid
flies in disease transmission, species of Haematobia
transmit Stephanofilaria, the skin filarioid of cattle.

CONTROL

Since Haematobin spp. spend much time on their
hosts, control is easy compared 1o the control of other
stock-visiting muscids. Insecticide-impregnated ear
tags are benelicial in the control of horn flies; alterna-
tively, animals may be repeatedly treated with pour-
on or spot-on insecticide preparations.

Cilossing

This genus is considered here as a member of the
family Muscidae, although in some classifications it is
discussed as the sole member of the family
Glossinidac.

Members of this group of biting flies are commonly
termed (setse (lics, They are distributed over 10 mil-
lion square kilometres of Africa and arc cxtremely
important as vectors of African trypanosomosis which
Is a serious disease of domestic animals and man.

Hosts:
Various mamimals, reptiles and birds.

Species:

There are around 30 species and sub-species of the
senus Glossina. Identification of individual species
and sub-species is a matter [or the specialist.

DISTRIBUTION

These flies are confined to a belt of tropical Africa
extending from the southern Sahara (Lat. 15°N) in the
north to Zimbabwe and Mozambique in the south
(Lat. 20-30°8). The species are restricted to various
geographical areas according to habitat, the three
main groups, named after the commonest species in
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each group, being fusca, palpalis and morsitans, found
respectively in forest, riverine and savannah areas.
The last two groups, because of their presence in the
major liverstock-rearing areas, are the most important
from a veterinary standpoint.

MORPHOLOGY

In general the adults arc narrow, yellow to dark brown
flies, 6-15mm in length, and have a long, rigid and
forward projecting proboscis (Plate VII). When at
rest, the wings are held over the abdomen like a closed
pair of scissors. Tf in doubt they are easily distin-
guished from all other flies by the characteristic
cleaver (hatchet) cell in the wings (Fig. 121).

There are no maxillac or mandibles in the
mouthparts although the proboscis is adapted for
piercing and sucking, and like Stormoxys, consists of a
lower U-shaped labium with rasp-like labella termi-
nally, an upper narrower sharp labrum and between
these a [ood channel containing the slender
hypopharynx which carries saliva and anticoagulant
into the wound formed during feeding. Tsetse flies
become infected with trypanosomes during feeding
and these then undergo multiplication within the fly
before they are infective for other hosts during subse-
quent feeding.

Fig. 121
ance and polypneustic lobes; {b) Glossina wing showing typical
‘cleaver cell.

{(a) Mature larva of Glossina showing segmented appear-

(b
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LIFE CYCLE

Both male and female flies suck blood and although
they may have some host preferences, they will feed
on a wide variety of animals. The females, in contrast
to other muscids, are viviparous and produce only one
larva at a time, up to a total of 8-12 larvae. Maturation
in the uterus from fertilized egg to the mobile, 8.0
10mm long, third stage larva deposited by the adult
takes approximately 10 days. At this stage the larva is
creamy white, segmented and posteriorly has a pair of
prominent dark car-shaped protuberances known as
polypncustic lobes (Fig. 121): these have a respiralory
function similar to the posterior spiracles of other
muscid larvae. After deposition the larva wriggles into
loose soil to a depth of a few centimetres and forms a
rigid dark brown, barrcl-shaped puparium. The pupal
period is relatively long, 1aking 4-5 weeks, or more in
cool weather, On emergence the female fly requires
scveral blood meals over a period of 16-20 days be-
fore producing her first larva.

Breeding generally continues throughout the year
with peak fly numbers occurring at the end of the rainy
season. The longevity of adult flies in nature is vari-
able, ranging [rom a few days to several months.

PATHOGENIC SIGNIFICANCE

Although the bites of tsetsc flics are very painful
and cause marked irritation, their main significance is
in the transmission of animal and human
trypanosomosis.

CONTROL

In the past, campaigns against Isetse flies to control
trypanosomosis both in humans and in animals de-
pended mainly on large scale killing of game animals
which act as reservoirs of trypanosome infection and
as a source of blood for the flies. It was also common
to clear large areas of bush in order to destroy the
habitats of the adult flics. These methods were fairly
successful, but are now largely unacceptable on eco-
logical and economic grounds.

Currently, mosl anti-tsetse measures rely on the usc
of insecticides applied from the ground or by aircraft.
When the objective is complete eradication of
Glossing, residual formulations of insecticides are
used. When the objective is merely control of fly
populations to reduce the risk of trypanosomosis to
man and animals, or periodically, to ensure that a fly-
free area remains s0, non-residual insecticides may be
applicd aerially.

Eradication is preferable but, because of the inevi-
table reinvasion of tsetse from surrounding untreated
areas, is uneconomic unless the selected area is on the
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cdge of a tsetse belt where the fly population is already
under stress because of relatively unfavourable cli-
matic conditions. Tt is also essential that the area to be
sprayed has economic potential and that agricultural
development of the cleared area should proceed con-
temporancously.

Control with non-residual insecticides is expensive
because of the necessity to repeat the operation regu-
larly and is justified only where the area has great
economic potential.

Advocates of insecticidal spraying argue that, since
Glossina is highly susceptible to the insecticides
used, the sophisticated and selective use of modern
chemicals, usually on one occasion only, has no
major and permanent effects on (he environment; in
fact, the changes in land usc which should ensue from
successful control arc much more significant in this
respect.

Populations of tsetse flies have been reduced or
cradicated in localized areas by the usc of traps. These
have the advantages of being cheap, can be used by
local labour and are harmless 10 the environment. Es-
sentially they depend on the presentation of material,
such as dark cloth, which attracts the flies and leads
into a trap which often incorporates an insecticide.
Odoriferous extracts from cattle placed in or near
traps to attract flies to the arca have given promising
results.

Iramily CALLIPHORIDAL:

This {amily together with the Sarcophagidac and the
Qestridae contain the species responsible for the most
important myiases of domestic animals and man.

Myiasis is dcfined as the infestation of living
animals with the larvae of dipteran flies. Tt may be
facultative {optional), as in the calliphorids, or obliga-
tory, as in the oestrids. Tt also may be cutancous
(e.g. Lucilin), nasal (e.g. Qestrus) or somatic (e.g.
Hypoderma).

A common term for myiasis caused by members of
the Calliphoridae is ‘blowfly strike’, the laying of cggs
by the fly being termed the ‘blow” and the develop-
ment of the larvae {maggots) and the damage they
cause the ‘strike’.

BLOWFLY MYIASIS

Hosts:

Mainly sheep, but any other animal may be affected. It
is important to note that only the larvae are responsi-
ble for myiasis.

Distribution:
Worldwide.
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MAJOR SPECIES IN EUROPE
Lucilia sericata (greenbottles)
Phormia terrae-novae (blackbottles)
Calliphora ervthrocephala (blucbottles).

C. vomitoria

OTHER IMPORTANT SPECIES IN TROPICS
AND SUBTROPICS

Lucilia cuprina
L. caesar

L. illustris
Phormia regina
Calliphara stygia
C. australis

C. fallax
Chrysomya albiceps
C. chlorophyga
C. micropogon
C. rufifacies.

MORPHOLOGY

Adults:

Blowflies measure up (o 1.0cm in length and on micro-
scopic cxamination all show distinct dorsal bristles on
the thorax. Some genera such as the greenbottles are
refatively siender, while others like the bluebottles are
stout.

All are characterized by having a metallic blue or
green sheen on the body; thus Lucilia is greenish to
bronzc, Phormia is black with an overlying bluc-green
sheen, while Calliphora is blue (Plate 1X) and
Chrysomya bluish-green. Identification of individual
species can be made according to local colour differ-
ences mainly on the thorax and abdomen.

Larvae:

Most larvae are smooth, segmented and measure 10—
14 mm in length. They posscss a pair of oral hooks at
the anterior extremity, spiracles on the anterior seg-
ment, and posteriorly, stigmatic plates also bcaring
spiracles. The arrangement of the spiracles on these
plates serves to differentiate the species.

LIFE CYCLE

The gravid female blowfly lays clusters of yellowish-
cream eggs on wounds, soiled fleece or dead animals,
being attracted by the odour of the decomposing mat-
ter.

In temperate areas under summer conditions, the
eggs hatch into larvae in about 12 hours; the larvae
then feed, grow rapidly and moult twice o become
fully mature maggots in 3-10 days. These then drop to
the ground and pupate. The pupal stage is completed
in 3-7 days in summer and the emergent female My,
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after a protein meal, reaches sexual maturity. The fer-
tilized female can lay up to 3000 eggs, usually in
batches of 100-200. Adult flics can live for about 30
days, and up to four gencrations can develop between
May and September. The final generation overwinters
in the soil, usually as pupae, to emerge in the following
spring.

In warmer climates the number of generations per
annum is greater and up Lo nine or ten have been
recorded in southern Africa and Australia.

EPIDEMIOLOGY

The blowflics which attack sheep fall into two main

categories:

{1y Primary flies, which arc capable of initiating a
strike on living sheep. These include Lucifia and
Phormia spp. and some Calliphora spp.

{2) Secondary flies which cannot initiate a strike, but
attack an area already struck or otherwise dam-
aged. They frequently cxtend the injury render-
ing the strike one of great severity. Examples
include many Calliphera spp. and in warmer cli-
mates Chrysomya spp.

There is some evidence that the development of
larvae of the secondary flics results in competition for
food with larvae of primary flies. This battle is usually
won by the secondary larvae particularly in countrics
where Chrysomya spp. are prevalent as larvac of this
genus are carnivorous and feed on the larvae of the
primary flies.

In Australia a further group of “tertiary’ flies com-
posed of the Musca group are found mainly when the
lesions of the ‘struck” carcass are becoming dry.

The epidemiclogy of cutaneous myiasis in sheep
depends on factors which affect the prevalence of
blowflies and those which affect host susceplibility.
The three principal factors arc:

(1} Temperature. In temperate areas, the warmer
temperatures of late spring and summer stimu-
lalc hibernating pupae to complete their devel-
opment and the first wave of adult blowflies then
appears. High ambient temperatures, provided
the relative humidity is also high, will favour the
creation of suitable areas of microclimate in the
fleece which attract the adult flies to lay their
eges.

(2) Rainfall, Persistent rain can create ‘wool rot’
which makes the fieece attractive to the adult
flies. The [atter are not active during rainfall,
but become so immediately the rain ceases, tak-
ing advantage of the flecce conditions produced
by the rain. Breeds of sheep with long fine
wool are particularly susceptible to wool or
fleece rot.
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(3) Host susceptibility, This is increased where
putrefactive odours develop on the fleece and
usually originate due to bacterial decomposition
of organic matter. The commonest causes of this
are soiling of the hindquarters due to urine or
diarrhoca and injuries due to shearing, fighting
or barbed wire.

Certain breeds of sheep, such as the Merino, possess
a narrow breech area with excessive wrinkling of skin,
which favours constant soiling by urine or faeces and
so attracts blowflies. In rams and wethers with a nar-
row opening of the penile sheath the accumulation of
uring favours strike in this area.

From a consideration of the above factors it is clear
that in Europe the blowfly season occurs from the
beginning of June until the end of September. In hill
sheep, there occurs a first phase in June which affects
the unshorn adults, the lamb flecce being insufficiently
grown. Immediately [ollowing shearing, there is little
or no strike, but a second phase occurs in August/
September and affects the lambs as their fleeces grow.
In lowland flocks where shearing is earlier the first
phase is less conspicuous and the second, affecting
mainly the lambs, occurs earlier, in July.

Since the number of fly generations is greater in
warmer countries, the period of risk is more prolonged
and is especially high in warm, moist weather.

PATHOGENESIS

Alter the eggs are deposited on the wool by the
primary adult fly, the larvae emerge and crawl down
the wool on to the skin, which they lacerate with their
oral hooks, and scerete proteolylic enzymes which di-
gest and liquefy the tissues, Secondary blowflies are
then attracted by the odour of the decomposing tissues
and their larvae extend and deepen the lesion. The
situation is often complicated by secondary bacterial
infection.

The irritation and distress caused by the lesion is
cxtremely debilitating and sheep can rapidly lose con-
dition. The latter is often the first obvious sign of strike
as the lesion occurs at the skin surface and is some-
times observed only on close examination. Where
death oceurs, it is often due to septicacmia.

Strike may be classified according to the arca of the
body alfected, ie. breech, tail, body, poll or penile
sheath (‘pizzle rot’). In Europe body strike, emanating
from wool-rot created by heavy rainfall, is the most
common.

in Australasia, South Africa and South America
where the Merino breed is prevalent, breech and tail
strike are the most common due to the conlormation
of this breed and the wrinkled skin in the breech
area which favours the accumulation of urine and
facces.

Veterinary Parasitology

CLINICAL SIGNS

Affected sheep are anorexic, appear dull and usually
stand away from the main flock. In body strike the
fleece in the affected area is darker, has a damp ap-
pearance and a foul odour. However, except for ad-
vanced cases, nothing else can be seen until the fleece
is parted, revealing the damaged skin (Plate VTIE) and
the maggot larvae.

DIAGNOSIS

This is based on the clinical signs and recognition of
maggots in the lesion.

TREATMENT

Once the problem is diagnosed, all affected sheep
should be separated and the area surrounding the le-
sion clipped, where possible larvae removed, and the
lesion dressed with a suitable insccticide such as
diazinon, cypermethrin or deltamethrin,

CONTROL

This has been based largely on the prophylactic treat-
ment of sheep with insecticides. The problems associ-
ated with this are the relatively short period spent by
the larvac on the sheep, the repeated infestations
which occur throughout the season and the rapidity
wilh which severe damage occurs. Any insecticide
used must therefore not only kill the larvae, but persist
in the fleece. In this respect the chlorinated hydrocar-
bon, dicldrin, proved particularly cffective and gave
protection for at least 20 weeks. However this product
has been withdrawn on salety grounds and replaced
mainly by organophosphorous compounds and syn-
thetic pyrethroids which have much shorter periods of
persistence.

Application of these insecticides is made by hand-
spraying, plunge dipping or, more rarely in Europe, in
a spray race ar by jetting. In Europe the high preva-
lence of body strike makes whole body protection
necessary. [n practice two annual treatments, usually
in June and August should give protection for the
whole of the fly season.

Am inscct growth regulator, cyromazine, gives pro-
tection for up to two months after a single application.
The drug is applied as a pour-on before an anticipated
challenge.

Other measures which should be taken to aid con-
trol are the prevention of diarrhoea by effective worm
control and the removal of excess wool from the groin
and perineal area to prevent soiling, a technique
known as crutching. Burial or burning of carcasses,
which otherwise offer an excellent alternative breed-
ing place for blowflies, is also recommended.
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In Australia where the Merino breed predominates,
selective breeding of sheep with plain rather than
wrinkled breech areas has been tried but progress has
been slow. An alternative has becn the usc of Mule's
operation in which prophylactic surgery is used to re-
move a part of the breech skin so that when the ex-
cised areas heal the skin is flat rather than wrinkled.

SCREW-WORM MYIASIS

The name screw-worm is given to the larvae of certain
species of Cochliomyia (syn. Callitroga) including C.
hominivorax and C. macellaria, and to that of a single
species of Chrysomya, C. bezziani, which cause
myiasis in animals and occasionally man.

These bluish-green flies have longitudinal stripes on
the thorax and orange-brown cyes (Plate IX). They
occur primarily in tropical arcas and lay their eggs on
woinds, the larval stages characteristically feeding as
a colony and penetrating the tissues creating a large
and foul-smelling lesion. C. hominivorax was such a
problem in the southern USA that a mass eradication
campaign using biclogical control was undertaken.
This involved the release of up to 1000 male flies,
sterilized by irradiation, per square mile. Since the
female fly mates only once, control proved very suc-
cessful except where the flies, which are capable of
flying up to 200 miles, migrated from across the Mexi-
can border.

It used to be thought that Chrysomya was conlined
to the Old World, Africa and Asia, while Cochliomyia
was only present in the New World. However, in 1988,
Cochliomyia hominivorax was introduced into Libya
apparently through imported infested livestock from
Latin America. The potential threat o Alrica and
Europe was contained and finally climinated in 1991
by the energetic application of the sterile male tech-
nigue involving the release of millions of sterilized
male flies imported from Mexico. 1n a less spectacular
fashion various species of Chrysomya have been de-
seribed from various South American countries since
1975, pussibly introduced by infested livestock which
accompanied Portuguese speaking immigrants from
Angola in that year.

TUMBU FLY MYIASIS

Larvae of Cardylobia anthrapophaga, the ‘tumbu fly’,
are responsible for myiasis in man and animals in sub-
Saharan Africa. The larvae develop under the skin
and produce a painful swelling with a small central
opening.

Family SARCOPHAGIDAE

The Sarcophagidae or ‘flesh flies’ such as Sarcophaga
and Wohlfahrtia are widely distributed, and lay their
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larvae in sores, wounds or decomposing flesh; they
primarily affect man and only occasionally animals.
The larvac can causc great disfiguration.

IFamily OLSTRIDAL

This is an important family consisting of several gen-
era of large, usually hairy, flies whose larvae are ob-
ligatory parasites of animals. The adults have
primitive, non-functional mouthparts and are short-
lived whereas the highly host-specific larvae spend a
considerable time feeding and developing in their ani-
mal hosts.

Three genera which behave similarly are considered
here, namely Hypoderma, Oestrus and Gasterophilus
(the latter is currently often classified in a separate
family, the Gasterophilidae).

Hvpodermna

The members of this genus are the ‘warble flies” and
their economic importance is reflected in the national
eradication schemes which have been undertaken in
several countries.

Hosts:
Cattle; the larvae occur erratically in other animals
including equines, sheep and, very rarely, man.

Species:
Hypoderma bovis
H. lineatum.

Distribution:

Northern hemisphere. However, [fypoderma is absent
from extreme northern latitudes, including Scandina-
via, and it has occasionally been found sparsely south
of the equator in Argentina, Chile, Peru, and southern
Africa, following accidental introduction in imported
cattle.

MORPHOLOGY

Adults:

H. bovis and H. lineatum 1esemble bees, but, being
Diplera, have only one pair of wings; the abdomen is
covered with yellow-orange hairs with a broad band of
black hairs around the middle (Plate X).

Larvae:

The mature larvae are thick and somewhat barrel-
shaped, tapering anteriorly; when mature they are 2.5
3.0 cm long, and most scgments bear short spines (Fig.
122}, The coelour is dirty while when newly emerged
from the host, but rapidly turns to dark brown; the
pupa is almost black.
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LIFE CYCLE

The adult flies are active only in warm weather, and in
Eurcpe the peak period is in June and July. The fc-
males attach their eggs to hairs, H. hovis singly on the
lower parts of the hody and on the legs above the
hocks, and H. lineatum in rows of six or more on
individual hairs below the hocks (Fig. 123). Below
18°C there is no fly activity.

‘The first stage larvae, which are less than 1.0mm
long, hatch in a few days and crawl down the hairs,
penetrate the hair follicles and migrate towards the
region of the diaphragm. Migration is aided by the use
of paired mouth hooks and the secretion of proteolytic
enzymes, and the larvae feed as they travel to the
resting sites where they will spend the winter, I1.
lineatum to the submucosa of the oesophagus and /1.
bovis to the cpidural tat in the spinal canal. These sites
are rcached in late autumn, usually aflter the end of

Rows of spines

Fig. 122 Hypoderma larva showing segmeanted appearance, short
spines and posterior spiracles.

Fig. 123 Eggs of Hypoderma. (a) H. bovis; (b) H. lineatum.
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November in Europe, and the moult to the second
stage occurs there. [n February and March migration
is resumed, and the L, arrive under the skin of the
back where they moult to the L,, which can be pal-
pated as distinct swellings (‘warbles’). A cutaneous
perforation is made by the L; and the larvac breathe
by applying their spiracles to the aperture. After about
4-6 weeks in this site they emerge, H. [ineatum in
March-May, and H. bovis in May—June, and fall to
the ground where they pupatc under leaves and loose
vegetation for about five weeks. The adults then
emerge, copulatc and the females lay their cggs and
die, all within 1-2 weeks. Oviposition can take place as
soon as 24 hours after emergence from the puparium.

PATHOGENIC SIGNIFICANCE

By far the most important feature of this genus is the
economic loss caused by down-grading and condem-
nation of hides perforated by larvac.

In addition, however, the adult flies themselves are
responsible for some loss. When they approach ani-
mals to lay their eggs their characteristic buzzing
neise, which appears to be instantly recognizable,
causes the animals to panic, or ‘gad’, sometimes injur-
ing themsclves on posts, barbed wire, and other obsta-
cles, Dairy cows show reduced milk yield, and beef
animals have reduced weight gains as a result of inter-
rupted feeding. H. hovis is the most important in this
respect, since it lays its cggs singly on the apper body,
pursuing animals for some distance and making rc-
peated buzzing attacks, H. lineatum reaches the ani-
mals by a series of hops along the ground and remains
on the lower limb for a time while it lays its row of
epgs, so that the animal may be unaware of its pres-
ence. In parts of the TISA this species is appropriately
termed the ‘heel fly".

The L, undecr the skin damage the adjacent flesh and
this nceessitates trimming from the carcass the green-
ish, gelatinous tissue called ‘butcher’s jelly’, also seen
in the infested oesophageal submucosal tissues.

Finally, if larvac of H. bovis should die in the spinal
canal, the releasc ol a highly toxic proteolysin which
they contain may cause paraplegia, while the death of
H. lineatum larvae in the oesophageal wall may cause
bloal through oesophageal stricture and faulty regur-
gitation. Larval death in other regions may, in very
rare cases, lcad (0 anaphylaxis in sensitized animals.

CONTROL

Hypoderma is susceptible to systemically active
organophosphorus insecticides and (o ivermectin. The
organophosphorus preparations are applied as ‘pour-
ons’ to the backs of cattle and are absorbed systcmi-
cally from there; ivermectin is given by subcutaneous
injection. In control schemes in Europe, a single an-
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nual treatment is usually recommended, preferably in
September, October or November, before the larvae
of H. bovis have reached the spinal canal, so that there
is no risk of spinal damage from disintegration of dead
larvae. Treatment in the spring, when the larvac have
left their resting sites and arrived under the skin of the
back, though cflective in control, is less desirable since
the hide has then been perforated by the breathing L.
However, in some countries, such as the United King-
dom, such treatment is mandatory if warbles are
present on the backs of cattle.

Hypoderma has a great capacily for population re-
generation, and hence any control measures must
have total eradication as their object, with safeguards
against reintroduction. For this reason the most suc-
cessful schemes, supported by legislation, such as re-
striction of cattle movement on infected farms and
compulsoty treatment in the autumn, have been un-
dertaken on islands, the United Kingdom and Eire
being notable examples. For example, in the former
the prevalence of infected cattle has dropped during
the past two decades from around 40% to virtually
zero. However evidence of infection is still occasion-
ally encountered in animals imported into the UK.,
Other areas which have had successful eradication,
such as Denmark and the Netherlands, are clearly at
greater risk of reintroduction.

HYPODERMA INFECTION IN OTHER
ANIMALS

DEER

In these animals H. diana is equivalent to H. bovis in
cattle, using the spinal canal as its larval resting placc.
The fly is most active in May and June, but it is not
recognized as a cause of *gadding’ in deer. The mature
larvae occur subcutaneously along the back, and the
hide damage is similar to that in cattle, with linear
perforations. With the success of control measures
against warbles in cattle, it is important to rcalize that
H. diana, though capable of infecting many species of
deer, will not infect cattle so that even in arcas where,
as is commonly the case, almost all the deer carry the
parasitic larvac, cattle are not at risk. Like other spe-
cies, H. diana is susceptible to the organophosphorus
insecticides and to ivermectin.

EQUINES

These animals may become infected with Hypoderma
specics of cattle and deer as erratic parasites, and a
proportion of larvae will develop to maturity in the
back, causing problems if they occur in the saddle
region. In such cases treatment is by minor surgery or
the topical application of insceticide. In some areas of
the USA where horses are regularly infected, trials
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have shown that the annual use of pour-on systemic
insecticides is an effective prophylactic measure.

SHEEP

There have been a few reports of warble infection in
sheep in the United Kingdom, with H. diana as the
likely species involved, but in these infections the lar-
vae have never developed fully, simply forming so-
called ‘blind warbles’, without skin perforation.

Oesiris

Larvae of this genus spend the parasilic period in the
air passages of the hosts and are commonly referred to
as ‘nasal bots”.

Hosts:
Sheep and goats.

Species:
Oestrus ovis.

Distribrution:
Worldwide,

MORPHOLOGY

Adults:

Grey flies about 1.0 cm long, with small black spots on
the abdomen and a covering of short brown hairs
(Plate X).

Larvae:

Mature larvac inn the nasal passages are about 3.0 cm
long, yellowish-white, tapering anteriorly with a
prominent ‘step’ posteriorly. Each segment has a dark
transverse band dorsally (Fig. 124).

LIFE CYCLE

The females are viviparous and infect the sheep by
squirting a jet of liquid containing larvae at the nostrils
during flight, up to 25 larvae being delivered at a time.
The newly deposited L, are about 1.0mm long, and

Fig. 124 OQestrus ovis larva showing posterior ‘step’ and dorsal
transverse bands on segments.
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migrate through the nasal passages to the frontal si-
nuses feeding on mucus whose secretion is stimulated
by their movements. The first moult occurs in the nasal
passages, and the L, crawl into (he [rontal sinuses
where the final moult to L, takes place. In the sinuses,
the larvae complete their growth and then migrate
back to the nostrils. Where flies are active throughout
the year, two or three generations are possible, but in
cool or cold weather the small L, and L, become dor-
mant and remain in recesses of the nasal passages over
winter; they move to the frontal sinuses only in the
warmer spring weather, and then complete their de-
velopment, the L, emerging [rom the nostrils and pu-
pating on the ground to give a further generation of
adults, The temales survive only two weeks, but during
this time each can deposit 500 larvae in the nasal pas-
sages of sheep.

PATHOGENIC SIGNIFICANCE

Most infections are light, sheep showing nasal dis-
charge, sneezing, and rubbing their noses on fixed
objects. In the rare heavier infections, there is
unthriftiness and sheep may circle and show incoordi-
nation, these signs being often termed “false gid’. Il a
larva dies in the sinuses there may be secondary bacte-
rial invasion and cerebral involvement.

The most important effects, however, are due to the
activity of the adult flies. When they approach sheep
to deposit larvae the animals panic, stamp their feet,
bunch together and press their nostrils into cach oth-
ers’ fleeces and against the ground. There may be
several attacks each day, so that feeding is interrupted
and animals may fail to gain weight.

QOestrus can occasionally also infect man. Larvae are
usually deposited near the eyes, where a catarrhal con-
junctivitis may result, or around the lips, leading to a
stomatitis. Such larvae never fully develop.

TREATMENT AND CONTROL

Where the numbers of larvac arc small, it may not
be economically worthwhile to treat. However, in
heavy infections, nitroxynil, rafoxanide and iver-
mectin arc highly effective as are the organ-
ophosphates, trichlorfon and dichlorvos.

Should a control scheme be necessary it has been
suggested by South African workers that flock treat-
ment should be given twice in the year, the first at the
beginning of summer to kill newly-acquired larvae,
and the second in midwinter to kill any overwintering
larvae.

Crasteropiiluys

Members of this genus are commonly referred to as
‘bot flies’. Their larvae, termed ‘bots’, spend most of
their time developing in the stomach of cquincs, but
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they are generally considered of little pathogenic sig-
nificance.

Hosts:
Horses and donkeys.

SPECIES AND DISTRIBUTION

Major species:

Ciasterophilus intestinalis

. nasalis } Worldwidc

G. haemorrhoidalis

. pecorum Europe, Africa, Asia.

Minor species:
(. inermis N. Europe, N. Asia, N.
Africa and south to
Zululand

Spain, Middle East,
southern Russia, China.

G. nigricornis

MORPHOLOGY

Adults:

Bot flics are robust dark flies 1-2 cm long (Plate X).
The most common species, G. intestinalis, has irregu-
lar, dark, transverse bands on the wings, but species
differentiation of adult flies is rarely nccessary.

Larvae:

When mature and present in the stomach or passed
in facces these are cylindrical, 16~20 mm long and
reddish-orange with posterior spiracles, the morphol-
ogy of which is different from those of Qestrus and
Hypoderma larvae. Differentiation of mature larvae
of the various specics can be made on the numbers
and distribution of the spines present on various seg-
ments.

LIFE CYCLE

The life cycles of the various species differ only
slightly. In temperate areas adult flies are most active
in late summer and in the case of the common bot fly,
G. intestinalis, eggs are laid on the hairs of the fore legs
and shoulders, whereas the throat bot fly, G. nasalis,
and the nose bot fly, (7. haemorrhoidalis, lay their eggs
in the intermandibular arca and around the lips re-
speclively, The eggs are easily seen being 1.0-2.0mm
long and usuvally creamy white in colour; they either
halch spontaneously in about five days or are stimu-
lated to do so by warmth which may be generated
during licking and self-grooming. Larvae either crawl
into the mouth or are transferred to the tongue during
licking. These then penctrate the tongue or buccal
mucosa and wander in these tissues for several weeks
before passing via the pharynx and oesophagus to the
stomach where they attach to the gastric epithelium.
An apparent exception to this is G. pecorum, which
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lays eggs on pasture and these are ingested by horses
during grazing.

In the stomach the red larvae of G. intestinalis fa-
vour the cardiac region (Fig. 125) whereas the yellow
(5. nasalis larvae attach around the pylorus and some-
times the duodenum. Larvac remain and develop in
this site for periods of 10-12 months and when mature
in the following spring or early summer, they detach
and are passed in the faeces: in a few species, notably
(. haemorrhoidalis, the larvae reattach in the rectum
for a few days before being passed out. Pupation takes
place on the ground and after 1-2 months the adult
flies emerge. These do not feed and live for only a few
days or weeks during which time they mate and lay
epps. There is therefore only one generation of flies
per year in temperate areas.

PATHOGENIC SIGNIFICANCE

Adult flies are often a source of great annoyance when
they approach horses to lay their eggs, especially those
species which lay their eggs around the head.

The presence of larvae in the buccal cavity may lead
to stomatitis with ulceration of the tongue, but this is
very rarc. On attachment by their oral hooks to the
stomach lining, larvae provoke an inflammatory reac-
tion with the formation of funnel-shaped ulcers sur-
rounded by a rim of hyperplastic epithelium. These
are commonly seen at postmortem examination of
horses in arcas of high fly prevalence and although
dramatic in appearance their true pathogenic signifi-
cance remains obscure. Larvae of (. haemorrhvidalis
can cause irritation when they reattach in the rectum.
Despite the lack of detail on the pathogenic effect of
bots, treatment is usually reccommended as owners are
concerned when larvac appear in the faeces. Treat-

Fig. 125  Gasterophilus intestinafis larvae attached to cardiac area
of the stomach.
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ment, however, does reduce fly populations and thus
the fly-worry associated with egg laying. Rarely, ab-
normal hosts such as man or other animals may be
infected with a few bots, but migration of larvae is
usually limited to the skin causing a ‘creeping erup-
tion’.

CONTROL

From the life cycle it is obvious that in temperate
areas, almost the entire Gasterophilus population will
be present as larvac in the stomach during the winter
since adult fly activity ceases with the advent ol the
first frosts in autumn. A single treatment during the
winter, therefore, should effectively break the cycle.
In certain areas, where adult fly activity is prolonged
by mild conditions, additional treatments may be re-
quired. The most widely used specific drugs include
carbon disulphide and trichlorfon; the broad spectrum
insecticide/anthelmintics, dichlorvos and ivermectin
are also very effective against hots.

Tf, during the summer and autumn, eggs are found
on the coat, subsequent infection can be prevented by
vigorously spenging with warm water containing an
insecticide., The warmth stimulates hatching and the
insecticide kills the newly-hatched larvae.

Dermaiobia

This fly, often placed in a separate family from the
other ocstrids, is a serious problem in human and ani-
mal medicine in Central and South America.

Hosts:
Man, most domestic and wild mammals, and many
types of bird.

Species:
Dermatobia hominis.
Distribution:

Latin America from Mexico to northern Argentina,
and the island of Trinidad.

MORFPHOLOGY

Adule:

The fly resembles Cafliphora, the abdomen having a
bluish metallic sheen, but there are only vestigial
mouthparts covered by a flap.

Larvae:
Mature larvae measure up to 2.5 c¢m long and arc
somewhat oval.

LIFE CYCLE

Dermarobia 15 most common in forest and bush re-
gions, the latter known in many parts of south
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America as the ‘monte’. The female has a sedenlary
habit, resting on leaves, and when oviposition is immi-
nent she catches an insect, usually a mosquito, and
attaches to its abdomen a batch of up to 25 eggs. While
altached to this transport host the L, develop within
the eggs in about a week, but do vot hatch until the
insect lands on a warm-blooded animal. The larvae
then penetrate the skin, migrate to the subcutis, and
develop to the L, breathing through a skin per-
foration in the fashion of Hypoderma. The mature
larvae (Fig. 126) emerge after about three months and
pupate on the ground for a further month before the
adult flics cmerge. There are up to three generations
each yeur.

PATHOGENIC SIGNIFICANCE

The larvac occur in swellings in various paris of the
body (Fig. 126). and these may suppurale and cause
severe pain; in Latin Amcrica the condition is often
known as ‘Ura’.

(b}

Fig. 126 (a) Mature Dermatobia larvae being expressed from skin;
(b) Genera! view of skin affected by Dermatobia.

In man the most common larval sites are the ex-
tremities of the limbs and the scalp, Fatal cercbral
damage has occurrcd in children when larvae have
migrated through the fontanelle into the cranial
cavity.

Dermatobia is a major problem in cattle in South
America. Lesions are most numerous on the upper
body, neck, back, flanks and tail, and arc oflen
grouped together, forming large, confluent, and
often purulent swellings (Fig. 126). As well as hide
damage, the pain and distress of the lesions result
in retarded growth and lowered meat and milk pro-
duction, a loss compounded by the fact that cattle
spend much time standing on bare, dry ground, in
prefercnce to grazing in the forest and scrubland habi-
tats of the fly.

CONTROL

Though the larvae are susceptible to systemic insecti-
cides, the rapid turnover of generations and the lack of
seasonalily demand that any control regime must in-
volve repeated treatments, and will therefore be ex-
pensive. However, if the cost is acceplable, control can
be achieved by frequent sprays, dips or pour-on prepa-
rations of organophosphorus compounds such as
trichlorfon, and by parenteral administration of
ivecrmectin or closantel.

LESSER OESTRID GENERA

The following cestrids, though of limited geographical
distribution, are locally of veterinary importance.

Przevalskiana (syn. Crivellia)

This genus parasitizes domestic goats and less com-
monly sheep, with gazelles as wild reservoirs over
much of its range. The major species is P. silenus,
occurring in Asia, the Middle East, North Africa and
southern Europe; P. aegagri has a more limited distri-
bution in Tarkey, Israel, Crete and Cyprus.

The fly has much in common with Hypoderma, the
third stage larva occurring under the skin of the back.
The eggs are laid in short rows on the hairs of the legs
and chest, and, after penetrating the skin, the L, mi-
grate in the subcutis directly to the back, so that therc
is no risk of complications from resting larvae in stra-
tegic sites, as can happen with Hypoderma.

Though heavy infestations can result in loss of
weight, the chief importance of Przevalskiana is in
hide damage. In parts of the Purjab more than 90% of
goats are infected, and since the Indian sub-continent
produces about one third of the world supply of goat
skins the parasite has some influence on the region's
economy.

r
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Cephenemyvia

The third stage larvae of this fly inhabit the
nasopharynx of decr. Onc species, C. trompe, has al-
ways been recognized as a problem in reindeer, but
with increased domestication of red deer, C.
auriharbis, the species occurring in these animals, is
now of some economic importance. Several other spe-
cies occur in wild deer in Europe and North America.

The adult flics are active from June to September,
and, like Oestrus, the females are vivipurous, The fly
hovers close to the animal, then darts in and ejects
larvae in fluid. Further development oceurs in the
nasopharynx, and the L,;, which may be 4.0cm long,
are sneezed oul. The pupation period is about four
weeks,

The adult flies cause ‘gadding’ in deer, with loss of
condition. Although the larvae occasionally cause
death from suffocation their general effect is loss of
condition. In summer, keratitis and blindness may oc-
cur in reindeer when larvac are deposited in the eye.

Oedemagena

In the reindeer and caribou of northern Europe, Asi-
atic Russia and Amcrica Q. warandi rteplaces
Hypoderma diana of more southern deer.

The adult flies resemble Hypoderma, with reddish-
yellow hairy abdomens, and are active in July and
August, each female laying between 300 and 700 eggs,
which are attached to the downy undercoat, rather
than the outer hair. The flanks, legs, and brisket are
preferential laying sites, Unlike Hypoderma, however,
the L, migrate directly to the back in the subcutaneous
connective tissue.

The adult flies cause gadding, and the newly
hatched larvae may cause a dermatitis with local
oedema when they penetrate the skin. The main im-
porlance of this genus, howcever, is cconomic, from
damage to hides by the L;, and in Sweden this loss can
amount to a fifth of the total income from reindeer
herds. Two hundred holes are commonly produced in
typically infested reindeer skins in Russia.

Insecticides effective against the bovine warble ap-
pear able 1o limit this infection.

Gedoelstia

In southern Africa this oestrid fly is responsible for an
oculo-vascular myiasis causing extrusion of the eyeball
in sheep and, rarely, cattle. The larvae are deposited
by the adult flics in the orbit of the natural hosts,
which are antelopes, and travel by a vascular route Lo
the nasopharynx where they mature, thus showing
some affinity with Cephenemyia. Some larvae appear
to include the lungs in this migration. In these hosts,
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the infection is tolerated without clinical signs, and the
infection becomes of vetlerinary importance when do-
mestic ruminants are grazed closed to, or among, the
wild hosts.

In sheep the larvae begin their migration, and many
arrive in the brain, ocular tissucs and heart. It is in the
eye that the signs are most prominent, with glaucoma,
extrusion, and even rupture of the eyeball, but
myocardial, pulmonary and renal infarction may oc-
cur, as well as encephalomalacia, from vascular throm-
bosis.

Flocks may have a 30% morbidity, of which a third
will die, and in some areas sheep farming has had to be
abandoned to cattle farming because of this parasite.

Domestic stock can safely graze with antelope dur-
ing winter, when the flies are inactive (June-August).
They should be removed from such areas in early
spring since flies then begin to emerge from puparia
with the rising lemperature.

Organophosphates such as trichlorfon are effective
against the larvae and flock treatment will reduce the
blindness and mortality.

Cephalopina

This is the nasal bot fly of camels, equivalent to
Cephenemyia in deer and Qestrus in sheep, and occurs
over the entire range of both species of camel. A syno-
nym which is still encountered is Cephalopsis.

The fly deposits its larvae in the nostrils, from which
they migrate to the nasopharynx and nasal sinuses.
The larval phase usually occupies about 11 months,
and is associated with inflammation, sometimes puru-
lent, of the nasopharyngeal mucosa. Camels snort and
sneeze and are restless, and may even stop feeding,
cspecially during the emergence of mature larvae
{rom the nostrils. When large numbers of larvae are
present the animals’ breathing and working capacity
may be severely impaired. Unlike many oestrids adult
Cephalopina do not panic the animals, and large
numbcrs arc often seen resting on the camels” heads
and around the nostrils, They are easily recognized by
the irregular blotches of black and white hairs on the
abdomen.

Familv THPPOBOSCIDAL

Members of this family were formerly classified with
Glossina in a separate suborder, the Puparia, because
the aduli females produce malure larvae which are
ready to pupate. However they and the closely related
Glossina are now regarded as groups within the
Cyclorrhapha.

The Hippoboscidae are unusual in being flattened
dorsoventrally and having an indistinctly segmented
abdomen which is generally soft and lcathery. They
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have piercing bloodsucking mouthparts, are parasitic
on mammals and birds and have strong claws on the
feet which allow them to cling to hair or feathers. They
tend to be either permanent ectoparasites or 1o remain
on their hosts for long periods. The two major genera
of veterinary importance are Hippobasca and
Melophagus.

Hippobosca

Members of this genus have wings and arc commonly
known as ‘forest flies’.

Hosts:
Mainly horses and caltle, but other domestic animals
and birds may be attacked.

Species and distribution:

Hippobosca equing  Worldwide

1 rufipes Africa

H. maculata Tropics and subtropics.

MORPHOLOGY

Adult flies are approximaltely 1.0¢m long and are gen-
erally pale reddish brown with yellow spots on the
indistinctly segmented abdomen. They have wings and
the major part of the piercing proboscis is usually
retracted into the head, except during feeding. Forest
flies remain on their hosts for long periods and their
preferred feeding sites arc the perineum and between
the hind legs.

LIFE CYCLE

Female flies lcave their hosts and deposit mature lar-
vae singly in dry soil or humus. Each female can pro-
duce only five or six larvae in its lifetime. These larvac
pupate almost immediately and change from a yellow
1o black colour; maturation to the adult stage is tem-
perature-dependent and in temperate areas flies are
most abundant in the summer months.

PATHOGENIC SIGNIFICANCE

Some animals apparently become accustomed to at-
tack by these flies and several hundred may be secn
clustered around the perineum of horses without the
animal showing a great dcal of annoyance. However,
they may be a source of great irritation to animals not
accustomed to attack,

Since they pierce the skin to suck blood they may be
mechanical vectors of blood parasites such as the non-
pathogenic Trypanosoma theileri in cattle.

CONTROL

This is best achieved by topical application of insccti-
cides, preferably those with some repellent and re-
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sidual effect such as the synthetic pyrethroids,

permethrin and deltamethrin.

Melophagus

Hosts:
Sheep.

Species:
Melophagus ovinus.

Distribution:
Worldwide but most common in temperate areas.

MORPHOLOGY

Commonly called the sheep ‘ked’, M. ovinus is a hairy,
wingless insect approximately 5.0mm long with a short
head and broad, flattened, brownish thorax and abdo-
men. It has strong legs provided with claws and is a
permanent ectoparasite (Plate VIII).

LIFE CYCLE

Adults live for several months and the larvae pro-
duced by the females adhere to the wool. These are
immobile and pupate immediately, the 3.0-4.0mm
long brown pupae being easily visible on the fleece.
Adult keds emerge in approximately three weeks in
summer, but this period may be extended consider-
ably during winter. Ked populations build up slowly
since only one larva is produced by each female every
1012 days, up to a total of 15. Adults and pupac can
only live for short periods off their hosts. M. ovinus is
the wvector of the non-pathogenic Trypanosoma
melophagivm. Heavy inlestations of keds are most
commonly seen in aulumn and winter.

PATHOGENIC SIGNIFICANCE

Since keds suck blood, heavy infections may lead to
loss of condition and anaemia. They are spread by
contact and long-wooled breeds appear to be particu-
larly susceptible. The irritation caused by these para-
siles also results in animals biting and rubbing with
resultant damage to the fleece.

CONTROL

Specific measures are rarely undertaken, since the
routine use of insecticides for the control of blowflies
and ticks usually also results in the efficient control of
keds.

Other hippoboscids

There are a number of other genera of hippoboscids
of limited wveterinary importance. One genus
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Pseudolynchia parasitizes birds and closely resembles
the sheep ked, but has wings. P. canariensis may be a
problem in young pigeons due to their painful bites
and blood sucking. Some members of another genus
Lipoptena are parasiles of deer and arc similar to
Hippobosca except that they lose their wings after
locating their hosts. The behaviour and control of all
hippoboscids is similar.

it P i o il E
These are the lice. Insects of this order are highly hosl-
specific, and are permanently ectoparasitic, most be-
ing unablc to survive away from the host for more than
a day or two.

They are of variable size and colour, but all are
flattened dorsoventrally. Most are blind, but a few
species have primitive eyes which are mercly photo-
sensitive spots. The legs terminate in claws, the lice of
mammals having one claw on each leg, while those of
birds have two (Fig. 127).

There are two suborders:

Anoplura: the sucking lice; these occur only on

mammals.

Mallophaga: the biting lice; these occur on both

mammals and birds.

Heavy infestations of sucking lice can cause severe
anaemia, while both sucking and biting lice are a
source of irritation and skin damage which may lead to
a loss of production and damage to hides.

The following are the more common genera of the

Fig. 127 The legs of mammaiian lice each possess one claw while
those of birds have two,
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suborders found on domestic animals. Individual
species are dealt with under the appropriate hosts.

small, pointcd heads and terminal mouthparts. They
are generally slow-moving, and have powerful legs,
each with a single large claw. They occur exclusively
on mammals.

Haematopinus: The short-nosed louse. This is the
largest louse of domestic mammals, up to 0.5¢cm in
length. It is yellow or greyish-brown with a dark stripe
on each side (Fig. 128).

Hosts:
Cattle, pigs, equines.

Linognathus: This, the ‘long-nosed’ louse (Fig. 128),
is bluish-black and the eggs are exceptional in being
dark blue, and are less easy to see on hair.

Hosts:

Cattle, sheep, goats, dogs.

Solenopotes: Small bluish lice, which tend to occur in
clusters.

Hosts:
Cattle.

Although the biting lice are generally smaller (up to
3mm) than the anoplurans the head is relatively much
larger, occupying the width of the body, and is
rounded anteriorly, with the mouthparts ventral. The
claws are small, the genera on mammals having one on
each leg, and those on birds, two.

BITING LICE OF MAMMALS

Damalinia: These lice are a reddish-brown colour
(Fig. 129).

Hosts:
Cattle, sheep, goats, equines.

Felicola: Distinctive among the mallophagans in hav-
ing a pointed head, somewhat resembling the
anoplurans. It is, nevertheless, a true biting louse, with
ventral mouthparts (Fig. 129).

Host:
Cat.

Trichodectes: This louse is short, broad and yellowish,
and Is important as a vector of the tapeworm,
Dipylidium caninum.
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Fig. 128 Two common genera of sucking lice of mammals: {a)
Haematopinus; (b) Linognathus.

Host:
Dog.

Heterodoxus: A slender, yellowish louse, confined to
tropical and subtropical regions.

Host:
Dog.

BITING LICE OF BIRDS

Birds harbour a great many genera, and the following
list comprises a few of the more common. Many of
these have acquircd names, relating to their preferred
sites on the body.

Major genera: (Fig. 130)

Lipeurus ‘wing louse’

Cuclotogaster ‘head louse’} domestic fowl
Menacanthus ‘body louse’

Minor genera:
Goniocotes
Menopon

‘fluff louse’

‘shaft louse’} domestic fowl

Veterinary Parasitology

Goniodeys

Columbicola pigeons and
doves

Holomenopon ducks.

GENERAL LIFE CYCLE OF LICE

Lice of the two suborders have very similar life cycles.
During a life span of about a month the female lays
200-300 operculate eggs (‘nits’). These are usually
whitish, and are glued to the hair or feathers where
they may be seen with the naked eye.

There is no true metamorphosis and from the ege
hatches a nymph, similar 1o, though much smaller
than, the adult. After three moults the fully grown
adult is prescnt. The whole cycle from egg to adult
takes 2-3 weeks.

The anoplurans, with their piercing mouthpart,
feed on blood, but the mallophagans, equipped for
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Fig. 129 Two common genera of biting lice of mammals: {a) Damalinia; {b) Felicola.

biting and chewing, have a wider range of diet. Those
on mammals ingest the outer layers of the hair shalls,
dermal scales, and blood scabs; the bird lice also feed
on skin scales and scabs, but unlike the mammalian
species, they can digest keratin, so that they also eat
feathers and down.

Some genera are capable of rapid population ex-
pansion by changing to asexual reproduction by par-
thenogenesis, the most notable example in domestic
stock being Damalinia.

LOUSE INFESTATION (PEDICULOQSIS) IN
CATTLE

Pediculosis in catile occurs throughout the world, and
is seen in these animals more commonly than in any
other domestic mammals,

The various genera have prelerential sites on the
animal, but in heavy infections they spread from these
reservoir areas to involve the whole body.,

Damalinia bovis, the solitary biting species, lavours
the top of the head, especially the curly hair of the poll
and forehead, the neck, shoulders, back, and rump,
and occasionally the tail swiltch. Of the sucking lice,
Linognathus vituli and Solenopotes capillaius prefer
the head, neck and dewlap, while each species ol
Haematopinus has its own preference; 1. eurysternus
occurs on the poll and at the base of the horns, in the
ears, and around the eves and nostrils (Plate X1), and
even in mild infestations is found in the tail switch,
while H. quadripertusus is limited (o the tail region.

Some species, notably H. eurysternus and L, vituli,
are gregarious in habit, forming dense, isolated clus-
ters.
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Fig. 130 Two common genera of biting lice of birds: (a) Lipeurus; (b) Menacanthus.

With the exception of If. guadripertusus, which is
confined to warmer areas such as Africa and
Australia, all the cattle lice mentioned above are found
throughout the world, from arctic to tropical zoncs.

EPIDEMIOLOGY

In warm countries there is no marked seasonality of
bovine pediculosis, but in cold and temperate regions
the heaviest infestations are in late winter and carly
spring, when the coat is at its thickest, giving a shel-
tered, bulky and humid habitat for optimal multipli-
cation. The most rapid annual increase in louse
populations is seen when cattle are winter-housed, and
Damalinia especially, with its faculty for parthenogen-
esis, can build up in numbers very quickly.

In late spring there is an abrupt fall in the numbers
of lice, most of the parasites and eggs being shed with

the winter coat. Numbers generally rcemain low
throughout the summer, partly because the thinness of
the coat provides a restricted habitat, but partly also
because high skin surface temperatures and direct
sunlight imit multiplication and may even be lethal,
especially to Damalinia.

PATHOGENESIS

Moderate infestations are associated only with a mild
chronic dermatitis, and are well tolerated.

Biting lice, in large numbers, cause intense irritation
leading to rubbing against posts, wire and other ob-
jects, with loss of hair, and morc important economi-
cally, catensive hide damage, but they have less effect
on the health of the animal. On the other hand the
sucking lice, and especially H. eurysternus, can cause
serious anaemia and loss of weight.
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CLINICAL SIGNS

Light infestations arce usually only discovered acciden-
tally and should not be considered of any pathogenic
importance, lice being almost normal inhabitants ol
the dermis and coat of many cattle, especially in
winter.

In heavier infestaiions there is pruritus, more
marked in Damalinia infestation, with rubbing and
licking, while if sucking lice are present in farge num-
bers there may be anaemia and weakness. In these
infections the lice and eggs are easily found by parting
the hair, especially along the back, the lice being next
to the skin and the eggs scattered like coarse powder
throughout the hair.

1t is important to remember that a heavy louse in-
festation may itself be merely a symptom of some
other underlying condition such as malnutrition or
chronic disease, since debilitated animals do not
groom themselves and leave the lice undisturbed:; in
such animals the shedding of the winter coat may be
delayed for many weeks, retaining large numbers of
lice.

TREATMENT AND CONTROL

The organophosphorus insecticides, applied usually as
pour-ons, are effective in killing all lice. A second
treatment is recommended two weeks later to kill
newly emergent lice. Alternatively, pour-on or spot-
on synthetic pyrethroids, such as cypermethrin, or
parenteral avermectins may be used; the latter are
particularly effective against sucking lice.

In Europe, louse control is usually undertaken when
cattle are housed for the winter. Treatment with a
suitable insecticide at this time also controls
Hypoderma and mange mites.

LOUSE INFESTATION IN SHEEP

The two species of sucking lice in sheep are essentially
parasites of the haired regions of the body, invading
the woolled arcas only when the population is expand-
ing rapidly. They are not very active, and have a
gregarious habit, feeding in swarms, The biting louse
of sheep is active and usually found in woolled areas.

EPIDEMIOLOGY

Generally, for the transfer of lousc infestation, closc
bodily contact is necessary, and while this is unusual in
the grazing animal in Europe, it does happen at gath-
erings and in sale yards, and especially when sheep are
housed for the winter since the heavy fleece provides a
habitat which is readily colonized by lice.

Linognathus pedalis, the ‘foot lousc’, Inhabits
mainly the lower region of the hind limbs, from the
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feet to below the hocks, and spreads from there to the
crutch, scrotum and belly. [n Merinos and other heav-
ily woolled breeds, it is usuvally first detected at
crutching. In its normal habitat on the legs it is ex-
posed to great luctuations in temperature, and having
adapted to survive in these conditions, it is one of the
few lice which can live away from the host’s body for
more than a day or two and is viable on pasture for
about a week,

L. ovillus, the ‘face louse’, occurs on the face and
ears, spreading from there to the cheeks, neck and
body, and is usually detected in the heavily woolied
breeds when excess wool is removed from the poll
(*wigging’). In contrast to L. pedalis, this species, more
usced to cven temperatures, can only survive off the
sheep for 1-2 days. [n very hot weather, when exposed
to sun, the temperature of the sheep’s back may reach
48°C, and in these conditions L. ovillus is killed in
about an hour, its persistence depending on the part of
the population inhabiting the cooler skin of the face
and cars.

Damalinia ovis, the biling louse of sheep, some-
times called the ‘body louse’, is much more active than
Linognathus, roaming in the wool over the whole
body. Like the others, Damalinia is susceptible to high
temperaturcs, but it is also intolerant of moisture. In a
damp fleece, with a relative humidity of more than
90%, it will die in six hours, and when covered by
water it will drown in an hour,

PATHOGENESIS

Though Linognathus spp. can cause anaemia, it s
Damalinia which is usually considered to be the more
pathogenic. Being highly active it can cause great irri-
tation, so that sheep are restless and have their grazing
interrupted, with consequent loss of condition. In re-
sponsc to the irritation the sheep rub against posts and
wire, with damage (o the flecce and some loss of wool.
When these lice bite there is an exudate of serum from
the damaged skin on which the lice also feed; in heavy
infestations the amount of exudate is great enough to
cause matting of the wool. Reduction in the value of
the wool clip is cconomically the most important con-
sequence of ovine pediculosis, butl an additional haz-
ard in warm countries is that the fleece and skin,
damaged by rubbing and soiled by louse faeces, is an
attractant for blowilies, and places the animal at risk
from strike.

CLINICAL SIGNS

In common with other animals, sheep with light to
moderate infestations show no signs, and lice are usu-
ally only detected when wool is being removed.

In heavy infestations, and especially when in full
flcece, the intense pruritus causes restlessness and
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scralching, the fleece showing bare patches and being
stained. On parting the wool the reddish Damalinia
and the bluish Lirognathus will be found, the latter
being present also on haired areas. The louse eggs,
appearing as a powder, will be found attached to the
woal fibres close to the skin.

TREATMENT AND CONTROL

Lice on sheep can be treated with insecticides contain-
ing organophosphates or the amidine amitraz; with the
organophosphates it may be necessary to treat two
weeks later.

The easily applied synthetic pyrethroids, pour-on
cypermethrin and spot-on deltamethrin, which act by
diffusion over the body surface in the sebum and give
protection for 8 to 14 weeks are probably the treat-
ment of choice.

The treatment of lice infestations in goats, duc to
species of Damalinia and Linognathus, is similar to
that of sheep.

LOUSE INFESTATION IN PIGS

Only one specics occurs on pigs, the sucking louse,
Haematopinus suis. [t is very highly host-specific, and
will nol even establish in wild pigs, the ancestral stock
of our domestic species. Haemaropinus is a large, grey-
ish-brown louse, which is most often present on skin
folds of the neck and jow], the flanks and the insides of
the legs on thin-coated animals.

EPIDEMIOLOGY

Infection is transferred between pigs mainly by con-
tact, in closely confined fattening animals and in suck-
ling sows penned with their piglets, but lice may also
be acquired when animals are put into recently
vacated dirty accommodation,

PATHOGENESIS AND CLINICAL SIGNS

This louse is very commeon, and is usually tolerated
without any signs, apart from occasional mild irrita-
tion. In heavy infestations pigs are restless and fail to
thrive, but though Haematopinus is a blood sucker,
anaemia is hardly c¢ver seen. Economically, the most
important feature of pediculosis in pigs is probably
skin damage from scratching, with reduction in hide
value.

This louse is said to be a vector of African swine
fever, Eperythrozoon suis and the virus of swine pox.

Until recently control was based on the application
of insecticides either as a powder or as a wash.
These included the organochlorine, gamma HCH,
and organophosphates such as diazinon. Currently,
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ivermectin - given  parenterally or the organ-
ophosphale, phosmet, administered as a pour-on have
both proved highly effective as a single lreatment.
Amitraz and deltamethrin arc also effective against
pig lice.

For herd prophylaxis, gilts and sews should be
trcated before farrowing to prevent spread of infec-
tion Lo their piglets, and boars treated twice annually.

LOUSE INFESTATION IN EQUINES

Two species are common on equincs, the sucking
louse, laematopinus asini, and the biting louse,
Damalinia equi.

EPIDEMIOLOGY

In normal light infestations, hoth species occupy the
same reservoir sites in the dense hair of the mane, the
base of the tail, and submaxillary space. and also on
the fetlocks of rough-legged breeds. From these sites,
spread occurs over the whole body, and the numbers
are greatest in winter and early spring when the winter
coat is at its mosl dense. As in cattle, the shedding of
the winter coat is important in ridding animals of the
greater part of their louse burden in spring.

In hot countries the skin temperature of the ani-
mal’s back may be high enough, as has been noted in
sheep, to kill lice in the exposed, fine-coated areas.

Equine pediculosis spreads by contact and via con-
taminated grooming equipment, blankets, rugs and
saddlery.

PATHOGENESIS

As in other animals, equine licc, and in particular the
more active Damalinia, may cause intense irritation,
resulting in rubbing and scratching, with matting
and loss of hair and sometimes excoriation, almost
the whole body being involved in cxtreme cases.
Animals are restless and losc condition and, in
heavy Haematopinus infestations, there may also be
anaemia.

CLINICAL SIGNS

It is possible that, as in cattle, heavy louse infestations
in equines are themselves symptomatic of some other
disorder which may be disease or, more likely, simple
neglect. It is true thal animals in a debilitated con-
dition will fail to shed their winter coats and harbour
very large numbers of lice, but it is also the case, with
horses especially, that if neglected and left ungroomed
the undisturbed louse population will rapidly multiply.

Restlessness, rubbing, and damage to the coat
would suggest that lice are present, and when the hair
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is parted the parasites will be found. Haematopinus,
large and yellow-brown, is very easily seen, and in
temperate countries on warm sunny days this louse
will often move on to the surface of the coat.
Damalinia appears as small yellowish specks in the
hair and the small pale eggs are readily found, scat-
tered throughout the coat.

TREATMENT AND CONTROL

Currently pyrethroid bascd inseclicides are used to
treat louse infestation in horses, many older drugs
being no longer available. All of the horses in the
establishment should be treated.

Grooming equipment should be scalded, blankels
and rugs thoroughly washed, and saddlery thoroughly
cleaned. Ideally, animals should have individual
grooming cquipment, and saddlery should not be in-
terchanged, but this may not be economically feasible
on some establishments. Regular and thorough
grooming is, of course, the essence of control.

LOUSE INFESTATION IN THE DOG AND
CAT

In dogs, the biting louse, Trichodectes canis, and the
sucking louse, Linognathus setosus, are by far the com-
monest and most widespread.

The sole louse of any importance in cats is the biling
species, Felicola subrostratus, which has a worldwide
distribution.

EPIDEMIOLOGY

Though pediculosis in these animals is essentially a
disease of neglect, some types are especially prone to
infestations; in dogs, the long ears of such breeds as
the spaniel, bassct, and Afghan hound provide an ex-
tensive and sheltered habitat in which the lice can
multiply, and in cats the long-haired breeds, which
cannot groom so thoroughly as the shorthairs, can
harbour reservoir populations deep in the fur.

PATHOGENESIS

Heavy lousc infestations are most often found in ani-
mals which are neglected and underfed, though as in
other animals, they may mask underlying disease.
They are in some cases associated with senility, but the
majority of severely affected animals are young.

In dops Trichodectes is more harmful, though
Linognathus is a causc of anaemia, The former is a
very active louse, moving rapidly through the coat
and causing intense pruritus, and it provokes self-in-
flicted injury by scratching, with loss of hair and ¢x-
coriation of the skin. Tn heavy combined infestations

with the two genera, pups may die from anaemia and
debility.

In long-haired cats pathogenic populations of
Felicola may develop under thickly matted neglected
fur.

CLINICAL SIGNS

With most infestations animals are restless and scratch
almost continuously, but in heavy infestations may
become severely debilitated. The louse eggs arc casily
seen in the coat, and the two common dog lice are
easily differentiated, Trichodectes being small and
yellow, while Linognathus is bluish and larger.

TREATMENT AND CONTROL

Louse infestations are normally treated with powder,
washes or shampoos of synthetic pyrethroid,
organophosphate or carbamate insecticides. The older
preparations such as pyrethrum and benzyl benzoatc
are also effective. Some of these drugs are also avail-
able as aerosols or ‘trigger’ sprays which are olten
convenicent for the owner (o apply. Treatment is often
repeated at an interval of 14 days to kill newly hatched
lice. For prophylaxis, dog and cat collars, impregnated
with a carbamate or pyrethroid insccticide or
diazinon, are often used, although dog collars should
not be used on cats since the concentration of insecti-
cides may be toxic to cats,

LOUSE INFESTATION IN BIRDS

More than 40 louse species, all mallophagan, occur on
domestic birds.

The genera Lipeurus and Menacanthus contain the
most pathogenic specics of poultry lice, Lipeurus spp.
are grey, slow moving lice, which are found close to
the skin. .. caponis, the ‘wing louse’, prefers the bases
of the wing and tail feathers, while Cuclorogaster
(Lipeurus) heterographus, the ‘head louse’, oceurs on
the head and neck; in this species the eggs are laid
singly on the feathers, and not in clusters as is custom-
ary in poultry lice. These lice can infect all domestic
fowls including turkeys, game birds, and ducks.

Menacanthus has one important spccics, M.
stramineus, the ‘yellow body louse’. Like Lipewrus it
infects domestic fowls and favours the skin surface as
4 habital, being found in greatest numbers on the
thinly covered skin of the breast and thighs and
around the anus. It is a very active louse, and lays its
eggs in clusters mainly in the anal region. Though a
biting louse it can causc scvere anacinia by puncluring
small feathers and feeding on the blood which oozes
oul. Being active, and a voracious feeder, it causes
severe irritation, and the skin is inflamed and eventu-
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ally covered by scabs, especially in the region of the
vent, and in young birds, on the head and throat. It is
the most pathogenic louse of adult birds, but has also
been responsible for fatalities in chicks. Cage birds,
and in particular canaries, are occasionally infested,
and suffer irritation, restlessness and debility.

MINOR GENERA

Common, but less pathogenic, genera of bird lice in-
clude the following:

Goniocates gallinae, the “fluff louse’, occurs in the
fluff at the bases of feathers, its preferred sites being
the back and rump. It is one of the smallest lice of
poultry.

Goniodes has several species, including G. gigas and
G. dissimifis in the domestic hen, G. meleagridis in
turkeys and guinea fowl and (. pavenis in peacocks.
These are all very large lice, inhabiting the skin surface
and body feathers and are commonest in adult birds.
They are never present in large numbers.

Menopon gallinae, the ‘shaft louse’, is a pale yellow,
rapidly moving louse which does not develop to appre-
ciable populations in young birds until they are well
feathered. It feeds only on feathers, and though com-
mon, is never a serious pathogen. Its main host is the
domestic hen, but it will spread to other fowl, such as
turkeys and ducks, which are in contact.

Holomenopon, occuring in ducks, is also sometimes
called the ‘shaft louse’ of these birds. Tt is a small,
rapidly moving louse, which favours especially the
preen gland, inhibiting production of the oily secre-
tion. Partly due to irritation, birds preen continunousiy,
but without the secretion the feathers cannot be
waterproofed. Unable to repel water and injured by
constant preening, the plumage becomes tattered and
dirty, with the feathers broken. Water can penetrate to
the skin, and when much of the body is affected the
birds arc soaked, and may die of pneumonia follow-
ing chilling. Though the damaged plumage may be
replaced at the annual moult it soon degenerates,
with the excessive preening, into its former sodden
condition.

Columbicola columbae, parasitic on pigeons and
doves, is very common. Its preferred site is the ante-
rior part of the body, where it may cause a mild pruri-
tus, and in common with most pediculoses, heavy
infestations are usually seen only in diseased and de-
bilitated birds.

PATHOGENICITY AND EPIDEMIOLOGY

The bird lice can digest keratin, biting off pieces of
feather, breaking these up with comb-like structures in
their crops, and digesting them with secrctions aided
by bacterial action. They will ingest not only the
sheaths of growing feathers, but also down and skin
scabs.

Veterinary Parasitology

Though there are differences in pathogenicity be-
tween genera the effects of avian pediculosis are
broadly similar, varving only in degree. Birds are un-
able to rest, cease feeding and may injure themselves
by scratching and feather plucking, with results often
more serious than any immediate damage by the lice.

In general young birds suffer more severely, with
loss of body weight, debility, and perhaps death. In
adult laying birds the effect on body weight is slight,
and the main loss is in depression of egg production.
As would be expected, the practice of de-beaking
allows an increase in infestations by preventing birds
from preening and grooming.

As in the other pediculoses, the condition in domes-
tic birds is often itself a symptom of ill health from
other causes, such as other infection, malnutrition or
inadequate, overcrowded and unhygienic housing.

TREATMENT AND CONTROL

Although methods such as dusting the litter or provid-
ing insecticide-treated laying boxes are used to avoid
undue handling of birds the results obtained from
treating individual birds are undoubtedly better. In-
secticides such as cypermethrin and the carbamate,
carbaryl, are recommended. Two treatments given at
14 days interval are generally effective.

id
e
not only because of their effects on their hosts, but as
carriers of disease. Though most important in dogs,
cats and poultry, their readiness to parasitize humans
as alternative hosts gives the fleas of these domestic
animals a rclevance in public health. Ruminants,
horses and pigs do not have their own species of fleas,

MORPHOLOGY

Fleas (Fig. 131} are dark brown, wingless insects, with
laterally compressed bodies which have a glossy
surface, allowing easy movement through hairs and
feathers. Eyes, when present, are simply dark, photo-
sensitive spots, and the antennae, which are short and
club-like, are recessed into the head. The third pair of
legs is much longer than the others, an adaptation for
leaping on and off their hosts.

The head may bear at its posterior {pronotal) or
ventral (genal) borders rows of dark spines called
ctenidia or ‘combs’, and these are the most important
features used in identification (Fig. 131).

LIFE CYCLE

Both sexes are blood suckers, and only the adults are
parasitic. The ovoid eggs have smooth surfaces, and
may be laid on the ground or on the host from which
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Genal comb Pronota} comb

Mouthparts

Fig. 131
sucking mouthparts and showing genal and pronotal ‘combs’.

they svon drop off. Hatching occurs in two days to two
weeks, depending on the temperature of the surround-
ings. The larvae are maggot-like and have a coat of
bristles. They have chewing mouthparts and feed on
debrts and on the faeces of the adult leas, which con-
tain blood and give the larvac a reddish colour. Under
the influence of internal growth regulators, the larva
moults twice, the final stage being about 5.0mm long,
and then spins a cocoon, a form of woolly puparium,
from which the adult emerges. Moulting and pupation
are dependent on the ambient temperature, and
though in warm conditions the whole cycle may be
completed in about three weeks, in low (cmperatures

" it may cxtend to lwo years.

{a) Lateral view of & fisa; (b} Head of flea showing plercing,

It is important to recognize that most of the flea’s
life cycle is spent away from the host. This includes not
only the eggs, larvae and cocoon, but also, if necessary,
the adult Aca which can survive for as long as six
months between feeds. The usual life span is 1-2 years.

Most fleas feced for only a few minutes hefore mov-
ing lo another part of the host, or leaping to the
ground or to a fresh host.

A few genera remain permanently attached
throughout adult life. These are the burrowing, or
‘stickfast’, fleus, whose females are embedded in the
skin, within nodules. Only the posterior part of these
fleas communicalcs with the surface, allowing the eggs
or larvac to drop to the ground and develop in the
usual manncr.

Thongh each species of flea has its own host prefer-
ences, casual feeding is common, and most will feed on
a wide range of mammals and birds.

The following arc the more important genera occur-
ring on domestic mammals and birds, and their distri-
bution may be taken as worldwide unless otherwise
stated. Their differential morphology is given in Fig.
132,

FLEAS OF MAMMALS

Crenocephalidey

This is the only important genus in the dog and cat.
Clenocephalides canis and C. felis occur on the dog
and cat, but C. fefis is much the more widespread, and
in many areas it 15 the dominant species on dogs
and on man, as well as cats. Both species can act as
intermediale hosts for the common tapeworm of dogs

|



178 Veterinary Parasitology

WITHOUT CTENIDIA

Erons (‘forehead'} angled anteriorly........... Echidnophaga

Frons rounded anteriorly......ovveecianciianns Pulex

WITH CTENDIA

Pronotal ctenidium onhy........oooiireeeiand Ceratophyllus

Both genal and pronotal ctenidia.............. Ctenocephalides 3
Spitopsylius \ //’
S

Genal ctenidium horizoMal......coeeiniiinins Ctenocephalides

Head length fess than
twice height.

Spine 1 of genal ctenidium
shorter than spine 2

C. canis

Head length twice height. C.telis
Spine 1 of genal ctenidium

equal to spine 2

Genal ctenidium oblique,
with 46 elements...........ciiiiinnan Spilopsylius

Fig. 132 Key to the differentiation of fleas of veterinary importance.
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and cats, Dipylidinm caninum, and for the filarioid
of dogs, Dipetalonema reconditum. Though the adult
flea can acquire the filarioid infection by intake of
microfilariac in a blood meal, the specialized
mouthparts do not allow the ingestion of the cggs of
Dipylidium, and this infection can only be acquired
by the flea larva, which has chcwing mouthparts. De-
velopment of the cestode occurs concurrently with
that of the flea, so that the adult contains the
cysticercoid. Crenacephalides is the penus largely re-
sponsible for provoking allergic flea bite dermatitis in
dogs and cats.

Pulex irrvitans is primarily parasitic on man, but in
some areas it is common on dogs and cats. It can act as
intermediate host of Dipylidium caninum, and is
sometimes involved in flea-bitc dermatitis.

Spilopsvlius

Spilopsyllus cuniculi occurs on the ears of rabbits and
is the main vector of myxomatosis. Tt has a more sed-
cntary hahit than most fleas, and will remain on the
ear cven when it is handled. It is quite commonly
found ncar the edges of the ear pinna of dogs and cats
which [requent rabbit habitats.

Xenopsyila

Though this genus has little immediate importance for
the veterinarian it requires mention becausc one spe-
cies, Xenopsylla cheopis, is the main vector of Yersinia
" pestis, the cause of bubonic plague in man. X. cheopis
is a rat flea, and acquires Y. pestis when feeding on its
usual hosts. When the bacilli multiply in its gut the
proventriculus becomes blocked so that blood cannot
be taken in; the hungry flea moves from host to host in
attempts to feed, and in its wanderings the infection
may be transferred from its endemic base in rodents Lo
the human population. Though now rare in humans,
plague still exists in wild rodents (*sylvatic plague’) in
parts of Africa, Asia, South America and the western
states of the USA.

Tunga

Tunga penetrans is the representative in mammals of
the burrowing fleas and occurs in man and rarely pigs.
The popular name for this flea in humans is the
Yigger”. Its distribution includes parts of Africa, Asia,
and North and South America, but it does not occur in
Europe. The female burrows into the skin, where its
abdomen becomes enormously distended and filled
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with eggs, forming a distinct nodule. This flea occurs
mainly on the feet of humans, causing severe irrita-
tion. In pigs the reported sites are the feet and scro-
tum, but thesc animals tolerate the infection with no
signs of distress.

PATHOGENIC SIGNIFICANCE

The response to a flea bile is a raised, slightly inflamed
weal on the skin, associated with mild pruritus, but
though the animal will seratch intermittently there is
little distress. However, after repeated flea bites over a
period of several months a propertion of dogs and cals
develop flea-bite allergy, which is often associated
with profound clinical signs.

Flea-bite allergy is a hypersensitive reaction to the
flea saliva released into the skin during feeding. In the
saliva is a hapten {an incomplete antigen) which com-
bines with the host’s skin collagen to form a complelc
allergen. The resulting allergy is most commonly a
combination of immedialec and delayed-type
Iesponses.

The allergy shows a seasonality in tempcrate areas,
appearing in summer when flea activity is highest,
though in centrally hecated homes exposure may be
confinucus. Tn warmer regions, such as the western
slates of the USA, the problem occurs throughout the
year.

As would be expected, the most commonly affected
areas in both dogs and cats are the preferential biting
sites of the fleas, which are the back, the ventral abdo-
men and the inner thighs. In the dog the primary le-
sions are discrete crusted papules which cause intense
pruritus. The most important damage, however, is
subsequently inflicted by the animals themselves, in
scratching and biting the affected areas, (0 produce
areas of alopecia or of moist dermatitis (*wet ec-
zema’). In older dogs, which have been exposed for
many ycars, the skin may become thickened, folded
and hairless, and in these animais the pruritus is much
less intense.

In the cat, flea-bite allergy produces the condition
commonly known as miliary dermatitis or eczema,
rcadily detectable on palpation, in which the skin is
covered with innumerable small, brown, crusty
papules which cause marked pruritus (Plate XI).

DIAGNOSIS

When the signs are indicalive of flea infestation, but
no parasites can be found, the host should be sprayed
with an insccticide, placed on a large sheet of plastic or
paper, and vigorously combed. The combings and de-
bris should be examined for fleas or flea faeces which
show as dark brown to black crescentic particles, Con-
sisting almost entirely of blood, these will produce a
spreading reddish stain when placed on moist tissue.
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Another technique is the use of a vacuum cleaner
with fine gauze inserted behind the nozzle; the latter is
applied to the host or its habitat and the fleas are
retained on the gauze.

TREATMENT AND CONTROL

In flea-bite allergy, where there is much distress,
corticostercids may be used topically or systemtically
as palliative treatment.

For specific treatment, 1nsect1c1des mainly in the
form of powders, sprays, shampoos or spot-on
preparalions are available, These are gencrally organ-
ophosphorus compounds, pyrethrum and its deriva-
tives, or carbamates. There are also oral and in-feed
formulations of drugs for use against fleas in dogs and
one of these is a benzoylurca derivative, lufenuron,
-which, when ingested by lleas during feeding, is trans-
ferred to the eggs and blocks the formation of chitin
thercby inhibiting the development of fica larvae. Re-
cently, a spray containing fipronil, onc of a new gen-
cration of ectoparasiticides, has been licensed for yse
against fleas and ticks in dogs and cats and gives pro-
tection for 2-3 months. Since in-contact animals may
also harbour fleas without developing allergy these
should also be treated.

Flea collars containing various insccticides are also
used to control fleas in both dogs and cats; the latter
require a special collar with a low concentration of
insecticide. Care should be taken in the selection
of any insecticide for dogs and cats as some prepara-
tions are licensed for use in only one host species
or are used at different dose or application rates for
each.

Since the greater part of the flea population is not
on the animal itself, but in its environment, it is impor-
tant that insecticides are also applied to its living quar-
ters and general indoor habitat, and that bedding
should be destroyed where possible. Fitted carpets
should be thoroughly vacuum cleaned,

Recently, an inscct growth regulator, methoprene,
has been marketed as an aerosol for direct application
to bedding, carpets and other habitats of flea larvae.
When ingested by the larvae the chemical prevents the
emergence of adult fleas from pupae. Prolection
against reinfestation may persist for up to four
months.

FLEAS OF BIRDS

Ceratoplivlins

Ceratophyllus gallinae is the commonest flea of do-
mestic poultry and may be responsible for irritation,
restiessness and cven anaemia, [t feeds readily on hu-
mans and domestic pets, and is often acquired in the
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handling of poultry and from injured wild birds
brought into houses. It has also been known to migrate
into rooms from nests under adjacent eaves. When
such mests are removed they should be incinerated;
otherwise the hungry fleas may parasilize domestic
pets and humans.

[L‘(.'f'f!.t f!i( i3 /1 et

Echidnophaga gallinacea, the ‘stick-tight’ fiea, is one
of the burrowing fleas. After fertilization the female
burrows into the skin of the fowl, usually on the comb
and wattles, rcsulting in the formation of nodules in
which the ¢ggs are laid. Hatching occurs within the
nodules, and the larvae drop to the ground to com-
plete development. The skin over the nodules often
becomes ulcerated, and young birds may be killed by
heavy infections. Echidnophaga also attacks mani-
mals, principally dogs, the nodules being formed
around the cyes and between the toes.

TREATMENT AND CONTROL

Several organophosphorus carbamate and pyrethrin-
based insecticides are effective. These are used as
dusts for Ceratephyllus and as a solution, in the case of
Echidnophaga.

Should fleas become cstablished in a poultry house,
then drastic measures may have to be adopted to get
rid of them. All litter should be removed and burnt
and the poultry house sprayed with an insccticide.

Thls class includes the tlcks and mlles which are of
considerable veterinary importance and also the spi-
ders and scorpions. They differ from the Tnsecta in
that thc adult has four pairs of legs and the body is
composed of a cephalo-thorax and abdomen, The
mouthparts are extensively modified and carry two
pairs of appendages, the first called chelicerae and the
second the palps. Antennae are absent.

The acarines are small, sometimes mlcroscoplc.
arthropods. They are characterized by their arachnid
structure, the mouthparts {Fig. 133), which are borne
on the basis capituli, consisting of a pair of chelicerae
with mobile digits adapted for cutting and a pair of
sensory palps. Ventromcdially there is a hypostome
with recurved teeth for maintaining position; it bearsa
dorsal groove to permit the fAow of saliva and host
blood. The acarines of veterinary importance are the
ticks and mites and their life cycle consists of develop-
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Plate VII

(a) Musca domestica.

(b} Stomoxys calcitrans.

c) Haematobia (Lyperosia) spp.
.{d) Glossina spp.




(c}

Plate VIl

Hydrotaea irritans clustered around the base of the horns in a
sheep.

Characteristic lesions of body strike due to blowfly myiasis.
The sheep ked Melophagus ovinus.

Female Ixodes rcinus: note elongated mouthparts.

Female Haemaphysalis punctata: note short mouthparts and
testoons.

Male and female Dermacentor reticufatus: this is an ornate tick
and possesses festoons.
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{b) (d)

Plate IX

{a) Calliphora spp.
) Lucilia spp.

}  Phormia spp.

b
lc
idy  Cochliomyia spp.




(@)

{b) (d)

Plate X

(a) Hypoderma bovis.
(b} Hypoderma lineatur.
{c} Qestrus ovis.

(d} Gasterophiius spp.
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X 4——Chelicerae

Fig.133 (a) Typical mouthparts of ixodid tick; (b) Scanning electron
micrograph of Ixodes ricinus.
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ment from egg through the larva, which rather resem-
bles the adult, to nymph to adult. Usually there is only
onc larval instar,

THE TICKS

Two familics, the Ixodidae and Argasidae arc com-
monly known as ticks. The most important is the
Ixodidae, often called the hard ticks, because of
the presence of a rigid chitinous scutum which covers
the entire dorsal surface of the adult male; in the adult
female and in the larva and nymph it extends for only
a small arca which permits the abdomen to swell after
[eeding. =

The other family is the Argasidae or soft ticks, so-
called because they lack a scutum; included in this
family are the bird ticks and the tampans.

amily IXODIDAE

The ixodids are important vectors ol protozoal, bac-
terial, viral and rickettsial diseases. Although there
are many genera of Ixodidae only three occur in W.
Europe; these are Ixades, Haemaphysalis and Derma-
centor, of which Ixedes is by far the most important.

As noted previously, the ixodids (Fig. 134) have a
chitinous covering or scutum which exiends over the
whole dorsal surface of the male, but covers only a
small area behind the head in the larva, nymph or
female. The mouthparts carried on the capitulum are
anterior and visible from the dorsal surface. Other
distinguishing features are a series of grooves on the
scutum and body, and, in some species, a row of
notches, called festoons, on the posterior border of the
body. Chitinous plates are sometimes present on the
ventral surface of the males. The genital opening is in
the ventral mid-line and the anus is posterior. Some
ticks have coloured enamel-like areas on the body and
these are called ‘ormate ticks’. The adults have a pair
of spiracles behind the fourth pair of legs. Eves, when
present, are situated on the outside margin of the
scutum.

Like other ticks, the ixodids are temporary parasites
and spend relatively short periods on the host. The
numbcer of hosts to which they attach during their
parasitic life cycle varies from one to three, and, based
on this, they are classified as one-host ticks where the
entire parasitic development from larvae to adult
takes place on the one host; two-host ticks where lar-
vae and nymphs occur on one host and the adults on
another and three-host ticks where cach stage of de-
velopment takes place on dillerent hosts,

The three ixodid genera which are described first,
Ixndes, Haemaphysalis and Dermacentor (Plate VIIT),
are those which occur in western Europe as well as
elsewhere in the world.
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Fig. 134  Structure and life cycle of an ixodid tick.

Txodey

} Hosts:
All mammals and birds. Of great veterinary signifi-
cance in ruminants.

Site:
All over the body but especially the axilla, inguinal
Jegion, face and ears.

Species found in Europe:
Ixodes ricinus castor bean tick
Ixodes canisuga  British dog tick
Ixodes hexagonus hedgehog tick.

Some other species:

Ixodes holocyclus  the paralysis tick of Australia

Ixodes rubicundus the paralysis tick of South Adfrica

Ixodes scapularis  the shoulder tick of North
America.

t GENUS IDENTIFICATION

These are inornate ticks, without festoons or eyes. The
palps are long and the ventral surface of the male is

almost entirely covered with a series of plates. An anal
groove is present anterior to the anus.

Ivodes ricinus

DISTRIBUTION -

Europe, North America, Australia, South Africa. In
Britain it is more common in the western half of the
country in areas of rough grazing and moorland. In
mainland Europe, this species is most numerous in the
north and central regions and largely confined to
woodland.

IDENTIFICATION

The engorged female is light grey, up to 1.0cm in
length, bean shaped and has four pairs of legs. The
males are only 2.0-3.0mm long, and becausc of the
small abdomen the four pairs of legs are readily
visible.

Nymphs resemble the adults and also have four
pairs of legs but are less than 2.0mm in size while the
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Ixodes ricinus

Fig. 135

ixodes ricinus may be differentiated frem other Ixodes
species by the presence of an averlapping spur (T} on the posterior
angle of the first caxa.

larvae (‘pepper ticks’) are less than 1.0mm, usually
yellowish in colour and have only (hree pairs of legs.

In I ricinus, as compared with {1 conisuge and 1.
hexagonus, the tarsi are tapered and not humped and
the posterior internal angle of the first coxa bears a
spur which overlaps the second coxa (Fig. 135).

" LIFE CYCLE AND EPIDEMIOLOGY

I ricinus is a three-host tick and the life cycle requires
three years, The tick feeds for only a few days each
year, as a larva in the first year, a nymph in the second
and an adult in the third (Fig. 134).

Mating takes place on the host. After attachment
the female is inseminated once and subsequently com-
pletes her single large blood meal; in contrast, the
males feed intermittently and mate repeatedly. Dur-
ing mating, the male crawls under the female and,
after manipulating the female genital opening with his
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mouthparts, transfers the spermatophore, a sac con-
taining the spermatozoa, into the opening, presumably
with the aid of his front legs. Once fertilized, the fe-
male subsequently feeds for about 14 days and then
drops to the ground to lay several thousand eggs in
sheltered spots, after which she dies. The larvae which
hatch from the eggs will feed for about six days in the
following year, then drop to the ground and moult to
the nymphal stage. In the third year this stage feeds,
drops off and becomes adult. Although the life cycle
takes three years (o complete, the larvae, nymphs and
adults feed for a total of only 26-28 days. I ricinus is
therefore a temporary parasite.

There is a distinct seasonal activity of I ricirus dur-
ing which infestation of cattle, sheep or other hosts
occurs and during this period ticks can be found on the
tips of vegetation ‘questing’ or scarching for a host
which they locate with the aid of sensory bristles lo-
cated on their legs. In the British Isles, two peak peri-
ods of activity occur, namely March-June and
August-November, although some ticks may be ac-
quired throughout most of the year.

It is thought that, by and large, these two distinet
periods of activity reflect the occurrence of two physi-
ologically distinct populations of ticks, one active in
spring and the other in the autumn. In the border
counties between Scotland and England only spring
feeders occur, whereas in the tick areas of south-west
England, Wales, west Scotland and Ireland, autumn
[eeders also occur. The eggs of the spring [eeders
hatch in the autumn and the larvae and nymphs also
moult at this time so that they overwinter in the
unengorged or flat condition. In contrast, the eggs of
the autumn feeders do not hatch until the following
summer while the larvac and nymphs are in diapause
over this whole period, so that they overwinter in the
engorged state and do not moult until the summer.

The survival of I. ricinus and therefore its distribu-
tion is determined by its water requirements and it is
unable to survive when the relative humidity is less
than 90%. In Brilain it is predominantly a tick of
rough grazing where the annual death and subsequent
decay of vegetation ensures the presence of a ‘mat’
with a high moisture-retaining capacity. In other areas
where heather is prevalent there is little ‘mat’, but the
damp open areas between the heather are covered in
moisture-Tetaining mosses, making this another suit-
able environment. In parts of mainland Europe ticks
are mostly found in woodlands, and in Ireland, where
the water table is particularly high, they will survive on
arable ground, particularly around hedgerows.

The cuticle of the tick is the key to its survival; this
has an outer wax layer which is impermeable to water
s0 that water loss is normally limited (o tiny pores in
the tegument. However, when the tick is active loss of
water is accelerated due to the opening of the spiracles
and during feeding by the secretion of saliva.

In Britain the movement of ticks from the vegeta-
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tion mat to a questing position begins with the spring
feeders when the mean day-night temperature cx-
ceeds 10°C and ends with the autumn feeders when
the temperature drops below 10°C; in the summer
there is no activity due to low humidity and high
temperatures.

PATHOGENIC SIGNIFICANCE

The pathogenic effects are associated with the feeding
mechanism of the parasite which is ideal for both pene-
trating the skin and transmitting micro-organisms. In
the fecding process the scissor-like action of the digits
al the end of the chelicerae is followed by a thrusting
motion of the hypostome through the lacerated skin
and the locking effect of its rccurved teeth on the
tissues. The salivary glands are thought to produce a
hyaluronidase-likc subslance to assist in penetration, a
cement-like material which assists locking and an
anti-coagulant. The dorsal groove in the hypostome
provides a channel for the saliva to flow into the host
and, subsequently, blood and lymph into the tick. As
the female ticks engorge and swell they tend to bulge
out from the site of atlachment and the hind legs
stiffen, the tick becoming tilted at right angles to the
body. If the tick is foreibly removed during the locked
phase of feeding there can be considerable reaction to
the mouthparts, which often remain embedded in the
tissues. During engorgement the body weight of a tick
increases by about 200 times.

I. ricinus infcslations are important for threc
reasons:

(1) They suck blood and in occasional heavy infesta-
tions can cause anacmia.

(2) The lesions caused by the toothed mouthparts
during feeding may become infected and predis-
pose to blowfly strike. Also at slaughter the value
of the hide or fleece may be reduced.

Most significant of all, this tick in Western
Europe transmits Babesia divergens, the cause of
redwater in cattle, and in sheep and cattle the
virus of louping-ill and the rickettsia responsible
for tick-borne fever. It is also associated with tick
pyaemia, caused by Staphviococcus aureus, in
lambs in Britain and Norway. Ixodid ticks also
transmit Berrelia burgdorferi, the spirochaete
responsible for Lyme disease in man. There is
evidence of a high incidence of specific anti-
bodics to B. burgdorferi in dogs, cats, cattle and
horses, indicating frequent exposure to infection,
but clinical disease is relatively uncommon.

3)

CLINICAL SIGNS

There are no obvious signs of lick infestation other
than the presence of the parasites and the local skin
reactions to their bites.
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DIAGNOSIS

The adult ticks, particularly the engorged females, are
easily seen on the skin, the predilection sites being the
face, cars, axilla and inguinal region. Usually small
inflamed nodules are also seen in thesc arcas, each a
reaction to a previous tick bite.

sCONTROL

This is discussed after a description of the other ixodid
ticks.

Ixodes canisiga

This species, somctimes called the British dog tick, has
been found in a variety of hosts, but is recognized as a
problem in kennels where the tick is capable of sur-
vival in crevices and cracks in the floors and walls,
Heavy infestations can cause pruritus, loss of hair and
anaemia. It may be diffcrentiated from £ ricinus by
the presence of humped tarsi and the absence of a spur
on the posterior internal angle of the first coxa (Fig.
135).

Ixodes hexagonus

Usually called the hedgehog tick it also occurs in dogs,
ferrets and weasels. It may be diflerentiated from 1
ricinus by its humped tarsi and the [act that the spuron
the first coxa docs not overlap the second coxa.

IMPORTANT IXODES SPECIES OUTSIDE
EUROPE

Adult females of several Ixodes species, including [
holocyclus and I rubicundus in Australia and South
Africa respectively, produce a toxin responsible for
tick paralysis which oceurs in man and animals and is
characterized by an acute ascending motor paralysis,
occurring several days after attachment, which may
terminate fatally unless the ticks are removed. The
precise nature of the toxin is unknown, but current
theory suggests it is produced in the salivary glands.

Haemaphysalis

These are inornate ricks with festoons present and
eyes absent. The sensory palps are short and broad
with the second segment extending beyond the basis
capituli. The males have no ventral shields and the
anal groove contours the anus posteriorly. They are
three-host ticks.

Haemaphysalis punctata 1s widely distributed in
Europe, including southern England and parts of
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Wales where it is responsible for the transmission of
Bahesia major and a non-pathogenic Theileria sp. in
cattle, and in sheep Babesia motasi and the benign
Theileria ovis.

In other countries it transmits Babesia bigemina in
cattle, B. motasi in sheep and Anaplasma marginale
and A. centrale in cattle; it has also been reported as
causing tick paralysis.

There are many other specics of Haemaphysalis to
be found throughout the world. For example, H.
leachi, the ‘yellow dog tick’, common in Africa and
Asia, is responsible for the transmission of B. canis in
dogs, and H. longicornis, primarily a cattle tick, has a
wide distribution in the Far East and Australasia.

Dermacentor

Thesc are ornaie ticks with eyes and festoons present.
The basis capituli is rectangutar and the palps short.
The males lack ventral plates and the fourth coxac
are enlarged. They may be three-host or one-host
ticks and are parasitic in many domeslic and wild
mammals.

Dermacentor reticulaius occurs in many parts of
Europe including southern England and Wales and
seems to prefer heavily wooded areas. Tt is a three-
host tick which transmits Babesia infections in horses
and dogs in countries where these parasites are
present.

Several specics of Dermacentor are important in
North America. Thus, the three-host ticks D.
andersoni and ). variahilis are responsible for the
transmission of Anaplasma marginale in cattle and
Rocky Mountain spotted fever in mun caused by
Rickettsia rickettsii. Both also causc lick paralysis. The
one-host tick D. mitens is an important vector of
cquine babesiosis in the southern USA, Central and
South America and the Caribbean.

An abbreviated key to the important ticks of West-
ern Europe is given in Table 5.

IXODID TICKS OCCURRING OUTSIDE
WESTERN EUROPE

Amblvonuna

These are large, usually ornate, ticks whose legs
have bands of colour; eyes and festoons are present.
The palps and hypostome are long and ventrai
plates are absent in the males. They are three-host
ticks.

Impaortant species are Amblyontma variegatum and
A. hebraeum, the so-called ‘bont ticks’, i.c. with pat-

Table 5 Abbreviated key to the important adult ticks of
domestic animals of western Europe.

(1} Integument with scutum Ixodidae 2
Capitulum visible dorsally
or
No scutum Argasidae

Capitulum ventral (very rare in Britain)

{2) Inornate 3
or
Ornate with eyes, Dermacentor
short palps and rectangular reticulatus
basis capituli
{3) Anal groove posterior to anus  Haemaphysalis
Festoons present punctata
or
Anal groove anterior to anus Ixodes 4
Festoons absent
(4) Coxa 1 with a distinct 5
posterior internal spur
or

Coxa 1 without a distinct
posterior internal spur

Ixodes canisuga

(5) Tarsi tapering gradually 1o Ixodes ricinus
thin point. Spur overlaps
Coxa 2
Scutum rounded posteriorly
or
Tarsi humped. Spur does
not overlap Coxa 2
Scutum sub-hexagonal
Anal graove with parallel sides

Ixodes hexagonus

terns of colour on the back and legs. They are distrib-
uted mainly in Alrica and transmit the important dis-
case, heartwalter, in cattle, caused by the rickettsia,
Cowdria ruminantium.

In the southern USA, A. americanum, the ‘lone star
tick’, so-called because of a single white spol on the
scutum of the female, transmits Q fever, tularaemia
and Rocky Mountain spotled fever; the ‘Gulf Coast
tick’, A. maculatum, which occurs in the ears of cattle,
is a predisposing cause of screw-worm myiasis associ-
ated with Cochliomyia spp. A. cajennense is an impor-
tant tick in South America, the biles caused by this
genus being particularly painful, probably due to the
long mouthparts.
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Boophifus {including Margaropus)

Inornate ticks with eyes present and festoons abscnt.
The palps and hypostome are short. The males have
adanal or accessory ventral shields.

These, often known as ‘blue ticks’, are one-host
ticks and the most important vectors of Babesia spp.
and Araplasma marginale in cattle in subtropical and
tropical countries. The most important specics are B.
microplus, present in every continent cxcept Europe,
A. annulatus in Central and South America and Africa
and B. decoloratus in East Africa.

Ivalomma

Usually inornate but with banded legs (the ‘bont-leg-
ged tick’); eyes are present and festoons sometimes
present. The palps and hypostome as in Amblyomma
are Tong. The males have adanal shields. They are
usually two-host ticks with the larvae and nymphs
fceding on birds and small mammals and the adults on
ruminants and equines.

Hyalomma spp. occur throughoul Africa, Asia Mi-
nor and southern Europe and have been incriminated
as vectors of scveral babesial, theilerial and rickettsial
infections. H. marginatum and H. detritum are the
important species in southern Europe and North Af-
rica and H. truncatum throughout Africa.

This genus is mainly responsible for tick toxicosis,
an entity distinct from tick paralysis, in parts of south-
ern Africa and the Indian sub-continent. The ‘toxin’
produced by the adult tick causes a sweating sickness
in ruminants and pigs characterized by a widespread
hyperaemia of the mucous membranes and a profuse
moist eczema.

Riipicephalus

Usually inornate with eyes and festoons present,
The palps and hypostome are shorl and the basis
capituli hexagonal dorsally. The first coxa has two
spurs. The males have adanal plates and accessory
shiclds. The genus includes both two-host and three-
host ticks.

Two important species are found exclusively in
Africa south of the Sahara. The three-host tick,
Rhipicephalus appendiculaius, the ‘brown ear tick’, is
the most cfficient vector of East Coast Fever of cattle
caused by Theileria parva and also transmits Babesia
bigemina and the virus of Nairobi sheep disease. The
lwo-host tick R. everisi, ‘the red-legged tick’, can also
transmit theilerial infections and Babesia bigeming
and B. egui. The common three-host species R.
sanguineus has a more widespread distribution and is
found throughout the southern hemisphere. Tt is pri-
marily parasitic on dogs, is familiarly called ‘the brown

dog or kennel tick’, and is responsible for the transmis-
sion of Babesia canis and Ehrlichia canis and can also
cause tick paralysis in the dog. There seems little
doubt that it can also transmit many protozoal, viral
and rickettsial infections of animals and man.

No key for ticks outside Europe is given because of
the wide diversity of species in different areas, and
advice should be sought from local experts.

EPIDEMIOLOGY OF IXODID TICKS IN
TROPICAL AND SUB-TROPICAL
ENVIRONMENTS

The distribution of ticks in a temperate climate with
frequent and non-seasonal rainfall is closcly linked
with the availability of a micro-cnvironment with a
high relative humidity such as occurs in the mat which
forms under the surface of rough grazing. In contrast,
in tropical grazing areas the grass cover on pastures is
discontinuous and often interspersed with bare or
eroded patches. Where suitable grass cover docs cxist
it has been generally accepted, since temperatures are
suitable for development throughout a large part of
the year, that the distribution of ticks is mainly
governed by rainfall, and with the exception of
Hyalomma spp., a mean annual rainfall of more than
60cm is required for survival.

However, recent studies in East Africa have shown
that the factors underlying (he maintenance of the
necessary microclimate with a high relative humidity
are rather more complex and depend on the transpira-
tion of plant leaves. As long as this continues,
adequate humidity is maintained in the microclimate

despite the dryness of the ambient temperature.

However, when the rale of evaporation increases
beyond a certain level, the stomata on the leaves
close, transpiration ceases and the low humidity
created in the microclimate rapidly becomes lethal to
the ticks.

In the field, of course, the stability of the
microclimate is dependent on factors such as the
quanlity of herbage or plant debris and the grass
species. The various genera of ticks have different
thresholds of temperature and humidity within which
they are active and feed and their distribution is
governed by thesc thresholds, Generally, ticks are
most active during the warm season provided there i
sufficient rainfall, but in some species the larval and
nymphal stages are also active in milder weather
and this affects the duration and timing of control
programmes.

CONTROL OF IXODID TICKS

The control of ixodid ticks is largely based on the use
of chemical acaricides applied either by total immer-

TP = e o e AN e o
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sion in a dipping bath or in the form ol a spray. shower
or spot-on.

Where severely parasitized animals require indi-
vidual treatment, special formulations of acaricides
suspended in a greasy base may be applied to affccted
areas.

CONTROL IN WESTERN EUROPE

Cattle are not usually dipped for tick control and
treatments are confined to hand spraying when, on
infrequent occasions, large populations arc observed
on cattle. It is also good policy to spray animals when
they arc being moved from endemic tick farms to
those in which ticks are likely to be absent.

However, in many areas of Britain, such as the west
Highlands and the border counties of Scotland and
England, sheep are routinely dipped with an effective
acaricide each spring in order to control the tick popu-
lation and to reduce the prevalence of tick-borne dis-
eases. Although of value, the effectiveness of this
single treatment seems to vary in individual flocks,
possibly because the three-host tick, 7. ricinus, spends
such a short time on the host and its period of activity
and feeding varies between ycars according o the
climate.

When young lambs, or their ewes, are dipped
it is important to ensure that they are properly
‘mothered-up’ before being released on to a wide area
of hill. A common procedure for lambs was to
immerse them individually in a small bath or drum
containing the acaricide and subsequently allow
them access to their mothers in a confined area but
more convenient spot-on preparations are now used
extensively.

CONTROL IN THE TROPICS

In these areas trcatment is mainly directed towards
cattle. Since ticks remain on the host for only a few
days and often at defined times of the year, the timing
and frequency of dipping are based on scveral factlors,
These include the seasonal activity and duration of
feeding of the individual tick species, the significance
of the diseascs they transmit and the residual effect
and toxicity to the host of the acaricide. A further
consideration, which influences the regimen of con-
trol, is whether the tick is a one-host tick, in which all
the instars feed and develop on the same host, or a
two- or three-host tick, using two or three different
hosts respectively. Clearly, the one-host tick is easier
to control than the others.

An important point is that, unlike Western Europe,
where tick activity only occurs in the spring or autumn,
tropical ticks may be active throughout most of the
year, completing their life cycle from egg to adult
within a few months.
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CONTROL OF ONE-HOST TICKS

The basis of successful control of one-host species
such as Boophilus, prevalent in Australia, South
Africa and Latin America, is to prevent the develop-
ment of the engorged female ticks and so limit the
deposition of large numbers of cggs. Since Boophilus
has a parasitic life cycle which requires 20 days before
adult females become [ully engorged, an animal
dipped with an acaricide which has a residual effect of
3—4 days should not harbour engorged females for at
least 24 days (i.e. 20 + 4). In theory, therefore, treat-
ment every 21 days during the tick season should give
good control, but since the nymphal stages appear
to be less susceplible 1o most acaricides, a 12-day in-
terval is often necessary between treatments at the
beginning of the tick season. The avermectins/
milbemycins may play an increasing role in the control
of one-host ticks.

CONTROL OF TWO- AND THREE-HOST
TICKS

The control of the two- and three-host ticks prevalent
in Africa and North America is similarly geared to the
parasitic period required for the adull fermale stage to
become fully cngorged and this varies from 4 to 10
days according to the species. If an animal is treated
with an acaricide which has a residual effect of, say,
three days, it will be at least seven days before any
fully engorged female reappears following dipping
(i.e. three days’ residual effect plus a minimum of four
days for cngorgement). Weekly dipping during the
tick season should therefore kill the adult female
ticks before they are engorged, except in cases of
very severe challenge when the dipping interval has
to be reduced to four or five days. Dipping intervals
of this latter frequency are also nccessary for cattle
infested with R. appendicularus in arecas where East
Coast Fever is endemic so that the ticks are killed
before the sporozoites of T. parva have time to
develop to the infective stage in the salivary glands
of the tick.

Theoretically, weekly dipping should also control
the larvae and nymphs, but in several areas the peak
mnfestations of larvae and nymphs occur at different
seasons to the adult females and the duration of the
dipping season has to be extended. Since many of the
two- or three-host ticks occur on less accessible parts
of the body, such as the anus, vulva, groin, scrotum,
udder and ear, carc must be exercised to ensure that
the acaricide i1s properly applied.

There is considerable local variation in tick biology
and times of dipping may vary widely within regions.
Before embarking on any dipping control programme,
local advice should be sought, though the general prin-
ciples described above should be observed.
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ACARICIDES

Arsenic was the first compound 1o be widely used lor
tick control but due to problems of toxicily, lack of
residual effect and resistance it was largely replaced by
the organochlorines in the late 1940s. Increasing envi-
ronmental contamination and consumer resistance to
unacceptable levels of organochlorines in meat to-
gether with the onset of tick resistance (o this group of
insecticides led to their replacement in the 1960s
by several organophosphorus compounds, the carba-
mate, butocarb and, more recently, the formamidine,
amnitraz, and some synthetic pyrethroids. Ivermectin
or ctosantel given by the parenteral roule have also
been shown to be a usetul aid in the control against the
one-host tick Boophilus.

OTHER CONTROL MEASURES

The development by ticks of resistance to most of the
available acaricides poses such a threat to livestock
production in the tropics that alternative methods of
control are urgently being sought, especially against
the two- and three-host ticks which spend long periods
off the host. Traditional mcthods such as burning of
pastures are still used and are generally practised dur-
ing a dry period before rains, when ticks are inactive.
This technique is still a most useful one in extensive
range conditions and provided it is used after seeding
of the grasses has taken place, regencration of the
pastures will rapidly occur following the onset of rains.
Cultivation of land and, in some arcas, improved
drainage help to reduce the prevalence of tick
populations and can be used where more intensive
systems of agriculture prevail. Pasture ‘spelling’ in
which domestic livestock are removed from pastures
for a period of time has been used in semi-extensive or
extensive areas, bul often has the disadvantage that
ticks can stitl obtain Mood from a wide variety of other
hosts.

Other control systems include the selection of cattle
with a high natural resistance to tick infestations. Re-
sistance of this type seems to be a heritable character-
istic and is high in the humped breeds (Bos indicus)
and low in the Eurcpean breeds (Bos tawrus). The
potential of resistant humped breeds, possibly crossed
with European cattle, is under investigation as a
method of reducing tick populations and the diseases
they transmit.

Another approach has been the development of
vaccines against ticks. Relative success has been
achieved against the cattle tick Boophilus microplis.
A highly purified antigen has been isolated and vacci-
nation of cattle with small doses of this glycosylated
lick protein has reduced the reproductive capacity of
ticks feeding on vaccinated animals by 90%. To pro-
duce sufficient quantities for vaccination the gene cod-

ing for the protein antigen has been incorporated into
micro-organisms such as the fungus Aspergillus
nidulans.

Family ARGASIDAE

The scutum is absent from these soft ticks and the
mouthparts are not visible from the dorsal aspect {Fig.
136). They do not swell as much on engorgement as
hard ticks since the females feed moderately and
often. Mating takes place off the host and the cggs
are laid in batches. These ticks, unlike the Ixodidae,
are drought resistant and capable of living for
several years. There are three genera of veterinary
importance.

Argays (the fowl tick)
The common species, Argas persicus, is cosmopolitan
in distribution, especially on domestic poultry in the
tropics; it has only been recorded from Britain on a
few oceasions. The life cycle involves one larval and at

Fig. 136 Ventral view of the soft tick Argas; the mouthparts are not
visible from the dorsal aspect.
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least two nymphal stages prior to the adult. These
various stages live In cracks and crevices of the poultry
house only approaching birds at night to suck blood
about once per month. The adult stages live for several
years, even in the absence of suitable hosts. These
ticks cause sleeplessness, loss of productivity and
anaemia, which can prove fatal. They transmit
Buorrelia ansering, the cause of fowl spirochaetosis,
and Aegyptianella pullorum, a rickettsial infection.

Another species, A. reflexus, is a common parasite
of pigeons.

Otobius megnini, the spinose car tick, is found in
North and South America, India and southern Africa.
Although these spiny ticks occur primarily in dogs’
cars they can also infect many other hosts including
man. Since the eggs are laid in crevices in walls and
feeding troughs (hey arc mainly a problem in housed
stock. Only the larvae and nymphs are parasitic, re-
maining on the same host for several months where
they cause severe inflammation and a waxy exudate in
the ear canals and, in heavy infections, anaemia and
loss of condition.

Ornithodoros

These soft ticks or sand tampans live in sandy soils, in
primitive housing or in shaded areas around trees.
Ornithodoros moubata and O. savignyi occur in Africa
and the Middle Easl and the former at least is a reser-
voir host for the virus of Alrican swine fever and for
the spirochaete which causes relapsing fever in man.
Only the nymphs and adults are parasitic and may bc
responsible for considerable irritation in man and ani-
mals and heavy infections can cause mortality of stock
from blood loss. Because of their location under the
surface of sand and the short periods on the host,
treatment and control may be difficult. Another spe-
cies, O, turicata, also occurs in the USA and has been
incriminated as a vector of Q fever in man and animals
and also as a cause of tick paralysis.

The three important cpidemiological characteristics
of the soft ticks are, first, the fact that engorgement is
completed rapidly and therefore allows advantage to
be taken of the infrequent presence of suitable hosts;
secondly, the great capacity of these soft ticks for sur-
vival in arid conditions; thirdly, the frequent feeding
activity of the various stages allows many opportu-
nities for the transmission of pathogens.

CONTROL OF ARGASID TICKS

Argasid ticks which exist in poultry houses or in ani-
mal shelters or enclosures can be controlled by appli-

189

cation of an acaricide to their environment coupled
with treatment of the population on the host. All
niches and crevices in affected buildings should be
sprayed and nesting boxes and perches in poultry
houses should also be painted with acaricides. At the
sume time as premises are treated, birds should either
be dusted with a suitable acaricide or, in the case of
larger animals, sprayed or dipped. Treatment should
be repeated al monthly intcrvals.

In the case of the ear tick Otobius, which spends a
long time on the host, control can be achicved by the
topical use of acaricidal creams together with treal-
ment of the premises.

For sand tampans the use of blocks of solid carbon
dioxide to stimulate them to leave their secluded
hiding places for the soil surface where they are ex-
posed to acaricides is often rccommended, but
rather impractical. The introduction of ivermectin
which has a residual effect against Orrithodoros ollers
a very promising method of control in domestic
animals,

THE MITES

This group of acarines includes both parasilic and
free-living forms, a few of the latter species being of
interest to the veterinarian both as occasional para-
sites and as intermediate hosts of anoplocephalid
cestodes, including Anoplocephala, Moniezia and
Stilesia.

The parasitic mites are small, most being less than
0.5mm long, though a few blood-sucking species may
attain several mm when fully engorged. With few ex-
ceptions they are in prolonged contact with the skin of
the host, causing various forms of the condition gener-
ally known as mange.

Although, like the ticks, mites are obligate para-
sites, they differ from them in the important respect
that most specics spend their entire life cycles, from
egg to adult, on the host so that (ransmission is mainly
by contact. Tt will also be seen later that, unlike the
ticks, once infection is established, pathogenic
populations can build up on an animal without further
acquisitions.

The miles have a complex taxonomy, occupying at
least eight different (arnilies, and for veterinarians it is
more useful to consider them according o their loca-
tion on the host as burrowing and non-burrowing
mites.

BURROWING MITES

With one exception, Demodex, 1o be considered later,
the three important burrowing genera, Sarcoptes,
Notoedres and Knemidocoptes, belong to a single fam-
ily, the Sarcoptidae and have much in common,
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(b)

Fig. 137 (a) Dorsal view of Sarcoptes scabiel showing fransverse
ridges and triangular scales; (b) Dorsal view of Notosdres cati show-
ing concentric striations; (¢) Dorsal view of the poultry mite
Knemidocoptes.

Morphelogically they have a general similarity, with
circular bodies and very short leps which scarcely
project beyond the body margin, Their generic charac-
teristics are outlined in Fig. 137.

Family SARCOPTIDAL

Sarcoptes

The sole species of this mite occurs in a wide range of
mammals, but by biological adaptation ‘strains’ have
evolved which are largely host-specific. Thus,
Sarcoptes is well known in both human and veterinary
medicine as a cause of mange, the disease in man
being generally known as scabies.

Hosts:
All domestic mammals and man.

Species:
Sarcoptes scabiei.

Distribution:
Worldwide.

MORPHOLOGY

Sarcoptes is round in outline and up to (.4 mm in diam-
eter, with short legs which, like those of Notoedres,
scarcely project beyond the body margin. Its most im-
portant recognition characters are the numerous
transverse ridges and triangular scales on the dorsum,
features possessed by no other mange mite of domes-
tic mammals.
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LIFE CYCLE

The fertilized female creates a winding burrow or tun-
nel in the upper layers of the epidermis, feeding on
liquid oozing from the damaged tissucs. The eggs are
laid in these tunnels, hatch in 3-5 days, and the six-
legged larvae crawl on to the skin surface. These lar-
vae, in turn, burrow into the superficial layers of the
skin to create small ‘moulting pockets’ in which the
moults to nymph and adult are completed. The adult
male then emerges and sceks a female either on the
skin surface or in a moulting pocket. After fertilization
the females produce new tunnels, either de novo or by
extension of the moulting pocket. The entire life cycle
is completed in 17-21 days.

New hosts are infected by contact, presumably from
larvac which are commonly present on the skin sur-
face.

SARCOPTIC MANGE OF DOGS

The predilection sites [or the mites arce arcas such as
the ears, muzzle, face, and elbows but, as in other
manges, severe infestations may extend over the
whole body (Plate XT).

Visually, the condition begins as erythema, with
papule formation, and this is followed by scale and
crust formation and alopecia. It is a characteristic of
this form of mange that there is intense pruritus, which
often leads to self-inflicted trauma.

After a primary infection dogs begin to scratch
within a week, often before lesions are visible. By
analogy with infection in pig and man it seems likely
that the degree of pruritus is exacerbated by the devel-
opment of skin hypersensitivity to mite allergens.

In cases which are neglected for a number of
months the whote skin surface may be involved, dogs
becoming progressively weak and emaciated; a strong
sour odour is a notable feature of this form of mange.

Useful diagnostic fealures of canine sarcoptic
mange are: '

(1) The edges of the ears are often first affected, and
on rubbing a scratch reflex is readily elicited.

(2) There is always intense itching, so that in cascs of
dermatitis where there is no itch, sarcoplic
mange can be eliminated as a possibility,

{3) It is a highly contagious condition, and single
cascs arc rarely seen in groups of dogs kept in
close contact,

Confirmatory diagnosis is by examination of skin
scrapings for the presence of mites. However, since
these are sometimes difficult to demonstrate, a nega-
tive finding should not preclude a tentative diagnosis
of mange and initiation of treatment.

Based on the protected location of the parasites, the
duration of the life cycle and the necessity of killing all
mites, dogs should be bathed weekly with an acaricidal
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preparation for four weeks, or longer if necessary,
until lesions have disappeared. Effective acaricides
include the organochlorines, gamma HCH and
bromocyclen, and the organophosphates such as
phosmet, but the availability of some of these com-
pounds is limited in some countries. Many prepara-
tions are combined with a surfactant which aids
contact with the mites, by removing skin scales and
softening crusts and other debris.

Because this is a highly contagious mange, aflfected
dogs should be isolated and it should be explained to
owners that rapid cure cannot be expected. To ensure
that an outbreak is contained, all dogs on the premises
should be treated if possibie.

In severely distressed dogs, oral or parenteral
corticosteroids are valuable in reducing the pruritus
and so preventing further excoriation.

SARCOPTIC MANGE OF CATS

Sarcoptic mange is rare in cats. In the few recorded
cases the changes have been similar to those in
Notoedres infection with progressive hair loss from the
cars, face and neck, extending to the abdomen. Treat-
ment is as for Notoedres.

SARCOPTIC MANGE OF PIGS

The ears are the most common site, and are usually
the primary focus from which the mite population
spreads to other areas of the body (Plate XI), espe-
cially the back, flanks and abdomen. Many pigs har-
bour inapparent infections throughout their lives, and
the main mode of transmission appears to be between
carrier sows and their piglets during suckling. Signs
may appear on the face and ears within three weeks of
birth, later extending to other arcas. Transmission
may alsa occur during service, especially from an in-
fected boar to gilts.

Affected pigs scratch continuously and may
lose condition. The first lesions appear as small red
papules or weals and general erythema about the eyes,
around the snout, on the concave surface of the exter-
nal ears, in the axillae and on the front of the hocks
where the skin is thin. Scratching results in excoriation
of these affected arcas and the formation of brownish
scabs on the damaged skin. Subsequently, the skin
becomes wrinkled, covered with crusty lesions and
thickened.

For confirmatory diagnosis the most reliable source
of material for examination is wax from the ear.

A common control regimen is to treat the sow, the
main reservoir of infection, before she goes into the
farrowing crate or pen. This procedure will obviously
be much more rewarding than having to treat partly
grown pigs. Trials have shown that the economic ben-
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cfit of such a regimen appears at the [attening stage,
the offspring of treated sows showing better growth
rates and shorter finishing periods than those of un-
treated sows. Boars should also be routinely treatcd at
six-monthly intcrvals.

In the treatment of affected pigs, acaricide may
be applied weekly, by wash or by spray, until the
signs have regressed. Effcctive preparations which
have been used include amitraz, trichlorfon and
bromocyclen. Newer and more canvenient products
with a better residual effect are the syslemic
organophosphate pour-on, phosmet and injectable
ivermectin. 1t is recommendcd that phosmet be ap-
plied to the back of the sow 3-7 days before farrowing,
a small part of the dose being poured into the cars.
Alternatively, ivermectin may be administercd at
300ug/kg.

SARCOPTIC MANGE OF CATTLE

Sarcoptic mange is potentially the most severc of the
cattle manges, although many cases are mild. Never-
theless, it is being increasingly diagnosced in Britain
and the highly relevant point should be made that in
some areas including Canada and parts of the USA,
the disease is notifiable and the entry of cattle carrying
Sarcoptes, whether clinically affected or not, s not
permitted.

The mile has partial site preferences which have
given it, in the USA, the commen name of ‘neck and
tail mange’ (Plate XI), but it may occur on any part of
the body.

Mild infections show merely scaly skin with little
hair loss, but in severe cases the skin beecomes thick-
ened, there is marked foss of hair and crusts form on
the less well-haired parts of the body, such as the
escutcheon of cows. As in all the sarcoptic manges,
there is intense pruritus leading to loss of meat and
milk production and to hides being downgraded be-
cause of damage by scratching and rubbing.

For confirmatory diagnosis, skin scrapings must
be examined carefully since housed cattle, and those
fed outdoors from high racks. often carry large
populations of innocuous forage mites as well as the
less  harmful Chorioptes. Once encountered,
Sarcoptes, with its circular outline, short, stump-like
legs and transverse striations, is casily differentiated
from Demodex and from other catile mites which have
oval bodies and easily visible legs.

Until recently, treatment has largely depended on
the use of repeated washes or sprays usually contain-
ing gamma HCH, Cucrently, a single injection ol
ivermectin is commonly used and has given very good
results. Alternatively, the application of a pour-on
organophosphate such as phosmet, on two occasions
at an interval of 14 days, is also effective. Neither
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ivermcctin nor phosmet are licensed for usc in lactat-
ing animals whose miik is used for human consump-
tion. The amidine amitraz is effective against sarcoptic
mange in cattle and has withdrawal periods of 24 and
48 hours respectively for meat and milk.

SARCOPTIC MANGE OF SHEEP

Sarcoptic mange has a wide geographic distribution in
many sheep-raising arcas of the world, such as the
Middle East. In Alrica it occurs in the local breeds of
haired sheep and, because of hide damage, is of con-
siderable economic importance, more than a million
sheepskins being exported from the region annually.

Sarcoptic mange of shecp in Britain has not been
encountered for more than 30 years.

The mite, unlike the non-burrowing genus
Psoropres, prefers regions withour wool, such as the
face, cars, axillae and groin, and has a slow spread.
Alffected areas are at first erythcmalous and scurfy.
The intense pruritus characteristic of sarcoptic mange
is present, and shcep scratch and rub the head,
body and legs against (rees, posts and walls. Becausc
of the itch, sheep are almost continuously restless
and arc unable to graze, so that therc is progressive
emaciation. In haired sheep the whole body may be
affected.

Treatment and control is similar to that described
later for the more common psoroptic mange of sheep.

SARCOPTIC MANGE OF GOATS

This form of mange in goals is worldwide in distribu-
tion, but is of greatest economic importance in arcas
where the goat 1s (lie basic domestic ruminant suck as
India and Wesl Africa.

In goats the condition is often chronic, and may
have been present simply as “skin-disease’ for many
months before definitive diagnosis has been made. As
in other sarcoptic infections the main signs arc irmita-
tion with cncrustations, loss of hair and cxcoriation
from rubbing and scratching. In long-standing cases
the skin becomes thickened and nodules may develop
on the less well-haired parts of the skin, including the
muzzle, around the eyes, and inside the ears.

Repeated trecatment is often necessary, sometimes
over several months in long-standing cases. The
acaricide which has been most widely used is gamma
HCH and where this is no longer available there may
be problems obtaining a suitable drug licensed for use
in goats.

Although not licenscd for the treatment of goats,
whose milk is consumed by man, a single injection of
ivermcctin is extremely effective.

Corticosteroid therapy has been reported to aid re-
covery in that it suppresses the prurtus.
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SARCOPTIC MANGE OF HORSES

This mange is now uncommon, and in Britain only two
cases have been recorded since 1948. In both cases
there was strong evidence that the infection had been
acquired from other domestic species.

SARCOPTIC MANGE OF MAN

Though they have their own distinct ‘strain® of
Sarcoptes, humans rcadily become infected from do-
mestic animals. Most cascs of zoonotic scabies origi-
nate from dogs, but outbreaks have also occurred in
stockmen closely involved with catile or pigs.

The areas most often affected are those in direct
conlact with the animals, including the palms of the
hands, the wrists, the arms and the chest.

Primary scabics of animal origin is much less severe
in man than infection with the human strain because
the mites do not burrow into the skin and do not multi-
ply. The condition appears as a reddish, papular erup-
tion, with pruritus, which disappears in a few weeks. In
people repeatedly exposed to infected animals a hy-
persensitive stale, characterized by a transient rash,
may appear within a few hours of animal contact.

Once affected animals have bcen successfully
trealed no further human cases occur.

Netoedres

This genus has somewhat similar behaviour and
pathogcnesis to Sarcoptes, but has a morc restricted
host range.

Hosts:

Cat; it is occasionally seen as a temporary parasitc in
the dog, and a varicty or strain may cause severc
mange of the face and head in rabbits.

Species:
Notoedres cati.

Distribution:
Worldwide.

MORPHOLOGY

Notoedres closely resembles Sarcoptes, having a circu-
lar outline and short legs, but is distinguished by its
concentric ‘thumb print’ striations and absence of
spines (Fig. 137).

LIFE CYCLE

Similar to that of Sarcoptes, except that the females in
the dermis do not occur singly, but are found in
agpregations known as ‘nests’.
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EPIDEMIOLOGY AND PATHOGENESIS

Notoedric mange is highly contagious, but though it
occurs in local, limited outbreaks, it is not a frequent
cause of skin disease in cats. In Britain, for example,
the disease is now rarely encountered.

The infection appears as dry, encrusted scaly lesions
on the edges of the cars and on the face, the skin being
thickened and somewhat leathery. The associated pru-
ritus is often intense, and therc may be severe excoria-
tion of the head and neck from scratching. In typical
cases the lesions appear first on the medial edge of the
ear pinna, and then spread rapidly aver the ears, face,
eyelids and ncck. It may be spread to the feet and tail
by contact when the cat grooms and sleeps.

DIAGNOSIS

This is based on the host involved, the intense pruri-
tus, the location of lesions and the rapid spread to
involve all kittens in a litter. Confirmation is by finding
the mites in skin scrapings, which is more readily
achieved than in sarcoptic mange, since a single ‘nest’
in a scraping yields many mitcs.

TREATMENT

Skin crusts should first be softened with liquid paralfin
or soap solution belorc applying an acaricide. A 1%
solution of selenium sulphide is specifically recom-
mended for use in cats since certain compounds such
as the organochlorines may prove toxic to cats. Treat-
menl should be given at weekly intervals for 4 to 6
weeks, the prognosis being good. Although not yet
licensed for the treatment of cats, ivermectin is effec-
tive against Notoedres.

Knemidocopies (syn. Caemidocoptes)

This is the only burrowing genus of domestic birds,
and resembles Sarcoptes in many respects.

Hosts:

Poultry and cage birds.

Distribution:

Worldwide.

Species:

The conditions caused by the various species have
acquired descriptive common names:

Knemidocoptes mutans pouliry ‘scaly leg’
K. gallinae poultry ‘depluming itch’
K. pilae cage birds ‘scaly face’,

‘tassel fool’,
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Fig. 138 (a) 'Scaly leg’, due to K. mutans; (b) ‘Scaly face’, due to K.
pitas.

MORPHOLOGY

The circular body and short, stubby legs and the avian
host are sufficient for gencric diagnosis (Fig. 137).

LIFE CYCLE

Similar to Sarcoptes, the [ertilized females burrowing
into the dermis and laying eggs in tunnels.

EPIDEMIOLOGY AND CLINICAL SIGNS

In poultry, K. mutans affects the skin beneath the leg
scales, causing the scales to loosen and rise, and giving
a ragged appearance to the usnally smooth limbs and
toes (Fig. 138). Lameness and distortion of the feet
and claws may be evident.

K. gallinge, responsible for ‘depluming itch’, bur-
rows into the feather shafts, and the intense pain and
irritation cause the bird to pull our body feathers.

K. pilge is most often scen in budgerigars because of
their popularity, but other psittacines such as the par-
rot, parakeer and cockatiel. and finches, such as the
canary, are cqually susceptible. K. pilge attacks the
bare and lightly feathered areas, including the beak,
cere, head, neck, inside of wings, legs and feet. The
mites are deep in the skin, but unlike Sarcoptes cause
little pruritus. Lesions develop slowly, over a number
of months.

Infection may remain latent for a long time with a
small stalic mite population until stress, such as chill or
movement to a strange cage, occurs when the popula-
lion increases.

On the head, the first change is a scaliness at the
angle of the beak which spreads over the face (‘scaly
face') affccting the cere and horny tissue of the beak
{Fig. 138). The beak may be distorted due to the mites
burrowing in the matrix, and crossbeak may develop.
If the matrix is destroyed there is no prospect of recov-
ery. When the limbs are affected, an extreme form of
scaly leg may develop and in severcly affected birds
toes may slough.

TREATMENT

For the treatment of mite infestation in poultry the
acaricides most widely used are carbaryl or
pyrethroids applied cither as a dust or spray, paying
particular attention to the undersides of the wings, For
‘scaly leg’ the legs should be dipped into the acaricide
solution. The treatment should be repeated several
times at ten-day intervals. The poullry house should
be thoroughly cleaned and the perches and nesting
boxes sprayed with acaricide.

The treatment of cage birds is similar except that
the acaricide is usually applied locally. Gil-based ca-
nine ear drops are useful, being easy to dispense and
simple to apply. A few drops of 1% ivermectin placed
on the skin at the base of the neck has been recom-
mended for the treatment of mange in cage birds.

DEMODICIDAE

Mites of this genus belong to a separate family, the
Demodicidae which, although burrowing mites, are
quite different in form and behaviour from the
Sarcoptidae.

Hosts:
All domestic mammals and man.

Distribution:
Worldwide.

Location:
Hair follicles and scbaceous glands.




Fig. 138 (a) Typical appearance of Demodex in skin scraping; (0}
Adult Demodex.

Species:

With the exceptions of D. phylloides of pigs and D.
folliculorum of man, all species of Demodex arc
named after their hosts, e.g. I2. canis, ). bovis, D. equi,
ete.

MORPHOLOGY

Demodex has an elongate tapering body, up to 0.2mm
long, with four pairs of stumpy legs anteriorly (Fig.
139).

LIFE CYCLE

Demodex spp. live as commensals in the skin of most
mammals, and are exceptional in being selective for
particular skin sites, namely the hair follicles and seba-
teous glands.

Most species spend the entire lifc cycle in the folli-
cles or glands, in each of which they occur in large
numbers in a characteristic head-downward posture.
In the newborn and very young animal these sites are
simple in structure, but later they become compound
by outgrowths. The mites then move into the extended
habitats, going much deeper into the dermis than the
sarcoptids and hence being much less accessible to
surface-acting acaricides.
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This form of mange is best documented in the dog,
but the pathogenesis and epidemiology in other ani-
mals suggests that their infections may have much in
common with canine demodicosis.

DEMQODECTIC MANGE OF DOGS

EPIDEMIOLOGY

Prabably becausc of its location deep in the dermis, it
is almost impossible to transmit Demodex between
animals unless there is prolonged contact.

In nature such contact occurs only during suckling
and it is thought that most infections are acquired in
the early weeks of life, the commensal population in
the skin of the bitch being transferred to the in-contact
areas of the pup. Certainly, it is in these areas, the
muzzle, face, periorbital region and forclimbs that le-
sions first appear (Plate XII}.

PATHOGENESIS

Early in infection there is a slight loss of hair on the
face and forelimbs, followed by thickening of the skin,
and the mange may progress no further than the in-
contact arcas; many of these localized mild infections
resolve spontancously without treatment. On the
other hand, lesions may sprcad over the entire body,
and this generalized demodicosis may take one of two
forms:

(1Y  Squamouns demodicosis is the less serious. It is a
dry reaction, with little erythema, but widc-
spread alopecia, desquamation and thickening of
the skin. In some cases of this type only the face
and paws are involved.

(2) Pustular or follicular demodicosis is the severe
form, and follows bacterial invasion of the le-
sions, often by staphylococci. The skin becomes
wrinkled and thickened, with many small pus-
tuics from which serum, pus and blood ooze,
giving this form its common name of ‘red mange’
(Plate XII); affected dogs have an offensive
odour. Prolonged trcatment is necessary, and
survivors may be severely disfigurcd, so that
early euthanasia is sometimes requested by own-
ers, and especially by pedigree breeders.

A notable feature of all types of demodectic mange
is the absence of pruritus.

The pathogenesis of Demodex is more complex
than that of other mange mites because immune fac-
tors appear to play a large part in its occurrence and
severity. It is thought that cerlain bitches carry a
genetically transmitted factor which results in
immunodeficiency in their offspring, making them
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more susceptible to mite invasion, and it has been
abserved that litter mates from such a bitch often de-
velop the generalized form of demodectic mange si-
multaneously, even though they have been reared
separately. In addilion, Demodex itself is thought to
causc a cell-mediated immunodeficiency which sup-
presses the normal T-lymphocyte response; this defect
disappears when the mites have been eradicated from
the animal. Demodectic mange may erupt when dogs
are given immunosuppressants for other conditions.

DIAGNOSIS

For confirmatory diagnosis, deep scrapings are neces-
sary to reach the mites deep in the follicles and glands,
and this is best achieved by taking a fold of skin,
applying a drop of liquid paratfin, and scraping until
capillary blood appears. Even in normal dogs a [ew
commensal mites may be found in the material, but
the presence of a high proportion of larvae and
nymphs (Fig. 139) will indicate a rapidly increasing
population, and hence an active infection. Skin biopsy,
to detect mites in the follicles, has been used in se-
verely affceted dogs, but is rarely necessary.

In controlling the endemicity of demodicosis, it
should be noted that since certain bitches are more
prone than others to have susceptible offspring, it
may be advisable to discard these from breeding
establishments.

TREATMENT

With their deep location in the dermis the mites are
not readily accessible (o opically applied acaricides,
so that rcpeated treatment is necessary and rapid re-
sults should not be expected. Tn localized squamous
mange recovery may be expected in 1-2 months, but in
the generalized pustular form the prognosis should
indicate that recovery will take at least three months,
and should, even so, be guarded.

Before commencing specific treatment the dog
should be clipped, washed with an anti-seborrhoeic
shampoo and thoroughly dried. Qf the available
acaricides the most widely used arc amitraz and the
organophosphate cythioate.

Amitraz treatment has proved highly successful us-
ing one or more applications at 14 day intervals.

Where (he lesion is mild and localized it may
be treated by local application of acaricide and
where pyoderma is severe antibiotic therapy may be
necessary.

DEMODECTIC MANGE OF CATS

Demodicosis is rare in cats. It takes a localized, self-
limiting [orm, confined to the eyelids and periocular
region, and is of the mild squamous type, with some
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alopecia. It may be treated by local application of a
suitable acaricide.

DEMODECTIC MANGE OF CATTLE

The most important effect of bovine demodicosis is
the formation of many pea-sized nodules, each con-
taining caseous material and several thousand mites,
which cause hide damage and economic loss. Though
these nodules can be seen in smooth-coated animals
they are often undetected in rough-coated cattle until
the hide has been dressed.

In some parts of Australia 95% of hides are dam-
aged, and surveys in the USA have shown a quarter of
the hides to be affected. In Britain 17% of hides have
been found to have Demodex nodules.

As in the dog, transmission appears to occur during
the early days of suckling, and the muzzle, neck, with-
ers and back are common sites.

Control is rarely applied since there is little incen-
tive for [armers to treat their animals, the cost of dam-
age being borne by the hide merchant. If treatment is
desired, pour-on organophosphates or parenteral
ivermectin may be tried.

DEMODECTIC MANGE OF SHEEP

This form of mange is rare in sheep and is of little
economic importance, being confined to the face
region and being mild in character.

DEMODECTIC MANGE OF GOATS

Demodicosis of goats is worldwide in distribution, and
though formerly of greatest importance in warm coun-
tries, it is being increasingly diagnosed in Eurape.

The disease is similar Lo that in cattle. The initial
lesions on the face and neck extend to the chest and
flanks and may eventually involve the whole body,
with the formation of cutancous nodules of up to
2.0cm in diameter contaiming yellowish, caseous
material with large numbers of mites.

This form of mange is rarely debilitating, and is of
greatest importance as a cause of down-grading or
condemnation of goat skins. Where treatment is at-
tempted, pour-on organophosphates or parenteral
ivermectin may be uscd.

DEMODECTIC MANGE OF PIGS

This mange is rare in pigs though sporadic incidences
of up to 5% have been noted in castern European
countries. Tt is usually confined to the head, where
there is pustuic formation and thickening of the
skin.
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DEMODECTIC MANGE OF HORSES

In the horse demodectic mange is rare, but may
occur either as the squamous or the pustular type,
alfecting initially the muzzle, forehead, and periocular
area.

Family LAMINOSIOPTIDAL

Laminosioptes

Laminosioptes cysticola occurs in domestic poultry
and pigeons in most parts of the world. Aggregations
of these small, oval mites are found in yellow caseous
nodules of several mm diameter in the subcutaneous
muscle fascia and in deeper tissues in the lungs, perito-
neum, muscle and abdominal viscera. The life cycle is
unknowr.

The subcutancous nodules are often calcified and
contain only dead mites, active mites occurring in the
deep tissues.

Laminosioptes is never associaled with clinical
signs, and is only discovered at meat inspection, when
infected carcasses are condemned partly on aesthetic
grounds and partly because the infection appears
somewhat similar (o avian tuberculosis.

NON-BURROWING MITES

The miles in this category are diverse in biology and,
although classificd in many different groups, the three
major families of veterinary importance are the
Psoroptidae, Cheyletidae and Dermanyssidae. Their
common feature is that they do not burrow into the
dermis, but feed superficially. Some teed solely on skin
scales, but a few also suck tissue fluid from the skin,
and several arc bloodsuckers. Tn their behaviour they
include species which live permanently on the skin
surface, others live mainly in the hair or fur and a few
genera which, like the ticks, visit the host only to feed.
Othcrs spend their adult existence as [ree-living
acarines, but must feed on animals in their larval
phase. The main diagnostic features of the important
species are indicated in Fig. 140.

Family PSOROPTIDAE

Psoropies

Hosts:
Sheep, cattle, equines,

Species:

Psoroptes ovis sheep and cattle

P. equi equines

P. cuniculi equines and rabbits.
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Distribution:
Worldwide.

MORPHOLOGY

Fsoroples is a lypical non-burrowing mite, up to
0.75mm, oval in shape, and with all the legs projecting
beyond the body margin. Its most important recogni-
tion features are the pointed mouthparts, the rounded
abdominal tubercles of the male and the three-jointed
pedicels bearing funnel-shaped suckers on most of the
legs (Figs 140 and 141).

LIFE CYCLE

In general, typical of the non-burrowing mites, The
female lays about 90 cggs during her lifetime of 4-6
weeks, and development from the egg, through the
larval and nymphal stages (0 maturc adult, takes about
len days. The greater pathogenicity of this mite is
attributable to the fact that unlike most non-burrow-
ing mites, il has picreing and chewing mouthparts
which can severely damage the skin.

PSOROPTIC MANGE OF SHEEP (SHEEP
SCAB)

EPIDEMIOLOGY AND PATHOGENESIS

The distribution of mites on the animals varies accord-
ing to season, the infection being in a quiescent state in
reservolr sites such as the axilla, groin, infra-orbital
fossa and inncer surface of the pinna and auditory canal
during spring, summer and early autumn, and spread-
ing rapidly over the rest of the body in the colder
months as the fleece thickens.

Though it is a non-burrowing mite, Psoroptes is very
active in the keratin layer, and causes direct damage to
the skin, The earliest phase of infection occurs as a
zone of inflamumation with small vesicles and serous
exudate, but as the lesion spreads, the centre becomes
dry and covered by a yellow crust while the borders, in
which the mites are multiplying, arc moist (Plate XIT).
The first visible sign is usually a patch of lighter wool,
but as the area of damage enlarges the sheep responds
to the intensc itching associated with mite activity by
rubbing and scratching against fence posts and other
objects, so that the wool becomes ragged and stained,
and is shed from large areas (Fig. 141).

In addition to wool loss, the sheep are so restless
and preoccupied in scratching that they almost cease
10 [ced, and in growing animals weight gains may be
suppressed, while in adults there may be weight loss.
In very severe infestations anirnals may even succumb,
being so debilitated that they cannot compete for
winter feed.
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Fig. 140 {a) Ventral view of female Psoroptes mite; (b} Ventral view of female Chorioptes mite; {c) Ventral view of fernale Ofodectes cynotis,

() Dorsal view of female Cheyletielia.

Though the majority of sheep become infected
while the mitcs are active and multiplying, the quies-
cent phase is also very significant in the epidemiology
of the disease, for apparently normal sheep carrying
this phase in reservoir sitcs may be introduced to
healthy flocks during summer and autumn, and initiate

outbreaks when the cold scason arrives. There is a
short-term risk of infection from pens and houses, but
off the host, most mites die within a week, and
premises may be presumed free of infection three
weeks after removal of sheep.
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Fig. 141 (a) Differential features of Psoroptes and Chorioptes; (b)
Pruritus and wool loss characteristic of sheep scab.

DIAGNOSIS

Initial diagnosis is based on the season of occurrence
and the signs of wet, discoloured wool, debility, and
intense pruritus, with an easily elicited nibbling reflex,
Confirmatory diagnosis is made by ideniification of
the mites. Materiul should be seraped from the edge of
a lesion, placed in warmn 10% potassium hydroxide,
and examined microscopically.

As a non-burrowing mite Psoroptes has a generally
oval outline, with all the legs projecting beyond the
body margin. Another non-burrowing mite,
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Chorioptes, can be common in sheep, and it is essential
that this relatively harmless mite should be differenti-
ated from the pathogenic Psoroptes. The important
differcntiai features are shown in Fig. 141

TREATMENT AND CONTROL

Because of its short population turnover period of ten
days there is very rapid spread, and it is this character
which has led to legislative control in many countries
since the economic consequences ol uncontrolled
sheep scab are serious. The disease was presumed to
have been eradicated from the United Kingdom in
1952, there having been no nolifications of outbreaks
for a number of years; it reappeared in 1973, most
probably having been introduced as the quiescent
phase in imported sheep. It was eradicated from Aus-
tralia and New Zealand many years ago, but remains
notifiable in these countries. Legislation in support of
control is based on inspection of flocks, limitation of
movement of sheep in, and [rom, areas in which the
infection has been diagnosed, and compulsory dipping
of all sheep at preseribed times. Although regulations
including compulsory dipping were in place in Britain
for 20 years, the discase is no longer notifiable; this
situation could however change.

Though several methods of applying acaricide, such
as showering, have been tested, plunge dipping is gen-
erally recommended for sheep scab contrel. Sheep
should remain in the bath for at least one minute, and
the head should be immersed at least twice. They
should be held in clean pens before dipping and it is
customary to hold them in draining pens for a time
afterwards to conserve dip and assist in its proper
disposal. Modern acaricides have becn developed
which have an affinity for wool grease, so that as a
succession of sheep go through the bath the acaricide
is gradually *stripped out’, and manufacturers give di-
rections for replenishment after a specified number of
sheep have been dipped. 1t is usually recommended
that the replenishing dip should have an acaricide con-
centration at least 1.5 times greater than the original,
to replace the selective loss.

In most countries in which control is practised, only
specificd acaricides are permilted for use in dips. For
many years only gamma BHC, now designated gamma
HCH (hexachlorocyclohexane), was used, but this has
now bheen largely replaced by the organophosphates,
diazinon and propetamphos, which in addition to giv-
ing the required persistence in the fleece, are rapidly
detoxified and excreted from lissues. The synthetic
pyrethroid, flumethrin, is alse licensed (or the control
of sheep scab in the UK.

Two treatments with injectable ivermectin at an in-
lerval of seven days have given complete clearance of
Pyoroptes ovis, and are now licensed for this purpose
in many countries.
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PSOROPTIC MANGE OF OTHER
LIVESTOCK

Bovine psoroptic mange is of increasing importance in
the USA and parts of Europe, attributable mainly to
mare intensive husbandry methods.

The main effect is a pruritus caused by the biting
and sucking activity of the mites which results in the
formation of vesicles, the exudate drying on the skin (o
form a crust. Cattle arc extremely restless, and in the
USA it has been observed that the feed intake of
infected animals may drop by 20%, so that up to three
months” additional feeding may be necessary for them
to reach their required weights. In Germany, extreme
debility and some deaths have occurred in animals
under a year old.

The skin areas most often affected in cows arc the
abdomen, tail-head and escutcheon, and in bulls the
abdomen, tail-head and prepuce. These locations
would suggest that one common mode of transfer of
infection is when cattle mount each other.

Treatment i$ as for ovine sarcoptic mange using
parenteral  ivermcctin,  organophosphates or
organochlorines. Ivermectin is most effective although
treated animals remain contagious for five days after
treatment. Pens should be disinfected and vacated for
two weeks before restocking.

Though the species in caltle is P. ovis, the likelihood
of transfer of infection [rom these animals to sheep
would scem to be shight since in Brilain, where 20
vears of freedom from sheep scab was ¢njoyed from
1952, infected cattle were continuously present. It
would appear that, as in somc olher manges, biological
adaptation has resulted in restriction of the host range.
Experimentaily, infection has been transferred be-
tween sheep and cattle and vice versa, bul in neither
animal did the heterologous ‘strain’ persist for more
than a few weeks.

Equine psoroptic mange due to P. equi has not been
officially recorded in Britain for many years. In the
USA and Australia, Psoroptes has been found in asso-
ciation with a ‘head-shaking’ syndrome, in which in-
festation of the ears with what appears to be an equine
strain of P. cuniculi causes acute irritation, so that
horses adopt a lop-eared posturc and resent being
bridied. In Australia, where ‘head shaking’ is rela-
tively common, one survey has shown that 20% of
horses harbour P, cuniculi in their ears.

Insecticidal preparations applicd daily for four
days, and repeated in ten days have been found
effective.

In rabbit colonies, P. cuniculi also localizes in the
cars, where the mites are usually quiescent, but occa-
sionally proliferatc causing severe mange in which the
auditory canal may be completely blocked with grey-
ish debris; the infection may extend over the rest of
the body with scabs. loss of hair, and excoriation from
scratching.
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Treatment is as for otodectic mange of cats and
dogs.

Chorloptes

This genus and Ofodectes, the next to be considered,
feed only superficially. Unlike Psoroptes they have
mouthparts which do not pierce the skin, but arc
adapted solely for chewing, feeding on shed scales and
other skin debris.

Hosts:
Cattle, sheep, goats and equines.

Distribution:
Worldwide.

Species:

Although specific names have been given to
Chorioptes found in cattle, sheep and equines (C
bovis, C. ovis, C. equi) they are now ull considered to
belong Lo the single species, C. bovis.

MORPHOLOGY

See illustrations (Figs 140 and 141} for comparison
with Psoroptes. The mouthparts arc distinctly
rounder, the ahdominal tubercles of the male are no-
ticeably truncate and the pedicels are short and
unjointed, with cup-shaped suckers. -

LIFE CYCLE

Similar to that of Psoropies, cxcept that this mite feeds
only on the skin surface.

EPIDEMIOLOGY, PATHOGENESIS AND
TREATMENT

In cattle, chorioptic mange occurs most often in
housed animals, affecting mainly the neck, tail-head,
udder and legs, and usually only a few animals it a
group are clinically affccted. 1t is a mild condition, and
lesions tend to remain localized, with slow spread. Its
importance is cconomic, the pruritus caused by the
mites resulting in rubbing and scratching, with damage
to the hide, The treatment is the same as for sarcoptic
mange in cattle.

In sheep. the mites are found mainly on the legs, and
though very common, little harm is caused. Lambs are
thought to become infected by contact with the legs of
the ewe. In some cases there may be spread from the
limbs to the facc and other regions, and in occasional
severc cases pustular dermatitis, with wrinkling and
thickening of the skin, may occur,

It has been noted in New Zealand that when the
mange spreads to the scrotum the thickened and in-
flamed skin allows the scrotal temperature to remain
high with, as a result, testicular atrophy and cessation
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of spermatogenesis. Infected rams have impaired re-
productive ability or sterility, though their general
health is not affected. The condition is not irreversible,
and semen production and fertility return to normal
after successful mange treatment.

Chorioptic mange in shecp is easily treated by
dipping or by local treatment with a suilable acaricide.

Equine chorioptic mange occurs as crusty lesions
with thickened skin on the legs below the knees and
hocks, and is most prevalent in rough-legged animals
and in those with heavy feather (Plate XII). Though
the mites are active only supcrficially their movement
causes irritation and restlessness, especially at night
when animals are housed and minor injuries may oc-
cur in the fetlock region from kicking against walls. A
suitable acaricidal wash, scrubbed on to the lesions on
two occasions, 14 days apart, is effective.

Orodecres

This is the commonest mange mite of cats and dogs
throughout the world.

Hosts:
Cat and dog; it occurs in a number of other smail
mammals including the ferret and red fox.

Species:
Otodectes cynotis.

MORPHOLOGY

Otodectes resembles Psoroptes and Chorioptes in gen-
eral conformation, having an ovoid body and project-
ing legs. The most obvious distinguishing features,
apart from the preferred location in the external ear of
the host, are the closed apodemes adjacent to the first
and second pairs of legs. The pedicels, like those of
Chorioptes, are unjointed (Fig. 140).

LIFE CYCLE

Like Chorioptes, this mite feeds supcrficially, and a
complete cycle occupies three weeks.

EPIDEMIOLOGY AND PATHOGENESIS

Cat

Most cats harbour this mite, and in adult animals it has
almost a commensal association with the host, signs of
irritatton appearing only sporadically with the tran-
sient activity of the mites. It is supposcd that the ma-
jority of infections are acquired by suckling kittens
from their carrier dams and, being highly contagious,
entire litters are affected.

Early in infections there is a brownish waxy exudate
in the ear canal, which becomes crusty, the mites living
deep in the crust, next to the skin. Secondary bacterial
infection may result in purulent olitis.
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The major signs arc frequent shaking of the head
and scratching of the ears from the pruritus, the pres-
ence of foetid waxy masses in the auditory canal, and
on inspection of severe cases, otorrhea and uleeration
of the auditory canal. Pus may be present, from sec-
ondary bacterial infection.

Scratching may causc cxcoriation of the posterior
surface of the ear pinna, and this, with head-shaking,
may result in a haematoma of the ear flap.

Dog

Qtodectes is a common cause of otilis externa in dogs.
The changes and signs are similar to those in the cat,
with brownish to black waxy deposits and exudate in
the ear canal (Plate XII), and intense pruritus. The
resultant violent head shaking and ear scratching are a
common cause of aural hacmatomata in this species.
In long-standing cases a severe purulent otitis is a
common sequel.

DIAGNOSIS

Tentalive diagnosis is based on the behaviour of the
animal and the presence of dark, waxy deposits and
exudate in the ear canal.

Confirmation depends on observing the mites either
within the ear by an auroscope or, more simply, by
removing some of the deposit and exudate and placing
it on a dark surface where the mites will be seen by a
hand lens as whitish moving specks,

TREATMENT

There are many effective preparations available com-
mercially as ear drops, most of them including, in
addition to an acaricide, antibiotics, fungicides,
corticosteroids and local analgesics. The acaricide
components include gamma HCH, piperonyl butoxide
and monosulphiram.

The ear canal should first be thoroughly cleaned,
and after the ear drops have been instilled, the base of
the car massaged to disperse the oily preparation.

Whatever preparation is used, treatment should be
repeated in 10-14 days to kill any newly hatched mites.

In view of the ubiquity and high infectivity of the
mite, all dogs or cats in the same household, or those
in close contact in kennels and catteries, should be
treated at the same time as clinically affected animals.

Family

Psorergates

This is the ‘ilch mite’ of sheep.

Host:
Sheep.
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Distribution:
Australia, New Zealand, southern Africa, North and
South America. [t has not been reported in Europe.

Species:
Psorergates ovis.

MORPHOLOGY

P. ovis is a small mite, roughly circular in form and less
than 0.2 mm in diameter. The legs arc very stout, with
their bases adjacent, and arc dirceted radially, giving
the mite a crude star shape.

LIFE CYCLE

Similar to that of Psoroptes, the mites feeding on the
skin itself.

EPIDEMIOLOGY AND PATHOGENESIS

Infection is most common in fine wool breeds such as
the Merine and Corriedale and is acquired by contact
when the wool is short: as the fleece lengthens, it
presents a barrier to the transfer of mites. The spread
of the mite population is very slow, and infestation is
rarely found in animals less than six months old; it may
be three years or more before the whole fleece area is
affected.

Though a ‘non-burrowing’ mite, Psorergates attacks
the skin itself, living in the superficial layers and caus-
ing chronic irritation and skin thickening.

The earliest signs arc small, pale areas of wool on
the shoulders, body and flanks which gradually extend
over the rest of the fleece, irritation increasing as the
mite population grows. Sheep rub, bite and chew their
wool, which becomes ragged, with loosc strands trail-
ing from the sides of the body. In long-stunding cases
large patches of wool may be lost.

The fleece itsell contains much scurf and has a
slightly vellowish hue while the staple is very dry and
easily broken.

In severe cases the whaole fleece, which is difficult to
shear because of its matted consistency, must be dis-
carded (Fig. 142). In less severely affected sheep, and
especially in older animals which have become toler-
ant of the itch because of their thickened, damaged
skin, fleeces are downgraded.

DIAGNOSIS

To oblain mites it is necessary, having clipped away a
patch of wool, to apply a drop of mineral oil and
scrape the skin down to the blood capillary level. The
mites themsclves are easily identified. In endemic
arcas all stockowners are familiar with the appearance
of sheep infested with ‘itch mite”.
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Fig. 142 The fleece of a sheep infected with the ‘itch mite’
Psorergates {right) compared with a normal fleece (left).

TREATMENT AND CONTROL

Psorergates is  relatively insusceptible to most
acaricides, although the formamidine, amitraz, has
recently been shown to be of considerable value.
Otherwise the older arsenic-sulphur preparations
may be used. Sheep should be dipped scon after
shearing.

Chevietiella

This genus occurs mainly in dogs and cats, but is alsoa
frequent parasite of rabbits. It has some public health
importance as it will readily transfer from pets to hu-
mans.

Hosts:
Dog, cat and rabbit; man is a frequent erratic host.

Species:

Cheyletiella yasguri dog
C. blakei cat

C. parasitivorax rabbit.
Distribution:

Worldwide.

MORPHOLOGY

The body of the mite, up to 0.4mm long, has a “waist’,
The palps are greatly colarged, giving the appearance
of an extra pair of legs, and each palp ends in a prehen-
sile claw (Fig. 140).

There are six long hairs or setae on the body, one
on cach side of the terminal anus, and two on cach
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side of the body between the second and third pairs of
legs.

The legs terminate in ‘combs’ instead of claws or
suckers.

LIFE CYCLE

The mites live in the hair and fur, only visiting the skin
to feed. The life cycle itself is similar to those of
Psoroptes and Chorioptes and is completed in about
two weeks.

EPIDEMIOLOGY AND PATHOGENESIS

This highly contagious, though mild, mange can
spread rapidly through catteries and kennels,

The mite is not highly pathogenic, and is often
found in young kittens and pups in good physical con-
dition. Tt is a characteristic of the dermatitis which it
causes that many skin scales are shed into the hair
(Plate XII) or fur, giving it a powdery or mealy ap-
pearance, and the presence of moving mites among
this debris has given it the common name of ‘walking
dandruff’. There is very little skin reaction or pruritus.
In the rare severe case, involving much of the body
surface, crusts are formed, but there is only slight hair
loss.

Of all the mite infestations of domestic animals this
is the most readily transferable to man, C. blakei being
most often involved, probably because of the close
physical relationship between owners and cats.

The mites can penetrate clothing and are easily
transferred, even on short contact. It is often found
that when a positive diagnosis hus been made on a pet,
there is a history of persistent skin rash in the owner’s
family. In contrast to the condition in its natural hosts,
the infestation in humans causes severe irritation and
intense pruritus. The early sign is an erythema which
may progress to a vesicular and pustular eruption.
Cascs in humans invariably clear up spontaneously
when the animal source has been treated.

DIAGNOSIS

In any case of excessive scurt or dandruff in a dog or
cat Cheyletiella should be considered in the differen-
tial diagnosis.

On parting the coat along the back, and especially
over the sacrum, scurf will be seen, and if this is
combed out on to dark paper the movement of miles
will be detected among the debris. Scraping is not
necessary as the mites are always on the skin surface
or in the coat.

TREATMENT AND CONTROL

Dogs can be treated with a number of insecticidal
shampoos, while selenium sulphide shampoos are rec-
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ommended for cats. The condition is usually cleared
by threc successive weekly treatments.

Family DERMANYSSIDAE

[_,)(’I'HI(HI_\'.\'.\'H.\'
The sole species of veterinary interest is the common
‘red mite’ of poultry.
Hosts:
Domestic poullry and wild birds; it is occasionally
parasitic on mammals, including man.
Species:
Dermanyssus gallinae.
Distribution:
Worldwide.

MORPHOLOGY

Dermanyssus is a large mite, with a body length of
about 1.5mm. It has long legs and is somewhat spider-
like (Fig. 143).

The colour is while to greyish-black, becoming red
when engorged with blood.

LIFE CYCLE, EPIDEMIOLOGY AND
PATHOGENESIS

This mite spends much of its life cycle away from its
host, the adult and nymph enly visiting birds to feed,

Fig. 143 The poultry 'red mite’ Dermanyssus gallinas.
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mainly at night. The favoured habitats are poultry
houses, usually of timber construction, in the crevices
of which the cggs are laid,the cycle being completed in
4 minimum of a week. The adult can survive for sev-
eral months without feeding, so that a reservoir popu-
lation can persist in unoccupied poultry houscs and
aviaries.

The mite is especially a threat to battery fowl
housed in old buildings.

The {eeding nymphs and adults cause irritation,
restlessness and debility, and in heavy infections there
may be severe, and occasionally fatal, anaemia.

In Australia it is a vector of Borrelia anserina, the
cause of avian spirochaetosis.

Dermanyssus readily infects other animals, and can
cause erythema and intense pruritus in cats which oc-
cupy old wooden poultry houses. Humans may de-
velop skin lesions when mites enter rooms from wild
birds’ nests in the eaves of houses.

TREATMENT AND CONTROL

Treatment of birds is only palliative, and attention
should be paid to the mite habitats in buildings.
These should be cleaned, scalded with boiling water
and treated with an acaricide such as carbaryl or
synergized pyrethroids. Where the mites are a prob-
lem in dwelling houscs their ability (o survive in nests,
without fecding for several months, makes these
imporlant as reservoir sites, and all nests should
be removed from eaves once the fledglings have
departed.

Individual birds may be treated with an acaricide
such as pyrcthrum or carbaryl.

Oruithonyssus (svn. Liponyssus)

This genus is closely related to Dermanyssus. Its most
important species, Ornithonyssus sylvarium, is the
‘northern mite’ of birds.

Hosts:
Poultry and wild birds.

Species:
Ornithonyssus sylvarium
0. bursa.

Distribution:
O. sylvarium is present in temperate areas throughout
the world, and is replaced by O. bursa in the tropics.

MORPHOLOGY

This rapidly moving, long-legged genus has an oval
body, about 1.0mm long, and the colour varies from
white to reddish black depending on the amount of
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hlood which it contains. The body carries many long
setae and is much more hairy than Dermanyssus.

LIFE CYCLE

Unlike Dermanyssus, Ornithonyssus spends its entire
life on the bird and can only survive for about ten days
away from a host.

EPIDEMIOLOGY AND PATHOGENESIS

Being almost a permanent parasite, infection is by
contact or by placing birds in accommodation recently
vacated by infected stock. This mite occurs not only on
poultry, but in cage-bird colonics, and there is a per-
manent reservoir in wild birds. In heavy infections
birds are restless and lose weight from irritation, egg
production may be reduced, and there may be severe
anaemia. Common signs, apart from debility, are
thickened, crusty skin, and soiled feathers around the
vent.

TREATMENT AND CONTROL

Dusts of carbaryl or organophosphorus preparations
may be applied to the birds and their nesting boxes.

Preumonyssus caninm

The nasal mite, Preumonyssus caninum is a parasite
of the nasal cavily and sinuses of dogs. It has been
reported trom all continents but seems to be particu-
larly common in Scandinavia, where a prevalence of
24% in necropsy matcrial of pet dogs was recently
reported from Sweden. The infection is probably
transmitted by direel nose contact between animals,
but details of the life history are lacking. F. caninum
has been associated with head shaking and ‘inverted’
sneezing, as well as with chronie rhinitis, sinusitis and
tonsillitis, although the majority of infections seem to
be subclinical. In working and hunting dogs the most
obvious sequel of nasal mite infection is markedly
impaired scent. Treatment with ivermectin has proved
effective.

PARTIALLY PARASITIC MITES

Mites of the tamily 1rombiculidae are parasitic only at
the larval stage, the nymphs and adults being free-
living. There are two common genera, Neatrombicula,
the ‘harvest mite’, which has a wide distribution in the
Old World, and Eutrombicula, which occurs in North
and South America, and whose larvae are known as
‘chiggers’. Both of these genera will parasitize any
animal, including man.

A third genus, with a more limited distribution, is
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Plate Xl

(a) Severe bovine pediculosis due to Haemalopinus eurysternus.
{b} The iesions of flea bite allergy in a cat.

(c) Severe sarcoplic mange in a dog.

(d} Thickened ear edge characteristic of sarcoptic mange.

(e} Sarcoptic mange in a pig.

(f} Characteristic lesions of bovine sarcoptic mange.



(e)

(b)

Plate XII

{(a) Crusty lesions of sheep scab. (d) Marked "dandruff’ associated with Cheyletiefia infection.
(b} Characteristic leg lesions of chorieptic mange in a horse. {e) Squamous demodectic mange.

(c) Dark waxy exudate caused by Otodectes infection in the dog. {f} Pustular demaodectic mange.




Plate XNl

ay  {rypanosoma bruced in blood film.

by The 'small’ Babesia divergens.

¢) The 'large’ Babesia major.

d) Piroplasms of Theilerna parva.

e} Macroschizonts of Theiferia parva in smear of lymph node.
Anaplasma marginale in red blood celis.

{
{
{
{
{
it




Plate X1V
(a) Caecal distension and haemorrhage due to Eimeria lenella

infection of chickens.

{b) Papilloma-like lesions associated with Eimeria bakuensis.

(c) Cryptosporidium oocysts in bovine faecal smear stained with
Ziehl-Nielser:.

{d) Two bradyzoite cysts of Sarcocystis in bovine muscle.

{e} Smear showing Eperythrozoon on surface of red biood cells.

(fy  Inciusions of Enrdichia phagocytophila in polymerphonuclear
leucocyle.
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The phylum Protozoa contains unicellular organisms
which belong to the Animal Kingdom in that they
obtain their energy by the intake of organic material,
rather than, as in the Plant Kingdom, from the radiant
energy of the sun by the process of photosynthesis in
chloroplasts. Also, unlike plants, they do not possess a
rigid cellulose wall cxterior to the ccll membrane.
There are a few exceptions, and some free-living pro-
tozoa, for example, possess photosynthetic ability, but
their consideration is irrelevant here.

Protozoa, like most organisms, are eukaryotic in
that their genetic information is stored in chromo-
somes contained in a nuclear envelope. In this way
they differ from bacteria which do not have a nucleus
and whose single chromosome is coiled like a skein of
wool in the cytoplasm. This primitive arrangement,
found only in bacteria, rickettsia and certain algae, is
called prokaryotic and such organisms may be re-
garded as neither animal nor plant, but as a separate
kingdom of prokaryotic organisms, thc Moncra.

STRUCTURE AND FUNCTION OF
PROTOZOA

Protozoa, like other eukaryolic cells, have a nucleus,
an endoplasmic reticulum, mitochondria and a Golgi
body and lysoscmes. ln addition, because they lead an
independent existence they possess a variety of other
subcellular structures or organelles with distinct or-
ganizational features and functions.

Thus locomotion, in, for example, the genus

Trypanosoma (Fig. 145), is facilitated by a single
flagellum, and in some other protozoa by scveral
flagella. A flagellum is a contractile fibre, arising from
a structure called a basal body, and in some species is
attached to the body of the protozoan along its length,
so that when the flagellum beats, the cell membrane
(pellicle) is pulled up to form an undulating mem-
brane. Somctlimes, also, it projects beyond the
protozoan body as a free flagellum, During movement
the shape of these organisms is maintained by
microtubules in the pellicle.

Other protozoa, such as Baelantidium (Fig. 146),
move by means of cilia which are fine, short hairs, each
arising from a basal body; these cover much of the
body surface and beat in unison to cffect movement.
In such species a mouth or cytostome is present and
the ciliary movement is also used to waft food towards
this opening.

A third means of locomotion, used by protozoea such
as Entamoeba (Fig. 147) are pseudopodia which are
prolongations of cytoplasm. Movement occurs as the
rest of the cytoplasm flows into this prolongation. The
pseudopodium also possesses a phagocytic capacity
and can function as a cup which closes, enveloping
particulate food material in a vacuole.

Finally some protozoa, such as the extracellular
stages of the Eimeria, have no obvious means of
locomotion, but are nevertheless capable of gliding
movements.

The nutrition of parasitic protozoa usuvally occurs by
pinocytosis or phagocytosis, depending on whether
tiny droplets of fluid or small objects of macre-
molecular dimension are taken into the cell. In
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Free flagellum

Undulating membrane

Flagellar pocket

Kinetoplast

Fig. 145 Trypanosoma brucei showing the flagellum and undulat-
ing membrans.

Food vacuole Contractile vacuole

Cilia

Macronucleus

Cytostome Micronucleus

Fig. 146 The morphology of the intestinal protozoan Balantidium
coli.

both cases, the process is the same, the cell membrane
gradually enveloping the droplet or object which has
become adherent to its outer surface. When this is
complete, the particle is carried into the cell where
fusion with lysosomes effects digestion. Finally,
undigested material is extruded from the cell. As
noted above, some ciliated protoza and also some
stages of the organisms causing malaria obtain food
through a cytostome. Al the base of the cytostome the
food enters a vacuole for digestion within the cell.
Metabolic products are excreted by diffusion through
the cell membrane.
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Pseudopodium

Food vacuole

Trophozoite Cyst

Fig. 147 Entamoeba histolytica has an amoeboid traphozoite stage
and a non-motile cystic stage with four nuclei.

The infective stage of some protozoa is called a
sporozoite whilc the lerm trophozoite is applied 1o
that stage of the protozoa in the hoest which feeds and
grows until division commences. In most protozoa re-
production is asexual and is accomplished by binary
fission or, in the casc of Babesia within erythrocytes,
by budding. Another form of asexual reproduction
which occurs in the subphylum Sporozoa is
schizogony. In the latter process, the trophozoitc
grows to a large size while the nuclcus divides repeal-
edly. This structure is called a schizont and when
mature, each nucleus has acquired a portion of
the cytoplasm so that the schizont is filled with a
large number of elongated separate organisms called
merozoites. The schizont eventually ruptures, liberat-
ing the individual merozoites.

Protozoa which only divide ascxually generally have
a short generation time, and since they cannot ex-
change gencetic material, rely on mutants to provide
the variants nccessary for natural selection. However,
most Sporozoa at certain stages in their life cycle
also have a sexual phase of reproduction, called
gametogony or sporogony. Sometimes, as in Eimeria,
both asexual and scxual phases occur in the same host
while in others such as Plasmodium the asexual phase
occurs in the verlebrate host and the sexual phase in
the arthropod vector.

Tinally it should be noted that although this section
deals with pathogenic protozoa of veterinary impor-
tance there are many other specics, particularly in the
rumen, which are purely commensal or even symbiatic
in that they assist digestion of cellulose, and on being
passed Lo the abomasum, act as a source of protein for
the host.

CLASSIFICATION

Classification of the phylum Protozoa is extremely
complex and the abridged version given below is simp-
ly intended to give an outline of the basic differences
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in the structure and life cycles of the main groups. To
a large extent the common characteristics of each
group are refiected by similarities in the diseases they
cause.

There are four subphyla of protozoa of veterinary
importance. These and the most important genera
they contain are listed in Table 6,

This pathogen is the cause of amoehic dysentery in
man, a disease of worldwide distribution, although
most common in the tropics. The amoeba-like

Table 6 Classification of the Protozoa.

trophozoites secrete proteolytic enzymes and produce
characteristic flask-shaped ulcers in the mucosa of
the large intestine. Their erosion may allow the para-
sites to enter the bloodstream when the most common
sequel is the formation of amoebic abscesses in the
liver.

Entamoeba multiplics by binary fission, but eventu-
ally encysts and is passed in the faeces. The cyst (Fig,
147), containing four nuclei, is relatively resistant and
is the infective stage for the next host.

The veterinary significance of amocbosis is that
natural infcctions, usually without clinical signs, can
oceur occasionally in dogs from the human reservoir
of active or carrier infections. Kittens are also suscep-
tible to experimental infection, although they do not
produce cysts. Monkeys have their own strains of E.
histolytica and these can be infective to man.

Motile organisms and cysts of E. histolytica may be

PHYLUM: Protozoa
(Unicellular, eukaryotic animals}
[ T I 1
SUBPHYLUM: Sarcomastigophora Sporozoat! Ciliophora Microspora
{locomotion by (focomotion by (locomotion by (litle veterinary
pseudopodia and/or gliding, life cycle cilia) significance.
flagella} largely intracellular, Intraceflular parasites
both sexual and multiplying asexually)
asexual phases
occur) Balantidium Encephalitozoon
[ T 1
CLASS: Sarcodina Mastigopheora Coccidia Piroplasmidia Haemosporidia
(amoeboid {one or more (parasites of (parasites of blood (parasites of
movement by  flagella) epithelial cells cells, have ticks blood cells,
pseudopodia) in which hath as vectors in which  have blood-sucking
asexual and sexual  sexual reproduction  dipterans as vectors
reproduction takes occurs) in which sexual
place) reproduction occurs)
Entamoeba Trypanosoma Eimeria Babesia Plasmodium
Leishmania Isospora Theileria Haemoproteus
Trichomonas Cryptosporidium Cytauxzoon Laucocytozoon
Histomonas Toxoplasma
“ Hexamita Sarcocystis
Giardia Besnoitia
Hammondia
Hapatozoon
Neospora

t Also called Apicomplexa. This alternative name refers to the group’s possession of an ‘apical complex’, a structure which
apparently assists penetration of the host cell. It is only visible with the electron microscope.
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detected in smears from facces, particularly if

diarrhoeic, and provide a presumptive diagnosis; how-
ever their differentiation from less pathogenic species
is a specialist task.

Dogs are not 4 significant reservoir of infection for
man s¢ that prophylaxis ultimately depends on per-
sonal and sanitary hygiene in the human population.
Treatment, if required, relics on the combined use of
metronidazole and ditodohydroxyquin.

Class MASTIGOPHORA

Trvpanosonia

Members of this genus are found in the bloodstream
and tissues of vertebrales throughout the world. How-
ever, a few specics are of overwhelming importance as
a serious cause of morbidity and mortality in animals
and man in tropical regions. With one exception, all
have an arthropod vector.

THE TRANSMISSION OF TRYPANOSOME
INFECTION IN ANIMALS

Before discussing the separate specics of the genus
Trypanosoma, it is helpful to appreciate the various
ways in which trypanosome infections are transmitted
between animals.

With the single exception of T. equiperdum ol
equines which is a venereal disease, all have arthropod
vectors in which transmission is either cyclical or non-
cyclical.

In cyclical transmission the arthropod is a necessary
intermediate hosl in which the trypanosomes multiply,
undergoing a series of morphological transformations
before forms infective for the next mammalian host
are produced. When multiplication occurs in the di-
gestive tract and proboscis, so that the new infection is
transmitted when feeding, (he process is known as
anterior station development and the various speeics
of trypanosomes which use this process are often con-
sidered as a group, the Salivaria. All are trypanosomes
transmitled by tsetse flies, the main species being T
congolense, T. vivax and T. brucei.

In other trypanosomes, multiplication and transfor-
mation occurs in the gut and the infective forms mi-
grate to the rectum and are passed with the facces; this
is posterior station development and the trypanosome
species are grouped together as the Stercoraria. In
domestlic animals these are all relatively non-patho-
genic trypanosomes such as T. theileri and T
melophagium transmitted by labanid flies and sheep
keds respectively, but this is certainly not the case in
manin which 7. cruzi, the cause of the serious Chagas’
disease in South America, is transmitted in the faeces
of reduviid bugs.

Non-cyclical transmission is essentially mechanical

Veterinary Parasitology

transmission in which the trypanosomes arc (rans-
ferred from one mammalian host to another by the
interrupted feeding of biting insects, notably tabanids
and Sromoxys.

The trypanosomes in or on the contaminated pro-
boscis do not multiply and die guickly so that cross-
transmission is only possible for a few hours. T. evansi,
widcly distributed in livestock in Africa and Asia, is
(ransmitted mechanically by biting flies. However, in
Central and South America, T. evansi is also transmit-
ted by the bites of vampirc bals in which the parasites
are capable of multiplying and surviving for a long
period. Strictly speaking, this is more than mere me-
chanical transmission, since the bat is also a host,
although it is certainly non-cyclical, since the multiply-
ing trypanosomes in the bat’s blood do not undergo
any morphological transformation before they mi-
grate into the buccal cavity.

It is important to note that the Salivarian
trypanosomes, normally transmitted cyclically in
tsctse flies, may on occastons be transmitted mechani-
cally. Thus, in South America, T. vivax has established
itselt, presumably by the importation of infected cat-
tle, and is thought to be transmiilted mechanically by
bhiting flies.

Finally, apart [rom classical cyclical and non-cyclical
transmission, dogs, cats and wild carnivores may be-
come infected by eating fresh carcasses or organs of
animals which have died of trypanosomosis, the para-
sites penetrating oral abrasions.

The important trypanosome infections of domestic
animals differ considerably in many respects and are
best treated separately. The African specics responsi-
ble for the ‘tsetse-transmitted trypancsomoses’, i.e
Salivaria, are generally considered to be the most sig-
nificant and these are discussed first.

THE SALIVARIA

A number of species of Trypancsoma, found in do-
mestic and wild animals, are all transmitted cyclically
by Glossing in much of sub-Saharan Africa, The pres-
ence of trypanosomosis precludes the rearing of live-
stock in many areas while in others, where the vectors
are not $O NUMerous, trypanosomosis is often a serious
problem, particularly in cattle. The disease, some-
times known as magana, is characterized by lymph-
adenopathy and anaemia accompanicd by progressive
emaciation and, often, death.

Hosts:

AN domestic livestock, but especially important in cat-
tle. Also common in many wild animals such as the
warthog, bush pig and various antclopes.

Intermediate host:
Most species of Glossing, of which G. morsitans is
perhaps the most widespread.
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Site:

All three species of trypanosomc are characteristically
present in the bleodstream. T. brucei is also found
extravascularly in, for example, the myocardium, the
central nervous system and the reproductive tract.

Major species:

Trypanosoma brucei

T. congolense; the most common species
T. vivax.

Minor species:

Probably the most important is 77 simiae which is pri-
marily a parasite of pigs and camels and morphologi-
cally resembles T. congolense.

DISTRIBUTION

Approximately 10 million square kilomctres of sub-
Saharan Africa between latitudes 14°N and 29°S.

IDENTIFICATION

Elongated spindle-shaped protozoa ranging from
8.0 to 39um long. All possess a flagellum which arises
at the posterior end of the trypanosome from a vasal
body at the [oot of a flagellar pocket (Fig. 145).
The flagellum runs to the anterior end of the hody
and is attached along its length (o the pellicle to
form an undulating membrane. Thercafter the
flagcllum may continue forward as a [ree flagellum
(Platc XIIT). Within a stained specimen a single
centrally placed nucleus can be seen, and adjacent
to the flagellar pocket, a small structure, the
kinetoplast, which contains the DNA of the single
mitochondrion.

IDENTIFICATION OF SPECIES

T. brucei is pleomorphic in form (Fig. 148) and ranges
from long and slender {<<39um) to short and stumpy
{<18um), the two forms often being present in the
same blood sample. The undulating membrane is con-
spicuous, the kinetoplast is small and sub-terminal and
the posterior ¢nd is pointed. The slender form has a
well developed frce flagellum while in the stumpy
form it is either short or absent. In fresh unfixed blood
films, 7. brucei moves rapidly within small areas of the
microscope field.

T. congolense is monomorphic in form (Fig. 149),
ranging from 8.0 to 18#m. The undulating membrane
isinconspicuous, the medium-sized kinetoplast is mar-
ginal and the posterior end is blunt. There is no free
flagellum.

In fresh blood films 7. congelense moves sluggishly,
often apparently attached to red cells.

T. vivax is monomorphic (Fig. 130), ranging from 20
to 27 um. The undulating membrane is inconspicuous,
the large kinetoplast is terminal and the posterior end
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Fig. 148 Trypanosoma brucei is pleomorphic showing long slender
(a), short stumpy (b) and intarmediate forms {c).

Red blood cells

Red blood cells

Flg. 149 Trypanosoma congolense is monomorphic and pos-
sesses a marginal kinetoplast.

is broad and rounded. A short frcc flagellum is
present.

In fresh blood films T. vivax moves rapidly across
the microscope field.

LIFE CYCLE

Tsetsc flies ingest trypanosomes in the blood or lymph
while feeding on an infected host. Thereafter the
trypanosomes lose their glycoprotein surface coat, and
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Flg. 150 Trypanosoma vivax is monomerphic and has a short
flagellum and terminal kinetoplast.

in the casce of T. brucei and T. congolense, become
clongated and multiply in the midgut before migrating
forward 10 the salivary glands (7. brucei) and the
proboscis (1. congolense). There they undergo a trans-
formation losing their typical trypanosome, or
trypomastigote, form and acquire an epimasiigote
form characterized by the fact that the kinetoplast lies
just in [ront of the nucleus. After further multiplica-
tion of the epimastigotes they transform again
into small, typically trypomastigote forms with a
glycoprotein surface coat. These are the infeclive
forms for the next host and are called metacyelic
trypanosomes, The entire process takes at least two
to three weeks and the metacyclic trypanosomes
are inoculated into the new host when the tsetse fly
feeds.

With T. vivax a similar process of cyclical develop-
ment takes place except that it occurs entirely within
the proboscis,

At the site of inoculation the metacyclic forms
multiply locally as the typical blood forms, producing
within a few days a raised cutaneous inflammatory
swelling called a chancre. Thereafter they enter the
bloodstream multiply, and a parasitacmia, detectable
in the peripheral blood, usually becomes apparent 1-3
weeks later,

Subsequently, the parasitaemia may persist for
many months although its level may wax and wane
due to the immune response of the host.
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PATHOGENESIS

With the exception of some strains of 7. vivax which
produce a hyperacute and fatal infection characterized
by high parasitaemia, fever, severe anaemia and
haemorrhages on the mucosal and scerosal surfaces,
the pathogenesis of trypanosomosis may be consid-
ered under three headings:

(1) Lymphoid enlargement (Fig. 151) and
splenomegaly develop associated with plasma
cell hyperplasia and hypergammaglobulinaemia,
which is primarily due (o an increase in Igh.
Concurrently there is a variable degree of sup-
pression of immune responses to other antigens
such as microbial pathogens or vaccines, Ulli-
mately, in infections of long duration, the
lymphoid organs and spleen become shrunken
due to exhaustion of their cellular elements.

{2) Anaemia is a cardinal feature of the disease, par-
ticularly in cattle, and initially is proportional
to the degree of parasitaemia. It is hacmolytic
in that the red blood cells are removed [rom
the circulation by the cxpunded mononuclear
phagocytic system. Later. in infections of several
months’ duration, when the parasitaemia often
becomes low and intermittent, the anaemia may
resolve to a variable degree. However, In some
chronic cases it may persist despite chemo-
therapy.

(3) Cell degeneration and inflammatory infiltrates
occur in many organs such as the skeletal muscle
and the central nervous system, but perhaps most
significantly in the myocardium wherc there is
separation and degencration of the muscle fibres’
(Fig. 152). The mechanisms underlying these
changes are still under study.

Fig. 151 Enlarged prescapular lymph node of Zebu with
trypanosomosis.
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Fig. 152 Myocarditis from a case of bovine trypanosomesis show-
ing myocardial degeneration, oedema and celluiar infiltration.

CLINICAL SIGNS

In ruminants, the major signs are anaemia, general-
ized cnlargement of the superficial lymph glands, leth-
argy and progressive loss of bodily condition (Fig.
1533). Fever and loss of appetite occur intermiltently
during parasitaemic peaks, the latter becoming
marked in the terminal stages of the disease.

Typically, the disease is chronic extending over
several months and usually terminates fatally if
untreated.

As a herd phenomenon, the growth of young ani-
mals is stunted, while adults show decreased fertility,
and if pregnant, may abort or give birth to weak off-
SPring.

In the terminal stages animals become extremely
weak, the lymph nodes are reduced in size and there is
often a jugular pulse. Death is associatcd with conges-
tive heart failure due to anameia and myocarditis.

Occasionally, notably with some strains of 7. vivax,
the discase is acute, death occurring within 2-3 weeks
of infection preceded by fever, anaemia and wide-
spread haemorrhages.

In horses, T. brucei infections may be acute or
chronic, often accampanied by oedema of the limbs
and genitalia.

In the pig, T. congolense infections are usually mild
and chronic in contrast to those associated with T.
simiae where the discase is hyperacute, death oceur-
ring within a day or so of the onset of pyrexia.

The dog and cat are susceptible to T. brucei and T.
congolense. The disease is usually acute, and apart
from signs of fever, anaemia and myocarditis, corneal
opacily is often a feature. There may also be neuro-
logical changes resulling in aggressive signs, ataxia or
convulsions.

Fig. 153 Advanced case of bovine trypanosomosis showing
marked loss of bodily condition.

EPIDEMIOLOGY

The epidemiology depends on three factors, the distri-
bution of the vectors, the virutence of the parasite and
the response of the host.

The vectors

Of the three groups of Glossing, the savannah and
riverine arc the most important since they inhabit ar-
eas suitable for grazing and watering. Although the
infection rate of Glossing with trypanosomes is usually
low, ranging from 1 to 20% of the flies, cach is infected
for life, and their presence in any number makes the
rearing of cattle, pigs and horses extremely difficult

Biting flies may act as mechanical vectors, but their
significance in Alrica is still undefined. However in
Central and South America, T. vivax is thought to be
transmitted readily by such [lies.

The parasites

Since parasilaemic animals commonly survive for pro-
longed periods, there are ample opportunitics for fly
transmission, especially of . brucei and T. congolense.
In contrast, some strains of T. vivax in cattle and T.
simiae in domestic pigs kill their hosts within 1-2
weeks so that the chances of fly infection are more
timited.

Perhaps the most imporiant aspect of try-
panosomosis which accounts for the persistent para-
sitaemia is the way in which the parasile evades the
immune response of the host. .

As noted previously, metacyclic and bloodstream
(rypanosomes possess a glycoprotein coat which is
antigenic and provokes the formation of antibodies
which cause opsonization and lysis of the
trypanosomes. Unfortunately, by the time the anti-
body is produced, a proportion of the trypanosomes
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have altered the chemical composition of their
glycoprotein coat and now, displaying a different
antigenic surface, are unaffected by the antibody.
Those trypanosomes possessing this new variant anti-
gen multiply (o produce a second wave of
parasilacmia; the host produces a second antibody,
but again the glycoprotein coat has altered in a
number of trypanosomes so that a third wave of
parasitaemia occurs. This process of antigenic varia-
tion associated with waves and remissions of
parasitaemias, often at weekly intervals, may continue
for months, usually with a fatal outcome.

The repeated switching of the glycoprotein coat is
now known to depend on a loosely ordered sequential
expression of an undefined number of gencs, each
coding for a different glycoprotein coat. This, together
with finding that metacyclic trypanosomes may be a
mixture of antigenic types, each expressing a different
genctic repertoire, explains why domestic animals,
even if treated successfully, are often immediately sus-
ceptible to reinfection. The complexity of antigens
potentially involved has also defeated attempts at
vaccinatiorn.

The hosts

Trypanosomosis is basically an infection of wildlife in
which, by and large, il has achieved a modus vivendi in
that the animal hosts are parasitaemic for prolonged
periods, but generally remain in good health. This
situation is known as trypanotolerance. In contrast,
rearing of domestic livestock in cndemic areas has
always been associated with excessive morbidity and
mortality although there is evidence that a degree of
adaptation or selection has occurred in scveral breeds.
Thus in West Atrica small humpless catlle of the Bos
saurus type, notably the N'dama (Fig. 154), survive

Fig. 154 The humpless N'dama breed of West Alfrica are
trypanotolerant.

and breed in areas of heavy Irypanosome challenge
despite the absence of control measures. However,
their resistance is not absolute and trypanosomosis
exacts a heavy toll, particularly in productivity. In
other areas of Africa, indigenous breeds of sheep and
goats are known to be trypanotolerant, although this
may be partly due to their being relatively unattractive
hosts for Glossina.

Precisely how trypanotolerant animals cope with
antigenic variation is unknown. It is thought that the
control and gradual elimination of their parasitacmias
may depend on the possession of a particularly rapid
and effective antibody response, although other fac-
tors may also be involved.

DIAGNOSIS

Confirmation of clinical diagnosis depends on the
demonstration of trypanosomes in the blood and if a
herd or flock is involved a representative number of
blood samples should be examined since, in individual
animals, the parasitaemia may be in remission or in
long-standing cascs may be extremely scanty.

Qccasionally, when the parasitaemia is massive it is
possible to detect motile trypanosomes in fresh films
of blood. More usually, both thick and thin smears of
blood are air dried and examined later. Thick smears,
dehaemoglobinized before staining with Gicmsa or
Leishman’s stain, offer a better chance of finding
trypanosomcs while the stained thin smecars are used
for differentiation of the trypanosome species.

More sensitive techniques utilize centrifugation in a
microhaematocrit tubc followed by microscopic ex-
amination of the interface between the buffy coat and
the plasma; alternatively, the tube may bc snapped,
the buffy cout expressed on to a slide, and the contents
examined under dark-ground or phase-contrast
microscopy for motile trypanosomces. With these tech-
niques the packed red cell volume is also obtained
which is of indirect value in diagnosis if one can climi-
nate other causes of anaemia, especially helminthosis,

TREATMENT

This is a complex subject and only a general review is
presented here.

In infected catile, sheep or goats, the two drugs in
common use are diminazene aceturate (Berenil) and
homidium salts (Ethidium and Novidium). These are
usually successful except where (rypanosomes have
developed resistance to the drug or in some very
chronic cases. Treatment should be followed by sur-
veillance since reinfection, followed by clinical signs
and parasitacmia, may occur within a week or two.
Alternatively, the animal may rclapse after chemo-
therapy, due to a persisting focus of infection in
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its tissues or because the trypanosomes are drug-
resistant.

Because of their arid habitat, camels are only rarely
exposed to tsctse-transmitted trypanosomosis al-
though T. brucei, when it occurs, is particularly lethal.
The treatment is suramin, quinapyraminc sulphale
(Trypacide, formerly called Antrycide} or
melarsomine dichlorhydrate (melCy or cymelarsan)
which are also uscd for the more common T. evansi. T.
simiae also causcs rapidly fatal infections in camels
which offcr little opportunity for treatment. Tt should
be noted that diminazene is toxic to camels.

In pigs, T. simiae is the most important pathogen
and the rapid onsct of death again gives little chance of
treatment, but a quinapyramine — suraminate complex
has shown some success in prophylaxis.

Horses are particularly susceptible to T. brucei when
suramin, quinapyramine or melCy are the drugs of
choice. Diminazene is relatively toxic to horses, De-
spite treatment relapse from CNS infection is likely.

In dogs and cats infected with 7. brucei, suramin or
quinapyramine should be used while T. congolense
infections require  diminazene. I cerebral try-
panosomosis, an occasional sequel of T. brucei
infection, is suspected, the treatment should be fol-
lowed by a course of the arsenical drug melarsoprol
(mel B) or melCy.

CONTROL

This currently depends on the control of tsetse flies,
discussed under Glossina (page 157), and on the use of
drugs.

In cattle, and il necessary in sheep and goats,
isometamidium (Samorin) is the drug of choice since it
remains in the tissues and has a prophylactic effect for
2-6 months. Otherwise, diminazene or homidium salts
may be used as cases arise, these being selccted cither
by clinical examination or on the haematological de-
tection of anacmic animals,

To reduce the possible development of drug resist-
ance it may be advisable periodically to change from
one trypanocidal drug to another. Surveillance is al-
ways necessary to ensure that the dosage of drug is
adequate and to detect the early appcarance of pos-
sible drug resistance, when specialist advice should be
sought.

Two important aspects of control are, first, the ne-
cessity to protect cattle from a tsetse-frec zonc while
being trekked to market through an arca ol endemic
trypanosomosis and, secondly, an awareness of the
dangers of stocking a tsctsc-{ree ranch with cattle from
arcas where irypanosomosis is present, as mechanical
transmission may cause an outbreak of discase; in
both cases treatment with a trypanocidal drug at an
appropriate time is advisable.
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An alternative approach, using trypanotolerant
breeds of ruminants, perhaps combined with judicious
drug therapy, may, in the future, offer a realistic solu-
tion in many areas where the disease is endemic and
this aspect is currently under intensive study.

Chemoprophylactic regimens for other demestic
species are occasionally practised and require to be
adapted to the particular circumstances encountered.

| Tsetse-transmitted trypanosomoses in man: Two spe-
cies of salivarian trypanosomes infect man. While both
can cause ‘sleeping sickness’ by invasion of the central
nervous system, T. rhodesiense usually causes an acute
syndrome, while T. gambiense infections may be ini-
tially asymptomatic, although eventually the central
nervous system is affected. 7. rhodesiense occurs in
East and Central Africa while T. gambiense is mainly
found in West Africa.

Both species are morphologically identical to T.
brucei and because of this and the limits on human
experimentation it is difficult to delineate their precise
relationship. However, in the light of present knowl-
edge it appears that 7. brucei is only infective to ani-
mals in contrast 0 T. rhodesiense and . gambiense
which may inflect both man and animals. The latter
include primates, wild ungulates and domestic animals
and these may act as reservoirs of infection for man. In
general, human trypanosomosis is usually the resuit of
man/tsetse/man transmission. |

THE STERCORARIA

Two relatively large trypanosomes, Trypanosoma
theileri and T. melophagium, aboul 50um in length,
are found in the blood of cattle and sheep respectively.
Trypanosoma theileri is transmitted by tabanid flies
and T. melophagium by the sheep ked, Melophagus
ovinus, the worldwide distribution of each try-
panosome corresponding to the range and prevalence
of their intermediate hosts. Thus, both species occur in
western Europe,

The melacyclic trypanosomes, present in the faeces
of the vector, gain access to the blood of their mamma-
lian host by penetrating abraded skin or following
ingestion of the vector when the liberated try-
panosomes penetrate the mucosa.

Both trypanosomes may produce  Iransient
parasilacmias, but infection is more usually asympto-
matic and can only be diagnosed by incubating blood
in culture medium suitable for the muitiplication of
trypanosomes. They are often referred to as ‘the
non-pathogenic trypanosomes’.

[Trypanosoma cruzi of man: Although the
stercorarian trypanosomes of ruminants are non-
pathogenic the reverse is true of T. cruzi, the cause of
Chagas’ disease in man. The disease, found in Central
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and South America, is extremely serious both in its
acute febrile parasilacmic stage and in its chronic
stage characterized by myocarditis, megaoesophagus
and megacolon. The vectors are haematophagous
bugs of the order Hemiptera, often called ‘kissing
bugs’. These are often prescnt in primitive housing
and infection of man resulls from rubbing insect faeces
into skin abrasions such as those created by the bites
of the bugs. Domestic animals, primarily the dog and
cat, may be clinically atfected or act as reservoir hosts.
If the latler, they may, inadvertently, introduce the
disease into hitherto clean areas such as, [or example,
parts of the USA.

Wild animals, notably the armadillo and opossum,
also act as reservoir hosts. ]

MECHANICALLY TRANSMITTED
TRYPANOSOMOSIS

Trypanosoma evansi

This specics, although closely related to the salivarian
trypanosome 7. brucei, is mechanically transmitted by
biting insects, and is the cause of a diseasc commonly
called surra. It is widespread in North Alrica, South
America and parts of Asia and primarily affects horses
and camels. The syndrome is similar to that caused by
the tsctse-transmitted trypanosomes.

Trypanosoma evansi is identical in appcarance lo
the slender forms of 7. brucei. Specics of Tabanidae
and Stomoxys are vectors, although in the Americas
the vampire bat also acts as a vector as well as a
reservoir host.

Depending on the virulence of the strain and the
susceptibility of the individual host, the disease may
be acute in horses, camels and dogs. Other domesiic
species such as cattle, buffalo and pigs are commonly
infected, but overt diseasc is uncommon and their
main significance is as reservoirs of infection.

Apart from the fever, anaemia and cmaciation
characteristic of trypanosomosis, horses develop
oedematous swellings ranging from cutaneous plaques
to frank oedema of the ventral abdomen and genitalia.
In more chronic cascs progressive paralysis of the
hindguarters is common,

In South America the disease is called mal de
caderas, literally ‘disecase of the hip’, and the
trypanosome species is called 7. equinum; it is identi-
cal to T. evansi except thal it lacks a kinetoplast.

Suramin or quinapyramine (Trypacide) are the
drugs of choice for treatment and also confer a short
period of prophylaxis. For more prolonged protection
a modified quinapyramine known as *Trypacide Pro-
Salt” is also available. Unfortunately, drug resistance,
at least to suramin, is not uncommon. Currently in
camels, isometamidium is administered intravenously
because of lacal tissuc reactions.
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Trvpanosoma equiperdum

This trypanosome, morphologically similar to 7.
evansi, causes a venercal discase of horses and
donkeys called dourine. Previously widespread he-
causc of its unique method of transmission, it is
now confined to parts of Africa, Asia and South and
Central America. The clinical signs are those of
genital and ventral abdominal oedema, transient
urticarial plaques and progressive emaciation. In
many cases, the CNS is involved, causing an ascending
motor paralysis which is ultimately fatal. Diagnosis
generally relies on an ELISA for antibodies or com-
plement fixation or an ELISA [or (rypancsome
antigen. Treatment is with suramin, quinapyramine or
melCy; if the CNS is involved melCy or melarsoprol
are required.

Leisiunania

Members of this genus are intracellular parasites of
macrophages in man, the dog and a wide variety of
wild animals and the disease they cause, leishmaniosis,
has both cutaneous and visceral forms. Their vectors
are blood-sucking sandflies in which the parasiles un-
dergo morphological transformation and multiplica-
tion. Leishimaniosis is of major importance as 2 disease
of man.

Hosts:
Man, dog and a widc varicty of wild animals.

Intermediate hosts:
Blood-sucking phlebotomine sandflics.

Site:

The protozoa muliply within macrophages, which are
eventually destroyed, the liberated parasites entering
other intact macrophages.

SPECIES

Although Leishmania spp. are difficult to distinguish
on morphological grounds, modern taxonomic meth-
ods have shown thc existence of six main species
which broadly conform to the geographical, epidemio-
logical and clinical features of the discasc they cause in
man. Three of these specics occur in dogs:

Leishmania tropica causing cutaneous leishmaniosis
or ‘oriental sore’, the lesions
developing at the site of the
insect bite

causing visceral leishmaniosis, or
‘kala-azar’, the infection being
syslemic

causing lesions similar to L.
tropica.

L. donovarni

L. braziliensis
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DISTRIBUTION

In the dog, L. tropica occurs in southern Europe, other
Mediterrancan countrics, Alrica and Asta; L.
donovani is found in countries around the Mediterra-
nean and in South America and L. braziliensis infec-
tion in parts of South America.

IDENTIFICATION AND LIFE CYCLE

Leishmania is related to the Trypanosoma in so far as
the ovoid organism within the macrophage possessesa
rod-shaped kinetoplast associated with a rudimcntary
flagellum which, however, does not extend beyond
the cell margin. This leishmanial, or amastigote
form, after ingestion by a sandfly, transforms into
a promastigote form in the insect gut in which
the kinctoplast is situated at the posterior
end of the body (Fig. 155). These divide repeatedly
by binary fission, migrate to the proboscis, and when
the insect subscquently feeds, are inoculated into a

Flagellum

Kinetopiast

(a)

(b)

Fig. 155 Leishmania. {a) Promastigote form; {b) amastigote farm.

new host. Once within a macrophage the promastigote
reverts to the amastigote form and again starts to
divide.

PATHOGENESIS

The basic lesions are foci of activated proliferating
macrophages infected with Leishmania organisms
(Fig. 156). In some cases, these are ultimately sur-
rounded by plasma cells and lymphocytes. The in-
fected macrophages are then destroyed, the animal
recovers and is immune to reinfection.

Howcever, recovery seems Lo depend on the proper
expression of cell-mediated immunity and if this does
not oceur, as in many cases of L. donovani, the active
lesions persist leading to chronic enlargement of the
spleen, liver and lymph nodes and persistent cutane-
ous lesions. Haemolytic anaemita is also a feature of L.
donovani infection.

CLINICAL SIGNS

It may take many months or even years for infected
dogs to develop clinical signs, so that the discase may
only become apparcnt long after dogs have left en-
demic areas.

In the cutaneous form, lesions are confined to shal-
low skin ulcers often on the lip or eyelid, from which
recovery is often spontaneous. In the visceral form,
which is more common, dogs initially develop ‘specta-
cles’ due to depilation of hair round the eyes and this
is followed by generalized loss of body hair and ec-
zema (Fig. 157), leishmanial organisms being present
in large numbers in the infected skin. Intermittent
fever, anaemia, cachexia and generalized lymph-
adenopathy are also typical signs.

Long periods of remission followed by the reap-
pearance of clinical signs are not uncommon.

EPIDEMIOLOGY

Most Leishmania spp. primarily infect wild animals,
especially rodents, and man only occasionally be-
comes infecled by chance. Other Leishmania have a
direct man to man transmission via the sandfly. The
dog is a natural host and reservoir of infection for
some strains of L. donovani and L. tropica which can
infect man, cspecially children, in the Mediterranean
basin.

DIAGNOSIS

This depends on the demonstration of the amastigote
parasites in smears or scrapings from affected skin or
from lymph-node or marrow biopsies.
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Fig. 156 Electron micrograph showing cluster of Laishmania amastigote forms within cytoplasm of macrophage.

Fig. 157 Cutaneous leishmaniosis in a dog.

TREATMENT

In man, antimonial compounds and allepurinol are
commonly used, but these are not particularly effec-
tive in the canine disease and from the public health
viewpoint infected dogs, particularly with visceral
leishmaniosis, are probably best destroyed.

CONTROL

From the public health aspect, the destruction of in-
fected dogs, and stray dogs generally, is desirabte.

In many areas, the population of sandflies has been
reduced as a result of mosquito control for malaria,
and as a result the incidence of leishmaniosis has de-
creased.

Trichomonas

The most important pathogen in this genus is
Trichomonas foetus, a vencreally transmitted, multi-
flagellated organism of the reproductive tract of caltle,
In bulls, infection is inapparent, butin pregnant cows
it produces early foetal death which is usually first
recognized as an infertility problem.

Other species of Trichomonas oceur in the digestive
tract of animals, apparcntly as commensals, and only
one specics, T. gallinae, is clearly pathogenic in the
ocsophagus and crop of pigeons.

Trichomaonas foetuy

Hosts:
Cattle.
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Site:
In cows, the uterus and intcrmitiently the vagina. In
bulls, the preputial cavity.

Distribution:

Worldwide, However, the prevalence has now de-
creased dramatically in areas where artificial insemi-
nation is widely practised and in Britain, for example,
the disease is now probably ¢xtinet,

IDENTIFICATION

The organism is pear-shaped, approximatcly 20 X
104m and has a single nuclcus and four flagella, each
arising from a basal body situated at the anterior
rounded end (Fig. 158). Three of the flagella are free
anteriorly, while the fourth extends backwards to form
an undulating membrane along the length of the or-
ganism and then continues posteriorly as a free
flagellum. The axostyle, a hyaline rod with a skeletal
function, extends the length of the cell and usually
projects posteriorly.

In fresh preparations, the organism is motile and
progresses by rolling jerky movements, the flickering
llagella and the movements of the undulating mem-
brane being readily seen. Occasionally, rounded im-
mobile forms are obscrved and these are possibly
effetc.

Free flagella

i Undulating membrane

Fig. 158 Trichomonas fostus.
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LIFE CYCLE

Bulls, once infected, remain so permanently. The or-
ganisms inhabit the preputial cavity and transmission
to the cow occurs during coitus. From the vagina, the
trichomonads reach the uterus via the cervix to pro-
duce a low-grade endometritis. Intermittently, organ-
isms arc flushed into the vagina, often two or three
days belore oestrus.

Infection is usually followed by early abertion, the
organisms being found in the amniotic and allantoic
fluid. Subsequently cows appear to ‘sclf cure’ and, in
most cases, appear to develop a sterile immunity.

PATHOGENESIS

In the bull, a preputial discharge associated with small
nodules on the preputial and penile membrancs may
develop shortly after infection, Thereafter there are
no clinical signs or lesions.

In the cow, abortion before the fourth month of
pregnancy is the commonest sequel and this is nor-
mally followed by recovery. Qccasionally the develop-
ing foetal membranes are retained lcading 1o a
purulent endometritis, a persistent uterine discharge
and anoestrus; infrequently the corpus luteum is re-
tained and the cervical seal remains closed, when a
massive pyometra develops which, visually, simulates
the appearance of pregnancy.

CLINICAL SIGNS

In the bull, there are no clinical signs once the infec-
tion is established. Tn the cow, early abortion is a
characteristic feature although this is often undetected
because of the small size of the foetus and the case
may present as one of an irregular oestrus cycle, Other
clinical signs are those of purulent endometritis or a
closed pyrometra and, in these cases, the cow may
become permanently sterile.

EPIDEMIOLOGY

Normally one might expect the overall prevalence of
trichomonosis to be high since it is vencreally trans-
mitted by bulls which show no clinical signs. In fact,
the advent of supervised schemes of artificial insemi-
nation has largely eradicated the disease, and today it
is limited to areas where there are many small farms
each with their own bulls, or to countrics where veteri-
nary supervision is limited.

DIAGNOSIS

Apart from a problem of infertility, which usually fol-
lows the purchase of a mature bull, diagnosis depends
on the demonstration of the organism.



222

Vaginal mucus collected from the anterior end of
the vagina by suction into a sterile tube, or preputial
washings from the bull, may be examined using a
warm-stage microscope for the presence of organisms.
However, since the organism is often only present
intermittently, the examination may require to be re-
peated several times.

Alternalively, on a herd basis. samples of vaginal
mucus may be examined in the laboratory for the
presence of specific agglutinins against laboratory cul-
turcs of T. foetus.

TREATMENT

Since the disease is self-limiting in the female only
symptomatic trcatment and sexual rest for three
months is normally necessary. In the bull, slaughter is
the hest policy, although dimetridazole orally or intra-
venously has been reported to be effective.

CONTROL

Artificial insemination from non-infected donors is
the only entirely satisfactory method of control. If a
return to natural service is contemplated, recovered
cows should be disposed of since some may be
carriers.

Trichomonas callinae
&

This species causes yellow, necrotic lesions in the
mouth, oesophagus and crop of pigeon squabs and is
frequently fatal. Inlection is acquired via regurgitated
crop contents from adult birds, which, although im-
mune, remain carriers. Turkeys and chickens may oc-
casionally become infected.

Dimciridazole is recommended for treatment while
control depends on preventing access of wild pigeons
to drinking watcr,

[Trichomonasis in man: 7Trichomonas vaginalis is a
common and host-specific pathogen of the vagina and
urethra. Like T. foetus, it is venereally transmitted and
the clinical signs of inflammation are largely confined
to females.]

Histomonas meleagridis

Histomonas meleagridis is the cause of a disease in
young turkeys known as infcctious enterchepatitis,
histomonosis  or ‘blackhead’. The characteristic
necrotic lesions are confined to the caecum and
liver and transmission between birds depends on the
protozoan being carried in the cgg of the poultry
ascarid Heterakis gallinarum.

Veterinary Parasitology

Hosts:
Turkeys, particularly poults: occasionally pathogenic
in chickens and game birds.

Transport host:
The adull and epgs of the ascarid worm, Heterakis
gallinarum.

Site:
The caecal mucosa and liver parenchyma.

Distribution;
Worldwide.

IDENTIFICATION

A round or oval parasite, 6.0-204m in diameter, which
in the lumen of the caecum bears a single flageilum
(Fig. 159) although this appears to be lost when in the
mucosal tissue or the liver. Both luminal and tissue
stages exhibit pseudopodial movement.

LIFE CYCLE

Birds bccome infected by ingestion of the
embryonated egg of the caecal worm, Hererakis
gallinarum, the flagellate being carricd in the
unhatched larva. When the egg hatches, the
histomonads are released from the larva and enter
the caccal mucosa where they cause ulceration and
necrosis. They reach the liver in the portal stream and
colonize the liver parenchyma, producing circular
ncerotic foci which increase in size as the parasites
multiply in the periphery of the lesion.

Fig. 159 The flagellated caacal torm of Histomonas meleagridis.
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The next phase of the life cycle is not clear, but it is
presumed that the Heterakis worms become inlected
with the caecal histomonads, possibly by ingestion,
and that these subsequently rcach the ovary of the
worm. It is certainly established that the histomonads
become incorporated in a proportion of the Heterakis
eggs and thus reach the exterior.

Infection of birds may also result from the ingestion
of earthworms which are transport hosts {or Heterakis
eges and larvae.

PATHOGENESIS

The disease is essentially ene of young turkeys up to
14 weeks old and is characterized by necrotic lesions in
the caecum and liver. The carlicst lesions are small
ulcers in the caeca, but these quickly enlarge and coa-
lesce so that the entire mucosa becomes necrotic and
dctaches, forming, with the caecal contents, a caseous
plug. The liver lesions are circular and up to 1.0cm in
diameter with yellow depresscd centres; they are
found both on the surface and in the substance of the
liver (Fig. 160).

Mortality in poults may reach 100% and in birds
which recover the caecum and liver may be perma-
nently scarred.

CLINICAL SIGNS

Eight or more days after infection the poults become
dull, the [eathers are ruffled and the faeces become
sulphur-yellow in colour. Unless treated, the birds
usually die within cne or two weeks.

In older turkcys the discase is more usually a

Fig. 160 The characteristic circutar necrotic liver lesions of
histomonosis.
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chronic, wasting syndrome followed by recovery and
subsequent immunity.

The name ‘blackhead’ was first coined to describe
the disease when cyanosis of the head and wattles was
thought to be a characteristic feature. Howcver, this
sign is not necessarily present, and anyway is not con-
fincd to histomonosis.

EPIDEMIOLOGY

Although showing no signs of Histomonas inlection
the domestic chicken is commonly infected with f1.
gallinarum, whose eggs, if fed to turkeys, will regularly
produce histomonosis.

Typically, histomonosis occurs when turkey poults
are reared on ground shared, or recently vacatcd, by
domestic chickens. However, since the organism may
survive in embryonated Heterakis cggs in soil, or as
larvae in carthworms, [or over two years, outbreaks
may arise on apparently clean ground.

Young turkeys may also become infected when
reared by broody hens which are carriers.

DIAGNOSIS

This is hased on history, clinical signs and nccropsy
findings. Although rarcly nccessary, histological sec-
tions of liver or caecum may be prepared for specialist
cxamination.

TREATMENT
A number of drugs are effective including
dimetridazole,  nitrothiazole  compounds  and

nithiazide. In Britain, only dimetridazole is Heensed
and is available as a powder for inclusion in feed or, as
a more readily administered soluble preparation, for
medication of the drinking water. In both cascs treal-
ment should be given to all the turkeys, whether af-
fected or not and should be continued for 12 days,
after which a prophylactic regimen of the drug should
be started.

CONTROL

Turkeys should be reared on ground not used by do-
mestic chickens for at least two ycars, or on {resh litter
or wire floors raised above the ground.

Continuous low level medication, usually in the feed
rather than drinking water, with the drugs described
above, is highly desirable where there is any risk of the
disease.

antita meleagridis

This protozoan rather resembles Trichomonas foetus,
but is hilaterally symmetrical in that it possesses two
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nuclei, two sets of three anterior flagella and two
flagella which pass through the body to emerge
posteriorly. Tt is occasionally responsible for catarrhal
enteritis in young turkeys.

Critrelia lennhlia

This organism is bilaterally symmetrical like Hexamita
and also possesses eight flagella, six of which emerge
as free flagella at intervals around the body (Fig. 161).
It is unique in possessing a large adhesive disc on the
flat ventral surface of the body which facilitates attach-
ment to the epithelial cells of the intestinal mucosa.
The organism is passed as multi-nucleated cysts in
which the flagella may be visible, and occasionally as
trophozoites in the faeces. Detection of these is the
basis of laboratory diagnosis.

Giardia 15 a not uncommon cause of chromnic diar-
rhoea in man and infection has also been reported in
wild and domestic animals. Although Giardia cysts are
commonly excreted in the faeces of dogs and cats
there is no consistent relationship with diarrhoea or
other signs of gastrointestinal problems, although they
could act as reservoirs of infection for humans. Inter-
estingly, there is evidence from the USA that Giardia
from man which gain access to municipal water reser-
voirs may successfully infect wild animals, especially
beavers. These then act as a source of contamination
of domestic water supplies.

Nuclei
Adhesive disc

Fig. 161 Giardia lfarmblia.
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Protozoa within the subphylum Sporozoa are charac-
terized by occurring intracellularly and having an
apical complex at some stage of their development.
The trophozoites have no cilia or flagella. Reproduc-
tion involves both asexual (schizogony) and sexual
{gametogony) phases. Following gametogony, a zy-
gote is formed which divides to produce spores
{sporogony).

Of the three classes of veterinary significance the
two most important are the Coccidia or alimentary
sporozoa and the Piroplasmidia which are blood
sporozoa.

Class COCCIDIA

The class Coccidia contains parasites which occur
mainly in vertebrates. Since those of veterinary impor-
tance fall into two distinct family groups, the
Eimeriidae and Sarcocystidae, it is proposed to discuss
these separately.

Family LIMERIIDAL

These are mainly intracellular parasites of the intesti-
nal epithelium, Schizogony and gametogony occur
within the host and sporulation, or maturation of the
fertilized zygote, usually takes place outwith the host.
Although three genera, Eimeria, Isospora and
Cryptosporidium, are of considerable veterinary im-
portance, the term coccidiosis is usually reserved for
infections caused by Eimeria and Isospora spp. Since
there are only minor differences in the pathogenesis
and epidemiology of the different species it is pro-
posed that, following a general account of these, the
clinical signs, diagnosis, treatment and control will be
considered in detail for each host.

Franeria

Hosts:
Poultry, cattle, sheep, goats, pigs, horses and rabbits.

Site:
Epithelial cells of the intestine and in two species the
kidney and liver respectively.

IMPORTANT SPECIES

Eimeria tenella, E. necatrix, E. brunetti, E. maxima, E.
mitis and E. acervulina - chickens

E. meleagrimitis and E. adenoeides — turkeys

E. anseris, E. nocens and E. truncata (kidney) — geese
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. crandallis, E. ovinoidalis, E. bakuensis — sheep
E. arlpingi and E. ninakohlyakimovae — goats
E. debliecki — pigs
leuckarti — horses
E. flavescens, E. intestinalis and E. stiedae (liver) -
rabbits.

E. zuernii, E. bovis and E. alabamensis — cattle
Fi
E.

Distribution:
Worldwide,

IDENTIFICATION

This can be made at microscopic level, either by exam-
ining the faeces for the presence of oocysts or by ex-
amination of scrapings or histological sections of
affected tissues.

OOCYSTS

The oocysts may be identified according to shape and
size. The most common shapes are spherical, ovoid or
ellipsoidal and the size of the common species ranges
from 15 10 50um. Qocysts have a refractile shell and
some species possess a small pore at one end, the
micropyle, which is often covered by a polar cap which
may be prominent. The time taken for sporutation to
occur under standard conditions can also be used as an
aid to indentification.

Tissue stages

The mature schizonts may, in some cases, be identitied
histologically by their location, size and the number of
merozoiles they contain. The merozoites are arranged
as a series of crescent-shaped organisms {5.0-10gm)
rather akin to the appearance of a sliced onion. In
contrast, in the mature microgamelocyte the
microgametes are arranged around the periphery of
the cell and measure about 5.0xm in length. The
macrogametocyte has a large central nucleus with
small granules arranged around the periphery of the
cell, It is equivalent in size to the cocyst which will
eventually develop from it.

LIFE CYCLE

This is divided into three phases: sporulation, infec-
tion and schizogony, and finally, gametogony and
oocyst formation (Fig. 162).

Sporulation

Unsporulated oocysts, consisting ol a nucleated mass
of protoplasm cnclosed by a resistant wall, are passed
to the exterior in the taeces. Under suitable conditions
of oxygenation, high humidity and optimal tempcra-

tures of around 27°C, the nucleus divides twice and
the protoplasmic mass forms {four conical bodies radi-
ating from a central mass. Each of these nucleated
cones becomes rounded to form a sporoblast, while in
some species the remaining protoplasm forms the
oocystic residual body. Each sporoblast sccretes a wall
of refractile material and becomes known as a
sporocyst, while the protoplasm within divides into
two banana-shaped sporozoites. In some species the
remaining protoplasin within the sporocyst forms a
sporocystic residual body.

The time taken for these changes varies according
to temperature, but under optimal conditions usually
requires 2-4 days. The oocyst, now consisting of an
outer wall enclosing four sporocysts each containing
two sporozoites, is referred to as a sporulated oocyst
and is the infective stage (Fig, 163).

Infection and schizogony (asexual
reproductior)

The host becomes infected by ingesting the sporulated
oocyst. The sporocysts are then liberated either
mechanically or by CQ,, and the sporozoites, activated
by trypsin and bile, leave the sporocyst. In most
species, each sporozoite penetrates an cpithelial cell,
rounds up, and is then known as a trophozoite. How-
ever, in a few specics, (or example £. tenella, the
sporozoites penctrate the epithelivm, are taken up by
macrophages in the lamina propria of the villi and are
transported Lo a position deep in the mucosa where
they leave the macrophages and enter the epithelial
cells to form trophozoites. After a few days each
trophozoite has divided by muliiple fission to form a
schizont (Fig. 164}, a structure consisting of a large
number of elongated nucleated organisms known as
merozoites., When division is complete and the
schizonl is mature, the host cell and the schizont rup-
ture and the merozoites escape to invade neighbour-
ing cells. Schizogony may be repeated, the number of
schizont generations depending on the species.

Gametogony and oocyst formation (sexual
reproduction)

Schizogony terminates when the merozoiles give rise
to male and female gamctocytes (Fig. 164). The fac-
tors responsible for this switch to gametogony are not
fully known. The macrogametocytes are female and
remain unicellular, but increase in size to fill the
parasitized cell. They may be distinguished from
trophozoites or developing schizonts by the fact that
they have a single large mnucleus. The male
microgametocytes each undergo repeated division to
form a large number of flagellated uninucleate organ-
isms, the microgametes. It is only during this bricl
phase that coccidia have organs of locomotion. The
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Fig. 162 Life cycle of Eimeria.

micragametes are freed by rupture of the host cell, one
penetrates a macrogamete, and fusion of the micro-
and macrogamete nuclei then takes place. A cyst wall
forms around the resulting zygote now known as an
oocyst, and no further development usually takes
place until this unsporulated oocyst is liberated from
the body in the faeces.

The prepatent period varies considerably and may
be as short as five days in poultry and up to 3-4 weeks
in some ruminant species.

{sospora (syn. Cystoisospora)

The genus fsospora contains many species and like
Eimeria parasitizes a wide range of hosts.

The important species include [ suis in the pig, 7
canis and 1. ohivensis in the dog and I felis and 1
rivofta in the cal, The life cycle of Isospora species

differs from Eimeria in three respects. First, that the
sporulated oocyst contains lwo sporocysts cach with
four sporozoites. Secondly, that extraintestinal stages
occurring in the spleen, liver and lymph nodes of the
pig may reinvade the intestinal muc¢osa and cause
clinical signs. Thirdly, that rodents may, by the inges-
tion of vocysts from the dog and cat, become infected
with asexual stages and acl as rescrvoirs.

GENERAL ASPECTS OF EIMERIA AND
ISOSPORA

EPIDEMIOLOGY AND IMMUNITY

In both Fimeria and Isospora, certain types of man-
agement involving deep litter poultry houses, cattle
yards or piggeries, offer optimal conditions ol tem-

(b
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Micropyle with Polar Cap perature and humidity for oocyst sporulation; with
overcrowding, the risk of heavy infection is further
increased. Although sporulation of oocysts can occur

Sporocyst within two days of being passed in the faeces, on pas-

Resi containin . .

bggtydual 2 spotrozcci;ites ture this period may be much longer. Oocysts have a
considerable longevity and can persist for several
years.

There is also some evidence that the life cycle of
certain coccidia of ruminants can be delayed or ar-
rested in development at the schizogonous siage; re-
sumption of development several months later with
subsequent shedding of oocysts can play an important
part in the epidemiology of bovine coccidiosis.

Immunity develops following infection, the
immunogenic stages varying according to species, but
generally being those involved in schizogony. The
mechanism of the response is not fully understood, but
is thought to be a combination of cellular and humoral
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Fig. 163 ECimeria. (a) Structure of sporulated aocyst; (b} The sporulated oocyst of Eimeria maxima.
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Bk

Fig. 164 FEimeria. (a) Schizonts of Eimeria necatrix (T); (b}
Microgametocyte and macrogametocyte of Eimeria maxima.

factors. Both Efmeria spp. and Isospora spp. are highly
host specific and immunity to any one species is only
cifective [or that species.

PATHOLOGY

Both Eimeria and Isospora induce changes in the in-
testinal mucosa, the scverity of which is related to
parasite density and to the location of the parasitcs
within the mucosa. Following rupture of the cells con-
taining schizonts or gamonts, the tissuc usually slowly
recovers its basic morphology. In very heavy infec-
tions with species in which the developing schizonts
are found deep in the mucosa or in the sub-mucosa,
for example E. tenelle in chickens, destruction is so
severe that haemorrhage occurs. In lighter infections,
the effect on the intestinal mucosa is Lo impair local
absorption.

In species which develop more superficially, for ex-
ample E. acervulina in chickens, the infection results
in a change in villous architecture with a reduction in
epithelial cell height and a diminution of the brush
border giving the appearance of a ‘flat mucosa’. These
changes result in a reduction of the surface area avail-
able for absorption and conscyquently a reduced feed
efficiency.

Veterinary Parasitology

COCCIDIOSIS OF POULTRY

In domestic poultry this can conveniently be divided
into caecal and intestinal coccidiosis.

CAECAL COCCIDIOSIS

E. tenelln is the species primarily responsible for
caecal coccidiosis although the gametogonous stages
of F. necatrix also take place in the caecum and occa-
sionally some stages of E. brunetii,

Coccidiosis due 0 E. tenefla occurs principally in
chickens of 3-7 weeks of age. As noted previously, the
first stage schizonts of this species develop deep in the
glands. The second stage schizonts are also unusual in
that the epithelial cells in which they develop leave
the mucosa and migrate into the lamina propria and
submucosa. When thesce schizonts mature and rupture,
about 72 hours alter ingestion of cocysts, haemor-
rhage occurs, the mucosal surface is largely detached
and clinical signs become apparcnt. The prepatent
period is seven days and the ovoid oocysts sporulate in
2-3 days under normal conditions in poultry houses.

Clinical disease occurs when large numbers of
oocysts are ingested over a short period and is charac-
terized by the presence of soft faeces often containing
blood. The chicks are dull and listless, with drooping
feathers. In subclinical infections, there are poor
weight gains and food conversion rates.

At postmortem examination of chickens which had
blood in their facces, the caeca are found to be dilated
and contain a mixture of clotted and unclotted blood
(Plate XIV). In longer-standing infections the caccal
contents become caseous and adherent 1o the mucosa.
As regeneration of the mucosa occurs these caecal
plugs are detached and caseous material is shed in the
faeces.

Although a good immunity to reinfection develops,
it should he emphasized that recovered birds often
continue to shed a few oocysts and so act as carriers,

COCCIDIOSIS OF THE SMALL INTESTINE

There are several important species of which £
aecatrix is the most pathogenic. However, the preva-
lence of disecasc duc o this species, and of caecal
coceidiosis due to E. tenelin, has declined since many
of the anti-coccidial drugs in general use werce devel-
oped specifically to control these two pathogenic spe-
cies. As a result, the other small intestinal species have
assumed a greater prevalence. These include F
brunetti, which is highly pathogenic, but more com-
monly E. acervulina, E. maxima and E. mitis which are
moderalely pathogenic and £. praecox which is only a
minor pathogen. The prepatent periods vary from 4 te
7 days. As in caecal coccidiosis, clinical disease occurs
about three days following the ingestion of large num-
bers of oocysts.
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Generally, older chickens are affected by the spe-
cies found in the small intestine, and clinical signs are
similar to those of caecal coccidiosis with the excep-
tion that only certain species such as E. pecarrix and E.
brunetti cause sufficient damage for blood to appear in
the faeces. Subclinical infections are more common
than overt disease and may be suspected when pullets
have poor rates of growth and feed conversion, and
the onset of egg laying is delayed.

At postmortem examination, the site and severity of
the lesions vary according to species and these are
summarized in Table 7 together with the relevant
oocyst morphology and sporulation times.

In turkeys, coccidiosis due to two species, F.
meleagrimitis and F. adenoeides, occurs in the small
intestine and in the small intestine and caeca, respec-
tively. The prepatent period of both is five days. The
oocysts of E. meleagrimitis are sub-spherical and
measure approximately 19 X 16 um, unlike those of E.
adenoeides which are ellipsoidal and measure approxi-
mately 25 % 17um. Sporulation time for both at room
temperature is 24 hours.

The pathogenesis of turkey coccidiosis is associated
with schizogony and gametogony. E. adenoeides has
two generations of schizonts and the clinical signs first
appear tour days after infection coincident with the
rupture of the second stage schizonts. F. meleagrimitis
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has three generations of schizogony and discase oc-
curs with the rupture of the third stage schizonts, also
four days after infection.

Disease is seen in turkey poults 210 weeks of age
and rarcly in older birds because of acquired immu-
nity. The affected poults are dull, listless, stand with
ruffled feathers and have their heads tucked under
their wings. Their droppings are white and mucoid and
may contain blood, particularly in E. adenoeides
infections.

There is comparatively little information on
coccidiosis of ducks and geese. E. anseris and E.
nocens have been reported as causing acute intestinal
coccidiosis in goslings in Britain while another species,
E. truncata, found in the kidneys of geese, can cause an
acute nephritis especially where domestic geese are
reared intensively: cutbreaks have also been recorded
in geese in wildfowl] sanctuaries.

DIAGNOSIS

Diagnosis is best based on postmortem examination of
a few affected birds. Although oocysts may be de-
tected on faecal examination it would be wrong to
diagnosc solcly on such evidence for two reasons.
First, the major pathogenic elfect usually occurs prior
to oocyst production, and secondly, depending on the

Table 7 Differential characters of six important species of Eimeria in the domestic fowl.

L. teneila E. necatrix E. brunetii E. acervulina E. maxima E. mitis
Region Caeca Sl Lower Sl Upper S Mid Sl Lower S
Intestinal Haemorrhage Haemorrhage  Slight Watery Salmon pink No visible
lesions White spots Thickened haemorrhage exudate exudate lesions
wall Coagulative White Thickened
White spots necrosis transverse walls
bands Haemaorrhage
with heavy
infections
Blood in ++ + * - - -
faeces
Degree of +4+++ ++++ +++ ++ ++ ++
pathogenicity
Qacyst size 23 x 19 20 = 17 25 % 19 18 % 14 30 x 20 16 x 15
um
50% 21 20 38 12 38 19
sporulation

time in hours
at 29°C
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species involved, the presence of large numbers of
oocysts is not necessarily correlated with severc
pathological changes in the gut. At necropsy the loca-
tion and type of lesions present provide a good guide
to the species which can be confirmed by examination
of the oocysts in the faeces and the schizonts and
00Cysts present in scrapings of the gut.

TREATMENT

This should be introduced as carly as possible after a
diagnosis has been made. Sutphonamide drugs are the
most widely used and it is recommended that thesc arc
given for two periods of three days in the drinking
water, with an interval of two days between treat-
ments. Sulphaguinoxaline, sometimes polentiated
with diaveridine, or sulphadimidine are the drugs of
choice. Where resistance has occurred to sulphona-
mides, mixtures of amprolium and ethopabate have
given good results.

In the successful treatment of an outbreak of
coccidiosis the aim is Lo treat birds alrcady alfected
and at the same time allow sufficient schizogonous
development in the clinically unaffected birds to
stimulatc their resistance. For this reason, sulphona-
mides, which have their greatest effect on the second
stage schizont without inhibiting development of the
first stage, are the best drugs in the treatment of poul-
try coccidiosis.

CONTROL

Prevention of avian coccidiosis is bascd on a combina-
tion of good management and the use of anticoccidial
compounds in the feed or waler. Thus, litter should
always be kept dry and special attention given to litter
near water fonts or feeding troughs. Fonts which pre-
vent water reaching the litter should always be used
and they should be placed on drip trays or over the
droppings pit. Feeding and walcring utensils should be
of such a type and height that they cannot be contami-
nated by droppings. Good ventilation will also reduce
the humidity in the house and help to keep litter dry.
Preferably, clean litter should always be provided be-
tween batches of birds. If this is not possible, the litter
should be heaped and left for 24 hours alter it has
reached a tempecrature of 50°C; it should then be
forked over again and the process repeated to ensure
that all the oocysts in the litter have been destroyed.

The use of anti-coccidial agents depends on the type
of management concerned. Broiler chicks are on life-
time medicated feed and the anticoccidials uscd are
maintained at a level sufficient to prevent schizogony.
The drugs available for use singly or in various
combinations ar¢ amprolium, clopidol, diclazuril,
ethopabate, halofuginone, lasalocid, maduramicin,
MOTNCHSI. narasin, nicarbazin, robenidine,
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salinomycin and sulphaquinoxaline. It is recom-
mended that drugs are switched between batches of
broilers, the so-called ‘switch programme’ or within
the life span of each batch, the ‘shuttle programme’,
Most drugs have a minimum period for which they
must be withdrawn before the birds can be slaugh-
tered for human consumption. This is usually 5 to 7
days.

Where replacement laying birds spend their whole
life on wire floors, no medication is necessary; if they
are reared on litter. for eventual produclion on wire,
then a full level of coccidiostat is given as for broilers.
I[ they are reared on litter, for production on litter,
then a programme of anti-coccidials designed to
stimulate immunity is used. Preparations frequently
used either singly or in combination are amprolium,
ethopabate, lasalocid, monensin  and  sulpha-
quinoxaline. The procedurc is lo administer these
drugs in a decreasing level over the first 16 or 18 weeks
of life. This may be done as a two-stage reduction,
i.e. between 0 and 8 weeks and & and 16 wecks, or,
alternatively, as a three-stage reduction, from 0-6
weeks, 6-12 weeks and 12-18 weeks. Using this tech-
nique, complete protection against coceidial challenge
is maintained in the very young birds and the reduced
drug rate in older birds allows limited exposure to
developing coccidia so that acquired immunity can
develop.

When in-feed coccidiostats are used, there are (wo
further factors to consider. First, outbreaks of
coccidiosis may occur in birds on medicated feed ei-
ther because the level of coccidiostat used is too low or
because conditions in the house have changed to allow
a massive sporulation of cocysts which, on ingestion,
the level of drug can no longer control. Secondly, the
influence of intercurrent infections in aflfccting appe-
tite, and therefore uptake of coccidiostat, should also
be considered.

In turkeys, sulphonamides are again the drugs of
choice in treatment. For prophylaxis, coccidiostats are
normally incorporated in the [ced for the first 12-16
weeks of life. The drugs commonly used are
sulphaquinoxaline, a mixture of amprolium, etho-
pabatc and sulphaguinoxaling, or halofuginone at a
low concentration. Monensin is also used, although it
is available only on prescription because of its greater
toxicity for turkeys.

In the USA a ‘vaccine’ consisting of oocysts of eight
species of coccidia is commercially available. Young
chicks arc given this live vaccine in the drinking water,
and 10 days later a coccidiostat is introduced into the
leed for a period of 3-4 weeks. Successful immuniza-
tion has also been achieved with oocysts attenuated by
irradiation and a live, attenuated, oral vaccine is now
available, as an alternative to coccidiostats, for the
control of coccidiosis in chickens. This consists of se-
lected “precocious’ strains of each of the pathogenic
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species of coccidia which affect poultry; these strains
show rapid development in vive with minimal damage
1o the intestine but stimulate an effective immunity.
For success both techniques depend on subscquent
exposure to oocysts to boost immunity and this may
not occur unless litter is sufficiently moist to allow
sporulation. There is considerable interest in develop-
ing more efficient vaccines in view of the increasing
problem of drug resistance in coccidiosis.

COCCIDIOSIS OF CATTLE

Bovine coccidiosis occurs worldwide and usually af-
fects cattle under one year old, but is occasionally scen
in yearlings and adults. Of the 13 species recorded,
two of the principal pathogens are E. zuernil and E,
bovis. The former is particularly pathogenic, attacking
the caecum and colon and, in heavy infections, pro-
duces a severe bloodstained dysentery accompanied
by tenesmus. F. zuernii has a prepatent period of 17
days and produces small, spherical cocysts of 164m in
diameter. £. bovis also affects the caecum and colon
producing a severe enteritis and diarthoca in heavy
infections. Characteristically, schizonts may be found
in the central lacteals of the villi (Fig. 165). The
prepatent period is 18 days and the oocysts are large,
ege-shaped and measure 28 * 20um. The discasce is
dependent on epidemiological conditions which pre-
cipitate a massive intake of oocysts, such as over-
crowding in unhygicnic yards or [eed lots. It may also
occur at pasture where livestock congregate around
water (roughs. In a number of European countries, E.
alabamensis has been responsible for outbreaks of di-
arrhoea in calves recently turned out on lo permanent
calf paddocks.

Diagnosis is based on history and clinical signs, and
in patent infections, on the presence of oocysts of the
pathogenic species in the faeces.

Fig. 165 The schizont of Eimeria bovig is often found in the certral
lacteal of a villus.
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Treatment with sulphadimidine, given orally or
parenterally and repeated at half the initial dose level
on each of the next two days, is recommended. Alter-
natively, a combination of amprolium and ethopabatc
or decoquinate may be used.

Prevention is based on good management; in par-
ticular feed troughs and water containers should be
moved regularly and bedding kept dry.

COCCIDIOSIS OF SHEEP AND GOATS

Clinical coccidiosis of sheep and goats occurs mainly
in young lambs and kids and there appears to be an
increasing prevalence under conditions of intensive
husbandry, Although the majority of sheep, particu-
larly those under one year old, carry coccidia only two
of the 11 species are known to be highly pathogenic.
These are E. crandallis and E. ovinoidalis, both of
which have a prepatent period of 15 days. The oocysts
of E. crandallis are thick-shelled and sub-spherical
while those of F. ovinoidalis are ellipsoidal, with a
distinct inner shell; both have polar caps. Differentia-
tion of the many species is a specialist task.

Heavy infections in lambs arc responsible for severe
diarrhoca which sometimes contains blood. The
pathogenic lesions are mainly in the caecum and colon
where gametogony of E. crandallis and second-stage
schizogony and gametogony of E. ovineidalis occur.
The lesions cause local haemorrhage and ocdema, and
villous atrophy may be a sequel resulling in malab-
sorption.

Several species, including £. ovineidalis, produce
glant schizonts, up to 300um in diameter, which may
be seen grossly as white spots in the lower small intes-
tine. Also in this site papilloma-like lesions may occur,
usually as a sequel to gametocyte formation by F.
bakuensis, but these are not of great pathogenic
significance {(Plale XIV).

Lambs are usually affected between four and seven
weeks of age with a peak infection around six weeks.
The outbreaks reported have occurred where ewes
and lambs were housed in unhygicnic conditions or
grazed intensively. The feeding of concentrates in sta-
tionary troughs, around which has occurred heavy
contamination with oocysts, can also be a precipitating
factor. In the USA coccidiosis has occurrcd when
older lambs are confined in fcedlots aller weaning,

In spring-lambing flocks in Western Europe. infec-
tion of lambs results both from oocysts which have
survived the winter and from those produced by ewes
during the periparturient period.

Diagnosis is based on the management history, the
age of the lambs, postmortem lesions and faecal ex-
amination for oocysts. The laller may-be present in
very large numbers in both healthy and diseased lambs
so that a necropsy is always advisable.
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Treatment is as described for cattle.

Prevention is based on good management and rcgu-
lar moving of feed and water troughs, but in somc
intensive flocks in which the problem occurs annually,
low levels of amprolium or decoquinate may be in-
cluded in the concentrate feed.

Less is known about the problem of coccidiosis in
goats, but oocysts are frequently recorded from the
faeces and one species, E. arloingi, has been reported
as causing severe pathology. It is not clear whether
sheep species can affect goats, but this seems unlikely
in view of the strong host-specificity expressed by
Eimeria spp.

COCCIDIOSIS OF PIGS

Although some ten species of coccidia have been de-
scribed from pigs their importance is not clear. E.
debliecki has been described as causing clinical disease
and severe pathology and it is only comparatively re-
cently that another species, fsospora suis, has been
incriminated as the cause of a naturally occurring se-
vere enteritis in young piglets aged 1-2 weeks. L suis
has a short prepatent period of 4-6 days; the ellipsoi-
dal oocysts measure 17 X 13um and when sporulated
contain the two sporocysts each with four sporozoiles
characteristic of Isospora. The main clinical signs are
diarrhoea, often biphasic, which varies in ils severity
from loosc facces (o persistent Nuid diarrhoea.

The source of infection appears to be oocysts pro-
duced by the sow during the periparturient period, the
piglets becoming initially infected by coprophagia; the
second phase of diarrhoca is initiated by reinvasion
from tissuc stages. Diagnosis ol the condition is diffi-
cult unless postmortem material is available since
clinical signs occur prior to the shedding of oocysts
and are very similar to those caused by other patho-
gens such as rotavirus.

Treatment with amprolium given orally to affccted
piglets is wsually effective while prevention can be
achieved by the in-feed administration of amprolium
10 sows during the periparturient period, that is, from
ong week prior to farrowing until three weeks post
farrowing.

COCCIDIOSIS OF HORSES

Eimeria (syn. Globidium) leuckarti occurs in the small
intestine of horses and donkeys and has been incrimi-
nated as the cause of an intermittent diarrhoea. The
prepatent period is 15 days and the oval oocysts arc
very large, measuring 80 X 60um. with a thick dark
shell and distinet micropyle.

The pathology includes marked inflammatory
changes in the mucosa and a disruption of villous
architecture.

Veterinary Parasitology

Diagnosis is difficult, and because of the heavy na-
ture of the oocysts, sedimentation techniques should
be employed or, if flotation is used, a concentrated
sugar solution is necessary. Little is known about
treatment, but by analogy with other hosts
sulphadimidine or amprolium should be tried.

COCCIDIOSIS OF RABBITS

There are three main pathogenic species in rabbits,
namely E. stiedae, E. flavescens and E. intestinalis. The
prepatent period of E. stiedae is 18 days and of the
others 5-7 days.

The disease is commonest around weaning and
clinical signs of k. stiedae infection include wasting,
diarrhoea, ascites and polyuria. This species, which
occurs in the bile ducts, reaches the liver via the portal
vein and then locates in the cpithelium of the bile
ducts where it resulls in a severe cholangitis. Grossly
the liver is enlarged and studded with white nodules.
The intestinal species, . flavescens and F. intestinalis,
which are the more significant in commercial rabbit
farms, cause the destruction of the crypts in the
caecum resulting in diarrhoea and emaciation.

Diagnosis, as in other species, is best made by a
postmortem examination. However, in practice, the
demonstration of many oocysts in the faeces is often
used as an indication that rabbits require treatment.
The oocysts of E. stiedae are ellipsoidal and 37 X
21 um in size, those of E. flavescens are ovoidal and 31
* 21 um with a micropyle at the broad ¢nd while those
of E. intestinalis are pyriflorm and measure 27 X 18um.

Sulphadimidine or sulphaquinoxaline in the drink-
ing water are used for treatment. Control of rabbit
coccidiosis involves the daily cleaning of cages,
hutches or pens and the provision of clean feeding
troughs. In many large units control is achicved by
rearing animals on wire floors, or allernatively,
coceidiostats  such  as  amprolium, clopidol or
robenidine are incorporated in the feed.

COCCIDIOSIS OF DOGS AND CATS

At onc time it was thought that species of the genus
Isospora were freely transmissible between dogs and
cats, but it is now established that this is not the case.

Tn the dog, the common Fsospora species are L canis
and I. ohinensis. The prepatent period of both is under
ten days and the oocyst of I canis is the larger, meas-
uring 38 X 30um, while that of L. ohicensis measures
25 % 20pm. There is no real evidence (hal these spe-
cies are pathogenic by themselves but infection may
be exacerbated by intercurrent viral disease or other
immunosuppressive agents. The life cycles are nor-
mally direct although there is some cvidence that a
predator—prey relationship may be involved and that
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dogs can acquire infection from the tissues of rodents
infected with asexual stages. It is important that the
oocysts of these species be differentiated from those of
Sarcocystis which are much smaller in size and
sporulated when freshly shed in the faeces.

In the cat the common species are [ felis and [
rivolta, and, as in the dog, infection may be acquired
directly or possibly by ingestion of infected small ro-
dents. The prepatent periods are short being 7-8 days.
The oocysts of I felis measure 40 X 30um whereas
those of I rivolta measure 25 X 20um. Their
pathogenicity as in the dog, is generally thought (o be
low, although severe diarrhoea in young kittens has
been associated with high oocyst counts.

Other oocysts found in cat faeces (Fig. 166) belong
to members of the Family Sarcocystidae and it is im-
portant to differentiate the oocysts of Isospora from
those of Sarcocystis spp. and Toxoplasma gondii, both
of which can infect food animals and occasionally
man. The former can be differentiated from Isospora
by their smaller size (less than 15 X 11z4m) and the
presence of sporocysts or sporulated oocysts in fresh
facces while T. gondii oocysts, although non-
sporulated, measure only 12 % 10um.

[nformation on treatment in the dog and cat is
scanty, although by analogy with other host species,
sulpha drugs such as sulphadimidine should be tried.

Crvprosporiditm

There are uncertainties in the taxonomy of
Cryptosporidium but Cryptosporidium parvum is the
species which has been responsible for clinical disease
in domestic animals and man. It has been associated
wilh outbreaks of diarrhoca in calves, lambs, kids,
piglets, loals, young dogs and cals, The two specics
which may affect poultry are . bailevi and .

Toxaocara
cati egg

> Isospora
- - rivolta

Isospora
felis

Fig. 166 Diagram of oocysts of cat coccidia relative to Toxocara
cali egg.
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meleagridis. 1t is remarkable in that, unlike other
members of the Eimeriidae, Cryptosporidium does
not enter the cells of the host and lacks host specilicity
so that cross infection can occur between domestic and
laboratory animals and man.

The life cycle of Cryprosporidium is basically similar
to those of other intestinal coccidia although, like
Sarcocystis, sporulation takes place within the host.
The minute oocysts (4.0-4.5um), each with four
sporozoites, are liberated in the faeces. Following in-
gestion, the sporozoites invade the microvillous brush
border of the enterocytes and the trophozoites rapidly
differentiate to form schizonts with 4-8 merozoites.
Gametogony follows after one to two generations of
schizonts and oocysts are produced in 72 hours.

Recent evidence also indicates that two types of
cocysts are produced. The first, the majority, are
thickwalled and are passed in the faeces. The remain-
der are thin-walled and release their sporozoites in the
intestine, causing auto-infection.

The pathogenesis of infection with Cryptosporidium
is not clear. The schizonts and gamonts develop in a
parasitophorous envelope apparently derived from
the microvilli (Fig. 167} and so the cell disruption seen
in other coccidia does not apparently occur. However,
mucosal changes are obvious in the ileum where there
is stunting, swelling and eventually fusipn of the villi;

Fig. 167

Cryptosparidium
macrogamont on the microvillous border of an epithelial cell.

Electron  micrograph  showing
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this has a marked effect on the activity of some of the
membrane-bound enzymes.

Clinically the disease is characterized by anorexia
and diarthoea, often intermittent, which may result in
poor growth rates. Vomiting and diarrhoea have been
reported in young piglets with combined rotavirus and
Cryptosparidium infections. Oocysts may be demon-
strated by using Zichi-Niclsen stained faecal
smears in which the sporozoiles appear as bright red
granules (Plate XIV). More accurate diagnosis is
based on sophisticated staining techniques including
immunofluorescence.

There is no known treatment, although spiramycin
may be of some value, and the infection is difficult to
control since the oocysts are highly resistant to most
disinfectants except formol saline and ammonia.

[Cryptosporidiosis in man: Immunosuppressed states,
especially AIDS (acquired immunodeficiency syn-
drome), have Dbeen associated with severe
cryptosporidiosis, presumably due to overwhelming
autoinfection.|

Family SARCOCYSTIDAE

Four genera, Toxoplasma, Sarcocystis, Besnoitia and
Hammondia, are of veterinary importance. Their life
cycles are similar 1o Eimeria and fsospora except that
the asexual and sexual stages occur in intermediate
and final hosts respectively.

With the exception of the genus Toxoplasma, they
are normally non-pathogenic to their final hosts and
their significance is dug Lo the cyslic tissue stages in the
intermediate hosts which include ruminants, pigs,
horses and man. The tissue phase in the intermediate
host is obligatory, except in Toxoplasma where it is
facultative.

Toxoplasma

The genus Toxoplasma has a single species, T, gondi,
which is an intestinal coccidian of cats. The life cycle
includes a facultative systemic phase which is an im-
portant cause of abortion in sheep and may also cause
a zoonosis. Human infections are particularly serious
if they oceur during pregnancy and may result in abor-
tion or congenilally acquired disorders which prima-
rily affect the central nervous system.

Species:
Toxoplasma gondii.

Final hosts:

All felids. The domestic cal is the most importlant.
Intermediate hosts:

Any mammal, including man, or birds, Note that the
final host, the cat. may also be an intermediate host
and harbour extra-intestinal stages.

Veterinary Parasitology

Sites in final host:
Schizonts and gamonts in the small intestine.
Sites in intermediate host:

Tachyzoites and bradyzoites in extra-intestinal tissues
including muscle, liver, lung and brain.

Distribution:
Worldwide,

IDENTIFICATION

Qocysts

These are found in the faeces of cats, are unsporulated
and measure 12 X 10um (Fig. 166). When sporulated,
which takes one to five days, the oocyst contains two
sporocysts, each with four sporozoites.

Intestinal stages

Schizonts:

These occur mainly in the jejunum and ileum, range in
size from 4.0 um to 17 gm in diameter and contain up
to 32 merozoites.

Gamonis:
These are most common in the ileum and measure
approximately 10 um in diameter.

Extra-intestinal stages

Tachyzoites:

These are found developing in vacuoles in many cell
types, for example, fibroblasts, hepatocytes, reticular
cells and myocardial cells. In any one cell there may be
8-16 organisms, each measuring 6.0-8.0 gm.

Bradyzoites:

These are contained in cysts and occur mainly in the
muscle, liver, lung and brain. The bradyzoites are lan-
cet shaped and several thousand may be present in
one cyst which can measurc up to 100um in diameter.

LIFE CYCLE

Final host

Most cats become infected by ingesting Toxoplasma-
infected animals, usually rodents, whose tissues con-
tain tachyzoites or bradyzoites, although direct
transmission of oocysts between cats can also occur
(Fig. 168). The ingestion of mature bradyzoites is the
most important route and results in the shedding of
higher numbers of cocysts than when infection is ac-
quired from other stages,

Following infection, the cyst wall is digested in the
cat’s stomach, and in the intestinal epithelium the lib-
erated bradyzoites initiate a cycle of schizogonous and




Veterinary Prowzoology 23

“ Extra-intestinal lissue 5tages
p tachyzoites-bradyzoites
IR . ————

i
Sexual stages in intestine J

F OacystsT |
facces

N
e A -
f Asexual stages tachyzoites and
| bragyzoites |

All marﬁmals and birds including .
sheep and man—aﬂ.'rpptomaticudlserase : _ ,,JJ

L

Humans infected from aocysts or a
bradyzoites in meat

o, st . g
! Asymptomatic Stillgirths |
E‘—— ) 7Congenital_i_nfecsio_n J:?

Abartion Barrenness
Weak lambs
Normal lambs

—i

—

Fig. 168 The lite cycie of Toxoplasma gondii showing how non-
i feline hosts may become infected.

gametogonous development culminating in the pro-
duction of oocysts in 3-10 days. Oocysts are shed [or
only 1-2 weeks. During this cycle in the intcstinal
mucosa, the organisms may invade the extra-intestinal
organs where the development of tachyzoites and
bradyzoiles proceeds as in intermediate hosts.

Intermediate hosts

This part of the cycle is extra-intestinal and results in
the formation of tachyzoites and bradyzoites which
arc the only forms found in non-feline hosts. Infection
of intermediate hosts may occur in two ways.

‘In the first, sporulated oocysts are ingested and the
liberated sporozoiles rapidly penetrate the intestinal
wall and spread by the haematogenous route. This
invasive and proliferative stage is called the tachyzoite
(Fig. 16Y) and on entering a ccll it multiplies asexually
in a vacuole by a process of budding or endodyogeny,
in which two individuals are formed within the mother
cell, the pellicle of the latter being used by the daugh-
ter cells. When 8-16 tachyzoites have accumulated the
cell ruptures and new cells are infected. This is the
acute phase of toxoplasmosis.

In most instances, the host survives and antibody is
produced which limits the invasiveness of (he
tachyzoites and results in the formation of cysts con-
taining thousands of organisms which, because
endodyogeny and growth are slow, are termed
bradyzoites (Fig. 169). The cyst containing the
bradyzoites is the latent form, multiplication being
held in check by the acquired immunity of the host. If

j

Flg. 169 Asexual stages of Toxoplasma gondii. {a) Tachyzoites;
{b) Bradyzoite cyst.
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this immunity wanes the cyst may rupture, releasing
the bradyzoites which become active and resume the
invasive characteristics of the tachyzoites.

Secondly, infection commonly occurs by the inges-
tion of bradyzoiles and tachyzoites in the flesh of an-
other intermediate host. Thus carnivores and humans
can acquire infection by eating raw or underdone
mcat. The cycle of development following infection by
tachyzoites or bradyzoites is similar to that following
oocyst ingestion.

GENERAL PATHOLOGY

This is atways related to the extra-intestinal phase of
development.

Most infections are acquired via the digestive tract,
and so organisms are disscminated by the lymphatics
and portal system with subsequent invasion of various
organs and tissues. In heavy infections, the multiplying
tachyzoites may produce areas of necrosis in vital or-
gans such as the myocardium, lungs, liver and brain
and during this phasc the host can become pyrexic and
lymphadenopathy occurs. As the disease progresses
bradyzoites are formed, this chronic phase being usu-
ally asymptomatic.

In pregnant animals or humans, exposed for the first
time to T. gondii infection, congenital disease may
occur, The predominant lesions are found in the cen-
tral nervous system although other tissues may be af-
fected. Thus, retinochoroiditis is a frequent lesion in
congenital toxoplasmosis. The retina becomes in-
flamed and necrotic and the pigmented layer is
disrupted by infiltration of inflammatory cells; eventu-
ally, granulation tissue forms and invades the vitreous
humor.

Fortunately, the pathological changes described
above are relatively uncommon and most Toxoplasma
infections in animals and man are light and conse-
quently asymptomatic.

SPECIAL PATHOLOGY AND CLINICAL
SIGNS IN DIFFERENT HOSTS

Cats

Despite the fact that cats are frequently infected, clini-
cal disease is rare although enteritis, enlarged
mesenteric lymph nodes, pneumonia, degenerative
changes in the central nervous system and encephalitis
have been recorded in experimental infections. Con-
genital transmission, although uncommon, has oc-
curred following activation of bradyzoite cysts during
pregnancy.

Dogs

The onset of illness is marked by fever with lassitude,
anorexia and diarrhoea. Pneumonia and neurological
manifestations are common. Infection may occur in
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conjunction with distemper and has also been incrimi-
nated in distemper vaccination breakdowns.

At nceropsy, bradyzoite cysts can be demonstrated
in cells in the brain and the respiratory tract; the asso-
ciated lymph nodes are enlarged.

Ruminants

There are only a few reports of clinical toxoplasmosis
associated with fever, dyspnoea, nervous signs and
abortion. At postmortem, bradyzoites were demon-
strablc in the brain with focal necrosis in acute cases
and glial nodules in chronic cases.

Undoubtedly the most important role of
toxoplasmosis in ruminants is its association with
ahortion in ewes and perinatal mortality in lambs. If
infection of the ewes occurs early in gestation (<55
days) there is death and expulsion of the small foetus,
which is scldom observed. If infection occurs in mid-
gestation abortion is more readily detected, the organ-
isms being found in the typical white lesions, 2.0mm in
diameter, in the cotyledons ol the placenta and in
foetal tissues; alternatively the dead foctus may be
retained, mummified, and expelled later. If the [oetus
survives in utere, the lamb may be still-born or, if alive,
weak.

Ewes which abort due to T, gondii in onc year usu-
ally lamb normally in subsequent years.

Other hosts

Toxoplasmosis has been occasionally reported in
voung pigs and poultry, while serological titres to
Toxoplasma have been recorded in horses and wild
rabbits.

Man

Infection of man may be acquired or congenital. Ac-
quired infections occur in two ways. First, from the
ingestion of oocysts shed in the facces of cats. This
may be directly from hands contaminated, for exam-
ple, during the cleaning of litter trays or, more likely,
indirectly from the ingestion of vegetables or food
conlaminated by cat faeces. Flies may also transfer
cocysts on to [ood.

Secondly, an important source of infection is
the ingestion of undercooked meal containing
Toxoplasma cysts.

The majority of acquired infections are asymplo-
matic. Clinically apparent infections present as low
grade fever and malaise with a general lym-
phadenopathy predominantly affecting the cervical
nodes, symptoms which are similar to those of glandu-
lar fever. Involvement of vital organs is rare although
myocarditis, encephalitis and retinochoroiditis have
been recorded. Recrudescence of infection may occur
in immunosuppressed patients.
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Congenital infection, which occurs only when a
woman is exposed to infection for the first time during
pregnancy, can be serious, the tachyzoites crossing the
placenta in the absence of maternal antibodics. While
the majorily of such congenital infections are asymp-
tomatic, up to 10% rcsult in abortions, stillbirths
or damage to the central ncrvous system of the
foctus. The frequency of discase is much higher
when infection is acquired in the first trimester
of pregnancy. Severely affected infants show
retinochoroiditis and cerebral necrosis and there may
be hepatosplenomegaly. liver failure, convulsions and
hydrocephalus.

EPIDEMIOLOGY

The cat plays a central role in the cpidemiology of
toxoplasmosis and the disease is virtually absent from
areas where cals do not occur.

Epidemiological investigations in the USA and else-
where indicate that 60% of cats are serologically posi-
tive to Toxoplasma antigen. the majority acquiring
infection by predation. As might be expected infec-
tions arc more prevalent in stray cats. Congenital in-
fection is rarc. Following infection, cats shed oocysls
for only 1-2 weeks aflter which they are resistant to
reinfection. However, a proportion remain as carriers,
perhaps due to the persistence of some schizonts, and
reactivation of infection with shedding of oocysts may
oceur in association with intercurrent diseasc, during
the peri-parturicnt period in queens or following
corticosteroid therapy. However, the oocysts appear
to be very resistant and this compensates for the com-
paratively short period of oocyst excretion.

It is difficutt to explain the widespread prevalence of
toxoplasmosis in ruminants, particularly shcep, in
view of the relatively low number of oocysts shed into
the environment. It has been suggested that pregnant
ewes are most commonly infected during periods of
concentrate feeding prior to tupping or lambing, the
stored food having been contaminated with cat facces
in which millions of oocysts may be present.

Further spread of cocysts may occur via copro-
phagous insects which can contaminate vegetables,
meat and animal fodder. It has been suggested that
venereal transmission can occur in sheep.

The prevalence of Toxoplasma infection in the hu-
man population, as estimated by serological titres,
may be as high as 25% in some areas. The prevalence
is higher in veterinarians, abattoir workers and those
who handle cats.

DIAGNOSIS

Specific diagnosis is made by scrological tests or by
demonstration of the organisms in tissues of mice in-
oculated with suspect material,

237

Twoe of the most commonly used tests measurc anti-
bedy, the Sabin-Feldman dye test and the indircct
immunefluorescent antibody test {(IFA). The latter is
preferred since it does not require live organisms.
Whichever test is used it is important to employ paired
samples taken at an interval of 1-2 weeks (0 determine
if a rising (itre, indicative of recent intection, is
present.

More recently, an ELISA test has been developed
which is capable of detecting a recent infection by the
cstimation of IgM, as compared to IgG, antibody.

The most convincing diagnosis is obtained by inocu-
lating Toxoplasma-free mice by the intraperitoneal or
intracerebral route with test material and the subse-
quent demonstration of tachyzoites or bradyzoites in
smears of organs or serous cavities. It has the disad-
vantage that unless the strain of Toxoplasma is highly
virulent, it requires three weeks beforc cxamination of
the mice will yicld recognizable Toxoplusma cysts.

TREATMENT

There is no completely satisfaclory treatment. A com-
bination of the anti-malarial drug pyrimethamine and
sulphadiazine has been reported to be effective
against tachyzoites, but not bradyzoites, in humans
but is rather toxic in cats. Spiramycin has also been
used in humans but its efficacy is not well documented.

Clindamycin is used in cals and is reported as
being effective against murine toxoplasmosis; like
pyrimcthamine, it will reduce but not eliminate oocyst
shedding in cats,

CONTROL

In domestic situations prevention of infection requires
the daily cleaning of cat litter boxes and proper dis-
posal of faeces. Hygienic precautions such as washing
of hands prior (0 cating and the wearing of gloves
when gardening should also be observed since flower
and vegetable beds are favoured arcas for cats to
defaecate. Pregnant women should not undertake
cleaning of cat litter hoxes. In addition, raw mecat
should not be fed to cats.

On farms, control is more difficult, but where possi-
ble animal feedstuffs should be covered to exclude
access by cats and insects. Monensin and decoquinate
have also been administered to ewes in mid-pregnancy
in attempts to control abortion due to toxoplasmosis.

Sheep which abort following toxoplasmosis usually
lamb normally in subscquent years. Tt has often been
advised that such sheep should be mixed with replace-
ment stock some weeks before mating in the hope that
these will become naturally infected and develop im-
munity before becoming pregnant. Presumably the
value of this technique depends on the replacements
being exposed to circumstances similar to those of the
initial outbreak.
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It is sometimes also advised to mix replacement
stock with ewes at the time of the outbreak of abortion
in order to facilitate transmission of infection. This is
extremely unwise since other causes of abortion, nota-
hly the agent of cnzootic abortion of ewes, if also
prescat, may affect the replacement stock and be re-
sponsible for abortion in subsequent years,

Fortunately a vaccine is now available for sheep
which is less of a *hit or miss’ than the above tech-
niques. This is a live vaccine consisting of tachyzoites
attenuated by rcpealed passage in mice. The strain
used has lost (he capacity to form tissuc cysts and
therefore the potential to form oocysts in cats, It is
usually recommended to vaccinate the whole
flock initially and thercafler only annual vaccination
of replacements. The vaccine consists of 104-10°
tachyzoites and it is given as a single dosc
intramuscularly at least three weeks prior to tupping.

Neospora canlinumi

The complete life cycle of Neospora caninum is un-
known but it is a protozoan parasite first recognized in
dogs in 1988, It was previously confused with
Toxoplasma gondii because of the structural similarity
of the asexual stages of the two parasites. Similarities
between the two organisms suggest that N. caninum is
a coceidian parasite whose infective stage is an cocyst
but experimental studies have failed to identify the
definitive host. Neosporosis occurs most scverely in
transplacentally infected puppies and is characterized
by a progressive ascending paralysis, particularly of
the hind limbs; polymyositis and hepatitis may also
oceur. If canine neosporosis is diagnosed early treat-
ment with trimethoprim, sulfadiazine and clindamycin
might be useful. Neosporosis has now been identified
in North America, Europe, Australia, New Zealand,
South Africa and Tapan. The disease also affects
cattle and is a significant cause of abortion and
neurologically-associated limb defects in calves. Mi-
croscopic lesions of non-suppurative cncephalitis and
myocarditis in aborted foetuses may be seen in the
brain, spinal cord and heart. Control of Neaspora-
induced abortion in cattle depends on protecting
tood and water sources from possible contamination
with the facces of any animal and the disposal of
aborted [oetuses and placentas by incincralion or
other means so that they cannot be available to the
definitive host.

Sarcocysty

From a veterinary standpoint the important stages of
the genus Sercecystis are found in the intermediate
hosts, both as schizonts in the endothelium of the
blood vessels and as bradyzoite cysts in the skeletal
and cardiac muscles.

Veterinary Parasitology

Final hosts:
Dogs, cats, wild carniveres and man,

Intermediate hosts:
Ruminants, pigs and horscs.

Site in final host:
Small intestine.

Site in intermediate host:
Schizonts in ¢ndothelial cells of blood vessels; large
cysts contlaining bradyzoites in muscles.

Distribution:
Worldwidc,

SPECIES

The previously complex nomenclature for the large
number of Sarcocystis spp. has largely been discarded
by many workers in favour of a ncw syslem based on
their biology. The new names generally incorporate
those of the intermediate and final hosts in that order.
Although unacceptable to systematists, this practice
has the virtue of simplicity. At present the most impor-
tant species recognized with the dog as a final host are:

Sarcocystis bovicanis (syn. 8. cruzi)
8. avicanis (syn. 8. tenella)

S. capricanis

8. porcicarnis (syn. 3. miiescheriana)
S. equicanis (syn. S. bertrami)

S. fayeri (horse/dog).

Those with the cat as the final host include:

S. bovifelis (syn. S. hirsuta)
S. ovifelis (syn. 8. tenella)
S. porcifelis.

Man is final host for two species, 8. bovihominis and S,
porcihominis, and these arc reported as being respon-
sible for anorexia, nausca and diarrhoea.

IDENTIFICATION

Oocysts:

These, unlike fsospora, are sporulated when passed in
the faeces and contain (wo sporocysts each with four
sporozoites; usually the sporulated sporocyst is found
free in the faeces (Fig. 170). Tn two common specics, 5.
bovicanis and S. ovicanis, the sporulated sporocysts
measure approximately 15 X 10um and 14 X 9um
respectively.

Tissue stages:

In the intermediate host the schizonts found in the
endothelial cells are quite small measuring 2-8 pm in
diameter {Fig. 171). In conirast the bradyzoite cysts
(Fig. 172} can be very large and visible to the naked
cye as whitish streaks running in the direction of the
muscle fibres (Plate XIV), They have been reported as
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Fig. 170 Sporulated sporocysts of Sarcocystis in smear of fresh
faeces; the oocyst wall is just discernible.

Fig. 171

Sarcocystis schizont in endothelial cell,

reaching several cm in length, but morc commonly
they range from 0.5 mm to 5.0 mm.

LIFE CYCLE

Final host (gametogony):
Infection is by ingestion of bradyzoite cysts in the
muscles of the intermediate host. The bradyzoites are
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Fig. 172 Bradyzoite cysts of Sarcocystis ovicanis in oesophagus.

liberated tn the intestine and the freed zoites pass Lo
the sub-cpithelial lamina propria and diflerentiate
into micro- and macrogametocytes. Following conju-
gation of gametes, thin-walled oocysts are formed
which, unlike those of most other enteric sporozoans,
sporulate within the body. Two sporocysts are formed,
cach containing four sporozoites. Usually the fragile
oocyst wall ruptures and free sporocysts are found in
the faeces,

Intermediate host (schizogony):

Infection is by ingestion of the sporocysts and this is
followed by at least three asexual generations. In the
firsl, sporozoites, released from the sporocysts, in-
vade the intestinal wall and enter the capillaries where
they locate in endothelial cells and undergo two
schizogonous cycles. A third asexual cycle oceurs in
the circulating lymphocytes, the resulting merozoites
penctrating muscle cells. There they encyst and then
divide by a process of budding or endodyogeny giving
rise to broad banana-shaped bradyroites contained
within a cyst; this is the mature sarcocyst and js the
infective stage for the carnivorous finai host. Although
there are some variations according to specics the time
intervals in the life cycle are approximately as follows:

Prepatent period in 7-14 days
carnivores

Patent period (period
during which sporocysts
are passed in faeces by
CATIEVOICS )

From ingestion of
sporocysts to presence of
infective bradyzoites in
muscles of intermediate
host

1 week to several months

usually 2-3 months but
may extend to 12 months
in some specics.



240

PATHOGENESIS

Infection in the finul host 1s normally non-pathogenic
although mild diarrhoea has occasionally been re-
ported.

In the intermediate host the principal pathogenic
effect is attributable to the sccond stage of schizogony
in the vascular endothelium. Heavy cxperimental in-
fections of calves with S, bovicanis have resulted in
mortality one month later, with, at necropsy, pelechial
haemorrhages in almost every organ including the
heart, together with generalized lymphadenopathy.
Experimental infection of adult cows has resulted in
abortion.

A naturally occurring chronic  disease of
cattle, ‘Daimeny disease’, has been recognized in
Canada, the USA, and Britain. This is characterized
by emaciation, submandibular oedema, recumbency
and exophthalmia; at postmortem examination, nu-
merous schizonls are found in endothcehial cells, and
developing sarcocysts in areas of degenerative
myosttis.

S. ovicanis has been incriminated as the cause of
abortion in ewes and severe myositis and en-
cephalomyelitis in lambs in several countries.

Recently, a discase in horses called Equine
Protozoal Myeloencephalitis (EPM), characterized by
ataxia and muscle weakness, has been associated with
infection by a species named Sarcocystis neurona.
Generally, however, clinical signs are rarely observed
in Sarcocystis infection and the most significant effect
is the presence of cysts in the muscles of food animals
resulting in downgrading or condemnalion ol car-
casses. While the dog-borne species were thought to
be of primary importance in this context, there is
increasing evidence that cat-borne species are also
responsible for lesions in meat.

In pigs there is a possibility of confusing the cysts of
Sarcocystis with those of Trichinella spiralis and
Cysticercus cellulosae. Differentiation requires the
microscopic examination of squashed muscle prepara-
tioms.

CLINICAL SIGNS

In heavy infections of the intermediate hosts there is
anorcxia, fever, anacmia, loss of weight, a disinclina-
tion to move and somelimes recumbency; in lambs a
dog-sitting posture has been recorded. In cattle there
is often a marked loss of hair at the end of the tail.
These signs may be accompanied by submandibular
oedema, exophthalmia and enlargement of lymph
nodes. Abortions may occur in breeding stock.

EPIDEMICLOGY

Little is known of the epidemiology, but from the high
prevalence of symptomless infections observed in ab-
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attoirs it is clear that where dogs or cats are kept in
close association with farm animals or their feed, then
transmission is likely. For example, sheepdogs are
known to play an important part in the transmission of
S. ovicanis and care should be exercised that only
cooked meat is fed 1o dogs. Acute outbreaks are prob-
ably most likely when livestock which have been
reared without dog contact are subsequently exposed
to large numbers of the sporocysts from dog faeces.
The longevity of the sporocysts shed in the faeces is
not knowmn.

DIAGNOSIS

Most cases of Sarcocystis inlection arc only revealed at
meat inspection when the grossly visible sarcocysts in
the muscle are discovered. However, in heavy infec-
tions of the intermediate hosts, diagnosis is based on
the clinical signs and on histological demonstration of
schizonts in the blood vessels of organs, such as kidney
or heart and the presence of cysts in the muscles at
necropsy or biopsy. An indirect haemagglulination
test, using bradyzoites as antigen, is also a useful aid (o
diagnosis, but it should be remembered that the pres-
ence of a titre need not imply active lesions of
Sarcocystis. Also, animals may die prior to a detect-
able humoral response.

in ruminants, the degenerative muscle changes
closely resemble those of vitamin E-selenium defi-
ciency, although the latter lacks an inflammatory cel-
lular response.

Examination of faeces from cats or dogs on the farm
for the presence of sporocysts may be helpful in the
diagnosis.

TREATMENT

There is no effective treatment for infection, either in
the final or in the intermediate host. Where an out-
break occurs in ruminants it has been suggested that
the introduction of amprolium inte the dict of the
animals has a prophylactic effect.

CONTROL

The only control measures possible are those of simple
hygiene. Farm dogs and cats should not be housed in,
or allowed access to, fodder stores nor should they be
allowed to defaecate in pens where livestock are
housed. It is also important that they are not fed un-
cooked meat.

Since the differences in the life eycles of the various
genera of the class Coccidia described up to this point -
are somewhat confusing, their major features are sum-
marized in Table 8.
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Table 8 The major features of the life cycles of important Coccidia.
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Eimeria Isospora Cryptosporidium Toxoplasma Sarcocystis

Life cycle Dirgct Direct Direct Indirect or Always indirect

direct

Also between
intermediate
hosts

Infective stage Oogyst Oocyst Very small Bradyzoite Bradyzoite cysts
for final {4 sporocysts (2 sporocysts, oocyst with cysts
host each with 2 each with 4 4 sporozoites Tachyzoites

sporozoites) sporozoites) Small cocyst
(2 sporocysts
each with 4
sporozoites)

Infective - - - Bradyzoite Sporocyst
stage for cysts {4 sporozoites}
intermediate Tachyzoites
host Oocyst

Asexual Many hosts Many hosts
phase Single host Usually single Single host

host —
Sexual phase Cat Dog and cat

Besnoitia

The best known species is Besnoitia besnoiti which
occurs worldwide, although especially important in
Africa, and in which the final host is the cat and the
intermediate hosts are cattle.

This genus differs from other members of the
Sarcocystidae in that the cysts containing bradyzoites
are found mainly in fibroblasts in or under the skin.
The host cell enlarges and becomes mullinuclcate as
the Besnoitia cyst grows within a parasitophorous
vacuole, eventually reaching up to 0.6 mm in diameter.

Although infection of cattle is thought to be mainly
by ingestion ol sporulated oocysts from cat faeces,
there is a suggestion that mechanical spread by biting
flies feeding on skin lesions of caltle may be another
route of transmission.

Following infection in cattle there is a systemic
phase accompanied by lymphadenopathy and
cedemalous swellings in depandent parts of the body.
Subsequently bradyzoites develop in fibroblasts in the
dermis, subcutaneous Llissucs and fascia and in the na-
sal and laryngeal mucosa. The devcloping cysts in
the skin result in a severe condition characlerized by
painful subcutaneous swellings and thickenings of the
skin, loss of hair and necrosis. There is no known
treatment.

Apart from the clinical manifestations which in sc-
vere cases can result in death, there can be consider-
abie economic losses duc to condemnation of hides at
slaughter.

Hantmondiea

Omly one specics, Hammondia hammondi, is known,
The final host is the cat and the intermediate hosts are
small rodents. Unsporulated oocysts are produced in
the faeces, and following infection of rodents, the
multiplication of tachyzoites in the [amina propria of
the intestinal wall is followed by the production of
cysts containing bradyzoites in the skeletal muscle. It
is not considered to be pathogenic to either host, but it
is important to recognize that the oocysts of
Hammondia closely resemble those of Toxoplasma
and that their differentiation in cat faeces is a special-
ist task.

Hepatozoon

Hepatozoon canis oceurs in the dog, and possibly the
cat, in areas where the tick vector Rhipicephalus
sanguineus is found, i.e. Africa, Asia, S. Europe and
the Texas Gulf Coast.
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Syngamy occurs in the tick and since the sporozoites
remain in the body cavity, the dog is apparently in-
fected by ingesting the tick. Schizogony occurs in
macrophages and endothelial cells in the skeletal mus-
cle, heart and lungs followed by the production of
large. blue-staining gametocytes which parasitize the
circulating neutrophil leucocytes. The cycle is com-
pleted when the tick ingests infected blood.

Infection may be asymptomaltic and disease, when it
occurs, often appears to be secondary to other patho-
gens. The clinical signs are those of recurrent fever,
marked loss of condition and lumbar pain and may
terminate fatally. Diagnosis depends on examination
of stained blood smears and, 1f unsuccessful, muscle
biopsy for the detection of schizonts.

Treatment is palliative using non-steroidal anti-
inflammatory drugs and prophylaxis depends on
regular tick control.

Class PIROPLASMIDIA

Buabesia

Babesia are intraerythrocytic parasites of domestic

animals . and are the cause of anaemia and
haemoglobinuria. They are transmitted by ticks in
which the protozoan passes transovarially, via the cgg,
from onc tick generation to the next. The discase,
babesiosis, is particularly severe in naive animals in-
troduced into endemic areas and is a considerable
constraint on livestock development in many parts of
the world.

Hosts:
All domestic animals.

Intermediate hosts:
Hard ticks of the [amily Ixodidae in which
transovarian infection ensures that HRabesia are
transmitted by stages of the next generation of
ticks. Depending on the specics of Babesia, this
may be by the larval, nymphal or adult stages or even
all three.

When infection persists [rom one stage to the next,
in two- or three-host ticks feeding on different hosts,
transmission is said to be transtadial.

Site:
The organisms lie singly or in pairs inside the red
blood cells.

SPECIES

Babesia divergens, B. major
B. bigemina, B. bovis

B. motasi, B. ovis

B. caballi, B. equi

B. perroncitoi, B. trautmanni

cattle

sheep and goats
equines

pigs
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B. canis, B. gibsoni dogs
B. felis cats
Distribution:

The distribution of these many specics thoughout the
world is discussed in the scparate sections dealing with
each final host.

IDENTIFICATION AND MORPHOLOGY

Examination of stained blood films shows the organ-
isms to be within red cells, almost always singly or as
pairs, often arranged at a characteristic angle with
their narrow cnds opposed. Typically they arc
pyriform, but may be round, elongated or cigur-
shaped (Fig, 173). Conventionally, the various species
arc grouped into the small Babesia whose pyriform
bodies are 1.0-2.5u4m long, and large Babesia which
are 2.5-50um long (Plate XII1). With Romanowsky
dyes the cytoplasm appears blue and the nucleus red.

Under the electron microscope the parasite is scen
to possess at its blunt end an electron-densc “apical
complex” which is thought to be concerned with assist-
ing penetration of the erythrocytc.

LIFE CYCLE

The organism divides asexually, by binary fission to
form two, or sometimes four, individuals within the
red cell. Eventually, the host cell ruplures and the
organisms are liberated to penetrate new red cells.
The subsequent scquence of events, when the
parasitacmic blood is ingested by the appropriatc
ixodid tck, usually the engorging adult female, is not
clear, but it is now thought that a sexual phase occurs
in the tick gut followed by schizogony which resultsin
the production of elongated, motile, club-shaped
bodies, called vermicules. These migrate to the tissues

)
@0@
OO@

e —————
10um

Fig. 173 Diverse forms of Babesia divergens in boving red cells.
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of the tick, especially the ovary, and undergo further
multiplication to produce morc vermicules. The entire
process takes around seven days.

In the ovary of the tick the vermicules invade the
eges and, subscquently, continue to multiply in the
tissues of the hatlched larvae. When the larvae first
feed, the vermicules enter the salivary acini and form,
within a few days, the inlcctive sporozoites, which are
inoculated into the new host belore feeding ceases.

When  stage-to-stage  (ransmission  occurs,
vermicules again reach the salivary glands of the next
stage of the tick when [ceding commences, and mature
to become infective forms,

There is ample evidence that some species of
Babesia may be transmitted through the ovary for two
or more generations of female ticks; this is known as
vertical transmission.

PATHOGENESIS

The rapidly dividing parasites in the red cells produce
rapid destruction of the erythrocytes with accompany-
ing haemogiobinaemia, haemoglobinuria and fever.
This may be so acute as to cause death within a few
days, during which the packed red cell volume falls
below 2(1%. The parasitaemia, which is usually detect-
able once the clinical signs appear, may involve be-
tween 0.2% and 45% of the red cells, depending on
the specics of Babesia.

At necropsy, the carcass is pale and jaundiced, the
bile is thick and granular and there may be sub-
epicardial and sub-endocardial haemorrhages.

Milder forms of the disease, associated with less
palhogenic species of Rabesia, or with relatively resist-
ant hosts, arc characterized by fever, anorexia and
perhaps slight jaundice for a period of several days.

In B. bovis and B. canis infections, clumping of
erythrocytes may also occur in the capillaries of the
brain, producing nervous signs of hyperexcitability
and incoordination.

CLINICAL SIGNS

Typically the acute discasc occurs 1-2 weeks after the
tick commences to feed and is characterized by fever
and haemoglobinuria (‘redwater’). The mucous mem-
branes, at first congested, become jaundiced, the respi-
ratory and pulse rates are increased, the heart beal is
usually very audible, and in cattle ruminal movements
cease and abortion may occur. If untreated, death
commonly occurs in this phase. Otherwise convales-
cence is prolonged, there is loss of weight and mitk
production and diarrhoea followed by constipation is
COMINOTL.

In animals previously exposed to infection, or in-
fected with a Babesia species of low pathogenicity,
clinical signs may be mild or even inapparent.
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EPIDEMIOLOGY

The following account is largely based on the cpidemi-
ology of the pathogenic bovine species which have
been the most thoroughly studicd, but the same prin-
ciples almost certainly apply to all the Babesia. Essen-
tially, the cpidemiology depends on the interplay of a
number of factors and these include:

(1) The virulence of the particular species of
Babesia

For example, B. divergens in cattle and B. canis in dogs
are rclatively pathogenic while B. major in cattle and
B. ovis in sheep usually produce only mild and tran-
sient anacmia.

(2) The age of the host

It is frequently stated thal there is an inverse age
resistance to Babesia infection in that young animals
are less susceptible to babesiosis than older animals.
The reason for this is not known.

{3} The immune slatus of the host

In endemic areas, the young animal first acquires im-
munity passively, in the colostrum of the dam and, as
a resull, often suffers only transient infections with
mild clinical signs. However, these infections are ap-
parently sufficient to stimulate active immunity al-
though recovery is [ollowed by a long period during
which they are carriers when, although showing no
clinical signs, their blood remains infective to ticks for
many months. It used to be thought that this active
immunity was dependent on the persistence of the
carrier stale and the phenomenon was tecrmed
premunity. However, it scems unlikely that this is the
case since it is now known that such animals may lose
their infection either naturally or by chemotherapy,
but still retain a solid immunity.

(4) The level of tick challenge

In endemic areas, where there are many infected ticks,
the immunity of the host is maintained at a high level
through repeated challenge and overt discasc is rare.
In contrast, where there are few ticks or when they are
confined to limited areas, thc immune status of the
population is low and the young animals receive little,
if any, colostral protection. If, in thesc circumstances,
the numbers of ticks suddenly increasc due to favour-
able climalic conditions or to a reduction in dipping
frequency, the incidence of clinical cases may rise
sharply. This situation is known as enzootic instability.

(5) Stress

In cndemic areas, the occasional outbreak of clinical
discase, particularly in adult animals, is often associ-
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ated with some form of stress, such as parturition or
the presence of another discase, such as tick-borne
fever.,

These general aspects of epidemiology are dcalt
with in more dctail in the sections dealing with
babesiosis in the different host species.

DIAGNOSIS

The history and clinical signs are usuoally sufficient to
justify a diagnosis of habesiosis. For confirmation, the
examination of blood films, staincd with Giemsa, will
reveal the parasites in the red cells. However, once the
acute [ebrile phase has subsided they are often impos-
sible to find since they are rapidly removed from the
circulation.

TREATMENT

This depends to some extent on the species of Babesia
to be treated and (he availability of particular drugs in
individual  countries.  Quinuronium  sulphate,
pentamidine, amicarbilide, diminazene aceturate and
imidocarb are the most commonly used drugs and
their use is discussed in more detail in the sections
dealing with babcsiosis in the different animal hosts,

CONTROL

Specific control measures are not usnally nccessary
for animals born of mothers in endemic areas since,
as noted previcusly, their colostrally acquired immun-
ity is gradually reinforccd by repeated exposure to
infection. Indeed, the veterinary importance of
babesiosis is chicfly that it acts as a constraint 10 the
introduction of improved livestock from other areas.
Areas of enzootic instability also create problems
when tick numbers suddenly increase or animals, for
some reason, are forced to usc an adjacent tick-
infested area.

‘The numbers of licks and therefore the quantum of
Babesta infection may be reduced by regular spraying
or dipping with acaricides. In addition, in cattle, the
selection and breeding of cattle which acquire a high
degree of resistance to ticks is practised, particularly in
Australia. Widespread usc of tick vaccines may also
have a significant influence on the incidence of
babesiosis in caltlle.

In cattle, immunization, using blood from carrier
animals, has been practised for many years in tropical
areas, and more recently in Australia, the use of ra-
pidly passaged strains of Babesia, which are relatively
non-pathogenic, have been widely utilized in live
vaccines. In the near future these may be superseded
by adjuvanted vaccines prepared from several
recombinant Babesia antigens. Otherwise the control
of babeslosis in susceptible animals introduced into
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endemic areas depends on surveillance for the first few
months after their arrival and, if necessary, treatment.

BABESIOSIS OF CATTLE

Northern Europe

Two species occur in cattle, B. divergens and B. major.
Of these, B. divergens, transmitted by Ixodes ricinus, is
the most widespread and pathogenic, clinical cases
occurring during the periods of tick activity, primarily
in the spring and autumn. As with other Babesia, in-
fection in the tick is transovarially transmitted and the
larvae, nymphs and adults of the next generation are
all able to transmit infection to cattle.

B. divergens is a ‘small Babesia’ and in blood (ilms
typically appcars as paired, widely divergent organ-
isms, 1.5 X 0.4um, lying near the cdge of the red cell,
although other forms may be present. Normally no
cffort is made to control this infection in endemic
areas although cattle recently introduced require sur-
veillance for some months, since, on average, one in
four will develop clinical disease and of these one in
six will dic il untreated. However, in some parts of
mainland Europe, such as the Netherlands, where
ticks are confined to rough vegetation on the edges of
pastures and on roadsides, il is often possible to take
evasive measures. It is thought that the red and roe
deer are not important reservoir hosts since only mild
infections have been experimentally produced in
splencetomized deer.

Quinuronium sulphate and amicarbalide are effec-
tive treatments and in some countries imidocarb is
also licensed for usc. The latter, due to its persistence
in the tissues, has a prophylactic effect for several
weeks, During the convalescent phase of the discase,
blood transfusions may be valuable as are drugs de-
signed to stimulate food and water intake.

Recently, long-acting preparations of oxytetra-
cycline have been shown to have a prophylactic effect
against B. divergens infection.

The sccond species, B. major, transmilted by the
three-host tick Haemaphysalis puncrara, 1s relatively
uncommon and in Britain, for example, is confined to
the south. B, major is a ‘large Babesia’, 3.2 ¥ 1.5um,
being characteristically paired at an acute angle. It is
only mildly pathogenic.

TROPICS AND SUBTROPICS

The other two important Babesia of cattle, 8. bovis
(syn. B. argentina) and B. bigerina, share the same
primary vector, the one-host tick Baophilus, and co-
exist over the same wide geographic area cmbracing
Australia, Africa, Central and South America, Asia
and southern Europe.
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B. bovis, a small Babesia, whose piroplasms meas-
ure 2.0 % 1.5um, is generally regarded as the most
pathogenic of the bovine Babesia.

Although the classical signs of fever, anaemia and
hacmoglobinuria occur, the degree of anaemia is
disproportional to the parasitaemia since haematocrit
levels below 20% mauy be associated with infections of
less than 1% ol the red celis. The reason for this is
unknown.

In addition, B. bovis infection is associated with
sludging of the red cells in the small capillaries. In the
cercbrum this causes blockage of the vessels by clumps
of infected red cells leading to anoxia and tissue dam-
age. The resulting clinical signs of aggression, incoor-
dination or convulsions invariably terminate fatally.

Finally, recent work has indicated thal some of the
severity of B. bhovis infection may be associated
with the activation of certain plasma components,
leading to circulatory stasis, shock and intravascular
coagulation.

B. bigemina, a large Babesia whose piroplasms
measure 4.5 X 2.0pm, is of particular intcrest histori-
cally, since it was the first protozoan infection of man
or animals demonstrated to have an arthropod inter-
mediate host; this was shown in 1893 by Smith and
Kilborne while investigating the cause of the locally
known “Texas Fever”in cattle in the USA. The disease
has since been eradicated in that country.

Generally B. bigemina infections are not so virulent
as those of B. hovis, despite the fact that the parasites
may infect 40% of the red cells. Otherwise the disease
is typically biphasic, the acute haemolytic crisis, if
not fatal, being followed by a prolonged period of
recovery.

Imidocarb and the diamidine derivatives such as
diminazene aceturate, amicarbalide and phenamidine,
are all effective against B. bovis and B. bigemina, espe-
cially if given carly in the disease.

Vaccination of cattle against both B. bovis and B.
bigemina infection is commonly praclised in many
countries by inoculating blocd from donor animals.
This is usually obtained from a recently recovered
case, any untoward reactions in the vaccinates being
controllcd by babesicidal drugs. In Australia the
procedure is more sophisticated in that the vaccine
is produced from acule infections produced in
spienectomized donors. For economy the blood is
collected by exchange transfusion rather than by
exsanguination. It is interesting that the rapid passage
of the parasite by blood inoculation in splenectomized
calves has fortuitously had the very desirable effect of
decreasing the virulence of the infection in non-
splenectomized calves (o the cxtent that post-
vaccination surveillance of cattle is frequently not
performed.

The parasite count of the blood determines the dilu-
tion of the latter which is dispensed in plastic bags,
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packed in ice and despatched in insulated containers.
Each dose of vaccine conlains about 10 million para-
sites. Most of the vaccine is used in cattle under 12
months of age living in conditions of enzootic instabil-
ity. The degree of protection induced is such that only
1% of vaccinatled callle subscquently develop clinical
babesiosis from field challenge, compared to 18% of
unvaccinated cattle.

The primary disadvantage of red cell vaccines is
their lability and the fact that, unless their preparation
is carefully supcrvised, they may spread diseases such
as enzootic bovine leucosis. Obviously there will be no
such problem with a vaccine bascd on recombinant
antigens.

Recently, a regimen of four injections of long-acling
oxyteiracycline at weekly intervals, administered to
naive cattle during their first month of grazing on tick-
infested pastures, has been shown to confer
prophylaxis against B. bigemina during this period,
after which the cattle were immune to subsequent
challenge.

BABESIOSIS OF SHEEP AND GOATS

Two species of Babesia, the smaller B. ovis and the
larger B. motasi, are known to occur in sheep and
goats in tropical and subtropical areas, including
southern Europe.

Transmitted by various tick genera, such as
Rhipicephalus, Haemaphysalis, Dermacentor and
Ixodes, these infections arc usually mild in indigenous
sheep although severe clinical signs may oceur in ani-
mals introduced from a non-endemic arca.
Diminazene aceturate is effective against B. ovis and
B. motasi.

Recenitly, in Britain, the existence of two species of
Babesia has been demonstrated in sheep. One of these
is B. motasi transmitted by Haemaphysalis punctata,
while the other is thought to be B. capreoli (rom Scot-
tish red decer, apparently transmitted by Lxedes ricinus.
Both specics appear o be relatively non-pathogenic.

BABESIOSIS OF HORSES

Two species of Babesia, the small B. equi and the large
B. caballi, may cccur in horses and donkeys in the
Americas, Africa, Asia and mainland Europe. Both
are transmitted by a varicty of tick species including
Dermacentor, Hyalommea and Rhipicephalus.

The small B. equi is readily recognized in blood
smears from acute cases, since apart from size, the
piroplasms characteristically form a Maltese cross of
four organisms. It is the more pathogenic species caus-
ing fever, anaemia, jaundice and haemoglobinuria. In
contrast, B. ceballi infections are usually characterized
by fever and anaemia only.
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Amicarbalide or imidocarb may be used for the
reatment of either infection. Otherwise pentamidine
is suitable for B. equi infections and guinuronium sul-
phate and diminazene aceturate for those of B. caballi,
In each casc the manufacturers’ instructions should be
carcfully observed.

BABESIOSIS OF PIGS

Two species, the small B. perroncitoi and the large B.
trautmanni, are found in southern Europe, Africa and
Asia. Wild pigs may act as reservoirs of infection and
the tick vectors include Boophilus, Rhipicephalus and
Dermacentor. The clinical signs range from mild to
severe.

BABESIOSIS OF DOGS

The most widespread and pathogenic species is the
large Babesia canis found in mainland Europe, Africa,
Asia and the Amcricas. Rhipicephalus sanguineus
is the principal vector, in which transovarian and
transtadial (ransmission occurs.

Although the commonest clinical signs are those of
fever, apnaemia, jaundicc and haemoglobinuria,
peracute cases may occur in dogs imported into an
endemic area wilh collapse and profound anacmia
leading to death in 1-2 days. Less commonly
hyperexcitability, associated with cerebral babesiosis,
may occur.

A variety of other signs and syndromes such as
ascites, bronchitis, purpura haemorrhagica and severc
muscular pains have been associated with B. canis
infection, in that they respond to treatment with
babesicidal drugs.

While specific diagnosis depends on the detection of
the parasites in the red cells, the parasitaemia is often
under 5% and may alse be complicated by the concur-
rent presence of inclusions in the monocytes, of the
rickettsial organism, Ehrlichia canis, also transmitted
by R. sanguineus.

In every case, chemotherapy with pentamidine,
phenamidine or diminazine accturate is advisable im-
mediately after clinical diagnosis, since death may oc-
cur rapidly.

Prophylaxis depends on regular treatment of dogs
with a suitable acaricide, and since R. sanguineus may
live in kennels, these should also be frequently treated
with a suitable acaricide.

In addition, a degree of surveillance of dogs ex-
posed to infection is advisable so that treatment can be
administered as early as possible.

A second Babesia, B. gibsoni, occurs in dogs in
the East. It is a small Babesia and produces a
more chronic disease which is less susceptible to
chemotherapy.
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BABESIOSIS OF CATS

Babesia felis, a small Babesia, producing anaemia and
icterus in cats, has been recorded in Africa.

BABESIOSIS IN MAN

Since 1957, several cases of fatal babesiosis due to B.
divergens infection have occurred in man in Yugosla-
via, Russia, Ireland and Scotland. In each casc
the individual had been splenectomized sometime
previously or was currently undergeing immuno-
suppressive treatment.

More recently, ahout 100 cascs of human babesiosis,
only a few of which were [atal, have been diagnosed,
mainly on the eastern seaboard of the USA and morc
recently in Wisconsin, apparently due to the rodent
parasite B. micreti. The majority of the affected indi-
viduals possessed their spleens.

In most of these cases the clinical syndrome and
presence of intra-erythrocylic parasites had suggested
an initial diagnosis of malaria. It is not known whether
babesiosis in man is always associated with recent tick
bites or may be due, on some occasions, to a [lare-up
of a latent Babesia infection. Seme support for the
latter theory is the recent demonstration of antibodies
to Babesia in the sera of many healthy individuals in
countries such as Mexico and Nigeria.

Theileria

The diseascs caused by several species of Theileria are
a scrious constraint on livestock development in Af-
rica, Asia and the Middle East. The parasiles, which
are tick-transmitted, undergo repeated schizogony
in the lymphocytes, ultimately releasing small
merozoites which invade the red cells to become
piroplasms.

SPECIES, HOSTS AND DISTRIBUTION

Theileria are widely distributed in cattle and sheep in
Africa, Asia, Europe and Australia, have a variety of
tick vectors and are associated with infections which
range from clinically inapparent to rapidly fatal.

Although the speciation of many Theileria is still
controversial, largely because of their morphological
similarity, there are three species of major vetcrinary
importance (Table 9).

Minor and mildly pathogenic species infecling cattle
include T. mutans and T. taurotragi in Africa and T.
sergenti in Asia; the idenlities of the European and
Australian bovine species are uncertain.

In shecp, the non-pathogenic T. ovis occurs in
Europe and in Africa and Asia.
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Table 9 A comparison of three species of Theileria of veterinary importance.

Species Host Vector Disease Distribution
T. parva Cattle Rhipicephalus East Coast Fever East and Central Africa
T. annulata Cattle Hyalomma Mediterranean or tropical North Africa, South Europe,
theileriosis Middle East, Asia
T. hirci Sheep Hyalomma Malignant ovine {caprine) North Africa, South Europe,
Goats theileriosis Middle East, Asia

Theileria parva

This parasite is the cause of East Coast Fever in cattle
in Fast and Central Africa. Because of the wide distri-
bution of its tick vector, Rhipicephalus, and the fact
that infection in cattle introduced into enzootic areas
can be associated with a mortality of 100%,
T. parva infcction is an immense obstacle to livestock
improvement.

IDENTIFICATION

In the erythrocytes the piroplasms (Plate XIII) arc
predominantly rod-shaped and up to 2.04m long and
1.0gm wide. Round, oval and ring-shaped forms also
occur. With Giemsa stains, the cytoplasm of each is
hlue with a red chromatin dot at one end. Commonly,
there is more than one parasite in each erythrocyte.

In the cytoplasm of the lymphocytes in the lymph
nodes and spleen the schizonls, sometimes called
Koch’s blue bodies, are found (Plate XIII). Under
Giemsa stain, these are seen as two types; the
macroschizonts, about 8.0uxm in diameter, are blue
and contain up to eight nuclei while the next stage,
the microschizomts, are similar in size, but contain
up to 36 small nuclei; the latler are the develop-
ing micromerozoites which, on rupture of the
microschizont, invade the red cells to become
piroplasms.

LIFE CYCLE

The sporozoites are inoculated into cattle by
Rhipicephalus appendiculatus, the brown ear tick, and
quickly enter lymphocytes in an associated lymph
gland, usually the parotid. The parasitized lymphocyte
transforms to a lymphoblast which divides rapidly as
the macroschizont develops. This division is appar-
ently stimulated by the parasite, which itself divides
synchronously with the lymphaoblast to produe two
infected cells. The rate of proliferation is such that a
ten-fold increase of infected cells may occur cvery
three days.

About 12 days afler infection a proportion of the
macroschizonts  develop into  microschizonts and
within a day or so these produce the micromerozoites
which, liberated by rupture of the microschizonts, in-
vade the red cells to become piroplasms. The
piroplasms do not multiply in the red cells,

For completion of the life cycle the piroplasms re-
quire to be ingested by the larvae or nymphal stages of
the three-host vector, R appendiculatus. A sexual
phase occurs in the tick gut followed by the formation
of sporoblasts in the salivary glands. No further devel-
opment occurs until the next stage of the tick starts
10 feed when the sporoblasts produce infective
sporozoites from about four days onwards. Since fe-
male ticks feed continuously for about 10 days and
males intermittently over a longer period this allows
ample time for infection of the host.

Transmission is transtadial, i.e. by the next stage of
the tick, and transovarian (ransmission does not occur.

PATHOGENESIS

The sequence of events in a typical acute and fatal
infection progresses through three phascs, each span-
ning about onc week. The first is the incubation period
of about one week when neither parasite nor lesions
can be detected. This is followed during the second
week by marked hyperplasia and expansion of the
infected lymphoblast population, initially in the re-
gional lymph node draining the site of the tick bite and
ultimaicly throughoutl the body. During the third
week there is a phase of lymphoid depletion and
disorganization associated with massive lymphocyto-
lysis and depressed leucopoiesis. The causc of the
lymphocytolysis is unknown, but is duc perhaps to the
activation of ‘natural killer’ cells, like macrophages.
Necropsy during the terminal phase shows atrophy
ol the cellular content of the lymph nodes and spleen,
pulmonary oedema and emphysema, and petechial
and ecchymotic haemorrhages on the gastrointestinal
mucosa. Haemorrhages may also be present on the
scrosal and mucosal surfaces of many organs.
Occasionally nervous signs, the so-called ‘lurning
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sickness’, have been reported and attributed lo the
presence of schizonts in cerebral capillaries.

CLINICAL SIGNS

About one week afler infection, in a fully susceptible
animal, the lymph node draining the arca of tick bite,
usually the parotid, becomes enlarged and the animal
becomes pyrexic. Within a few days there is general-
ized swelling of the superficial lymph nodes, the ani-
mal rapidly loses condition, becomes dyspnoeic and
there is terminal diarrhoea, often blood-stained.
Petechial hacmorrhages may occur under the ftonguoe
and on the vulva. Recumbency and death almost in-
variably occur, usually within three weeks of infection.

EPIDEMIOLOGY

Since the tick vector, R. appendiculatus, is most aclive
following the onset of rain, outbreaks of East Coast
Fever may be seasonal or, where rainfall is relatively
comstanl, may occur at any time. Fortunately, indig-
enous caltle reared in endemic areas show a high de-
gree of resistance and although transient mild
infection occurs in early life, mortality is ncgligible.
The mechanism of this resistance is unknown. How-
ever, such cattle may remain carricrs and act as a
rescrvoir of infection for ticks. Susceptible cattle intro-
duced into such areas suffer high mortality, irrespec-
tive of age or brecd, unless rigid precautions arc
observed.

In areas where the survival of the tick veclor is
marginal, challenge is low and indigenous cattle may
have little immunity. Such arcas, during a prolonged
period of rain, may become ecologically suitable
for the survival and proliferation of the ticks,
ultimately resulting in disastrous outbreaks of East
Coast Fever.

In somc parls of East and Central Africa where
populations of cattle and wild African butfalo overlap
there is an additional epidemiclogical complication
due to the presence of a strain of T, parva, known as T.
parva lawrenci. This occurs naturally in African buf-
falo, many of which remain as carriers. The tick vector
is also R. appendiculatus and in cattle the disease
causcs high mortality. Since infecled ticks may survive
for nearly two years physical contact between buffalo
and cattle need nol be close.

DIAGNOSIS

East Coast Fever only occurs wherc R. appendiculatus
is present, although occasionally outbreaks outwith
such areas have becn recorded due to the introduction
of tick-infected caltle from an enzootic area.

In sick animals, macroschizonts are readily detected
in biopsy smecars of lymph nodes and in dead animals
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in impression smears of lymph nodes and spleen. In
advanced cases, Giemsa-stained blood smears show
piroplasms in the red cells, up to 80% of which may be
parasitized.

The indirect fluorescent aniibody test is of value in
detecting cattle which have recovered from East Coast
Fever.

TREATMENT

Although the tetracyclines have a therapcutic
effect if given at the time of infection, they are of
no value in the (reatment of clinical casces. The drugs
of choice in clinical cases of East Coust Fever are
thc naphthaquinone compounds parvaquone and
buparvaquone and the anti-coccidial drug halo-
[uginone.

CONTROL

Traditionally, the controt of East Coast Fever in areas
where improved cattle are raiscd has relied on legisia-
tion to control the movement of cattle, on fencing to
prevent access by nomadic cattle and buffalo and on
repeated treatment of cattle with acaricides. In areas
of high challcnge, such treatments may require to be
carried out twice weekly in order to kill the tick before
the infective sporozoites devclop in the salivary
glands. This is not only cxpensive, but creates a
population of fully susceptible cattie; if the acaricide
fails, through human error or the acquisition of
acaricide resislance by the ticks, the conscquences can
be disastrous.

Great efforts have been made to develop a suitable
vaceine, but these have been thwarted by the complex
immunological mechanisms involved in immunity to
East Coast Fever and by the discovery of
immunologically different strains of 7. parva in the
field. However, an ‘infection and treatment’ regime
which involves the concurrent injcction of a virulent
stabilate of T. parva and long-acting tetracycline has
been shown ta be successtul, although it has aot been
used on a large scale as yet. Apparently the tetracy-
cline slows the rate of schizogony, giving the immune
responsc lime to develop.

Theileria annnlata

‘I'he disease caused by Theileria annulata affects cattle
and domestic buffalo and is similar in many respects to
that caused by T. parva. However there are some fca-
tures which differ and the most important of these are
summarized below.

The disease is distributcd in a wide tropicaf
and subtropical belt cmbracing Portugal and $pain,
the Balkans, thosc countries bordering the Mediterra-
nean (hence the name ‘Mediterranean theileriosis”,
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the Middle Fast and the Indian subcontinent and
China.

T. annulata is transmitted transtadially by ticks of
the genus Hyalomma. Like East Coast Fever, indig-
enous cattle in endemic areas are relatively resistant
while improved cattle, particularly European breeds,
are highly susceptible. However, unlike East Coast
Fever, the disease in such cattle is not uniformly fatal,
atthough the mortality rate may reach 70%.

The pathogenesis and clinical signs are initially simi-
lar to those of East Coast Fever with pyrexia and
lymph node enlargement, but in the late stages there is
a haemolytic anacmia and often icterus. Convales-
cence is protracted in those cascs which recover.

Diagnosis depends on the detection of schizonts
in both lymph node biopsies and, unlike T. parva, in
blood smears. A low-grade piroplasm parasitacmia, in
the absence of schizonts, is usually indicative of a re-
covered carrier animal.

In many areas, the prevention of T. annuldata infec-
tion in imported dairy stock is based on permanent
housing. However this is expensive and there is always
the possibility that infected ticks may be brought in
with the fodder 1o cause disease and colonize crevices
in the cattle accommedation. Tn some countries immu-
nization with schizonts attenuated by prolonged in
vitre culture has given excellent results. As with 7.
parva infection the naphthaquinone compounds and
halofuginone are the drugs of choice.

Thederia hirci

This protozoan is the cause of an acute and highly
fatal disease of sheep and goats in Eastern Europe, the
Middle East, Asia and North Africa, The tick vector
is unknown, although species of Hyalomma are sus-
pected. The epidemiology and pathogenesis is similar
to that ol T. annulata with fever, enlarged lymph
nodes, anaemia and iclerus in susceptible animals.

Little specific information is available on tick con-
trol or treatment.

Cviauxzoon

Various species of Cyfauxzoon occur as theileria-like
piroplasms in the red cells of African wild ruminants,
The genus differs from Theileria in that schizogony
occurs in the reticutoendothelial cells rather than
lymphocytes.

Recently, a fatal discasc of domestic cats, character-
ized by fever, anaemia and icterus, has been described
in the southern USA. The presence of schizonts in the
reticuloendothelial cells of the spleen, lymph nodes,
liver and lungs has suggested that this may be a species
of Cytauxzoon.
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Class HAEMOSPORIDIA

Three separate genera in this class, Plasmodium,
Haemoproteus and Leucocytozoon, arve the causes of
avian ‘malaria’ in domestic and wild birds, a disease
most common in the tropics and transmitted by biting
dipteran flies.

The vectors differ, in that avian speccies of
Plasmodium  are  transmitted by mosquitoes,
Haemoproteus by hippoboscid flies or midges and
Leucocytozoon by Simudium spp.

Their life cycles are broadly similar to human ma-
laria, schizogony in the reticuloendothclial system
leading to the production of malaria-like gamectocytes
in the red cells and syngamy occurring in the insect
vector with the production of sporozoites in the sali-
vary glands. Depending on the species, chickens,
ducks, turkeys, geese or pigeons may be affected, the
clinical signs ranging from the inapparent to pyrexia,
anaemia, paralysis and even sudden death.

Diagnosis depends on the recognition and differen-
tiation of the parasites in the red cells of stamed blood
films.

Although anti-malarial drugs may be used in treat-
ment, control of the insect vector is ultimately more
important.

[Malaria in man: This is one of the most prevalent
discases of man in the world and is considered to causc
1.5 million deaths annually. Tt is caused by four species
of Plusmodinm of which P. vivax is the most common
and P. falciparum the most pathogenic. The
sporozoites are inoculated by the female anopheline
mosquite and this is followed by schizogony in the
parcnchymal cells of the liver and then in the red
blood cells. Ultimately micro- and macro-gametocytes
are formed in the red cells, and, on ingestion by a
mosquito, syngamy occurs in the gut. The oocysts pro-
duce thousands of sporozoites which invade the sali-
vary glands and are subsequently inoculated into
another human host.

Conltrol depends on the eradication of mosquitoes
and, at least for temporary residents, the regular use of
prophylactic antimalarial drugs. Since drug resistance
to malaria is widesprcad in certain areas, informed
medical advice should be obtained on the selection of
drug.|

Balantidiunt coli

Distribution:
Worldwide.

Hosts:
The pig; occasionally other animals, including man
and cattle.
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Site:
Large intestine.

IDENTIFICATION

An actively motile organism, up to 300 zm, whose pet-
licle possesses rows of longitudinally arranged cilia
(Fig. 146). At the anterior cnd there is a funnel-shaped
depression, the peristome, which leads to the
cytostome or mouth; from this, food particles are
passed to vacuoles in the cytoplasm and digested.
Internally there are two mnuclei, a reniform
macronucleus and adjacent micronucleus, and two
contractile vacuoles which regulate osmotic pressure.

LIFE CYCLE

Balantidium coli probably exists as a commensal in the
large intestine of most pigs. Reproduction is by binary
fission. Conjugation, a temporary attachment of two
individuals during which nuclear material is cx-
changed, also occurs, after which both cells separate.
Eventually cysts are formed which are passed in the
faeces; these have a thick, yellowish wall, through
which the parasite may be seen and are viable for two
weeks at room temperature. Infection of a new host is
by ingestion of the cysts,

PATHOGENESIS AND SIGNIFICANCE

Normally non-pathogenic, these protozoa may, for
reasons unknown, occasionally cause ulceration of the
mucosa and accompanying dysentery in the pig. Man
may occasionally become clinically affected through
contamination of foodstuffs or hands with pig faeces.
Tetracyclines are effective in treatment.

'This pathogen is one of several provisionally assigned
to the phylum Protozoa in a subphylum, the
Microspora. All are intracellular parasitcs with a
schizogonous and sporogonous stage, the spore pos-
sessing a coiled polar filament, Most are parasites of
fish.

Disease due to E. cuniculi has been reported on a
few occasions in man, dog, blue fox, rodents and other
mammals. The life cycle is obscure although infection
can be by ingestion, the parasite subscquently
undergoing  schizogony and sporogony in  the
peritoneal macrophages, and in the chronic form, in
the kidneys and brain. The infective spores are passed
in the urine.

The clinical signs vary, range from mild to severe,
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and include abdominal distension, paralysis and nerv-
ous signs which may resemble rabies.

PROTOZQA OF UNDETERMINED
CLASSIFICATION

Preumeocystis carinii

This organism is often tentatively rcgarded as a
sporozoan of the toxoplasmid type. It is occasionally
responsible for pneumonia in man, particularly in indi-
viduals who are very young, old, debilitated or
immunosuppressed. The lesion is characterized by a
massive plasma cell or histiocyte infiltration of (he
alveoli in which the organisms may be detected by a
silver slaining procedure.

The organism is apparently quite widely distributed
in latent form in healthy individuals and in the dog,
as well as a widc variety of other domestic and wild
animals.

e R
The organisms described in this section were initially
thought t¢ be protozoa, but are now known to be
Rickettsia. However, because some may be readily
confused with blood sporozaa, they have been tradi-
tionally included in veterinary parasitology.

Anaplasina

These organisms, found in the red cells of cattle, cause
anaplasmosis, a disease characterized by fever,
anaemia and jaundice. Infection is transmitted by ticks
or mechanically by biting insects or even by contami-
nated hypodermic needles or surgical instruments.

Hosts:
Cattle. Wild ruminants, and perhaps shcep, may act as
reservoirs of infection.

Intermediate hosts:

Some 20 tick specics, Including the one-host
Boophilus, have been shown to transmit infection
experimentally. Since transovarial infection occurs
in the majority of these species, thcy may be con-
sidered to be intermediate hosts, although there is
little information on the development of the parasites
in the tick,

Site:
In red blood cells,

Species:
Anaplusma marginale
A. centrale,
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Distribution:

Worldwide in tropics and subtropics, including south-
ern Europe. It is also present in some temperate areas
including parts of the USA.

IDENTIFICATION

In Giemsa-stained blood films the organisms of A,
marginale are seen as small, round, dark red ‘inclusion
bodics’” within the red cell (Plate XTIIT). Often there is
only one organism in a red cell and characteristically
this lies at the outer margin; however these two fea-
tures are not constant.

The mildly pathogenic A. centrale is similar, except
that the organisms are commaonly found in the centre
of the crythrocyte.

LIFE CYCLE

As described earlier, Anaplasma can be transmitled
by ticks, and also mechanically by biting flies or con-
taminated surgical instruments.

Once in the blood, the organism enters the red cell
by invaginating the cell membrane so that a vacuole is
formed; thereafter it divides (o form an inclusion body
containing up to eight ‘initial bodies’ packed together.
The inclusion bodies are most numerous during the
acutc phase of the infection, but some persist for years
alterwards.

PATHOGENESIS

Typically, the changes are those of an acute febrile
rcaction accompanied by a  severe haemolytic
anaemia. Afler an incubation period of around four
weeks, fever and parasitacmia appear, and as the
latter develops, the anaemia becomes more scvere so
that within a week or so up to 70% of the erythrocytes
are destroyed.

Necropsy at this time often reveals a jaundiced car-
cass, a grossly enlarged gallbladder and, on section, a
liver suffused with bile. The spleen and lymph nodes
are enlarged and congested and there are petechial
haemorrhages in the heart muscle. The urine, unlike
that in babesiosis, is normal in colour. In survivors
recovery is prolonged.

CLINICAL SIGNS

The clinical signs are usually very mild in naive catile
under one year old. Thereafter, susceptibility in-
creases so that cattle aged 2-3 years develop typical
and often fatal anaplasmosis while in cattle over three
years the disease is often peracute and frequently
fatal.

The clinical features include pyrexia, anaemia and
often jaundice, anorexia, laboured breathing and in

cows a severe drop in milk yield or abortion. Occa-
sionally peracute cases occur, which usually die within
a day of the onset of clinical signs.

EPIDEMICLOGY

Apart from the various modes of transmission de-
scribed above, little information is available. Reser-
voirs of infection are maintained in carricr cattle and
perhaps in wild ruminants or sheep. Cattle, especially
adults, introduced into endemic areas are particularly
susceplible, the mortality rate being up to 80%. In
contrast, cattle reared in cndemic areas are much less
susceptible, presumably duc to previous exposure
when young, although their acquired immunity usu-
ally co-exists with a carrier state. This balance may on
occasions be disturbed and clinical anaplasmosis su-
pervenes when cattle are stressed by other diseases
such as babesiosis.

DIAGNOSIS

The clinical signs supplemented, if possible, by a
haematocrit estimation and the demonstration of
Anaplasma inclusions in the red cells are usually suffi-
cient for diagnosis. For the detection of immune carri-
ers, complement fixation and agglutination tests are
available: an indirect fluorescent antibody test and
DNA probe have also been developed.

TREATMENT

Tetracycline compounds are effective in (rcatment if
given early in the course of the disease and especially
before the parasitaemia has reached its peak. More
recently imidocarb has been shown to be effective and
may also be used to sterilize carrier animals.

CONTROL

Vaccination of susceptible stock with small quantities
of blood containing the mildly pathogenic A. centrale
or a relatively avirulent strain of A. marginale is
pracliscd in several countries, any clinical signs in
adults being controlled by drugs. In the USA a killed
A. marginale vaccine containing crythrocyte stroma
is also available. Although all are generally successful
in the clinical sense, challenged cattle become carriers
and so perpetuate transmission. The killed vaccine
has the disadvantage that antibodies produced to
the red cell stroma, if transferred in the colostrum,
may produce isocrythrolysis in nursing calves.
Improved inactivated vaccines are currently under
development.

Otherwise, control at present depends largely on
the reduction of ticks and biting flies.
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Acgvptianella

Aegyptianella pullorum causes a disease in chickens,
geese and ducks in South East Europe, Alrica and
Asia which is somewhat similar to anaplasmosis in
caftle.

Anaplasma-like bodies of various sizes are found in
the cytoplasm of the red cells, the syndrome is charac-
terized by anaemia, icterus and diarrhoca, and infec-
tion is tick transmitted by the sofl tick, Argas persicus,
Imported birds are especially susceptible and recov-
ered birds are frequently carriers.

Tetracycline compounds are recommended for
treatment.

Infection with Coxiella burnetri causes Q fever, an
mfluenza-like syndrome in man which may be respon-
sible for abortion in sheep, goats and cattle. The or-
ganism is worldwide in distribution and can survive for
years in the environment. In man and demestic ani-
mals it is spread mainly by acrosol infection or by
direct contact or ingestion. Pasteurization cffectively
kills the organism in milk, Based on epidemiological
evidence, tick transmission may also occur in domestic
ruminants.

Epervilirozoon and Haemobartonella

Typically, species of both of these genera, which are
present on red cells, produce mild and clinically
inapparent infections in a variety of domestic animals
throughout the world. Their identification from stain-
ing artefacts requircs good blood films and filtered
Gicmsa stain, Even then, differentiation between the
two genera is difficult, since both appear as cocci or
short rods on the surface of the erythrocytes, often
completely surrounding the margin of the red cell.
However, the organisms of Eperythrozoon are rela-
tively loosely attached 1o the red cell surface (Plate
XIV) and are often found free in the plasma while
those of Haemobartonella are tightly attached to the
red cells and are rarely free in the plasma.

Among the Eperythrozoon, E. suis is the most
pathogenic, producing icterus and anaemia in very
young pigs, while the normally benign E. ovis of sheep
and E. wenyoni of cattle are occasionally responsible
for [ever, anaemia and loss of weight.

Of the laemobartonella, 11. felis is the most signifi-
cant as a cause of haemolytic anaemia in young cats.
This may be acute or chronic with periodic recrudes-
cence of clinical signs. Recovered cats may remain
CATTICTS,

Transmission of the disease probably depends on
arthropods including lice, fleas, ticks and biting flies
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and also, at least in the case of H. felis, by ingestion of
blood during fighting.
Tetracyclines are effective in treatment.

Ehrlichiu

Members of this genus of Rickettsia are found in the
blood leucocytes as intracytoplasmic inclusions and
characteristically produce a short febrile illness associ-
ated with leucopacnia. The most important species are
E. phagocytophila, the cause of tick-borne fever in
sheep and cattle in the British Isles, Norway, Finland,
the Netherlands and Austria, and E. canis which
causes tropical pancytopaenia in dogs.

Ehrlichia (syn. Cytoecetes) phagocytophila is trans-
mitted by Ixodes ricinus and in endemic areas the
prevalence of infection in young hill lambs is virtually
100%.

Following an incubation period of seven days there
is fever, dullness and inappetence which persists for
around ten days. During this, although lcucopacnia is
markcd, the characteristic ‘morula’ inclusions may
be seen in a variable proportion of the poly-
morphonuclear leucocytes present (Plate XIV). Re-
covery is usually uneventful, although such animals
remain carriers for many months.

The veterinary significance of tick-borne fever is
three-fold. First, although the discase in itsell is tran-
sient, ils occurrence in very young lambs on rough
upland pastures may lead to death through inability to
maintain contact with the dam. Secondly, the disease,
possibly because of the associated leucopaenia, pre-
disposes lambs to louping-ill, tick pyacmia (cnzoolic
staphylococeosis) and pasteurellosis. Finally, the oc-
currence of the disease in adult sheep or cattle newly
introduced into an endemic area may cause abortion
or temporary sterility in males, possibly as conse-
quences of the pyrexia.

Treatment of tick-borne fever is rarely called for
and prophylaxis depends on tick control by dipping.
When tick pyaemia in lambs is a problem this measure
may be supplemented by one or twa prophylactic in-
jections of lang-acting oxytetracycline, each of which
protects against Fhrlichia phagocyiophila infection for
2-3 weeks.

Ehrlichia canis, transmitted by Rhipicephalus, is the
cause of the febrile disease canine pancytopaenia,
which occurs in the tropics throughout the world. The
inclusions are found in the monocytes, although
leucopaenia and thrombocytopaenia are present.
Death may occur due to secondary infections associ-
ated with the leucopaenia, or to mucosal and scrosal
hacmorrhages due to platelet  deficiencies. The
tetracyclines are effective in treatment.

I'wo other febrile and haemorrhagic ehrlichial in-
fections, presumably tick transmitted, which have
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been described in domestic animals are bovine
petechial fever (Ondiri disease) in Kenya caused by
Cytoecetes ondiri and equine ehrlichiosis, caused by E.
equi in Europe and the USA. More recently, a syn-

drome, called Potomac horse fever, with fever,
leucopacenia and diarrhoea in horses in North America
has been attributed to an ehrlichial organism, E.
risticii, in the blood leucocytes.
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THE EPIDEMIOLOGY OF
PARASITIC DISEASES

Although the reasons for the occurrence of parasitic
diseases are multiple and often interactive, the vast
majority occur for one of four basic reasons (Table
10). These are:

(1) An increase in the numbers of infective stages.
(2) An alteration in host susceptibility.

(3} The introduction of susceptible stock.

(4) The introduction of infection.

Each of these will be discussed in turn giving
examples.

AN INCREASE IN THE NUMBERS OF
INFECTIVE STAGES

This category involves parasitic diseases which occur
scasonally, and although more distinct in zones with a
wide climatic variation, may also be observed in zones
with minor variations in climates such as the humid
tropics.

A multiplicity of causes are responsible for the
seasonal fluctuations in the numbers and availability
of infective stages, and these may conveniently be
grouped as factors affecting contamination of the en-
vironment, and (hose controlling the development and
survival of the free-living stages of the parasites and,
where applicable, their intermediate hosts.

CONTAMINATION OF THE ENVIRONMENT

The level of contamination is influenced by several
factors.

Biotic potential

This may be defined as the capacity of an organism for
biological success as measured by its fecundity. Thus,
some nematodes such as Haemonchus contortus and
Ascaris s produce many thousands of cggs daily,
while others, like Trichostrongylus, produce only a
few hundred. Egg production by some external para-
siles such as the blowfly, Lucilia sericata, or the tick,
Ixodes ricinus, 1s also very high, whereas Glossina spp.
produce relatively few offspring.

The biotic potential of parasites which multiply ei-
ther within an intermediate or [inal host is also consid-
erable. For example, the infection of Lymnaea with
one miracidium of the trematode Fasciola hepatica,
can give rise 1o several hundred cercariae. Within
the final host, prolozoal parasites such as FEimeria,
because of schizogony and gamctogony, also give

rise to a rapid incrcasc in the contamination of the
environment.

Stock management

The density of stocking can influence the level of con-
tamination and is particularly important in nematode
and cestode infections in which no multiplication of
the parasite takes place outside the final host. 1t has
the greatest influcnce when climatic conditions are
optimal [or development of the contaminating eggs or
larvae, such as in spring and summer in the northern
hemisphere.

A high stocking density will also favour the spread
of ectoparasitic conditions such as pediculosis and
sarcoptic mange, where close contact between animals
facilitates the spread of infection. This may occur un-
der crowded conditions in cattle yards, or from mother
to offspring where, [or example, sows and their litters
are in close contact.

In coccidinsis, where large numbers of oocysts arc
disscminated, management procedures which encour-
age the congregation of stock, such as the gathering of
lambs around [eeding troughs, may lead rapidly to
heavy contamination,

In temperate countries, where livestock are stabled
during the winter, the date of turning out to grazc in
spring will influence contamination of pasture with
helminth eggs. Since many helminth infective stages,
which have survived the winter, succumb during late
spring, the withholding of stock until this time will
minimize subsequent infection,

Immune status of the host

Clearly, the influence of stocking density will be great-
est if all the stock are fully susceptible, or if the ratio of
susceptible to immune stock is high, as in sheep Aocks
with a large percentage of twins or in multiple suckled
beef herds.

However, cven where the ratio of adults to juveniles
is low it must be remembered that ewes, sows, female
goats and to a lesser extent cows become more suscep-
tible to many helminths during late pregnancy and
early lactation due to the periparturient relaxation in
immunity. In most areas of the world parturition in
grazing animals, synchronized to occur with the cli-
mate most [avourable to pasture growth, is also the
time most suitable for development of the free-living
stages of most helminths. Thus, the epidemiological
significance of the periparturient relaxation of immu-
nity is that it ensures increased contamination of the
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Table 10 Factors affecting the epidemioclogy of parasitic
disease.

(1} An increase in the number of infective stages

(a} Contamination of the
environment

Biotic potential
Stock management
Immune status
Hypobiosis/diapause

Microhabitat
Seasonal development
Stock management

{b) Development and
survival of infective
stages

{2) An alteration in host susceptibility

Diet
Pregnancy and lactation
Steroid therapy

{a) Existing infections

Intercurrent infections
Chemotherapy
Hypersensitivity

{b) New infections

(3) The introduction of susceptible stock

(a) Absence of acquired
immunity

{b) Absence cf age
immunity

(¢} Longevity of infective
stages

(d) Genetic factors Between species

Between breeds

{e) Sex

{f) Strain of parasite

{4) The introduction of infection

(a) Introduction of new
stock

(b) Effluent

{c} Vectors

environment when the number of susceptible animals
is increasing.

There is some evidence that resistance (o intesti-
nal protozoal infections such as coccidiosis and
toxoplasmosis is also lowered during pregnancy and
lactation, and so enhances spread of these important
infections.

On the credit side, host immunity will limit the level
of contamination by maodifying the development of
new infections either by their destruction or arrest-
ment at the larval stages, while existing adult worm
burdens are either expelled or their egg production
severely curtailed.

Although immunity to ectoparasites is less well de-
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fined, in cattle it develops against mosl species of ticks,
although in a herd this expression of resistance often
inadvertently results in an overdispersed population
of ticks with the susceptible young animals carrying
most of the ticks.

In protozoal discases, such as babcesiosis or
theileriosis, the presence of immune adults also limits
the likelihood of ticks becoming infected; however,
this ¢fiect is not absolute since such animals are often
silent carriers of these protozoal infections.

Hypobiosis/diapause

These terms are used (o describe an interruption in
development of a parasite at a specific stage and for
periods which may extend to several months.

Hypobiosis refers to the arrested development of
nematode larvae within the host and occurs scason-
ally, usually at a time when conditions arc adverse to
the development and survival of the free-living stages.
The epidemiolegical importance of hypobiosis is that
the resumption of development of hypobiotic larvae
usually occurs when conditions are optimal for free-
living development and so results in an increased con-
tamination of the environment. There are many
examples of seasonal hypobiosis in nematodes includ-
ing Ostertagia infections in ruminants, Hyostrongylus
rubidus in pigs and Trichonema spp. in horses.

Diapause in arthropods, like hypobiosis in nema-
todes, is also considered to be an adaptation phe-
nomenon whereby ectoparasites survive adverse
conditions by a cessation of growth and metabolism at
a particular stage. It is most common in temporary
arthropod parasites in temperate climates. In these,
feeding activity is restricted to the warmer months
of the year and winter survival is often accomplished
by a period of diapause. Depending on the cxtremily
of the northern or southcrn latitudes, this may occur
after onc or scveral generalions, For example, the
head-lly Hydroioea irritans has only one annual
cycle and overwinters as a mature larva in diapause.
Other insects, such as Stomoxys calcitrans or the Bril-
ish blowflies, have several generation cycles before
cntering diapause. Diapause occurs less in parasites
which continvously infect the hosts such as mange
mites or lice.

To date, similar phenomena have not been ascribed
to protozoa, although there is one report of latent
coccidiosis occurring in cattle for which a similar
hypothesis has been proposed.

DEVELOPMENT AND SURVIVAL OF
INFECTIVE STAGES

The factors which affect development and survival are
mainly cnvironmental, especially seasonal climatic
change and certain management practices.
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The microhabitat

Several environmental factors, which affect the micro-
habitats of free-living parasitic stages, are vital [or
development and survival. Thus moderate tempera-
tures and high humidity favour development of most
parasites, while cool temperatures prolong survival.
The microclimate humidity depends, of course, not
only on rainfall and temperature, but on other cle-
ments such as soil structure, vegetation type and
drainage. Soil type influepces the growth and species
composition of the herbage and this, in turn, deter-
mines the degree to which a layer of ‘mat’ is formed
between the soil and the herbage. The mat is abundant
in older pastures and holds a permanent store of
moisture in which the rclative humidity remains
high even after weeks of drought. The presence of
this moisture and pockets of air trapped in the mat
lirnit the rate of temperature change and these factors
favour the development and survival of helminth
larvae, ticks, larval stages of insects and coccidial
0OCYSts.

In contrast, the use of rotational cropping of pas-
tures reduces the influence of ‘mat’ and therefore
parasite survival. Tn the arid tropics pasture growth is
usually negligible causing a similar effect,

In the same way, a high ground water table is impor-
tant for the development and survival of intermediate
snail vectors of trematodes such as liver and rumen
flukes.

The development and survival of helminth cggs or
larvae within faeces are also dependent on tempera-
ture and moisturc. The host species may also influence
this situation since normal cattle faeces remain in their
original form for a longer time (han, say, sheep pellets.
Thus the moisture content at the centre of a bovine
[accal pat remains high for several weeks or even
months and so provides shelter for developing larvae
until the outside environment is suitable.

Dictyocaulus larvae may also be distributed with the
spores of the fungus Pilobolus which grow in bovine
[acces, while several species of nematode larvae in-
cluding Oesophagostomum spp. of pigs arc known (o
be spread mechanically by some dipteran flies.

Seasonal development

In temperate countrics with distinct seasons of sum-
mer and winter there are a limited number of genera-
tions and the same is truc of countries with distinct dry
and wet seasons. For example, in Britain there is
only one or, at the most, two parasitic generations of
the common trichostrongyle infections of ruminants
since larval development on the pasture occurs only
from late spring through to early autumn, the peak
levels of infective larvac being present from July
until September. In contrast, in tropical climates there
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may be numerous generalions per year, but even in
this casc there are times when conditions for the de-
velopment and survival of the frec-living stages are
optimal.

The development of large numbers of infective
stages of parasites within distinct seasons is usually
followed by a high mortality rate within a few weeks.
However, considerable numbers survive for much
longer than is commonly realized. For example, in the
helminths, significant numbers of metacercariac of
Fasciola hepatica and infective larvae of trich-
ostrongyles are capable of survival for at least nine
months in Britain.

Dipteran fly populations aiso vary in th¢ number of
generations per vear. Using the blowflies as an exam-
ple, there are three or four generations, and thereforc
higher populations, in southern England whereas in
Scotland there are only two, temperature being the
limiting factor. In the humid tropical or subtropical
countrics the development of trichostrongyle larvae or
fly populations proceeds throughout most of the ycar
and although this may be slower at certain times there
will be numerous gencrations per annum.

Although the permanent cctoparasites such as lice
or mange mites live on or in the skin of animais and,
therefore, in an apparently stable environment this is
not really the casc as the hair or wool alters in length
due to seasonal factors or human intervention. In the
northern hemisphere development of these parasites
is optimal in the winter when the coat is long and the
micro-environment humid and temperate.

Apart from the free-living stages of coccidian para-
sites which hav¢ seasonal requirements similar to
those of the trichostrongyles the prevalence of other
protozoan infections is related to the feeding activity
of their arthropod vectors. For cxample, in Britain,
babestosis in cattle occurs at peak times of tick activity
in the spring and autumn.

Stock management

The availability of helminth infective stages is also
allceted by certain management practices. Thus, a
high demnsity of stocking increases the level of contami-
nation, and, by lowering the sward height, enhances
the availability ol the larval stages largely concen-
trated in the lower part of the herbage. Also, the scar-
city of grass may induce animals o graze closer to
facces than otherwise, However, against this, the
microclimate in a short sward is more susceptible to
changes in temperature and humidity and so the free-
living stages may, on adverse occasions, be particu-
larly vulnerable, This may explain why the helminth
burdens of ruminants in closc-cropped set-stocked
pasturcs are often less than those in animais on ro-
tated pastures.

Similarly, many pasture improvement schemes have
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direct or indirect cffects on arthropod populations.
Improved host nutrition results from pasture improve-
ment and helps 1o maintain host resistance to parasit-
ism. However, pasture improvement, particularly in
the tropics, can increase the breeding success of ticks
and of those dipteran flies which lay their eggs in
faeces, by increasing the sheller available. Further-
more, the increased stocking rates on improved pas-
turcs may increase the chances of parasites finding a
host.

The date of parturition in a flock or herd may also
influence the likelihood of parasitic infection. Where
livestock are born out of season the numbers of
trichostrongyle infective stages are usually lower and
the chance of infection postponed until the young
animals are older and stronger.

AN ALTERATION IN SUSCEPTIBILITY TO
INFECTION

This may refer Lo existing infections or to the acquisi-
tion of new infections.

ALTERED EFFECTS OF AN
EXISTING INFECTION

This is observed principally in adolescent or adult
stock which are harbouring parasite populations be-
low the threshold usually associated with diseasc and
may be explained by various dietary and host factors.

Diet

It is well known that adequately fed animals arc better
abie to tolerate parasitism than animals on a low plane
of nutrition.

Thus, ruminants affccted with blood sucking
helminths such as Haemonchus contortus or Fasciola
hepatica may be able to maintain their haemoglobin
levels as long as their iron intake 15 adequate. How-
ever, if their iron reserves bcecome low their
haemopoeitic systems become exhausted and they
may die. Similarly, cattle may grow at a reasonable
rate with moderate trichostrongylid burdens even
though some loss of protein is occurring through the
alimentary mucosa. However, if there is a change in
diet which reduces their protcin intake they are unable
to compensate for the loss of protein and lose weight.
These deleterious effects of parasitism, without any
change in the level of infection, are not uncommon in
outwintered stock or, in the tropics, in animals during
a period of drought.

Incidentally, the same effect is produced when food
intake is not increased during pregnancy and lactation.
Good examples of this arc the accurnulation of lice on
poorly fed animals during the winter and the fact that
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the anaemia caused by ticks is greater in animals on
poor nutrition.

Apart from protein and iron, dietary deficiencies
in trace clements are also significant. Thus, tric-
hostrongylosis in ruminants is known to impair the
absorption of both calcium and phosphorus and where
the dietary intake of these is sub-optimal osteoporosis
can occur. Also, the deleterious effects of some
abomasal parasites in sheep are greater where there is
a cobalt deficiency and, in such animals, levels of para-
sitism generally considered to be non-pathogenic may
be associated with severe diarrhoea and weight loss.

Pregnancy and lactation

The period of gestation in grazing livestock often coin-
cides with that of inadequate nutrition and is geared to
completion at a time when freshly growing pasture
becomes available for their newborn progeny. In
housed or outwintered livestock the cost of maintain-
ing an adequate nutritional intake during pregnancy is
often high and as a result the nutritional levcls are
often sub-optimal. If this occurs, quitc low worm bur-
dens can have a detrimental cffcet on the food conver-
sion of the dam which in turn influences foetal growth
and subsequently that of the neonate through poor
milk production by the dam. This has been clearly
illustrated in sows infected with moderate burdens of
Oesophagostomum dentatum and in cwes infected
with helminths such as Haemonchus or Fasciola,

Steroid therapy

Steroids are widely used in therapy of both man and
animals and it is known that they may alter the suscep-
tibility to parasitism. A good example of this is in the
cat infected with Toxoplasma gondii, excretion of
oocysts usually occurs for only about two weeks, but
may reappear and be prolonged foliowing the admin-
istration of steroids. Egg production by nematodes is
also known 1o be increased following steroid treat-
ment and so pasture contamination is increased.

ALTERED SUSCEPTIBILITY TO THE
ACQUISITION OF NEW INFECTIONS

The role of intercurrent infections

The interaction of various parasites, or a parasite with
another pathogen, resulting in an exaggerated clinical
disease, has been reported on several occasions, For
example: in lambs, the nematode Nematodirus batius
and the protozoan Eimeria; in callle, the trematode
Fasciola hepatica, and the bacterium Salmornella
dublin, and also Fasciola hepatica and the mange mite
Sarcoptes; in pigs, the nematode, Trichuris suis, and
the spirochaete Treponema hyodysenteriae.
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The effect of chemotherapy

In certain instances, immunity to parasiles appears 1o
be dependent on the continuing presence of low
threshold infections, commonly called premunity. If
the balance between the host and the immunizing in-
fection is disturbed by therapy then re-infection of the
host may occur, or in the case of helminths, an arrested
larval population may develop to maturity from the
reservoir of infection within the host. Thus, the use of
anthelmintics, known to be effective against adult
parasites, bul not arrested nematode larvae, may pre-
cipitate development of the latter once the adults are
removed; this is known to occur in infections with
Hyostrongylus rubidus in the pig. Sometimes, also, the
over zealous application of anthelmintics in grazing
animals will result in the eventual establishment of
higher numbers of trichostrongyles than were present
prior to treatment. Excessive application of acaricides
to control ticks may also lower herd immunity to
babesial and  theilerial infections, the so-called
‘enzootic instability’.

Hypersensitivity

In many instances, at least part of the immune re-
sponse to parasiles is associated with a marked IgE
response and a hypersensitivity reaction. Where this
oceurs in the gut, as in intestinal nematode infections,
the reaction is associated with an increased permeabil-
ity of the gut to macromolecules such as protein, and
this may be a significant factor in immune animals
under heavy larval challenge. In sheep, for example,
relatively poor growth rates and poor wool preduction
may result.

A stunting effect has also been observed in tick-
resistant animals which are under constant challenge,
while pet animals repeatedly exposed to mite infesta-
tions may have scverely thickened, hyperaemic and
sensitive skins, although only ncglible numbers of
mites are present.

PARASITISM RESULTING FROM THE
MOVEMENT OF SUSCEPTIBLE STOCK
INTO AN INFECTED ENVIRONMENT

ABSENCE OF ACQUIRED IMMUNITY

The hest examples of outbrecaks of parasitic disease
following the movement of calves into infected areas
are provided by the common nematode discases of
ruminants. For example, in Western Europe the cattle
lungworm, Dictyocaulus viviparus, is endemic and the
most severe outbreaks are seen in calves born in early
spring and turned out in late summer to graze along-
side older batches of calves which have grazed from
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early spring. Overwintered larval populations have
cycled in these older calves and when the fresh
populations of infective larvae which develop from
these infections accrue on pasture, the younger calves,
with no previous cxpericnce of infection, are ex-
tremely susceptible.

The occurrence of ‘cysticercosis storms’ in adult cat-
tle, grazed on fields contaminated with eggs of the
human tapeworm, Taenia saginata, or handled by in-
fected stockmen, are occasionally reported in Europe
and the USA. This high degree of susceptibility is due
ta lack of previous exposurc to infection. In contrast,
in areas where cysticercosis is endemic, cattle are re-
peatedly infected and soon acquire a solid resistance
Lo reinfection, only the cysts acquired in early lile
persisting in the muscles.

With protozoal diseases such as babesiosis,
theileriosis, coccidiosis and toxoplasmosis, caution has
to be exercised in introducing naive animals into in-
fected areas. In the case of toxoplasmosis, the intro-
duction of female sheep into a flock in which the
disease is endemic has to be carefully controlled and
these should be non-pregnant when purchased and
allowed to graze with the flock for some months prior
to mating.

ABSENCE OF AGE IMMUNITY

A significant age immunity develops against relatively
few parasites, and adult stock not previously exposed
to many helminth and protozoal infections are at risk
if moved into an endemic area.

LONGEVITY OF INFECTIVE 5TAGES

Especially in temperate zones and in parts of the sub-
tropics, the free-living stages of most parasitcs will
survive in the environment or in intermediate hosts for
periods sufficiently long to re-infect successive batches
of voung animals and may cause disease in these ani-
mals within a few weeks of exposurc.

THE INFLUENCE OF GENETIC FACTORS

Between host species

Most parasites are host specific and this specificity has
been wilized in integrated control programmes, such
as mixed grazing of sheep and cattle, to control
gastrointestinal nematodes. However, some economi-
cally important parasites are capable of infecting a
wide range of hosts which vary in their susceptihility to
the effects of the parasite. For example, cattle seem
able to cope with liver fluke infestations which would
causc death in sheep, and goats appear to be very
much more susceptible than cattle or sheep to their
common gastrointestinal trichostrongyles.
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Between breeds

Evidence is accumulating that the susceptibility of
various breeds of animals to parasites varies and is
genetically determined. For ¢xample, some breeds of
sheep are more susceptible to the abomasal nematode,
Haemonchus contortus, than others; Bos indicus
breceds of cattle are more resistant to ticks and other
hacmatophagous insects than Bos taurus breeds. In
Denmark, the Black Pied cattle are genetically defi-
cient in their cellular immunc responses and have
proved more susceptible to liver fluke, while the
N’dama breed of cattle in West Africa is known to be
tolerant (o (rypanosomosis.

Even within flocks or herds, individual responders
and non-responders, in terms of their ability to de-
velop resistance to internal and exlernal parasites, are
usually present and it is recommended by some ex-
perts that culling of the poorest responders should
take place.

SEX

There is some evidence that entir¢ male animals are
more susceptible than females to some helminth infec-
tions. This could be of importance in countries where
castration is not routingly practised, or where andro-
gens arc used to fatten castrates or cull cows,

STRAIN OF PARASITE

Although this aspect has received scant attention, ex-
cept in protozoal infections, there is now evidence that
strains of helminths occur which vary in infectivity and
pathogenicity. The increasing prevalence of drug-
resistant strains of many parasitcs is another point
which should be considered when disease outbreaks
occur in herds, flocks or studs where control measures
are routinely applied.

INTRODUCTION OF INFECTION INTO A
CLEAN ENVIRONMENT

There are several ways in which a parasite may be
introduced into an environment from which it has
been eradicated or where it has never been found.

INTRODUCTION OF NEW STOCK

One of the current trends in the international livestock
area is the movement of breeding stock from country
to country. Quarantine restrictions and vaccination
requirements are stringent in relation (o epidemic dis-
eases, hut limited or non-existent for parasitic dis-
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cascs. When infected animals are moved into an area
previously free from any given parasile the infection
may cycle, provided suitable conditions exist, and the
consequences for the indigenous stock can be ex-
tremely serious. Examples of this category include the
introduction of Texecara vitulorum into Britain and
Ireland, the source of infection being Charolais heifers
from mainland Furope and transmission occurring via
the dam’s milk. The spread ol Parafilaria bovicola in
Sweden, presumably introduced with cattle, or by the
muscid intermcdiate hosts inadvertently transported
from southern Europe, is another example. In the
USA and Australia the increased movement of human
populations and their pets has seen the spread of
heartworm infections in dogs to almost every state
whereas it was previously limited to the more tropical
areas; clearly, the mosquito vectors suitable for trans-
mission were alrcady present in the other states.
Psoroptic mange in cattle, originally confincd to south-
ern Europe, is now endemic in Belgium and Germany
due to trade in breeds of caltle. Protozoal diseases,
such as toxoplasmosis, have been introduced into
sheep flocks in countries where it was previously ab-
sent, by the importation of infected sheep. Babesiosis
has also spread where animals carrying infected ticks
have moved into non-endemic areas where the ticks
were able to become established.

THE ROLE OF EFFLUENT

The transfer of infection from one farm to another via
manure has also been reported. Thus outbreaks of
ostertagiosis have occurred in farms following the
application of cattle slurry as a fertilizer, while
cysticercosis ‘storms’ due to Cysticercus bovis have
occurred 1n caltle following the application of human
sewage 1o pastures. Finally, the application of pig
slurry containing ascarid eggs to pasturcs subse-
quently grazed by sheep has resulted in pneumonia
due to migrating ascarid larvae.

THE ROLE OF INFECTED VECTORS

Scveral helminth infections are transmitted by winged
insects, and these can serve to introduce infection into
areas previously free of infection. Occasionally also,
birds may mechanically transport infective stages of
parasites to a new environment. This has occurred in
the Netherlands where the ditches and dykes sur-
rounding reclaimed land have become colonized by
Lymnaea snails transported by wild birds. The intro-
duction of livestock lightly infected with Fasciola
hepatica resulted in the snails becoming infected, and
subsequently, outbreaks of clinical fasciolosis.




RESISTANCE TO PARASITIC DISEASES

Broadly speaking, resistance to parasitic infections
falls into two categories. The first of these, often
termed innate resistance, includes species resistance,
age resistance and in some cases breed resistance
which, by and large, are not immunological in origin.
The second category, acquired immunity, is depend-
ent on antigenic stimulation and subsequent humoral
and cellular responses. Although, for reasons ex-
plained below, there are few vaccines available against
parasitic discases, natural expression of acquired im-
munily plays a highly significant role in protectling
animals against inlections and in modulating the
epidemiology of many parasitic diseases.

SPECIES RESISTANCE

For a variety of parasitological, physiological and bio-
chemical reasons, many parasites do not develop at all
in other than their natural hosts; this is typified by, for
example, the remarkable host specificity of the various
species of Eimeria, In many instances however, a im-
ited degree of development occurs, although this is not
ususally associated with clinical signs; for example,
some larvae of the cattle parasite Ostertagia ostertagi
undergo development in sheep, but very few reach the
adult stage. However, in these unnatural or aberrant
hosts, and especiaily with parasitcs which undergo tis-
sue migration, there are occasionally serious conse-
quences particularly if the migratory route becomes
erratic. An example of this is visceral larva migrans in
children due to Toxecara canis which is associated
with hepatomegaly and occasionally ocular and cer-
ebral involvement.

Some parasiles, of course, have a very wide host
range, Trichinella spiralis, Fasciola  hepatica,
Cryptosporidium  and  the asexual stages of
Toxeoplasma being four examples.

AGE RESISTANCE

Many animals become more resistant to primary in-
fections with some parasites as they reach maturity.
For example, ascarid infections of animals are most
likely to develop to patency if the hosts are a few
months old. If infected at an older age the parasites
either fail to develop, or are arrested as larval stages in
the tissues; likewise, patent Strongyloides infections of
ruminants and horses are most commonly seen in very
young animals. Shecp of more than three months of
age are relatively resistanl 1o Nematodirus battus and
in a similar fashion, dogs gradually develop resistance

to infection with Ancylostoma over their first year of
life. *

The reasons underlying age resistance are un-
known, although it has been suggested that the phe-
nomenon is an indication that the host-parasite
relationship has not yet fully evolved. Thus, while the
parasite can develop in immature animals, it has not
yet completely adapted to the adult.

On the other hand, where age resistance is encoun-
tered, most parasilic species seem to have developed
an effective counter-mechanism. Thus, Ancylostomu
caninum, Toxocara canis, Toxocara cati and Toxocara
vitulorum and Strongyloides spp. all survive as larval
stages in the tissues of the host, only becoming acti-
vated during late pregnancy to infect the young
in utero or by the (ransmammary roule. In the case
of Nematodirus battus, the critical hatching require-
ments for the egg, i.e. prolonged chill followed by a
temperature in excess of 10°C, ensure the parasites’
survival as a lamb-to-lamb infection from one season
to the next.

Oddly ¢nough, with Babesia and Anaplasma inlec-
tion of cattle, there ts generally thought to be an in-
verse age resistance in that young animals are more
resistant than older naive animals.

BREED RESISTANCE

In recent years, there has been considerable practical
interest in the fact that some breeds of domestic rumi-
nants are more resistant to certain parasitic infections
than others.

Probably the best example of this is the phenom-
enon of trypanotolerance displayed by West African
humpiless cattle, such as the N'dama, which survive in
areas of heavy trypanosome challenge. The mecha-
nism whereby these cattle control their parasitacmias
is still unknown, although it is thought that immuno-
logical responses may play a role.

In helminth infections it has been shown that the
Red Masai sheep, indigenous to East Africa, is more
resistant to Haemonchus confortus infection than
some imported breeds studied in that area, while in
South Adrica it has been reported thal the Merino is
less susceptible to trichostrongylosis than certain
other breeds.

Within breeds, haemoglobin genotypes have been
shown to reflect differences in susceptibility to
Haemonchus contortus infection in that Merino, Scot-
tish Blackface and Finn Dorset sheep which are
homozygous for haemoglobin A, develop smaller
worm burdens after infection than their haemoglobin
B homozygous or heterozygous counterparts. Unfor-
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tunately, these genotypic differences in susceptibility
often break down under heavy challenge.

Some work within a single breed has shown in Aus-
tralia that individual Merino lambs may be divided
into responders and non-responders on the basis of
their immunological response to inlection with
Trichostrongylus colubriformis and that these differ-
ences are genctically (ransferred to the next
generation.

The selection of resistant animals could be of
great importance, especially in many developing areas
of the world, but in practice would bc most easily
based on some ecasily rccognizable feature such as
‘coat colour’ rather than be dependent on laboratory
tests.

In  Australia resistance to ticks, particularly
Boophilus, has been shown to be influenced by genel-
ics, being high in the humped, Bos indicus, Zebu
breeds and low in the European, Bos taurus, breeds.
However, where cattle are 50% Zebu, or greater, in
genetic constitution, a high degree of resistance is still
possible allowing a limited use of acaricides.

ACQUIRED IMMUNITY TO HELMINTH
INFECTIONS

Immune responses to helminths arc complex, possibly
depending on antigenic stimulation by secretory or
excretory products released during the development
of the L; to the adult, and for this reason it has only
been possible to develop one or two practical methods
of artificial immunization of which the radiation-
allenuated vaccine against Dicryocaulus vivipurus is
perhaps the hest examplc.

Despite this, there is no doubt that the success of
many systems of grazing management depend on the
gradual development by cattle and sheep of a natu-
rally acquired degree of immunity to gastrointestinal
ncmatodes. For example, experimental obscrvations
have shown that an immunc adull sheep may ingest
around 50000 Osrertagia L, daily without showing any
clinical signs of parasitic gastritis.

THE EFFECT OF THE IMMUNE
RESPONSE

Dealing first with gastrointestinal and pulmonary
nematodes the effects of the immune response may be
grouped under three headings:

(1) The development of immunity after a primary
infection may be associated with an ability to kill
or expel the adult nematodes.

(2) Subsequently, the host can attempt to limit
reinfection by preventing the migration and es-
tablishment of larvae or, somctimes, by arresting
their development at a larval stage. This type of
inhibition of development should not be con-
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fuscd with the more common hypobiosis trig-
gered by environmental effects on infective lar-
vae on pasture or, in the prescnt slale of
knowledge, with the arrested larval development
associated with age resistance in, for example,
the ascarids.

{3) Adults which do develop may be stunted in size
or their fecundity may be reduced. The impor-
tant practical aspect of this mechanism is perhaps
not so much the reduced pathogenicity of such
worms as the great reduction in pasture contami-
nation with eggs and larvae, which in turn re-
duces the chance of subsequent reinfection.

Each of these mechanisms is exemplified in infec-
tions of the rat with the trichostrongyloid nematode
Nippostrongylus brasiliensis, a much siudied labora-
tory model which has contributed greatly to our
understanding of the mechanisms of host immunity in
helminth infection. The infective stage of this parasite
is normally a skin penetrator, but in the laboratory is
usually injected subcutaneously for convenience. The
larvae travel via the bloodstream to the lungs where,
having moulted, they pass up the trachea and are swal-
lowed. On reaching the small intestine they undergo a
further moult and become adult, the time elapsing
between infection and development to cgg-laying
adults being five to six days. The adult population
remains static for about five morc days. After this time
the faecal worm egg output drops quickly, and the
majority of the worms arc rapidly expelled from the
gut. This expulsion of adult worms, originally known
as the ‘sell cure’ phenomenon, has been shown to be
due o an immune response.

If the rats are reinfected, a smaller proportion of the
larval dose arrives in the intestine, i.e. their migration
is stopped. The few adult worms which do develop in
the gut remain stunted and are relatively infertile, and
worm expulsion starts earlier and proceeds at a faster
rale,

Under natural grazing conditions larval infections
of cattle and sheep are acquired over a period, but
an approximately similar series of events occur. For
example, calves cxposed (o Dictvocaulus viviparus
quite rapidly acquirc patent infections, readily recog-
nizable by the clinical signs. After a period of a few
weeks, immunity develops and the adull worm
burdens are expelled. On subsequent exposure in
succeeding years such anmimals are highly resistant to
challenge, although if this is heavy, clinical signs asso-
ciated with the reinfection syndrome, i.e. the immuno-
logical destruction of the invading larvae in the hungs,
may be seen. With Ostertagia and Trichostrongylus
infections, the pattern is the same with the build-up of
an infestation of adult worms being followed by their
expulsion and subscquent immunity; in later life
only small, short-lived adull infections are established
and eventually the infective larvae are expelled
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without any devclopment at all. However, with
gastrointestinal infections in ruminants, the ability
to develop good immune responses is often delayed
for some months because of immunological
unresponsiveness.

The mechanism of immunity to luminal parasites is
still not understood despite a great deal of research.
However it is generally agreed that such infections
producc a state of gut hypersensitivity associated with
an increase of mucosal mast cells in the lamina propria
and the production of worm-specific IgE, much of
which becomes bound to the surface of the mast cells,
The reaction of worm antigen, from an cxisting infec-
tion or from a subsequent challenge, with these sensi-
tized mast cells releases vasoactive amines which
cause an increase in capillary and epithelial perme-
ability and hyperproduction of mucus.

After this point there is some confusion. Some
workers have concluded that these physiological
changes simply affect the well-being of the worms by,
for example, lowering the oxygen tension of their en-
vironment, so that they become detached from the
mucosa and subsequently expelled.

Others have postulated that, in addition, the perme-
able mucosa allows the ‘leakage’ of Ig(G antiworm
antibody from the plasma into the gut lumen, where it
has access to the parasiles.

Additional factors, such as the secretion of specific
antiworm IgA on the mucosal surface and the signifi-
cance of sensitized T cells which are known to
promote the diffcrentiation of mast cells, eosinophils
and mucus-secreting cells are also currently under
study.

With regard to tissuc-invading helminths, the
most closely studied have been the schistosomes.
Recent work has shown that the schistosomulae of
Schistosoma mansoni may be attacked by both
cosinophils and macrophages, which attach to the
anttbody-coated parasite. Fosinophils, especially,
attach closely to the parasites where their secrctions
damage the underlying parasite membrane,

Attempts to find if a similar mechanism exists
against Fasciola hepatica have indicated that although
cosinophils do atlach to parts of the legument of the
young fluke, the laticr seems able to shed its surface
layer to evade damage.

‘EVASION OF THE HOST'S IMMUNE
RESPONSE

Despite the evidence that animals are able to develop
vigorous immune responscs to many helminth infec-
tions, it is now clear that parasitcs, in the course of
evolution, have capitalized on certain defects in this
armoury. This aspeet of parasitology is still in its in-
fancy, but three examples of immune evasion are de-
scribed below,
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Neonatal immunological unresponsiveness

This is the inability of young animals to develop a
proper immune response (o some parasitic infections.
For example, calves and lambs fail to develop any
useful degree of immunity to reinfection with
Ostertagia spp. until they have been exposed to con-
stant reinfcction for an entire grazing season. Simi-
larly, lambs are repeatedly susceptible to Haemonchus
contortus infection until they are between six months
and one year old.

The cause of (his unresponsiveness is unkoown,
However, while calves und lambs ultimately do de-
velop a good immune responsc to Osteriagio infection,
in the shecp/Haemonchus contortus system the
neonatal unresponsiveness is apparently often suc-
ceeded by a long period of acquired immunological
unresponsiveness, e.g. Merino sheep reared from
birth in a Haemonchus endemic cnvironment
remain susceptible to reinfection throughout their en-
tire lives,

Concomitant immunity

This term is used to describe an immunity which
acls against invading larval stages, but not against an
existing infection. Thus a host may be infected with
adult parasites, but has a measure of immunity to
further infection. Perhaps the best example is that
found with schistosomes which are covered by a cyto-
plasmic syncytium which, unlike the chitinous-like cu-
ticle of nematodes, would at first seem to he
vulnerable to the action of antibody or cells, However,
it has been found that adull schistosomes have the
property of being able to incorporate host antigens,
such as blood group antigens or host immunoglobulin,
on their surface membrane to mask their own foreign
antigens.

Concomitant immunily does not appear 1o operate
with Fasciola hepatica in sheep, in that they are repeat-
edly susceptible to reinfection. On the other hand,
cattle not only expel their primary adult burden of
Fasciola hepatica, but also develop a markcd resist-
ance o reinfection.

Concomitant immunity also includes the siluation
where established larval cestodes may survive for
years in the tissues of the host, although the latter is
completely immunc to reinfection. The mechanism is
unknown, but it is thought that the established cyst
may be ‘masked’ by host antigen or perhaps secrete an
‘anti-complementary’ substance which blocks the ef-
fect of an immune reaction.

Polyclonal stimulation of immunoglobutin

As well as stimulaling the production of specific IgE
antibody, helminths ‘turn on’ the production of large
amounts of non-specific IgE. This may help the
parasitc in two ways. First, if mast cells are coated by
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non-specific IgE they are less likely to attract parasite-
specific IgE and so will not degranulate when exposcd
to parasite antigen. Secondly, the fact that the host is
producing immunoglobulin in a non-specific fashion
means that specific antibody to the helminth is less
likely to be produced in adequate quantity.

THE DEBIT SIDE OF THE IMMUNE
RESPONSE

Sometimes immune responses are associaled with le-
sions which are damaging to the host. For example the
pathogenic effects of oesophogostomosis are fre-
quently atiributable to the intestinal nodules of Oe.
columbiarnum;, similarly, the pathogenic effccts of
schistosomosis are due to the egg granulomata, the
resull of cell-mediated reactions, in the liver and
bladder.

ACQUIRED IMMUNITY TO PROTOZOAL
INFECTIONS

As might be anticipated from their microscopic size
and unicellular state, immunological responses against
protozoa arc similar to those directed against bacteria.
The subject is, however, exceedingly complex and the
following account is essentially a digest of current in-
formation on some of the more important pathogens.
As with bacterial infections, immune responses are
typically humoral or cell-mediated in type and occa-
sionally both are involved.

Trypanosomosis is a good example of a protozoal
disease to which immunity is primarily humoral.
Thus, in vitro, both IgG and IgM can be shown to
lyse or agglutinate trypanosomes and in vive even a
small amount of immune serum will clear
trypanosomes from the circulation, apparently by fa-
cilitating their uptake, through opsonization, by
phagocytic cells. Unfortunately, the phenomenon of
antigenic variation, another method of immune eva-
sion, prevents these infections being completely elimi-
nated and typically allows the disease to run a
characteristic course of continuous remissions and
exacerbations of parasitaemia. It is likely, also, that
the generalized immunosuppression induced by this
disease, may, sooner or later, limit the responsiveness
of the host.

It is also relevant to note that some of the important
lesions of trypancsomosis  such as  anaemia,
myocarditis and lesions of skeletal muscle are thought
to be attributable to the deposition of trypanosome
antigen or immune complexes on these cells leading to
their subsequent destruction by macrophages or
lymphocytes, a possible debit effect of the immunc
Iesponse,

Acquired immunity to babesiosis also appears (o
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bc mediated by antibody, perhaps acting as an
opsonin, and facilitating the uptake of infected red
cells by splenic macrophages. Antibody is also trans-
ferred in the colostrum of the mother to the new-born
animal and confers a period ol protection against
infection.

Finally, in trichomonosis, antibody, presumably
produced by plasma cells in the lamina propria of
the uterus and vagina, is present in the mucus
secreted by these organs and to a lesser extent in the
plasma. This, in virro, kills or agglutinates the
trichomonads and is probably the major factor
responsible for the self-limiting infections which
lypically occur in cows.

Of those protozoal infections against which immun-
ity is primarily cell-mediated, leishmaniosis is of par-
ticular interest in that thc amastigotes invade and
proliferate in macrophages whose [unction, paradoxi-
cally, is the phagocylosis and destruction of foreign
organisms. How they survive in macrophages is un-
known, although it has been suggested that they may
release substances which inhibit the enzyme activity of
lysosomes or that the amastigote surface coat is refrac-
tory to lysosomal enzymes. The immunity which de-
velops seems to be cell-mediated, perhaps by cytotoxic
T cells destroying infected macrophages or by the
soluble products of sensitized T cells ‘activating’
macrophages to a point where they are able to destroy
their intracellular parasites. Unfortunately in many
cases the cfficacy of the immune response and the
consequent recovery is delayed or prevented by a vari-
able degree of immunosuppression of uncertain
aetiology.

As noted above, sometimes both humoral and cell-
mediated reactions are involved in immunity, and this
seems to be the situation with coccidiosis, theileriosis
and toxoplasmosis,

In coccidiosis, the protective antigens are associated
with the developing asexual stages and the expression
of immunity is dependent on T ccll activity. It is
thought that these function in two ways; first, as helper
cells for (he production of neutralizing antibody
against the extracellular sporozoites and merozoites
and secondly, in a cell-mediated fashion, by releasing
substances, such as lymphokines, which inhibit the
multiplication of the intracellular stages. The net ef-
fect of these two immunological responses is mani-
fested by a reduction in clinical signs and a decrease in
oocyst production.

As described earlier, the proliferative stages ol
theilerial infections are the schizogonous stages which
develop in lymphoblasts and divide synchronously
with these cells to produce two infected daughter cells.
During the course of infection, and provided it is not
rapidly fatal, cell-mediated responses are stimulated
in the form of cytotoxic T cells which target on the
infected lymphoblasts by recognizing two antigens on
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the host surface; one of these is derived from the
Theilerin parasite and the other is a histocompatibility
antigen of the host cell. The role of antibodies in pro-
tection is less clear, although it has been recently dem-
onstrated, using an in vitro test, that an antibody
against the sporozoites inoculated by the tick may be
highly effective in protection.

In toxoplasmosis also, both humoral and cell-medi-
ated components appear to be involved in the immune
response. However the relative importance of their
roles remains (o be ascerlained, although it is gener-
ally believed that antibedy formation by (he host leads
to a cessation in the production of tachyzoites and to
the development of the latent bradyzoite cyst; also
that recrudescence of tachyzoite activity may occur if
the host becomes immunosuppressed as a conse-
quence of therapy or some other disease.

ACQUIRED IMMUNITY TC ARTHROPOD
INFECTIONS

It is known that animals exposed to repeated attacks
by some insects gradually develop a degree of ac-
quircd immunity. For example, at least in man, over a
period of time the skin reactions to the bites of
Culicoides and mosquitoes usually decrease in sever-
ity. Likewise, after several attacks of calliphorine
myiasis, sheep become more resistant to further
attack.

A similar sequence of events has been observed
with many tick and mitc infestations. The immune
reaction to ticks, dependent on humoral and ccll-
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mediated components to the oral secretions of the
ticks, prevents proper engorgement of the parasites
and has serious consequences on their subscquent fer-
tility; dogs which have recovered from sarcoptic
mange are usually immune to further infection.

Although these immune responses must moderate
considerably the significance of many cctoparasitic in-
fections, their primary importance to date is largely
concerned with their debit side, i.e, the unfortunate
consequences which often occur when an animal be-
comes sensitized to arthropod antigens. Three exam-
ples of this are flea dermatitis in dogs and cats, the
pruritus and crythema associated with sarcoptic
mange especially in the dog and pig, and ‘sweet itch’
of horses due to skin hypersensitivity to Culicoides
bites.

THE FUTURE OF PARASITE VACCINES

In the future the control of many parasitic diseases
may rely on vaccines based on recombinan! parasite
components. At present such vaccines have already
been developed, for example against Taenia ovis
infcction in sheep, or are in the late stage of develop-
ment, for cxample against Babesia bovis and
Boophilus microplus in cattlc and Haemonchus
contortus in sheep. The commercial success of current
experimental recombinant vaccines will depend
not only on their efficacy in the protection
against ficld challenge but also on factors such as
ellective, low-cost, delivery systems which will confer
long-acting proleclion.



ANTHELMINTICS

The control of parasitic helminths in domestic animals
relies largely on the use of anthelmintic drugs. Al-
though anthelmintics are used in all domestic species,
the largest market is undoubtedly the ruminant mar-
ket, especially cattle, where millions of pounds are
spent annually in an eflort to reduce the effects of
parasitism.

It is not practical to give efficacy dala and methods
of application of the large number of drugs currently
available against the vast range of helminths which
parasitize domestic animals. Also, the number of com-
pounds and their various formulations are continually
changing and it is therefore more appropriate to dis-
cuss the use of anthelmintics in gencral terms, details
of their use against individual species or groups of
helminths having been described under the appropri-
ate sections of the main text.

PROPERTIES OF ANTHELMINTIC
COMPQUNDS

An idecal anthelmintic should possess the following
properties:

{1) Xtshould be efficient against all parasitic stages of
a particular species. It is also generally desirable
that the spectrum of activity should include
members of different genera, for example in
dealing with the equine strongyles and Parascaris
equorum. However in some circumstances, sepa-
rate drugs have to be used at different times of
year to control infections with unrelated
helminths; the trichostrongyles responsible for
ovine parasitic gastroenteritis and the liver fluke
Fasciola hepatica are one such example.

(2) It is important that any anthclmintic shounld be
non-toxic to the host, or at least have a wide
safety margin. This is especially important in the
treatment of groups of animals such as a flock of
sheep, where individual body weights cannot
easily be obtained, rather than in the dosing of
individual companion animals such as cats or
dogs.

(3) In general, an anthelmintic should be rapidly
cleared and excreted by the host, otherwise long
withdrawal periods would bc necessary in meat
and milk producing animals. However, in certain
circumstances and in certain classes of animals,
drug persistence is used to prophylactic advan-
tage, for example the use of closantel (o control
Haemonchits in sheep.

(4) Anthelmintics should be easily administered.
otherwise they will not be readily accepted by
owners; different formulations are available for

diffcrent domestic animal species. Oral and in-
jectable products are widely used in ruminants,
and pour-on preparations are available for cattle.
Anthelmintic boluses arc also available for catile
and sheep. Palatable in-feed and paste formula-
tions are convenient for use in horses, while
anthclmintics are usually available as tablets for
dogs and cats.

(5) The cost of an anthelmintic should be reason-
able. This is of special importance in pigs and
pouliry where profit margins may be narrow.

USE OF ANTHELMINTICS

Anthelmintics are generally used in two ways, namely,
therapeutically, to treat existing infcctions or clinical
outbreuks, or prophylactically, in which the timing of
treatment is bascd on a knowiedge of the epidemiol-
ogy. Clearly prophylactic use is preferable where ad-
ministration of a drug at selected intervals or
continuously over a period can prevent the occurrence
of disease.

THERAPEUTIC USAGE

When used therapeutically, the [ollowing factors
should be considered.

First, if the drug is not active against all stages it
must be effective against the pathogenic stage of the
parasite. Secondly, use of the anthelmintic should, by
successfully removing parasites, result in cessation of
clinical signs of infection such as diarrhoca and respi-
ratory distress; in other words, there should be a
marked clinical improvement and rapid recovery after
treatment.

PROPHYLACTIC USAGE

Scveral points  should be considered where
anthelmintics are used prophylactically.

First, the cost of prophylactic (realment should
be justifiablc economically, by increased production
in food animals, or by preventing the occurrence
of clinical or subclinical disease in, for example,
horses with strongylosis or dogs with heartworm
diseasc.

Secondly, the cost-benefit of anthelmintic prophy-
laxis should stand comparison with the control which
can be achicved by other methods such as pasture
management or, in the case of dictyocaulosis, by
vaccination.

Thirdly, it is desirable that the use of anthelmintics
should not interfere with the development of an ac-
quired immunity, since there are reports of outbreaks
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of discase in older stock which have becn overpro-
tected by control measures during their earlier years.

Finally prolonged prophylactic use of onc drug
should be avoided as this may cncourage the develop-
ment of anthelmintic resistance.

ANTHELMINTICS AND THEIR MODE OF
ACTION

The major groups of anthelmintics currently in use
against nematodes, trematodes and cestodes arce
shown in Table 11.

The mode of action of many anthelmintics is not
known in detail, but basically depends on intcrference
with essential biochemical processes of the parasite,
but not of the host.

PIPERAZINES

These drugs produce paralysis in  helminths.
Pipcrazine salts are widely used against ascarids while
digthylcarbamarine has been used against lungworms
and filarial nematodes.

IMIDAZOTHIAZOLES/
TETRAHYDROPYRIMIDINES

Basically these compounds act as depolatizing
neuromuscular blocking agents in both nematodes

269

and their hosts. In consequence the safcty margin
tends to be narrower than in some other groups. These
drugs arc active against a wide range of nematodes
especially those in the gastrointestinal tract.

BENZIMIDAZOLES/PRO-BENZIMIDAZOLES

Drugs of this group generally act on the intestinal cells
of helminths by binding nematode tubulin and thus
prevenling glucose uptake and ‘starving’ the parasite.
They are virtually without texicity, in some cases cven
at over ten times the recommended dose rate. Parasite
resistance to anthelmintics has most frequently been
associated with repeated use of these drugs against
nematodes of sheep, goals and horses. Several com-
pounds also have activity against tapeworms and
flukes.

AVERMECTINS/MILBEMYCINS

These are a series of macrocyclic lactone derivatives
which are fermentation products of the actinomycete
Streptomyces averminlis. They have been shown to
have cxcellent activity, at very low dose rates, not only
against a wide range of nematodes, but also against
certain arthropod parasites. A {urther advantage is
that some of these drugs can remain active for at least
two weeks after administration due to persistence in

Table 11 The major groups of anthelmintics.
Parasites Chemical group Drugs
Nematodes Piperazines Piperazine salts, diethylcarbamazine
Imidazothiazoles/tetrahydropyrimidines Tetramisole, levamisole: morantel, pyrantel
Benzimidazoles/pro-benzimidazoles Thiabendazole, mebendazole, parbendazole, fenbendazole,
oxfendazole, albendazole, oxibendazole, cambendazole,
flubendazole, febantel, thiophanate, netobimin
Avermecting/milbemycins wermectin, doramectin, abamectin, moxidectin, milbemycin
oxide
"Organophosphates Dichlorvos, halexon, trichlorfon (metriphonate)
Salicylanifides/substituted phenols Nitroscanate, closantel
Trematodes Salicylanilides/substituted phenols Nitroxynil, rafoxanide, oxyclozanide, brotianide,
niclofolan, closantel
Others Clorsulon
Benzimidazoles/pro-benzimidazoles Triclabendazole, albendazole, netobimin
Cestodes Salicylanilides/substitued phenols Niclosamide

Others

Praziquantel, bunamidine, arecoline
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body fat. Initially avermectins and milbemycins were
thought to act mainly by potentiating the releasc and
binding of gamma-aminobutyric acid (GABA) in cer-
tain nerve synapses which led to the opening of chlo-
ride ion channels and decreased cell function. Current
evidence suggests that they aflect chloride channels
independent of GABA. Whatever the precise mode of
action the result is paralysis and eventual death of the
parasite,

ORGANOPHOSPHATES

A few organophosphorus compounds are active
against nematodes. They act by inhibiting cholin-
esterase resulting in a build-up of acetylcholine which
leads to neuromuscular paralysis of nematodes and
their expulsion. This group of drugs is relatively toxic
and is uscd most frequently in horses, probably
because of the additional insecticidal action against
larvae of horse bots.

SALICYLANILIDES/SUBSTITUTED
PHENOLS

Although details of the mode of action of drugs in
these groups are not well understood, they appeat to
act by interfering with ATP production in parasites
by uncoupling oxidative phosphorylation. They arc
most widcly used against Fasciola hepatica and
Haemonchus contortus although nitroscanate is mar-
keted for treatment of nematode and cestode infec-
tions of dogs, and niclosamide is widely used against
tapeworms in many domeslic species.

OTHER DRUGS

The mode of action of other drugs used to combat
tapeworm infections is not well known, but
praziquantel apparently acts by causing spastic paraly-
sis of muscle cclls in the parasite and damage to the
tegurment.

METHODS OF ADMINISTRATION

Traditionally, anthelmintics have been administered
orally or parenterally, usually by subcutaneous injec-
tion. Oral administration is common by drenching
with liquids or suspensions, or by the incorporation of
the drug in the feed or water for farm animals and by
the administration of tablets to small animals. More
recently, paste formulations have been introduced es-
pecially for horses and there are now a number of
compounds which have systemic action when applied
as pour-on or spol-on formulations to the skin. Meth-
ods for injecting compounds directly into the rumen of
cattle have also been marketed. More rccently, a
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number of rumen-dwelling boluses have become
available for cattle and sheep which arc designed to
deliver therapeutic doses of anthelmintic at intervals
(pulse-release) or low doses over prolonged periods
(sustained-release); both prevent the establishment of
mature parasite populations and thus limit the con-
tamination of pastures and the occurrence of disease.
An apparatus for the delivery of anthelmintics into
drinking water at daily or periodic intervals has also
been developed.

A number of products are marketed for cattle
and sheep consisting of a mixture of a round-
worm anthelmintic and a fluke drug, but the timing
of treatments for roundworms or flukcs, whether cura-
live or prophylactic, is often different and the require-
ment for such combination compounds is therefore
limited.

ANTHELMINTIC RESISTANCE

Helminth resistance to anthclmintics has been most
frequently recorded in sheep, goats and horses, and
has mainly involved the benzimidazole group of
compounds.

In sheep, resistance first occurred chiefly in geo-
graphical areas where Haemonchus conforius pre-
dominates and the annual number of cycles of
infection and anthclmintic treatments are numerous.
However, sometimes this resistance is incomplete and
can be overcome by using repeated/sustained treat-
ments or higher dosage rates. Unfortunately, cross-
resistance has been reported between  different
benzimidazoles, and, less [requently, multiple resist-
ance embracing chemically unrelated compounds.
Cross-resistance  also  appears to exist betwcen
avermecting and milbemycins.

In Western Europe anthelmintic resistance is less
prevalent than in areas such as Australia and South
Africa, although it has been reported  with
Haemonchus and to a lesser extent with Qstertagia
infections ol sheep and goats. Tn horses there is
also  cvidence that extensive use of certain
benzimidazoles has led to the selection of resistant
strains of several species of small strongyles; cross-
resistance between different benzimidazoles has also
been reported.

Analysis ol published reports on resistance suggests
an association with frequent use of drugs with the
same mode of action. Because of this Australian
workers have recommended that the anthelmintics
used should be rotated between the principal chemical
groupings, for example, the bhenzimidazoles, the
imidazothiazoles and the avermectins. Rotation
should take place between generations of parasites.
Thus, in Western Europe, with only one or two
complete generations of gastrointestinal nematodes
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annually, the compounds would be changed each
year.

However, it is also possible that selection for resist-
ance could be accelerated wherce livestock are moved
on to helminthologically clean pastures immediately

after anthelmintic treatment. Any contamination of
these pastures would originate from helminths which
had survived the treatment and so the pressure
on selection for anthelmintic resistance might be
increased.



ECTOPARASITICIDES (INSECTICIDES/ACARICIDES)

The control of the ectoparasites found on animals,
including fleas, lice, ticks, mange mites, warbles and
nuisance flics, is largely based on the use of chemicals.
There is a vast world market of approximately 300
million pounds in these chemicals, evenly divided be-
tween farm and companion animals.

ECTOPARASITICIDES AND THEIR MODE
OF ACTION

Three main chemical groupings have been used as the
basis for the common ccloparasiticides, namely, the
organochlorines, the organophosphates and the syn-
thetic pyrethroids. Other groups which are also used
include the carbamates (primarily in poultry), the
formamidines, the triazincs, benzyl benzoate and
natural plant products such as pyrethrin. Recently, the
avermectins and milbemycins have been shown to
have a high activity against a range of ectoparasites
and it is likely that this will form an important group in
the future. There are also a number of compounds
which affect the growth and development of insects.
For example, cyromazine which disrupts growth regu-
lation in blowily larvae on sheep and lufenuron which
blocks the formation of larval chitin in fleas.

ORGANOCHLORINES (OCs)

These include DDT, hexachlorocyclohexane (HCH),
formerly called benzene hexachloride (BHC), the
gamma isomer of which is the most polent (lindane),
dieldrin and aldrin and bromocyclen and toxaphene.
They have the advantage that the effect of the drug
persists [or a longer time on the coat or fleece of the
animal but the disadvantage, at [east in food animals,
that they persist in animal tissucs. Organochlorines
are now banned in many countries on the grounds of
both human and cnvironmental safety. If toxicity oc-
curs the signs are those of CNS stimulation with
hypersensitivity, followed by increasing muscular
spasm progressing to convulsions.

ORGANOPHOSPHATES (OPs)

These include a vast number of compounds of which
chlorfenvinphos, coumaphos, crotoxyphos, crufomate,
cythicate, diazinon, dichlofenthion, dichlorvos, fen-
thion, iodofenphos, malathion, phosmetl. prope-
tamphos, ronnel, (etrachlorvinphos and trichlorfon
are among the most common. These can persist in the
animals’ coat or fleece for reasonable periods, but
residues in animal tissues are short lived. Some have

the ability to act systemically, given parenterally,
orally or as a pour-on, but the effective blood levels of
these are maintained for only 24 hours. The OPs are
cholinesterasc inhibitors and if acute toxicity occurs,
the signs are salivation, dyspnoea, incoordination,
muscle tremors and sometimes diarrhoea. There is
also concern over chronic toxicity which may be asso-
ciated with the use of these compounds and which is
thought to be the result of inhibition of the enzyme
neurotoxic esterase,

SYNTHETIC PYRETHROIDS (SPs)

The common synthetic pyrethroids in use include
deltamethrin, permethrin, cypermethrin, flumethrin
and fenvalerate. The main value of these compounds
lies in their repellent cffcct and since they persist
well on the coat or skin, butl not in tissue, they are of
particular value against parasites which feed on the
skin surface such as lice, some mites and nuisance
flies. Pyrethroids act as neurotoxins upon sensory
and motor nerves of the neurocndocrine and central
nervous system of insccts. All the pyrethroids are
lipophilic and this property helps them to act as
contacl insecticides, Some have the ability to repel and
1o ‘knockdown’, i.e. affect flight and balance without
causing complete paralysis. Because the synthetic
pyrethroids have a strong affinity for sebum this prop-
erty has been capitalized upon by incorporating the
SPs into car tags or tail bands, The SPs are fairly safe,
but if toxicity does occur it is expressed in the periph-
eral nervous system as hypersensitivity and muscle
tremors.

CARBAMATES

The most commonly used carbamates are butocarb,
carbaryl and carbanolate. They are an important
group in the control of poultry ectoparasites. The
maode of action is similar to OPs and where toxicity
occurs it is also similar.

AVERMECTINS/MILBEMYCINS

These are effective at very low dose levels against
certain cotoparasites when given parenterally and by
pour-on preparations, They are particularly effective
againsl ecloparasiles with tissue stages such as war-
bles, bots and mites and have pood activity against
blood sucking parasites such as lice and one-host licks,
As in nematodes, they are thought 1o affect cell func-
tion by direct action in chloride ion channels. They
have a very wide safety margin.
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Some avermeclins have a marked residual cffect
and a single treatment given parenterally is still effce-
tive against lice or mites hatching from eggs three to
four weeks later.

FORMAMIDINES

Amitraz is the only commonly used amidine
ectoparasiticide. It is used mainly for lice and mites of
farm animals and Demodex infection in dogs. It should
not be used in horses or cats.

METHODS OF APPLICATION AND USES:
FARM ANIMALS

Traditionally, cctoparasiticides have been applied
topically as dusts, sprays, foggers, washes, dips and
occasionally used in bailts to trap insects. However,
with the advent of pour-on and spot-on formulations
with a systemic effect, the parenteral administration of
drugs such as the avermectins and closantel and the
use of impregnaled ear tags, collars and tail-tags, the
methodology of control applications to animals has
changed.

TRADITIONAL METHODS

To be successful, the use of insecticides in dusts, sprays
or washes usually requires two or more treatments,
since even the most diligent applicant is unlikely to
be successful in applying these formulalions at the
right concentration to all parts of the animal’s body.
The interval between (reatments should be linked
to the persistence of the chemical in the skin, hair
or wool and to the life cycle of the parasite, further
treatment being given prior to completion of another
cycle.

Dip baths or spray races containing the nccessary
concentration of insecticide are used to control mites,
lice and ticks and certain diplerans such as blowflies
on sheep on a world wide basis and on cattle in tropi-
cal areas, This technique is more successful in sheep
where the persistence of insecticide is greater in the
wool fleece than in the hair coat found in cattle. It is
important to remember that the concentration of in-
sccticide in a dip bath is preferentially ‘stripped’ or
removed as sheep or cattle are dipped, and so must be
replenished at a higher than initial concentration, suf-
ficient to maintain an adequate concentration of
the active ingredient. Most dips are bascd on the
organophosphate group and synthetic pyrethroids.
Despite safety concerns some countries have re-intro-
duced organochlorines becausc of developing resist-
ance 10 organophosphates.

Insect control in dairies or stables may bc aided by
the use of various resins strips incorporating the insec-
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ticide; dichlorvos and trichlorfon are often used for
this purpose. Somctimes baits containing synthetic
pheromones, sugars or hydrotysed yeasts, plus insecti-
cide are spread around animal premises to altract and
kill dipterans.

POUR-ON, SPOT-ON OR SPRAY-ON

Those available at present contain organophosphates
with a systemic action such as fenthion or phosmet, the
avermectins/milbemyc¢ins or the synthetic pyrethroids.
They arc recommended for the control of warbles and
lice in catile and lice and keds in shecp. A valuable
development is that of pour-on phosmet for the con-
trol of sarcoptic mange in pigs and cattle. A single
treatment in pigs gives very good results and if used in
sows, prior to farrowing, prevents transmission to the
litter; two treatments at an interval of 14 days arc
necessary in cattle. The synthelic pyrcthroids are also
avatlable as sprays, pour-ons or spot-ons for the treat-
ment of lice and the control of biting and nuisance flies
in cattle, sheep and goais.

EAR TAGS, COLLARS, LEG AND TAIL
BANDS

These are based primarily on the synthetic pyrethroids
and occasionally the organophosphates. They are
recommended for the protection of cattle against nui-
sance flies. The tags are usually made of poly-
vinylchloride impregnated with the insecticide. When
attached Lo an animal’s ear the insccticide is re-
leased from the surface, dissolves in the scbum se-
creted by the skin and is then spread over the whole
body by the normal grooming actions or ear flapping
and tail swishing as well as by bodily contact betwecn
cattle. As the insecticide is rapidly honded to the
sebum on the animal’s coat the treatment is rain-fast;
also the tag or tail band continues to release a supply
of chemical under all climatic conditions. Sincc the
drugs are located in the sebum, they are not absorbed
into the tissue so there is no nced for a withdrawal
period prior to slaughter nor is it nccessary to discard
milk. The common SPs marketed for this purpose are
cypermethrin and permethrin. Under conditions of
heavy fly challenge a tag should be inserled in each
cdr, possibly augmented by a tail band.

PARENTERAL TREATMENT

The avermeetins/milbemycins and closantel may be
given parenterally to control some ectoparasites. For
example, ivermectin and abamectin have good activity
against warbles, lice, many mitcs and also the one-host
tick Boophilies. Closantel is available in some tropical
countries for use against one-host ticks and sucking
lice.
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METHODS OF APPLICATION AND USES:
COMPANION OR PET ANIMALS

Ectoparasiticides are mainly used as dusting powders,
aerosols, washes/shampoos, spot-on preparations and
impregnated collars while two are available for oral
use. They are mainly used for the control of fleas, lice
and mange in dogs and cats and for lice, mange and
nuisance flies in horses.

DUSTING POWDERS

The powders should be shaken well into the animal’s
fur or hair and, in the casc of house pets, into the
bedding. The powders commonly used contain
pyrethroid-based insccticides with or without the
synergist, piperonyl butoxide. These are particularly
useful for flcas and lice and repeat treatments are
generally recommended every two to three weeks.

AEROSOLS

Although easy to use, some of the noisier sprays can
upset pets. Over zealous spraying in confincd spaces,
such as in a cat basket, may produce toxic effects.
Sprays available are generally based on pyrethroids
and carbamates or a mixture of organophosphates
such as dichlorvos plus fenitrothion, or a mixturc of
the synergist piperonyl butoxide with OPs or
pyrethroids. Depending on the spray, the acrosol con-
tainer should be held at 15-30cm {rom the animal and
sprayed for up to five seconds for cats and a little
longer (or dogs. A repeat treatment is often recom-
mended in 7-14 days but only one spray application
with the recently developed compound, fipronil, can
give up to three months’ protection against re-infesta-
tion with fleas in dogs and cats. The aerosol sprays are
very effective for fleas und lice, but several treatments
may be nccessary for mange mites. The synthetic
pyrethroids are also available as a wash or spot-on for
horses for the control of flics including midges which
are responsible for ‘sweet-itch’.

An aerosol containing an insect growth regulator,
methoprene, is available for the control of larval
populations of fleas in the environment.

BATHS

These are available as shampoos, emulsifiable concen-
trates, wettable agents or creams for the control of
fleas, lice and mange mites. Most preparations are for
dogs and care is needed if they are used for cats.
Common ingredients are carbaryl propoxur and the
OP phosmet; amitraz is particularly useful for
demodectic mange in dogs. The instructions [or bath-
ing should be carefully followed and, where necessary,
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care taken that the insecticide is properly rinscd from
the coat. Organophosphate shampoos should not be
used when dogs have insecticidal collars.

INSECTICIDAL COLLARS

These are used primarily for flea control and are based
on the organophosphates, carbamales and synthetic
pyrethroids. The period of prolection is claimed to be
three to four months, but the success of this method of
application is variable. Occasional problems arise
from contact dermatitis and care should be exercised
that the animals do not reccive other organ-
ophosphate treatments. Aparl [rom collars, im-
pregnated medallions are also available in some
countrics. Care should be taken with the use of collars
in pedigreed long-haired cats and greyhound dogs due
to individual susceptibility to OP poisoning.

ORAL PREFARATIONS

One organophosphate, cythioate, is marketed as an
oral preparation. Tt is specifically for the treatment of
demodectic mange and flea infestations in dogs and
flea infestation in cats; the daily administration of
tablets is recommended as a supplement to topical
application.

OTHER PREPARATIONS

Spot-on preparations containing fenthion are now
available for the control of fleas on dogs and cats. In
horses, lice and areas of mange mitc infestation can be
treated topically, but the problem of nuisance or pas-
ture flies remains. A recent suggestion is that ear tags
impregnated with cypermethrin be attached to the
saddle or mane as a possible means of incorporating
the synthetic pyrethroid into the sebum.

POULTRY ECTOPARASITES

The carbamates and the organophosphate, malathion,
are the most widely used. Individual birds arc dusted
and the insecticide applicd in the poultry house, nest-
ing boxes and litter. The possibility of using cyper-
methrin as & spot-on is currently under investigation.

RESISTANCE

As with other drugs, resistance has developed to most
of the well known ectoparasiticides. This is particu-
tarly true of the organochlorines and organ-
ophosphates used to control the ectoparasites of
ruminanis by dipping or spraying, but resistance to the
synthetic pyrethroids used in impregnated ear tags has
already been reported in Australia.
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Resistance (o insecticides is inherited and two types
have been described for insects. The first is specific
Tesistance, which s due to a single dominant gene or
double recessive genes, and the other is polygenic or

non-specific resistance in which resistance probably
arises from the development in the insect of secondary
physiological systems which bypass the primary sys-
tem which is the targer of the insecticide.



THE LABORATORY DIAGNOSIS OF PARASITISM

HELMINTH INFECTIONS

Although there is much current interest in the use of
serology as an aid to the diagnosis of helminthosis,
particularly with the introduction of the enzyme
linked immunosorbent assay (ELISA) test, faccal
examination for the presence of worm cggs or larvae
is the most common routing aid to diagnosis
cmployed,

COLLECTION OF FAECES

Faecal samples should preferably be collected from
the tectum and examined tresh. If it is difficult to take
rectal samples, then fresh faeces can be collected from
the field or floor. A plastic glove is suitable for collec-
tion, the glove being turned inside out to act as the
receptacle. For small pets & thermometer or glass rod
may be used.

[dcally, about 5 g of faeces should be collected, since
this amount is required for some of the concentration
methads of examination.

Since eggs embryonate rapidly the faeces should
be stored in the refrigerator unless examination is car-
ricd out within a day, For samples sent through the
post Lthe addition of twice the faecal volume of 10%
formalin to the faeces will minimize development and
hatching.

METHODS OF EXAMINATION OF FAECES

Several methods arc available for preparing faeces for
microscopic examination to detect the presence of
eges or larvae. However, whatever method of prepa-
ration is used, the slides should first be cxamined un-
der low powcer since most eggs can be detected at this
magnification. Il necessary, higher magnification can
then be cmployed [or measurement of the epgs or
more detailed morphological differentiation. An eye-
piece micrometer is very useful for sizing populations
of epgs or larvae.

Direct smear method

A few drops of waler plus an equivalent amount of
faeces arc mixed on a microscope slide. Tilting the
slide then altows the lighter eggs to flow away from the
heavier debris, a caver slip is placed on the fluid and
the preparation is then examined microscopically, It is
possible to detecl most eggs or larvae by this method,
but duce to the small amount of fagces used it may only
detect relatively heavy infections.

Flotation methods

The basis of any flotation method is that when worm
egps are suspended in a liquid with a specific gravity
higher than that of the eggs, the latter will float up to
the surface. Nematode and cestode cggs lloal in a
liquid with a specific gravity of between 1.10 and 1.20;
tremalode eggs, which are much heavier, require a
specific gravity of 1.30-1.35.

The flotation solutions used for nematode and
cestode ova are mainly based on sodium chloride
or sometimes magnesium sulphate. A saturated
solution of these is prepared and stored for a [ew days
and the specific gravity checked prior to usage. In
some laboratories a sugar solution of density 1.2 is
preferred.

For trematode eggs, saturated solutions of zine chlo-
ride or zinc sulphate are widely used. Some laborato-
ries use the more expensive and toxic potassium
mercury iodine solution.

Whalever solutions are employed the specific grav-
ity should be checked regularly and examination of
the solution containing the eggs or larvac made
rapidly, otherwise distortion may take place.

Direct flotation

A small amount of fresh faeces, say 2.0g, is added to
10m] of the flotation solution and following thorough
mixing the suspension is poured into a test tube and
more flotation solution added to fill the tube Lo the
top. A cover glass is then placed on Lop of the surface
of the liquid and the tube and coverslip lelt standing
for 10 1o 15 minutes. The cover slip is then removed
vertically and placed on a slide and examined under
the microscope. Tf a centrifuge is available the
flotation of the eggs in the flotation solution may be
accelerated by centrifugation.

McMaster method

This quantitative technique is used where it is desir-
able to count the number of eggs or larvae per gramme
ol facces. The method is as follows:

(1) Weigh 3.0g of faeces or, if faeces are diarrhoeic,
3 teaspoontuls.

{2) Break up thoroughly in 42 ml of water in a plastic
container. This can be done using a homogenizer
if available or in a stoppered bottle containing
glass beads.

{3) Pour through a fine mesh sieve {aperture 205um,
or 100 to 1 inch).
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(4) Collect filtrate, agitate, and till a 15ml test tube.

(5) Centrifuge at 2000rpm for 2 minutcs.

{6) Pour off supernatant, agitate sediment and fill
tube to previous level with flotation solution.

(7) Invert tube six times and remove fluid with pi-
pette to fill both chambers of McMaster slide
{Fig. 174). Leave no fluid in the pipette or else
pipetie rapidly, since the eggs will risc quickly in
the flotation fluid.

{8) Examine one chamber and multiply number of
egps or larvac under one etched area by 100, or
two chambers and multiply by 50, to arrive al the
number of eggs per gram of faeces (epg):

It 3g of faeces are dissolved in 42 ml
Total volume is 45ml
Therefore 1g 15ml
The volumc under etched area is  (.15ml

Therefore the number of cggs is multiplied by
100
[f two chambers are cxamined, multiply by 50

An abbreviated version of this technique is to ho-
mogenize the 3g of facces in 42m] of salt solution,
sieve, and pipette the filtrate directly into the
MecMaster slide. Although a faster process the slide
contents are morc difficult to ‘read’ because of their
dark colour.

It is impossibie to calculate from the epg the actual
worm population of the host, since many factors influ-
ence egg production of worms and the number of eggs
also varies with the species. Nevertheless, cgg counts
in cxcess of 1000 are generally considered indicative of
heavy infections and those over 500 of moderate infec-
tion, However, a low epg is not necessarily indicalive
of very low infections, since patency may just be newly
cstablished; alternatively, the epg may be affected by
developing immunity. The eggs of some species, such

Fig. 174 McMaster slide for estimating numbers of nematode eqgs
in faeces.

277

as certain ascarids, Strongyloides, Oxyuris, Trichuris
and Capillaria, can be casily recognized morphologi-
cally. Howcver, with the exception of Nematodirus
spp-, the common trichostrongyle eggs require meas-
urcment for differentiation.

While this technique will detect the eggs and larvae
of most nematodes, cestodes, and coccidia, it will not
demonstrate trematode eggs which have a higher
specific density. For these, a flotation fluid of higher
specific gravily such as a saturated solution of zinc
sulphate has to be used or a sedimentation method
employed as described below.

Sedimentation methods

For trematode eggs:

Homogenize 3p of [acces with water and pass the
suspension through a coarse mesh sieve (250zm),
Thoroughly wash the material retained on this screen
using a fine water jet and discard the debris.

Transler the filtrate to a conical flask and allow to
stand for 2 minutes, remove the supernatant and
transfer the remainder (approximately 12-15ml) to a
flat-bottomed tube.

After sedimentation for a further 2 minutes the
supernatant is again drawn off, a few drops of 5%
methylenc blue added and the sediment screened us-
ing a low powet stercomicroscope. Any trématode
egps are readily visible against the pale blue back-
ground,

For lungworm larvae:

The Baerman apparatus may be used. This consists of
a glass funnel held in a retort stand. A rubber tube
attached to the bottom of the funne! is constricted by
a clip. A sieve (aperture 250 gm) is placed in the wide
neck of the funnel, which has been partially filled with
water, and a double layer of gauze is placed on top of
the sieve. Faeces are placed on the gauze and the
funnel is slowly filled with water until the faeces are
immersed. Alternatively, faeces are spread on a [ilter
paper which is then inverted and placed on the sieve
(Fig. 175). The apparatus is left overnight at room
temperature during which the larvae migrate out of
the facces and through the sieve to sediment in the
neck of the funnel. The clip on the rubber is then
removed and the water in the neck of the funnel col-
lected in a small beaker [or microscopic examination
in a petri dish.

A simple adaptation of the above method is to sus-
pend the faeces enclosed in gauze in a urine glass filled
with watcr and leave overnight. The larvae will lcave
the faeces, migrate through the gauze and settle at
the hottom of the glass. After siphoning off the
supernatant, the sediment is cxamined under the low
power of the microscope as above.
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Fig. 175 The Baerman apparatus. Faeces are spread on a filter
paper which is then inverted and placed on the sieve.

CULTURE AND IDENTIFICATION OF
LARVAE

Two techniques are widely used for the culture of
infective larvae from nematode eggs.

In the first, facces are placed in a jar with a lid and
stored in the dark at a temperature of 21 to 24°C. The
lid should be lined with moist filter paper and should
not be tightly attached. After seven days incubation,
the jar is filled with water and allowed to stand for 2 to
3 hours. The larvae will migrate into the water and the
latter is poured into a cylinder for sedimentation. The
larval suspension can be cleancd and concentrated by
using the Baerman apparatus as described above and
then killed by adding a few drops of Lugol’s iodine
and examined microscopically.

An alternative method is to spread the faeces on the
middle tMird of a filter paper placed in 2 moislened
petri dish. After storage at 21 to 24°C for 7 to 10 days,
the dish is flooded with water and the lurvae harvested
as before. ) ‘
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The identification of infective larvae is a specialist
technique and, for this, reference may be made 1o the
publications listed at the end of this scction.

RECOVERY OF ALIMENTARY NEMATODES

Details are given below of a technique for the collec-
tion, counting and identification of the alimentary
ncmatodes of ruminants. The procedure is similar for
other host species, information on identification being
available in the text.

(1) As soon as possible after removing the alimen-
tary tract from the body cavity, the abomasal/
duodenal junction should be ligatured to prevent
transfer of parasites from one site to the other.

(2) Separate the abomasum, small intestine and
large intestine.

(3) Open abomasum along the side of the greater
curvalure, wash contents into a bucket under
running water and make the total volume up to 2
to 4 litres.

(4) After thorough mixing transfer duplicate 200ml
samples to suitably labelled containers and pre-
serve in 10% formalin.

(53) Scrape off the abomasal mucosa and digest in a
pepsin/HC] mixture at 42°C for 6 hours; 200 g of
mucosa will require 1 litre of mixture. Make di-
gest up to a volume of 2 or 4 litres with cold water
and again take duplicate 2001l samples.

Alternatively, the Williams technique may be
used. In this, the washed abomasum is placed,
mucosal surface down, in a bucket containing
several litres of normal saline and maintained at
40°C for 4 hours. Subscquently, the abomasum is
gently rubbed in a second bucket of warm saline.
The saline from both buckets is poured through a
sieve (aperture 38um, about 600 to 1 inch) and
the residue examined.

(6) Open the small intestine along its entire length
and wash contents into a bucket., Treal as for the
abomasal contents, but digestion of mucosai
scrapings is unnecessary.

(7) The contents of the large intestine are washed
into a bucket, passed through a coarse mesh
sieve (aperture 2-3mm) and any parasites
present collected and formalized.

Preparation of pepsin/HCl:

Dissolve 80 g of pepsin powder in 3 litres of cold wa-
ter. Add 240 ml concentrated HCI slowly and stir well.
Make final volume up to 8 litres. Store at 4°C.

Worm counting procedure

(1) Add 2-3ml of iodine solution to one of the
200 ml samples.
(2) After thorough mixing, transfer 4ml of suspen-
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sion to a petri dish, scored with lines to facilitate
counting; add 2-3ml sodium thiosulphate solu-
tion to decolourize debris.

If necessary worms may be preserved in an
aqueous solution of 10% [ormalin or 70% alco-
hol. To clear large worms for microscopic exami-
nation, immerse in lactophenol for a suitable
period prior to examination.

(3) Examine for the presence of parasites using a
stereoscopic microscope (12 objective) and
identify and count parasites as male, female and
larval stages.

lodine solution;

Dissolve 907 g of potassium iodide in 650 ml boiling
water. Add 510 ¢ iodine crystals and make up to 1
litre.

Sodium thiosulphate solutivn:
Dissolve 100 g of sodium thicsulphate in 5 litres of
water,

A guide to the adult alimentary nematodes of sheep
and cattle follows.

GUIDE TO ADULT ALIMENTARY
NEMATODES

SHEEP

GROSS CHARACTERS

Abomasum

(1) 2cm long; bursa visible Haemonchus
with naked eye: females
have ‘barber’s pole’
appearance; reddish
when fresh

(2) Tem long; slender; Ostertagia
reddish brown when fresh

{3} Less than 0.5¢m long; the Trichostrongylus
smallest trichostrongyloid — axed

of ruminants; cannot be
easily seen on abomasal
wall or in contents;
greyish when fresh

Small intestine

(1) 0.5cm long; slender; Trichostrongylus
greyish when fresh or
Strangyloides
{2) 0.5cm long; comma or Cooperia curticel
watch-spring shape;
slender; greyish

(3) 2cm long; slender; much Nematodirus
twisted, often tangled
like cotton wool

(4) 2cm long; stout white Bunostomum

worms; head bent slightly
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Large intestine

(1) Up to 8cm long; whip-like, Trichuris
with long filamentous
antcrior part twice
as long as posterior part

{2) 1.5to2cm long; large bell-  Chabertia

shaped buccal capsule
(3) Up to 2cm long; buccal

capsule tapered and not

obvious as in Chabertia

Oesophagostomum

MICROSCOPIC CONFIRMATION
Abomasum

Haemonchus

Male:
Dorsal ray of bursa asymmetric; spicules barbed near
tips.

Female:

Vulval flap, usually linguiform, present; gravid worm
contains several hundred eggs; ovary coiled around
intestine.

Ostertagia

Male:
Spicules slender, rod-like (O. circumeincta) or stout
with branch near middle (O. trifurcata).

Trichostrongylus axei

Both sexes:
Excretory notch visible in oesophageal region.

Male:
Spicules unequal in length.

Female:
Vulval flap absent; gravid worm contains 4 or 5 eggs,
pole to pole.

Small imtestine

Trichostrongylus
Both sexes:
Excretory notch present in ocesophageal region.

Male:
Spicules leaf-shaped (T, vitrinus) or with ‘step’ near
tip (I. colubriformis).

Female:
Vulval flap absent;
Strongyloides, below),

ovejectors  present  (cf.

Strongyloides

-

Only fcmales present; long oesophagus: ovary and
uterus show twistcd thread appearance behind
oesophagus; ovejectors absent.
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Cooperia

Both sexes:

Small cephalic vesicle present, giving anerior end a
cylindrical appearance; prominent cuticular striations
in cesophageal region.

Male:
Spicules have ‘wing’ at middle region, bearing
striations.

Nematodirus

Both sexes:
Cephalic vesicle present.

Male:

Spicules long, slender and fused, with expanded tip
which is heart-shaped (N. battus): lanceloate (N.
filicollis); bluntly rounded (N, spathiger). Bursa shows
two sets of parallel rays (N. batiues) or four sets (other
species).

Female:
Large eggs present; tip of tail is pointed (N. batfus) or
truncate with a small spine (other species).

Bunostomum

Large buccat capsule present.
Large intestine

Trichuris

Microscopic confirmation unnecessary, because of
whip-like shape. Tail of fcmale is bow-shaped and that
of male spirally coiled with one spicule.

Chabertia

Large bell-shaped buccal capsule with no teeth and
rudimentary leaf crowns.

Oesophagostomum

Relatively small buccal capsule; cephalic vesicle with
cervical groove behind it. Leal crowns and cervical
alae often present.

CATTLE
GROSS CHARACTERS

The gross characters arc similar to those described lor
the nematodes of sheep.

MICROSCOPIC CONFIRMATION

Abomasum
Haemonchus

As in sheep, but vulval flap often bulb-shaped or ves-
tigial.

Veterinary Parasitology

Ostertagin

As in sheep, but male has stout, rod-like spicules with
expanded tips {Q. ostertagi) or very robust spicules,
generally rectangular in ocutline (. lyrara). Female
has vulval flap of variable size, butl usvally skirt-like.

T. axei

As in sheep.

Small intestine

Trichostrongylus
As in sheep; T. vitrinus is very rare in cattle,
Cooperia

As in sheep, but the spicules of the common species,
C. oncophora, have a stout, bow-like, appearance,
with small terminal ‘feet’,

Nematodirus

As in sheep; the spicules of the common bovine spe-
cies, N. helvetianus, have a spear-shaped expansion at
the tips.

Bunostomum

As in sheep.
Large intestine
As in sheep.

Based on the characters described above, the follow-
ing key can be used to differentiate microscopically
the genera of some common gastrointestinal ncma-
todes of ruminants.

Body composed of a long Trichuris
filamentous anterior and a short
broad posterior region
Body not so divided, Strongyloides
oesophagus approximately onc
third of body length
Short oesophagus and buccal Tricho-
capsule rudimentary strongyloidea
(a}
Short oesophagus and buccal Strongyloidea
capsule well developed (b)
(a) Trichostrongyloidea
1. Distinet cephalic vesicle. Nematodirus
Spicules very long uniting
in a membrane at the tip
Cephalic vesicle small Cooperia
Spicules relatively short
and unjoined posteriorly
2. No cephalic vesicle Trichostrongylus

Excretory notch present in
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both sexes
Absence of excretory notch  (3)
3. Dorsal lobe of bursa Haemonchus
asyminctrical, barbed
spicules. Large prominent
vulval flap in femalc

Dorsal tobe of bursa is Ostertagia
symmctrical. Vulval flap
small or absent

(b) Strongyleidea

4. Buccal capsule cylindrical Qesophagostomum
Buccal capsule well (5
developed

5. Slight dorsal curvature of Bunostomum
head and prescnce
of cutting plates
Absence of teeth, Chabertia

rudimentary leaf crowns
present

RECOVERY OF LUNGWORMS

For Dictyocaulus, this is best done by opening the air
passages starting from the trachca and cutting down to
the small bronchi with fine, blunt-pointed scissors.
Visible worms are then removed from the opened
lungs and transferred lo glass beakers containing sa-
linc. The worms are best counted immediately, failing
which they should be left overnight at 4°C which will
reduce clumping. Additional worms may be recovered
if the opencd lungs are soaked in warm saline over-
night.

Another methed is Inderbitzen’s madification of
the perfusion technique described by Wolff er af.
(1969) in which the lungs are perfused as follows.

The pericardial sac is incised and reflected to expose
the pulmonary artery in which a 2cm incision is made.
Rubber tubing is introduced into the artery and fixed
in situ by double ligatures. The remaining large blood
vessels are tied off and water from a mains supply
allowed to enter the pulmonary artery. The water rup-
tures the alveolar and bronchiolar walls, flushes out
the bronchial lumina, and is expelled from the trachea.
The fluid is collected and its contents concentrated by
passing through a fine sieve (aperture 38um). As be-
fore, this is best examined immediately for the pres-
ence of adult worms and larvae,

The smaller gencra of lungworms of small rumi-
nants are difficult to recover and enumerate, although
the Inderbitzen technique may be of value.

RECOVERY OF TREMATODE AND
CESTODE PARASITES

For both Fasciola and Dicrocoelium the livers are re-
moved and cut into slices approximately 1cm thick.
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On squeezing the liver slices, any flukes seen grossly
arc removed and formalized and the slices immersed
in warm water overnight, The gall bladder should also
be opened and washed, and any flukes removed.

After soaking, the liver slices are again squeezed,
rinsed in clean water and discarded. Both washings are
passed through a fine sieve (aperture 1004m) and the
material retained formalized. In the case of intestinal
paramphistomes, the first 4m of duodenum should be
tied off, opened, washed and examined for adherent
trematodes.

Counts are carried out microscopically, entire
lukes plus the numbers of heads and tails being re-
corded. The highest number of cither of the latter is
added to the number of entire flukes to give the total
count.

Cestodes arc usnally readily visible in the intestine
or liver, but whenever possible these should be re-
moved intact so that, il nccessary, the head and the
mature and gravid segments are all available for spe-
cialist examination. In the case ol Echinococcus in
canids, however, the worms are so small that the more
detailed examination described in the text should be
undertaken.

OTHER AIDS TO DIAGNOSIS

There are two other techniques which are useful
aids in the diagnosis of trichostrongyle infections in
ruminants. The first is the plasma pepsinogen test
and the second the estimation of infective larvae on
herbage.

Both of these techniques are usually beyond (he
scope of the general practitioner, but a short account is
given here of the material required for these tests, the
basis of the techniques and hew the results may be
interpreted.

THE PLASMA PEPSINOGEN TEST

The estimation of circulating pepsinogen is of value in
the diagnosis of abomasal damage, and is especially
elevated in cases of ostertagiosis. Elevations also
occur with other pgastric parasites such as
Trichostrongylus axei, Haemonchus contortus, and in
the pig Hyostrongylus rubidus.

The principle of the test, which is best carricd out by
a diagnostic laboratory, is that the sample of serum or
plasma is acidificd to pH 2.0, thus activaling the inac-
tive Zymogen, pepsinogen, to the active protcolytic
enzyme pepsin. This activated pepsin is then allowed
1o react with a protein substrate (usually bovine serum
albumin) and the enzyme concentration calculated in
international units (umols tyrosine released per 100ml
serum per minute). The tyrosine liberated from the
protein substrale by the pepsin is estimated by the
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blue colour which is formed when phenolic com-
pounds react with Folin-Ciocalteu’s reagent. The
minimum requirement for the test, as carried out in
most laboratories, is 1.51ml serum or plasma. The anti-
coagulant used for plasma samples is either EDTA or
heparin,

In parasitic gastritis of ruminants due to Osteriagia
spp. and 7. axei the levels of plasma pepsinogen be-
come elevated. [n parasite-free animals the level is less
than 1.0iu of tyrosinc; in moderately infected animals,
it is between 1.9 and 2.0 and in heavily infected ani-
mals il usually exceeds 3.0 reaching as high as 10.0 or
more on occasion. Interpretation is simple in animals
during their first 18 months, but thereafter becomes
difficult as the level may become elevated when older
and immune animals are under challenge. In such
cases the abscnce of the classical clinical signs of diar-
rhoea and weight loss indicates that there arc few
adult parasites present.

PASTURE LARVAL COUNTS

For this technique, samples of grass arc plucked from
the pasture and placed in a polythene bag which is
then sealed and dispatched 1o a laboratory for process-
ing. It is important to take a reasonable number of
random samples, and one method is to traverse the
pasture and remove four grass samples al inlervals
of about four paces until approximately 400 have
been collected; another, primarily for lungworm lar-
vae, 1§ to collect a similar number of samples from the
close proximily of faecal pats. At the laboratory, the
grass is thoroughly soaked, washed and dried and
the washings containing the larvac passed through a
sieve (aperture 38um; 600 to 1 inch) to remove fine
debris. The material rctained on the sieve is then
Baermanized and the infective larvae identified and
counted microscopically under the high power. The
numbers present are expressed as L, per kg of dried
herbage.

Where counts in cxcess of 1000 Ly/kg of ruminant
gastrointestinal trichostrongyles are recorded, the pas-
ture can be regarded as moderately infective and val-
ues of over S000Ly/kg can be expected to produce
clinical disease in young cattle during their first season
at grass,

Although this 1s a usetul technique for detecting the
level of gastrointestinal nematode L, on pastures, it is
less valuable for detecting lungworm larvae becausc of
the rapid fluctuations of these larvae on pastures, A
more sophisticated technique, the Jorgensen method,
which depends on migration of larvae through an agar
medium containing bile, is used in some laboratories
for estimating Dictyocaulus larval populations on pas-
ture; since most lungworm larvae are concenirated
close to faeces, herbage samples should be collected

Veterinary Parasitology

from around faecal deposits. In the present state of
knowledge, the detection of any lungworm larvae in
herbage samples should be regarded with suspicion
and cven a negalive linding does not necessarily imply
that the pasiure is free of infection.

ECTOPARASITES

Arthropods of veterinary interest are divided into two
major groups, the Insecta and the Arachnida. Most are
temporary or permanent ectoparasites, found either in
ot on the skin, with the exception of some flies whose
larval stages may be found in the somatic tissues of the
host, Parasitic insects include flies, lice and fleas, while
the two groups of arachnids of veterinary importance
arc the ticks and mites. In all cases diagnosis of infec-
tion depends on the collection and identification of the
parasite(s) concerned.

INSECTS

Adult dipteran flies visiting animals are usually caught
either by netting or after being killed by insecticides,
while larvac may be collected in areas where animals
are housed or directly from animals where the larval
stages are parasitic. Identification of the common
tlies of veterinary interest, at least 10 generic level, is
fairly simple, the key characters being described in the
main text, whercas identification of larvae to generic
and species level Is rather more specialized and de-
pends on examination of certain features such as the
structure of the posterior spiracles. Publications
dealing with this may be found at the end of the
chapter.

LICE AND FLEAS

The detection of small ectoparasites such as lice and
fleas depends on close examination; in the case of lice,
the cggs, commonly known as ‘nits’, may also be found
attached to the hair or feathers. Fleas may be more
difficult to detect, but the finding of flea faeces in the
coat, which appear as small dark pieces of grit and
which, on contact with moist cotton wool or tissue,
produce a red coloration due to ingested blood, allow
confirmation of infection. Collection may be straight-
forward as in the case of many lice which may be
brushed from the coat or removed by clipping hairs or
feathers. Fleas may be removed by brushing or
vacuum cleaning (see p. 180). Altcrnatively, in the
case of small animals, the parasites may be readily
recovered if the host is placed on a sheet of paper or
plastic before being sprayed with an insecticide. The
gross characteristics of biting and sucking lice, and a
key to the fleas which are commonly found on domes-
tic animals are described in the text.
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TICKS

Ticks are easily recognize, on their hosts, especially
when they are engorged, but care should be taken in
their removal since their mouthparts are usually firmly
embedded in the skin. The tick may be persuaded to
withdraw its mouthparts if a piece of cotton wool,
soaked in anaesthetic, is placed around it or, alterna-
tively, if something hot is held near its body.

One of the simplest methods used to recover ticks
from pasture is to drag a blanket over the ground to
which the unfed ticks become attached as they would
to a host. Specific identification of the large variety of
ticks which parasitize domestic animals is a specialized
task. For those of western Europe, a key is given in
Table 5, page 185.

MITES

Some non-burrowing mites such as Otodectes and
Cheyletiella can be found by close examination. For
example, Qiodectes may be seen either on examina-
tion of the external auditory canal using an aurescope
or on microscopic examination of ear wax removed by
means of a swab; likewise, rigorous brushing of the
coat and subsequent microscopic examination of
this material will wsually confirm infection with
Cheyletiella. For the demonstration of some non-bur-
rowing and burrowing mites ii is often necessary to
obtain a skin scraping which is subsequently examined
microscopically. The area selected for scraping should
be at the edge of a visible lesion and the hair over this
area should be clipped away. A drop of lubricating oil
such as liquid paraffin is placed on a microscope slide
and a clean scalpel blade dipped in the oil before using
it to scrape the surface of a fold of atfected skin. Scrap-
ing should be continued until a slight amount of blood
oozes from the skin surface and the material obtained
then transferred to the oil on the slide. A coverslip
should then be applicd and the sample examined un-
der low magnification (x100). If during this initial
examination no mites are detected a further sample
may be heated on a slide with a drop of 10% caustic
potash. After aliowing this preparation to clear for 5-
10 minutes it should be re-examined.

PRESERVATION

Most adult arthropods and their developing stages
may be preserved satisfactorily in 70% alcohol in
small glass or plastic tubes. A plug of cotton wool
should be pushed down the tube to limit damage dur-
ing transit and the (ube firmly corked and labelled.
Otherwise, the specimen may be pinned through the
thorax on to the cork stopper of a specimen tube, but
this is best left to the specialist for all but the largest
flies.
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PROTOZOAL INFECTIONS

The laboratory diagnosis of protozoal diseases is often
relatively straightforward and well within the scope of
the general practitioner, athough on other occasions it
may require specialized techniques and long experi-
ence. This section is concerned primarily with rhe
former and supplements the information already
given in the general text.

EXAMINATION OF FAECAL SAMPLES

The McMaster flotation method is the simplest tech-
nique for detecting the presence and estimating the
number of coccidial oocysts in faeces. The technique
is exactly the same as that described for
helminthological diagnosis although the small size of
the oocysts makes the microscopic examination more
prolonged. If the animal has acute clinical signs of
coccidiosis, such as blood-stained faeces, and many
thousands of oocysts are present, one may reasonably
consider that the diagnosis is confirmed. Unlortu-
natcly, with the more pathogenic species of coccidia,
clinical signs may appear during the schizogonous
phase or when oocyst production has just started, so
that a negative or low cocyst count does not necessar-
ily indicate that the clinical diagnosis was wrong, The
oocyst count is also of little value in the less acute
coccidial infections associated with production losses.
In general, because of the limitations of the oocyst
count, a postmortem examination, at least on poultry,
is always advisable.

For the detection of intestinal protozoa such as
Entamoeba, Giardia or Balantidium, a small amount
of fresh faeces may be mixed with warm saline and
examined under a warm stage microscope for the pres-
ence of trophozoites or cysts. However, their identifi-
cation requires considerable experience and faccal
samples preserved in formalin or polyvinyl alcohol
may be sent to a specialist laboratory for confirmation.

The diagnosis of suspected Cryprosporidium infec-
tion depends on the examination of faecal smecars
stained by the Ziehl-Niclsen technique, the small
thin-shelled oocysts appcaring bright red.

EXAMINATION OF BLOOD AND LYMPH

Thin blood smears stained with Romanowsky dyes,
such as Giemsa or Leishman, and examined under an
oil immersion lens are commonly used for the detec-
tion of trypanosomes, babesial and theilerial
piroplasms and rickettsial infections such as
anaplasmosis, ehrlichiosis and eperythrozoonosis. On
other occasions, ncedle biopsics of enlarged lymph
nodes may be similarly stained for the detection of
trypanosomes (especially Trypanosoma brucei or T.
vivax) or theilerial schizonts.
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In trypanosomosis, the parasitaemia may be light
and the chance of a positive diagnosis is increased if
a thick blood film, dehaemoglobinized by immersing
the slide in water before eosin staining, is used.
For this a drop of fresh blood, with no added anti-
coagulant, is gently stirred on a slide to cover an area
of about 10mm diameter and allowed to dry. Sub-
sequently it may be stained by Field’s technique as
follows.

Field’s stain
Preparation of solutions:

Solution A Methylene blue N4g
Azure [ 025¢g
Solution B 250ml

Solution B Na,HPO,12H,0 252p
KH,PO, 12.5g
Distilled water 1000 ml

Solution C Eosin N5g
Solution B 250ml

These solutions do not keep and should be freshly
prepared each day.

(1) Dip slide in solution A

(2} Rinse in solution B

{3} Dipslide in C

(4) Rinse in tap water

(5) Stand upright to drain and dry.

1 to 3 seconds
2 to 3 sceconds
1 to 3 seconds
2 to 3 seconds

This technique is commonly used in large-scale survey
work in the field.

A particularly efficient diagnostic technique for
trypanosomosis, described earlier in the text, is the
examination, under darkground illumination, of the
expressed buffy coat of a microhaematocrit tube for
the detection of motile trypanosomes.

The inoculation of mice with fresh blood from sus-
pected cases of Trypanosoma congolense or T, brucei
infection is another commaon technique practised in
the ficld. Three days later the tail blood of such
mice should be examined and subsequently daily
therealier for aboul three Lo four weeks to cstablish if
trypanosomes are present.

The detection of specific antibody in a specialist
laboratory may also be useful in the diagnosis of
scveral protozoal diseases such as theileriosis,
trypanosomosis, inciuding T. cruzi infection, babe-
siosis, cryptosporidiosis and rickettsial infections such
as anaplasmosis and ehrlichiosis. However a posilive
result does not necessarily imply the presence of a still
active infection, but simply that the animal has at some
time been exposed to the pathogen. An exception to
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this interpretation is the diagnosis of suspected
toxoplasmosis in sheep, where rising antibody levels
over a period of several weeks are reasonable
evidence of recent and active infection.

EXAMINATION OF SKIN

Histological examination of skin biopsies or scrapings
from the edges of skin ulcers, suspected to be due to
leishmaniosis, may be used to demonstrate the
amastigotc parasites in the macrophages.

In dourine, caused by Trypanosoma equiperdum,
fluid extracted from the cutaneous plaques usually of-
fers a better chance of detecting trypanosomes than
blood smcars.

Finally, although not within the province of the gen-
eral practitioner, the use of xenodiagnosis as a diag-
nosiic lechnique should be noted. This is used to
detect protozoal infections such as babesiosis,
thieleriosis or Trypanosoma cruzi infection where the
parasite cannot be found easily. It consists of allowing
the correct intermediate host, such as a tick or a
haematophagous bug, to [ced on the animal. These
arthropod vectors have, of course, to be reared in the
laboratory so that they are free from infection. After
feeding, the arthropod host is maintained for several
weeks to allow any ingested organisms to multiply,
after which it is killed and examined for evidence of
infection. Although a valuable technique, especially
for the detection of carrier states, the method has the
disadvantage that the diagnosis may take several
weeks.
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HOST/PARASITE LISTS



PARASITES OF CATTLE
HELMINTHS
Oesophagus and forestomachs

Cevlonocotyle spp.
Cotylophoron spp.
Gongylonema verrucosum
Paramphistomum spp.

Abomasum

Haemonchus contortus
Haemonchus similis

Mecistocirrus digitatus

Ostertagia (Skryabinagia) kolchida
Ostertagia leptospicularis
Ostertagia (Skryabinagia) lyrata
Ostertagia ostertagi
Trichostrongylus axei

Small intestine

Agriostonmuim vryvburgi
Avitelling centripunctata
Bunostomum phlebotomum
Cooperia oncophora
Cooperia pecfinata
Cooperia punciata
Cooperia surnabada
Moniezia benedeni
Moniezia expansa
Nematodirus battuy

Nemaiodirus helvetianus
Paracooperia nodulosa

Stilesia globipunctata
Strongyloides papillosus
Toxocura vitulorum
Trichostrongylus colubriformis
Trichustrongylus longispicularis

Large intestine

Homologasier spp.
Qesophagostonugn radiatum
Trichuris discolor

Trichuris globulosa

Liver and pancreas

Cysticercus tenuicollis
Dicocoelium dendriticum
Dicocoelium hospes
Lurytrema pancreaticum
Fasciola giguntica
Fuasciola hepatica
Fascioloides magna
Gigantocotyle spp.
Hydatid cysts

Lungs

Dictyocaulus viviparus
Hydatid cysts
Mammomonogamus laryngeus
Mammomonogamus rasicola
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Blood vessels

Elaeophora poeli
Onchocerca armillara
Orientobilharzia trkestanica
Schistosoma bovis
Schistosoma japonicum
Schistosoma leiperi
Schistosoma mattheei
Schistosoma nasalis
Schistosoma spindale

Muscle, skin and connective tissue

Cysticercus bovis
Onchocerca spp.
Farafilaria bovicola
Setaria labiato-papillosa
Stephanofilaria spp.

Brain

Coenurus cerebralis

Eye
Thelazia spp.

ARTHROPODS

Flies

Calliphorids
Dermatobia hominis
Glossing spp.
Hypoderma bovis
Hypoderma lineatum
Midges

Muscids

Simulium spp.
Stomoxys colcitrans
Tabanids
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Lice

Damalinia bovis
Haematopinus eurysternus
Linognathus vimli
Solenopotes capillatus

Ticks

Ixodes ricinus
Ixodid ticks

Mites

Chorioptes bovis
Demaodex bovis
Psoroptes ovis
Sarcoptes scabiei

PROTOZOA/RICKETTSIA

Anaplasma centrale
Anaplasma marginale
Babesia bigemina
Babesia bovis

Bahesia divergens
Babesia major

Besnoitia besnoiti
Cryptosporidium parvum
Cytoecetes ondiri
Ehrlichia (Cytoecetes) phagocytophila
Eimeria boviy

FEimeria zuernii
Eperythrozoon wenyoni
Neospora caninum
Sarcocystis spp.

Theileria annulata
Theileria parva
Trichomonas foetus
Trypanosoma spp.




PARASITES OF SHEEP AND GOATS
HELMINTHS '
Oesophagus and forestomachs

Cotylophoron spp.
Gongylonema pulchrum
Paramphistomum spp.

Abomasum

Haemonchus contortus

Marshallagia marshalli

Ostertagia {Teledorsagia) circumcincta
Ostertagia trifurcata

Parabronema spp.

Trichostrongylus axei

Small intestine

Avitellina centripunctata
Bunaostomum trigonocephalum
Cooperia curticei
Cooperia surnabada
Gaigerig pachyscelis
Moniezia expansa
Nematodirus battus
Nematodirus filicollis
Nematodirus spathiger
Strongyloides papillosus
Trichostrongylus capricoly
Trichostrongyius vitrinus

Large intestine

Chabertia avina

Oesphagostomum columbianum
Qesphagostomum venulosum
Skriabinema ovis

Trichuris ovis

Trichuris skrjabini

Liver

Cysticercus tenuicollis
Dicrocoelium dendriticum
Dicrocelium hospes
Fasciola gigantica
Fasciola hepatica
Fascioloides magna
Hydatid cysts

Stilesia hepatica
Thysanosoma actinioides

Lungs

Cystocaulus spp.
Dictyocaulus filaria
Hydatid cysts

Muellerius capillaris
Neostrongylus spp.
Protostrongylus rufescens
Spiculocaulus spp.

Biood vessels

Elaeophora schneideri
Schistosoma spp.

Muscle, skin and connective tissue

Cysticercus ovis
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Brain

Coenurus cerebralis

ARTHRQOPODS
Fliog

Calliphora spp.
Chrysomya spp.
Cochliomyia spp.
Gedoelstia spp.
Hydrotaea spp.
Lucilia spp.
Melophagus ovinus
Muscid flies
Oestrus ovis
Phormia spp.
Przevalskiana spp.

Lice
Damalinia ovis

Linognathus ovillus
[inognathus pedalis

Mites

Charioptes bovis
Demodex ovis

ue
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Psorergates ovis
Psoroptes ovis
Sarcoptes scahiei

Ticks

Ixodes ricinus
Ixodid ticks

PROTOZOA/RICKETTSIA

Babesia motasi

Babesia ovis

Coxiella burnetti
Cryptosporidium parvum
Ehrlichia (Cytoecetes) phagocytophila
Eimeria arloingi

Eimeria crandallis
Eimetia ovinoidalis
Fimeria spp.
Eperythrozoon ovis
Sarcocystis spp-

Theileria hirci
Toxoplasma gondii
Trypanosomda spp.




PARASITES OF PIGS
HELMINTHS
Oesophagus and stomach

Ascarops strongylina
Gnathostoma doloresi
Grathostorma hispidum
Gongylonema pulchrum
Hyostrongylus rubidus
Ollulanus tricuspis
Physocephaluy sexalatus
Simmondsia paradoxa
Trichostongylus axei

Small intestine

Ascaris suvm

Fasciolopsis buski
Macracanthorhynchus hirudinaceus
Strongyvioides ransomi

Trichinella spiralis

Large intestine

Oesophagostomum brevicaudum
Oesophagostomum dentatum
Qesophagostomum granatensis
Oesophagostomum longicaudatum
Oesophagostomum quadrispinulatum
Trichuris suis

Lungs
Metastrongylus apri

Metastrongylus pudendotectus
Metastrongylus salmi

Liver

Cysticercus tenuicollis
Fasciola hepatica
Hydatid cysts

Blood vessels
Schistosoma spp.

Muscle, skin and connective tissue

Cysticerus cellulosae
Trichinella spiralis

Kidneys

Stephanurus dentatus

ARTHROPODS
Flies

Glossina spp.
Muscids

Lice
Haematopinus suis
Mites

Demodex phylloides
Sarcoptes scabiei
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PROTOZOA/RICKETTSIA

Babesia perroncitoi
Babesia trautmanni
Balantidium coli
Cryipasporidium parvim
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Eimeria debliecki
Eperythrozoon suis
Isospora suis
Sarcocystis spp.
Trypanosoma simiae
Trypanosoma spp.

i




PARASITES OF HORSES AND DONKEYS
HELMINTHS
Stomach

Draschia megastoma
Habronema microstoma
Habronema muscae
Trichostrongylus axei

Small intestine

Anoplocephala magna
Anoplocephula perfoliata
Paranoplocephala mammillana
Parascaris equorum
Strongvivides westeri

Large intestine

Anoplocephala perfoliata
Cyathostomes/Trichonema spp.
Cyathostomum spp.
Cylicocyclus spp.
Cylicadontophorus spp.
Cylicostephanus spp.
Gastrodiscus spp.

Oxyuris equi

Probstmayria vivipara
Strongylus edentatus
Strongylus equinus
Strongylus vulgaris
Triodontophorus brevicauda
Triodontophorus minor

Triodontophorus serratus
Triodontophorus tenuicollis

Lungs

Dictyocaulus arnfieldi
Hydatid cysts

Liver

Fasciola hepaiica
Hydatid cysts

Blood vessels

Elaeophora bohmi
Schistosoma spp.

Muscle, skin and connective tissue

Onchocerca reticulata
Parafilaria multipapillosa
Setaria equina

Brain
Halicephalobus (Micronema) deletrix
Eye

Thelazia lacrymalis

ARTHROPODS
Flies

Culicoides spp.
Dermatobia hominis
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Gasterophilus haemorrhoidalis
Gasterophilus inermis
Gasterophilus intestinalis
Gasterophilus nasalis
Gasterophilus nigricornis
Gasterophilus pecorum
Hippobosca spp.
Muscids

Simulium spp.

Stomaxys calcitrans
Tabanids

Lice

Damalinia equi
Haematopinus asini

Mites

Chorioptes equi
Demodex equi

Veterinary Parasitology

Harvest mites
Psoroptes cunicul
Psoroptes equi
Sarcoptes scabiei

Ticks
Ixodid ticks

PROTOZOA/RICKETTSIA

Babesia caballi

Babesia equi
Cryprosporidium parvum
Ehrilichia risticii
Ehrlichia equi

Limeria leuckarti
Sarcocystis spp.
Toxoplasma gondii
Trypanosoma spp.
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PARASITES OF DOGS AND CATS
HELMINTHS
Qesophagus

Spirocerca lupi

Siomach

Grathostoma spinigerum
Qilulanus tricuspis
Physaloptera spp.
Spirura ritypleurites

Small intestine

Alaria spp.

Ancylostoma braziliense
Ancylostoma caninum
Ancylostoma tubaeforme
Diphyliobothrium latum
Dipylidium caninum
FEchinococcus granulosus
Echinococcus multilocularis
Nanophyetus spp.
Spirometra spp.
Strongyloides sterocoralis
Taenia hydatigena
Taenia krabbei

Taenia multiceps

Taenia ovis

Taenia pisiformis

Taenia serialis

Taenia taeniveformis

Toxascaris leonina
Toxacara canis
Toxocara cati
Trichinella spiralis
Uncinaria stenocephala

Large intestine

Trichiiris serrata
Trichuris vulpis

Lungs

Aelurostrongylus ahstrusus
Anafilaroides spp.
Capillaria aerophila
Crenosoma vulpis
Filaroides hirthi

Filaroides milksi
Mammomonogamus lerei
Metathelazia spp.

Oslerus (Filaroides) osleri
Paragonimus spp.

Liver

Capillaria hepatica
Metorchis spp.
Opistorchis spp.
Platynosomum fastosum

Blood vessels

Angiostrongylus vasorum
Dirofilaria immitis
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Gurltia spp.
Schistosoma incognirum

Muscle, skin and connective tissue

Dipetalonema reconditum

Dirofilaria repens
Rhabdits spp.
Eye

Thelazia californiensis

Urinary tract

Capillaria plica
Dioctophyma renale

ARTHROPODS
Flies

Glossina spp.
Mosquitoes
Sand flies

Lice

Felicola subrostratus
Linognathus setosus
Trichodectes canis

Fleas

Ceratophyllus gallinae
Cienocephalides canis
Ctenocephalides felis
Pulex irritans
Spilopsvilus cuniculi

Ticks

Ixodes canisuga

Veterinary Parasitology

Txodid ticks
Ortobius megnini

Mites

Cheyletiella blakei
Cheyletiella yasguri
Demodex canis

Harvest mites
Notoedres cati
Otodectes cynotis
Preumonyssus caninum
Sarcoptes scabiei

Pentastomids

Linguatlua serrata

PROTOZOA/RICKETTSIA

Babesia canis

Babesiu felis

Babesia gibsoni
Besnoitia besnoiti
Cryptosparidium parvum
Cytauxzoon spp.
Ehrlichia canis
Encephalitozoon cuniculi
Entamoeba histolytica
Giardia lamblia
Haemobartonella felis
Hammondia hammondi
Hepatozoon canis
Isospora canis

Isospora felis

Isospora ohioensis
fsospora rivolta
Leishmania spp.
Neorickentsin helminthoeca
Neovspora caninum
Sarcocystis spp.
Toxoplasma gondii
Trypanosoma spp.
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PARASITES OF DOMESTIC BIRDS
HELMINTHS
Qesophagus and crop

Capillaria contorta
Gongylonema ingluvicolu
Ornithostrongylus quadriradiatus

Proventriculus

Dispharynx spp.
Echinuria spp.
Tetrameres spp.

Gizzard

Amidostomurm anseriy
Cheilospirura spp.
Histiocephalus spp.
Streptocara spp.

Small intestine

Amoebotaenia sphenoides
Ascaridia columbae
Ascaridia dissimilis
Ascaridia galli

Capillaria caudinflat
Capillaria obsignata
Choanotaenia infindibulum
Davainea proglotting
Filicollis spp.

Hartertia spp.
Polymorphus spp.

Raillietina echinobothridia
Strongyloides avium
Trichostrongylus tenuis

Large intestine

Heterakis gallinarum
Heterakis isolonche
Trichostrongylus tenuis

Lungs

Syngamus trachea

ARTHROPODS
Flies
Pseudolynchia spp.

Lice

Columbicola spp.
Cucloioguster spp.
Cioniocotes spp.
Goniodes spp.
Holomenopon spp.
Lipeurus spp.
Menacanthus spp.
Menopon spp.

Fleas

Ceratophyllus gallinae
Echidnophaga gaellinacea
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Mites

Dermanyssus gallinae
Knemidocoptes gallinae
Knemidocoptes mutany
Knemidocoptes pilae
Laminvsioptes cysticola
Ornithonyssus bursa
Ornithonyssus sylvarium

Ticks

Argas persicus
Argas reflexus

Veterinary Parasitology

PROTOZOA/RICKETTSIA

Aegyptianellia pullorum
Cryptosporidivm baileyi
Cryprosporidium meleagridis
Eimeriu spp.
Haemoproteus spp.
Hexamita meleagridis
Histomonas meleagridis
Leucocytozoon spp.
Plasmodium spp.
Toxoplasma gondii
Trichomonas gallinae




SOURCES OF FURTHER INFORMATION

General information on parasites of veterinary inter-
esl and the diseases they cause is published in a widc
variety of textbooks and journals dealing with, for
example, internal medicine, pathology and animal dis-
ease research.

The following list of books and journals is suggested
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aspects of veterinary parasitology, but anyone with
access to the literature retrieval systems of a modern
library can easily obtain the most up to date informa-
tion available on any parasite,

TEXTBOOKS
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INDEX

ACANTHOCEPHALA, 100
Acanthor, definition of, 100
Acaricides, 186
ACARINA, 180
Aedes, 148
Aegyptianella pullorum, 252
Aelurostrongylus abstrusus, 62
Agriostomum vryburgi, 57
Alae, caudal and cervical, definition of, 6
Alaria, 120
Amastigote, definition of, 219
Amblyomma spp., 185
Amidostomum anseris, 42
Amoebotaenia sphenoides, 135
Anafilaroides, 65
Anaplasma spp., 250
Ancylostoma spp., 53
Angiostrongylus spp., 64
Anisakid infection, 77
Anopheles, 148
Anoplocephala spp., 130
ANGPLOCEPHALIDAE, 130
ANOPLURA, 169
Anterior station development of (rypanosomes, 212
Anthelmintics, review of, 268
APICOMPLEXA, 211
ARACHNIDA, 180
Argas spp., 188
ARGASIDAE, 188
Arista, definition of, 144
Arrested larval development, 9
ARTHROPODA

classification, 142

definition, 141

structure and function, 141
Ascariosis of

cattle, 72

dogs and cats, 69, 71, 73

horses, 74

man, 69

pigs, 67

poultry, 75, 76
Ascaridia spp., 75
ASCARIDOIDEA, 67
Ascaris suum, 67
Ascarops strongylina, 84
Avitellina centripunctata, 137

Babesia spp., 242

Babesiosis of
cats, 246
cattle, 244
dogs, 246

horses, 245

man, 246

pigs, 246

sheep and goats, 245
Baerman tcchnique, 277
Balantidium coli, 249
Besnoitia besnoiti, 241
Bilharziasis, 120
‘Black discase’ of sheep, 109
Blackflies (Sirmnuldium spp.), 146
‘Blackhead’ of turkeys, 222
Blowfly myiasis, 158
Boophilus spp., 186
Bot flies (Qestrus ovis, Gasterophilus spp.), 163, 164
Bothria, definition of, 137
BRACHYCERA, 144, 151
Bradyzoite, definition of, 234
Brood capsules, definition of, 122
Bursa, definition of, 6
Brugia spp., 94
Bulinus, 115, 117
Bunostomum spp., 56

Calliphora spp., 159
CALLIPHORIDAE, 158
Callitroga (Cochliomyia) spp., 161
Capiflaria spp., 96
Camponoius, 115
Cephaloping (Cephalopsis), 167
Cephalopsis (Cephalopina), 167
Cephenemyia spp., 167
Ceratophyllus gallinae, 180
CERATOPOGONIDAE, 145
Cercariae, definition of, 103, 118
Cerebrospinal nematodosis, in
deer, 60
man, 64
sheep and goats, 93
CESTODA, 120
Ceylonocotyle, 116
Chabertia ovina, 47
Chagas’ Discase, 217
Chancre in trypanosomiasis, 214
Cheilospirura, 85
Chelicerae, definition of, 180
Cheyletiella spp., 202
Choanotaenia infundibulum, 135
Chorioptes spp., 200
Chorioptic mange, 200
Chrysomyia spp., 159, 161
Chrysops, 151
Cilia, definition of, 209
CILIOPHORA, 249
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Clonorchis sinensis, 117
Clostridium perfringens, 109
Cnemidocoptes (Knemidocoptes) spp., 193
COCCIDIA, 224

differential characters of poultry coccidia, 229

major features of life cycles of coccidia, 241
Coccidiosis of

cattle, 231

dogs and cats, 232

horses, 232

pigs, 232

poultry, 228

rahbits, 232

sheep and goals, 231
Cochliomyia (Callitroga) spp.. 161
Coenurus, definition of, 122
Coenurus cerebralis, 125

C. serialis, 126
Colurnbicola, 170, 175
Cooperia spp., 26
Coracidium, definition of, 137
Cordylobia anthropophaga, 161
Cotylophoron, 116
Coxielln burnetii, 252
Crenosoma vulpis, 65
Crivellia (Przevalskiana) spp., 166
Cryptospaoridium, 233, 241
Ctenidia, definition of, 177
Ctenocephalides spp.. 177
Cuclotogaster, 170
Culex, 148
CULICIDAE, 148
Culicoides, 145
Cutaneous larva migrans, 55, 120
Cyathostomum, 46
Cylicocyclus, 46
Cylicodontophorus, 46
Cylicostephanus, 46
CYCLOPHYLLIDEA, 120

families, 122

life cycle, 122

structure and function, 120
CYCLORRHAPHA, 153, 144
Cystacanth, definition of, 100
Cysticercoid, definition of, 122
Cysticercus, definition of, 122
Cysticercus bovis, 123

C. cellulosae, 124

C. fasciolaris, 126

C. ovis, 126

C. pisiformis, 126

C. tarandi, 123

C. tenuicollis, 126
Cystocaulus, 59
Cystoisospora, 226
Cytauxzoon, 249
Cytoecetes { Ehrlichia), 246

Index

Cylostome, definition of, 209

Damalinia, 169
Davainea proglotting, 135
DAVAINEIDAE, 135
Demodex spp., 194
‘Depluming itch’, 194
Dermacentor spp., 185
Dermanyssus gallinae, 203
Dermatobia hominis, 165
Diagnosis, laboratory, 276

of ectoparasitic infections, 282

of helminth infcctions, 276

of protozoal infections, 283
Dichoptic cyes, definition of, 142
DICROCOELIIDAE, 113
Dicrocoelium, 113
Dictyocaudus spp., 35

L. arnfieldi, 39

D. filaria, 41

D. viviparus, 35
DIGENEA, 102

structure and function, 102

life cvele, 102
Dioctophyma renale, 99
DIOCTOPHYMATOIDEA, 99
DILEPIDIDAE, 133
Dipetalonema reconditum, 91
Diphyllobothrium latum, 137
DIPLOSTOMATIDAE, 20
DIPTERA, 143

classification, 145
Dipylidivm caninum, 133
Dirofilaria spp., 88
Dispharynx, 85
Dourine, 218
Draschia megastoma, 82

East Coast Fever, 247
Echidnophaga gallinacea, 180
Echinococcus granulosus, 127
E. muliiloculuris, 129
Echinuria, 85
Ectoparasiticides, general review, 272
Egg-counting technigucs, 276
Fhriichia, 252
Eimeria, 224
important species, 224
general aspects, 226
EIMERIIDAE, 224
Elaeophora spp., 93
Elaphostrongylus cervi, 60
Embryophwore, definition of, 121
Encephalitozoon cuniculi, 250
Endodyogeny, definition of, 235
Entamoeba histolytica, 211
Enterobius vermicularis, 79



Enterchepatitis, infectious of turkeys, 222

Eperythrozoon spp., 252

Epidemiology of parasitic diseases, general review,
257

Epimastigote, definition of, 214
Eukaryotic organisms, 209
Eurytrema pancreaticum, 115
Eutrombicula, 205

Exsheathment of nematode larvac, 8

Face fly (Musca awtumnalis), 133
Fannia, 153
Fasciola spp., 103
Fasciolosis of
cattle, 110
sheep, 109
FASCIOLIDAE, 103
Fascivloides magna, 113
Fasciolopsis buski, 113
Felicola, 169
Festoons, definition of, 181
Filariosis in man, 94
FILARIOIDEA, 85
Filaroides spp., 62
Filicollis, 11
Flagellum, definition of, 209
Fleas (SIPHONAPTERA), 176
of birds, 180
of mammals, 177
Forest flies (Hippobosca spp.), 168
Formica, 113

Gaigeria puchyscelis, 57
Gametogony, definition of, 210
‘Gapes’ (Syngamus trachea), 52
Gasterophilus spp., 164
Gastrodiscus, 116

Credoelstia, 167

Giardia lamblia, 224

‘Gid', 125

Giganrocotyle, 116

Globidium (Eimeria leuckart), 232
Glossina spp., 157, 212
Gnuthostoma spp., 83
Gongylonema spp., 84
Goniocotes gallinae, 170, 176
Goniodes spp., 170, 176
Gubernaculum, dcfinition of, 6
Gurltia, 65

Habronema spp., 81
Haemaphysalis spp., 184
Haematobia spp., 156
Haematobosca, 156
Haematopinus spp., 169
Haematopota, 151
Haemobartonella, 252

Index

Haemocoele, definition of, 141
Haemonchus spp., 19
Hacmonchosis of

cattle, 22

goats, 22

sheep, 19
Haemoproteus, 249
HAEMOSPORIDIA, 249
Halicephalobus deletrix, 67
Halteres, definition of, 143
Hammondia, 241
Hard ticks, 181
Hartertia, 85
Headfly ({{ydrotaca irritans), 154
Heartworm of dogs, 88
Hemimetabolous life cycle, 143
Hepatitis cysticercosa, 126
Hepatozoon, 241
IHeterakis spp., 76
Heterodoxus, 170
Hexamita meleagridis, 223
Hippobosca spp., 168
HIFPOBOSCIDATL, 167
Histiocephalus, 85
Histomonas meleagridis, 222,77
Holomenopon, 170, 176
Holometabolous life cycle, 143
Holoptic eyes, definition of, 142
Homologaster, 116
Hookworms, 42, 53 -

of dogs and cats, 53

of man, 57

of ruminants, 56
Horn flies (Haematobia spp.), 156
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Horse flies (Tabanus, Haematopota, Chrysops). 151
Hosts, final, inlermediate, paratenic and transport, 7,

70, 76

House flies (Musca spp.), 153
Hyalomma spp., 186
Hydatid

definition of, 122

disease, 128, 129
Hydrotaea spp., 154
HYMENOLEPIDIDAE, 136
Hymenolepis nana, 136
Hyostrongylus rubidus, 28
Hypobiosis, definition of, 9
Hypoderma spp., 161

infection in cattle, 162

infection in other animals, 163
Hypopharynx, definition of, 143
Hypostome, definition of, 180

Immunity to parasitic diseases, general review, 264

Inhibited larval development, 9
INSECTA, classification of, 142
Insecticides, general rcview, 272
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Instar, definition of, 143

fsospora spp., 226, 238
gencral aspects, 226

Ixodes spp., 182

IXODIDAE, 181
ixodid ticks outside Europe, 184, 185
key to ticks of W. Europe, 185

‘Ked’, sheep, 168
Keratoconjunctivitis, infectious bovine, 154
Knemidocoptes (Cremidocoptes) spp., 193

Labella, description of, 152, 153, 155
Labium, definition of, 143
Labrum, definition of, 143
Laminosioptes cysticola, 197
Leaf crowns, definition of, 6
Letshmania spp., 218
Leishmaniosis, 218
Leptotrombidium, 205
Leucocytozoon, 249
Linguatula serrata, 203
Linognathus spp., 169
Lipeurus spp., 170
Liporyssus (Ornithonyssus), 204
Lipaptena, 169
‘Lizard potsoning’, 115
Loa loa, 94
Louse infestation in

birds, 175

cattle, 171

dog and cat, 175

cquines, 174

pigs, 174

sheep, 173
Lucifia spp., 159
Lyme disease, 184
Lymnaea spp., 103

ccology, 104
Lyperosia (Haematobia), 156

Macracanthorhynchus hirudinaceus, 100
Macrogametocytes, definition of, 225
Mal dc caderas, 218
Malaria

of birds, 249

of humans, 249
MALLOPHAGA, 169
Mammomonogamus spp., 533
Mandibles and maxillae of insects, 143
Mange,

chorioptic, 200

demodectic, 194

knemidocoptic, 193

notoedric, 193

otodectic, 201

psorergatic, 201

Index

psoroptic, 197

sarcoptic, 191

skin scrapings, 284
Mansonella ozzardi, 94
Margaropus (Boophilus), 186
Marshallagia marshalli, 19
MASTIGOPHORA, 212
McMaster technique, 276
Mecistocirrus digitatus, 23
Melophagus ovinus, 168
Menacanthus, 170
Menopon, 170, 176
Merozoite, definition of, 210
Mesocestoides, 136
MESOCESTOIDIDAE, 136
Melacercaria, definition of, 103
Metacestodes, definition of, 122
Metacyclic trypanosomes, definition of, 214
Metastrongyles of

dogs and cats, 60

pigs, 57

sheep and goats, 59
METASTRONGYLOIDEA, 57
Metastrongylus spp., 57
Merathelazia, 65
Mcieorological forecasting of

F. hepatica infection, 110

N. battus infection, 33
Metorchis, 117
Microfilaria, 86
Microgametocytes, definition of, 225
Micronema, 65
MICROSPORA, 250
Midges (Culicoides spp.), 143
Miracidium, delinition of, 102
Mites, 182

burrowing, 189

non-burrowing, 197

partially parasitic, 204
Moniezia spp., 132
MONOGENEA, 102
Moraxella bovis, 154
Movrellia, 153
Mosquitoes (CuLICIDAE), 148
Muellerius capillaris, 59
Musca spp., 153
MUSCIDAE, 153
Muscina, 154
Multiceps (Taenia) multiceps, 125
Myiasis, definition of, 158

blowfly, 158

oestrid, 164

screw worm, 161

tumbu fy, 161

Nagana, 212
Nanophyetus, 116



Necator americanus, 57
NEMATHELMINTHES, 3
NEMATOCERA, 144, 145
NEMATODA, 4

basic life cycle, 7

classification, 3

key to alimentary nematodes of cattle and sheep,

279

metabolism, 9

structure and function, 4
Nematodirus, 29

battus, 29

other species, 31
Neaascaris (Toxocara) vitulorum, 72
Neospaora caniniem, 238
Neorickettsia helminthoeca, 117
Neostrongylus, 59
Neotrombicula, 204
Notoedres cati, 193

Ocelli, definition of, 142
Oedemagena tarandi, 167
Oesophagostomum spp., 49
OESTRIDAE, 161
Oestrus ovis, 163
Ollulanus tricuspis, 42
Onchocerca spp.. 91
Onchocercosis

boving, 92

equine, 91

human, 94
Onchosphere, definition of, 121
Oocyst, definition of, 225
OPISTHORCHUDAE, 117
Opisthorchis spp., 117
ORIBATIDAE, 130
Orientobitharzia (Schistosoma), 117
Ornithodoros spp., 189
Ornithonyssus (Liponyssus), 204
Ornithostrongylus quadriradiatus, 42
Oslerus (Filaroides) osleri, 60
Ostertagia spp., 10
Ostertagosis of,

cattle, 12

goats, 19

sheep, 17
Otobius megnini, 189
Orodectes cynotis, 201
Oxyspirura, 85
Oxyuris equi, T7
OXYUROIDEA, 77

Paedogenesis, definition of, 102

Papillae, caudal and cervical, definition of, 6
Parabronema, 89

Paracooperia nodulosa, 28

Parafilaria bovicola, 86

Index 305

P. mutipapillosa, 87
Paragonimus, 116
PARAMPHISTOMATIDAE, 115
Paramphistomum spp., 115
Paranoplocephala mamiflana, 132
Parascaris equorum, 74
Parasitic bronchitis of

cattle, 35

horses, 39

pigs, 57

shecp, 41
Parasitic gastroenteritis (PGE) in sheep, treatment

and control, 32
Parelaphostrongylus tenuis, 60
Parthenogenesis, 66, 172
Pediculosis (louse infestation}, 171
PENTASTOMIDA, 205
Periparturicnt Rise (PPR}, 10
Phiebotomus, 148
Phormia spp., 1539
PFHTHIRAPTERA, 169
Physaloptera spp., 85
Physocephalus sexalatus, 84
Physopsis, 117
Pilobolus, 37
PIROPLASMIDIA, 242
Pianorbis, 115
Plasma pepsinogen test, 281
Plasmodium spp., 249
PLATYHELMINTHES, 102
Platynosomum fastosum, 115
Plerocercoid, definition of, 137
Preumocystis carinii, 250
Preumonyssus caninum, 204
Polymorphus, 101
Posterior station development of trypanosomes, 212
Prenatal (transplacental) infection, 51, 70, 110, 123,

236
Prepatent period, definition of, 8
Probstmayria vivipara, 79
Procercoid, definition of, 137
Proglottid, definition of, 120
Prokaryotic, definition of, 209
Promastigote, definition of, 219
Protostrongylus, 59
PROTGZCA

classification, 210

structure and function, 209
Przevalskiana (Crivellia) spp., 166
Pseudolynchia, 169
PSEUDOPHYLLIDEA, 137
Pseudopodia, definition of, 209
Psorergates ovis, 201
Psoroptes spp., 197
Psoroptic mange of

sheep, 197

other livestock, 200
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PSYCHODIDAE, 147

Ptilinal sac, definition of, 145
Pulex irritans, 179, 133
Puparium, definition of, 145

Pyriform apparatus, definition of, 130

Q fever, 185, 252
‘Queensland itch’ of horses, 146

Raillietina echinobothrida, 135
Redia, definition of, 103

Resistance to parasitic diseascs, 263
Rhabditis, 67

RIIABDITOIDEA, 65

Rhipicephalus spp., 186
RICKEI'TSIALES, 250

Rostellum, definition of, 122

Salivaria, 212
*Salmon poisoning’ in dogs, 117
Sandflics (Phlebotomus spp.), 147
SARCOCYSTIDAE, 234
Sarcocystis spp., 238, 241
SARCODINA, 211
SARCOMASTIGOPHORA, 211
Sarcophaga, 161
SARCOPHAGIDAE, 161
Sarcoptes scabiei, 190
“Scaly leg’, 'scaly face’, 193
Schistosoma spp., 117
SCHISTOSOMATIDAE, 117
Schistosomosis, 119

nasal, 120

in man, 120
Schizogony, definition of, 210
Scolex, definition of, 120
Screw-worm myiasis, 161
Scutum, definition of, 181
Sell-cure phenomenon, 22
Setaria spp., 93
Sheep scab (psoroplic mange), 197
Simondsia paradoxa, 84
SIMULIIDAE, 146
Simulium, 146
Siphonu, 156
SIPHONAPTERA, 176

key to specics. 178
Skrjabinagia (Ostertagia) spp., 10
Skrjabinema ovis, 79
Soft ticks, 188, 181
Solenopotes, 169
Sparganosis, definition of, 138
Spermatheca, dcfinition of, 142
Spicules, definition of, 6
Spiculocanlus, 39
Spilopsytlus cuniculi, 179

Irdex

Spiracles, definition of, 141
Spirocerca lupi, 79
Spirometra, 138
Spirura ritypleurites, 85
SPIRUROIDEA, 79
Sporoblast, definition of, 225
Sporocyst, definition of, 225, 103
Sporogony, definition of, 210
SPOROZOA, 224
Sporozoite, definition of, 210, 225
Sporulation, definition of, 225
Stable fly (Stomoxys calcitrans), 155
Stephanofilarie spp., 88
Stephanurus dentatus, 50
Stercoraria, 217, 212
Stilesia spp.. 136
Stomoxys calcitrans, 155
Streptocara, 85
‘Strike” {blowlly myiasis), 158
Strobila, definition of, 120
Strobilocercus, definition of, 122
Strongyle infection of horses, 42
large strongyles, 42
small strongyles, 45
clinical signs, epidemiology, diagnosis, treatment
and control, 46
Strongyle infection of other animals, 46
STRONGYLOIDEA, 42
Strongyloides spp., 66
Strongylus spp., 43
‘Summer sores’, 81
Surra, 218
‘Sweet itch’ of horses, 146
‘Swimmer’s itch’, 120
Syngamus trachea, 52

TABANIDAE, 151
Tabgnus, 151
Tachyzoites, definition of, 234
Taenia spp., 122
T. hvdatigena, 126
T. krabbei, 123
T. multiceps, 125
T. ovis, 126
T. pisiformis, 126
T, saginata, 122
T, serialis, 126
T. solium, 124
T. taeniaeformis, 126
Taeniosis of dogs and cats, 125
TAENIDAE, 122
Techniques for collection and preservation
of arthropods, 282
of helminths, 278, 279
of protozoa, 283
Tetrameres, 85
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Tetrathyridium, definition of, 122 Uncinaria stenocephala, 55

Theileria spp., 246 Undulating membrane, 209

Thelazia spp., 82

Thorny-headed worms (ACANTHOCEPHALA), 100 Vesicles, cephalic and cervical, definition of, 6
Thysanosoma actinioides, 137 Visceral larva migrans, 71

THYSANOSOMIDAFE, 136

Tick-bornc fever, 252 Warble-flies (Hypoderma spp.), 161

Tick paralysis, 185 N
ol
Ticks, 181 v

key to ticks of W. Europe, 185 . .

epidemiology in tropics, 186 Xenodiagnosis, 284

control, 186 Xenopsylla cheopis, 179
Toxascaris leonina, 73
Toxocara canis, 69 Zoonosis {major)

T ocati, 71 Ancylostoma braziliense, 55

T. vitulorum, 72 Babesiosis, 242
Toxoplasma gondii, 234, 241 Balantidium coli, 249
Transmammary infection, 54, 66, 70, 72 Cheyletiella spp., 202
Transovarian infection, 242 Diphyllobothrium latum, 137
Transplacental infection, 51, 70, 110, 123, 236 FEchinococcus granulosus, 127
Transtadial infection, 242 Echinococcus mudtilocularis, 129
TREMATODA, 102 Fasciola gigantica, 113
Trichinella spiralis, 97 Fasciola hepatica, 108
Trichodecres, 169, 133 Fleas, 176
Trichomonas spp., 220 Leishmania spp., 218
Trichomonosis of Sarcoples scabiei, 190

cattle, 220 Schistosoma japonicum, 117

man, 222 Taenia saginata, 122

pigeon, 222 Taenia solitm, 124
Trichonema spp., 45 Toxocara canis, 71
TRICHIOSTRONGYLOIDEA, 10 Toxoplasma gondii, 234
Trichostrongylus spp., 23 Trichinella spiralis, 97
Trichuris spp., 95 Trypanosoma spp., 212
TRICHUROCIDEA, 95 Zoonosis (minor),
Triodontophorus spp., 45 Alaria, 120
TROGLOTREMATIDAE, 116 Angiostrongylus cantonensis, 64
TROMBICULIDAE, 204 Anisakid infection, 77
Trophozoite, definition of, 210 Brugia pahangi, 94
Trypanosoma spp., 212, 217, 218 Cryptosporidium, 233

mechanically transmitted, 218 Encephalitozoon, 250

salivaria, 212 Entamoeba histolytica, 211

stercoraria, 217 Fasciolopsis buski, 113
Trypanosomosis Giardia lamblia, 224

antigenic variation, 216 Opisthorchis spp., 117

in mamn, 217 Paragonimus, 116

transmission in animals, 212 Preumocystis carinii, 250

trypanotolerance, 216 Sarcocystis spp., 238
Trypomastigote, definition of, 214 Sparganosis (Spirometra), 138
Tsetse fly (Glossing), 157 Strongyloides stercoralis, 66
Tumbu fty myiasis, 161 Swimmer’s itch, 120

Tunga penetrans, 179 Toxocara cati, 71
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