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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 systematics. 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 aspecl of biology is called 
taxonomy. 

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

Kingdom 
Phylum 
Class 
Order 
Suborder 
Superfamily 
Family 
Subfamily 
Genus 
Species 

Animalia 
Nemathelminthes 
Nematoda 
Strongylida 
Strongylina 
Trichostrongyloidea 
Trichostrongylidae 
Haemonchinae 
Iluvmonchus 
conlorlus 

Thc names oI 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 thc example above may also be 
termed trichostronevloids. 

L., 

The names of the genus and species are expressed in 
Latin form. the eeneric name havine a cauital 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 he 
neccssary; 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. 



4 Veterinary Parasitology 

PA Table 1 Paras I c Nematooa of velerlnary mponance 
sfmD I eo c asslflcar on 

A system of classification of nematodes of veterinary 
importance is given i n  Table 1. 

I t  must bc emphasized that this is not an exact ex- 
pression of the general system for parasitic nema- 
todes, hut is a simplified presentation intended for use 
in the study of veterinary parasitology. I t  is bascd on 
the ten superfamilies in which nematodes of vetcri- 
nary importance occur, and which are conveniently 
divided into bursate and non-bursate groups as shown 
i n  Table 1. 

STRUCTURE AND FUNCTION 
Most nematodes have a cylindrical form. taoerine at 

Superfamily Typical features 

Bursate nematodes 

Trichostrongyloldea Buccal capsule small. 
Trichostrongyius, Life cycle direct; infection 

Osteftagia, Dicfyocaulus, by L,. 
Haemonchus, etc. 

Strongyloidea Buccal capsule well 
Strongylus, Ancylostoma, developed; leaf crowns 

Syngamus, etc. and teeth usually present. 
Life cycie direct; infection 

hv I 
"7  T 

either end, and the body is covered by a colour~ss, 
somewhat translucent, layer, the cuticle. Metastrongyloidea Buccal capsule small. 

The cuticle is secrctcd by the underlying Mefastrongyius, Life cycle indirect; 
hypodermis, which projects into the body cavity form- MUellerius, infection by L, in 

ing two lateral cords, which carry the excretory canals, PrOfDStrongylus, intermediate host. 
and a dorsal and ventral cord carrying the nerves (Fig. 
1). The muscle cells, arranged longitudinally, lie be- 
tween the hypodemis and the body cavity. The latter 
contains fluid at a high pressure which maintains the RhabditOidea Very small worms; buccal 
turgidity and shape of  the body. Locomotion is ef- StrD"9Y10ides, Rhabdifis, capsule small. Free-living 
fected by undulating waves o f  muscle contraction and and parasitic generations. 
relaxation which alternate on the dorsal and ventral Life cycle direct; infection 
aspects of the worm. by L. 

Most of the internal organs are filamentous and ~ ~ ~ ~ ~ i d ~ i d ~ ~  Large white worms. 
suspended i n  the fluid-filled body cavity (Fig. 2). Ascaris. Toxocara, Life cycle direct; infection 

The digestive system is tubular. The mouth of many pamcarisris, etc. by L, in egg. 
nematodes is a simple opening which may be sur- 
rounded by two or three lips, and leads directly into OxYuroidea Female has long, pointed 
the oesophagus. In others, such as the strongyloids, i t  OxYUris, Skqabinema, etc. tail. 

is large, and opens into a buccal capsule, which may Life cycle direct; infection 
contain teeth; such parasites, when feeding, draw a by L, in egg. 
plug of mucosa into the buccal capsule (Fig. 3), where spiruroidea Spiral tail in male. 

Spirocerca, Habronema, Life cycle indirect; 
Thelazia, etc. infection by L, from 

insect. 

Filarioidea Long thin worms. 
Dorsal nerve Dirofilaria, Onchomrca, Life cycle indirect; 
Cuticle Parafilaria, etc. infection by L, from 
Ovaw insect. 

Intestine Trlchuroidea Whip-like or hair-like 
Excretow THchuHs, Capillaria, worms. 
Uterus Trichineiia, etc. Life cycle direct or 

Muscle indirect; infection by L,. 
H v P ~ ~ ~ ~ ~ ~ ~  Dioctophymatoidea Very large worms. 
ventral nerve Dioctophyma, etc. Life cycle indirect; 

infection by L, in aquatic 
annelids. 

Flg. 1 Transverse section of i. typical nematode 
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Nerve ring Oesophagus Intestine Rectum The oesophagus is usually muscular and pumps 
1 I 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 poslcriorly, as in the hursate nema- 
todcs; bulb-shaped, with a large posterior swelling, as 
in the ascaridoids: or douhlehulb-shaned. as in-the . , 
oxyuroids. In some groups this wholly muscular fonn 
does not occur: the filarioids and spiruroids have a 
muscular-glandular ocsophdgus which is muscular 

(bl anteriorly, thc posterior part being glandular: the 
ray trichuroid oesophagus has a capillary form, passing 

through a single column of cells, the wholc bcing 
known as a stichosome. A rhabditifnrm oesophagus, 
with slight anterior and postcriur swellings, is present 
in the preparasitic larvae of many nematodes, and in 
adult free-living nematodes. 

Fig. 2 Longitudinal sections of a nematode illustrating: (a) Diges- ~ h ,  intestine is a tube ,,,hose lumen is enclosed by a 
tive, excretory and nervous system: (b) Reproductive system of 
female and male nematodes. singlc layer o l  cells or by a syncytinm. Their lumiual 

surfaces nossess microvilli which increase thc absorn- 
tive capacity of the cells. In female worms the intestine 
terminates in an anus whilc in males there is a cloaca 

Fig. 3 Large buccal capsule of strongyloid nematode ingesting 
plug 01 mucosa. 

it is broken down by the action of enzymes which are 
secrctcd into the capsule from adjacent glands. Somc 
of these worms mav also secrete anticoaeulanl. and 

L, 

small vessels, ruptured in the digcslion oC the mucosal 
olue. mav continuc to bleed for some minutes after the 
worm has moved to a fresh site. 

Those with verv small buccal caosules. like the 
trichostrongy~oids.~or simple oral openings, like thc 
ascaridoids, generallv feed on mucosal fluid, uroducb 
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. 

which functions as an anus, and into 
vas deferens and lhrough which 
spiculcs may be extruded. 

Rhabditiform Filariform 

8 which opens the 
the copulatory 

Bulb 

forms of oesophagus found in nematodes 
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The so-called 'excretory system' is very primitive, 
consisting o fa  canal within each lateral cord ioinine at 
the excretory pore in the oesophageal region. 

The reproductive systems consist of lilamcntous 
lubcs. 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 lhcrc is a short 
muscular organ. lhc ovejector. which assists in egg- 
laying. A vulva1 flap may also be present (Fig. 5). 

The male organs consist of a single continuous tcstis 
and a vas deferens terminating in an ejaculatory duct 
into the cloaca. Accessory male organs are sometimes 
important in identification, especially of the 
trichostrongyloids. thc two most important bcing the 
spicules and gubernaculum (Fig. 6). l'he spicules are 
chitinous organs, usually paired, which are inserted in 
thc 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 spcrm are 
transferred from the cloaca of the male into the utcrus 
of the female. 

FIB. 5 Scanning electron micrograph of a vulva1 flap of a 
trichostrongyloid nematode. 

Fig. 6 Spicules, gubernaculurn and bursa of a trichaslrongyloid 
nematode. 

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

Leaf crowns 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 lcaf 
crowns). They are especially prominent in  certain 
nematodes of horses. Their function is not known, but 
it is suggested that they may be used to 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 caudal papillae posteriorly at the tail. 
They are spine-like or finger-like processes, and are 
usually diametrically placed. Their function may be 
sensory or supportive. 

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

Ce~halic and cervical vesicles are inflations of the 
cuticie around the mouth opening and in the oesopha- 
seal region. 

The ~upulatory bursa, which embraces the female 
during cowlation, is im~ortant  in the identification of 
certaih &lc nematodes and is derived from much 
expanded caudal alae, which are supported by elon- 
gated caudal papillae called bursa1 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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) E n e r n d o r s a l  ray Doroal ray Lateral rays 

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

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

BASE LIFE CYCLE 
In the Ncmatoda, the sexes are separate and the males 
arc ecncrallv smaller than the females which lav cees , ..u 
or larvae. During development, a nematode moults at 
invervals sheddine its cuticle. In thc com~lete  life cv- - 
cle there are four moults, thc successive larval stages 
being designated L,, L,, L,, L, and tinally L,, which is 
the immature adull. 

One feature of the hasic nematode life cycle is that 
immediate transfer of infection from onc final host to 
another rarely occurs. Some dcvclopment usually 
takes place either in the faecal pal or in a different 
species of animal, the intermediate host, before infec- 
tion can take placc. 

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

In in%ect lifc cycles, the first two moults usually 
take  lace in an intermediate host and infection of lhe 
final Lost is either by ingestion of the intermediate 
host or hy inoculation of the L, whcn the intermediate 
host, such as a blood sucking insect, feeds. 

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

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

However, in many spccies, the larvae travel consid- 
erable distancca through the bodv before settling in 
their final (predilection) site and ;his is the migratory 
Corm oI life cycle. One of the most common routes is 
the hepatic-tracheal. This takcs developing stages 
from the gut via the portal system to the liver then via 
the hepatic vcin and poslerior vena cava to the heart 
and from thcrc via the pulmonary artery to the lungs. 
Larvac then travel via the bronchi. trachea and 
oesophagus to the gut. It should he emphasized that 
the above is a basic descri~tion of ncmatode liCe.cvcles 
and that there are many ;ariations. 

DEVELOPMENT OF THE PARASITE 

EGG 
Ncmatode eggs differ greatly in dze and shape, and 
the shell is of variable thickness, usually consisting of 
three layers. 

The inner membrane, which is thin, has lipid charac- 

ADDISU
Highlight



leristics and is impermeable. A middle layer which is ?'he optimal temperature for the development of 
tough and chitinous gives rigidity and, when thick, the maximum numher of larvae in the shortest feasible 
imparts a yellowish colour lo the egg. In many species time is generally in the range 18-26'C. At higher tem- 
this layer is interrupted at one or both ends with an peratures, development is faster and the larvae are 
operculum (lid) or plug. The third outer layer consists hyperactive, thus depleting their lipid reserves. The 
of protein which is very thick and sticky in the mortality rate then rises, so that few will survive 
ascaridoids and is important in the epidemiology of to L,. As the temperature falls the process slows, and 
this superfamily. below 10°C the development lrom egg to L, usually 

In contrast, in some species thc egg shell is very thin cannot take place. Below 5 "C movement and metabo- 
and may be merely present as a sheath around the lism of L, is minimal, which in many species favours 
larva. survival. 

The survival potential of the egg outside the hody The optimal humidity is 100%. although some de- 
varies, but appears to be connected with the thickness velopment can occur down to 80% relative humidity. 
of the shell, which protects the larva from desiccation. It should be noted that even in dry weather where the 
Thus parasites whose infective form is the larvated egg amhient humidity is low, the microclimate in faeces or 
usually have very thick-shelled eggs which can survive at the soil surface may be sufficiently humid to permit 
for years on the ground. continuing larval dcvelopment. 

In the trichostrongyloids and strongyloids, the 
emhryonated egg and the ensheathed L, arc best 

HATCHING equipped to survive in adverse conditions such as 
on the species, eggs may hatch outside the freezing or dcsiccation: in contrast, the L, and L, arc 

body or after ingestion. particularly vulnerable. Although desiccation is gener- 
outside the body, hatching is controlled partly by ally considered to be the most lethal influence in larval 

factors such as temperature moisture and part]y survival, there is increasing evidence that by entering a 
by the larva itself. the process of hatching, the inner state of anhydrohiosis, certain larvae can survive se- 
impermeable shell membrane is broken down by en- vere desiccation. 
zymes secreted by the larva and by its own movement. o n t h e  ground most larvae are active; although they 
l-he larva is able to take up water from the require a iilm ol  water for movement and are stimu- 
ronmcnt and enlarges to rupture the remaining layers hted light and temperature, it is now thought that 
and escape. larval movement is mostly random and encounter with 

When the larvated egg is the infective form, the host g'a" accidental. 
initiates hatching after ingestion by providing stimuli 
for the larva which then comnletes ihe orociss. It is m l F ~ r T l n A r  

en., L" s , u s .  
important for each nematode species that hatching 
should occur in appropriate regions of the gut and Asnoted previously, infection may be by ingestion of 
hence the stimuli will differ, although it appears that thc free-living L,, and this occurs in the majority of 
dissolved carbon dioxide is a constant ecsential. trichostrongyloid and strongyloid nematodes. In 

these, the L, sheds the retained sheath of the L, within 

LARVAL DEVELOPMENT AND SURVIVAL 
Three of the important superfamilies, the tri- 
chostrongyloids. the strongyloids and the rhab- 
ditoids, have a complctcly free-living prcparasitic 
phase. The first two larval stages usually feed on bac- 
teria, but the L,, sealed olI from the environmcnt 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 retained as a sheath around 
the L,; thisisim~ortant inlarval survival with a orotec- 
tlve role analogouq to that of the egg shell jn egg- 
infective groups. 

The two most important components o l  the external 
environment are temperature and humidity. 

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- 
live nematodes. In response to this stimulus the larva 
releascs its own exsheathing fluid, containing an en- 
zyme lcucine aminopeptidase, which dissolves the 
sheath horn within, either at a narrow collar anteriorly 
so that a cap detaches, or by splitting the sheath longi- 
tudinally. The larva can then wrigglc free of the 
sheath. 

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

The time taken for developmcnt from infection un- 
til mature adult parasites are producing eggs or larvae 
is known as the prepatent period and this is of known 
duration for each nematodc species. 



METABOLISM 

'The main food reserve of preparasitic ncmatode lar- 
vae, whethcr inside the egg shell or frcc-living, is lipid 
which may be seen as droplets in the lumen of the 
intestine; the infectivity of thcse stages is often related 
to the amount present, in that larvae which have de- 
pleted their rescrves are not as infective as those 
which still rctain quantities of lipid. 

Anart from these reserves the frec-livine tirst and 

they are sealed in the'rctained cuticle of the second 
stage, cannot fecd and are completely depcndent on 
their stored reserves. 

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

Free-living and developing stages of nematodes 
usually have an aerobic metabolism whereas adult 
nematodes can metabolize carhohvdratc bv both 
glycolysis (anaerobic) and oxidative dccarboxylation 
(aerobic). However. in the latter. oathwavs mav ooer- 
ate whi& are not present in thc host and it iiat'this 
lcvcl that some antinarasitic drugs ooerate. 

The oxidation of'carbohydrat& &quires the prcs- 
ence of an electron transport system which in most 
nematodes can operate akrohically down to oxygen 
tensions of 5.0mmHg or less. Sincc the oxygen tension 
at the mucosal surface of thc intestine is around 
20mmHg, nematodes in close proximity to the 
mucosa normally have sullicient oxygen for aerobic 
metabolism. Otherwise, if the nematode is tempo- 
rarily or permanently some distance from the mucosal 
surfacc, energy metaholism is probably largely 
anaerubic. 

As well as the conventional cytochrome and 
flavoprotein electron transport system, many ncma- 
lodes have 'haemoglobin' in their hody fluids which 
gives them a red pigmentation. This nematode haemo- 
globin is chemically similar to myoglobin and has the 
highest affinity for oxygen ol any known animal 
haemoelobin. The main function of nematode haemo- - 
globin is thought to bc lo transport oxygen, acquired 
by diffusion through (he cuticle orgut, into thc tissues; 
blood-sucking worms presumahly ingcst a consider- 
ahle amount of oxygenated nutrients in their diet. 

The end produc< of thc 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 nun-toxic 
levels in the surrounding fluids. During periods of 
anaerobic carbohydrate metabolism, the worms may 
also excrete pyruvic acid rather than retaining it for 
luture oxidation whcn aerobic metaholism is possible. 

The 'excretory system' terminatinrr in the excretory 
pore is almost cer&inly not concern& with excretion, 
hut rather with osmoreeulation and salt balance. 

Two phenomena whkh affect the normal parasitic 
life cycle of nematodes and which are of considerable 
biological and epidemiological importance arc iu- 
rested larval develupment and the periparlurient 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 ncmatode at a precise 
point in its parasitic developmcnt. It is usually a facul- 
tative characteristic and affccts only a proponion of 
thc worm population. Some strains of nematodes have 
a 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 ol  the worm onnulation in the host. It is usuallv 

from infection for a period'longer than that required 
to reach that particular larval stage. 

Thc nature of the stimulus lor arrested develop- 
ment and for the suhsequent 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 frcc-living infec- 
tive stagcs prior to ingestion by the host. It may be 
seen as a ruse by the parasitc to avoid adverse climatic 
conditions for its progeny by remaining sexually im- 
mature in the host until more favourahle conditions 
return. The namc commonly applied to this seasonal 

autumnlwinter conditions in the northern hemisphcrc, 
or very dry conditions in the subtropics or tropics. In 
contrast. the maturation of these larvae coincides with 
the return of environmental conditions suitable to 
their free-living develooment. althoueh it is not clear - 
what triggcrs t i e  signaito maturc and how it is trans- 
mittcd. 

The degree of adaptation to these seasonal stimuli 
and therefore the nroportio~l of larvae which do be- 
come arrested seths ' to he a heritable trait and is 
affected by various factors including grazing systems 
and the degrcc o l  adversity in the environment. For 
exarnplc, in Canada where thc winters are severe, 
musl trichostrongyloid larvae ingested in late autumn 
or winter becomc arrested, whereas in southern Brit- 
ain with modcrate winters, about 5 W %  are ar- 



rested. In the humid tropics where free-living larval 
development is 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 hypohiosis they can play an 
important part in the epidemiology of nematode infec- 
tions. Maturation of these arrested larvae seems to he 
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, first, il cn- 
sures the sumival of the nematode during periods of 
adversity; secondly, the subsequent maturation of ar- 
rested larvae increases thc 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 increase in the numbers of uema- 
tode eggs in the faeces 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 ~n the circulating levels of the 
lactogenic hormone, prolactin. It appears that a de- 
crease in parasite-specific immune responses occurs 
concurrently with elevation of serum prolactin lcvcls. 
Thcsc 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 )  An increased establishment of infections ac- 
quired from the pastures and a reduced turnover 
of existing adult infections. 

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

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

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

The trichostrongyloids are small, often hair-like, 
wonus in the bursate group which, with the exceplion 
of the lungworm Dicryocaulus, 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 configuralion 
of which is used for species differentiation. The life 
cycle is direct and usually non-migratory and the 
ensheathed L, is lhc infective stage. 

The trichostrongyloids, including Dicryocaulus, are 
responsible for considerable mortality and widespread 
morbidity, especially in ruminants. The most impor- 
tant alimentary genera are Ostercagia, Iluemonch~rs, 
Trichustrongylus, Cooperiu, Nemalodirus, Hyosb- 
ongylus, Ma~shallagia and Meci.ffocirrus. 

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

Hosts: 
Ruminants 

Site: 
Abomasum 

Species: 
Oslurlugiu osferragi cattle 
0. (Teladorsagiu) circrrrncincta sheep and goats 
0. rrificrcara shccp and goats 

Minor species are 0. (syn. Skrjubinagia) lyrara and 
kolchida, in cattle and 0. leptuspiculuris in cattle, 
sheep and goats. 

Distribution: 
Worldwide; Oslerlugiu is cspccially important in tem- 
perate climates and in subtropical regions with winter 
rainfall. 

The adults are slender reddish-brown worms up to 
l.Ocm 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 differentiation is based on the structure of 
the spicules which usually have three distal branches 
(Fig. 8). 
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Fig. 8 Structure of spicules from live Ostenagia species. (a )  0 ostenagi: (b) 0. lyrafa: (c) 0. o;rcumcincta; (dl 0, rrifurcata; (e) 0. 
leptospicularis. 
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BOVINE OSTERTAGIOSIS 
Since 0, ostertagi is the most prevalent of the species 
in cattle it is considered in dctail. 

0. ostertagi is perhaps the most common causc of 
parasitic gastritis in cattle. The disease, often simply 
known as ostertaeiosis. is characterized hv weight loss 

sporadic &divid;al cases have also been reportcd in 
adult cattle. 

LIFE CYCLE 
0, ostertagi has a direct life cycle. The eggs (Fig. 9), 
which are tvoical of the trichostronevloidea. are . ... 
p45sed i l l  ihu i:j:cc\ and unJcr optl~iial ~ n l l ~ l i l ~ o ~ i ~  ,I<,- 
\elon m i ~ h ~ n  tlic IJCC~I  ~ . I I  ~ h c  infecl~v? r11ir.I SI.WC. 

within two weeks. ~ h c h  moist conditions prevail, t i e  
L, migrate from the faeces on to the herbage. 

Aftcr ingestion, the h exsheaths in thc rumen and 

infection to become sexuallv malurc on the mucosal 
surface. 

The entire narasitic life cvcle usually lakcs three 
weeks, hut under certain circumstances. many of thc 
ingested L, bccome arrested in development at the 
early fourth larval stagc (EL,) for periods of up to six 
months. 

PATHOGENESIS 
The presencc of 0. osfertagi in the abomasum in sufli- 
cient numbers givcs risc to extensive pathological and 
biochemical changes and scvcrc clinical signs. These 
changes are maximal when the parasites arc cmcrging 
from thc gastric glands (Plate 1). 'This is usually about 
18 days aftcr infection, but it may be delayed for 
several months when arrested larval development 
occurs. 

The developing parasites 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 producc 
hydrochloric acid, are replaced by rapidly dividing, 
undifferentiated, nun-acid-secreting cells. Initially, 
these cellular changes occur in the parasitized gland 
(Fig. lo), but as it becomes distcnded by the growing 
worm which increases from 1.3-8.0mm in length, 
these changes spread to the surrounding non- - 

further Jevclopmcnt takes place in the lumen of an 
ahomasal gland. Two parasitic moults occur before Fig. 9 Typical trichostrongyloid egg (range 6~L105pm in length, 
the I,, emerges from thc gland around 18 days after 30-55pm in width). 



Tlie 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 thc gut lumen eventually leading to 
hypoalbuminacmia. Anothcr more recent theory is 
that. in response to the presence of the adult parasites, 
the zymogen cells secrete increased amounts of pepsin 
directly into the circulatio~i. Clinically the conse- 
quences arc reflected as inappetence, weight loss and 
diarrhoca. the prccisc causc of the diarrhoea being 
unknown. 

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

Although reduced feed consumption and diarrhoea 
allcct livcwcight rain they do not wholly account for - - 
the loss in production. Current cvidcncc suggests that 

Fig. 10 Ostenagia ostertagi infection showing larva in gastric this is primdrily bccausc of substantial lcakagc of en. 
gland. dogenous prolein inlo lhc gaslroinlcstinal tract. Dc- 

spite some reabsorption, this leads to a disturbance in 

Flg. 11 Urnbilcated nodules on rnucosal sufiace after emergence 
of Ostertqra larvae. 

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

Macroscopically. the lesion is a raised nodule with a 
visible central orifice (Fig. 11): in heivy infections 
thcsc nodules coalesce to produce an effect reminis- 
ccnl o l  morocco leather. Thc abomasal folds are often 
very oedematous and hyperaemic and somclimcs 
necrosis and sloughing of the mucosal surface occurs 
(Plate I): the regional lymph nodes are enlarged and 
rcactivc. 

In heavy infections of 40000 or more adult wornis 
lhe principal cllccls ol lhcsc changes arc, first, a rcduc- 
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. Thcrc is alx) a loss of bacteriostatic effect in the 
abomasum. Secondly, thcrc is an cnhanced permeahil- 
ity o l  the abomasal cpilhclium lo macromolcculcs 
such as pepbinogen and plasma proteins. One cxplana- 

CLINICAL SIGNS 

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

The Type I disease is usually seen in calves grazed 
intensively during their first grazing season, as the rc- 
sult of larvae ingested 3-4 weeks previously; in the 
northern hemisphere this normally occurs from mid- 
July onwards. 

The Type 11 disease occurs in yearlings. usually in 
late winter or spring following their first grazing sea- 
son and results from the maturation ol  larvae ingcstcd 
during the previous autumn and subsequently arrested 
in their developnie~it at the early fourth larval stage. 

Tlie main clinical sign in both Type 1 and Type I1 
disease is a profuse watery diarrhoea and in Type 1, 
whcrc calves arc 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 usually 
present. The coats of affected animals in both syu- 
dromes are dull and the hind quarters heavily soiled 
with faeces. 

the parasitized mucosa appear to he incompletely etiology. As a result of the hyponlbuminaemia, 
lormcd, and as a rcsull, macromolcculcs may pass into submandibular oedema is often present. In both forms 
and oul o l  the epithelial shcct. of the disease, the loss of body weight is considerable 
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during the clinical phase and may reach 20% in 7-10 
days. Carcass quality may also be affected since there 
is a reduction in total hody solids relative to total hody 
water. 

In Type I disease, the morhidity is usually high, 
oftcn cxcccding 75%. but mortality is rare provided 
treatment is instituted within 2-3 days. In 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 

(2) A high mortality of overwintered L, on the pas- 
ture occurs in spring andonly negligible numbers 
can usually he 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 occurrcncc and whether the larvae 
migrate or are transported by terrestrial 
oooulations of earthworms or beetles is not defi- . . 
nitely known, hut the occurrence of this apparent 
reservoir of larvae in soil mav be imnortant in 

The epidemiology of ostertagiosis in temperate coun- relation to certain systems of control based on 
tries of the northern hemisnhere can he convenientlv grazing management. 

L. - L. 

considcrcd undcr the hcadings of dairy hcrds and bccf (3) The eggs dcpositcd in thc spring dcvclop slowly 
herds: imoortant differences in subtrovical climates to L,: this rate of develo~ment becomes more 
are summarized later. 

Dairy herds 
From epidemiological studics the following important 
facts have cmerged (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 calvcs 3-4 wccks after they arc turncd out 
to grazc in ihc spring. Howcvcr, this is unusual 
and the role of the surviving L, is rather to infect 
calves at a level which produces patent suh- 
clinical infection and ensures contamination of 
the pasture for the rest of the grazing season. 

arvae on pasture 
I '' Eggs in faeces 

wintered 
P 

April June August October 

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 midJuly onwards. If suffi- 
cient numbers of thcsc L, arc ingcstcd, the Typc 
I disease occurs any time lrom 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 
incrcasing proportion (up to 80%) of thc L, in- 
gested do not mature but become inhibited at the 
early fourth larval stage (EL,). In late autumn, 
calves can therefore harbour many thousands of 
these EL, hut few developinp forms or adults. . - 
Th.% ~niictlon\ :ire <c.ncrdll\ a ~ \ m p l \ ~ m . ~ t ~ <  u n -  
111 nid!urdh)n of III: EL 11k:h pId<: dur~nc uln- 
ter and early spring and it largenumbers oilhese 
develop synchronously, Type I1 disease material- 
izes. Where maturation is not synchronous, clini- 
cal signs may not occur but the adult worm 
burdens which dcvclop 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 11 
ostertagiosis. 

First, the practice of grazing calves from May until 
late July on permanent pasture, then moving these to 
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. i.c. after the calves have moved to 

Fig. Ep,demialogy of bovine ostenagiosis temperate zones aftermath. These L, are still present on the pdsturcs 
of the nonhern hemsphere shaw~ng mid-summer rise of infective when the calves return in the late autumn and, when 
larvae on pasture. ingested. the majority will become arrested. 
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Secondly, in dry summers the L, are retained within 
the crusted faecal vat and cannot mierate on lo the 
pasture until sufficient rainfall occurs'to moisten lhc 
pat. If rainfall is delaved until late autumn manv larvae 
iiberatcd on to will become arrested fdllowing 
ingestion and so increasc the chance of Type 11 dis- 
ease. Indeed, epidemics of Type 11 ostcrtagiosis 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 thc parasite, since there is no 
significant age immunity to infection. 

Acquired immunity in ostertagiosis is slow to dc- 
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 
acquired by the end of the grazing season has waned 
by the following spring and yearlings turned out at 
that time are partially susceptible to reinfection and so 
contaminate the pasture with small numbers o l  eggs. 
However, immunity is rapidly re-established and any 
clinical signs which occur are usually of a transient 
nature. During the second and third year of grazing, a 
strong acquired immunity dcvclops and adult stock in 
endemic areas are hiehlv immunc to reinfection and of .. . 
little significance in the epidemiology. An exception to 
this rule occurs around the periparturient period when 
immunity wanes, particularly in heifers, and there are 
reports of clinical discasc following calving. The rea- 
son is unknown but may bc due to ;he deveiopment of 
larvae which were arrested in their dcvclopment as a 
result of host immunity. 

Beef herds 

Although the basic epidemiology in bccf herds is simi- 
lar to dairv herds, the influence of immune adult ani- 
mals grazing alongside susceptible calves has to be 
considered. Thus, in bccf herds where calving takes 
place in the spring, ostertagiosis 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 pasture 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 I or Type 11 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 
larvae accumulate during the spring and where Type 
I1 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-seasonal 
rainfall, such as Louisiana and Texas. l'here, larvae 
accumulate on nasture durine winter and arrested de- -, 

velopmcnt occurs in late winter and early spring with 
outbreaks of Tvoc I1 disease occurrinz in late summer 

,A " 
or early autumn. 

The environmental faclors which produce arrested 
larvae in suhtropical zones are not yet known. 

THE EFFECT OF OSTERTAGIA 
INFECTION ON LACTATION YIELDS 
OF GRAZING COWS 
Although burdens of adult Ostertagia spp. in dairy 
cows are usuallv low there is some evidence that a 
single anthelmintic lrcalmcnt of such cows at, or soon 
after, calving call improve milk yields. Howcvcr, the 
econoniic benefit gained from such treatment varies 
considerahlv from farm to farm and also aovarentlv . . 
[rum country to country and there are as yet insuffi- 
cient grounds for advocating routine treatment of 
herds at calving. 

Tt has also been suggested that during lactation a 
reduction in milk yield might result from oedema and 
increased permeability of the abolnasal mucoaa, possi- 
bly due to hypersensitivity reaction associated with 
the continued ingestion and destruction of large num- 
bers of ,. 

DIAGNOSIS 
In young animals this is based on: 

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

(2) The seasnn. For example, in Europe Type 1 oc- 
curs from Julv until Sentember and Tvoe 11 from , , 
March to M&. 

13) The ermine histow. In Tvne I disease. the calves - - 2. 

have usually been set-stocked in on; area for 
several months: in contrast, 'Type I 1  disease often 
has a typical history of calves being grazed on a 
field from spring lo mid-summer, then moved 
and brought back to the original field in the au- 



16 Veterirrary Parasifology 

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 
arc a useful aid to diagnosis; in Type I1 thc count 
is highly variablc, may even he negative and is of 
limited value. 

(5) Plasma pepsinogen levels. In clinically affected 
animals up to two years old these arc usually in 
cxcess of 3.0iu tyrosine (normal lcvcls are I.0iu 
in nun-parasitized calves). 'The test is less rcliablc 
in older cattle whcre high values are not neces- 
sarily correlated with largc adult worm burdens 
but, instead. may reflect plasma leakage from 
a hypcrscnsitive mucosa under heavy larval 
challenge. 

(6) Post-mortem examination. Tf this is available. the 
appearance of thc abomasal niucosa is charactcr- 
~stic. 'There 1s a putr~d smell from the abomasal 
contents due to <he accumulation of bacteria and 
lhc high pH. The adult worms, reddish in colour 
and l.0cm in length. can he seen on close inspcc- 
tion of the mucosal surface. Adult worm burdens 
are tv~icallv in excess of 40000. althoueh lower 

or the avcrmectinslmilbemycins are effective in the 
treatment of Type I1 disease when used at standard 
dosage levels, although the pro-hendmidazoles 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 wherc thc outbreak has originated may be 
grazed by sheep or rcsted until the following June. 
Where there is concomitant liver fluke infection 
additional treatment with a flukicidal preparation is 
recommcndcd. 

CONTROL 
Traditionally, ostertagiosis has been prevented by 
routinely treating young cattle wilh anthelmintics over 
the period when pasture larval levels arc increasing. 
For example, in Europe this involved one or two treat- 
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 lhc calves are under continuous larval challenge 

2 .  

nccropsy. 

In older animals thc clinical signs and history arc 
similar but laboratory diagnosis is more difficult since 
faecal egg counts and plasma pepsinogen levels are 
less reliahle A useful techniquc to employ in such 
situations is to carry out a pasture larval count on the 
field on which the animals had been graring. Where 
the levelof infectionis more than I000 larvae oer ke o i  . - -  
dried herbage, the daily larval intake of grazing cows is 
in excess of 1OOOO larvae. This lcvel is nrohahlv suffi- 
cient to cause clinical disease in suaccptible adult ani- 
mals or to upcet the normal function~ne of the gastric 
mucosa in immune cows. 

TREATMENT 

Type I disease responds well to treatment at the 
standard dosage rates with any of the modern 
benzimidazoles (alhendazole, fenbendazolc or 
oxfendazole), thc pro-henzimidaroles (febantcl 
netohimin and thioohanalc). levamisole. or the 
avermectins~milhem~~ius e.g. ;venncctin. All of these 
drugs are effective against developing larvae and adult 
slagcs. Following treatment, calves should be moved 
to pasture which has not been grazcd by cattle in the 
same year. 

For the successful trcatment of Type I I  disease i t  is 
necessary to use drugs which arc effective against ar- 
rested larvae as well as developing larvae and adult 
stagcs. Only the modern benzimid&oles listed above 

essary using a drug elfectivc against hypobiotic larvae 
in order to prevent Type I1 discase. 

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

'This may bc done hy 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 inlcction to stimulate immunity but not suffi- 
cient to cause a loss in production. The provision of 
this 'safe pasturc' may be achieved in two ways: 

First, by using anlhclmintics to limit oasture con- 
lamination withkggs during periods when the climate 
is optimal fur development of the free-living larval 
stages, i.e. spring andsummer in temperate c'iimates, 
or autumn and winter in the sub-tropics. 

Alternatively, by rcsting pasture or grazing it with 
another host, such as shecp, which are not susceptiue 
to 0. osterfogi, until most of lhc existing L, on the 
pasture havc died out. 

Sometimes a combination of these methods is em- 
ployed. The timing of cvents in the systems descrihcd 
below is applicable to the calendar of the northern 
hemisphere.. 

Prophylactic anthelmintic medication 
Since lhc crucial period of pasture contamination with 
0. oslerlugi eggs is the period up to midJuly, one of 
the efficient modern anthelmintics may be given on 



I Veterinary Helmintholo~y 17 

two or three occasions between turn-out in the spring 
and July to minimize the numhers of eggs deposited 

I 

i 
on the pasture. For calves going to pasture in early 
May two treatments, three and six weeks later, are 
used, whcrcas calves turned out in April require three 
treatments at intervals of thrcc wccks. Where 

I parenteral avermectins are used the interval alter first 
treatment may be extended to five weeks due to 
residual activity against jngested larvae. 

! Several rumen boluses are now available which pro- 
vide either the sustained release of anthelmintic drugs 
over periods of thrcc to five months or the pulse re- 
lease of therapeutic doses o[ an anthelmintic at iutcr- 

I vals of three weeks throughout the grazing season. 

i These are administered to first season grazing calves at 

I 
turnout and effectively prevent pasture contamination 
and the subsequent accumulation of infective larvae. 
Although offering a high degree of control of 
gastroinlcstinal nematodes there is some evidence to 

1 suggest that young cattle protected by these boluses or 
I other highly effective prophylactic drug regimens arc 

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 he grazed throughout the year on the 
same pasture and is particularly advantageous for the 
small heavily stocked farm where grazing is limited. 

most 0. ostcrtagi L, is under one year and cross-infec- 
tion bclwccn cattle and sheep in temperate areas is 
largely limited to 0. Ieptospiculari,~, Trichostrongylus 
axe; and occasionally C. oncophora good control of 
bovine ostertagiosis should, in theory, be achieved. It 
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 that 
they impose a rigorous and inflexible regimen on the 
use of land which the farmer may find impractical. 
Furthermore, in warmer climates where Haemonctrus 
spp. are prevalent, this systcm can prove dangerous 
since this very palhogcnic genus establishes in hoth 
sheep and cattle. 

Rotational grazing of adult and young stock 
This systcm involves a continuous rotation of pad- 
docks in which the susccplihlc younger calves graze 
ahead of the immune adults and remain long enough 
in each paddock to remove only the leafy upper hcrb- 
age before being moved on to the next paddock. The 
incoming immune adults then graze the lower more 
fibrous echelons of the herbage which contain the 
majority o[ thc L,. Since the faeces produced hy the 
immune adults contains few if anv 0. osterra~i eees the " L.U 

Anthelmintic treatment and move to safe pasture co~ltamiuation is greatly reduced. The succcss 

pasture in mid-July of this method depends on having sufficient kneed 
paddocks available to prevent over-grazing and the 

This system, usually referred to as 'dose and move', is adults must have a good acquired immunity. 
hased~on the knowledge that the annual increase of L, While this system has many attractions, its main 
occurs after midJuly. Therefore if calves grazed from disadvantage is that it ia costly in terms of fencing and 

such as silage or hay aftermath, the lcvcl of infection 
which develops on the second pasture will be low. 

i The one reservation with this technique is that in 
certain years the numhers of L, which overwinter are 
sufficient to cause heavy infections in the spring and 
clinical ostcrtagiosis can occur in calves in April and 

I May. Howevcr, once the 'dose and move' system has 
operated for a few years this problem is unlikely to 

I 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 arc unwilling to continue housing and feeding 
calves when there is ample grazing available. 

I Alternate grazing of cattle and sheep 
This systcm ideally utilizes a three-year rotation of 
cattle, shccp and crops. Since the effective life-span of 

the control of internal withbut resort to 
therapy. 

In sheep 0. cirrwncincla and 0. tr(J"rcuto are respon- 
sible for outbreaks of clinical ostertagiosis, particu- 
larly in lambs. In Europe a clinical syndrome 
analogous lo Type I bovine ostertagiosis occurs from 
August to October; thereafter arrested dcvclopmcnt 
of many ingested larvae occurs and a Type I1 syn- 
drome has been occasionally reported in late winter 
and early spring, especially in young adults. 

In subtropical areas with winter rainfall 
ostcrtagiosis 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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It is important to rcalize that it is these eggs depos- 

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 
both experimcntal and natural conditions that 0 .  
circumcincra causes a marked depression in appclite 
and this, together with losses of plasma protcin into 
the gastrointestinal tract, results in interference with 
the post-absorptivc metabolism of protein and to a 
lesser extent the utilization of metabolizable energy. 
In lambs with moderate infections of Osterlagia spp., 
carcass evaluation shows poor protcin, fat and calciuni 
deposition. 

CLINICAL SIGNS 

ited in the tirst half of the grazing season from April to 
June, which give rise to the polentially dangerous 
populations of L, from July to October. 

If ingested prior to October, the majority of thest: 
larvae mature in threc weeks: thereafter, many be- 
come arrested in devclopment for several monlhs and 
may precipitate Type 11 diseasc when they mature. 

Immunity is acquired slowly and requires exposure 
over two grazing seasons before a significant resist- 
ance to infection develops. Subsequently, adult ewcs 
harhour only very low populations o l  Ostertagia spp. 
except during the annual PPR. 

The epidemiology in subtropical areas is basically 
similar to that in temperate zones, exccpt that the 
seasonal timing ul events is difterent. In many of these 
areas lambing is geared to an increase in the growth of 

Thc most frequent clinical sign is a marked loss of pasture which occurs with the onset rain i n  late 
weight. Diarrhoea is intermittent and allhough stained autumn or winter, This coincides with 
hindquarters are common, the fluid laeces which char- which are favourable to the development of the free. 
acterizc bovine ostcrlagiosis arc less frequently seen. stages of Osfer,aXia spp, and so infective lanlae 

EPIDEMIOLOGY 
accumulate during the wintcr to cause clinical prob- 
Icms or production loss in the second hall of the win- - 

ter; arrested larval development occurs at the end of 
In Europe the herbage numbers of Osrerlugia ~ P P .  L, the winter or ear ly  spring, ~h~ sources of pasture con. 
increase markedly from mid-summer onwards and this tamination are again ewes during the P P ~  and the 
is when disease appears. lambs following ingestion of larvae which have sur- 

These larvae arc derived mainly from eggs passed in vived the summer, 
thc faeces of cwes during the periparturient period, The relative importance of these sources in any 
from about two weeks prior lo lambing until six weeks country varies according to the conditions during the 
post-lambing (Fig. 13). Eggs passed by lambs, from adverse pcr,od for larval survival. where the summt:r 
worm burdens which have accrued from the ingcstion is very dry and hot, the longevity of L, is reduced 
of ovcrwintered larvae, also coulribute to the pasture excent in areas shade and lhese can act as reser. 
contamination. 

- Ewe faecal egg output 
Lamb faecal egg output 
Larvae on pasture 

- ~ 

~ 

voirs of infection until the following winter. Although 
L, can persist in sheep faeccs during advcrse weather 
conditions the protection is probably lcss than that 
afforded by the more abundant hovinc taecal pat. 

DIAGNOSIS 
This is hascd on clinical signs, seasonality of infection 
and faecal cgg counts and, if possihlc, post-mortem 
examination, when thc characteristic lesions can be 
seen in the abomasum. Plasnia pepsinogen levels are 
ahovc lhe normal of l.Oiu tyrosinc and usually exceed 
2.0iu in sheep with heavy infcclions. 

TREATMENT 
Ovine ostertaeiosis reswnds well to treatment with 

larvae, or thc avermectinslmilbemycina. Treated 
lambs should preferably be moved to safe pasture and 

Fig.13 Epidemioiogy of ovineparasil~cgastroenterilisintemperate if this is not possible, lreatment may have to bc re- 
zones of the nonhern hemisphere showlng peripanurient rise in the 
faecal egg counts ewes and the mid-summer rise of infective Peated monthly intervals until the pasture larval 
larvae on pasture. levels dccrease in early winter. 
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CONTROL Soecies: 
flaumonchus conrorrrrs See 'The treatment and control of parasitic gastroen- 

teritis (PGE) in sheep', p. 33. H .  plucei 
H. similis. 

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 thc 
Osrerragia spp. which predominate in sheep, 0. 
circrrmcirzcra and 0. rrifurcara, and also to 0. 
l~plospirularis which establishes equally wcll in sheep 
and cattle. There is also some evidencc that 0. 
osrerragi can establish in goats. 

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

The pathogenesis, diagnosis, trcatmcnt and control 
measures are as for the other ruminants, but carc must 
be taken in choosing the anthelmintic since many 01 
thosc recommended for sheep and cattle are not regis- 
tcrcd for use in goats. Where goat milk or milk 
products are uscd for human consumption, milk- 
withholding periods for difIerent drugs should be 
observed. Thiahendazole has anti-fungal propcrtics 
and should not he used when milk is processed for 
cheese. 

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

'l'he life cycle is similar to Osrerragia and there is 
penetration of the gastric glands with resultant 
nudulc formation. Each nodule contains three or four 
dcvcloping parasites and measures 2.0-4.0mm in 
diameter. 

LJntil recently the sheep spccics was called H. 
contortlir and the cattle species H. placei. However 
thcre is now increasing evidence that these are thc 
singlc spccics H contortus with only strain adaptations 
lor caltlc and sheep. 

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

Gross: 
The adults are easily identified bccause of their 
specific location in the abomasum and their large sizc 
(2.0-3.0 cm). In fresh specimens, the white ovaries 
winding spirally around the blood-filled intestine pro- 
duce a 'barber's polc' appearance. 

Microscopic: 
The male has an asymmetrical dorsal lobc and barbed 
spicules; the female usually has a vulva1 flap. In both 
>exes thcrc arc cervical papillae and a tiny lancet in- 
side the buccal capsule (Fig. 14). 

LIFE CYCLE 

This is direct and the preparasitic phase is typically 
trichostrongyloid. 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 fivc days but development 
may be delayed for weeks or months under cool con- 
ditions. After ingestion, and cxshcathment in the 
rurnen, the larvae moult twice in closc apposition to 
thc gastric glands. Just before the tinal moult they 
develop thc picrcing lancet which enables them to 
obtain blood from the mucosal vcssels. As adults they 
move freely on the surface of thc mucosa. The 
prepatent period is 2-3 weeks in sheep and four weeks 

The pathogenicity of M. rnarchalli is not known. '" 

OVlNE HAEMONCHOSIS 

PATHOGENES\S 
This blood-sucking abomasal nematode may he re- 
sponsible for extensive losscs in sheep and cattle, es- Essentially the pathogenesis of haemonchosis is that 
pecially in tropical areas. of an acute hacmorrhagic anaemia due to the blood- 

sucking habits of thc worms. Each worm removes 
Hosts: about 0.05 ml of blood per day by ingestion and seep- 
Cattle, sheep and goats. age from the lesions so that a sheep with 5000 H. 

conrorrus may lose about 250ml daily. 
Site: In acute haemonchnsis anaemia becomes apparent 
Abomasum. about two weeks after infection and is characterized 



Fig. 14 Haemonchus contorrus. (a) Male - bursa and spicules: (b) Female - vulva flap: (c) Cervical papillae; (d) Buccal lancet. 



by a progressive and dramatic fall in the packed red climates. However, since high humidity, at lcasl in the 
cell volume. Durine the subseauent weeks the microclimate of the faeces and the herbage. is also ., , 
haematocrit usually gabilizes at a {ow level, but only essential for larval devclopmcni and survival, the fre- 
at the cxocnsc o[ a two- to three-fold comoensatorv auencv and sevcritv of outbreaks of disease is lareelv . , ., . 
;kl,.,n,l,,a .I '.r!ihropc,~c\~\. Ilouever duc I;, the c(>n- dcpedcnt ,III tllz ; : I I I ~ I ; I I I  in nn! lr,,rlicular area 
I ~ n u . ~ l  Ik~<sol lror 111~1  11rotc1n Inlcl the ~ i l \ t r u ~ n t : ~ i ~ ~ ~ . ~ I  C ; I \ . C , ~  il~r.\c . I ~ I I I ~ I ~ I C  ;n11~11!1on'i. the \udden occur- 
tract and increasing inappctcncc, the garrow eventu- 
ally becomes exhausted and (be haematocrit falls still 
fuither before death occurs. 

When ewes are affected, the consequent agalactia 
may result in the death of the suckling lambs. 

At necropsy, between 2000 and 20000 worms may 
be present on the abomasal mucosa which shows nu- 
merous small haemorrhagic lesions (Plate 1). The 
abomasal contents are fluid and dark brown due to the 
presence of altcrcd blood. The carcass is pale and 
oedematous and the red marrow has exoanded from 

rence of acute clinical haemonchosis appears lo de- 
pend on two further factors. First, the high faecal 
worm egg output of between 2000 and 20000epg, even 
in moderatc infections, means that massive pasture 
populations of L, may appear very quickly. Second, in 
conlrast to many other helminth infections, there is 
little evidence that sheep in endemic areas dcvclop an 
effective acquired immunity to Haernonchus, so that 
there is continuous contamination of the pasture. 

In certain areas of the tropics and subtropics such as 
Australia. Brazil. the Middle East and Nieeria. the 

ihc. cp~ph!s.\ I ~ I , ,  ihc m~,lull..r) sa\~!)  (I'lnie I ) .  \ur\ 1\31 oi th: pdrasllc. 1s .ll,v ,~rru;i.~tcd wtll the nh~l- 
1 ~ . s ,  ,.dmnicblllv. 111 Ilea, ler 11l1r.cri~lns elf U P  It1 3(10111l 11% 0 1  11. cut!l,,t18,~ I.lr\ae lo u~l~lcrco h!~n~lh~cl~ls. :\I- 

worms, apparenil'y healthy sheep may die suddenly 
from severe haemorrhagic gastrilis. This is termed 
hyperacute haemunchusis. 

Perhaps as important as acute haemonchosis in 
tropical arcas is the lesser known syndrome of chronic 
haemunchusis. This develops during a prolonged dry 
season when reinfection is neelieible. but the wasture - -  , 

hecomes deficient in nutricnts. Over such a period the 
continual loss of blood from small persisting burdens 
of several hundrcd worms are sufficient to produce 
clinical signs associated orimarilv with loss of weight. 
wcakncss- and inappeience rather than mazed  
anaemia. 

CLINICAL SIGNS 
In hyperacute cases, sheep die suddenly from 
haemorrhagic gastritis. 

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

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

EPIDEMIOLOGY 
Thc epidemiology of H. contortus is hest considcrcd 
separately depending on whether it occurs in tropical 
and subtropical or in temperate areas. 

Tropical and subtropical areas 
Because larval development of H. rontortus occurs 
optimally at relatively high temperatures, hae- 
monchosis is primarily a disease of sheep in warm 

though the trigger for this phenomenon'is unknown, 
hypobiosis occurs at the start of a prolonged dry sea- 
son and permits the paraile to survive in the host as 
arrested L, instead 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 
hypohiosis has been observed and this may be due to 
more frequent rainfall in these areas making such an 
evolutionary development unnecessary. 

Thc survival of I L  conlonus infection on tropical 
pastures is variable depending on the climate and dc- 
gree of shade, hut the infective larvae 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 pans of northern Europc and in Canada, which 
are amone the least favourable areas for the survival 
of H. coniorrus, the epidemiology is different from 
that of trooical zones. From the information available. 
infections seem to develop in two ways. Perhaps most 
common is the single annual cycle. Infectivc larvae 
which have developed from eggs deposited by ewes in 
the spring are ingcstcd by ewes and lambs in early 
summcr. 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 hypobioticlarvae, clinical signs of acute 
haemonchosis may occur and in the ewes this often 
coincides with lambing. 

In some ycars however clinical haemonchosis is 
secn in grazing lambs in late summer. The underlying 
cpidemiology is unknown, but is perhaps associated 
with pasture contamination by that proportion of in- 



gested larvae which did not undergo hypohiosis in 
early summer. 

DIAGNOSIS 
The history and clinical signs are often sulficient for 
the diagnosis o l  the acutc syndrome especially if sup- 
ported by Iaecal worm cgg counts. 

Necropsy, paying attention to holh the abomasum 
and thc marrow changes in the long hones. is also 
useful. Changes arc usually evidcnt in hoth, alLhough 
in sheep which have just undergone 'scll cure' (see 
below) or are in a terminal stage of the disease, the 
bulk of the worm hurdcn may have been lost from the 
abomasum. 

In hvneracute hacmonchosis. onlv the abomasum 

Apart from anthelmintic prophylaxis some studies, 
especially in Kenya, have indicated the potential value 
of somc indigenous breeds of shecp which seem to he 
naturally highly resistant to H. contortus inlection. 
Presumably such breeds could be of value in develop- 
ing areas of the world whcre veterinary surveillancc is 
poor. 

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

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

2 r , 2 

may show changes since death may have occurred so CApRlNE HAEMONCHOSlS 
rapidly that marrow changes arc minimal. 

~h~ diagnosis of chronic haenIonchosis is more dif. Goats arc highly susceptible to H. rontortirr, particu- 

ficult  because of the concurrent presence of poor nu. larly when they arc precluded from browsing and de- 

trition and confirmation may have to depend on the rive all their food intake from pasture. 

gradual disappearance of thc syndromc after 
anthclmintic treatment. 

BOVINE HAEMONCHOSIS 

TREATMENT The disease caused hy H plorei or H. sinlilis, the latter 

When an acute outbreak has occurred the sheep 
should be treated with one of the benzimidazoles, 
levamisole, an avermectinimilbemycin or salicy- 
lanilide and immediately moved to pasture not re- 
ccntly grazed by sheep. Whcn the original pasture is 
grazed again, prophylactic measures should be under- 
taken, asenough larvae 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 valuc; alterna- 
tively some supplementary fccding may bc given. 

CONTROL 
In the tropics and subtropics this varies depending on 
thc duration and number of pcriods in the year when 
rainfall and temperature permit high pasture levels of 
H cuntort1r.i larvae to develop. At such times it may he 
necessary to use an anthelmintic at intervals of 2-4 
weeks depending on (he degree of challenge. Sheep 
should also be trcated 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 modem benzimidazoles or an 
avertnectin/milbemycin is recommendcd. 

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

possessing a characteristic vulva1 flap (Fig. IS), is simi- 
lar in most respects to haemonchosis in sheep and is 
important in the tropics and subtropics during sea- 
sonal rains whcn severe outbreaks may occur. How- 
ever the disease has also bccn recorded al the end of a 
long dty scason due to the maturation of hypobiotic 
IIIV~P . .. . . - - . 

Unlike haemonchosis in sheco, eraling cattle over . - 
two years old are relatively immune although this may 
be broken down bv drouzht conditions which lead to - 
poor nutrition and heavy challenge from congregation 
of animals around watering points. Treatment and 
control arc similar to that described for H. contomis in 
sheep. 

THE SELF-CURE PHENOMENON 
In areas of endemic haemonchosis it has often been 
observed that after thc advent of a period of heavy 
rain the laecal worm egg counts of sheep infected with 
H. cunlortu drop sharply to near zero levels due to 
the expulsion of the major part of the adult worm 
burden. This event is commonly termed the self-cure 
phenomenon, and has been reproduced experimen- 
tallv hv suoerimoosine an infection of II. contortus , ,  . , 
larvae on an existing adult infection in the ahomasum. 
The cxoulsion of thc adult worm ~ooulation is consid- . . 
cred to he thc consequence of an immcdiate-type 
hypersensit~vity reaction to antigens derived from the 
developing larvae. It is thought that a aimilar mecha- 
nism operates in the naturally occurring self-cure 
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Fig. 15 Haemonchussimilisshowing the vulva situated at the tip of 
the v~ lva l  flap. 

whcn largc numbcrs of larvae mature lo lhe intective 
slage on pasture after rain. 

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

- 
Another explanation of thc sclf-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 numhers of infective 
larvae. This suggests that the phenomenon may also 
be caused, in some non-specific way, hy the ingestion 
of fresh growing grass. 

Whatever the cause. sclf-curc is urobahlv of mutual 
bcnclit to both host and parasite. ?he former gains a 
temuorarv resuite from oersistent blood loss while the . . 
agekg parasite populatibn is eventually replaced by a 
vigorous young generation. 

l'his 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 RO days. 

The pathogenesis is similar to that of H. contortus in 
sheep and it is of similar economic importancc. 

Trirhosrrongylus is rarely a primary pathogen in tem- 
perate areas, hut is usually a component of parasitic 
gastroenteritis in ruminants. By contrast, in thc sub- 
tropics it is one of the most important causes of para- 
sitic gastroenteritis. Onc spccics, T. axei, is also 
responsible for gastritis in horses while 1: renuis 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. tenriis. 

Species: 
Tr i l tos~ron~y lus  axvi abomasum of ruminants and 

stomach of horses and pigs 
T co1uhriformi.s ruminants 
T vitrir~us I shccp and goals T. capriculu 
T. returtaefurmis rabbits 
7: tennis small intestine and caeca of 

game hirds. 

There are a number of other spccics ol ruminants 
with morc local dislribution and importance such as 
1: rugallis, 1: falzulafus, 1: proholurus and T. 
longispicularis. 

Distributiun: 
Worldwidc. 

Gross: 
'The adults are small and hair-like. usuallv less than 
7.0mm long and difficult to see with the niked eye. 

Microscopic 
The worma 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. arei arc 
also unequal in length; in the female the tail is bluntly 



Fig. 16 Some charaner~stics of Trichostrongylus species. (a) Excretory notch in oesophageal region (t); (b) Appearance of female tail: (c) 
Unequal spicules of T. axei: (d) Leaf-like spicules of T. vitrhus: (e) 'Stepped' tip of spicules of T. colubrrformis. 
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Fig. 16 (continued) 

nutrients and fluids. However many such areas appear 
normal. Where parasites are congregated within a 
small area, erosion of the mucosal surface is apparent 
(Plate 11). In heavy infections diarrhoea occurs, and 
this, together with the loss of plasma protein into the 
lumen of thc intcslinc, leads lo weight loss. A reduced 
deposition of protein, calcium and phosphorus has 
also been recorded. 

In the case of T axei the changes induccd in the 
gastric mucosa are similar to those of Osvrtagia with 
an alteration in pH and an incrcascd permeability of 
the mucosa. One difference is that the worms pen- 
ctrate between the glands rather than into the glands 
as in Oster~afiia. Coalescence of the subsequent nodu- 
lar lesions often results in plaques or ring-like lesions 
(Plate TI). 

C L I N I C A L  S I G N S  

The principal clinical signs in heavy infections arc 
rapid weight loss and diarrhoea. At lowcr lcvcls of 
infection, inappetence and poor growth rates, some- 
times accompanied hy soft facccs, are the common 
signs. It is oftcn difficult to distinguish the effects of 
low infections from malnutrition. 

E P I D E M I O L O G Y  

The emhryonated eggs and infcclive L, of I'rirh- 
tapered (Fig. 16) and there is no vulva1 flap. In T axei ostrongylus havc a high capacity for survival under 
thc eggs are arranged pole to pole longitudinally. adverse conditions whether these are extreme cold or 

dcsiccalion. In temperate areas such as in Britain the 

LIFE CYCLE L, survive the winter well, sometimes in sufficient 
numbers to precipitate clinical problems in the spring. 

of intestinai.species occurs in the ahomasum. IJnder 
optimal conditions, development from the egg to in- 
fective stage occurs in 1-2 weeks. 

The parasitic phasc is non-migratory and the 
prepatcnt period in ruminants is 2-3 weeks. In the 
hone, T. oxei has a prepatent period of 25 days while 
in game birds infected with T. tmui,? it is only 10 days. 

PATHOGENESIS 
Following ingestion, the L, of the intestinal species 
penetrate between the epithelial glands of the mucosd 
with formation of tunnels beneath the epithelium, but 
above the lamina propria (Plate 11). When the sub- 
epithelial tunnels containing the developing worms 
ruoture to liberate the voune worms about 10-12 davs 

during thcsc seasons. 
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 to rehydrate large numbers of 
apparcntly desiccated L, (anhydrobiosis) which then 
bccomc active 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. 

IJntil recently hypobiosis wasnot considered to be a 
fcaturc o l  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 hyoobiosis occurs at 

2 - 
afier infection, there is considerable haemorrhage and the L, stage although their r z c  in ouibreaks of disease 
oedcma and ~ lasma  oroteins are lost into the lumen of has not hecn established. 
the gut. Grossly, there is an enteritis, particularly in Immunity to ?i.ichostronfiylus as in Ostertagia is 

j the duodenum: the villi become distorted and slowly acquired and in sheep and probably goats it 
flattened, reducing the area available for absorption of wanes during the periparturient period. 
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- . , , - . . - - . - 
The main generic features (Fig. 17) are the small ce- 

This is based on clinical signs, seasonal occurrence of phalic and the transverse cuticular i n  
disease and, if possible, lesions a1 post-morlem exami the oesophageal region, The spicules usually have a 
nation. Faecal egg counts arc a useful aid to diagnosis, wing.like expansion in the region and 
although faecal cultures are necessary for generic bear ridecs: there is eubernaculum, ~h~ [e. -~~~~ ~ .~~~ - ~ ~ .  identitication of larvac. males usually have a small vulva1 flap and a long taper- 

TREATMENT AND CONTROL 
Depending on the host, this is as described lor bovine 
ostertagiosis, parasitic gastroenteritis in sheep and 
strongylosis in the horse. 

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

ing tail. 

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

In temperate areas, members of the genus Cooperia 
usually play a secondary role in the pathogenesis of 
parasitic gastroenteritis of ruminants although thcy 
may be the most numerous Lrichostrongyle present. 
However, in some tropical and subtropical areas, 
some species are responsible for severe enleritis in 
calves. 

Hosts: 
Ruminants. 

Site: 
Small intestine. 

Species: 
Cooperia oncophoru 
C punctata I catlle 
C. pectinara 
C. surnobada 

(syn. C. mcmasteri) cattle and sheep 

C. curticei sheep and goats. 

Distribution: 
Worldwide. 

IDENTIFICATION 
Gross: 
In size Cooneriu are similar to 0 ,~ t e r tu~ ia .  The most 
notable features are the 'watch spring-like' posture of 
C c~rrlicri and the very large bursa in all species. 

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, pwlctata, C. pectinata and prohably C. surnabado 
are more pathogenic since thcy penetrate the 
epithelial surface of the small intestine 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 
These are loss of appetite, poor weight gains and with 
C punclara and C, pectinara, diarrhoea, severe weight 
loss and suhmandibular oedema. 

EPIDEMIOLOGY 
In temperate areas this is identical to that of 
Osrertugia. Hypobiosis at the EL, is a regular feature 
during late autumn and winter in the northern hcmi- 
sohere. and sorine. and summer in the southern . - 
hemisphere. 

In the subtropics the epidemiology is similar to that 
of Haemonchus though Cooperia does not have thc 
same high biotic potential and the L, survive rather 
bclter under arid conditions. Hypobiosis is a feature 
during prolonged dry seasons. 



Vererir~ary Helminrhology 

Fig. 17 Some characteristics of Cooperia species. (a) Cephalic vesicle and cuticular stnations: (b) Elongated female tail: (c) Spicules of C. 
onmphora; (d) Spicules of C. punctata; (el Spicules of C pectinata; ( f )  Spicules of C. curticei. 
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A closely related parasite Paracouperia noduloso is 
rcspunsible for a severe nodular enteritis in huffalocs 
in Asia, Africa and South America. 

DIAGNOSIS, TREATMENT AND CONTROL 
The principles arc similar to those applicd in bovine 
ostertagiosis and PGE in sheep. 

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

Host: 
Pig. 

Site: 
Stomach. 

Species: 
Hyostrongylus rubiilrrs. 

Distribution: 
Worldwide. 

IDENTlFlCA TlON 

If) 

Fig. 17 (continued) 

Gross: 
Slcnder reddish worms 5-8 mm in length 

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

LIFE CYCLE 
Typical of the superiamily. The free-living and para- 
sitic stagcs are similar to those of Ostertagia. The 
prcpatent period is three weeks. 

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

CLINICAL SIGNS 
These are inappetence, anaemia and loss of condition. 
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EPIDEMIOLOGY N. n l~no rmo l i ~  and N. otruiianrrh have also been re- 
corded from sheep and goats in southern Europe. 

Because of the prcparasitic larval rcquircmcnts infcc- Asia, America and Australia. 
tion is confined to pigs with access to pasturc or those 
kept in straw yards. 11 is therefore &re common in Distribution: 
hreeding stock, particularly gilts. l'he epidemiology. at Worldwide, more commonly in temperate zones. N. 
least in temperate zones, is similar to that of Ostertagiu hamcs is most important in  the British Isles, hut alro 
in ruminants with scasonal hypobiosis a feature. occurs in Norway and the Netherlands. 

DIAGNOSIS 
This is based on a history of access to permanent pig Gross: 
pasturcs and thc clinical signs. Confirmatory diagnosis The adults are slender worms 2.0 c,n long, 
is by examination of faeces for eggs: for differentiation intertwining of the thin, twisted worms produces an 
from other nematodes, larval identification following similar to that of wool, 
faecal culture may be necessary. 

TREATMENT 
When Hyo.~trongylus infection is diagnosed, particu- 
larly in breeding stock, it is important to use a drug 
such as a modcrn bcnzimidazolc or an avcrmectinl 
milbcmycin which will rcmovc hypobiotic larvac. 

CONTROL 
'l'he same principles apply as for the control of para- 
sitic gastroenteritis 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 he dependent on 
other farming activities, but if it can bc delayed until 
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 avermectini 
milbcmycin, is recommended 3-4 wccks latcr to rc- 
move any residual infection. 

Microscopic: 
A small hut distinct cephalic vesicle is present (Fig. 
18). The spicules are long and slender with fused tips. 
In all except N. hatt~rs the male has two sets of parallel 
rays in each 01 the main bursal lobes; the fcmalc 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 hattus 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 cgg 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 dcvclopmcnt is gcncr- 
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. 

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

Hosts: 
Ruminants. 

Site: 
Small intestine. 

Species: 
Nernatodirrcs hattus sheep, occasionally calves 
N filicollis sheep and goats 
N. sparhigur sheep and goats, occasionally 

cattle 
N, helverianus cattle. 

Britain, hatching of most eggs requires a prolonged 
period of chill followed by a mean daylnight 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 
year for the bulk of this species. However, some N. 
hattrrs 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 
time. 

The parasitic phase is non-migratory and the 
prepatent period is 15 days. 
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Flg. 18 (continued) 

Other Nernatodirus species 
The olher species do not have the same critical hatch- 
ing requirements as N. bnllus and so the L, appear on 
the pasture within 2-3 months of the eggs belng cx- 
creted in the faeces. More than one annual gcncration 
is therefore possible. 

PA THOGENESIS 

Nematodirosis, due to N bnttu.r infection, is an cxam- 
ple of n 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 stagcs arc 
found on the mucosal surface. Devclopmcnt through 
L, to L, is complete by 10-12 days from inkction and 
this coincides with severc damagc Lo Lhe villi and ero- 
sion of thc mucosa leading lo villous atrophy (Fig. 19). 
The ability of the intestine to exchange fluids and 
nutrients is grossly reduced, and with the onsct of 
diarrhoea the lamb rapidly bccomcs dehydrated. At 
necropsy the carcass has a dehydrated appearance and 
there is pn cntcritis in thc ileum. 

Whilc the pathogcncsis ot  infections with the other 
Nematodirris spp. is probably similar there is some 
controversy on the extent of their pathogenic effect. 
For example, though N helvetianus has bccn incrimi- 
nated in outbrcaks of bovine parasitic gastroenteritis, 
expcrimcnlal attempts to reproduce the disease have 
hecn unsuccessful. 
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Fig. 19 Villous atrophy in small intestine dueto Nematodim banus 
nfection. 

CLINICAL SIGNS 
In scvcre intections, diarrhoea is the most prominent 
clinical sign. As dehydration proceeds the affected 
animals become thirsty and in infected flocks the cwcs 
continue to graze, apparently unaffcctcd by the larval 
challenge, while their inappetent and diarrhoeic lambs 
congregate round drinking placcs. 

EPIDEMIOLOGY 
This is best considered separately for N .  battus and 
other Nerrratodir~6s spp. 

The three most important lcalures of the epidemiol- 
ogy of N .  batrus inlections are: 

( I)  The capacity of the free-living stages. particu- 
larly the egg containing the L,,, to survive on 
pasture, somc for up to two years. 

(2) The critical hatching requirements of most eggs 
which ensure the appearance of a large number 
O[ L, on the pasture simultaneously, usually in 
Mav and June. 'I'houph the flush of larvae on the 
~ p . i < t t t r ~ '  111ity h~ ;an annu.~l cvcnt. Ih: .tplw.irsrlk< 
, ~ i c l ~ ~ t t c ~ l  r~rntalod~ro~ts I,   nu^: l h u ~  i~ ~ l t c  r I t ~ \ I t  01 
L, is early the suckling lambs may not be con- 
suming sufficient grass to acquire large numbers 
o l  L,, and if it is late the la~nbs may be old enough 
to resist the larval challenge. There is some evi- 
dence that there is an age rcsistancc to N .  bottrrs 
which commcnccs 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 
absolute. 

(3) The negligible role played by the cwc in the an- 
nual cycling of N .  batnrs 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. Thc epidemiology is 
illustrated in Fig. 20. 

Since the other Nernatodirus species do not have 
such critical hatching requirements, a sudden flush of 
L, does not occur and although N tilicollis, N. 

is more common to find them in conjunction with the 
other trichostrongyles. 

Though L, o l  Nemutudirus spp. apparently arrested 
in their development have been recorded at necropsy, 
there is no ohvious seasonal pattcrn to lheir occur- 
rence and it seems morc likely thal they have accumu- 
latcd 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 
Sevcral drugs arc highly etlective against Nenzuludirus 
intections especially levamisole, an avermectinl 
milbemycin or one of the modern hen7imidazoles. 

I ,, Larvae on pasture - Lamb faecal egg output 

Flg. 20 1 DcrT o og c;l f n l  .res 01 iremlroor.~ o a a s  ntecon 
-=,lratl.g illc ,,.aaar apDe3lalre of nlrcl .r av?o 1 spl ng to 
on rg  mass l a cn  ng of orcw intr~r~o rggs 
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lenbcndazolc, oxfcndazole or alhendazole. The re- 
sponse to treatment is usually rapid and if diarrhoea 
persists coccidiosia should be considered as a compli- 
cating factor. 

CONTROL 
With the exception of N hattus, which requires 
special consideration, disease due to monospecific 
Nenlarodirus infections is rarely seen. Instead, 
they arc usually part of the worm hurden of 
trichostrongyloid species which arc rcsponsiblc for 
the syndrome of parasitic gastroenteritis in sheep and 
as such may he controlled by the measures outlined 
helow. 

Since N. hattus infection of lamhs has a unique epi- 
demiology, its control is hest considered separately. 
Due tu the annual hatching of N. batnu eggs in spring, 
the disease can be controlled by avoiding the grazing 
of successive lamh crops on the same pasture. Where 
such alternative grazing is not available each year, 
control can he achieved by anthelmintic prophylaxis, 
the timing of treatments heing hased on the knowl- 
cdgc that thc peak time for the appearance of N. 
buttus L, is May to early June. Ideally, dosing should 
he 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 forecasting system hased primarily on soil tem- 
perature in the early spring which can predict the 
likely severity of nematodirosis. In years when thc 
forecast predicts severe disease, three treatments are 
rccommcndcd during May and June; in other years 
twu treatments in May should suffice. Several drugs 
arc recommcndcd, including levamisole, or any of the 
modern hcnzimidazolcs or ivermectin. 

THE TREATMENT AND CONTROL 
OF PARASITIC GASTROENTERITIS 
(PGE) IN SHEEP 
The rccummcndations outlined below are applicable 
to temperate areas o l  the northcrn hcmisphcrc, but 
the principles can be adapted to local conditions 
elsewhere. 

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

he 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 he treated with 
the same anthclmintics. Unlike 0. ostertagi in calves 
the arrested stages o[ the common shccp nematodes 
are susceptible to thiahendazole and levamisole. 

CONTROL 
Although the control of PGE in cheep is hased on the 
same principles as that described for 0. ostertagi in 
cattle, its practice is somewhat d ik ren t  [or the follow- 
ing reasons: 

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

( 2 )  PGE in sheepis generaily associated with a vari- 
ety of nematode genera with differing e~idemio- - .  
logical characteristics. 

(3) Most sheep graze throughout their lives so that 
pasture contamination with nematode eggs and 
the intake oI inkclive larvae is almost continu- 
ous and modified only by climatic restrictions. 

In selecting 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 year. 

FARMS CONSISTING OF MAINLY 
PERMANENT PASTURE 
On such farms control may he ohtained either by 
anthclmintic prophylaxis or by alternate grazing on an 
annual basis with cattle and shccp. The former is the 
only feasible method where the farm stock is primarily 
shcep while the latter can he used where cattle and 
shccp are both present in reasonahle 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 lacccs during the PPR and prophylaxis will only 
be clficicnt if this is kept to a minimum. Effective 
anthclmintic thcrapy 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. 
whcrc nutritional status is frequently low, this treat- 
ment oltcn results in impn~ved general body condi- 
tion. Howcvcr, during latc 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 he given at 
4 4  weeks post-lamhing. 

Youne 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 periparturicnt pc- 
rind. The results obtained with the latter syatcm ap- 
pear to be best when thc cwcs arc contained in small 
oaddocks or fields as the uotake of drue is less consist- - 
ent under extensive grazing systems. 

Rumen boluses designed for thc slow rclcase o l  
anthclmintics ovcr a prolonged period are now avail- 
able for shccp and arc recommended lor use in ewes 
during the pcri-parturient period to eliminate worm 
egg output. 

Lamhs: 
Apart from specific treatment for N. banus inlection, 
lambs should bc trcatcd at wcaning, and il possible 
moved to sale pastures. i.e. those not grazed by sheep 
since the previous year. Where such grazing is not 
available, prophylactic treatments should he repeated 
until autumn or marketing. The number of treatmcnts 
will vary dcpcnding on the stocking rate. one treat- 
ment in September sufficing for lambs under extensive 
gracing and two between weaning and marketing for 
those under more intensive conditions. 

For prophylactic treatments levamisole, the henzi- 
midazoles, pro-benzimidazoles and avermcctinsl 
milbcmycins may bc uscd. 

For low level administration in feed blocks thio- 

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

Prophylaxis by grazing management and 
anthelmintics 

Good control is possiblc with only one annual 
anthelmintic treatmenl 01 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 pasture. At wcaning, thc lambs should he moved 
lo another sale 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 systcm 
thc aftermath grazing available alter cropping may be 
used lor weaned calves and weaned lambs. 

It has been suggested that anthelmintic prophylaxis 
can be disuosed of com~letelv under this svstem but 
clinical P ~ E  has sometimes oicurred when ireatment 
has been omitted. It is worth remembering that even 
the highly ellicicnt 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 advisahle to give at least one 
annual spring treatment to all stock prior to moving to 
new pastures. 

phanate or fenhendazole have proved useful. 
The prophylactic programmes outlined ahove are 

Prophylaxis by grazing management 

relatively costly in terms of drugs and lahour but are Many schemes were devised to control the acquisition 
currently the only methods available on farms where of L, based solely on grazing management. One rec- 
the enterprise is hcavily dcpcndcnt on one animal ommendation was to rotate shccp through paddocks, 
species. but since it involved the return of the sheep to their 

previously grazed paddocks i n  the same season, this 
Prophylaxis by alternate 0razin0 of sheep was of little value. Two other methods. which did not 
and cattle 

- - 
involve a return to the original pasture, were strip 
grazing, in which sheep w&e confined to a narrow On farms where sheep and cattle arc both prcscnt in strip across the field by fcnccs which wcrc moved significant numbers, good control is theoretically pos- 

sible by alternating the grazing of fields on an annual every few days. and creep grazing, in which a single 

basis with each host, due to the relative insusceptihil- fence contined the ewes, but since it possessed a 
'creep' or hole. allowed the lamhs to graze forward. ity of cattle to sheep nematodes and vice vcrsa. Thc syslcms may have been highly effective in pre- In practice, control is best achieved by exchanging, vcnting PGE, but were costly in fencing and lahour in the spring, pastures grazed by shccp and bccl caltlc and arc littlc uscd nowadays. ovcr thc orcvious vcar. ~rclcrablv combined with 

anthelmintic treatmenl at the time of exchange. - FARMS This genus living in the bronchi of cattle, sheep, horses 
In thcsc mostly intensive [arms, rotation ol  crops and and donkeys is the major cause of parasitic bronchitis 
grass is oftcn a feature, and thcrclorc new lcys and hay in thcsc hosts. 
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Hosts: 
Kuminants, horses and donkeys 

Site: 
Trachea and hronchi, particularly of the diaphrag- 
matic lobes. 

Species: 
Dirryucuulus vivipurus cattle and deer 
D. filaria sheep and goats 
I). arnjieldi donkeys and horses. 

Distribution: 
Worldwide, hut especially important in temperate 
climates. 

The adults arc slcndcr thrcad-likc worms up to 8.0cm 
in length. Their location in the trachea and bronchi 
and their sire are diagnostic. 

Since D. viviparus is the most pathogenic of the 
threespecies it is presentedin detail. For the other two 
species, only those features which are different to D. 
viviparru arc discussed. 

Dictyocaiilus viviparus is the cause of parasitic 
hronchitis in cattle, also known as husk, hoose, ver- 
minous pneumonia or dictyocaulosis. The disease is 
charactcrizcd by hronchitis and pneumonia and typi- 
cally alfects young cattle during their first grazing sea- 
son on permanent or semi-pertiianent pastures. The 
disease is prevalent in temperate areas with high 
rainfall.\ 

LIFE CYCLE 
The female worms are ovo-viviparous, producing eggs 
containing fully dcvclopcd larvac which hatch almost 
immediately. Thc L, migralc up thc trachea, are swal- 
lowed and pass out 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 hrown food granules (Fig. 21). In con- 
sequence the preparasitic stagcs do not rcquirc to 
feed. Under optimal conditions the L, stage is reached 
within live 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 I'iluholus. 

After ingestion, the L, penetrate the intestinal 
mucusaandpass to the mescnleric 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 Dictyocaulus viviparus 

moult occurs in the hronchioles a Cew days later and 
the young adults then move up the bronchi and ma- 
ture. 'l'he prepatent period is around 3-4 weeks. 

'This may be divided into four phases: 

(1) Penetration phase: days 1-7 

During this period the larvae are making their wa) 
to thc lungs and pulmonary lesions are nut yct 
apparent. 

(2) Prepatent phase: days 8-25 
This phase starts with the appearance of larvae within 
thc alvcoli whcrc they causc alveolitis. This is followed 
by bronchiolitis and linally bronchitis as the larvae 
become immature adults and move up the bronchi. 
Cellular infiltrates of neutropliils, eosinophils and 
macrophages temporarily plug the lumina of the 
hronchioles and cause collapse of other groups of al- 
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Secondly, the presence of dark red collapsed areas 
around infected bronchi. This is a parasitic pneumonia 
(Plate 11) caused by the aspiration of eggs and L, into 
the alveoli. These 'foreign bodies' quickly provoke 
dense infiltrates of oolvmornhs. macroohaecs and . ,  . . v 

mullinuclcaled gianl cells around them (Fig. 23). 
Deoendine on the extent of the infection there may 

be varying ldegrees of interstitial emphysema and 
oedema. 

(4) Postpatent phase: days 61-90 

In unlreated calves. this is normallv the recoveni 
phase after the adult lungworms have been expelled. 

Fig. 22 Scanning eienron micrograph of mucus and cellular plug Although the clinical signs are abating the hronchi are 
(p) ~n small bronchiole following infection with Dicfyocaulus viviparus still inflamed and residual lesions such as bronchial 

and ~eribronchial fibrosis mav 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 rubbcry and docs not 
collapse whcn the chest is opened. This, often de- 
scribed as 'epithelialization'. 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 ucdcma. The actiology is un- 

Fig. 23 Aspirated Dictyocaulus viviparus L, surrounded by inflam known, but is thought to be due to the dissolution and 
matory cells. aspiration of dead or dying worm material into the 

alveoli. The clinical syndrome is often termed 
postpatent parasitic bronchitis. 

veoli. 'This lesion (Fig. 22) is largely responsible for the The other cause, usually in animals convalescing 
first clinical signs. indoors, is a supcrimposcd bacterial infection of thc 

Towards the end of this ohasc bronchitis dcvclo~s. 
characlcrizcd by mucus containing imrr~ature 
lungwor~ns in the airways, which may only he seen 
with the aid of a low-power microscope, and hy cellu- 
lar infiltration of the epithelium. 

Heavily infected animals, whose lungs contain scv- 
era1 thousand developing worms, may dic from day 15 
onwards duc to rcspiralory Iailure following the devel- 
opment of severe interstitial emphysema atid pulmo- 
nary oedema. 

(3) Patent phase: days 26-60 

This is associated with two main Icsions. 
First, a parasitic bronchilis characlerized by the 

presence of hundreds or even thousands of adult 
worms in the frothy white mucus in the lumina of the 
hronchi (Plate 11). The bronchial coithclium is 
hyperplastic and heavily infiltratcd by inflammatory ~ i ~ .  24 epithelialiratian. which may occur during 
cells, particularly eosinophils. postpatent parasitic bronchitis. 
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imperfectly hcalcd lungs leading to acute interstitial 
pneumonia. 

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

Mildly affected animals cough intermittently, par- 
ticularly when exercised. 

Moderately affected animals have frequent bouts of 
coughing at rcst, tachypnoea (>60 respirations per 
minute) and hyperpnoca. Frcquently, squeaks and 
crackles over the posterior lung lobcs are heard on 
auscultation. 

Severely affected animals show scvcrc tachypnoea 
(>RO respirations per minute) and dyspnoea and frc- 
qucntly adopt the classic 'air-hunger' position of 
mouth breathing with thc hcad and neck outstretched. 
There is usually a dccp harsh cough, squeaks and 
crackles over the posterior lung lobcs, salivation, ano- 
rexia and sometimes mild pyrexia. Oftcn thc 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 hy 
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 scvcrc respiratory signs, unassociated with 
pyrrxia, which usually terminates fatally 1-4 days 
later. This syndrome of postpatent parasitic bronchitis 
has been described above. 

EPIDEMIOLOGY 
Generally only calvcs in thcir first grazing season are 
clinically affected, since on farms where thc discasc 
is endemic older animals have a strong acquired 
immunity. 

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

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

(2) Carrier animals: small numbcrs of adult worms 
can survive in the bronchi of iniected animals, 
particularly yearlings, until the next grazing sea- 
son. Until recently it was assumed that they all 
pcrsistcd as adults, hut it has now been shown 
that thc chilling of infective larvae hefore admin- 

istration to calvcs will oroduce arrested L,: 
hypohiosis at this stage has also hcen observed in 
naturallv infected calves in Switzerland. Austria 
and ~ a i a d a ,  although the extent to which this 
occurs naturallv after ingestion of larvae in late 

The dispersal of larvae from the Iaecal pat during 
the grazing season appears to be effected by a fungus 
rather than hy simple migration. This fungus, 
Pilobulrrs, is commonly found growing on the surface 
of bovine faecal pats about onc week after these have 
heen deposited. The larvae of D, vivipanrs, crawling 
on the surface of the pats, migrate in large numbers up 
the stalks of the fun@ on to, and even inside, the 
sporangium or seed capsule (Plate 11). Whcn thc 
svorangium is discharged it is oroiected a distance of up to % in still air toland on'the surrounding herb- 
age. It is possible that this vcrv cffective method of 
disseminaiion of larvae may k c  further enhanced 
given a moderate wind. Perhaps also thc rarc out- 
breaks of parasitic bronchitis in housed calvcs arc as- 
sociated with the dispersal of L, by Pilobolus growing 
in the dung of adjacent infected cattle. 

Parasitic bronchitis is predominantly a problem in 
areas such as northern Eurooe which havc a mild. 
climate, a high rainfall and abundant permanent grass. 
Outhreaks of disease occur from June until Novcm- 
bcr, but are most common from July until September. 
It is not clcar why the disease is usually not apparent 
until calves, turned out to graze in the spring, have 
heen at grass for 2-5 months. One explanation is that 
the initial infection, acquired from the ingestion of 
ovcrwintered larvae in May, involves so few worms 
that neither clinical signs nor immunity is produced; 
howcvcr, sufficient numbers of larvae are seeded on to 
the pasture so (hat by July the numhers of L, on pas- 
ture are sufficient to producc clinical disease. Young 
calves, added to such a grazing herd in July, may dc- 
vclop clinical disease within 2-3 weeks. 

An altcrnative explanation is that L, overwinter in 
the soil rathcr than on the grass and only migrate on to 
pasture at somc point between June and October as a 
result of some factor, as yet unknown, perhaps involv- 
ing earthworms or coprophagic beetles. At prcscnt 
thcrc is only circumstantial evidence to support this 
theory. 

Although dairy or dairy-cross calves are most com- 
monly arfectcd it should he recognized that autumn- 
born single-suckled heel calvcs arc just as susceptible 
when turned out to grass in early summcr. Spring-born 
suckled beef calves grazed with their dams until 
houscd or sold do noiusually develop clinical signs, 
although coughing duc to a mild infection is common. -. -. 
However, the typical disease may occur in weaned 
calves grazed until latc autumn. 

ADDISU
Highlight
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This epidemiological picture, typical of tempcrate 
countries, may be modified in some areas by factors 
such as climate or husbandry. In tropical countries, 
where disease due to I). viviparzrs may occur intermit- 
tently, the epidemiology is presumably quite different 
and probably dcpcnds more on pasture contamination 
by carrier animals such as may occur during flooding 
whcn cattle congregate on damp, high arcas, rather 
than on the prolonged survival of infcctivc 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 (50-1000lg) only in the faeces of 
patent cases so that faccal samples should be obtained 
from a numbcr oI aflected individuals. To avoid con- 
tamination with soil nematodes, samplcs should be 
obtained from the rectum. 

TREATMENT 
The anthelmintics available for the treatment of 
bovinc parasitic bronchitis are tbc modern 
benzimidazoles, levamisole or the avermectinl 
milbemycins. These drugs havc been shown to be ef- 
fective against all stages of lungworms with a conse- 
quent amelioration of clinical signs. In the past 
diethylcarbamazinc was widely used, but it has bccn 
largcly superseded by the drugs mentioned above. 

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

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

Whatever treatment is sclccted, it is advisable to 
divide affected calvcs into two groups as the prognosis 
will vary according to the severity of the disease. 
Those calvcs which are only coughing andlor 
tachypnocic are usually in the prepatent stage of the 
discase or have a small adult worm burdcn and treat- 
mcnt of these animals should result in rapid recovery. 
Calves in this category may not have developed a 
strong immunity and after treatment should not be 
returned to thc field which was the source of infection; 
if this is impossible, parentera1 ivermectin may be used 

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

Any calves which are dyapnoeic, anorexic and pos- 
sibly pyrexic should be kept indoors for treatment and 
further observation. The prognosis must be guarded 
and the owner infor~iied that a proportion of these 
animals may not recovcr while others may remain 
oermanentlv stunted. As well as being treated with an - 
anthelmintic, severely aflected animals may requirc 
antihiotics if ovrcxic and mav be in need of hvdration . , 
if thcy arc not drinking. In the case of valuable ani- 
mals, treatment with oxygen may bc merited. 

CONTROL 
The best method ol preventing parasitic bronchitis is 
to immunize all young calves with lungworm vaccine. 
This live vaccine, consisting of larvae attcnuated by 
irradiation, is currently only available in Europe and is 
given orally to calves agcd eight weeks or more. Two 
doses of vaccine arc given at an interval of four weeks 
and, in ordcr to all& a high level of immunity to 
develov, vaccinated calves should he nrotected from 
challc&c until two weeks after their skond dose. 

Although vaccination is effcctive in preventing 
clinical disease, it docs not completely prevent the 
establishment o l  small numbers of lungworms. Consc- 
quently, pastures may remain contaminated, albcil at 
a vcry low level. For this reason it is important that all 
of the calves on any farm should bc vaccinated 
whether they go to pasture in the spring or later in the 
vear. Also once a vaccination ororramme has been 
"ndertakcnit must be contilluedanrkally for eachcalf 
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, bc completed before they go to grass in the 
spring or early summer. However, these or suckled 
calves can be vaccinated successfully at grass provided 
the vaccine is given in spring or carly summer, that is. 
~ r i o r  to encountering a significant larval challenee. 

Control of parasicc brinchitis in first year ,grazing 
calves has becn achieved by the use of prophylactic 
antbclmintic regimens either by strategic carly season 
treatments or by the administration of rumen boluses, 
as recommended in thc control ol bovine ostertagiosis 
(p. 16). The danger of thcsc measures however is that 
through rigorous control in the first grazing season. 
exposure to lungworm larvae is so curtailed that cattlc 
remain susceptible to husk during their second season; 
in such situations it may he advisable to consider vac- 
cination ~ r i o r  to their second vear at grass. 

It is also worth noting that, 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 devclop thc discasc il 
exposcd to hcavy 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 somc 
other reason. 

The discasc is most commonly encountered in the 
oatent ~ h a s e  althoueh the other forms have been rec- 
bgnized. 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 
pcriud ol  milk [or human consumption. If possible, an 
annual oroeramnie of calf vaccination should be . u 

started. 

THE REINFECTION SYNDROME IN 
PARASITIC BRONCHITIS 
Normally the natural challenge or adult cattle, year- 
lings or calves which have acquired immunity to D. 
viviparus, whether by natural exposure or hy 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 
challenee, usuallv from a heavily contaminated field. 

animal's immune rcsponsc. The resilting prolileration 
of lymphu-reticular cells around each dead larva 
causes bronchiolar obstruction and ultimately the for- 
mation of a macroscopically visible greyish-green, 
lymphoid nodule ahout 5.0mm in diameter (Fig. 25). 
In addition, dense infiltration ol  the lung by 
eosinophils occurs, and where these accumulate in the 
small brunchi 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 thcrc is marked tachypnoea, 
hypcrpnoca and in dairy cows a reduction in milk 
yicld. Deaths rarely occur. 

Fig. 25 Small lymphoid nodules on lung sullace. a sequel of 
reinfection with Dicfyocaulus viviiparus (TI. 

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

This ubiquitous parasitc o l  dunkcys is rarely associ- 
ated with signs o l  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 lire 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 thc small 
bronchi and thcir eggs, containing the first stage 
larvae, hatch soon a[ter being passed in the faeces 
(Fig. 26). 
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Fig. 26 The first stage larva of Dicfyocaulus arnfleldi 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. 

PA THOGENESIS 
The characteristic lesion is similar in hoth horses and 
donkeys and is somewhat different from hovine para- 
sitic bronchitis. 

In the caudal lung lubcs particularly, lhcrc arc 
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 epilhelium is hypcrplastic with an 
increase in the size and number o l  mucus-sccrcling 
cells while the lamina propria is heavily infiltrated and 
often surrounded by inflammatory cells, predomi- 
nantly lymphocytes. 

CLINICAL SIGNS 

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

Infection is much less prevalent in horses. However, 
patent infections may dcvclop in foals and these arc 
not usually associated with clinical signs. In older 
horses inlections rarely bccomc patent but arc often 
associated with persistent coughing and an increased 
respiratory rate. 

EPIDEMIOLOGY 

Donkeys acquire inlection as Ioals and yearlings and 
tend to remain infected, presumably through rc-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 arc grazed as companion ani- 
mals with horscs. Pilobolrrs fungi may play a rolc in 
the dissemination ol  D. urnfieldi larvae from Iacccs, as 
in U.  viviparus. 

DIAGNOSIS 
In donkeys, patent infections arc common and L arc 
readily recovered from fresh faeces. In horses, al- 
though a history of donkey contact and clinical signs 
may he suggestive of 1). ar~zjield; infection, it is often 
not possihle to confirni a diagnosis by demonstrating 
larvae in the faeces. When attemnted. a modified 
Baerman technique is employed using 50g of facccs 
from the rectum. Keceutly the detection of eosinophils 

Despite the prevalence of patent D. ar'lJieldi infection Fig. 27 Circumscribed lung lesions typical of Dictyocaulus arnfleldi 
in donkeys, overt clinical signs are rarely sccn; how- infection. 
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in tracheal mucus has been descrihed as an ancillary 
aid to diagnosis. 

In practice, a presumptive diagnosis of lungworm 
infection in horscs is oftcn only possiblc in rctrospcct. 
whcn resolution o[ the clinical signs occurs after 
treatment. 

TREATMENT 
Successful treatment of both horses and donkeys has 
heen reported using various regimens of diethy- 
Icarbamazinc, Icvamisolc. [ebendazole or 
mebendazole. High efticacy has been reported in trials 
with oral ivermectin at normal dose rates. 

CONTROL 
Ideally, horses and donkeys should not he grazed to- 
gether, hut if they are, it is advisable to trcat thc don- 
keys, prcfcrably in lhc spring, with a suitablc 
anthelmintic. A similar regimen should be practised in 
donkey studs and visiting animals should he isolated in 
separate paddocks. 

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

LIFE CYCLE 
S~milar to that of D. vivipur~rs cxccpl that lhc 
prcpalcnl period is five weeks. 

PATHOGENESIS 
Similar to that of D. vivipurics infection. However, 
since the number of lungworms in individual animals 
is generally low, the widespread lcsions associated 
with thc bovinc infcction arc not common. Ncvcr- 
thclcss, in scvcrc cases, pulmonary oedema and 
emphysema may occur and the lung surface may 
be studded with purulent areas of secondary 
infection. 

CLINICAL SIGNS 
The most common siens are couehine and 

L. L. L. 

unthriftiness which, in cndcmic arcas, is usually con- 
lined to voune animals. In more severe cases dvs~noea . . 
and a CenacTous nasal discharge are also present. 
These signs may he 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. viviporus in that both the survival 
of overwintered larvae on pasturc and thc role of the 
cwc as a carricr arc significanl fiaclors 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 thc pe- 
riod from spring to autumn. In lambs, patent infec- 
tions lirst occur in early summer, but the heaviest 
infections are usually seen in autumn. In ewes the 
prevalence of infection is lower and their larval output 
smaller. As with the other trichostrongyloids it scems 
likely that only two cycles of the parasitc occur during 
cach grazing scason. 

In warmer climates, where conditions are often 
unsuitable for larval survival. the carrier animal is 
prohahly a more important source of pasture contami- 
nation and outbreaks of disease in lambs and kids arc 
most likcly to occur aftcr a period of prolonged rain 
around thc timc of wcaning. Goat5 appear to 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 
he confirmed by faecal examinations from a large sam- 
ple of the flock. The L, resembles that of D. viviparirs, 
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 he gathered, 
treated with a suitable anthelmintic and then, if pos- 
sible, moved to fresh pasture. It is prohable that the 
prophylactic regimens of control currcntly rccom- 
mcndcd for thc control of gastrointestinal nematodes 
in sheep will. in normal years, be effective to a large 
extent in suppressing U. filaria infection. 

Where it is necessary to apply specific control meas- 
ures, it is suggested that the flock should hc annually 
trcatcd with a suitablc anthclmintic in late pregnancy. 
Thc cwcs and lambs should lhcn bc grazed on pasture 
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Fig. 28 Head of infective larva of Dlctyocaulus filaria showing 
C~tic~lar knob on retained first arvai sheath. 

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

Thrcc trichostrongyloid gcncra of minor importancc 
arc Amidosromum, Ollulun~rs and Ornirhusrrongylus. 

This parasite found in the upper alimentary tract, par- 
ticularly thc gizzard. may causc hcavy mortality in 
goslings, ducklings and other young aquatic fowls. 

The adult worms, bright red in colour 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 Lhree teeth. Eggs passed 
in the faeces are already embryonated and, like 
Numaladirus, develop to the h in the egg. 

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

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

occasionally domestic dogs. It is identified microscopi- 
cally by the spiral coil of the head and the lact that Ihe 
viviparous Iemale has a tail with three or four short 
points. 

The whole life cycle may he completed endo- 
gcnously and transmission, at lcast in thc cat, is 
thought lo be via ingestion o[ vomit containing thc L,. 
The worms live under a layer of mucus in the stomach 
wall. 

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

'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- 
tality in domestic pigcons. 

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

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 thcrc arc promincnt lcaf crowns surrounding thc 
mouth opening. The adults occur on mucosal surlaces 
of the gastrointestinal and respiratory tracts and feed- 
ing is generally by the ingestion of plugs of niucosa. 

With the exception of three genera, Synjiamus and 
Marrrmomo~~ogam~t.~, which are parasitic in the tra- 
chca and major bronchi, and Ste~~tranurus found in the 
perirenal area, all other genera 01 veterinary impor- 
tance in this superfamily are found in the intestine and 
can he conveniently divided into two groups, the 
strongyles and hookworms. 

Thc strongyles are parasitic in the large intestine 
and the imporlant gcncra arc Srrorrgyllis, 
Triurlonfophorus. Trichonemo (cyathostomcs), 
Ck~alaberria and Oesopha,qosromum. 

Hookworms are parasites of the small intestine and 
thc thrce genera of veterinary importance are 
Ancylosroma, Uncinaria and Bzmostomum. 

STRONGYLES OF HORSES 

Members of this genus live in the large intestine 01 
horses and donkeys and, with Triodonlophorus, are 
comlnonly known as the large strongyles. 
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Hnsts: 
Horses and donkcys. 

Site: 
Caecum and colon. 

Species: 
Strongylus milgaris 
S. enenratus 
S. equinus. 

Distribution: 
Worldwide. 

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

Micruscupic: 
Species differentiation is based on size and the pres- 
ence and shape of the teeth in the haze of the huccal 
capsule (Fig. 29). 

Fig. 2e Buccal capsules of Strongylus species. (a) S, vulgaris; (b) S. edentatus; (c) S. equinus. 
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S vulgaris 1.5-2.5cm Two ear-shaped rounded 
teeth. 

S. edenraru~ 2.5-4.5cm No teeth. 
S. equinus 2.5-5.0cm Three conical teeth. 

One is situated dorsally 
and is larger than the 
others and bifid. 

LIFE CYCLE 
The adult parasites live in the caecum and colon. Eggs 
which resemble those of the trichostrongyles (Fig. 30) 
are passed in the Laeccs and develop~nent from egg to 
thc L, under summer conditions in temperate climates 
requires approximately two wccks. Infection is by in- 
gestion of the L. Subsequentlv, parasitic larval devel- 
opment of the three species differs and will he dealt 
with separately. 

S. vulgaris 

The L, penetrate the intestinal mucosa and moult to L, 
in the submucosa. These then enter small arteries and 
migrate on the endothelium to their predilection site 
in the cranid mesenteric artery and its main branches. 
After a period of dcvclopment of several months the 
larvae moult to L, and return to th'e intestinal wall via 
(he arterial lumina. Nodules are lormcd around the 
larvac mainly in the wall of the caccum and colon 
when, due to their size, they can travel no further 
within the arteries and subsequent rupture of these 
nodules releases thc young adult parasites into the 
lumen of the intestine. 

The prepatent period is 6-7 months. 

Fig. 31 Strongylus edentatus larvae. 2-3cm. from the parietal 
peritoneum of the flank. 

within a few days. Ahoul two wccks later the moult to 
L, takes place, further migration then occurs in the 
liver and, by M weeks post-inkction, larvae can be 
found subpcritoneally around the hepatorcnal liga- 
ment. The larvac then travel under the peritoneum to 
many sites with a predilection for the flanks and 
hepatic Ligaments (Fig. 31). The final moult occurs 
alter four months and each L, Lhcn migrates, still 
suhperitoneallv, to the wall of thc laree intestine 
where a large purulent nodule is formed, \;;hich suhse- 
quelltly ruptures with release of the voune adult oara- . - 
site into the lumen. 

The prepatent period is 10-12 months. 

S. edenta tus  
S. equinus 
Of the three Strongylus species, least is known of the After penetration of the intestinal mucosa L3 travel larval migration of S, equinus, appears that L, via the portal system, and reach the liver parenchyma lose their sheaths while penetrating the wall of the 
caccum and ventral colon and within one weebpro- 
voke thc formation of nodules in thc m u s d a r  and 
subserosal layers of the intestine. The moult to L, 
occurs within these nodules and the larvae then travel 
across the peritoneal 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 pancreas before their appearance in the 
large intestinal lumen. 

The prepatent period is 8-9 months. 

PA THOGENESIS 

Larvae 

, Despite the invasive bchaviour of the parasitic larval 
stages, little specific pathogenic effect can he attrib- 
uted to them; the exception is S, vulgaris, many horses 

Fig. 30 Strongyie eggs in horse faeces. in Britain having lesions in the arterial system of the 



branches, and consist of thromhus formation pro- Members of this common genus of non-migratory 
voked by larval damage to thc cndothelium together large strongyles frequently occur in large numbers in 
with a marked inflammation and thickening of the the colon and contrihute to the deleterious effecls o l  
arterial wall (Plate 111). True aneurysms with dilata mixed strongylc infcction. 
tion and thinning of the arterial wall, although uncom- Hosts: 
mon, may be found especially in animals which have Horses and do,lkeys, 
experienced revealed infcction. 

I I I ~ I I I I I I I I  n r n ~ n  . I ,  I Site: 
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fcw weeks after infection with several hundred L, a 
clinical syndrumc of fever, inappetence and dullness 
occurs, sometimes accompanied by colic. At necropsy, 
these signs are associated with arteritis and thromho- 
sis of intestinal blood vessels with suhsequent 
infarction and necrosis of areas of bowcl. However, a 
syndrome of this severity is not commonly reported in 
foals undcr natural conditions, probably because lar- 
val intake is conlinuous during grazing; it has been 
shown experimentally that foals may tolerate large 
numbers of larvae adminislercd in small doses over a 
long period. 

In S edenratus infection there are gross changes in 
the livcr associated with early larval migration, but 
these rarely result in clinical signs. Similarly, the 
haemorrhages and fluid-lilled nodules which accom- 
pany later larval development in subpcritoncal 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 Srrongylus 
spp. is associated with damage to the large intestinal 
mucosa due to the feeding habits of the worms (Plate 
Ill) and, to some extent, to the disruption caused by 
emergence of young adults into the intestine following 
completion of their parasitic larval development. 

These wonns have large buccal capsules and feed by 
ingestion of plugs of mucosa as they move over ihc 
surfacc of the intestine. Although the worms appear to 
feed entirely on mucosal material the incidental dam- 
age to blood vessels can cause considerable haemor- 
rhage. Ulcers which result from thcse bites eventually 
heal, leaving small circular scars. The effects 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 anaemia 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 intcs- 
tine, the other aspects of infection will be dealt with 
after a description of the life cycles and pathogenesis 
of the other genera. 

Species: 
Triodontophorus srrrulus 
T. tenuicolli.~ 
T. hrevicauda 
T. minor. 

Distribution: 
Worldwide. 

IDENTlFlCA TlON 

Gross: 
Robust. reddish worms I .0-2.5 cni in length readily 
visible on the colonic mucosa. In one species, T. 
fenuicolli.~, groups of adult worms arc characteristi- 
cally found feeding in groups. 

Microscopic: 
Species differentiation is based on buccal capsule 
characterislics, especially the numher and shape of the 
teeth present in all species. 

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 Trichonrmu. 

Like the other horse strongyles, the pathogenic cffcct 
o l  thcsc wonns is>damage to the large intestinal 
mucosa from the feeding hahits of the adult parasites: 
in particular, T. tenuicollis, whose adults feed in 
groups and cause the lormation of large deep ulcers 
which may be several centimetres across (Plate 111). 

This genus embraces over 40 specics, popularly known 
as trichonemes, cyathostomes or smnll strongyles. 
Thcsc parasites are found in the large intestine of 
horses and their cffects 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 bccn a great deal of con- 
lusion in the classificatio~l of this group ol  parasites 
and in a rcccnt revision it has been proposed that 
the genus Trichonema he discarded and replaced by 
four genera, namclv Cvarhostomum. Cvl~cocvclt~s, 

u . , 
Cylicodonlophurus and Cyl;cosrel~hanuv, these being 
collectively referred to as cyathostomcs. 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 commonly present in large 
numbers 

Distribution: 
Worldwide. 

the gut lumen appears to be associated with a massive 
infiltration of the cut mucosa with eosino~hils. Manv - 
thousand L, may be present, hut their pathogenic sig- 
nificance has been littlc studied. There are, however. 
reports of heavy natural inlections 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 three years of 

Mature parasites arc frequently present in large 
numbers in the lumen of the largc intestine and during 
reeding those species with  mall buccal capsules take 
in only glandular epithelium while large specics may 
damage deeper laycrs of the mucosa. Although the 
erosions caused bv individual ~arasites mav be slight. 
when large numbers are prcsent a desquamative en- 
tcritis may re~ult. 

THE CLINICAL SIGNS, EPIDEMIOLOGY, 
DIAGNOSIS. TREATMENT AND CONTROL 

Gross: OF EQUINE STRONGYLOSIS 
Small to medium sized (<I .S  cm in length) hursalc 
nematodes ranging in colour from whiteio dark red. 
the majority being visible on closc inspection of the 
largc intestinal mucosa or contents. 

Microscopic: 
Thc well developed buccal capsule is cylindrical and 
specics differentiation is based on characteristics of 
the buccal capsule, and the internal and external lcaf 
crowns. 

LIFE CYCLE 
Hatching of eggs and development to L, is complete 
within two weeks durine the summcr in tenmerate 

CLINICAL SIGNS 
Grazing horses usuallv carrv a mixed burden of large - - 
and small strongyles and the major clinical signs asso- 
ciatcd 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 
rliarrhoea and death in horses and ponies in the spring 
has bccn reported which is associalcd with the simul- 
taneous mass emergence of cyathostomc L, from the 
intestinal mucosa and submucosa. This mav have 

areas, aftcr which the larvae migrate Lrom the faeces aetiological and epidemiological similarities to Typc I1 
on to the surrounding herbage. After inerstion, thc L ostertagiosis in voune cattle and is often referred to as 
exsheath and invadr thc wall of the 6rge intestine 
where they develop to L, (Platc 111) before emerging 
into the gut lumen and moulting to become young 
adult worms. 

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

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

larval cjathost~tnosi .  
The significance of migrating larvae of S. vtrlgaris in 

natural cascs of colic is difficult to assess, but it is 
generally recognized that where strongyle infections 
of horses are efficiently controlled the incidence of 
colic is markedly decreased. 

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 suhjected to over- 
crowding and poor management. 

Although thc 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 considcrablc influence on the epidemiology of of hright red cyathostomc L,, apparently unable to 
infcction. Thus there are two sources of infection d u r  establish. mav bc vrcscnt in the faeces. . . 
111s II IC  gr.uIli$ ~ L , : I ~ I I  111 1cnl~)eraIe are:i< Firs! !here 
.ir: ~ntca i ie  I.tr\ae ul112h ~lc\clqip:d Jurlnp thc pr.,\I TREATMENT 
$>us &r:tllllr ic.lr,~ll 2nd h:lvc sur!l\~~d <,rl ua.lurc w:r 

u " . ~~ ~ 

winter. Thc second and probably more important 
sourcc of inlcctive larvae are the eggs passed in the 
currcnt grazing season by horses, including nursing 
mares. sharing the same erazinc area. Pasture larval - 
levels increase markedly during the summer montha 
when condition? are optimal for r a ~ i d  dcvclo~ment of 
eggs to L, (Fig. 32). 

At prcscnt there is little evidence for a peri- 
parturient rise in faecal egg output in breeding mares 
due to a relaxation of immunity since the egg rise in 
the spring occurs in both breeding and non-brccding 
animals and is often unrelated to parturition. 

There is increasing evidence that many cyathostome 
L, ingested during the autumn show a degree of 
hypubiosis and remain in the large intestinal mucosa 
until 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 strongylc cggs on faecal 
examination may be a uscful aid to diagnosis, it is 
important to rcmcmbcr that substantial worn1 burdens 
may bc 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 immature parasites. 
On some occasions when heavy cyathostome infec- 
tions in  the spring cause severe diarrhoea, thousands 

- Mare faecal egg output 
.- Foal faecal egg output 

Larvae on pasture 

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

Thcrc arc a number of broad spectrum anthe- 
lmintics including the benzimidazoles, pyrantel and 
the avermectinslmilbemycins, which are effective in 
removing lumen-dwelling adult and larval strongylcs 
and these are usually markctcd as in-feed or oral 
preparations. The avcrmectinslmilbemycins have the 
additional advantage of activity against larvae of horse 
bot flies (Gusteruphilns spp.) which develop in the 
stomach. 

. - 
cyathosiome larvae in thc gut wall and some migrating 
stagcs of thc ldrgc slrongyles. 

CONTROL 
Since horses of any age can become infected and ex- 
crctc 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 Parascari.~ eqlcorunl and Oxyuris cqrri. 

Any new animals joining a treated group should 
rcccivc 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 years. 

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

There is evidence that some species of 

should bc alternated with chemkally unrelated 
anthelmintics on an annual or a six-monthly hasis. 
Faecal samples from groups of horses should be exam- 
ined at regular intervals to monitor drug clficiency. 

STRONGYLES OF OTHER ANIMALS 

Chabertiu uvlna is present, usually in low numhen, ~n 
the maiorjty of sheep and mats. It contributcb to the 
syndrome of parasit& gast&ntcritis and only occa- 

ng. 32 The panern of strongyle infection in mares and foals sionally occurs in sufficient numbers to cause clinical 
pasture in temperate areas. disease on its own. 



Hosts: 
Shccp, goats and occasionally cattle. 

Site: 
Colon. 

Species: 
Chabcrtia ovirra. 

Distribution: 
Worldwide. 

IDENTIFICATION 

Gross: 
The adulls arc 1.5-2.0 cm in length and are the largest 
nematodes found in thc colon of ruminants. Thev ate 
white with a markedly truncated and enlarged ants- 
rior end due to the presencc of lhc very large buccal 
capsule. 

Miwoscopic: 
'The huge buccal capaulc, which is hell shaped, has a 
double row of small papillae around the rim. There are 
no teeth (Fig. 33). 

Fig. 34 Oedernaand thickenmg of colon associated with Chabema 
ovha infection. 

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

PA THOGENESIS 

The maior ~athoeenic effect is caused bv the L, and bv , . 
mature adults wiich feed by ingesting-large plugs df 
mucosa resulting in local hacmorrhace and loss of 
protein through'fhe damaged m u c o ~ a . ~  

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

LIFE CYCLE 
'This is direct and the preparasitic phase is siniilar to 
that of the trichostrongyles of ruminants. 

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

CLINICAL SIGNS 
[n severe infections, diarrhoea, which may contain 
hlood and in which worms may be found, is the most 
common clinical sign. Thc shccp become anaemic and 
hypoalhuminaemic and can suller scvcrc weight loss. 

EPIDEMIOLOGY 
Tn 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 intestine emerging in 
thc late winter and early spring. 

Although outbreaks of chahertiosis have been re- 
corded in goals and shccp 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, ihc faecal egg count may he very 
low. However, during the diarrhocic phase, the worms 
may he expelled and they are easily recognized. At 
necrovsv. diaenosis is ~enerallv based on the lesions 

A , ,  u - 
since the worm hurden may be negligible following thc 

Fig. 33 Large bell~shaped head of Chaberti~ o v h .  expulsion of worms in the faeces. 
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TREATMENT AND CONTROL 
Since thc epidemiology of L: ovinu is the samc as that 
of the lrichostrongyles the control and treatmcnl arc 
similar. 

- 

Oesoptragostomum species are responsible for an en- 
teritis in ruminants and pigs. The more pathugcnic 
species in ruminants occur in the suhtropics and trop- 
ics and are associated wilh nodule formation in the 
intestine. 

Hosts: 
Ruminants, pigs. 

Site: 
Caecum and colon. 

Species: 
Oesoptragostomrcrn colnrnbianum shccp and goat 
Oe. vcnrrlosum shecp and goat 
Oe, rudiatrrm cattle and buffalo 
Oe. dmtutrrrn pig 
O r  qccadrispinril~rtum pig. 

Other species found in the pig are Oe. 
longicaudatum, OP granatensis and Oe. brevicarrdrim 
and in shccp and goats Oe. asperurn. 

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

Gross: 
Stout white worm 1.0-2.0 cm lone. Readilv differenti- - 
ated hy its tapered head Irom Chahcrtia. 

Microscope: 
The buccal capsule is small. I n  many species it is sur- 
rounded by leal crowns. The external crown, il 
present, is compressed and so there is only a narrow 
opening into the buccal capsule. Around the anterior 
oesophagus there is an inflated cuticular cephalic vesi- 
clc (Fig. 35). This terminates in a cervical groove 
which is followed in some species by broad ccrvical 
alae. The position of cervical papillae and the lea[ 
crown arrangements are used to identify species. 

LIFE CYCLE 
The preparasitic phase is lypically strongyloid atid 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 intestinc and in some species (Oe. 
columbianurn, Oe. radiarurrr, Oe. quadrispinulutrrm) 
become enclosed in obvious nodules in which the 

Fig. 35 Head of Oesophagosromum venulosum showing cephalic 
vesicie (T) characteristc of the genus. 

moult to L, takes place (Plate Ill). These L, then 
emerge on to the mucosal surface, migrate to the co- 
lon, and develop to the adult slagc. The prepatent 
pcriod is about 45 days. 

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

PATHOGENESIS 
All species are capahle of causing a severe cntcritis 
including Oe. venrrlosum, which does not provoke 
nodule formation. 

In the intestine Oe. columbianurn L, migrate deep 
into the mucosa, provoking an inflammatory response 
with the formation of nodules which arc visible to the 
naked cyc. On reinfection, this response is more 
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marked, the nodules reaching 2.0cm in diameter and sion may also occur via dipteran flies which can carry 
containing greenish eosinophilic pus and an L,. When L, on their legs. 
the L, emerge there may be ulceration of the mucosa. In tropical and subtropical areas, Oe. columhian~m~ 
Diarrhoea occurs coincident with emergence about a and Oc. radiatlrrrr, in shccp and cattlc rcspeclively, are 
week after ~r imarv infection and from several months cs~cciallv im~ortant .  In Oe. cvlurnhirrnum infections. 
t . r I r 1 1 1 i  I n  I 1 n 1 1  1 1 r  I I I C  pr~l,>llqeJ sur$~\aI  i l l  t l l ~  I , \ \ l l l l .~ l  the ncl.luI~~\ in 
m.is bc ul,cr.lli\.c.~,lili,,~~~,l l l l~. ,I~\e,~\z ru~ira:liro~i~: the gut  a n l l  ;and llie I . I L ~  t> f  :in ~ f f d l \ , r .  Immunll\ 
debilitating course with effects on the production of 
wool and mutton. The nodules in the gut wall also - 
render the intestine5 useless for processing as sausage 
skins and sureical suture material. 

In Oe. rarl&rurn 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 producc clinical 
signs. Necropsy reveals a severely inflamed mucosa 
studded with ycllowish-grccn purulenl nodules. In 
the later stages o[ the disease, anaemia and 
hypoalbuminaemia develop due to the combined ef- 
fects of protein loss and leakage of blood through the 
damaged mucosa. 

Oesophagostomum 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, scvcrc dark green 
diarrhoea is the main clinical sign and there is usually 
a rapid loss o l  weight and sometimes suhmandihular 
oedema. In chronic infections, which occur priniarily 
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 larrowing, milk production is reduced 
with effects on litter performance. 

EPIDEMIOLOGY 
In temperate areas, there is evidence that Oe. 
venulosurn undergoes hypobiosis at the L, stage in 
sheep during autumn and winter, and that this is the 
principal manner i n  which this species survives until 
the next spring. It is not yet known if hypobiosis occurs 
in Oc. radian~m. Both species arc also capable of 
ovcrwinlcring on pasture as L,. 

In the pig species, Oe. dentatum and Oe. 
yrrudrispint~la~um, survival of both free-living L, on 
the pasture and hypobiotic L, in the host occur during 
autumn and winter; the hypobiotic larvae complete 
their development in the spring often coincident with 
farrowing. Thcrc 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 percutaneously. Pen to pen transmis- 

made control difficult until the advent of effectivk 
anthelmintics. In contrast, cattlc develop a good im- 
munity to OE. radiatunl, 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 nccurs within the 

, . 
eggs arc present and L, can be identified following 
faecal culture. 

TREATMENT AND CONTROL 
The treatment and control of ruminant infections with 
Oesophagoslomrr~~~ 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- 
trolled by anthclmintic trcatmcnt regimens rccom- 
mended lor the control oI Ascuris suum. 

Ib is  is the 'kidney worm' of swine which is of 
economic importance in its endemic areas. 

Hust: 
Pig. 

Site: 
Kidneys and pcrircnal tissues. 

Species: 
St~phanurrrs d~ntarus 

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

IDENTIFICA TlON 
A large stout worm up to 4.5cm long, with a promi- 
nent buccal capsule and transparent cuticle through 
which the internal organs may be seen (Plate 111). 
The colour is usually pinkish. The size and site are 
diagnostic. 
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LIFE CYCLE EPIDEMIOLOGY 

Preparasitic development from egg to L, is typically Though the adult worms are never numerous, they are 
strongyloid. though carthworms may inlcrvcnc as very fecund, and an infected pig may pass a million 
transport hosts. There are three modes of infection: by cggs pcr day. 
ingestion of the free L,, ingestion of earthworms carry- The L, is susceptible to desiccation, so that 
ing the L,, and percutaneously. After entering the stephanurosis is mainly associated with damp ground. 
hody. there is an immediate moult, and the L, travel to Since it infects readily by skin penetration, the pigs' 
the liver in the bloodstream, either from the intestine habit of lying around the feeding area when kept out- 
hi. lhc  p,~rl.~l ,tr~ar!l. ,,r lr,,l!l lh, ,All1 I,) 111~. l u l l + \  .llill \ I &  pr-.\~.nl\ .! rhk. .!\ rlo~.> ddmp. unh\glcnl~. .!.'c\lm- 
n r . .  I I i r  I I I I 11ioJrlll01i lor I I ~ I U I I ~  ~1111llal. Such ~ < I I ~ J I ~ I O I ~ S .  
place, and the young adults wander in the parenchyma coupled with prenatal infection and the longevity of 
for three months or more before piercing the capsule the worm, ensure continuity of infection through 
and migrating in thc pcritoncal cavity lo lhc pcrircnal many generations of pigs. 
region. There thcy arc cncloscd in a cyst by host rcac- 
tiin, and complete their development. The cyst com- 
municates with the ureter either directly or, if it is 
more distant, by a tine connecting canal, allowing the 
worm eggs to he excreted in the urine. 

Though the favoured site is in thc perircnal fat, 
some worms occur in thc kidncy ilsclt, in the calyces 
and pelvis. Prcnatal inlcction has been reported. 

Erratic migration is common in Slephunurtrs 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 perircnal area. 

Thc prcpatcnt pcriud ranges Irom 6-19 months and 
the wurms have a longevity of about two years. 

PATHOGENESIS 
Thc main pathogenic eflecl is due to 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, livcr 
failurc and dcath. In most inlcclions, however, the 
effects are seen only after slaughter as patchy cirrho- 
sis, and the main importance of the worm is economic, 
from liver condemnation. 

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

Srephanurus 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 cxtcnsivc livcr damage there may be 
ascites, but it is only when there is massive invasion, 
comparable to acute fasciolosis in sheep, that death 
occurs. 

DIAGNOSIS 
Thc clinical slgns arc likely to bc fcw, and sincc most 
of the damage occurs during the prepatent phase, eggs 
may not he 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 he made. 

TREATMENT 
Levamisole, the modern beuzimidazoles and iver- 
mectin are effective. 

CONTROL 

route ofinfection is percutaneous. It follows that the 
provision of ilnpervious surfaces around the feeding 
areas for outdoor reared pigs, and simple hygiene, 
ensuring clean dry flooring, in pig houses will help to 
limit infection. This approach may bc supplcmcntcd 
by segregating young pigs from those of more than 
nine months of age which will he excreting eggs. 

The 'gilt only' scheme, which was advocated by 
workcrs in the United States, consists essentially of 
using only gilts for brccding. The gilts arc reared on 
land which is dry and exposed to the sun. A single 
litter is taken from them, and as soon as the piglets can 
he 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 he 
completed before egg laying begins and so progres- 
sively eliminates infection. The boars used in the 
scheme are housed on concrete. 

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

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

on ly  mcmbcr of this genus, .yyngamlcs is Eggs escape under the bursa of lhc malt and are car- 
of veterinary significance and parasitizes the upper ried up the trachea in the excess mucus produced in 
respiratory tract of non.aquatic birds; it is commonly response to infection: they are then swallowed and 
known as the 'gapeworm, and be for passcd in the faeces. Unlike other strongyloids the I., 
rcspiratory distress and death. develops wilhin thc cgg. 

Infection mav occur bv one of thrcc wavs. firstlv bv 
Hosts: 
Domestic fowl and gamc birds such as pheasants and 
partridges. 

Site: 
Trachea. 

Spedes: 
Sy~lgurr~rru trrrcheu, 

Distribution: 
Worldwide. 

IDENTIFICATION 

Gross: 
The reddish, large female (up to 2.0cm) and small 
male (up to 0.5 em) worms, are permanently in cupulu 
forming a Y  shape: they are the only parasitesfound in 
thc trachea of domestic birds (Plate IV). 

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

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

, , 2 ,  

ingestion of theL, in thkegg, sccondly by ingcstion of 
the hatched L, or thirdly by ingestion of a transport 
host containing the I.,. 

Thc most common transport host is the common 
earthworm, but a varicly of othcr invertebrates includ- 
ing slugs, snails and beetles. may act as transport hosts. 
After penetrating the intestine of the final host thc 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 fivc 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 femalc grows 
rapidly. l'he prepatent period is IX-20 days. 

The effects olS. trachea arc most severe in young hirds 
especially game chicks and turkey poults. In these, 
migration through the lungs in heavy infections may 
result in pneumonia and death. In less severe infcc- 
lions the adult worms cause a lhaenlorrhagic tracheitis 
with cxcess mucus production which leads to partial 
occlusion ol  thc 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 o l  asphyxia or suffocation with the hird 
gasping for air; often there is a great dcal of head 
shaking and coughing as it tries to rid itself of the 
obstruction. The clinical picture of 'gapes' may thus 
rangc from gasping, dyspnoea and death to, in less 
severely affected animals, weakness, anaemia and 
emaciation. 

EPIDEMIOLOGY 

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



DIAGNOSIS 

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

TREATMENT 
In-feed thiahendazole and fenhendamle are effective, 
administered usually ovcr periods of 3-14 days. 
Nitroxynil and levamisole are also very efficacious 
when given in the water. 

CONTROL 
Young birds should not bc rcarcd with adults, espe- 
cially turkeys, and to prevent infection becoming es- 
tahlished runs or vards should be kept dry and contact 

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

IDENTIFICATION 
Grnss: 
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: 
Thc buccal capsule is large with marginal teeth (Fig. 
37), there being three pairs in A. caninum and A. 
tirbuefvrme and two pairs in A. hraziliense. 

Since the most imporlant spccics is A. caninurn this 
is discussed in detail. 

. . 
N I I ~  ~ I I J  turd, pr:\c~itcJ 

Drug pruphyl:ix~. m;i\  h: pr.~crl.c<l o\,;r thc period 
v.hr.r~ .,uthrcak\ arc n61rm;1ll!. :\pcAr.d. 

LIFE CYCLE 
I'hc l i f i  c).:le 15 d~rest nlld y i v c . ~ ~  oplimal cundlll<~nr 
thc egg, m ; ~ \  h.iich ian.1 devclol, to I 11, .lr I I I I I C  .I\ 11s; 

This genus, closcly rclatcd to Syngamus, is parasitic in 
the respiratory passages of mammals. Two spccics, M. 
larny,geus and M. nusiculu, are parasites of cattlc, 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 thc life cyclc or effects of members 
of this genus, hut they are not considcrcd scrious 
pathogens. 

HOOKWORMS OF DOGS AND CATS 
The family Ancylostomidae, whose members arc com- 
monly called hookworms hecause of the characteristic 
hook posture of their anterior ends, are responsible 
for widespread morbidity and mortality in animals pri- 
marily due to thcir blood-sucking activities in the in- 
testine. 

Hosts: 
Dog, cat and fox 

Site: 
Small intcstinc. 

Species: 
Ancylostoma caninum dog and fox 
A. fubuefurme cat 
A, braziliense dog and cat. 

days. 

Fig. 37 Buccal capsule of Ancylostorna caninurn showing three 
pairs of marginal teeth. 
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Infection is 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 thc small 
intestine whcrc 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 routc is taken the 
prcpatcnt period is 14-21 days. The worms are prolific 
egg layers and an infected dog may pass millions of 
eggs daily for several wccks. 

An important feature of A. cuninurn infection is 
that, in susceptible bitches, a proportion of the L, 
which reach the lungs migrate to the skeletal musclcs 
where thcy remain dormant until the hitch is pregnant. 
They are lhcn 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 
rcsponsihle for severe anaemia in litters of young pups 
in thcir second or third week of life. Infection of the 
bitch on a single occasion has been shown to producc 
transmammary infcctions in at least three consecutive 
litters. 

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

A final point is that, experimenlally, 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 significance of this observation is still 
unknown, but it is thought that such larvae may 
resume development if the adult hookworm popula- 
tion is removed by an anthelmintic or at times of stress 
such as lactation. 

PA THOGENESIS 
This is essentially that of an acutc or chronic 
hacmorrhagic anaemia. The disease is most commonly 
seen in dogs under one year old and young pups, in- 
fected by the transmammary route, are particularly 
susceptible due to thcir low iron reserves. Blood loss 
starts about the eighth day of infection when the im- 
mature adult has developed the loothcd buccal cap- 
sule which enables it to grasp plugs of mucosa 
containing arterioles. Each worm removes about 
0.1 ml 01 blood daily and in heavy infections of several 
hundred worms, pups quickly become profoundly 
anaemic. 

In lighter infections, common in older dogs, the 

anacrnia is not so severe, as the marrow responsc is 
able to 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 
perculaneous infcction 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 oItcn scvcre and is accompanied 
by diarrhoea which may contain blood and mucus. 
Respiratory signs may be due to larval damage in the 
lungs or to the anoxic effects of anaemia. 

In morc 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 embarrassmcnt, skin lesions and 
lameness. 

EPIDEMIOLOGY 
In endemic areas the disease is most common in dogs 
under one year old. In older animals, thc gradual de- 
velonment of age resistance makes clinical disease " 
less likely, particularly in dogs reared in cndcmic 
areas whose aee resistance is reinforced bv acouired . . 
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 environment 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 likcly 
when dogs arc exercised on grass or earth runs which 
retain moisture and also Drotect larvae from sunlight. 
On such surfaces larvac h a y  survive for some weeks. 
In contrast, drv imoervious surfaces. ~articularlv if . . 
exposed to sunlight, are lethal tolarvae wilhin a day or 
so. Housing is also important and failure to remove 
soiled bedding, cspccially if the kennels are damp or 
have porous or cracked floors, can lead to a massive 
build-up of infection. 

DIAGNOSIS 
This d e ~ e n d s  on the clinical siens and historv suode- 
mented' by haematological a& faecal exahination. 
Hieh faecal worm eee counts are valuable confirma- 
tion of diagnosis, bui'it should he 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 evidcncc of infcc- 
tion, do not necessarily indicate that an ailing dog is 
suffcring from hookworm disease. 

TREATMENT 

Affected dogs should be treated with an anlhelminlic. 

nal stages; several of the avermectins have similar ac- 
tivity. If the disease is severe, it is advisable to give 
uarenteral iron and to ensure that the doe has a oro- 

w 

tein-rich diet. Young pups may require a blood 
transfusion. 

CONTROL 

A system of regular anthelmintic therapy and hygiene 
should he adopted. Weaned pups and adult dogs 
should he treated cvcry three months. 

Prcgnant 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 
will also help to control ascarid inlections. 

The pcrinatal transler 01 both Ancyloslarna and 
Toxocara larvae mav he reduced bv the oral adminis- 

sional diarrhoca. Treatment is similar to that for A. 
caninrrrn. 

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 tracts within the dermis 
and by acvere 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- 
point, may be caused by A. caninurn larvae. 

Hosts: 
Dog, cat and fox 

Site: 
Small intestine. 

Species: 
(inonaria srunocephala 

Distribution: 
Temperate and sub-arctic areas; the 'northern 
hookworm'. 

IDENTIFICATION 
[ration of fenhendarile daily from 3 weeks before to 2 
days after whelping. A small worm, up to 1.Ocm long, it possesses two 

Kennel should be free of and dry and cutting plates on the border of the buccal capsule (Fig. 

the bedding should be disposed "[daily. Runs should 38) and at the base a small pair of teeth. 

preferably be o[ tarmac o; concrete and kept as clean 
and dry as possible; faeces should be removed with a LIFE CYCLE . . 
shovel before hosing. If an outbreak has occurred, Similar to A, crminnm except that oral infection, with. 
earth runs may be treated with sodium horate which is out pulmonary migration, is the usual route. Although 
lethal to hookworm larvae, but this also kills grass. A the infective larvae can penetrate the skin, the infec. 
second possibility which is often uscd in lox larms is rarely matures and there is no cvidcncc as of 
the provision of wire-mesh llooring in the runs. transmammary infcction. The prcpatent period is 

about 15 days 

The life cycle and treatment of this hookworm of cats 
are similar to that of A. caninun~ in the dog, but there 
is no cvidcnce 01 transmammary infection. 

This hookworm occurs in both dogs and cats. Its lilc 
cycle is similar to that of A, caninrrm 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 hlood sucker and 
consequently is of little pathogenic significance in 

1 dogs, causing only mild digestive upsets and occa- 
1 

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. cnninrrm, but hypoalbuminaemia and 
low-grade anaemia, accompanied hy 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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HOOKWORMS OF RUMINANTS 

Fig. 38 Buccal capsule ol 
~lates on border. 

: Undnana stenocephala showing cutting 

infectivc larvae on the pasture followed closcly Lhat 
dcscribcd for gastrointestinal trichostrongyloids in ru- 
minants with a sharp rise in July and apcak in Septem- 
ber; this suggests that development to the L, is heavily 
dependent on tcmpcrature. 

DIAGNOSIS 
In areas where A. caninurrr is abscnt, lhe clinical signs 
of the patent infection togclhcr with the demonstra- 
tion of strongylc cggs in the faeces is indicative of 
uncinariosis. Where Ancylo~roma is also endemic, dif- 
fcrcntial diagnosis may require larval culture although 
lhe treatnlent is similar. 

TREATMENT AND CONTROL 
Regular anthclmintic treatment and good hvaienc as - 
outlined for Anryloslorna will contro~'iincindr;a inlec- 
tion. The uedal dermatitis responds poorly to sympto- . . .  
matic trdatment, but rcgrisses gradually in the 
absence of reinfection. 

Hosts: 
Ruminants. 

Site: 
Small intestine 

Species: 
Bunortorrrun~ trigonoccphalunz sheep and goats 
B phlehoromunz cattle 

Distribution: 
Worldwide. 

lDENTlFlCATlON 
Cross: 
Runostornunt is onc ot  the larger nematodes of the 
small intestine of ruminants, being 1.0-3.0cm long 
and characteristically hooked at the anterior cnd. 

Miauscopic: 
The large huccal capsule hcars 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 thc former being followed hy pulmonary migra- 
tion. The prepatent period ranges from 1 to 2 months. 

PATHOGENESIS AND CLINICAL SIGNS 
The adult worms are hlood suckcrs and infectious 
of 100-500 worms will producc anaemia, hypo- 
albuminaemia, loss of wcight and occasionally diar- 
rhoea. In calves, skin penetration of the larvae may 
he accompanied by foot stamping and signs of 
itching. 

EPIDEMIOLOGY 

In lcmperate countries, high worm burdens arc un- 
common and in Britain, for examplc, only one out- 
hreak 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 
infections 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 larvac. 

DIAGNOSIS 
The clinical signs of anacmia and perhaps diarrhoea in 
calves or young shccp are not in themselves 



Fig. 39 Head of Bunostornurnshowing the marginal cutting plates. 
The cone-ke struciure in the buccal capsule is not a tooth, but 
carries the duct of the oesophageal gland. 

pathognomonic o l  bunostomosis. However, in tem- 
perate arcas, thc epidemiological background may be 
useful in eliminating the possihility of Fasciola 
hepolica infection. In the tropics, hacmonchosis must 
he considered, possibly originating from hypobiotic 
larvae. 

Faecal worm cgg counts are useful in that these are 
lower than in fiaemoncht~s 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 

Thc prophylactic anthelnlintic regimens practiscd fur 
Oslerta~iu or tfaemonchus are usually sufficient to 
control this parasite. Otherwise treatment of out- 
hreaks should bc accompanied by measures to im- 
prove hygiene, particularly with regard to the disposal 
of manure, and by the provision of dry hedding for 
housed or yarded animals. 

Gaigeria puchysceli,~, which closely resembles 
Bunostomum in most respects, is found in sheep and 
goats in South America, Africa and Asia. Tt is a vora- 
cious blood sucker and even 100-200 worms are suffi- 
cient to produce death in sheep within a fcw wccks ol 
infection. 

Agrioslomum vryhurg~ 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, Ancylosromu 
duodenale and Necator urnericunus, occur in man in 
the tropics. Their pathogenesis is similar to that of A. 
caninurn, but transmammary infection does not 
occur.] 

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

'They may he conveniently divided into three groups 
according to host: those occurring in pigs, in sheep and 
goats, and in the domcstic carnivores. 

METASTRONGYLES OF PIGS 
Only one genus occurs in pigs, Metustrongylus, and it 
is exceptional in having carlhworms, rather than mol- 
luscs, as intcrmcdiate hosts. 

Host: 
Pig. 

Intermediate huutu: 
Earthworms. 

Site: 
Small bronchi and hronchiolcs. cs~cciallv those of the 
posterior lohes of the lungs. 

Species: 
Metasrrongyllrs upri (syn. elonyalus). 
M, solmi 
M. pudmdolectur 

Distribution: 
Worldwide. 
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lDENTlFlCATlON 

Slender white worms, up to 6.0cni 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 temoeratures the eaas are verv resistant and -- 
can survive for over a ycar in soil. Normally, however, 
they hatch almost immediately, the intermediate host 
ingcsting the L,. In the earthworm, development to L, 
takes about ten davs at ootimal temperatures of 22- 
2 6 T .  The longeviiy of the L, in the earthworm is 
sinlilar to that of the intermediate host itself, and may 
be up to seven years. 

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

The prepatent period is about4 weeks. 

PATHOGENESIS 
During the prepatent period areas of pulmonary con- 
solidation, bronchial muscular hypertrophy, and 
perihronchial lymphoid hypcrplasia develop (Fig. 40), 
often accompanied by areas of overinflation. 

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

Hvoersecretion of bronchiolar mucus also occurs dur 
i 6 t h i s  stage. 

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

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

EPIDEMIOLOGY 
Metastrongylosis shows a characteristic age distribu- 
tion, being most prevalent in pigs 014-6 months old. 
The parasitc is common in most countries although 
outbreaks ot  disease do not often occur, probably due 
to the fact that most systems of pig husbandry do not 
allow ready access to earthworms by pigs. Though it is 
often suggested that Metastrongylus may transmit 
some of the porcinc viruses, and may enhance the 
cffcct of pathogens already present in the lungs, the 
role ot  the worm is not conclusively proven. 

DIAGNOSIS 
For faecal examination saturated magnesium sulphate 
should be used as Lhe flotation solution because of the 
heavy density of the eggs. The small rough-shelled 
larvated eggs are characteristic, but it should he 
recollected that Merastrongylus is often present in nor- 
mal pigs, and pulmonary signs may hc rcterablc lo 
microbial infection rathcr than lungworms. The dis- 
ease is most ofLen encountered in pigs on pasture, 
though a n  occasional outhreak has occurred in yarded 
pigs. 

TREATMENT 

Many anthelmintics including the modern benzi- 
midazoles, levanlisole and the avermectinslmilhe- 
mycins are highly effective. 

CONTROL 
When pig husbandry is based on pasture, control is 
extremely difficult because of the ubiquity and longev- 
itv of thk earthworm intermediate host. On firms 

Fig. 40 Bronch~al muscular hypertrophy and peribronchial where severe outbreaks have occurrcd pigs should be 
lymphoid hyperplasiaassociated with Melastrongylus infection of pig h o u d  dosed, and the intecte* pasture cultivated or 
lung. grazed with othcr stock. 
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METASTRONGYLES OF SHEEP AND 
GOATS 
These worms all inhabit the lungs, but 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 genera they are sufficiently similar in 
behaviour to hc considered together. 

Hosts: 
Sheep and goats. 

Intermediate hosts: 
Molluscs: Mlieileriiu in snails and slugs; I'roto- 
strongylus in snails. 

Genera and sites: 
Muellerius cupilluris is found in alveoli; Proto- 
strongylus, many species, is found in small hron- 
chioles. Minor related genera are C.ystocaullas, 
Spiculocaulus and N~ostronyylus. 

Distrihutiuu: 
Worldwide except for arctic and subarctic regions. 

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

LIFE CYCLE Fig. 41 Characteristic nodular lesions associated with Muellerius 

The worms are avo-viviparous, thc L, being passed in "ec"on Of sheep lung. 

the faeces: these penetratc the loot of the molluscan 
intermediate host, and develop to I., in a minimum 
period of 2-3 weeks. The sheep is infected by ingesting filled with eggs, larvac, and cellular dehris: the whole 
the mollusc and the L,, freed by digestion, travel to the lesion has a roughly conical forni, with thc base on the 
lungs by the lymphatic-vascular route, the parasitic surfacc of the lung. 
moults occurring in the mesentcric lymph nodes and 
lungs. 

The prepatent pcriod of MUENEF~US is 6-10 weeks CLINICAL SIGNS 
and that of Prorosrrongylus is 5 4  weeks. The period Pneumonic signs have rarely been observed, and in- 
of patency is very long, exceeding two years in all the fections arc almost always inapparent, bcingidentified 
genera examined. only at necropsy. 

PA THOGENESIS EPIDEMIOLOGY 
Mitellerius is associated with small, spherical, nodular Muelleriirs is by lar the commonest genus, and in many 
lesions. which occur most commonly near, or on, the temperate areas such as Britain, the castern states of 
lung surfacc, and on palpation havc the feel and size of the USA and the winter rainfall rcgions of Australia, 
lead shot (Fie. 41). Nodules conlainine single worms almosl all sheeu carrv the infection: the extensive dis- - - 
are almost imperceptihle, and the visible ones enclose tribution and high p;evalencc are partly attributable 
several of the tinv worms as well as eees and larvac, to its wide ranee of intermediate hosts. -. 

In l'romstron&lias infection there is a somewhat ~rotostrorrg;[us, whose intermediate host range is 
larger area of lung involvement, the occlusion of a restricted to certain species of snail, has a lower preva- 
small bronchus by worms resulting in its lesser lence, though its geographic range is just as wide. 
hranchcs which occur toward the lung surface being Additional factors which play a part in ensuring the 



endemicity of these worms are, fist, the ahility of the 
L, to survive lor months in faecal pellets and secondly, 
the persistence of the L, in the intermediate host for 
the lifetime of the mollusc. Also important in this 
respcct 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 examination. The L, arc first differenti- 
ated from those 01 Dictyocaulusfilariu by the ahsence 
of an anterior protoplasmic knob, and then on the 
individual characters ol thc larval tail (Fig. 42). 

TREATMENT 
The modern bcnzimida7oles, levamisole and 
ivermectin have been shown to be effective. 

CONTROL 
Because of the ubiquity of the molluscan intermediate 
hosts, and the tact that the L, can survive as long as the 
molluscs, specitic control is difficult, hut lortunately 
rarely necessary. 

Muellerius 
Protostrongylus Cystocaulus 

Flg. 42 Dlflerential features of larvae of three genera of 
metastrongyloids of sheep. 

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

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

A relaled species, I'uruluphostrongylus 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 
veterinary interest are considcred in order of impor- 
tance. 

This genus was. until rccentlv. part of the larger genus -. 
~ i l u r ~ i d e s ,  but has now bee'n separated on morpho- 
logical grounds from the other members. Though dis- 
tinction has bcen made on morphology it is also useful 
from the veterinary standpoint, for il scparates the 
single harmful spccics, Oslerus oslmri, 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. 

Hosts: 
Domestic and wild dogs 

Site: 
Thc worms are embedded in fibrous nodule> in the 
trachea at the region of hilurcation, and in the adja- 
cent bronchi. 

Species: 
Oslencs 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, Filaroides, are 
exceptional in the superIamily in having direct life 
cycles. The females are ovo-viviparous, and mosl cggs 
hatch in the trachea. Many larvae are coughed up and 
swallowed, and passed in the lacces and infection may 
occur by ingestion of these; more commonly, transmis- 
sion occurs when an infected hitch licks thc pup and 
transfers the newly hatched L, which are present in 
her sputum. 

Alter ingestion, the first moult occurs in the small 
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Fig. 43 Nodules at tracheal bifurcation caused by iniection with 
osienis mien 

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 
migralc lo the trachea. 

The prepatenl period varies [rum 10 to 18 wccks. 

The nodules in which the worms live first appear at 
aboul two months from inleclion. 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 tirn~ly applied to the mucosa; 
thev mav he uo to 2.0cm in diameter. Though the 

CLINICAL SIGNS 

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

EPIDEMIOLOGY 
Though Oslerus has been recorded from many coun- 
tries lhcrc is little data on its local prcvalcncc. In thc 
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 
thc locus of infection appears to be the nursing hitch. 

DIAGNOSIS 
Swabs of pharyngeal mucus give variable results and 
repeated sampling may he necessary. However, in par- 
oxysmal coughing, large amounts of hronchial mucus 
arc oftcn cxpcllcd, containing large numbers of larvae. 
Less rewarding lcchniqucs arc thosc based on faccal 
examination, either by flolation or by the Baerman 
method. 

Although requiring general anaesthesia, hroncho- 
sconv is the most reliable method. as it will indicate 
n,)t \ l n l )  1h2 przs:n:c. \ I /C  and I < I ~ : I I I O ~  of ni.iny of the 
I~LILILIIC~. hlll \ \ I I I  dlho .dIou 111,. c~)llc~~Ilon $ 1 1  rr~chedl 
mucus tor confirmatory exammalion lor egg, and 
larvae; the latter are invariably coiled, sluggish and 
have an S-shaped tail (Fig. 44). 

Large nodules may he 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 
bcnzimidazolcs. Fenbendazole and albendazole at in- 
creased dosage rates arc now licensed for thc treat- 
ment of Oslerris infection in dogs. 

CONTROL 
This is difficult unless infected hitches can he identi- 
fied and treated before whelping and during lactation. 
In the past the only certain mclhod of control was thc 
removal of pups from infected dams at birth, and hand 
rearing or fostering on uninfected bitches. 

ar nccropsy. Hosts: The major signs of Oslerrrs infection are respiratory dog and wild distress and a rasping cough, especially after exercise. 
The most severe cases have usuallv been seen in does Site: u 

of C12 months old, and ohvion~ly the infection is of Lung parenchyma 
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Flg. 44 First-stage larva of 0. osier! showing coiled appearance 
and S~shaped tip of tail. 

Species: 
FilaroitIes rnilksi 
F. kirtlri. 

Distribution: 
North America. Europe and Japan 

IDENTIFlCATlON 
The worms are very small, slender, hair-like and 
greyish, and are not only difficult lo see w.it11 the naked 
eye in thc lung parcnchyma. but are unlikely to he 
recovcrcd intact from the tissue. A squeeze prcpara- 
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 
Thc worms are avo-viviparous and thc hatchcd L, are 
passed in faeces or expelled in sputum. Though infec- 
tion may he acquired by ingestion of faecal larvae. the 
important route, as in Oslerrrs infection, is thought to 

be by transfer of L, in the bitch's saliva when the pup 
is licked. The prepatent period of I? hhrrthi is five 
weeks: that of F. milksi is unknown. 

PATHOGENESIS 
The chief lesions are the small, soft, greyish miliary 
nodules which are associated with the presence of 
worms and which are distributed subnleurallv and 
throughout the lung parenchyma; in heavy infcctions, 
sometimes observed in exnerimental docs subiected to " 

immunosuppressive drugs, the nodulcs 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 infcction, hyperpnoea may 
occur. 

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

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

TREATMENT 
Alhendazole has been reported to be cfLective al- 
though treattlient is rarely callcd for. 

CONTROL 
Unlikely to be required. 

~ ~ 

One species, Aelurosrrongylrrs abstrrrsus, is common in 
the lungs of the domestic cat. 

Hosts: 
Cats. 

Intermediate hosts: 
Many mollu?cs. 

Site: 
Lung parenchyma and small bronchioles. 
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Species: 
Aeiurosrrongyius absfrusrrs 

Dislrihution: 
Worldwide. 

IDENTlFlCA TlON 
Aggregations of worms, eggs and larvae are present 
throughout the lung tissue. The worms, about l.Ocm 
long, are very slender and delicate, and arc difficult to 
recover intact for cxamination; a squeeze preparation 
from a cut surface of the lung will show the worm 
material including the characteristic I.,. 

LIFE CYCLE 
The worms are ovo-viviparous, and the L, are passed 
in the faeces. These penetrate the foot of lhc 
~nolluscan intermediatc host and develop to the infec- 
tive L, and during lhis phase the mollusc may be eaten 
by paratcnic 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 lymphatic or hlood stream. 

The prepatent period is bctwccn 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 the absence of larvae in the faeces. 

PATHOGENESIS 
The worm generally has a low pathogenicity, and the 

-majority of infcctions are discovered only incidentally 
at postmortcm examination. In most cases the lungs 
show only multiple small foci with greyish centres con- 
taining the worms and tissue dehris, hut in the rare 
severe infections larger nodules are present. up to 
I.Ocm in diameter with caseous ccntrcs, projecting 
from the lung surface; thcsc nodules may coalesce to 

Fig. 45 Sect~on of cat iung lnfected with Aelurostrongylus 
abstrusus. 

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

EPIDEMIOLOGY 
Aviurostrongylus 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 01 paratenic hosts. So far all surveys have shown 
prevalences greater than 5 % .  

DIAGNOSIS 
Repeated faecal cxamination by smear, flotation, or 
Baerman techniuue may he necessarv to find the char- 

and cellular aggregations which may progress to 
granuloma formation (Fig. 45). A characteristic 
change is muscular hypcrtrophy and hyperplasia. 
which affects not only the bronchioles and alveolar 
ducts. but also the media of the pulmonary arteries. 

With the exception of the muscular changes, which 
appear to be irreversible, resolution is rapid, and Lhc 
lungs appear almost completely normal within six 
months of experimental infection, though a fcw 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 

a useful additional proccd&c. kaiiography hai re- 
vealed the increased vascular and focal parenchymal 
dcnsitics which would be expected fro111 the changes 
described above. 

TREATMENT 
Fenbendazolc at 50mgIkg daily for 3 days has proved 
cffcctivc. 

CONTROL 
In household pets, and cspecially in those of a no- 
madic disposition, access to the intermediate and 
paralcnic hosts is difficult to prevent. 
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The single spccics of veterinary importance is not The cut surface of the lung is mottled and reddish- 
found in lung tissue, but in the heart and associated purple. One reported systemic effect which is un- 
pulmonary vessels. usual in helminth infections is interfcrcncc with the 

hlood-clotting mechanism, so that subcutaneous 
Host: hacmatomata may be present. 
Dog. 

Intermediate hosts: 
Land snails and slugs 

Site: 
Right ventricle and pulmonary artery. 

Species: 
Angiostrongyllcs vasorum 

Distribution: 
Worldwide except in the Americas 

Slender worms, up to 2.5cm long. In the female the 
whitc ovarics are coiled round the red intestine as in 
Huemunchus spp. 

LIFE CYCLE 
The genus is ovo-viviparous. The adult worms in the 
largcr pulmonary vessels lay eggs which are carried to 
the capillaries, where they hatch. The I., break into the 
alveoli, migrate to the trachea and thence to the 
alimentary tract to he passed in the faeces. Furthcr 
development takes place aftcr cntry into the 
intermediate host, ihc infective stage being reached in 
17 days. 

After the mollusc has been ingested hy 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 thc vascular 
predilcction sitc; L, havc also been Iound in the liver. 

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

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

Much of the pathogenic effect is attrihutahle to the 
presence of the adult wonns in the larger vessels and 
eggs and larvae in the pulmonary arterioles and capil- 
laries. Blockage of these results in circulatory impcdi- 
ment which may lead eventually to congcstive 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 thc right 

CLINICAL SIGNS 
Tn recently estahlished infections the resting dog usu- 
allv shows no clinical signs. but i l  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 prc- 
sent even in the resting dog. There may bc recurrent 
syncope. As a consequence of rcduccd blood-clotting 
capacity, slowly dcvcloping painless swellings may ap- 
pear in dependent areas such as the lower abdomen 
and intermandibular space, and on the limhs where 
bruising has occurred. 

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

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

DIAGNOSIS 
The L,, which may bc prcscnt in facccs and sputum, 
has a small ccphalic button, and a wavy tail with a 
subtcrminal notch, and its presence in association with 
respiratory and circulatory signs is accepted as 
confirnmatory. 

TREATMENT 

Mehcnda~ole 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. 

[Angioslrongylus ca~lfonensis, which is normally para- 
sitic in the pulmonary artery of rats in thc Far East, 
may cause discasc in humans if the inkcled molluscs 
or crustacean paratenic hosts are ingested. The L, 
travel to the brain, where they cause an eosinophilic 
meningoencephalitis, which may prove fatal.] 



DIAGNOSIS 

This genus several species parasitic in  Examininion of faeces by smear, flotation, or 

and insectivores, but only is of veterinary Baertnan technique will reveal the L, with a straight 

interest. tail which differentiates it in fresh canine faeces Irom 
those of Oslerns, Filuroides and An~ioslrongylus. The 

Hosts: L, resembles somewhat that of Strongyloides spp. 
Dogs and farmed foxes. 

Intermediate hosts: 
Mainly land snails. 

Site: 
Trachea, bronchi, and bronchioles. 

Species: 
Crenosoma vldpis 

Distribution: 
Worldwide. 

lDENTlFlCATlON 
Slcndcr whitc worms, up to 1.5cm long. The host and 
site are su[ficicnt for gcncric 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. v~clpir is ovo-viviparous and L, are passed in the 
faeccs. After ingestion of the molluscan intermediate 
host by thc final host the L, are released by digestion, 
and travel to the lungs whcrc both parasitic moults 
take place. The prepatent period is 19 days. 

PATHOGENESIS 
The sninv cuticular folds abrade the mucoha of the air 

TREATMENT 
Diethylcarbamaiine has been reported to be el[ectivc 
but is no longer widely available. Some of the more 
modern anlhclmintics are likely to be effective. 

CONTROL 
The snail vectors may be eliminated by spraying fox 
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 hy 
molloxs. 

OTHER METASTRONGYLOIDS 
Scvcral other metastrongyloid genera occur in the 
domestic carnivores, but they are limited in distribu- 
tion. They include Merarhelazia, found in domestic 
cats in Kussia, and in wild cats in the USA. 
Anafilar~iides in the domestic cat in the USA, Sri 
Lanka and Israel, and C;urlliu in cats in South 
Arncrica. Metathelazia and Anufilaroides inhabit the 
lung parenchyma, whilst Gurltiu is found in the veins 
of the upper hind limb and is an occasional cause of 
paralysis. 

, , 
passages with resultillg bronchopneumonia and occlu- This is a primitive group of nematodes which are 
sion of the smaller bronchi and bronchioles. mostly free-living, or parasitic in lower vertehrates 

and invertebrates. 

CLINICAL SIGNS 
Although a few normally free-living genera such as 

Micronema and Rhabditis occasionally cause prob- 
The symptoms are those of a chronic respiratory infec- lcms in animals, the only important genus from the 
tion, with coughing, sneezing, and nasal discharge veterinary point of view is Strongyloider. 
associatcd with tachypnoea. Foxes may hecome 

" 
small intestine in very young animals and, although 

EPIDEMIOLOGY generally of littlc pathogenic significance, under cer- 

C. vulpis is more common in the fox than in the dog. tain circurnstanccs may givc rise to a severe enteritis. 

and can he a prohleni in farmed foxes. The infection ~ ~ ~ t ~ :  
has a seasonality corresponding to fluctuations in ~~~t animals. 
population of its snail vectors so that, though cubs may 
hegin to acquire L, in early summer, the highcst inci- Site: 
dence of clinical crenosomosis is seen in autumn. Small intestine; also caecum in poultry. 
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Species: 
Strongyloides we,~teri Horses and donkeys 
S. papillasus Ruminants 
S. ransomi Pigs 
S, stercurulis Dogs and cats: man 
S, nvilcm Poultry. 

Dirtrihution: 
Worldwide. 

Gross: 
Slcndcr, hair-likc worms generally lcss than 1.0cm 
long, 

Microscopic: 
Only females are parasitic. The long oesophagus may 
occupy up to one third of the body length and the 
uterus is intertwined with the intestine giving the ap- 
pcarancc of twistcd thread. Unlike othcr inlestinal 
parasilcs o l  similar size the tail has a blunt point (Fig. 
46). 

S~ronxyloides 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 othcr animals it is the hatchcd L,. 

Fig. 47 Egg of Slrongyloides westeo (45pm x 35/cm). 

LIFE CYCLE 
Strongyloid~s is unique among the nematodes of vet- 
erinary importance, being capable of both parasitic and frcc-living reproductivc cyclcs. The parasitic 

phase is composed entirely o l  [cmdle 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 frcc-living adult malc and fcmalc 
worms and this can bc [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 hy skin 
pcnctralion or ingestion and migrating via the vcnous 
system, the lungs and trachca 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 
lhc dam which arc subscuucntlv cxcrctcd in thc milk. 

"\ "*>, In addition, prenatal infeution Gas been demonstrated >\ experimentally in pigs and cattle. 
/: .+ The prepatent period is from 8 to 14 days. 

PATHOGENESIS z 
Tail 

Fig. 46 Adult Slrongyloides female 

Skin penetration by inlective 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- 



mentally to result in multiple small haemorrhages vis- 
ible over most of the lung surfaces. 

Mature parasites are found in thc duodcnum and 
proximal jejunum and if prcsent in large numbers may 
causc inflammation with oedema and erosion of the 
epithelium. This results in a catarrhal enteritis with 
impairment of digestion and ahsorption. 

CLINICAL SIGNS 

confined to arcas of thc 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 rhahditiform oesophagus 
may be recovered from skin scrapings. Treatment is 
symptomatic and the condition can bc prcvcntcd by 
housing animals on clean, dry bedding. 

In the tropics otitis externa associated wit11 
Khrrbdil;~ infection has been reported in cattle. 

The common clinical signs usually seen only in vcry 
young animals are diarrhoea, anorcxia, dullness, loss 
of weight or rcduccd growth rate. Occasional cases of infcction of horses with the 

EPIDEMIOLOGY 
saprophytic, frcc-living nematode Ilrrlk-ephnlobus 
drlrtrix have been described from various parts of the 

~ ~ ~ ~ ~ ~ ~ l ~ ~ d ~ ~  infcctivc larvae are not ensheathed and world. In affected animals the very small worms, less 

are susccptiblc to extreme climatic than 0.5mm in length, have been found in nasal and 

warmth and moisture favour development and maxillary granulomata and in the brain and kidney. 
allow the of large of infective Severe nervous signs and death may accompany inlec- 
sMees. F~~ this reason it can bc a ma,or oroblem in tion of the central nervous system. " , . 
housed calves up to six months of age in some Medi- LStrongyloidosis in man: sr,,rcoralis occurs in man in 
terrancan countries. warm climates. It produccs diarrhoea, especially in 

A sccond major source of infection for the very young children, and in immunologically compromised 
young animal is the reservoir of larvae in the tissues of adults may multiply the wi th  conse. 
their dams and this may lead to clinical strongyloidosis quences, The dog nlay act as a natural host for this 
in foals and piglets in the first fcw wccks of lifc. Suc- species.l 
cessive progeny from thc samc dam often show heavy 
infections. 

DIAGNOSIS Thc ascaridoids arc among the largest nematodes and 
The clinical signs in very young animals, usually within occur in most domestic animals, both larval and adult 
~ h c  first lew weeks of life, together with the finding of stages being of veterinary importance. While the 
laree numbers of the characteristic eggs or larvae in adults in the intestine may cause unthriftiness in younn -- . - 
the faeces are suggestive of strongyloidosis. It should animals, and occasional obstruction, an important fca- 
he emnhasized however that hieh faccal eee counts ture of the group is thc pathological consequences of - u. 

may he found in apparcutly hcallhy animals. 

TREATMENT AND CONTROL 
Specific control measures for Slrongyloides infection 
arc rarcly called for. The benzimidazoles and the 
avermectinsimilbemycins 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 thc milk ol sows. On stud 
farms, foals arc often given an anthelmintic treatment 
at 1-2 weeks of age against S. westeri. 

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

thc migratory bchaviou'of the iarval stages. 
With a fcw cxccptions the genera have the following 

characters in common. 
They are large, white opaque worms which inhabit 

the small intestine. There is no buccal capsulc, 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,. tiowever, the cycle may involve transport and 
paratenic hosts. 

Host: 
Pig. 

Site: 
Small intestine. 

Species: 
Ascuris srrrrm. 



Distribution: 
Worldwide. 

IDENTIFICA TlON 
A. suum is by far thc largcst nematode of the pig: the 
femalcs arc up to 40.0cm long, and could only be 
confuscd with M~rr/ i lonlhorhyncus where this occurs. 

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

LIFE CYCLE 
The life cycle is direct. Though the singlc prcparasitic 
moult occurs at about three weeks aftcr 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 thc optimal temperature range of 
22-26°C. The egg is very resistant to temperature ex- 
tremes, and is viable for more than four years. 

After infection, the egg hatches in the small intes- 

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

tine and the L, travcls to the liver, where the first 
parasitic moult takes place. The I,, then pasces in the 
bloodstream to the l u n ~ s  atid thence to the small intes- 
tine via the trachea. ~ n i h e  intestine the final two para- 
sitic moults occur. 

If the eggs arc ingcstcd by an earthworm or dung 
heetlc thcy will hatch, and the L, travel to the tissues 
of thcsc paratenic hosts, where they can remain, fully 
infective for pigs, for a long period. 

The prepatent period is between 6 and 8 wccks, and 
each female womi is capable of producing more than 
200000 eggs per day. 

PATHOGENESIS 
The migrating larval stages in largc numbcrs may 
cause a transient pneumonia, hut it is now recognized 
that many cases of so-called 'Ascaris pneumonia' may 
be attributable to othcr 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 
l.0cm in diameter. and renresents thc fibrous reoair of 
inflammatory reactions t; the passage of larvaein the 
livers of oreviouslv sensitized uizs (Plate 1V). . .. , 

The adult worms in the intestine cause little appar- 
ent damage to the mucosa, but occasionally, if largc 
numbers are present, there may be obstruction. and 
rarelv a worm mav migrate into the bilc duct, causiny 
obstructive jaund&e and carcass condemnation. 

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

CLINICAL SIGNS 
The main elfect of the adult worms is to cause produc- 
tion loss in terms of diminished weight gain. Othcr- 
wise, clinical signs are absent cxccpt 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 ahout 
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 characteristic of the ascaridoids. Hence 'milk 
spot', which is economically very important, since it is 
a cause of much liver condemnation, presents a con- 



tinuuus problem in some pig estahlishmcnts. This con- 
dition has bccn widely noted to have a distinct 
seasonality of occurrence, appearing in greatest inli- 
dence in temperalc arcas during the warm summer 
months, and almost disappearing when the tempera- 
turesof autumn, winter and spring arc toolow to allow 
dcvclopment of eggs to the infective slagc. 

A, suzrnl 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 9everal years beforc, or to land fertililed with 
pig manure. In lambs. A .  suum may also bc a cause of 
clinical pncumonia as well as 'milk spot' lesions, re- 
sulting in condemnation of livers. I n  ~liost cases lambs 
have been grazcd on land fertilized with pig manure or 
slurry. such paslurc rcmaining infective for lambs, 
even after ploughing and cropping. Young adults of A. 
.suum are occasionally found in thc small intestine of 
ahccp. 

Thcrc arc a few recorded cases of patenl A. suum 
infection in man. 

farrowing pen, and young pigs should receivc 
anthelmintic treatment whcn purchased or on entry to 
the finishing house and 8 wccks later; hoars should be 
trcatcd every 3 4  months. 

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

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

DIAGNOSIS 
Diagnosis is hased on clinical siens, and in infections 

keing dense. the cggafloat more readily in saturated 
solutions of zinc sulphatc or magnesium rulphate than 
in the saturated sodium chloridc solution which is used 
in most faecal examination techniqucs. 

TREATMENT 
The intestinal stages arc susceptible to most of the 
anthelmintics in current usc in pigs, and the majority 
of these, such as the benzimidazolcs, are given in the 
Iced. In cases of suspected Ascuris pncumonia inject- 
able levamisolc and ivermectiu may be morc 
convenient. 

CONTROL 
In the past, elaborate control systems have been de- 
signed Iur ascariosis in pigs, but with the appearance 
of highly e[[ectivc anthelmintics these Labour-inten- 
sive systems are falling inlo disuse. 

The chief problem in control is the great survival 
capacity of the eggs, but in housed pigs, strict hygiene 
in Iceding and bedding, with frequcnt hosing of walls 
and Roors, will limit the risk 01 infection. In pigs on 
free rangc the problem is greater, and where thcre is 
serious ascariosis it may be necessary to discontinue 
the use of paddocks lor scvcral years, since the eggs 
can survive cultivation. i Itisgoad practice to treat in-pig sows at entry to the 

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 
Toxorara crrnis is a large white worm up to 10.0cm in 
length, and in the dog can he confused only with 
Toxascaris lconina. Differentiation of these two spe- 
cies is difficult, as the only useful character, visible 
with a hand lcns, is the presence of a small fingcr-like 
process on the tail of the male T.  canis. 

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

LIFE CYCLE 
This species has the most complcx life cycle in the 
supcrfamily, with four possible modcs of infection. 

The basic form is typically ascaridoid, the egg con- 
Lainingthe L, bcinginfective, at optimal tempcratures, 
four weeks after bcing 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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suckling pup? and, oncc patency is established in thc 
bitch, to contamination of the environment with cnas. - - 

The known minimum prepatent periods arc: 

1 Direct infection following 
k ineestion of eees or larvae in a 

L.- 

paratcntic host: 4-5 wccks 
Prcnatal infection: 3 weeks 

PATHOGENESIS - ~ 

In moderate infections, the larval migratory phasc is 
accomplished without any apparent damagc to Lhe 
tissucs. and the adult worms nrovokc little reaction in 

Fig. 
plnc 

49 Egg of Toxocara cams (75/rrn x 90prn) showing 
rd shell. Compare with that of Toxascaris I" Fig. 51 

thick 

This form of 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, travcl to a 
wide range of tissues including the liver, lungs, brain, 
heart and skclctal muscle, and the walls of thc alimen- 
tary tract. In the pregnant bitch, preniltal infection 
occurs, larvae hecoming mobilized at about three 
weeks prior to parturition and n~igrating to the lungs 
of the foetus whcrc they moult to L, just before birth. 
In the newborn pup the cycle is completed whcn the 
larvae travcl to 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 nevcr again encounters the infec- 
tion. A few of these mobilized larvae, instcad of going 
to the uterus, complete the normal migration in the 
hitch, and the resulting adult worms produce a tran- 
sient but marked increase in faecal Tuxocuru egg out- 
put in the weeks following parturition. 

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

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

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

adult worms causc a mucoid enteritis, there may be 
partial or complete occlusion of the gut (Plate IV) and, 
in rare cases, perforation with pcritonitis or in some 
instances blockage of the bilc duct. 

CLINICAL SIGNS 
In mild to moderate infections, there are no clinical 
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 vomited or passed in the faeces. 

The signs in hcavy infections during larval migra- 
tion result from pulmonary damage and include 
coughing, increased respiratory ratc, 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 dic 
within a few days of birth. 

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

EPIDEMIOLOGY 
Surveys of T. conis prevalence in dogs have been car- 
ried 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 lcss 
than six months of age, with the fewest worms in adult 
animals. 

Thc widespread distribution and high intensity of 
infection with 2: canis depend essentially on three 
factors. 

First, the femalcs are extremely fecund, one worm 
being ablc to contribute ahout 700 eggs to each 
grammc o l  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- 

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 manv 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. 

mended that adult dogs should be treated every 3-6 
months throughout their lives. c 

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

Worldwide. 

VISCERAL LARVA MIGRANS IDENTlFlCA TION 
Though this term was originally applied to invasion of Typically of the superfamily, Toxocara cati is a large 
the visceral tissues of an animal by parasites whose white worm, often occurring as a mixed infection with 



EPIDEMIOLOGY 
The epidemiology of T. cati dcpcnds largely on a 
reservoir of larvac in thc tissues o[ the dam which 
arc mobilized lalc in pregnancy and excreted in the 
milk throughout lactation. The paratenic host is 
also of considerable significance because of thc 
strong hunting instinct in cats. Exposurc lo thc latter 
route of infection does not occur until kittens begin 
to hunt for thcmsclvcs or lo share the prey of their 
dams. 

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

TREATMENT 
This is similar to that described for T cani.s in dogs. 

, . 
Toxocara cati Toxascaris leonina CONTROL 

Fig. 50 Differentiation of Toxocara cati and Toxascaris leonina Since infcction is firs1 acquired during suckling, conl- 
may be made on the shape of the cew~cal alae. plctc control would be based on removal of kittens 

Irom the dam and artificial rearing. Tn most cases, 
adequate control is achieved hy early and repeatcd 
administration of anthelmintics to kittcns along the 
lines recommended for T canis in pups. the other ascaridoid of carnivores, Toxuscuris leonitzu. T cati has bccn rcportcd as a rare cause of visceral Differentiation (Fig. 50) is readily made between larva migrans in man, the two on gross examination or with a hand lens, 

whcn the cervical alae of 1: cati are seen to have an 

" 
taper gradually into the body. The male, like that of 7: 
cani.~, has a small fingcr-likc process at the tip of the 
tail. 

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

LlFE CYCLE 
Like T canis, thc lile cycle of T. cali is migratory when 
infection occurs by ingestion of the L, in the egg and 
non-migratory after transmammary infection with L, 
or after ingestion of a paratenic host. However, unlikc 
% canis prenatal infection does not occur. 

The prepatent pcriod from egg infection is about 
eight weeks. 

PATHOGENESIS AND CLINICAL SIGNS 
Because the majority of infections are acquired cithcr 
in the milk of the dam or by ingcstion o[ paratenic 
hosts, there is no migratory phase and any changes are 
usually confincd to the intestine, showing as pot-belly, 
diarrhoea, poor coat and failure to thrive. 

Hosts: 
Cattle and buffalo. 

Site: 
Small intestine. 

Distribution: 
Mainly in tropical and warm rcgiona. 

T. vit~rlorrcrn is the largest intestinal parasite of cattle, 
the females heing up to 30.0cm long. It is a thick 
worm, pinkish when fresh, and thc cuticlc is rather 
transparent so that thc internal organs can be seen. 

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

LlFE CYCLE 
The life cycle of this species reqembles that of T. cari, 
in that the most important source of infcction is the 
milk of the dam in which larvae are present for up to 
30 days after parturition. Therc ia nu tissue migration 



in the calf following intcction and the prcpatent period 
is 3 4  weeks. 

The ingestion of larvated eggs by calves over six 
months old seldom results in pateucy, 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 effects of this infection appear to he caused 
hy the adult worms in the intestines of calves up to six 
months old. Heavy infections are associated with poor 
thriving and intermittent diarrhoea, and i n  huffalo 
calves particularly, latalitics may occur. 

EPIDEMIOLOGY 
'She most important Ieature 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 eggs, with thick, pitted shells, are 
characteristic in bovine faeces. 

TREATMENT 
The adult worms are susceptible to 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 oI infection can be dramatically re- 
duced by treatment of calves at three and six weeks of 
age preventing developing worms reaching patency. 

This genus occurs in domcstic carnivores, and though 
common, is of less significance than Toxocara because 
its parasitic phase is non-migratory. 

Hurts: 
Dog and cat. 

Site: 
Small intestine 

Species: 
Toxascari~ leonina 

Distribution: 
Worldwidc. 

'elminthology 

Flg. 51 Egg of Toxascaris leonina (75prn X 85prn) showing 
Smooth Shell. 

Toxascaric is almost indistinguishable grossly from 
Toxocara canis, the only point of difference being the 
presence of a finger-like process at the tip of the male 
tail of the laltcr. In the cat, differentiation from T cati 
is based on the shapc of thc cervical alae, which are 
lanceolate in l'onoscuris but arrow-head shapcd in T. 
cati (Fig. SO). 

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 I., in the egg or as 
larvae in the tissues of micc and subsequent develop- 
ment takes place entirely 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 domcstic carnivores in- 
variably include Toxocara, the measures recom- 
mended for control of the latter will also havc 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 treatment of worm infection in the 
host animals, and on adequate hygiene to limit the 
possibility of acquisition of infection by ingestion of 
eggs. 



Fig. 52 Adult Parascans equorum in small intestinal contents 

throughout the world and is a major cause of 
unthriftiuess in young foals. 

Hosts: 
Horses and donkeys. 

Site: 
Small intestine. 

Species: 
I'aruscoris eqrrorum. 

Distribution: 
Worldwide. 

Gross: 
This very large whitish nematode, up to 40 cm in 
length, cannot be confused with any other i~itestinal 
parasite of equines (Fig. 52). 

Microscopic 
The adult parasites have a simple mouth opening sur- 
rounded by three large lips and in the male the tail has 
small caudal alae. 

The egg of 1'. 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 
thc 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 
thcy have arrived in the lungs whcrc 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 no1 
precisely known, but it would appear that the moult 
from L, to L, occurs between the intestinal mucosa 
and the liver and the two subsequent moults in the 
small intestine. 

'The minimum prepatcnt period of 1'. ?quorum is 10 
weeks. There is no cvidence of prenatal infection. 

PA THOGENESIS 
Gross changes are provokcd in the liver and lungs by 
migrating 1'. equorum larvae. In the liver, larvae cause 
focal haemorrhagcs and eosinophilic tracts which rc- 
solve lcaving whitish areas of fibrosis. Larval migra- 
tion in the lungs also leads to hacmorrhage and 
infiltration by eosinophils which are later replaced hy 
accumulations of lymphocytes, while sub-pleural grey- 
ish-green lymphocytic nodules develop around dead 
or dying larvae; these nodules are more numcruus 
following rcinfcction. 

Although the presence of worms in the 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 peritu- 
nitis. However, under experimental conditions, 
unthriftincss is a major sign and despite maintaining a 
good appetite infected foals lose weight and may be- 
come emaciated. Competition between a large mass of 

Fig. 53 Egg of P squOrom(100prn x 90pm) which hasdeveloped 
10 the infective stage. 
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parasites and the host for nutrients may be the under- 
lvin~ 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. 

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. 

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 (80pm x 50pm). 
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tively unaffected. The main cffcct is sccn during the 
prcpatcnt phasc, whcn the larvae are in the mucosa. 
Thcrc thcy cause an enteritis which is usually ca- 
tarrhal. but in verv heavv infections mav be 
haemorrhagic. In modkrate ini&ctions the adult worms 
are tolerated without clinical signs, but when consider- 
able numbers arc prcscnt thc l&gc sizc ot  lhcse worms 
may causc intestinal occlusion and death. 

EPIDEMIOLOGY 
Adult birds arc symptomless carriers, and the reser- 
voir of infection is on the ground, either as free eggs or 
in earthworm transport hists 

DIAGNOSIS 
In infections with adult worms, the eggs will be found 
in faeces, but since it is difficult to distinguish these 
from Heteraki,? eggs, confirmation must bc madc by 
post-mortem cxamination of a casually when the large 
whitc wonus will be found. 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, he segregated and reared on ground prcvi- 
ously unused by poultry. 

Sincc thc ncmatode 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 he used. 

In either case treatment with piperazinc salts 
levamisole or a bcnzimidazolc, such as flubendazole, 
can bc administcrcd either in the drinking water or the 
fccd. Capsules containing fenbendazole for use in pi- 
geons are also highly effective. 

This genus is exceptional in its small sizc and in its 
location in thc largc intcstinc, in contrast to Ascaridiu 
which is large and inhabits the small intestine (Fig. 55). 

Hosts: 
Domestic and wild birds. 

Site: 
Caeca. 

Species: 
IIeterukis  alli in arum. Another soecies. H. isolonche. 
occurs in game birds, notably pheasants 

Distribution: 
Worldwide. 

Flg. 55 The Two common poultry ascarids are Ascaridia galli(up to:. 
1Zcm long) and Heterskis gallinarum (up to 15cm long). 

Whitish worms up to 1.5cm long, with clongatcd 

amination is neiessarv to demonstrate the snicules 
which are unequal in length in H gallinarum, but 
of equal length in H isolonche. Microscopically, 



also, generic identity may be confirmed by the pres- TREATMENT 
cncc of a largc prccloacal sucker in thc malc, and 
prumincnt caudal alac supportcd by largc caudal Like Ascuridiu, Ileterukls is susceptible to piperazine, 

oanillae. levamisole and a number of henzimidazoles. 
r ~ r ~ ~  ~ ~ 

The egg is ovoid and smooth-shelled, and is difficult 
to distinguish from that of Ascaridia. CONTROL 

Control of H gallinarrrm is only necessary when 
LIFE CYCLE histomonosis is a problem in turkcys. It is largcly 

The egg is infective on lhe ground in about two weeks based on hygiene, and in backyard flocks two main 

at optimal temperatures. Earthworms may be trans- points are: the segregation of turkeys from other do- 
lnestic poultry, and the removal and disposal of litter sort hosts. the eggs simsly passing through the gut. or from poultry houses. Where the is serious paratenic hosts in which the egg hatches and the L, and continuous, it may be advisable to administer travels to thc tissucs to await ingestion by thc fowl. In either pipcrazinc or lcvamisolc inlcrmittcntly in the H gallinarum all three parasitic moulls appear to oc- feed or water in addition to continuous l,istomonus cur in the caecal lumen, but in II. isolonche infection chemoprophylaxis. the hatched larvae enter the caecal mucosa, and de- Where isolonche infection is endemic velop to maturity in nodules. Each nodule has an asantries, the runs should be abandoned and opening into the gut through which the eggs reach the $zasant chicks reared on fresh ground, 

lllrn"" . - . . . -. . . 
Thc prcpalcnt pcr~ud ol  thc gcnub 1s aboul lour 

week< Anisakid infection 

PATHOGENESIS AND CLINICAL SIGNS 
H. gallinarum is the commonest nematode parasite of 
poultry. and is usually regarded a, being non-patho- . . 
genic. i ts  chief pathogenic importance is as a vector of 
the protozoan, Ilislomonus meleagridis, the causal 
agent of 'blackhead' in turkeys. The organism can he 
transmitted from fowl to fowl in the egg of Hetcraki,~ 
and in earthworms containing hatched larvae of the 
worm. 

II. isolunche of game birds is in itself pathogenic, 
causing a severe inflanlnlation 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 

'The Anisakidae are ascaridoids 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 larvac. If thc fish arc catcn by 
humans, the larvae will migrate from the alimentary 
tract into other tissues, causing a form of visceral larva 
migrans which call be fatal. One outbreak in the Neth- 
erlands involved the consun~ption of raw herring 
which harboured the larvae in their muscles. but the 
most widcsprcad cndcmic cyclc 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 uo~ulatious in order to diminish the 
economic loss res;lting from rejection of fish at 
inspection 

H. gallirrarum is widespread in most poultry flocks and Adult oxyuroids of animals inhabit the large intestine 

is of little pathogenic significance in itself, but is of and are comlnonly called pinworms because of the 
pointed tail of the female parasite. They have a double great impurtancc in thc cpidcmiology of Histornonas. bulb oesophagus and a direct life cycle. The only In contrast H. isolonche in game birds occurs as a 

clinical entity. genera of veterinary interest arc Oxyuris and 
Probslmayria, both parasitic in the horse, and 
Skrjabinernu which is a parasite of ruminants. 

DIAGNOSIS 

presence of worms at necropsy. 11. isolonche infection Infection with thc horse pinworm, Oxyuris equi, is 
is diagnosed at necropsy by the finding of caecal extremely common and, although of limited palho- 
nodules containing adult worms, and if necessary, genic significance in the intestine, the female parasites 
confirmed micros~opically by examination of the &ay ca&e an intense anal pruritis during thi  process 
spicules. of egg laying. 
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Hosts: 
Horses and donkeys 

Site: 
Caecum, colon and rectum. 

Species: 
Oxyrtris equi. 

1)istribntinn: 
Worldwide. 

Gross: 
'l'he mature females arc large white worms with 
pointed tails which may rcach 10.0cm in length (Fig. 
56) whereas thc mature males are generally less than 
I .ncm long. 0. equi L, from 5 to 10mm in length, have 
tapering tails (Fig. 57) and are often attached orally to 
the intestinal mucosa. 

Microscnpic: 
There is a doublc ocsophageal hulb and the tiny males 
have caudal alae and a single spicule. Tn the female the 
vulva is siluated anteriorly. 

0, eyui eggs are ovoid, yellow and slightly flattened Fig. 57 Fourth-stage larvae of Oxyuris equiwhich resemble small 

on one side with a mucoid plug at onc end (Fig. 58). carpe11acks. 

LIFE CYCLE 
Thc adult worms are found in the lumen of thc colon. 
Aller lcrtilization the gravid female mlgralcb to the 

Flp. 56 Adult Oxyuris ewifemales. Fig. 58 O?yuris q u i  egg (90rm x 45pm) 
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anus, extrudes her anterior end and lays her eggs in 
clumps, seen 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 
released in the small intestine, 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 
thc mucosa before maturing to adult stages which feed 
un intestinal contents. 

The prepatent period of 0. eqrii is 5 months. 

PATHOGENESIS 
Most o l  the pathogenic effects of 0 eqlii in the intes- 
tine 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 
thc anus causes the animal to rub, resulting in broken 
hairs, bare patches and inflammation o[ the skin over 
the rump and tail head. 

EPIDEMIOLOGY 
Although the infective stage may be reached on the 
skin, more often flakes of material containing eggs are 
dispersed in the environment by the animal rubbing 
on stahle fittings, fencing posts or other solid objects. 
Heavy burdens may build up in horses in infected 
stables and there appears to be little immunity to 
reinfection. 

chemotherapy for the more important horse parasites 
such as the strongyles and P. ?quorum. 

Where animals are showing clinical signs, the 
perineal skin and underside o[ the tail should be fre- 
quently cleaned using a disposable cloth, in addition to 
anthelmintic treatment. A high standard of stable hy- 
giene should be observed. 

Probstmayria vivipara is a 2.0-3.0mm long oxyuroid 
parasite which is unusual in that it is a perpetual para- 
site and lives from generation to generation in the 
euuine caecum and colon. The females arc viviparous 
and adults and larvae may be passed in the faeces: 
transmission is therefore probably via coprophagia. 
Although millions of these pinworms may be present 
they have never given rise to any clinical signs. Like 
Oxy~rris, this parasite is susceptible to most modcrn 
anlhelmintics. 

This genus of small pinworms contains several species 
parasitic in the caccum and colon of domestic and wild 
ruminants. Sk~jubinema ovi.7, for example, is a 
pinworm, up to l.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: Lnlurobius vernzicularir, the hu- 
man pinworm, is common throughout thc world and 
although it occurs in all age groups it is most prevalent 
in children. It isimportant to nolc that E. veermicularis, 
like other oxyuroids, is highly host-specific, so that 
there is no possibility of household pets becoming 
infcctcd and acting as reservoirs of human pinworm 
infection.] 

DIAGNOSIS 
This is based on signs of anal pruritis and the finding of The precise classilication of a number of genera greyish-yellow egg masses on the perineal skin. The currently assigned to this superfamily is controversial, large white long-tailed female worms are often seen in but there are five of significance in veterinary the faeces, having heen dislodged while laying their medicine: ,y,,i,irocerca, Hahrorrema, Drr,schia. 
eggs. and ~;nathAroma. A major characteristic of this group 0. equi eggs arc rarely Sound on faecal examination 
of samples takcn Srom the rectum, but may he ob- is the tight spirally coiled tail of the male. The life 

cycles are indirect involving arthropod intermediate served in material from the perineum or in faecal ma- hosts. terial takcn from the ground. 

TREATMENT AND CONTROL 
0. equi is susceptible to Inany broad spectrum The adult nematodes are found in large 
anthelmintics and should be controlled hy routine granulomatous nodules in the wall of the oesophagus. 



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 lcsions 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. 

Diatrihution: 
Tropical and subtropical area? 

IDENTlFlCA TlON 
The appearance of the granulomatous lesions, up to 
golf-hall size, is usually sufficient for identification 
(Fig. 59). Numerous pink worms may he seen on sec- 
tion of thc granulomas (Fig. hO), hut these are difficult 
to extricate inlacl since thcy arc coilcd and up to 
8.Ocm long. 

LIFE CYCLE 
The thick-shcllcd elongate egg, containing a larva, is 
passed in lhe [acccs or vomit and docs not hatch until 
ingested by a dung-heetle. In this. the intermediate 
host, the larva develops to the L, and encysts. 
Paratenic hosts may also he involved if the dung- 
beetle, in turn, is ingested hy any of a variety of other 
animals including the domestic chicken, wild birds, 
and lizards. In thcsc lhc L, hccomcs encysted in the 
viscera. 

On ingestion of the intermediate or paratenic host 
by the final host the L, are liherated, penetrate the 
stomach wall and migrate via the coeliac artery to the 
thoracic aorta. About thrcc months later they cross to 
the adjacent oesophagus whcrc thcy provokc thc de- 
velopment of granulomas as they develop to the adult 
stage in a further three months. The prepatent period 
is therefore six months. Eggs, however, may not be 
found in thc facccs of a proportion of animals with 
adult inlections whcrc the granulomas have no open- 
ings into the oesophageal lumcn. 

Fig. 59 Large oesophageal granuloma due to Spirocerca lupi 
infection. 

PATHOGENESIS AND CLINICAL SIGNS Fig. 60 Transverse section showing Spirocerca lupi within a 
granuloma and in the oesophageal lumen. 

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.Ocm in size, 
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associated with the adult worms may he responsible Intermediate hosts: 
for a variety of clinical signs including dysphagia and Muscid flies. 
vomiting arising from obstruction and inflammation. Site: Two further complications arc, first, the dcvclop- Stomach. ment of oesophageal osteosarcoma in a small propor- 
tion of infected dogs. These may be highly invasive Species: 
and produce metastases. Secondly, also relatively rare, Hahronema muscae 
is the occurrence of soondvlosis of the thoracic verte- H microtoma (svn. H. maiusl 

parasite, many infected dogs do not exhibit clinical 
signs even when extensive aortic lesions and large, lDENTlFlCATlON 
often purulent, oesophageal granulomas are present. 

Slender white worms 1.0-2.5cm long. In the male the 
tail has a spiral twist. Tt is unlikely to be confused with 

EPIDEMIOLOGY other nematodes in the stomach since Draschia is as- 
sociated with characteristic lesions and T axe; is less In endemic areas the incidence ol  inlcction in dogs is 

often extremely high, sometimes approaching 100%. than 1.0cm in lcngth. 
The elongated eggs are thin shelled and larvatcd Prohably this is associated with the many opportu- 

when laid, nities of acouirine infection from the varietv of . L. 

paratcnic hosts. 

DIAGNOSIS 
LIFE CYCLE 

Eggs or L, are passed in the faeces and the L, are - - 

Eggs may he found in  the faeces or vomit if there are ingested by the larval stages of various muscidflies 

fistubac in granulomas, otherwise including Musca, Sromoxys and Haerrratohia which are 

diagnosis may depend on or radiography, often present in faeces. Development to L, occurs 
synchronously with the development to maturity o[ 

TREATMENT 
the fly intermediate host. When the fly feeds around 
the mouth of the horse the larvae pass from its 

Treatment is rarely practical but levamisole mouthparts on to the skin and are swallowed. Alterna- 
disophcnol and albcndazole have been reported to be tively inlcctcd flies may be swallowed whole. Develop- 
of value, Disophenol is subcutaneously at 7md ment to adult takes place in the glandular area of thc 
kg body weight and the treatment is repeated alter stomach in two months. 

seven days. When Hahronerna larvae are deposited on a skin 
wound or around the eves thev invade the tissues. but 

CONTROL 
do not complete their development 

This is difficult bccausc of the ubiquity of the inter- PATHOGENESIS 
mediate and piratenic hosts. Dogs should not be led 
uncooked viscera from wild birds or from free.range The adults in the stomach may cause a mild catarrhal 
domestic chickens. gastritis with cxccss mucus production. More impor- 

tant arc the eranulomatous lesions of cutaneous 
u 

hahroncmosis, commonly known as 'summer sores' 
(Plate 1V), and the persistent conjunctivitis with 
nodular thickening and ulceration 01 the eyelids 

Members of this and the closely rcbatcd genus associated with invasion of the eyes. L~~~~~ have also 
Draschia are parasitic in the stomach of the horse: been found associated with small l u n g  abscesses, 
Hahronema may cause a catarrhal gastritis, but is not 
considered an important while Druschiu 
provokes the formation of large fibrous nodules which CLINICAL SIGNS 
are occasionally significant. The chief importance of 
these parasites is as a causc of cutaneous ha- These are usually absent in gastric habroncmosis. Le- 

sions of cutaneous hahronemosis are most common in bronemosis or 'summer sores' in warm countries. 
areas of the body liable to injury and occur during the 

Hosts: fly season in warm countries. During the early stages, 
Horses and donkeys. there is inlcnsc itching of the infected wound or 



82 Veterinary Parasitology 

abrasion which may causc further self-inflicted dam- 
age. Subsequently a reddish-brown non-healing 
granuloma dcvclops which protrudes above the level 
of thc surrounding skin and may he up to 8.0cm in 
diamcter. Later the lesion may hecome more fibrous 
and inactive, hut will not heal until the advent of 
cooler weather whcn fly activity ceases. lt~vasion of 
the eye produccs a persistent conjunctivitis with nodu- 
lar ulccrs especially at the medial cnnthus. 

EPIDEMIOLOGY 
The seasonality of cutaneous lesions is related to the 
activity of thc fly vectors. 

DIAGNOSIS 
This is based on the finding of non-healing, reddish 
cutaneous granulomas. Thc larvac, recognized by 
spiny knobs on their tails, may be found in material 
from thcse lesions. Gastric infection is not easily diag- 
nosed since ffubronerna eggs and larvae are not rcad- 
ily demonstrable in the faeces hy routine tcchniques. 

TREATMENT AND CONTROL 
A number of modern broad spectrum anthelmintics 
have been shown to have activity against thc adult 
parasites in the stomach. Cutaneous lcsions are best 
treated with ivermectin. Thc usc 01 insect repellents 
has some benefit and radiation therapy and cryo- 
surgery havc bccn uscd in more chronic cases. Ohvi- 
ously any measures taken to prevent injuries and to 
control fly populations will he beneficial. 

-- 

There is only onc species of veterinary importance, 
Draschia megustorno, and this behaves in many ways 
like ffubmnema. However in the stomach the worms 
live in colonies around which dcvclop large nodular 
lesions (Plate IV). Thcsc occur in the fundus and seem 
to he well tolcralcd unless they protrude into the 
lumen sufficiently lo interfere mechanically with stom- 
ach function. In all other respects D. nzegastorna can 
he considered similar to Hahronema. 

This gcnus in ruminants is the equivalent to 
Habronemtr in equines. It occurs in the ahomasum of 
sheep and goats and has a wide distribution in Africa, 
Asia and some Mediterrancan countries, notably Cy- 
prus. The adult worms resemble flaumonchus spp. 
somewhat in gross form and size, but without the red 

spiral colonration, while the younger worms are closer 
to Ortertagia in appcarance. Microscopically, the ge- 
nus is readily distinguished Irom the other abomasal 
worms by lhc presence of large cuticular shields and 
cordons in the cephalic region. 

The life cycle is typically spiruroid. Parabronema is 
usually regarded as non-pathogenic, and treatment 
and control are ncvcr demanded. 

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 
ingcstcd from the faeces, but by flies feeding on ocular 
sccrelions. 

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 
Theluztu l ~ ~ ~ r v r n a l i s  mainlv eaulnes in Eurooe and 

3 .  

N. America 
T. 1.a1iforniensi.v doe. cat and occasionallv u, 

shccp in N. America. 

Othcr species which occur worldwide in cattle include 
% rhodesi, 7: g~rlosa and T. skrjahini. 

Small thin whitc worms l.CL2.0cm long. A mouth cap- 
sulc is prcscnl and the cuticle has prominent striations 
at the anterior end. 

Fig. 61 Thelazia spp. in conjunctival sac (?). 



LIFE CYCLE - 
The worms are viviparous. Thc L, passed the fc- ~ i k ~  most spiruroids, Gnurhostorno inhabits the upper 
male worm into the lachrymal secretion is ingested by alimentary tract, occurring in  nodules in the stonlach 
the fly intermediate host as it feeds. Development of omnivores and carnivores. I( is exceptional in 
from L, to I, occurs in the ovarian follicles of the fly in two intermediate hosts. 
15-30 days during the sunlmer months. L, migrate to 
the rnouthoarls of the fly and arc transferred to thc Hosts: 
final host \;hen the fly feeds. Development in the cyc In domestic animals, the pig, cat, and dog. It occurs 
takes place without furthcr migration and the erratically in man as a cause of visceral larva migrans. 
prepatcnt period is hetwccn 3 and 11 weeks depcnding hosts: 
on the species. 

(1) Many species of aquatic crustacean; 
(2) Small vertchrates including mammals, birds, rep- 

PATHOGENESIS tiles, fish and amphibians. 

Lesions arc caused by the serrated cuticle of the worm Site: 
and most damage results from movcment by the activc Stomach. 
young adults causing lachrymation, followed hy con- 
junctivitis. In heavy infections the cornea may bccome 'pecies: 
cloudy and ulcerated. There is usually complctc recov- Gnar"otoma h'spidwn p% 

ery in about two months although in some cases areas G- do'orcsi Pig 
C;. cpinigerum cat and dog; also erratically of corneal opacity can persist. 

in man. 

CLINICAL SIGNS 
Lachrymation, conjunctivitis and photophohia. Flies 
arc usually clustered around the eye hecausc of the 
excessive secretion. In severe cases, the whole cornea 
can be opaque. 

EPIDEMIOLOGY 
Ttrelatia infections occur seasonally and are linked to 
periods of maximum fly activity. The parasite can sur- 
vivc in the eye for several years, hut since it is only the 
young adult which is pathogenic a reservoir 01 infec- 
tion may persist in symptomless carrier cattle. Survival 
of larvae also occurs in the pupal stages of flies during 
the winter. 

DIAGNOSIS 
This is based on ohservation of the parasites in the 
conjunctival sac. Tt may be necessary to instil a Sew 
drops of local anaesthctic to facilitate manipulation of 
the third eyelid. 

TREATMENT AND CONTROL 

Distributiun: 
Southcrn Europe, Africa, Asia and Australia 

IDENTIFICATION 
Gnulhostorna is a thick-bodied worm, and thc iemales 
are up to 3.0cm long. The presence of the worms in 
gastric nodulcs is sufficient for gencric diagnosis, and 
confirmation is easily made with a hand lens when the 
swollcn anterior end covercd with rows of small hooks 
will be seen. 

LlFE CYCLE 
The adult worms live in tunnels in thc gastric uodules, 
and thc cggs pass from therc into the lumeli and are 
dropped into the watcr in the faeces. The crustaccans 
(first intermediate hosts) ingest L, and dcvclopment to 
L, takes place. The crustaceans are themselves 
ingested by the vertebrates (sccond intermediate 
hosts) and development to L, occurs in the liver and 
musclc oS these animals. 

The final host is infccted by ingestion of thc vcrte- 
hrate vector and furlher development occurs in the 
stomach wall, where the worms provoke the growth of 
fihrous lesions. 

Treatment was at one time based on manual removal 
of the worms under a local anaesthetic, but this is now 
replaced by administering an effective anthelmintic 
such as lcvamisole or an avcrmcctin; the former drug As in many spiruroid iniections, the most obvious ef- 
may be applied topically as a 1% aqueous solution. fect of gnathostomosis is the prcscnce of fibrous 

Prevention is difficult because of thc ubiquitous na- growths on the stomach ivall. Thcse growths are of 
ture of the fly vcctors. variable size, the largest heing 3-4.2111 in diametermd ,.,, -9 



are cavitated, amounting to thick-walled cysts contain- 
ing worms and fluid. IJlceration and necrosis o l  the 
stomach wall are often present. 

The most pathogenic spccics is G. spbzigerrrm, 
which in cats may cause Iatal gastric perforation and 
peritonitis. 

In some cases a numher of larvae will migrate from 
the stomach to other organs, most commonly the livcr, 
in which they burrow, leaving necrotic tracks. 

When visceral larva migrans due to Gnathosroma 
occurs in humans G. soiniverum is the soecies usuallv . - *." . . ,.,.: involved, and the commonest source df infection k 
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 appcar and disappear irregularly as the 
parasites wander in various parts oI the body. 

CLINICAL SIGNS 
Except in the cat, in which acute abdominal signs 
may he present, Gnatkosrorna infection is usually 
inapparent. 

EPIDEMIOLOGY 
It should be noted that the final hosts are also eligible 
second 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 ol the greenish. oval eggs, which 
have a thin cap at one pole, in the faeces. Often. how- 
ever, eggs are not present in faeces. 

TREATMENT AND CONTROL 
Treatment has not been investigated. With ubiquity o l  
the first and second intcrmcdiatc hosts complcle con- 
trol cannot be achievcd, but partial limitation is pos- 
siblc by the thorough cooking ol  all Iood. 

Flg. 62 Cross~section of a single adult Gongylonema embedded in 
the oesophageal 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 oI birds. 

The common species are Gon~ylo~~emaprrlchrunz in 
all domesticated mammals, though mainly sheep and 
goats, G. vprrlrcosum in ruminants, and C;. ingluvicola 
in birds. 

The life cycle is typically spiruroid, and thc adult 
worms livc cmbcddcd 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 SPlRUROlDS OF PIGS 
Pigs reared outdoors may harbour several spiruroids 
besides Gnalhosromu and Gongylonerna, but none is 
of great economic or pathogenic importance. Thc 
most widespread are Ascarops strorrgylina, 
Physocephalus scxalatus and Simondsia paradoxa. 

Ascarops and Physocephalrrs arc widcly distributed. 
Both arc. small. slender worms, up lo 2.0cm 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 wccks, and 
Physocephalus six wccks. Ncithcr is severely patho- 
genic, the main eIlect being a catarrhal gastritis. 
Simofz[ls;u also occurs in the stomach. It is similar in 

'This genus is unusual among the spiruroids in having a 
very wide tinal host range which includes all the do- 
mesticated animals, though it is most prevalent in ru- 
minants. Its intermediate hosts include coprophagous 
beetles and cockroaches and it has a worldwide distri- 
bution. It is a long, slender worm, the females being up 
to i).Ocm in length, and is easily distinguished niicro- 
scopically by the presence of longitudinal rows of 
cuticular plaques in the anterior region of the body. 

ing a rounded sac fillcd'with eggs. Thc males li; on 
the surfacc of thc gastric mucosa, but the lemales are 
found in small cysts in the mucosal crypts with their 
anterior cnds projccting. The intermediate hosts are 
unknown. This genus is predominantly a parasite of 
tropical and subtropical regions, and like the othcrs it 
is a cause of catarrhal gastritis, but in addition, there ; 

is some fibrous rcaction around the nodules in the 
stomach wall. 



!Cl 

Plate I 
!a) Osfertagia ostenagi emergng from a gastic gland. 
(b) Character~stic gross lesions at ostenagiosls. 
(c) NecrOSlS 01 muCOSa in severe astenagioss 
!dl Abomasal haemorrhages n haemonchasis. 
(e) Expansion of red marrow n f ~ b ~ a  in acute haemonchosls ! f) 
( f )  Anaemia and submandlbular oedema characterist~c of 

haemonchosis. 



te I1 
Develoo8np Tiichosh004~lus vrrilous n the small ntestlnal 



te Ill 
Anerltls and thromboss of cranlai mesenterlc artery caused by 
Sfrongylus  vulgar!^ larvae 
Strongylus edenMlus feeding on the mucosa of the large 
, n C < + l n ~  . , . . - - . . . - . 
Triodootophorus lenuicollisadults feeding around the periphery 
of an ulcer n the ventral colon. 
Developmg small strongyle larvae n the mucosaol the caecum. 
lntest~nal nodules assoc~ated wlth developing Oeso- 
phagostomum spp 
The 'kidney worm', Slephanurus dentalus. 



Plate IV 
(a) Adult Syogamus trachea in srtu (T). 
(b) 'Milk spot' lesions ,n the lhver assocated with Ascans suunl 

infection. 
(c) Heavy Toxocara canis nfection in the small ntestne of a pup. 
(dl Ulcerated aranuloma an commlssure of Ips of hatse due la . . 

cutaneous habronemasis. 
[el Large nodule in equlne stomach associated wllh Drasdta 

megasloma tnfecton 
(f) Nodules typical of bovlne onchocercosls 
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Diagnosis of a particular genus is difficult by faecal Tetrumeres is somcwhat diffcrcnt. It has a wider 
examination, hut the Dresence of the small eloneate intermediate host range. using nol onlv watcr crusta- 

~ r i a t m c n t  has not been considered with these 
genera. 

LESSER SPlRUROlDS OF CARNIVORES 

I'hysulopreru pruepuliulis and P. raru, worldwide in 
distribution, occur in the stomach of the dog and cat. 
They are larger than most spiruroids, being 4.M.0cm 
long and resembling ascarids. The intermediate hosts 
arc bccllcs, cockroaches and crickets and the life cycle 
is typically spiruroid. The adult worms havc small 
teeth on their large triangular lips, and attach strongly 
to the gastric mucosa, leaving small ulcers when thcy 
move to fresh sites. They may cause catarrhal gastritis, 
with emesis, and i n  heavy infections blood may appear 
in thc facccs. Diagnosis is by the finding of the elon- 
gale cggs, thickcncd at cithcr pole, in the faeces or 
vomit. There is no ellective treatmcnl, and with thc 
ubiquity of the insect intermediate hosts control can- 
not he considered. 

Spirura ritypleurites occurs in the cat and less com- 
monly the dog. It is a thick, short worni, inhabiting 
mainly the stomach, hut occurring occasionally in 
the oesophagus. The intermedialc 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. 

SPlRUROlDS OF POULTRY 
Mosl of thcsc worms occur in frce-range poultry and 
inhabit lhc alimentary tract with the exception of one 
genus which occurs in the cyc. In the gut thcy are 
found in three distinct locations. 

Proventriculus: 
Three genera occur hcrc, Ect~iru~riu, Dispttarynx and 
Tetrumeres, all having a worldwide distribution. 
Though the first two have di1Lerent hosl prcfcrcnccs, 
L'chinuria occurring in ducks and geese and being 
transmitted by water crustaceans while Disphurynx is 
parasitic in non-aquatic domestic poultry and has ter- 
restrial crustaceans as intermediate hosts, they are 
otherwise similar in appearance, hchaviour and 
pathogenesis. The body is slender and coilcd, up to 
2.0 cm long, and the cuticle is ornamented with cor- 
dons. Small thick-shelled embryonated eggs are 
passed, and developlnent to L, takes place in the crus- 
taceans which are ingested by the final hosts. The 
worms usually provoke only a mild nodular reaction in 
the mucosa with excessive mucus produclion. Most 
infections with Echinuria and Disphurynx are 
inapparent. 

.. . - 
adults show sexual dimorphism, the males, which are 
pale, slcndcr, and only 6.0mm long, with spiny 
cuticles, living on the mucosal surface, while the fe- 
males, bright red and almost spherical, with a diameter 
of about S.Omm, are deep in the mucosal gkands. The 
females in the glands are blood suckers, and can cause 
anaemia as wen as local erosion. Heavy infections may 
be fatal in chicks, hut this genus is usually present only 
in modcratc numhcrs a n d ~ s  well-tolerated. 

Gizzard: 
The genera Streptocuru, Cheiluspirura and 
Histiocephalus occur in this region. Histiucephulus 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. Cheiluspirura is confined 
to non-aquatic fowl and has grasshoppers and wccvils 
as intermediate hosts. These last two gencra arc 
worldwide in distribution, hut like the others, they are 
of low pathogenicity. 

Duodenum: 
This is the habitat of Ilurtertiu, which is widcsprcad in 
Europe, Africa and Asia, but is not [ound in the Ncw 
World. It is a slender worm, and is exceptionally long 
for a spiruroid, the females reaching 11.0 cm. The in- 
lcrmcdiatc hosts are termites. Infections are never fa- 
tal, hut when very large numhcrs are present there 
may be diarrhoea and emacialion. 

Eye: 
The genus Oxyspiruru in birds is the equivalent o l  
Thelazia in mammals. Tt occurs on the conjunctiva and 
occasionally in the nasal sinuses, and its vectors are 
cockroaches and thc mayfly. It is not present in 
Europe, but is widely distributed throughout thc rcst 
of the world. 

This is not a highly pathogenic genus, but heavy 
infections may cause blindness or occlusion of the na- 
sal passages. 

Attempts to control the poullry spiruroids arc unlikely 
to be successful because of the ready availability of the 
intcrmcdiate hosts. Levamisole has been found effec- 
tive against the alimentary genera. 

This superfamily is closely related to the Spiruroidea 
and, as in the latter, all its genera have indirect life 
cycles. None of them inhahits the alimentary tract,and 
they depend upon inqect vectors for transmission. 
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Slender white worms 3.0-h.0cm in length. Anteriorly, 
there are numerous papillae and circular ridges in the 
cuticle. In the femalc the vulva is situated 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 200pm in lcngth. 

LIFE CYCLE 
Eggs or larvae present in exudates from bleeding 
points in the skin surface are ingested by muscid flies, 
for example M. aut~rmnalis in Europe and M. lusorio 
and M. xar~rhomelus in Africa, in which they develop 
to L, within several weeks to months, depending on air 
tcmpcrature. 

Transmission occurs when infected flies feed on 
lachrymal secretions or skin wounds in other cattle 
and the L, denosited then migrate and develoo to the 

Fig. 63 A microfiiaria. the first larval form of tiiarioid worms. adult stage uudcr the skin 5-7 months (Fig. 64). 
Blccding points develop 7-9 mouths after infection. 

Within the superfamily, diffcrences in biological 
bchaviour arc seen, the more primitive forms laying 
eggs 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 he enclosed in a flexible. sheath-like 'egg shell' 
are taken up hy 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. 

PATHOGENESIS 
I 
I 

When the gravid female punctures the skin to lay her 1 
eggs thcrc is a haemorrhagic exudate or 'bleeding i 

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 i 
inflammation and oedema which, at meat inspection, : 
resemble subcutaneous bruising in early lesions and 
have a gelatinous greenish-yellow appearance with a 

Distribution: 
Africa, Asia, Southern Europe and Sweden. Flg. 64 Parafilarla bovimla in the subcutaneous tissues 
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mctallic odour in longer standing cases. Somctimes 
the lesions extend into the intermuscular fascia. The 
aIfected 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 
presencc 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 36'10 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 he introduced by the impor- 
tation of cattle from endemic areas, but its spread 
will depend on the prescnce of specific fly vcctors. 
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 
errs or microtilariae may be found on examination of 
exidate from bleeding points. The demonstration of 
eosino~hils in smcars taken from lesions is also consid- 
ered a constant diagnostic featurc. In Sweden, 
serodiagnosis using an ELISA technique has been 
develupcd. 

TREATMENT 
Patcnt infections in heef and nun-lactating dairy cattle 
may be treated with ivermcctin or nitroxynil. The 
former is given parenterally as a single dose whereas 
two doses of nitroxynil are required at an interval of 
three days. Ncithcr drug is licensed for usc in laclaling 
cattle whcn (he 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 signiticant reduction in meat condemnation if 
slaughter is delayed for 70 days after treatment. 

CONTROL 
Thir is difficult, becausc of the long prepatent period 
during which drugs are thought nor to he effcctive. In 
Sweden dairy cattle, and particularly heifers at pas- 
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ture, are thc main source of infection for M. 
autumnalis, which is an outdoor fly, active in spring 
and summer. However, infections in young heef cattle 
are thc chief cause of economic loss through carcass 
damage. 

Since neither ivcrmectin nor nitroxynil is effective 
against immature worms, treatment is only useful for 
patent infeclions recognizable by the clinical signs. 
However, because of restrictions on the use of iver- 
mcctin and nitroxynil in lactating cows, thcse are 
rarely treated and instcad are kept indoors d u r i n ~  the 
pried of fly activity. 

. 

In endcmic areas young beef cattle may be treatcd 
with an anthelmintic somc time before slaughter as 
described above. In Sweden the use of insecticide- 
impregnated ear tags has been recommended for vec- 
tor control. 

This oarasite. similar in aooearance to P hovicola. is . . 
transmitted by Haematobia spp. and occurs in the sub- 
cutaneous and intcrmuscular connectivc tissue of 
horses. It has been recorded from Asia, Africa, 
Europe and South America. In Britain it hasonly been 
recognized in imported horscs. 

The lesions are more nodular than thosc of 1'. 
bvvioola in cattle and their distribution in the harness 
areas may makc the animals unsuitable for work. 

Clinically the condition is charactcrized by matting 
of the hair (Fig. 65) due to blood and tissue fluid 
exudates from ruptured nodulcs. The lesions are morc 
prominent in the summer and particularly whcn the 
animals are hot, so lhat they appear to bc 'sweating 
blood'. 

Fig. 65 Nodular lesions of Parafi1a"a rnulfipapiIiosa in a horse 



Althoueh the condition tcnds to disannear in cold EPIDEMIOLOGY u . . 
wcather it will periodically reappear during warmer 
months for up to four years in individual animala. 
Occasionally, lesions are mistaken for injuries caused 
by thorns and barbed wire. Treatment is difficult, but 
ivermectin may he tried. 

- - ~ 

In endemic areas the incidence of infection may be as 
high as 90% and the occurrence is to a great extent 
influenced hy the type of herbage. Succulent grazing 
produces soft, moist faeces which are more suitable 
breeding sites for the flies 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 " 
rcsponsiblc for chronic dermatitis in caltle and buflalo damage to the hide is permanent and may in 
in the tropics and subtropics. considcrablc cconomic loss. Milk vicld mav bc sc- 
Hosts: 
Cattle and buffalo 

Intermediate hosts: 
Muscid flics. 

verely diminished Irom lhe pain of the lesions and the 
irritation of cattle by the flies. 

DIAGNOSIS 

Site: Though adult worms and microfilariae are present in 
skin; depending on the species, different regions of thc lcsions thcy arc oftcn scarcc and many scrapings 
the hody are preferred. prove negative. Diagnosis is therefore usually pre- 

sumptive in endemic areas, and is based on the ap- 

SPECIES AND DISTRIBUTION pearance and site of the lesions. 

Stcphanofilaria srilesi: lower abdomen, USA, Russia. 
S. ussumensis: hump of zebu. Asia. In India and the 
Far East S. zaheeri, S. kapli and S. okinawuensis occur 
mainly on the head, legs and teats. 

Very small worms, less than l.Ocm in length. Micro- 
scopically the mouth opening is surrounded by a spiny 
collar. 

LIFE CYCLE 

TREATMENT 

Organophosphorus compounds applied lopically as an 
ointment have moved effective. The avermecti~ls are 
likely to be effictive. 

CONTROL 
This is rarcly fcasiblc bccaust of thc ubiquity of thc 
vectors, hut would have to be based on the use of 
insecticides or repellents. 

microfilariac in thc cxudatc.-~cvclopmcnt t o i ,  takcs 
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 thc casc of S. srilesi, thc flics congrcgatc on thc 
shady underside of the abdomen and it is in this area 
that the most severe damage occurs: in contrast, the 
lesion due to S. as.~amensis is commonly termed 'hump 
sore'. In all species, the lesions are usually localized to 

Of thc two spccics occurring in domcstic carnivores, 
one, Dirqfilurio immiiis, is by far 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 prohlem of 
warm countries whcrc thc mosquito intermediate host 
abounds, the disease has become much morc widc- 
spread in the past decade and the problem in North 
America is now so extensive that special heartworm 
clinics have been created. 

~ h c  prcfcrrcd h111ng ;arc.;!.: o i  ~ h c  vc.a$>r.. I'hc \ k ~ n  I ,  .lr 

liru noJular. hut 1;atc.r ~hcrc  I\  p;lpul.lr c.rup~i.~n with - 
~ I I  i h u d i , ~ ~ ~  ui  hIooJ .IIIJ DUS. 111 lh: cinlr: ,II thc .. 
lesion there may be sloughing of the skin, hut at the "OStS: 

margin there is often hv~erkeratosis. The condition is Dog, occasionally cat and rarely man. 
. . 

essentially an exudative, often haemorrhagic, dermati- Intermediate hosts: 
tis which attracts the fly vectors. Mosquitoes. 
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Fig. 66 Adult Dirofilana immitis in right ventricle of the heart 

Site: 
Cardiovascular system; adults in the right ventricle, 
pulmonary artery and posterior vend cdva. 

DISTRIBUTION 
Essentially in warm-tcmperate and tropical zones 
throughout the world including southern Europe and 
Canada. It is only found in imported dogs in Britain. 

IDENTlFlCATlON 
Gross: 
Long sle~lder worms 20-30cm long (Fig. 66). The 
male tail has the typical loosc spiral common to the 
filarioids. The size and site art: diagnostic for D. 
imn~itis. 

Microscopic: 
The niicrofilariae in the blood arc not ensheathed and 
are 307332,um in length by 6.8pm 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 
hloodstreani. These are ingested by female mosqui- 
toes during feeding. Development to L, in the mos- 
quito takes 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 hlood 
meal. In the dog the L, migrate to the subcutaneous or 
subserosal tissues and undergo two moults over the 

next few monlhs; only after the final moult do the 
young D. immilis pass lo the heart via the venous 
circulation. ?'he minimum prcpatent period is six 
months. The adult worms survive [or several yean and 
patcncy 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- 
parent ill effects and it is only in heavy infections that 
circulatory distress occurs, primarily due to obstruc- 
tion to normal blood 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 parasite excretory products. 
In addition, dead or dying worms may cause pulrno- 
nary embolism. After a period of about nine monlhs 
the effect of the developing pulmonary hypertension 
is compensated for by right vcntricular hypertrophy 
which may lend to congestive heart failurc with the 

Fla 67 Microfilarias of Dirofiiana immitis. 



usual accompanying signs of oedema and ascites. At E L S A  test kits for thc detection of adult heartworm 
this stage the dog is listless and weak. antigens which will identify most mature infections 

A mass of worms may lodge in the posterior vena and which are highly specific. 
Cdva and the resulting obstruction leads to an acute, The identification of the microfilariac in the blood is 
sometimes fatal. svndrome known as the vena caval aided bv concentratine the oarasitcs lollowine lvsis. 
syndrome. This i s  character~zcd by haemolysis, fillratio; and then stai;iog wcth methylene hlu<&m- 
haemoelobinura. hiliruhinacmia.~cterus, anorexia and mercial kits are available for this technique. Alterna- 
c o l l a p ~ .  Death may occur wilhin2-3 days. Very occa- tively one part of blood and nine of formalin 
sionallv there is hlockare of the renal caoillaries by are centrifuged and the sediment mixed with a blue 

CLINICAL SIGNS 
Heavily infected dogs are listless and there is a gradual 
loss of condition and exercise intolerance. They have a 
chronic soft cough with haemoptysis and in the later 
stages of the disease become dyspnoeic and may de- 
velop oedcma and ascites. 

The acute vena caval syndrome described above is 
characterized hy hacmoglohinuria, icterus and 
collapse. 

Lighter infections in working dogs may bc respon- 
sible for poor performance during periods o l  sustained 
exercise. 

EPIDEMIOLOGY 
The important factors in the spread of hcartworm dis- 
ease can he 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 pcriod of 
up to five years during which time circulating 
microfilariae arc present, and the lack of an effective 

intermediate hosts, their capacit;lo;rapid population 
increase and the short development period from 
microfilariae to L, 

DIAGNOSIS 
This is based on the clinical siens of cardiovascular 
dysfunction and the demonstrat~on of the appropriate 
microfilariae in the blood. Affected dogs arc seldom 
less than one year old and most are over two years. Tn 
suspected cases in which the microfilariae cannot bc 
demonstrated thoracic radiography may $how the 
thickening of the pulmonary arlcry, its tortuous course 
and right ventricular hypertrophy. Angiography may 
also be ~lsed to demonstrate more clearly the vascular 
changes. 

lmmunodiagnostic tests arc also available to 
identily cases which do not have a detectable 
microlilaraen~ia. For examplc there are a number of 

Dipetalone,na recondindm, a filarial parasite com- 
monly found in the subcutis in dogs. Those of D. 
immitis are more than 300pm in length and have a 
tapered head and a straight tail; those of D. recundilum 
are less than 300um in length and have a blunt 
head and a hooked'posterior end. More precise differ- 
entiation may be achieved by using histochemical 
stains lor acid phosphatasc activity. 0. imrnitis show 
distinct red acid-phosphate oositive spots at the excre- . . 
tory pore and anus, while O. reconditum stains pink 
overall. 

TREATMENT 

'Treatment should not be undertaken without a nhvsi- . , 
cal examination of the dog and an assessment of heart, 
lung, liver and kidney function. Whcrc these functions 
are grossly abnormal it may be necessary to give prior 
trcatmcnt for cardiac insufficiency. The usual recom- 
mendation is that infected dogs are first treated intra- 
venouslv with thiacetarsamide twice per day over a 
three diy pcriod to remove the aduit worms; toxic 
reactions are not uncommon following this treatment 
due to the dying heartwonns and resultant embolism: 
activity of the dog should be restricted for a period of 
2-6 weeks. This drug should be used with extrernc 
care. 

A further treatment with a different drug is then 
givcn 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 givcn orally over a 1k14 day period 
has proved effective. The avermectins arc also highly 
efficient against microfilariae, as is milbemycin at the 
heartworm prophylactic dose o l  500pgikg. Thesc in- 
duce rapid clearance of microfilariae hut are not li- 
censed for this purposc because of occasional toxic or 
microfilaricidal side effects. Veterinarians who choose 
to use either drug as a microfilaricide should realize 
that this is an 'extra-label' anolication and that they 
takc responsibility for admin;stration of the correct 
dose and provide appropriate monitoring and 
aftercare. 





In the lower limbs the reaction to the prcscncc 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 SO%, though the highest so iar 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 descrihed apparently as- 
sociated with the feeding of the hornfly Haernatohia 
irritans on the skin over the linea alba, the prcdilcction 
silt: of the microfilariae of 0. cervicalis. 

BOVINE ONCHOCERCOSIS 
The main features of the spccics occurring in cattle are 
summarized helow. 

Species Site Distribution Vector 

0. guifurosa ligamentum Worldwide Simulium 
( s Y ~ .  nuchae and SPP. 
0. lienalis) gastro~splenic 

ligament 

0. gibsoni subcutaneous Africa, Culicoides 
and Asia, SPP. 
intermuscular Australasia 
nodules 

.-.. 
0. armillata wall of thoracic Middle Unknown 

aorta East, 
Africa, 
India 

Lesser species include 0. dukei in subcutaneous and 
muscle nodules and 0. ochenfii and 0. sweetue in 
intradermal tissue. 

Depending on thc site, the various species in cattle 
are associated with different changes. 0. gutturora, i n  
the large ligaments, is of little clinical or cconomic 
importance; 0. gihsoni, provoking a fibrous reaction 
in muscle tissue (Plate IV), can he res~onsible for 
economic loss due to carcass trimming; 0. ochengi and 
0. sweetue in the skin cause some economic loss from 
blemished hides. The nodules in muscle provoked by 
0. dukei, though of little importance in themselves, 
assume significance in some areas of Alrica where 
they may be confused with Cysticercus bovls at meat 
inspection. 

It is interesting that 0. armillata, though occurring 

Fig. 68 Confluent nodular aortic lesions due to Onchocerca 
armdlata infect~on. 

in a strategically important sitc in thc 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 prcfcrrcd 
fccding sites of the vectors, which for Simrrlium spp. 
and Culicoides spp. are usually the shaded lower parts 
of the trunk. and it is usuallv recommended that sam- 
ple.; , h . ~ ~ l d  he ialrel~ trom I ~ I C  rcyivn u1 the 11n:a ilhu 
The PIL 'C~ .  *kil l  I< ~>l .~s t J  i l l  a . # r n l  ,,al~nc .mJ 1c,rlsr.J 
to aiow 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 appears that a single dose of ivermectin is 
highly efficient in this respcct, although the dying 
microfilariae may provoke local tissue reactions. In 
the casc of equine ventral midline dermatitis local 
treatment with synthetic pyrethroids controls hornflies 
and aids resolution of the lesions. 



CONTROL is locomotor disturhance, usually 01 the hlnd limbs, 
and if the parasites are high in the spinal canal lhcrc 

With the ubiquity of the insect vectors there is little may he 
oossibilitv of efficient control. though the use o l  - 
microfilaricides will reduce the numhers of infected 
flies. In any casc, with the relatively innocuous nature EPIDEMIOLOGY 
of the infection these is unlikely to be any dcmand for Since the worms are usually innocuous their cpidcmi- 
control. ology has received little study. The prevalence is 

hieher in warmer countries, where there is longer sea- 

The members ofthis genus arc usually harmless inhah- 
itants of the peritoneal and pleural cavities. 

Hosts: 
Ruminants and equines. 

Intermediate hosts: 
Many species of mosquito 

Site: 
llsually the peritoneal surface and free in Lhc 
peritoneal cavity: less commonly the pleural cavity 
and, following erratic migration, the CNS. 

Species: 
Setaria labiato-papillosn cattle and wild ruminants 

(syn. S digirara) 
5. ~quina horscs and donkeys 

Distribution: 
Worldwide. 

IDENTlFlCA TlON 

DIAGNOSIS 
Infection with the adult worms is only accidentally 
discovcred in the living animal by the finding ol 
microfilariae in routine blood smears. In cases of 
cerebrospinal nematodosis confirmatory diagnosis is 
only possible by microscopic examination of the spinal 
cord, since the parasites cxist only as larval forms in 
their aherrant site. 

TREATMENT 
There is no Lrcatment for setarial paralysis. Ivermectin 
has been reported to bc effective against adult S 
equinn. 

CONTROL 
This would dcpcnd on control of the mosquito vectors, 
which is unlikcly lo be applied specifically for this 
parasite. 

of local importancc. 
LIFE CYCLE Hosts: 
The microfilariae in the bloodstream are taken uo bv Ruminants and equines. . , 
mosquitoes in which development to L, takes about 12 
days. The prepatcnt period is 8-10 months. Intermediate hosts: 

Tahanid flies. 

PATHOGENESIS 
The worms in their normal site are harmless and are 
only discovered at necropsy. S labialo-paillosa may 
have an erratic migration in sheep and goats and enter 
the spinal canal causing ccrcbrospinal nematodosis, 
'lumbar paralysis', which is irrcvcrsihle and often fa- 
tal; the condition has only bccn 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 

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 caitle, aortic intima Africa, Asia 
buffalo 
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IDENTIFICA TlON 
Slender worms, up to 12.0cm long 

LIFE CYCLE 
Only the life cycle of E. schneideri has becn studicd, 
and this is typically tilarioid. The microfilariae are in- 
gested by the tabanid in fccding and the L,, when 
developed, are released into the wound made when 
the insect next feeds. Early development appears to be 
in the meningcal arteries, and the worms are mature 
and producing microfilariae about four and a ha11 
months from infection. 

'The adult worms are cmbcdded in the arterial 
intima of hlood vessels with only the anterior part of 
the female free in thc lumen. 

In cattle nodules, from which the worms ~rol rude,  
form on the iutima of the vessels but in otherhomestic 
animals the adults appear to provokc little reaction. In 
. schnrideri infection in shccp the circulating 
microfilariae are associated wilh a facial dermatitis 
which appcars in the summer months; in severe cases 
there may be self-injury from rubbing, with abrasion, 
bleeding and scah formation. It is thought that the 
natural hosts of E scttrteidcri arc deer, in which the 
infection is asymptomatic, and that sheep may be ah- 
normal hosts. 

CLINICAL SIGNS 
Only the seasonal facial dermatitis in shccp is recog- 
nized as a clinical indication of elacophorosis. 

EPIDEMIOLOGY 
Because of the innocuous nature of the infection in 
cattle and equines, the distribution of the species in 
thcsc hosts is not completely known. Elaeophora 
schneideri is distributed over the southern and wcstern 
slates of the USA. The natural hosts appear to be deer 
of Udocoilrus 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 
oI the muzzle, ears, and optic nervcs, resulting in 
severe facial damage, blindness and dcath. 

DIAGNOSIS 
Only in sheep is diagnosis required, and though the 
obvious method is by examination of a skin biopsy, 
microfilariae are oftcn scarce in samples, and diagno- 

sis is usually presumptive, bascd on the locality, the 
facial lesions, and thc scasonal appearance of the 
dermatitis. 

TREATMENT 
Repeated administration of diethylcarbamazine is ef- 
fective, hut the risk of fatalities from the presence of 
dead worms in thc arteries should he recognized. 

[Filariusis in man: Though they are probably the mosl 
important group of helminth infections in humans, 
these filarioidoses are of only marginal concern to the 
veterinarian, sincc domestic animals are of little sig- 
nificancc in their epidemiology. The following are the 
most importanl species: 

(1) Onchvcerca volvulus. Human onchocercosis due 
to 0. volvulus occurs around the world in the 
eauatorial zonc. and is transmitted hv Simulium 
spp. Thc adult worms live in subcutaneous nod- 
ules. and almost the entire oathogenic effect is 
caused by the microfilariae; dermatitis and el- 
ephantiasis are common, hut the most important 
effect is 'river hlindness', so-callcd because of its 
distribution along thc habitats of Simulirrm spp. 
It has bcen estimated that in Africa there are 
about 20 million people affectcd by 
onchocercosis. The only other animals to which i t  
is transmissible are the highcr primates, chim- 
oanzee and corilla. Ivermcclin is effective in 

u 

reducing skin microtilarial counts in 0. volvuhcs 
infcction and re~eated treatment should help 
reduce transmission. The onchocercosis associ- 
ated pathology in the eye and skin has also 
been shown to he reduced wilh ivermectin 
treatment. 

2 )  Rrngia spp. arc carricd by many species of mas- 
quito and occur in Asia, notably in Malaysia, 
causing elephantiasis. The most important spe- 
cies, R. rrtalayi, is infectivc for monkeys and wild 
carnivores, and has bccn 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 hancrofti is also mosquito borne and 
causes elephantiasis in Africa, Asia and South 
America. it is exclusive to man. 

(4) Loa loa is transmitted by Chrysops spp., and oc- 
curs in Wcst and East Africa, where it causes the 
transient subcutaneous enlargements known as 
'Calabar swellines'. Tt is confined to man. aoes " 
and monkeys. 

( 5 )  Man~onella ozzardi. carried bv Culicoides sou 
and Simulium spp., occurs in tLe Caribbean, and 



in Ccntral and South Amcrica. Il livcs in thc fat 
and on the mesentery, and is usually considered 
lo 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. ozzurdi 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.] 

The members of this superfamily are found in a wide 
variety of domestic animals. A comnlon morphologi- 
cal feature is the 'stichosome' oesophagus which is 
comuosed of a caoillarv-like tube surrounded hv a . 2 

single column of cells. 
There arc thrcc gcncra of inlcresl. The first, ~ i g .  68 Typical appearance of egg of Tnchuns species. 

Trichuris, is found in the caecum and colon of mam- 
mals; the second, Cupillaria, is most commonly 
present in the alimentary or respiratory tract of mam- Because of their appearance the members of this ge 
mals or birds. Both lay eggs with plugs at both poles. nus are often called the 'whipwonns'. 
The adults of the thirdgenus, ~r ich inc l la ,  are foind in 
the small intcstinc of mammals and produce larvae 
which immediately invade the tissues of the same host. 

Tne adults are usually found in the caecum but arc 
only occasionally prcscnt in sufficienl numbers to be 
clinically significant. 

SPECIES AND HOSTS 
The common species are: 

Trichuris ovis sheep and goal 
T glub,~losrr cattle 
T. sui.7 pig 
T. vulpi~ dog. 

Less common arc T. discolor in catllc, T. skrjubini in 
sheep, goal and camel and T. serrutu in the cat. 

Site: 
Large intestine, particularly the caecum. 

Distribution: 
Wurldwide. 

Miuuscupic 
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 faeces these eggs appear yellow or 
brown in colour (Fig. 69). 

LIFE CYCLE 
The infective stage is the L, within the egg which 
dcvclops in onc or two months of bcing passcd in thc 
facccs dcpcnding on thc tempcraturc. Undcr optimal 
conditions lhese 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 1 2  
weeks depending on the species. 

PA THOGENESIS 

Most infections are lieht and asvmotomatic. Occasion- 
ally when large numiers of worms are present they 

t IDENTlFlCA TlON cause a diphtheritic inflammation of the caecal 
mucosa. This results from the suhepithelial location 

i Gross: and continuous movement of thc anterior cnd to thc 
The adults are 4.0-6.0 cm long with a thick posterior whipworm as it searches for blood and fluid. In pigs, 
end tapering rapidly to a long filamentous anterior end heavy infections are thought to facilitate the invasion 
which is characteristically embedded in the mucosa. of potentially pathogenic spirochaetes. 



Flg. 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 lecser extent 
pigs have a high incidcncc of light infcctions, thc clini- 
cal significance of this genus, especially in ruminants. 
is generally negligible although isolated outbreaks 
have heen recorded. Sporadic disease due to heavy 
infections is more common in pig? 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 thrcc or four years may still survive as a 
rcscrvoir of infection in piggeries or in kennels. On 
pasture this is less likely since the eggs tend to bc 
washed into the soil. 

DIAGNOSIS 
Since the clinical signs arc no1 pathognomonic, diag- 
nosis may depend on finding numbers of Trichrrris 
eggs in the faeces. However, since clinical signs may 
occur during the prepatent period, diagnosis in food 
animals may depend on nccropsy and in dogs on a 
favourable response lo anlhclmintic trcatment. 

TREATMENT 
In ruminants the oro-benzimidazoles. the modern 
bcnzimidazoles, the avermectins~miihem~cins or 
levamisole bv iniection are verv effectivc aeainst adult , . u 

Trichuris, but less so against larval stages. In pigs, 
these drugs may be used, while in the dog, somc of 

the beuzimidazoles and milhemycins are the drugs ot 
choice. 

CONTROL 
Prophylaxis is rarely necessary, particularly in rumi- 
nants, but in the case of pigs or dogs attention should 
he given to areas where eggs might continue to survive 
for long periods. Such areas should he thoroughly 
cleaned and disinfected or sterili7ed hy wet or dry 
hcat. 

[Trichuriosis in man: Trichuris rrichiura, the 
whipworm of man, is morphologically indistinguish- 
able from T. suis. However. it is generally considered 
that these two parasites are strictly host specific.] 

These very thin hair-like worms are not readily visible 
to the naked eye in unprepared gut contents Al- 
though thcrc arc many species in mammals and hirds 
only thoac in the latter are of general veterinary sig- 
nificance. 

IDENTIFICA TION 

Thcsc arc vcry fine filamentous worms between 1.0 
lo 5.0cm long, thc narrow stichosome oesophagus 
occupying half the body length. Thc malcs havc a long 
thin single spicule and often possess a primitive bursa- 
like structure; the females contain eggs which resem- 
hlc thosc of Trichrrris in possessing bipolar plugs, 
but which are more barrel-shaped and colourless (Fig. 
71). 

Fig. 71 Typical barrel-shaped Capillaria eggs within the uterus of a 
female warm. 
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Because of the large number of spccics, hosts and washed through a fine sieve and the relaincd material 
predilection sites and the fact that some of thcsc para- resuspended in water and examined against a black 
sites have a direct and others an indirect lifc cyclc tbc 
important species in birds and mammals are summa- 
rizcd separately. 

CAPILLARIA IN BIRDS 
Capillaria obsig,zura is prcscnt in thc upper small intes- 
tine of chickens, turkeys and pigeons and has a dircct 
life cycle. The infective L, develops within the egg in 
about a week. 

C cuurlinflutu is also found in the small intestine of 
chickens and turkevs. Thc cee of this snecies reauires 

u.. 

to be ingested by an earthworm in wiich it hafches, 
the final host being infected by ingestion of the 
earthworm. 

C corrtorta (syn. C nnnuluta) occurs in the oesopha- 
gus and crop of the chicken, turkey, duck and wild 
birds and an earthworm intcrmcdiatc host is also 
essential. 

The prepatent period of these three avian spccics is 
3 4  weeks. 

PATHOGENESIS AND CLINICAL 
SIGNIFICANCE 
Likc Trichuri,~ the anterior ends of the parasite are 
buried in thc mucosa and in heavy infections cause 
diphtheritic inflammation lcading 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 cause poor wcight gains and lowered egg 
production. 

EPIDEMIOLOGY 
Young birds are most susceptible to Cupillaria infcc- 
tiuns whilc adults may setve as carriers. C. obsirnutu is 
p t r h ~ p r  nioht importiint 3Incc. h:~vinq .I J l r e ~ t  llte <y- 
.I<. 11 Jk.cdrs 1nJ~x1r5 In h1r.l. Lent s111 deer, l~ltzr. I IIC 
epidemiology 01 thc othcr two species is largely hased 
on the ubiquity of the earthworm intcrmcdiate host. 

DIAGNOSIS 
Because of the non-specific nature of the clinical signs 
and the fact that, in heavy infectious, these may ap- 
pear bcforc Capillaria eggs are present in the faeces. 
diagnosis depends on necropsy and careful examina- 
tion of the oesophagus, crop or intcstine for the pres- 
ence of the worms. 'This may be carried out by 
microscopic examination of mucosal scrapings 

i squeczcd between two glass slides: alternatively the 
contents of the suspected organ should be gently 

background. 

TREATMENT 
Levamisole in the drinking water is highly elleclivc as 
are a number of hen-rimidazoles given in the Seed. 

CONTROL 
Where the species oI Capillaria involved have an 
earthworm intermediate host, complete control may 
bc achieved hy housing the birds after anthelmintic 
treatment. Otherwise, control depends on regular 
anthclmintic treatment accompanied if possible by 
moving thc birds to fresh ground. 

In the case of C. obsignata scrubbing and heat treat- 
ment of affected surfaces is essential as is thc provision 
of fresh litter in chicken houses. Periodic treatment of 
thc flock with an anthelmintic will also be of value. 

CAPILLARIA IN MAMMALS 
C. aero~~hila is found embedded in the mucoba of thc 

cycle.  he eggs can survive ior months, and after in- 
gestion, the larvae penctratc the intestine and migrate 
in the bloodstream to the lungs. Thc prepatent period 
is around six weeks. 

Thc clinical signs are those of rhino-tracheitis and in 
this respect arc similar to those caused by Oslvru~ or 
Crrrlosoma infection. 

C plica is common in the urinary bladder of foxes, 
dogs and more rarely cats. This parasite apparently 
requires an earthworm intermediate host, but it is 
rarcly of pathogenic significance. 

C.'. heparica is 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 
eithcr thc liver, following predation, cannibalism or 
carrion reeding, or eggs on the ground which have 
heen freed by decomposition of the host. The lesion 
in domestic animals and man is a granulomatous 
reaction to the egg masses in the liver, followcd by 
cirrhosis. Infections are rarely fatal and most are 
discovcred at routine necropsy. 

ncmatohe with a very wi& host range and thecause "f 
an important worldwide zoonosis. Since this parasite 



shows various lifc cycles in different parta o l  the world, 
it is often considered to exist as a number of 
sub-$pecies. 

Hosts: 
Most mammals. From thc zoonotic aspect, the pig and 
man are the important hosts. 

Sitea: 
The adults occur in the small intestine and their larvae 
in thc striated muscles; the diaphragmatic, intercostal 
and masseter muscles arc considered to he predilcc- 
tion sites. 

Dktributiun: 
Worldwide, with the apparent cxceptions of Australia 
and Dcnrnark. 

IDENTIFICATION 
Recause of their short lifespan, thc adult worms are 
rarely found in natural infections. 

The male is about 1.Omm long, the oesophagus is at 
Icast one third of the total body length and the tail has 
two small cloaca1 flaps, bul no spicule. The female is 
3.0uim long and the uterus contains developing 
larvae. 

Trichinello infection is most casily identified hy thc 
presence of coiled larvac in striated muscle (Fig. 72). 

LIFE CYCLE 
The developing adults lie between thc villi of the small 
intestine. After fertilization, thc males die while the 
fcmales burrow deeper into the villi. Three days later, 
they produce L, which enter the lymphatic vcssels and 
travel via the bloodstream to the skclctal muscles. 
There, still as L,, they penetrate musclc cells where 
they are encapsulated by the host, grow and assume a 

Flg. 72 Muscle infected with Tnchmella spiralis larvae. 

characteristic coiled position; the parasitized muscle 
cell is sometimes known as a 'nursc cell'. This process 
is complcte within seven weeks by which time the 
larvae are infective and may remain so for years. 

Development is rcsumcd when the larvae arc in- 
gested by anothcr host, usually as a result o l  predation 
or  carrion feeding. The L, is liberated, and in the 
intestine undergoes four moults to become sexually 
mature within two days. Patcnt infections persist fur 
only a few weeks at the most. 

PATHOGENESIS AND CLINICAL SIGNS 
Inlection in doriiestic animals is invariably light, and 
clinical signs do not occur. However when hundrcds of 
larvae are ingested. as occasionally happens in man 
and oresumahlv also in oredatorv animals in thc wild. 
~ I I C  ~i~~c<r.n;t l  t"i:cltc,n 1; N ) I I C I ~  akoci ' i tc~ !%IIII  ~mtcrl. 
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thc 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 inlec- 
tions may frequcnlly be fatal, but in persons who sur- 
vive this phase the clinical signs start to abate after 2-3 
wccks. 

It is important to rca l i~e  that trichinellosis is basi- 
cally an infection or animals in the wild and that 
the involvement o l  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 
heing perhaps the most common. Others include feed- 
ing on carrion, since the encapsulated larvae are ca- 
pable of surviving for sevcral months in decomposing 
flesh, and the ingestion of fresh faeces from animals 
with apatcnt infection. It is also thought that transport 
hosts such as crustaceans and fish, fccding on drowned 
terrcslrial animals, may account for infection in some 
aquatic mammals such as seals. 

The second factor is thc wide host range of thc 
parasite. In tempcrate areas rodents, brown bear, 
badger and wild pig are most commonly involved; in 
thc 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 cxample, the consumption 
of polar hear meat may cause infection in Eskimos and 
sledge-dogs, whilc 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, tail hiting in pigs has been shown to he a mode 
of transmission. Rats in piggeries also maintain a sec- 
ondarv cvcle which mav on occasions nass to niss or , , . - 
vice versa from the ingestion of infcctcd flcsh or fac- 
ces. Infection in man is acauired from the ingestion of 
raw or inadequately cooked pork or its by-products, 
such as sausages and salami. It is also important to 
realize that smoking, drying or curing pork does not 
ncccssarily kill larvae in pork products. 

In areas such as Poland, Gcrmany and thc USA 
human trichinosis acquired from pork has, until re- 
cently, heen an important zoonosis. Over the past few 
decades, prohibition of feeding uncooked food waste 
to nies. imnrovcd meat insoection and oublic aware- 

heen reported in the lail4; 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 decreasinp prevalence is also reflected in the -. 
fact that inapparent infcction in man, as shown hy the 
prcscncc of T. spiralis larvac in muscle samples at 
necropsy, has decreased from 10% to lcss lhan 1% in 
Britain and from 20% to under 5% in the USA over 
the past 50 years. 

DIAGNOSIS 
This is not relevant in live domeslic animals. At meat 
inspection, heavy larval infections may occasionally be 
seen with the naked eye as tiny greyish white spots. 
For routinc purposcs small samplcs of pig musclc of 
about une gram are squeezed between glass plates, 
the apparalus being called a trichinoscope or a 
cornpressorium, and examined for the presence of lar- 
vae by direct microscopic examination or projection 
on a screen. Alternatively, small portions of muscle 
may he digested in pepsin1HCI and the sediment ex- 
amincd microscopically lor the prcsencc ol  larvae. 

For mass screening purposes, designed to determine 
the incidence of trichinellosis in pigs within regions, 
immunodiagnostic tests have been used. Of these, the 
ELlSA appears to be the test of choice. 

countries to limit the potential spread ol othcr dis- 
eases such as foot and mouth disease and swinc lcvcr. 

Other essential steps include: 

(1) Meat inspection, which plays an essential role in . . 
monitoring thc detection of infected carcasses. 

(2) Measures to eliminate rats lrom piegcrics and . --  
slaughterhouses. 

(3) Replations to ensure that larvae in pork are 
destroyed by cooking or freezing. In the USA. 
for example, any pork or pork products, other 
than frcsh pork, must be treated by heating or 
freezing before marketing and it is likcly also 
that irradiation might soon be introduced as a 
further method of control. 

(4) Consumer education, and particularly the recog- 
nition that pork or pork products or the flesh of 
carnivorous game should be thoroughly cooked 
before consumption. 

The only species of veterinary interest in lhis supcr- 
family is the 'kidney worm', Diocrophyma rmalu. 

Hosts: 
Dog, fox and mink. 

Intermediate host: 
Thc aquatic annelid, Lumbriculus variegatuc 

Site: 
Kidney parenchyma 

Species: 
Diuctuphyma renule. 

DISTRIBUTION 
Temperate and subarctic areas. It occurs sporadically 
in Europe, but has not been recorded in Britain. Its 
main cndcmic area is the northern part of North 
America, chicfly Canada. 

TREATMENT IDENTIFICA TION 
Although rarely called for in animals, the adult worms Dioctophyma is the largest parasitic nematode of do- 
and the larvae in muscles are susceptible to the mestic animals, the female measuring more than 60cm 
benzimidazole anthelmintics. in length, with a diameter of l.0cm. Its size and predi- 

lection site are sufficient for identification. 

CONTROL 
Probablv the most imoortant factor in the control of LIFE CYCLE 
trichineiosis is a legal.requirement that swill or waste The worms are oviparous. The eggs, in the single-cell 
human food intended for consumotion bv pies must he staee, are passed in the urine in clumus or chains, and 
boiled. In fact, this practice is kandaik;  in many areingested by the annelid intermediate host in which 
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the two 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 eatcn the infcctcd 
annelid. The prepatcnt pcriod is not known with cer- 
tainty, but has been observed to he as long as two 
years. 

PA THOGENESIS 
The final effect of infection is destruction of the kid- 
ney. Usually only one kidney is affcctcd, the right 
being more often iuvolvcd than the left. The paren- 
chyma is destroyed, leaving only the capsule as a sac 
containing the worms; though there may he 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 haemaluria, 
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 heen 
completely destroyed. 

As in many of the parasitic infections of domcstic 
carnivores there is a large reservoir in wild animals 
from which thc intcrmcdiate 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, bcing ovoid and 
brown, with pitted shells, and their occurrence in 
the urine, either singly or in clumps or chains, is 
diagnostic. 

TREATMENT 

headed worms' due lo the presence anteriorly of a 
hook-covcrcd proboscis and most are parasites of the 
alimcnlary tracl 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. absorotion takine olacc throueh the thick cuti- 
clc, which iloftcn foldiiand invagikted to increase 
the absor~tive surface. The sexes are seoarate. 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 thc uterine bell which only allows 
mature eggs to pass out. 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, thc egg hatchcs 
and the acanthor migrates to the haemocoel of the 
arthropod where it develops to become a cystacanth 
after 1-3 monlhs. 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 fivc to twclvc wccks. 

Although therc arc a number of genera parasitic in 
a widc variety of mammals and birds, the major genus 
of veterinary significance is Mucmc~~nrhorhynchus. A 
few other genera are important as parasites of aquatic 
birds. 

Hust: 
Pig. 

Intermediate hosts: 
Various dung beetles. 

Species: 
Macracanthorhynchus hirudinacelcs. 

Distribution: 
Worldw~de, but absent from certatn areas, for exam- 
~ l e .  Darts of western Eurone . . 

This is rarely called for, although surgery may be 
attempted in confirmed cases. IDENTIFICA TlON 

CONTROL 

Elimination of raw fish Lrom the diet. 

. ,  . 
Nematoda, w(hich contains a few g c ~ c r a  of veterinary 
importance. They arc gcncrally referred to as 'thorny- 

Gross: 
Adults resemble A. suum, but taper posteriorly. The 
males are up to 10 cm and the fcmalcs up to 65 cm in 
Icngth. When placed in water the spiny proboscis is 
protruded, thus aiding differentiation from Ascaris 
(Fig. 73). 

Microscopic: 
The egg is oval, 1lOpm by 65pm, with a thick hrown 
shell and contains the acanthor larva when laid. 
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of climate and can survive for years in the environ- 
mcnt. After ingestion by dung beetle larvae, the 
acanthor develops to the infective cystacanth stage in 
approximatcly thrcc months. Infection of pigs occurs 
after ingestion of bectlc grubs and adults and the 
prepatent period is 2-3 months. 

PATHOGENIC SIGNIFICANCE 
M. hirudinace~is produces inflammation and may pro- 
voke granuloma lormation at thc sitc of attachment in 
the small intestinal wall. Heavy infections may cause 
weight loss and, rarely, penetration of the intestinal 
wall rcsults in a fatal peritonitis. 

DIAGNOSIS 
This is based on finding thc typical cggs in the faeces. 

TREATMENT AND CONTROL 
Pigs should bc prcvcntcd from access to the intermedi- 
ate hosts. 

In modern management systems this may be easily 
achieved, hut where pigs are kept in small sties the 
faeces should be regularly removed to reduce the 
prevalence of the dung beetle intermediate hosts. Al- 

Fig. 73 Anterior end of Macracanthorhynchus hirudinanus show- though there is li,tlc information on treatment, ing the protrudmg spiny proboscis. 
levamisole and ivermectin arc rcported to be effective. 

Acanthocephalans of aquatic birds 
LIFE CYCLE Thcrc arc two genera which may cause enteritis in 
Adults, attached to the small intestinal mucosa, lay aquatic fowl, namcly Polymorphus and Filico11i.v. The 
eggs which are passed in the faeces. These are pro- intermediate hosts in both cases are crustaceans and in 
duced in large numbers, are very resistant to extremes all other respects they are typical of the group. 
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flatworms, the Trematoda and the Cestoda. 

Class TREMATODA 
The class Trematoda falls into two main subclasses, 
the Monogenea, which have a direct life cycle, and the 
Dieenea, which require an intermediate host. Thc 
former are found mainly as external parasito of fish. 
while thc latter are Sound 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 
dorsoventrallv. have a blind alimentarv tract. suckers 

2 ,  

for attachment and arc hermaphrodite. Depending on 
the predilection site. the eees pass out of the final host, 

wu . 
usually in faeces or urine, and the larval stage? 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 families in thc class Trematoda, and 
those which include parasites of major veterinaly 
importance are the Fasciolidae, Dicrncneliidae, 
Paramphistomatidae and Schistosomatidae. Of lcsscr 
imoortance are the Trozlotrematidae and - 
Opisthorchiidae. The most important group by far arc 
the Fasciolidae and thc discussion below of structure. 
function, and life cycle is largely orientated towards 
this group. 

Subcless DIGENEA 

STRUCTURE AND FUNCTION OF 
DlGENETlC 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 rcgurgitated. The ex- 
cretory system consists of a large number of ciliated 
tame 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. 

Parasitology 

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 thc cirrus, a 
primitivc penis which terminates at the common geni- 
tal opening. The female system has a single ovary 
leadine into an oviduct which is exoanded distally to 
turm rhc < I . ~ I ! . ~ c .  I here tlie ovunl acquires n !elk r k > n i  
lllc ~c:rcll.ai of [lie !,~rell~nc rl.ind.: ;and ulr~rn;irr.l\. a 

shell. As the egg passes along the uterus, thc shcll 
becomes hardcncd and toughened and is finally ex- 
truded through the genital opening adjacent to the 
ventral sucker. The mature egg is usually yellow he- 
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 
anaerobic. 

THE LIFE CYCLE OF DlGENETlC 
TREMATODES 
The essential point of the life cycle is that whereas one 
nematode egg can develop into only one adult, one 
trematode ege may eventually develop into hundreds 
of adults. This i s  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 miracidium. 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 cmcrgcs within a few 
minutes. 

Thc miracidium, propelled through the water by its 
cilia, does not feed and must, for its further dcvclop- 
ment, find a suitable snail within a fcw hours. It is 
believed to use chemotactic rcsponscs to 'home' on 
the snail and, on contact, it adheres by suction to the 
snail and penetrates its soft tissues aided by a cytolytic 
enzymc. The entire process of penetration takes about 
30 minutes after which the cilia are lost and thc 
miracidium develops into an clongatcd sac, the 
sporocyst, containing a number of germinal cells. 
These cells dcvclop into rediae which migrate to the 
hepato-pancrcas of the snail; rediae are also larval 
forms pusscssing 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 lht. snail are unsuitable, a 
second or dauehlcr generation of rediae is often oro- 

in consl'derable nu~Gbers. ~ i ~ e  actual stimulus for 
emergence depends on the species, but is most com- 
monly a change in temperaturc or lighl intensity. Once 
a snail is inlected, cercariae continue to be produced 
indefinitely although the nlajority of infected snails 
die prematurely from gross destruction of the hepato- 
pancreas. 

Typically the cercariae swim for some timc, utilizing 
even a film of water, and within an hour or so attach 
thcmsclvcs lo vegetation, 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 wall is removed mechanically during 
mastication. Rupture of thc inncr cyst occurs in the 
intestine and dcpcnds on a hatching mechanism, 
enzymatic in origin, triggered by a suitable oxidation- 
reduction potential and a CO, system providcd by thc 
intestinal environment. The emergent juvcnilc fluke 
then penetrates the intestine and migratcs lo the pre- 
dilection site where it hccomcs adult alter several 
weeks. 

The members of this gcnus are commonly known as 
liver flukcs. They are responsible for widespread mor- 
bidity and mortality in sheep and cattle characterizcd 
by weight loss, anaemia and hypoprotcinaemia, The 
two most important species are F, hrputica found in 
temperate areas and in cooler areas of high altitude in 
the tropics and subtropics, and E gigantica which pre- 
dominates in tropical areas. 

Hosts: 
Most mammals; sheep and cattle are the most 
important. 

Intermediate hosts: 
Snails of the genus Lymnaea. 'The most common, L .  
rruncatula, is an amphibious snail with a wide distribu- 
tion throughout the world. Other important Lymrluea 
vectors of F. hepatica outside Europe arc: 

I,. tornenton Australia. New Zcaland 
L .  colurnella North America. 

Australia, New Zealand 
L. Dulimoides Southern USA and the Caribbcan 
L, humilis North America 
L, viator South America 
I.. diapheno South America. 

Site: 
T h e  adults are Iound in the bile ducts and the imma- 
ture flukes in the liver parenchyma. Occasionally aher- 
rant flukes become encapsulated in other organs, such 
as the lungs. 

Distribution: 
Worldwide. 

Gross: 
The voune fluke at the time of entrv into the liver is , 
1.0-2.0 mm in length and lancet-like. When it has bc- 
come fullv maturc in thc bile ducls il is leaf-shaoed. 
grey-brown in colour and is around 3.5 cm in length 
and l.Ocm in width. 'The anterior end is conical 
and marked off by distinct shoulders from the body 

These are large leaf-shaped flukcs. Thc anterior end is ( ~ i ~ .  75). 
usually prolonged into thc shape or a cone and the 

i anterior suckcr is located at the end of the cone, Microscopic: 
The ventral sucker is placed at the level of the 'shoul The tegument is covered with backwardly projecting 
ders' of the fluke. The. internal oreans are branchcd soincs. An oral and ventral sucker mav he readilv 
while the cuticle is covered in ;pincs.'Thcre are seen. The egg is oval, operculate, yelliw and large 
three important genera: Fasciola, Fusciuloides and (15Opm X 90pm). and about twice the size of a 
Fasciolopsir. . trichostrongyle egg (Fig. 76). 

5 



Veterinary Parasitology 

75 Adult Fasciola hepatica showing characteristic leaf sh; 
conical anterior end. 

76 Egg ol Fasnola hepatica (150pm x 90flm). 

LIFE CYCLE (Fig. 77) 
Eggs passed in the faeces oC 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 
soan and must locate a suitable snail within three 
hour\ li ~ u i ~ . t . , \ l u l  penetrdlun ut ihc l,#ttcr is I,? occur. 
I n  tnlr,:lr,J \mall,. Jc.\clu~nic.nl nrocccd3 tlir.>u~h the 
sporocyst and redial stages to ;he 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 lhc inleclive 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 one 
miracidium can produce over 600 metacercariae. 

Mctacercariae ineested bv the tinal host excvst i n  
the small intesline, migrate through the gut wall, cross 
the peritoneum and penetrate the liver capsule. The 
young flukes tunnel through the parenchyma for (CR 
weeks, then enter the small bile ducts where thcv mi- 

-~~~ 

cycle of I:. hepntica is therefore 17-18 weeks. 
The longevity of F. hepatica in untreated sheep may 

be years; in cattle it is usually less than one year. 

ECOLOGY OF LYMNAEA SPECIES IN 
TEMPERATE CLIMATES 
Since L. truncutulu is the most widespread and impnr- 
tant species involved in the transmission of F hepatica, 
it is discussed in detail. 

L. truncatulo is a small snail, the adults being about 
l.Ocm 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 thcrc arc 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 fur 
several months by respectively aestivating or hibernat- 
ing deep in the mud. 

Optimal conditions include a slightly acid pH envi- 
ronmenl and a slowly moving water medium to carry 
away waste products. They feed mostly on algae and 
the optimum temperature range for developmcnt is 
15-22°C; below 5°C developmcnt ceases. In Britain 
snails breed continuously from May to October, one 
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Fig. 77 The life cycle of Fasciola hepatica 

snail being capable of producing up to 1OOOOO de- 
scendants over three months. 

EPIDEMIOLOGY 

There are three main factors influencing thc produc- 
tion of the large numbers of metacercariae necessary 
for outbreaks of fasciolosis. 

(1) Availability of suitahle snail habitats: 1,. 
truncatula prefers wet mud to free water, and 
permanent habitats includc thc banks of ditches 
or streams and the edges o l  small ponds. Follow- 
ing heavy rainfall or flooding, temporary habitats 
may hc provided by hoof marks, wheel ruts or 
rain ponds. Ficlds with clumps of rushes are of- 
tensuspecl sites. Though a slightly acid pH envi- 
ronment is optimal for L. rruncat~rla, excessively 

acid pH levels arc detrimental, such as occur in 
peat bogs, and areas of sphagnum moss. 

(2) Temperature: A mean dayinight tcmpcrature of 
10°C or above is necessary both [or snails to 
hreed and for the development of F. hcpntica 
within the snail, and all activity ceases at 5OC. 
This is also thc 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 signilicant 
multiplication of snails and fluke larval stages 
ensues. 

(3) Moisture: The ideal moisture conditions for snail 
breeding and the devclopmcnt of F. hepatica 
within snails are provided when rainfall cxcccds 
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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Fig. 78 Stages in Fasnola hepalica life cycle. (a) Miracidiurn: (b) Mature redia containing cercariae; (c) Cercana; (d) Encysted metacercaria; 
(e) Migrating young fluke in liver parenchyma: If) Fluke in bile duct. 
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Fig. 78 (continued) 

Fig. 79 Adult Lymnaea truncatula: note encysted metacercariae on 
I~lfaCe 01 shell. 

snails and lor thc dispersal of cercariae being 
shcd lrom the snails. 

In temperate countries such as Britain, these factors 
usually only exist fro111 May to October. A marked 
increase in numhers of metacercariae on pasture is 
therefore possible during two pcriods. 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 springlearly summer hy infected animals, 
or from eggs which have survived the winter in an 
undcvclopcd slatc. Dcvclopmcnt in ihc snail occurs 
during the summer and the cercariae 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 dcvclopmcnt had temporarily 
ceased during the period of winter hibernation of the 
snail host. 

Both F hepatira eggs and metacercariae can survive 
over the winter and play important parts in the epide- 
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miology. Thc eggs, by hatching into miracidia in late 
snrine, can infect snails. The metacercariae. bv infect- 
ing sibck in early spring, result in egg$ being available 
hv mid-summer at the optimal snail breeding season. - 
However, survival of metacercariae is poor under con- 
ditions of high temperatures and drought and thcy 
rapidly lose their infcctivity during processes such as 
silage making, although they may survive tor several 
months on hay. 

In most European countries, the summer infection 
of snails is the more important and an increasc in thc 
numhers of metacercariae occurs annually from Au- 

gust to Octoher. 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 to large numbers of metacercariae in 
late spring and early summer, particularly when the 
preceding months have been unduly wct. 

Circulating antibodies to F. hepatica are readily de- 
tectable in sheep, but thcrc is no evidence that, under 
ficld conditions, sheep ever become immune to 
reinfection with F. hepoti-a, and in the absence of 
treatment, the Hokes will live as long as the sheep. 
Severe outbreaks of ovine fasciolosis frcqucntly in- 
volve adult shecp which havc been previously exposed 
to infcction. 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 cattle orten 
appcar unaffected clinically whereas severe losses 
from fasciolosis may he occurring in adult sheep. 

Finally it should be remembered that E hepatica 
can infect a wide range of mammals including horses, 
donkeys, deer, pigs and rabbits and it is possiblc 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. 
fruncatula also apply to the other amphibian species uf 
I.ymnaea which transmit the parasite. Diffcrcntiatiun 
of Lynnnaea spccics is a specialist task and is usually 
based on morphological characteristics, although hio- 
chemical and immunoloeical methods are now also 
employed. 

In warmer areas such as the southern IJSA or Aus- 
tralia, the sequence of events has a diffcrcnt 
seasonality, but the cpidcmiological principles are the 
samc. For cxample, in both Texas and Louisiana snail 
activity is maximal during the cooler months of au- 
tumn with oeak numhers of metacercariae annearine 

A. u 

in the winter. 
The situation differs with L. romernrosa which. al- 

though classcd as an amphibian snail, is well adapted 
to aquatic life in swampy areas or irrigation channels 
and therefore temperature is the most important con- 
trolling hiological factor. Thus, in most of Eastern 
Australia, L. romenrosa continucs to produce egg 
masses throughout thc ycar, although the rate of re- 
production is controlled by temperature 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 numhers of 
metacercariae first appear in latc spring. During thc 
summcr and autumn thcrc is a second wave of 
mclaccrcarial production derived from new genera- 
tions of snails. 
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There is some evidence that thc prcvalcncc of 
fasciolosis in hot countries is higher after several 
months of drought, possibly because the animals con- 
gregate around area9 of water conservation and so the 
chances of snails becoming infected are increased. 

PATHOGENESIS AND CLINICAL SIGNS 
Thcsc vary according to the phase of parasitic devel- 
opment in the liver and the spccics of host involved. 
Essentially the pathogenesis is two-fold; the first phase 
occursduring migration in the liver parenchyma and is 
associated with liver damage and haemorrhage. The 
second occurs whcn the parasite is in the hile ducts, 
and rcsults from the hacmatophagic activity of the 
adult flukes and lrom damage to thc 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 out- 
breaks is that which occurs in Wcstcrn Europe. 

Fasciolosis may be acute, sub-acute or chronic. 
'The acute disease occurs 2-6 weeks after the inges- 

tion of large numhers of metacercariae, usually over 
2000. and is due to the severe haemorrhage which 
results when the young flukes. migrating in the liver 
parenchyma, rupture blood vessels. Damage to the 
liver parenchyma is also severe. 

At necropsy the liver is enlarged, haemorrhagic and 
honeycombed with the tracts of migrating flukes 
(Plate V). The surface. oarticularlv over the ventral , . 
lobe, is frequently covered with a fibrinous exudate. 
Subcaosular hacmorrhaees (Plate V) are common and 

L. ~ 

these may rupture so that a quantity of blood-stained 
fluid is often oresent in the abdominal cavitv. 

haemorrhaees are usuallv evident. hut ruoture of - 
thcsc is rarc. 

Thia form of the diacasc. occurrine 6-10 weeks after 
ingestion of approximately 500-1$0 metacercariae, 
also appears in the late autumn and winter. It is pre- 
scntcd as a rapid and severe haemorrhagic anaemia 
with hypoalbuminacmia, and if untreated, can result 
in a high mortality rate. Howcvcr it is not so rapidly 
fatal as the acute condition and affected shccp 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 lacial ocdcma and ascitcs may 
be present. 

Chronic fasciolosis, which is seen mainly in late win- 
terlearly spring, is the most common form of the dis- 
ease. It occurs 4-5 months after the ingestion of 
moderate numbers, 200-500, of metacercariae. The 
principal pathogcnic cffccts arc 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 ~nucosa and the 
pathogenic effect is exacerbated if the sheep is on a 
low olanc of nutrition. 

~i necropsy the liver has an irregular outline and ia 
vale and firm, the ventral lobe being most affected and 
;educed in size (Plate V). The li~e;~athology is char- 
acteri-red hv lhevatic fibrosis and hvvervlastic .. . 
cholangitis. 

Several different tvpcs of fibrosis are present. The 
first to occur a post-necrotic scarring, lound mainly in 
the ventral lobe and associated with the healing of 
fluke tracts. The second. often termed ischa<mic 
fibrosis, is a sequel of infarction caused hy damage and 
thrombosis of laree vessels. Thirdlv. a oeribiliarv 

u 2 ,  . 
fibrosis dcvclops when the flukes reach the small bile 
ducts. 

0uthrc.il~ 01 acute lasaolosl.; arc rcncr,~ll? 1,rc- SLIIIICIIIIII~ tlukc C ~ S I  pruv~kc I ~r.~nulvnld-l lh~~ r ~ , -  
I u d n  I J u r ~ n . u t u n i i  I I i n  . ~ i l l c ) l l  u.I11ch c.rll r?<LlII ( 1 1  11hI1I~ldll~>ll 111 lllc , 111~ i l~J  
tcr. On cxaminalion of the remainder of the flock, one bile ducts. 
may lind some sheep which arc wcak, with pale mu- The hypcrplastic cholangitis in the larger bile ducts 
cous membranes, dyspnoeic and in some instances arises from thc scvcrc erosion and nccn~sis of the 
have palpable enlarged livers associated with abdomi- mucosa caused by the feeding flukes. 
nal ~ a i n  and ascites. Clinicallv. chronic fasciolosis is characterired bv a 

'Black disease', although this is less common nowa- 
days because of widespread vaccination against 
clostridial diseases. 

In the subacute disease, metacercariae are ingested 
I over a longer period and while some have reached the 

hile ducts. where they cause a cholangitis, others are 
still migrating causing lcsions lcss scvcrc, 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 

, . 
in emaciation, pallor of the mucous mcmbranes, 
submandibular ocdcma and ascitcs. Thc anaemia is 
hypochromic and macrocylic with an accompanying 
eosinovhilia. I~uiruciulu eggs can be demonstrated in the 
faeces. 

In light infections, the clinical effect may not be 
rcadily disccrniblc, but the parasites can have a signifi- 
cant effect on production due to an impairment of 
appetite and to their effect on post-absorptive me- 
tabolism of protein, carbohydrates and minerals. 
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BOVINE FASClOLOSlS 
Although acute and subacute disease 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 winterlearly spring. 

The pathogenesis is similar to that in shcep but has 
the added features of calcification ol  the bile ducts and 
enlargement o[ lhe 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 foetus has 
been recorded resulting in prcnatal infeclion. There is 
some experimental evidence that fasciolosis increases 
the susceptibilily of cattle to infection with Salmonrlla 
drablin. 

In heavy infections, where anaemia and 
hypoalhuminaemia are severe, submandibular 
oedema frequently occurs. With smaller fluke bur- 
dens, the clinical effect is minimal and the loss of 
productivity is difficult to differentiate from iuad- 
equate nutrition. It must be emphasized that diar- 
rhoea is not a feature of bovine fasciolosis unless it is 
complicated hy the presence of Ostertagia spp. Com- 
bined infection with thcsc two parasites has been re- 
ferred lo as the faseiulusis/ostertagiosis complex. 

Fusciola infections may cause a loss of production in 
milking cows during winter. Clinically, these are diffi- 
cult to detect since the fluke hurdens are usually low 
and anaemia is not apparent. Thc main effects arc a 
reduction in milk yield and quality, particularly of the 
solids-not-fat component. 

DIAGNOSIS 
This is based primarily on clinical signs, seasonal oc- 
currence, prevailing wcathcr 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 cxami- 
nation is possible, diagnosis of bovine Iasciolosis can 
sometimcs prove difficult. In this context, routine 
hacmalological tesls and examination of faeces for 
fluke eggs are useful and may be supplemented by two 
other laboratory tests. 

The first is the estimation of plasma levels of cn- 
zymes rclcascd 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. l'he other, gamma glutaniyl 
transpeptidase (GGT) indicates damage to the 
epithelial cells lining the bile ducts; elevation o[ this 
cnzymc takes place mainly after the flukes reach the 
bile ducts and raised levels are maintained for a longer 
period. 

The second is the detection of antibodies against 
components of flukes, the ELlSA 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 lcd to thc 
development of forecasting systems, bascd on mete- 
orological dala, which estimate the likely timing and 
severity oS the disease. In several western European 
countries, these forecasts are used as the basis for 
annual control programmes. 

Two different formulae have bccn dcvclopcd. One 
cstimatcs 'ground surface wctncss', which is the criti- 
cal factor affecting the summer infection of snails. The 
[ormula is M = n(R - P + 5) where M is the month, 
R is the monthly rainfall in inches, P is the eva- 
potranspiration in inches and n is the number of wet 
days per month. A valuc of 100 or morc per monlh is 
optimal for parasite development and therefore 
values o[ morc than 100 are registered as 100. The 
formula is applied over the mouths when tempera- 
tures are suitable for snail breeding and parasite 
development, i.e. May-Octoher in Europe, and the 
monthly values summated to give a seasonal index or 
M t  valuc. Since the temperatures are generally.lower 
in May and October, the values for these months are 
halved prior to summation. Where the M I  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 shedding 
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- 
lence where the presence of drainage ditches allows 
the parasite life cycle to be maintained in dry sum- 
mers. Although this tcchniquc is mainly applied to lhc 
summer infection of snails, it is also used for forecast- 
ing the winter infection of snails hy 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 olhcr lcchniquc used is a 'wet day' lorecasl. 
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 l.0mm 
of rainfall) per month from June to Scptcmbcr where 
tcmpcralurcs do not Pall 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 



by more efficient and less toxic compounds and only mals in many countries and has a milk-withholding 
the latter will be discussed. time of up to 3 days. 

Acute ovine fasciolosis CONTROL - - . . . . . - - 
until recently, treatment was not highly successful due ~~~~~~l offasciolosis may be approached in two ways: to the inefficiency of the oldcr drugs against the early by reducing populations ol the intermediate s n a i l  host parenchymal stages. However, eflicient drugs are now 

or by using anthelmintics. 
available and the nnc 01 choice is triclabendazole - - - ~  ~- ~~~~ ~~ 

which removes all developing stages over one week 
uld. Other drugs are rafoxanide. closantel and Reduction of snail populations 
nitroxynil, which will remove flukes ovcr lour wceks Before any scheme of snail control is undertaken a 
old. survey of the area for snail habitats should be made to 

A single dose of triclabendazole accompanied with determine whether these are localized or widespread. 
a move to fluke-frcc oaslure or a well drained, recentlv The best lone-lcrm method of reducing mud-snail 
cultivated field shoild be adequate treatment. HOG- populations suck as L. truncatula is drainage, since it 
ever with raloxanide. closantel or nitroxvnil a second cnsurcs oermanent destruction of snail hahitats. How- 
trcatment may be necessary 2-3 weeks after moving lo 
nuke-free ground. Where sheep cannot be moved to 
clean ground, treatment should be repeated at three 
weekly intervals until six weeks after deaths have 
ceased. 

Subacute ovine fasciolosis 
The drugs recommended for aculc fasciolosis can be 
used against oldcr flukes responsible for subacute 
fasciulosis. Movement to fluke-free pasture is again 
advisable lollowing treatment, and where this is not 
pussible treatment should be repeated at four and 
eight weeks to eliminate maturing flukes. 

In addition to the ahove drugs. brotianide is also 
effective. 

Chron~c ovine fasciolosis 
Outbreaks of chronic fasciolosis can bc succcssIully 
treated with a single dose of any of a range o1 drugs 
(rafoxanide, nitroxynil. brotianide, closantel, 
oxyclozanide and triclabendazole) and following 
treatmcnt, the anaemia usually regresses within 2-3 
wccks. The roundworm anthelmintics, albcndazole 
and netobimin are also effective against adult flukes 
albeit at increased dosage rates. 

Bovine fasciolosis 
At prcscnl lhere is only one drug, namely tri- 
clabendazole, which will remove the carly paren- 
chymal stages. Apart from triclabendazole, the two 
drugs most commonly used for subacute or chronic 
fasciolosis are rafoxanidc and nitroxynil and several 
others, such as clorsulon and niclofolan, are also 
marketed in some countries; albenda7ole is also effec- 
tivc at an increased dosage rate. Tn lactating cows, 
where the milk is used for human consumption, the 
ahove drugs are either hanncd or have extended with- 
drawal periods in most countries. An exception is 
oxyclozanide which is licensed tor use in lactating ani- 

ever, farmers are often hesitant to undertake cxpcn- 
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 tcncc otl this area or treat annually with a 
molluscicide. Currently copper sulphate is most 
widely used and although more efficient molluscicidcs, 
such as N-trityl rnorpholine, have been dcveloped, 
none are generally availablc. 

In Europc experimental evidence indicates that a 
mollusdcide bhoold he applied either in the spring 
(May), to kill snail populations prior to the com- 
mencement of breeding, or in summer (JulylAugust) 
to kill infected snails. The spring applicalion should 
ensure better contact with the snails, because pasture 
growth is limited, but in practice is often impractical 
bccausc the saturated nature of the habitat makes 
vehicular access difficult. In the summer this is less ol 
a problem although ~nolluscicidelsnail contact may be 
reduced because of the increase in hcrbagc growth. 
'The application of a molluscicidc should he combined 
with anthelmintic trcatment to remove existing fluke 
populations and thus the contamination of hahitats 
with eggs. 

When the intermediate snail host is aquatic, such as 
L. tornenrosa, good control is possiblc by adding a 
molluscicide. such as N-trityl morpholine, to the water 
hahitat of the snail, but there are many environmental 
obicctions lo the use of molluscicides in water or irri- 
gation channels 

Use of anthelmintics 
The prophylactic use of fluke anlhelmintics is aimed 
at: 

( I )  Reducing pasture contaminatinn by fluke eggs at 
a time most suitable for then development, i.e. 
April to August. 

(2) Removing fluke populations at a time of heavy 
hurdens 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 lsles is recommended for 
years with normal or below average rainfall. 
Since the timing of treatments is based on the 
fact that most mctaccrcanac appcar in autumn 
and carly winter, it may require modilication for 
usc in othcr areas. 

In late Apriliearly 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 cffcctive against nematodes which contrib- 
ute to the periparlurient 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 thc flock with any drug cffcctivc 
against adult stages. 

In wet years further doses may be necessary as fol- 
lows: 

In June, 4-6 weeks after the AprilIMay dose, all 
adult sheep should he treated with a drug effective 
against adult and latc immaturc flukes. 

In OctoberINovember. 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 rcsults havc bccn obtaincd on 
shccp farms by anlhelmintic 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. 

Pronhvlactic treatment in cattle is thcrcforc di- 

L. nutulensis Africa 
L. rn,fescens and L. ucuminutu India and Pakistan 
L. rubiyinosu 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 hile ducts and the imma- 
ture flukes in the liver parenchyma. 

Distribution: 
Most contincnls. Docs not occur in western Europe. 

IDENTINCA TlON 
Gross: 
It is larger than F heputica 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 chardcteriatic 
of F. heputicu are barely perceptible. 

Microscopic: 
The eggs are larger than those ot F. heput~cu, measur- 
ing 190 X 100 pm. 

LIFE CYCLE 
This is similar to E hepatica, the main diffcrcnces 
being in the time scale o l  the cycle. Most parasitic 
phases are longer and the prepatent period is 13-16 
weeks. 

PATHOGENESIS AND CLINICAL SIGNS 

Similar to thosc of F. hepatica. 

rcilcd at riduang t h ~ ,  Iluk: hurrlc.~~r in !rinl,,r n l  .I ilmc 
nhrn @.tr.irllcs ;arc ~ o , ~ c n l ~ h l c  I.) ,~\ ,~il .~hlc .lrusi .nn,l EPIDEMIOLOGY 
when .the nutritional stitus of the animals isuat 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 thc anthclm~ntic will soon dc- 
vclop to the adult atage. In the British lsles it is usual 
to treat cattle in fluke areas in mid-winter. 

This situation could change with the increased use 
of drugs such as triclahenda7ole in cattle. 

Hosts: 
Ruminants. 

Intermediate hosts: 
Snails of the genus Lynmaea: in southern Europe it is 
L. auricularia which is also thc important species in 
the southern USA, the Middle East and the Pacific 
Islands. Other important Lymnuru vectors of F. 
giganticudare: 

The snails which carry the larval stages of F gigantica 
arc primarily aquatic and as a result thc discasc is 
associated with animals grazing on naturally or artifi- 
cially flooded areas or around permanent water chan- 
nels or dams. 

In 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 01 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- 
tcr rathcr than on hcrbagc, 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 d v  
season and clinical problenls, depending on the rate of 
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infection, occur at the end of that season or at the enca~sulated bv the host reaction and clinical effects 
bcplnn~ng of the next uct s-;inm . ~ r c  minimnl. Ilour,\r,r in \hc~.p thl> recpc~nse I <  nep11- 

I 1 1 r 1 u  f .  I I c h  I i c t i  cilllc slid i I i~~\I ;~mi~rc  to ~ h c  I ~ \ ~ ~ r i l n  h c ~ ~ ~ ~ ~ r c ~ ~ r e ~ ~ ~ ~  . - 
man. 

DIAGNOSIS AND TREATMENT 

Fatal; because of thk sheep rearing is difficult in areas 
whcre the parasite is prevalent. 

As for I7 hepatica 

CONTROL 
Thc principles are the same as for the control of I? 
heparica and arc based on the routine use of 
anthelmintics together with measures to reduce 
populations of the snail intcrmediate host. There is, 
however, the important diflcrcncc that the latter are 
water snails whose control depends on a diffcrcnt ap- 
proach from that for the mud snail L. truncatrrla. 

Routine anthelmintic treatment of animals at sea- 
sons when heavy infcctions of adult flukes accumulate 
in the host is recommcnded using a drug effective 
against adult and immaturc flukes. This should pre- 
vent serious losses in production, but for optimal ben- 
efit should he 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 watcr may require to 
be pumped and in remote areas simple water-driven 
pumps whose power source depends on the watcr flow 
have been found useful. It is important that the water 
troughs be cleaned out regularly since they can be- 
come colonized by snails. 

When grazing depends on ihc 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 effcci on fish which may form an important 
part of the local food supply. Apart from repeated 
anthelmintic treatment to prevent patcucy of acquired 
infections of E giganrica, there is often little one can 
du. Ideally, such areas are often best suited to irriga- 
tion and the growing of cash crops, the profit from 
which can he used to improve the dry season food and 
water supply to cattle. 

OTHER GENERA OF FASClOLlDAE 

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 Lymnaeu spc- 
cies this very large fluke measures up to lOcm and has 
no anterior cone. 

In deer and cattle, the parasite can cause hepatic 
damage on reaching the liver, but it rapidly becomes 

This fluke, found in India, Pakistan, SE Asia and 
China, is primarily a parasite of man, but can occur in 
the pig which may act as a reservoir host. Unlike 
Pus'ouciulu and Fascioloide.~ it is located in the small 
intestine where it causcs severe ulceration. 

These trematodes are small. lancet-like flukes occur- 
ring in the biliary and pancreatic ducts of vertebrates. 
Miracidia arc prcsent in the eggs when they are oassed 
in the faeces; ihcrc is no r e d 2  stage durkg deklop- 
ment in the snail. 

Hosts: 
Sheep, cattle, dccr and rabbits 

Intermediate hosts: 
Two are required: 

( I  I Land mail5 of m.ln\ gc1icr.i. 
( ? I  Brown ant\ ,ti llii Fcnu* F<,rt~rr,,r 

Site: 
Bile ducts and gall bladder, 

Distribution: 
Worldwide. The prcvalcncc in the British Isles is very 
low being confined to small foci in western Scotland 
and Ireland. In contrast the prevalence in many other 
European cuuntries is high. 

Species: 
Dicrocoelium dendriticunz 

IDENTIFICATION 
Gross: 
There I, n c~po~i~h i l~ t !  . ) i i , ) ~ i l t r ~ i u ~ ~  U I I ~ I ~ I L ~ I ~ ~  fluhc\in 
111: h~lc  du;l\ q ~ f  runiin:i~it< I),, ~ U L O ~ / I I W I  15 lc>, than 
1.0 em long, distinctly lanceolate and semiiransparent 
(Fig. 82). 

Microscopic: 
The gut is sirnpls, consisting of two branches and re- 
sembles a tuning fork. Behind ihc ventral sucker the 
testes lie in tandem with the ovary immediately poste- 
rior. There are no spines on the culiclc (cf Farciola). 
Thc cgg is small, 45 x 300pm, dark brown and 
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of sporocysls develop which then produce cercariae. 
Thc latter are extruded in masscs cemented together 
by slime. This phase of development takes at least 
three months. 

The slime balls o l  cercariae are ingested by ants in 
which thcy develop to metacercariac mainly in the 
body cavity and occasionally thc brain. The presence 
of a brain lesion in the ant, induced by metacercariae, 
impels the ant to climb up and remain on the tips of 
the herbage, thus increasing the chance of ingestion by 
the final host. This phase in the ant is completed in just 
over onc month in summer temperatures. 

In lhe tinal host, the metaccrcariae hatch in the 
small intestine and thc young nukes 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 several years. 

PATHOGENESIS 
Although several thousand D. d~ndriticum are com- 
monly found in thc bile ducts, the livers are rclalively 
normal; this is presumably due to thc absence of a 
migralory phase. However, in hcavier infections there 
is librosis of the smaller bilc ducts and extensive cir- 
rhosis can occur (Platc V): sometimes the hilc ducts 
become markcdly dislended. 

Fig. 82 D;croMel;um dend"ticum, a small lancedate fluke of rumi- CLINICAL SIGNS 
nants. The dark uterus and whnte vitellana can be clearly seen. 

In many instances these arc abscnt. Anaemia, oederna 
and enlaciation havc been reoorted in severe cases. 

Fig. 83 The egg of D;crocoe/;urn deodr;t;cumcontains a miracidium 
when passed in the faeces. 

operculate. usually with a flattened side (Fig. 83). It 
contains a miracidium when passed in the facccs. 

LIFE CYCLE 
The egg does not hatch until ingested by the first inter- 
mediate host, the land snail, in which two generations 

EPIDEMIOLOGY 
Thcrc are two important features which differentiate 
the epidemiology of Dicrocoelium from that of 
Fusriola: 

(1) The intermediate hosts are independent of water 
and are evenly distrihuted on thc terrain. 

(2) The egg can survive for months on dry pasture, 
presenting a reservoir additional to that i n  the 
intermediate and final hosts. 

DIAGNOSIS 
This is entirely hased on faecal cxarnination for eggs 
and necropsy findings. 

TREATMENT i 
Nctobimin has heen shown to be highly elfective at 
a dose rate of 20mdkg. High doses of other 
antheln~intics are requircd lor effective removal of 
Dicrorouliurn. The benzimiduole, albendazole. given 
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tapeworms. Othcr drugs such as th~abcndazolc and 
Ienbenda~ole are also eflective, but at very h~gh dose 
rates. 

CONTROL 
This is dillicult hccausc o l  the longevity o l  D. 
dvndriticum eggs, the wide distribution of the interme- 
diate hosts and the number of reservoir hosts. Control 
depends almost entirely on regular anthelmintic treat- 
mcnt. 

Nute: In sub-Saharan Africa a closely related species 
D, hospes occurs, ants of the genus Ca~npunotus heing 
the second intermediate host. 

Hosts: 
Ruminants 

Intcrmediatc hosts: 
Water snails; principally Planorhi,? and Bulinw 

Site: 
Adults in the rumen and reticulum and imniature 
stages in the duodenum. 

Species: 
Thcrc arc at lcast 14 snccics of which Param- 
phistomunz cewi and P. m~croborhrrum are the most 
common. 

Distributiun: 
Worldwide. Thev are of little veterinaw sienificance in . 
Europe and America, but are occasionally the cause of 
disease in the tropics and suhtropics. 

Venezuela. Like r). dendriricun~ it has two consecutive 
intermediate hosts, a land snail followcd by a grass- 
huppei or tree cricket. Infection of the final host is by 
ingestion of the grasshopper and nligration of the 
fluke from the small intestine to the final site in the 
pancreatic duct. Heavy infections are reported as 
causing fihrosis and atrophy of the pancreas. At 
present therc is no known cffcctivc trcatmcnt. 

Gruss: 

and the orher at the hase. The larval stages are less 
than 5.0 mm, fresh specimens having a pink colour. 

Microscopic: 
The egg resembles that of F hepatica heing large and 
opcrculatc, hut is clcar rathcr than ycllow. 

Thc parasitc Platynosom~am fusfosunz is found in the 
bile duct of cats in parts of South America, the Carib- 
bean, southern USA, West Africa, Malaysia and the 
Pacific Islands. Three consecutive intermediate hosts, 
a land snail, a crustacean and lizard, are required. 

The cat is infcctcd by ingesting thc 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 

Development in the snail intermediate host is similar 
to that of Fa.sciola and under favourahle conditions 
(26-30°C) can be completed in four weeks. After in- 
gestion of encysted mctacercariac with herbage, dc- 
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 
forcslomachs whcrc thcy maturc. Thc prcpatcnt 
period is between 7 and 10 weeks. 

be effective treatmcnts. 
PATHOGENESIS 

Adult paramphistomcs arc mainly parasitic in thc ers and this results in severe erosions of the-duodenal 
forestomachs of ruminants, although a few species mucosa. In heavy infections these cause an enteritis 
occur in the intestine of ruminants, pigs and horses. characterized by oedema, haemorrhage and ulcera- 
Their shape is not typical of the trematodes, heing tion. At necropsy the young flukes can be seen as 
conical rather than flat. All require a water snail as an clustcrs of brownish pink parasites attached to the 
.ntcrmcJ~dtc hmt. There ar: .~c\cral scnzra oi a h ~ r h  duoJc,ndl rnl.rosa and u:cas~undll! alwl in ihr.jr,~unun~ 
I'aru~f~pl~rs~crn~~or~ I\ ih: most eornni(~n anJ a ~ J c . -  .~n,l ;tbum.~,um. Ihc ndull parasilcs (Plate \ ' I  In ihc 

forestomachs are well tolerated, even when many 
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Flp. 84 Section of adun Paramphismmum feeding on the ruminal 
e~ilhelium. 

thousands are present and fecding on the wall of the 
rumen or reticulum (Fig. 84). 

CLINICAL SIGNS 
In heavy duodenal infections, the most obvious sign is 
diarrhoea accompanied by anorexia and intense thirst. 
Sometimes in cattle, thcrc is rectal haemorrhage fol- 
lowing a period of prolonged straining. Mortality in 
acute outbreaks can be as high as 90%. 

EPIDEMIOLOGY 
Paramphistomosis oftcn 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 hy animals grazing 
these areas hatch and infect snails. Subsequent pro- 
duction of cercariae oftcn coincides with receding 
water levels making them accessible to grazing rumi- 
nants. In othcr 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 hased on the clinical signs usually involving 
voune animals in the herd and a histow of crazing . L. 

around mall hahilinl< jurlng rl period of hr) ul.athr.; 
Facall cxamini~lion I< oi I~ t l l r .  valur. slncr. thc dl\ca\r. 

occurs during the prepatent period. Confirmation can 
be obtained by a postmortem examination and recov- 
ery of the small flukes from the duodcnum. 

TREATMENT 
Resorantel and oxyclozanide are considcrcd the 
anthelmintics of choice against both immature and 
adult rumen flukes in cattle and sheep. 

CONTROL 
As in F, jiijianlicu the best control is achieved by pro- 
viding a piped water supply to troughs and preventing 
access of the animals to natural water. Even then 
snails may gain access to watcring troughs and regular 
application of a molluscicide at source or manual re- 
moval of snails may be necessary. 

Other paramphistomes of veterinary 
importance 
Apart from I'aramphistomum there are many gcncra 
found in domestic stock. Among the best known of 
those occurring in the forestomachs are Cotylophoron 
and Ccylonocoryle which are responsible for out- 
hrcaks of paramphistomosis in buffalo and cattle in 
Asia and cattle in Australasia and the southern USA. 
Of those occurring in the lower alimentary tract. 
Guutrodiscus has a high prevalence in thc small and 
large intestine of equines in the tropics and 
Homologaster in thc 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. 

Two genera are of local veterinary interest. Thc first, 
l'arajionimus, commonly referrcd 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 livcr or muscles of the crusta- 
cean. The young flukes migrate to the lungs where 
they arc encapsulated by fibrous cysts connected by 
fistulae to the bronchioles to facilitate egg excretion. 
Pulmonary signs are comparatively rare in cats or dogs 
and the veterinary interest is in the potential rcscrvoir 
of infection for man. 

The second genus, Nanophyetus, is a fluke found 
mainly in the small intestine of dogs, mink and other 
fish-eating mammals. It occurs in the NW United 
States and parts of Siberia and is of importance be- 
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causc thc flukes are vectors of the rickettsia 
Neorickensiu helminrhocca which causes a severe 
haemorrhagic enteritis ol dogs, thc so-called 'salmon This family is primarily parasitic in the blood vessels 
poisoning'. This name is derived from the cycle of thc of the alimentary tract and bladder. In man, 
flukc m h l ~ h  involve* :I \\nlcr sno,l and 3 l i \ l ~  u h i i h  15 r~hlslu,,,ni,.s ar: oitcn rr,,pon\ihl: t811 icvcrc . I I I ~  .Ic- 
JIII , I I  o n ~  oi thc salmalnlrl tvp: 1~1111.111n.y JIS;;ISC and \r.lcrl~lur\ inlcrc\l lie. ~n thc inct 

The rickettsia1 infection isbrcsumed to pass via the that they can cause a similar discasc in animals, some 
fluke egg to the water snail and thence to the fish of which may act as reservoirs of infcction for man. 
where the cercnriae locate in the kidney. Thc dog is The schistosomes differ from other flukes in that the 
infected by ingesting fish containing the metacercariae scxcs arc separate, the small adult female lying perma- 
and thc associated rickettsia. nently in a groove, the gynaecophoric canal, in the 

body of the male (Fig. 85). The most important genus 
is Schistosonzn and this will bc discussed in some 

The members of this family require two intermediate 
husts. thc first being water snails and the second a wide 
variety o[ fish, in which the metacercariae are 
encysted. The final hosts arc fish-eating mammals in 
which they inhabit the bile ducts. 

Opisrhorchis, by far the most important genus, 
is a small lanceolate fluke, grossly resembling 
Dicrocoeliun~. Two species have man as their primary 
host. 0, sinensis (formerly Clonorchi.~ sinmsis) is the 
'Chinese liver fluke' which, in spitc of its name, occurs 
in most of Asia east of, and including, thc Indian sub- 
cuntinent; the dog and cat are occasional hosts. 0 .  
viverrini, though discovered in the civet cat, which is 
therelure thc type host, is essentially a parasite o l  
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. 0. renuicollis (syn. 0 .  felir~eus) 
has the cat, and less often the dog, as primary hosts; 
man is an occasional host. This species occurs in east- 
ern Europe, the Middle East, Asia Minor, and Asiatic 
Russia; it has been rcported 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- 
tiuns arc inapparent, though Opisrhorchis 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 hilc ducts, causing thicken- 
ine with oaoilloma formation and the dcvclooment of 

detail. 

Hosts: 
All domestic mammals. Mainly important in sheep 
and cattle. 

Intermediate hosts: 
Water snails. Bulinus and Physopsis spp. arc particu- 
larly important in the transmission of bovine and 
ovine schistosomosis. 

Site: 
Usually mesenteric vcins; one species occurs in nasal 
veins. 

Soeaes and distribution: 
Major: 
Schistosoma hovis Ruminants in Africa. 

Middle East, Asia, 
southern Europe 

S. mallheei Ruminants and 
occasionallv man in 
Africa 

S. japonicurn Man and most domestic 
animals in the Far East 

Minor: 
S leiueri Cattle in Africa 
S. spindale Ruminants, horses and 

pigs in Asia and the Far 
,-~-- u . .  cas, 

cysts, containing flukes, adjacent to the ducts. In these s, incogniturn Pigs and dogs in India 
infectiuns the symptoms are emaciation, jaundice and and Pakistan 
asciles: it is sometimes possible to palpate the en- mansoni Man and wild animals in 
larged nodular liver. Africa, South America 

Control of opisthorchosis is bascd on thorough and the Middle East 
cooking of fish. S. (syn. Orientobilharzia) Ruminants in Asia 

A second genus, M~lorrhis, occurs mainly in sledge rurkesranica 
, dogs and hunting dog?, and has a mostly Arctic and s, nasalis Ruminants and horses 

subarctic distribution in Europe, Asia and America; in India and Pakistan. 
~t has also been recordcd in former Yugoslavia. The 
pathogenesis is similar to that of opisthbrchosis and Distribution: 
there is a reservoir of infection in iyild fish-eating car- Tropics and subtropics. Occurs sparsely in southern 
nivores. Europe. 
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Fig. 85 The large male Schistosoma carrles the smaller female in 
the gynaecophoric canal. 

Gruss: 
The sexes are separate, the niale, which is broad and 
Hat and about 2.0 cm long, carrying thc Icmale in the 
hollow of its inwardly curvcd body. This characteristic 
and the vascular predilection site are sufficient for 
generic identification. 

Miauscopic: 
The eggs are 10&500$m 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 tail into 
a small venule and since the gcnilal pore is terminal, 
the eggs are deposited, or even pushed, into the 
venule. There, aided by thcir spines and by proteolytic 

Fig. 88 Thin shelled Schisfosoma egg with terminal spins. 

enzymes secreted by the unhatched miracidia, they 
penetrate the endothelium to entcr thc intestinal 
submucosa and ultimately thc gut lumen; they are 
then passed out in the facces. The eggs hatch in min- 
utc. in na1c.r snJ  th, ~ I I ~ ~ , I L ~ I . ~  pcnc.lr.?te opprol>llil~ 
\nsll\. Dc'\c'lupmcnl to Illc 2crsarldl c1:lgc clccurJ ullh 
<).,I a r~xl~al I c ~ ! ! !  ;#lid illere I< nc) ni~~I.~ccr.'drlal I I I I ~ > L  
p c ~ i c t r ~ ~ l ~ n ~ i  tn1 llic ri1i,11 ho4 h\  the n~oltlc~ ccrc~rl.?~ 
(Fig. 87) occurring via the skin or by inyestion in . . 
jr&i'klnl: s;llcr ~h: ,  dc~i1oprn:~ili~l pcric~d I I I  tile ~ 1 1 1 ~ 1  

~ ~ ~ t ~ o r i  the, :cr~:ari;n: lL)\c tlte[r 10rkc.l t:iiI\. Iran.. 
furtri I , ,  \ . I~i\ t~, \ tr~~~ula,  or voung fluke\. and tr.t\~l 51.1 

the blood stream through~the hcarl and lungs to the 
systemic circulation. In thc liver they locate in the 
portal veins and bccume sexually mature before mi- 
grating to thcir final site, the mesenteric veins. The 
prcpatenl period is +7 weeks. 

Fig. 87 Motile wrcaria of Schismsoma showing typical fohd 
(I~r~ocerco~s) tail. 

SUN PEIYUAN
矩形

SUN PEIYUAN
矩形
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PA THOGENESIS sistancc to rcinfcction by homologous species and, 
lrom natural inlections, that resistance may develop as 

Schistosomosis is generally considered to be a much a result of prior exposure to a heterologous species. 
more serious and important infection in sheep than in 
larger ruminants, and even where a high prevalence of 
the parasitc is detected in slaughtcrcd cattlc, clinical CLINICAL SIGNS 
signs o l  the disease arc seen only rarcly. These are diarrhoea, sometimes blood stained and 

' ~ c u t c  discasc characterized by diaihuea and ano- containing mucus, anorexia, thirst, anaemia and ema- 
rexia occurs 7-8 weeks after heavy infection and is ciation. 
etltirelv due to the inflammatorv and eranulomatous 

mucusa. 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 
livcr (Fig. 88). 

At necropsy during the acute phase of the disease . 
there are marked haemorrhagic lesions in the mucosa 
of the intestine, hut as the disease progresses the wall 
of the intestine appears greyish, thickened and 
oedcmatous duc to conflucncc of thc 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 
bccn shown to he prominent during the clinical phase 
apparently as a result o[ mucosal haemorrhage. 
dyshaemopoeisis and an expansion in plasma volume. 

The significance of low-level infection is not known, 
hut it has been suggested that this may have a consid- 
erablc cffcct on productivity. 

Thcrc is cvidcncc, experimentally, o l  acquired re- 

ng. sa Granuloma formation around Schistosoma eQQS in the 
liver. 

The epidemiology is very similar to that of L giganlira 
and I'arnmphlslomum spp., Schistosoma spp. being 
totally dependent upon water as a medium for infec- 
tion of hoth the intermediate and final host. The fact 
that percutaneous infection may occur encourages in- 
fection wherc livcstock are obliged to wadc in water. 

DIAGNOSIS 
This is hased mainly on the clinicn-pathological pic- 
ture of diarrhoea, wasting and anaemia, coupled with 
a history of access to natural watcr 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 
lrom Lhc lacccs is usclul in the period [allowing 
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 thc lesions and, if the 
mesentery is slrctchcd, the prcscnce ol  numerous 
schistosomes in the veins. In epidemological surveys, 
serological tests may he of value. 

TREATMENT 
Care has to be exercised in treating clinical cases ot 
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 
suverseded bv niridazole and trichlorfon, all of which 

- 
are not uncommon. Praziquantel which is used in the 
treatment of human schistosomosis is also eflective in 
animals. 



120 Velerinary Parasitology 

CONTROL mcnted. each segment containinc onc and sometimes - - 

two sets of male and female reproductive organs. Al- 
This is similar to that outlined for F giganlica and most all the tapeworms of vctcrinary importance are 
Paramphistomurn infections. Siucc the prevalence of i n  the order Cyclophyllidea, the two exceptions being 
snail populations varies according to temperature, lo- in order Pseudophyllidea, 
cal efforts should be made to identify the months o[ 
maximum snail oooulation. and cattle movements ~~ ~~~~ - 

planned to avoid their isPosure to dangerous 
stretches of water at these times. 

Nasal schistosomosis 
Tn parts of the India sub-continent Schirtosoma nasalis 
occurs in the nasal mucosal veins of cattle, bullalo and 
horscs. In heavv infections therc is a cooious -~ 

mncopurulent discharge, snoring and dyspnoea. The 
main oathoeenic effects arc associated with the eees " u- 

which cause abscess formation in the mucosa. Fibrous 
eranulomatous erowths occur which mav occlude thc 
v 

nasal passages. Infection is confirmed by the prcsence 
of the spindle-shaped eggs in the nasal discharge. 

[Schistosomosis in man: Schistosomosis, still often 
called hy the old name of hilharziasis, is of major 
importance and together with ancylostomosis and 
filariosis arc the most important helminth diseascs of 
man. The two most common intestinal spccics are S. 
mansoni and S japonicum, the latter occasionally 
occurring in domestic livcslock. The third, S. 
huematohium, is found in the veins of the bladder. 

A form of cutaneous lama migrans, often called 
'swimmers itch'. occurs in man and is thought to be 
caused by cercariae of avian and animal schitosomes 
which have a limited migration in human skin.] 

Order CYCLOPHYLLIDF6,% 
STRUCTURE AND FUNCTION 
Thc 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 proglonid. 

The organs of attachment are four suckers on the 
sides of tbc scolex and these may bear hooks. The 
scolex usually bears anteriorly a mobile protrus~blr 
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 

Neck 

,-A 

The family Diplostomatidae includes the genus Alaria 
of which several species occur in the small intcstinc of 
dogs, cats, foxes and mink in most continents, al- 
though they have not becn recorded in Britain. The 
life cycle involvcs two intermediate hosts, namely 
freshwater snails and frogs. The definitive host bc- 
comes infected by eating frogs containing encystcd 
metacercariae (mesocercariae) and the flukes migrate 
extensively, including passage through the lungs, be- 
fore returning to the small intcstine. Heavy infections 
may cause a sevcrc duodenitis in dogs and cats. A fatal 
case has been recorded in man through eating inad- 
equatcly cooked frogs' legs; the principal lesions were 
in the lungs. 

Treatment with praziquantel is recommcnded. 

, , ,  T - :~ mad;ie ,,,,, ,,,,, ,,,,, 
(a) 

d ,,,,, ,,,,, ,,, Ilr..*.. 8 , , , , , , ,  * --&A- Flg. 89 Structure of a typical cyclaphyllidean cestode. (a) Scolex, 
This class differs from the Trematoda in having a tape- neck and strobila; (b) Mature segment showing reproductive organs: 
like body with no alimentary canal. The body is seg- (c) Gravid segment: (d) Typical taeniid egg (27-38pm). 
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Fig. 89 (continued) 

with one or two sets of ~e'~robuctive organs, ihe geni- 
tal pores usually opening on the laternl margin or 
margins of the segmcnt (Fig. 89); hoth self-fertilization 
and cross-fertilization betwccn 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 strohila and 
pass out with the faeces. Outside the body the eggs are 
liberated by disintegration of the segment or are shed 
through the genital pore. 

The egg [Fig. 59 (d)] consists of: 

(1) The hexacanth (6-hooked) embryo or 
onchosphere. 

(2)  A thick, dark, radially striated 'shell' callcd the 
embryophore. 

(3) A true shcll 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 its nourishment 
through this structure. Relow the tegument are musclc 
cells and thc 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 excrctury system, 
as in the Trematoda, is composed of flame cells lcad- 
ing to cfferent canals which run through the strohila to 
discharge at the terminal segment. 
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LIFE CYCLE 
The typical life cycle o l  these cestodes is indirect with 
one intermediatc host. With few exceptions, the adult 
tapcwom is found in the small intestine of the linal 
host, the segments and eggs reaching the exterior in 
the faeces. 

When the egg is ingcslcd by the intermediate host, 
the gastric and intestinal secretions digest the 
embryophorc and activate the onchosphere. Using its 
hooks, it tears through the mucosa to reach thc blood 
or lymph stream or, in the case of invertebrates, 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). 

Cysticercos: 
Fluid-filled cyst containing an attached single 
invaginated scolex, sometimcs called a protoscolex. 

Coenums: 
Similar to a cysticercus, but with numerous 
invaginaled scolices. 

Strobilocercus: 
The scolex is eva~inatcd and is connected to the cyst 
by a chain of ascxxual proglottids. The latter are di- 
gested away alter ingestion by the final host, lcaving 

. . 

which lie free or in hunches, surrounded by germinal 
epithelium (hrood capsules). The contents of the cysts 
other than the fluid, i.e. scolices and brood capsules. 
are frcqucntly described as 'hydatid sand'. Occasiun- 
ally also, daughter cysts complete with cuticlc and ger- 
minal layer are formed endogenously or, if the cyst 
wall ruptures, exogenously. 

Cysticercoid: 
A single cvaginated scolex embedded in a small solid 
cyst. Typically found in very small intermcdiatc hosts 
such as arthropods. 

l'etrathyridium: 
Worn-like larva with an invaginated scolex: found 
only in Mcaocestoididae. 

When the metacestode is ingested hy the final host the 
scolex attaches to the mucosa, the rcmainder of the 
structure is digested off, and a chain of proglottids 
begins to grow from the base of the scolex. 

Thc scvcn main families of veterinary interest in 
the order Cyclophyllidea are the Taeniidae, Anoploce- 
phulidae, Dilrpididuv, Davaineidae, Hymenolepididue. 
Mesocvstoididur and Thysanosomidae. 

only the scolex. 'The adults are found in domcstic carnivores and man. 

Hydatid: 
This is a large fluid-filled cyst lined with germinal epi- 
thelium from which are produced invaginated scoliccs 

Cysticercus Exogenous Hydatid cyst 

Flg. 90 Larval stages of cyclophyllidean cestodes 

The scolex has an armed rostellum with a concentric 
double row of hooks (the important exception is 
Taenia saginuta whose scolex is unarmed). The gravid 
segments are longer than they are wide. 

The intermediate stage is a cysticercus. 
strobilocercus, coenurus or hydatid cyst and these oc- 
cur only in mammals. 

! 

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, intermcdiatc host and 
larval predilection site of the major species are given 
in Table 2. 

The intermediate staees of this taneworm. found in 
the muscles of cattle, frequently present econon~lc 
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. 

Adult tapeworm Final host Larva Intermediate host Lawal site 

T saginata Man Cysticercus bovis Cattle 
T soiium Man Cysticercus cellulosae Pig, man 
T muiticeps Dog Coenurus cerebralis Sheep, cattle 
T hydatigena Dog Cysticercus tenuimliis Sheep, cattle, pig 
T. ovis Dog Cysticercus ovis Sheep 
T pisiformis Dog Cysticercus pisiformis Rabbit 
T seriaiis Dog Coenurus serialis Rabbit 
T. taeniaeformis Cat Cysticercus fasciolaris (strobilocercus) Mouse, rat 
T krabbei Dog Cysticercus tarandi Reindeer 

IDENTIFICA TlON 

The adult Lapcworm, found only in man, ranges 
from 5.0-15.0m in length. The scolex. cxccptional 
among the species of ihenia, 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. soli~rrrr with only 7-12 lateral 
branches. 

In the bovine animal the mature cysticcrcus, C. 
hovi.~, 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 
rostellum nor hooks. Although it may occur anywhere 
in the striated muscles thc prcdilcction sites, at least 
from the viewpoint of routine meat inspcction, arc the 
heart, the tongue and the masseter and intercostal 
muscles. 

LIFE CYCLE 
An infected human may pass millions o l  eggs daily, 
either free in the faeces or as intact segments each 
containing about 250000 eggs, and these can survive 
on pasture for scvcral months. After ingestion by a 
susceptible bovine the onchosphcrc travels via the 
blood to striated muscle.llt is first grossly visible about 
two weeks later as a pale, semi-transparent spot about 
l0mm in diameter, but is not infective to man until 
about 12 weeks later when it has reached its full size of 
l.0cm (Platc VI). By then it is enclosed hy the host in 
a thin fibrous capsule hut despite this thc scolcx 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 cvsts are fre- 

Muscle 
Muscle 
Central nervous system 
Peritoneum 
Muscle 
Peritoneum 
Connective tissue 
Liver 
Muscle 

PATHOGENESIS AND CLINICAL SIGNS 
Under natural conditions the presence of cysticerci in 
the muscles of cattle is not associated with clinical 
signs although, experimentally, calvcs given massive 
infections of T. saginulu eggs have dcvclopcd 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 thc infection is usually asympto- 
matic and is mainly objectionable on aestheticgrounds. 

EPIDEMIOLOGY 

There are two quitc distinct 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 extcnsivc scale, human sanitation 
is poorly developed and cooking fuel is cxpensive. In 
these circumstances the incidence of human infection 
with T. sagirrata is high, in certain areas beingwell over 
20%. Becausc of this, calves are usually infected in 
early life, ollen wilhin thc first few days after birth, 
from infected stockmen whosc hands are contami- 
nated with Ta~nia  eggs. Prenatal infcction of calves 
may also occur, but is rare. Of the cysts which dcvclop, 
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 inspcction, the infection 
rate is often around 3&60%, although thc real preva- 
lence is considerably higher. 

quently present in the same carcass. 
Man bccomcs infected by ingesting raw or inad- Developed countries 

equately cooked meat. Development to palency takes In areas such as Europe, North America, Australia 
2-3 months. and New Zealand, the standards of sanitation are high 



and mcat is carcfully inspected and generally thor- 
oughly cooked before consumption. In such countries, 
the prevalence of cysticercosis is low. being less 
than 1 %  of carcasses inspected. Occasionally how- 
ever, a cysticercosis 'storm', where a high proportion 
of cattlc arc infected, has been reported on particular 
farms. In Britain and in Australia, this has bccn 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. safiinarn eggs may sur- 
vive for more 1ha.n 220 days in sludge, the occurrence 
ol  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 asa randomevent or, as has 
heen reported from feedlots in some of the southern 
states of the IJSA, as a result of the use of migrant 
labour from a country with a high prevalence of 
infrclinn. . . .. . . . . . .. . 

As distinct from these 'storms', the cause of the low 
hut persistent prevalence of infection in cattle is oh- 
scure, but is thought to he due to the access of cattle to 
water contaminated with sewage effluents, to the car- 
riagc and dispersal of T. saginata eggs by birds which 
frequent sewage works or feed on efflucnt diachargcd 
into rivers or the sea, and to occasional fouling of 
nasture hv itinerant infected individuals. 
' In conGast to the epidemiology in developing coun- 
tries cattle of any aee are susceptible to infection since 
they generally possiss no acqu&cd immunity. Thcrc is 
also evidence that when cattle are first infected as 
adults the longevity of the cysticerci is limited, most 
being dead within nine months. 

DIAGNOSIS 
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 between 
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 

sanitation, on the general practice of cooking meat 
thoroughly (the thermal death point of cysticerci is 
57°C) and on compulsory mcat inspection. 

Regulations usually require that infected cdrcdsscs 
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 to destroy the carcass. 

In agricultural practice the use of human sludge as a 
fertilizer should be confined to cultivated fields or to 
those on which cattle will not be grazed for at least two 
years. 

In developing countries thc same measures arc ncc- 
essary, hut are not always economically leasible, and 
at present the most useful step would appear to be the 
education of comnlunities in both sanitary hygiene 
and the thorough cooking of meat. 

This is the other Taenia species of man, the larval 
stage, Cysticcrcus cellulosae, occurring in the muscles 
o l  the pig. On occasions the cysticcrci 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 thc Far East, apart from 
areas where there are religious sanctions on the 
eating of pork. It is now uncommon in developed 
countries. 

The adult tapeworm is similar to T. saginuru except 
that the scolex is typically Laeniid, having a rostcllum 
armed with two concentric rows of hooks (Fig. Y l ) ,  
while the uterus of the gravid segment, as noted previ- 
ously, has fewer lateral branches. 

LIFE CYCLE 

This is also similar to that oI T. suginutu with 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 stomach from 
the duodenum by reverse peristalsis; this is known as 
autoinfection. 
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FIg. 91 Typical laenid head showing four suckers and rostellum 
beallng hooks. 

PATHOGENESIS AND CLINICAL SIGNS 
As in 1: sagiriata infection, clinical signs are 
inapparent in pigs naturally infected with cysticerci 
and generally insignificant in humans with adult 
tapeworms. 

However, when man is infected with cysticerci, vari- 
ous clinical signs may occur depcnding on thc 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 consc- 
quent loss of vision. In Latin America alonc it is esti- 
mated that almost 0.5 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 countrieq except, of coursc, that it depends pri- 
marily 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 thc infcction. 

As noted above, man may bccomc inlecled with 
cysticerci and this may occur from the ingestion of 
eggs on vegetables or other foodstuffs contaminated 
w ~ t h  human faeces or handled by an infected person. 

DIAGNOSIS 
For all practical purposes, diagnosis depends on mcat 
inspection procedures similar to lhosc outlined for T. 
saginota. 

In man thc diagnosis of cerebral cysticercosis de- 
pcnds primarily on the detection of cysticerci hy CAT 
(computerized axial tomography) scanning tech- 
niques, and on the finding of antibody to cysticcrci in 
the cerebrospinal fluid. 

TREATMENT 
No effective drugs arc available to kill cysticerci in the 
pig although in man praziquantel and albendazole are 
considcrcd to bc ol some value as possible alternatives 
to surgery. 

CONTROL 
This depends ultimately on the enforcement of meat 

from contact with human faeces, the thorough cooking 
of pork and proper standards of personal hygiene will 
rcducc the prevalence of infection. 

TAENlOSlS IN DOGS AND CATS 

The adult tamworm is uo to lOOcm lone and is found " 
in the dog and wild canids. The onchosphercs, whcn 
ingested by sheep or othcr ruminants, are carried in 
the blood to thc brain or spinal cord where each devel- 
ops into thc larval stage, Coenurus cerubralis. When, 
maturc, this is readily recognized as a large fluid-filled 
cyst up to 5.0cm or more in diameter which beard 
clusters of scolices on its internal wall (Platc VI). 

The coenurus takcs about eight months to mature in 
the central ncrvous 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 thc cyst is situated on 1 
the brain surfacc. This may be detected by local 
softcning of the skull, or by detailed neurological \ 
cramination. However, for many cases there is no 
treatment. g 
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This large tapeworm, up to 500cm long, is found in the 
dog and wild canids. Thc onchospheres, infective to 
sheep, cattle and pigs, are carried in the blood to the 
liver in which they nligrate for about four weeks be- 
fore they emerge on the surface of this organ and 
attach to the peritoneum. Within a further four weeks 
each develops into the characteristically largc 
(jrslicrrcus ter~rricollis which is up to 8.0cm in diam- 
eter (Plate VI). 

Infection is prevalent. particularly in shccp, hut is 
gcncrally only detected at meat inspection. Infre- 
quently, however, largc numbers of developing 
cysticerci migrate contcmporaneously in the liver of 
the sheep or pig producing 'hepatitis cysticercosa' 
(Plate VI), a condition whose gross pathology rcsem- 
bles acute fascioliasis, and which is often fatal. Occa- 
sionally, also, the developing cysticcrci are killed in 
the liver, presumably in shccp previously exposed to 
infection: in these cascs the subcapsular surface of thc 
liver is studded with greenish nodules of around lcm 
in diameter. 

This common tapeworm of dogs and wild carnivores is 
up to 200cm long. Thc life cycle is similar to that of T. 
snginata, the intcrmediate stage, Cysticercus ovis, be- 
ing found in the muscles of sheep (Fig. 92). 

It is primarily important hecause of aesthetic objec- 
tions to the appearance of the cysts in sheep meat and, 
in consequence, it can bc a significant cause of eco- 
nomic loss through condemnation at meat inspcction. 
Strenuous cfforts are being made to eradicate this 
tapeworm in dogs in sheep-rearing areas of Australis 
and New Zealand hy regular chcmolherapy and by 
prohibiting the feeding of uncooked sheep meat to 
dogs. A recombinant vaccinc against 1: avis in sheep is 
being developed commercially and should bc avail- 
able in the near future. 

The life cycle of this tapeworm, up to 200cm long, of 
dogs and related carnivores is similar lo that of T. 
hyd,zligena except that the intermediate stage, the pea- 
like Cy,~ticercu,spisiformis, is found on the peritoncum 
of the rabbit and hare. 

'This is another tapeworm of dogs, around 70cm long, 
whusc intermediate stage Coenunrs serialis is found in 
thc rabbit, usually subcutaneously or in the intermus- 
cular connective tissue. The numcrous scolices in the 

Fig. 92 Cysticercus ovis in sheep muscle 

coenurus arc arranged in lirres as the oamc 'scrialis' 
implies (Fig. 93). 

This is a cat tapeworm, about 60cm long, whosc inter- 
mediate stage, Cyslicercus fasciolaris, is found in the 
livcr of mice and other rodents (Plate V1). Each 
strobilocercus is found within a pea-sized nodule par- 
tially embedded in the livcr parenchyma. 

DIAGNOSIS, TREATMENT AND CONTROL 

Diagnosis depends on the demonstration ot segments 
or individual taeniid eggs in the facccs. Specific identi- 
fication of the adult tapeworm is a specialized task. 

For adult tapeworms a number of effective drugs 
are available including praziquantel, mebendazule, 
fcnbendazole, nitroscanate, and dichlorophen. 

Control depends on dietary mclhods which exclude 
access to the larval stage in thc intermediate hosts. 
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Flg. 93 Coenurus seialis from intermuscular tissue of rabbit 

This is thc other important genus in the family 
Taeniidae, and is one of the smallest cestodcs of do- 
mestic animals. Two species, E. granulosus and E. 
mulriloculari.v, are important in veterinary medicine 
and the larval stage, the hydatid, develops in a very 
wide range of intcrmcdiate hosts, including man. 

There are two major strains of E, gru,~r~losus in domes- 
tic animals, namely E. grunulosrrs granr~losus and E. 
granulosris eyuinrrs. 

Hosts: 
Eg. jiranrclosus dog and many wild canids 
Eg. equin~is dog and red fox. 

Intermediate hosts: 
Eg, grnr~ulosus domestic ruminants, man, pig and 

wild ruminants; horses and 
donkeys are resistant 

E.g. cqrcinus horse and donkey. 

Site: 
Adula in the small intestine and hvdatid cvsts mainlv 

Distribution: 
E.g. granrrlosus worldwide 
E.X. equinns mainly Europe 

Gross: 
The entire cestode is onlv ahout 6.0 nim lone (Fie. 941. . , ~  u 

and is therefore difficultto find in the [reshly openld 
intestine. It consists of a scolcx and three or four seg- 
ments, the terminal gravid one occupying about half 
the length of the complete tapeworm. 

Microscopic: 
The scolex is typically taeniid, and cach scgment has a 
single genital opening. Thc cmbryophore is similar to 
that of Taenia spp., radially striated and containing a 
six-hooked onchosphere. 

LIFE CYCLE 
The prepatent period in thc final host is around 40-50 
days. after which only one gravid segment is shed by 
Lhc tapeworm per week. The oncospheres are capahle 
of prolonged survival outside the host, heing viable on 

~~-~~~~ ~~~ ~ ~ 

in liver and lungs. 
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the ground for about two years. Alter 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 systcmic circulalion and de- 
vclop 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, hut in 
the rarer sites such as the abdominal cavity, whcrc 
unrcstrictcd 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 hudded off (Fig. 95). Many of thcsc brood 
capsules become detachcd and cxist frcc in thc 
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 lattcr 
case they may be carried to othcr parts of thc body to 
form ncw 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 livcr. Littlc local rcaction is 
shown by most animals to thc growing hydatid, which 
appcars as a thin-walled cyst, partially embedded in 
the organ, but in horses a thick tibrous capsule devel- 
ops around the cyst. The cysts may be few, and as large 
as tennis halls, or numerous and small and showing on 
the liver as small white patcbcs. 

PATHOGENESIS AND CLINICAL SIGNS 
'The adult tapeworm is not pathogenic, and thousands 
may be present in a dog without clinical signs. 

Flp. 95 Scollces of Echinomccus granulosus from hydatld cyst. 

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 thc circula- 
tion to other sites, such as thc kidney, pancreas, CNS 
or marrow cavity 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 sitc is 
often of pathogenic significance. Onc or both lungs 
may bc affcctcd causing respiratory symptoms, and if 
several hydatids are present in the liver there may he 
gross abdominal distension. If a cyst should rupture 
there is a risk of death from anaphylaxis or if the 
person survives, released daughtcr cysts may rcsumc 
development in other regions of the body. 

EPIDEMIOLOGY 

E.g. granulosus 
Only a few countries, notably Iceland and Eire, are 
free from this strain of E. eranulosus. It is customarv " 
to consider the epidemiology as being bascd on two 
cyclcs, 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 hut the most 
important is thc shccp, which appcars to bc thc natural 
intcrmcdiatc host, scoliccs from these animals being 
the moat 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 thc primary sourcc of 
hydatidosis in man, inlection being by accidental in- 
gestion of onchospheres from the coats of dogs, or 
from vegetables and other foodstuffs contaminated by 
dog faeces. 

Thc sylvatic cyclc occurs in wild canids and rumi- 
nanls and is based on predation or carrion ieeding. 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 Europc, and in 
othcr parts of thc world most cascs have been re- 
corded in importcd 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 thc cyclc in countries uf 
high prcvalcncc dcpcnds on acccss by dogs to 
infcctcd cquine visccrd. On mainland Europe, the 
most likely source is oflal from horse abattoirs and in 
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Britain the viscera of hunting horses which are fed to 
foxhounds. 

DIAGNOSIS 
Thc vresence of hvdatids as a clinical entilv is rarelv 
suspected in domestic animals, and specific diagnosis 
is never called for. In man, the methods most com- 

niques may be used to locaie the cysts. 
- 

Diagnosis of infection in dogs with adult tapcworrns 
is difficult, bccause the segments are small and are 
only shed sparsely. When found, identification is 
based on their size of 2.0-3.0mm, ovoid shape, and 
single genital pore. 

In some countries control regimcs have involved the 
administration of purgative anthelmintics, such as 
arccoline hydrochloride, so that thc wholc tapcworm 
is expelled in mucus and can he searched for in the 
faeces. If a necropsy is available the small intestine 
should be opened and immcrscd in shallow water, 
when the attached tapeworms will bc scen as small 
slender papillae. 

TREATMENT 
Echinococcrrs tapcworrns are more difficult to remove 
than Tueniu, bul several drugs, notahly praziquantel, 
are now available which arc highly effective. After 
treatment it is advisable to confine dogs for48 hours to 
facilitate the collection and dis~osal  of inlectcd faeces. 

In man, hydatid cyst? may be excised surgically al- 
thoueh. mebendazolc. albendazole and oraziauantel 
therapies have been rkportcd to be effecfive. ' 

CONTROL 
This is based on the regular trcatment of dogs to 
eliminate the adult tapeworms and on the prcvcntion 
of infection in dogs by exclusion from their diet of 
animal material containing hydatids. This is achieved 
by denying dogs access lo abattoirs, and where pos- 
sible, by proper disposal o l  shccp carcasses on farms. 
In some countries these measurcs have been 
su~~or ted  bv lecislation, with penalties when thcv arc 
di&egardcd.' - 

In countries where no spccific measures for hydatid 
control exist, it has been [;und that an incidental hen- 
efit from the destruction of slray dogs for rabies con- 
trol has been a great reduction i n i h c  incidence of 
hydatid infection in humans. 

Intermediate hosts: 
Mainly microtine rodents, such as voles and lemmings, 
and insectivores; somc of the larger mammals, includ- 
ing man, are also susceptible. 

Site: 
The adults occur in the intestine and the hydatids 
mainly in the livcr. 

Distribution: 
Northern hemisphere, including North America, 
Grccnland, Scandinavia, Central Europc, Middle 
Easl; also India and .lapan. 

Generally similar to E. grrmulosrrs, but usually with 
four or five segments. 

LIFE CYCLE AND PATHOGENESIS 
The intermediate host is infcctcd by ingestion of the 
onchosphere, and the larval stagc dcvclops 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 arc 
budded off(Fig. 96). Growth of the intermediate stage 
is invasive, extending locally and capable of systemic 
metastases. 

EPIDEMIOLOGY AND SIGNIFICANCE 
Though E. n~rrltilocularis has a wide distribution in the 
northern hemisphere, it is esscntially a parasite of tun- 
dra regions with its greatest prcvalcnce in the 
subarctic rcgions of Canada, Alaska and Russia. Its 
basic cpidcmiological cycle in these regions is in the 
arctic fox and wolf, and their prey, small rodents and 
insectivores. In North America, its range is extending 

Hods: 
Wild canids, domestic dog and cat. 

FIg. 96 Human liver infected with larval Echinocoocus 
rnultilocularis. 
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south from Canada into the Llnited States wherc the a rounded scolex with a lappet behind each of the four 
red fox and coyote act as final hosts. The cycle is suckers: it has a vcry short neck and the strohila wid- 
therefore sylvdlic, and most cases in humans occur in ens rapidly, individual proglottids being much wider 
trappers and their families following contact with the than thcy are long. A. mugna is similar morphologi- 
contaminated fur of foxes and wolves. However, occa- cally but much longer, up to 8O.Ocm, and there are 110 
sionallv suburban man mav become infected hv eating laovets on the scolex. . . 
I r r U ~ I I ~ I ~ I J  1 n c I :py :IIC irrc~ularl! ~ p I l , ~ r ~ ~ i ~ l  dr lr1.11iquI:1r . inJ  \ 3 n  

, c c ~ t n ~ .  ~.arJ:rl \,,Ic.. l lie ~ l i \ : l r~\c  ero$rlh in  m:811 t r l u i i  i l l  18,  h.t,rm I I I  , l~s~i~clc.r: i l l ?  r ~ ~ i c l i c ~ ~ p h ~ r c  1s ' ~ 1 ' -  1 
simulates malignant neoplasia, and because of its infil- 
trative spread in tissues and its readiness to develop 
metastatically, surgery is not advisable: instead treat- 
ment with mebcndazole or praiiquantel is rccom- 
mended. 

Thc adult tapeworm occurs in the slzdge-dogs of 
trappers, and the fact that thcsc and other domestic 
dogs, as well as the domcstic cat, are potential carriers 
of infection for man brings it into the veterinary 
sphere of interest. 

Becausc of the large sylvatic reservoir control o l  E. 
mulriloculr~ris is unlikely ever to hc achieved. 

ported by a pair of projections called thc pyriform 
apparatus (Fig. 98). 

LIFE CYCLE 
Mature scgmcnts are passed in the faeces and disinte- 
grate, releasing the eggs. These are ingcsted by forage 
mites in which they develop to thc cysticercoid stagein 
2-4 months. One or two months after the ingestion of 
infected mites in the herbagc the adult tapeworms are 
found in the intestine o l  horses. 

PATHOGENESIS 

Essentially tapeworms of herhivores. The scolex has 
neithcr rustellurn nor hooks and thc 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 horse and although little is known of their 
precisc pathogenic significance thcy arc associated 
wilh erosive changes in the intestinal mucosa. 

Hosts: 
Horses and donkeys. 

Intermediate hosts: 
Various forage mites in  the soil and pasturc, o l  the 
Iamily Oribatidae. 

Site: 
The adults arc found in the small and large intcstinc, 
and the cysticcrcoids in forage mites. 

Species: 
Anoplucuphala [~erfoliata and A. rrzuyna. 

Ilistrihution: 
Worldwidc, A. perfoliara is the more common. 

IDENTlFlCATlON 
These togcthcr with the related hut less common and 
smaller tapeworm, Paranoplocephalrr mamillun~~, are 
the only adult cestodcs tound in the horse. A. 
perfoliata, whosc overall appearance (Fig. 97) is that 
of a large white fluke. is up to20.0cm in length and has 

Fig. 97 Anoplocephala peifoliata. (a) Head showing lappats: (b) A 
group of tapeworms anached to caecal mucosa. 
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Flg. 97 (continued) 

A. pvrfoliutu is usually found around the ileo-caecal 

a cause of intussusception. A. mugnu is morc com- 
monly found in the jejunum and when present in largc 
numbers may result in catarrhal or haemorrhagic 
entcrilis. 

Cases of intestinal obstruction and pcrforation of 
the intestinal wall have been recorded associalcd with 
massive infections with both species. 

CLINICAL SIGNS 
Tn most infections there are no clinical signs. However, 
when there are significant pathological changes in thc 
intestine there may be unthriftiness, enteritis and 
colic. Pcrforation of the intestine will prove rapidly 
fatal. 

EPIDEMIOLOGY 
Horaes of all ages may he affected, but clinical cases 
have been rcportcd mainly in animals up to 3-4 years 
of age. There appears to bc blight scasonal fluctuation 
in A. perfolmfa, worm numbers being lowcst in thc 
spring and then accu~nulating until winter. 

DIAGNOSIS 
Where clinical signs occur they may he difficult to 
differentiate from more common causes of 
unthriftiness and digestive upsets. However, it may bc 
possible to confirm the presence of Anuplocephula 
by thc dcmonstration of the typical eggs on faecal 
examination. 

Flg. 98 Eggs ot Anoplocephala pertoliata (6WOlrm:  embryo 
diameter 16/rm). 
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TREATMENT AND CONTROL 
Specific treatment for Anoplocephala infection is 
rarely called lor but a numher 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 cffcctive 
anthelmintic beIore the animals enter ncw grazing 
may hclp to control Anoplocephala infections in areas 
wherc problems have arisen. 

Parunoplocephalu mamillana is a non-pathogenic 
small tapeworm, 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 lile cycle is similar to that 
of Anoplocephalu. 

unnrorm 
This eenus of cestodes is common in ruminants and <, 

resembles, in most respects. Anuplocuphala of the 
horse. 

Hosts: 
Ruminants 

Intermediate hosts: 
Forage mites, mainly of the family Oribatidae. 

Site: 
Adults in small intestine; cysticercoids in miles. 

Species: 
Mor~ieziu uxpunJa sheep, goats, occasionally cattle 
M. benedeni chiefly cattle. 

Distribution: 
Worldwide. The only tapeworms of ruminants in west- 
ern Europe. 

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 sets 
of genital organs grossly visible along the lateral 
margin of each segment. M. cxpunsu is up to 1.5cm 
widc whereas M. benedcrli may be up to 2.5cm 
wide. Microscopically thcrc is a row of inter- 
proglottidal glands at the posterior border of each 
segment which may bc used in species differentiation 
(Fie. 100); in M. exuansa they extend alona the full 
hreadth ;I the segment, whereas in M, bengdeni they 
are conlined to a ~ h o r t  row close to the middle of the 
segment. 

Fig. 99 Unarmed head of Moniezia. 

The irregularly triangular eggs have a well defined 
pyriform apparatus and vary from 55 to 75pm in diam- 
eter. 

LIFE CYCLE 
'This is similar to Anoplocephola. Mature proglottids 
or eggs are passed in the faeces and on pasture the 
onchosphcrcs are ingested by forage mitcs. 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 mitcs 
during grazing. The prepatent period is approximalely 
six weeks, but the adult worms appear to he short 
lived, patent infections persisting tor only three 
monlhs. 

PATHOGENESIS 
Although generally regarded as of littlc pathogenic 
significance there are a numher of reports, especially 
from eastern Europe and New Zealand, of heavy in- 
lections causing unthriftincss, diarrhoea and even in- 
testinal ohstruction. However. Monieziu infections arc 
so obvious, both in life, because of the presence of 
proglottids in the faeces, and at necropsy, that other 
causes ol ill health may be overlooked. It is interesting 



Plate VI 
(a) Cvslrcercus bows in skeletal muscle 

(e) ~ b u s e  lver nfected wlth Cyslicercus tasciolaw 
(1) Secton of sheep v e r  showng hydat~d cyst 
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Fig. 100 Segments of (a) Moniezia expansa: (b) Moniezia 
benedeni. Note different distribution of inferproglonidal glands. 

that experimental studies have failed to demonstrate 
substantial clinical effects cvcn with fairly heavy worm 
burdens. 

CLINICAL S I G N S  

While a great variety of clinical signs including 
unthriftiness, diarrhoea, respiratory signs and cvcn 
convulsions have been attributed to Moniezia, infec- 
tion is generally symptomless. Subclinical effects re- 
main to he 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 
Monirria infection can apparently be related to active 

i periods of the forage mite vectors during the summer ' in temperate arcas. The cysticercoids can overwinter 
in the mites. 

DIAGNOSIS 
This is based largely on the presence of mature 
proglottids in the facccs. 

TREATMENT AND CONTROL 
In many countries a variety of drugs ~ncluding 
niclosamide, praziquantel, hunamidine 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 infcction. 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. 

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; rarely man 

Intermediate hosts: 
Fleas (Cfenocephalides cani.7, C felis and Pulex 
irritans) and lice (Trichodectes canis). 

Site: 
Small intestine; cysticercoid in Bcas and lice. 

Species: 
Ilipylidium raninum. 

Distribution: 
Worldwide. 

Dipylidirrm is a much shorter tapeworm than Taenia, 
the maximum length being about 50cm. The scolex 
has a protmsible rostellum which is armed with four or 
fivc 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 C Y C L E  

The newly passed segments are active, and can crawl 
about on the tail region of the animal. The 
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Flg. 101 Dipyiidiurn caninurn. (a) Head showing rastellurn armed 
wlth several rows of hooks: (b) Mature segment with genital pore on 
each margn. 

onchospheres are contained in egg packets or capsules 
(Fig. 102), each with about 20 eggs, and these are 
either expelled by the active segment or released by its 
disintegration. 

After ingestion by the intermediate host, the 
onchospheres travel to the abdominal cavity where 
they develop into cysticercoids. All stages of thc 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 therelore enjoys a warm habitat, takes 
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 tu 
patency, when the first gravid segments are shed, takes 
about three weeks. 

PATHOGENESIS AND CLINICAL SIGNS 
The adult i s  nun-pathogenic and several hundreds can 
be toleratcd without clinical effect. They shed seg- 

Fig. 102 Egg packet of Dipyfidium caninurn (1 Z&200prn). 
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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 infcctcd dogs form thc habit of rubbing 
the anus along the floor, bul impacted anal glands are 
a more common cause of this behaviour. 

EPIDEMIOLOGY 
Dipylidiunr infection is very common and, being de- 
pcndcnt on thc continuous prcscncc of cctoparaaitcs 
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 
uf a scgmcnt on the coat around thc pcrincum. If 
the segment is freshly passed, preliminary identifica- 
tion may be made on the elongate shape, and the 
douhle genital organs which may be seen with a hand 
lens. If it is dried and distorted it will be necessary 
to brcak it up with mounted nccdlcs in water, whcrc 
thc egg packets arc easily seen undcr thc micro- 
scooe. thus differentiatine lhe seement from that of 

in length. Each segment is wider posteriorly, giving the 
margin of the tapeworm a 'saw-edge' appearance. The 
cysticercoid is found in the house-fly, Musca 
domesrica, and in bcctlcs. Like Amoebotaenia, it is nol 
normally pathogenic. 

Mainly parasites of birds. Thcsc tapeworms usually 
havc rows of hooks on both rostcllum and suckers. 
The intermediate stage is a cysticercoid. 

This gcnus contains Davainea proglottina, the most 
pathogenic ccstodc of poultry. 

Hosts: 
Domestic fowl and pigeon. 

Intermediate hosts: 
Slugs and land snails. 

Site: 
Adults in small intestine; cysticercoids in slugs and 
snails. 

?bkia spp. which contiins o n 6  numerous single 
onchospheres. Speaes: 

Davainea progloffina. 

TREATMENT AND CONTROL 
In Dipylidilrm infection, treatment and control must 
be instiluted together, lor il is clearly o l  no value to 
eliminate the adult tapeworm while leaving a reservoir 
in the 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 thc animal's bedding and cuslom- 
ary resting places should receive altenlion 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. 

Distribution: 
Worldwide. 

D. proglottina is a small ceslode up to 4.0mm long, and 
unlike Amoebutuefzia, possesses only 6 9  segments 
(Fig. 103). Both the rostellum and suckers bear hooks. 

PATHOGENESIS AND CONTROL 
This is the most pathogenic o[ lhe poultry cestodes. 
the doubly armed scolex penetrating deeply between 
the duodenal villi. Heavy infections may cause 

has up to 20 proglottids and is roug'hly triangular butynorate and the destruction of slugs and snails 
shape. The intermediate stage, a cysticercoid, is found when possible. 
in earthworms. ~~~ ~ 

11 I, not ng!rmall\ 1~~tIio+!cni: unl..>\ pr<xnI I I I  \ ? r )  
I h r y  numh:r\. 

The nLnl:rou\ \I>c:I;> ,)i t h ~ r  gcnLs arc found in thr. 
\ni:nll inlc,>lllic J I  ihc lr,ul . ~ n t l  I~~rkc! :II~,I llie 

Choanotaenia infundiblclum, a relatively large tape- cies, in ants or beetles. 
worm of the small intestine of the fowl, is up to 20.0cm Perhaps the most important species is Raillietina 
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Flg. 103 Davainenea proglotlina is less than 4mm long and pos~ 
SeSSeS only +9 segments. 

cchinobuthriila 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 hcavy 
infections, the embedded scoliccs of this parasite pro- 
duce larec cascous nodules in the wall of the small - 
intcsline. 

Control d e ~ e n d s  on anthelmintic treatment as for 
Duvuinelr an& the destruction of the intermediate 
hosts with insecticides. 

Of minor veterinary importance. Members of this 
family, which has a characteristically slender strobila, 
infect birds, man and rodents. The intermcdialc hosl is 
a cysticercoid. 

Hymenolepis nana is of peripheral veterinary im- 
portance in that it is a common tapeworm of man and 
of laboratory and wild rodents. It is of interest in that 
the life cycle can he direct, the cysticcrcoids develop- 
ing in the villi of the small intestine of the final host 

and then emerging to develop to the adult tapeworm, 
about 30.0mm long, in the inte~tinal lumen. Othcr- 
wise flour beetles or flea7 can serve as lntcrmed~ate 
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. 

Also of minor veterinary importance, these ccstodcs 
of carnivorous animals and birds havc lwo 
metacestode stages. The first is a cysticcrcoid in an 
insect or mite, and the second a solid larval form, a 
tetrathyridium, in a vertebrate. 

The adult cestodes are found in the small intestine of 
dogs, cats and wild carnivores in parts of Europe. Asia, 
Africa and North America. Thcy are up to 40cm in 
length, each segment 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 lctralhyridium 
in the neritoneal or ~ lcn ra l  cavitv o l  a wide variety of 
vertcbratcs. 

Their vetrrinarv interest lies in the fact that the doe 
or cat as well as being definitive hosts may also har: 
hour tetrathyridia in their peritoneal cavity. These 
tetrathyridia, each l.0cm or longer, havc the capacity 
to multiply asexually and the resulting massive intec- 
tions may produce severe ascites. 

Closely related to the Anoploccphalidae, this family 
contains three tapeworms oI veterinary importance. 

-- 

Stile.via hepatica is extremely common in shecp and 
other ruminants in Africa and Asia. Large numbers of 
thcsc tapcwurms arc ollen Iound 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 pyrilorm apparatus and the in- 
tcrmcdiatc host is probably an oribatid mite. 

S. globipunctarrr, another species, occurs in the small 
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intestine of ruminants in southern Europe as well as on gross inspection exccpt thal the segmentation is so 
Africa and Asia. poorly marked that it appears somewhat ribhon-like. 

Trcatmcnt is rarely called for, hut praziquantel has Of ncgligihlc pathogenicity, the intermediate hosts 
proved effective. arc thought to he orihatid mites or psocid lice. 

Treatment is as for 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 thc bile distinct features. First, the scolex has no suckers and 
ducts of sheep and other ruminants and its significance instead has two longitudinal grooves or bothria (Fig. 
is largely conccrncd with liver condemnation at meat 104) which become flattened to form organs of attach- 
inspection. However its geographic distribution is dif- ment. Secondly, the egg shell is thick, brown and 
fcrcnl from Slilusia heing confined to North and South opcrculate, and the coracidium which emerges after 
America. The intermediate hosts are thought to be hatching is an onchosphere with an embryophorc 
uribatid mites or psocid lice (hark-lice). which is ciliated for niobility in water. 

Niclosamide has been shown to be cffcclivc. The psendophyllidean life cycle utilizes two inter- 
mediate hosts. The coracidium must first he ingested 
by a crustacean in whose body cavity a larval 
procercoid develops. Subsequently, if the crustacean is 
calcn by a freshwater fish the procercoid is liberated, 

Avitellinu cunlripr~ncluta is found in the small intestine and in the muscles of the new host develops into a 
uf sheep and other ruminants in southern Europ?, larval stage, a plerocercoid, which posscsscs 
Africa and Asia. This tapeworm resembles Moniezlu the characteristic scolex: it  is only this which is 

infective to the final host. 
This order contains only two genera of veterinary 

importancc, Diphyllobothrircm and Spirometra. - 
Lli{~hyllobofhrium latum is an important ccstodc para- 
site of the small intcstinc 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 
(,)clops, followed by a freshwater tish. 

IDENTlFlCATlON 

A very long tapeworm up to 20m in length. The scolex 
is unarmed with two muscular longitudinal grooves or 
hothria as organs of attachment. The mature and 
gravid segments are square-shaped with a central 
genital pore (Fig. 105). 

LIFE CYCLE 

Eggs are continuously discharged from t h e  genital 
pores of the attached gravid segments of the slrobila 

I Fig. 104 Head of D;phyllobothriurn laturn. and pass to the exterior in the faeces. They rcscmhle F. 
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Fig. 105 Segment of Diphyllobofhriurn lafum showing square 
shape and central genital pore. 

PATHOGENESIS AND CLINICAL SIGNS 

In man the tapeworm sometimes causcs a macrocytic 
anaemia, resembling pernicious anaemia, due to its 
uptake of vitamin B,, from the intestine. 

EPIDEMIOLOGY 
D. laium is essentially a parasite of man since in other 
hosts the cestode produces few fertile eggs. The epide- 
miology is therefore largely ccntred around two fac- 
tors, thc access of human sewage to freshwater lakcs 
and the ingestion of uncooked fish. Domestic animals 
such as dogs or pigs become infected by eating raw fish 
or fish offal. 

DIAGNOSIS 
This depends on the detcction of the charactcrialic 
cggs in the faeces. 

TREATMENT 
Praziquantel and niclosamidc are effective against the 
adult tapeworm. 

CONTROL 
In areas whcre infection is common, domestic animals 
should not be fed fish products unless these havc been 
thoroughly cooked or~dccp-lrozen 

hepulica eggs bcing yellow and opcrculate, but are 
approximately half the size. 

The eggs must develop in watcr and within a fcw 
weeks each hatches to libcrale a motile ciliated 
coracidium which, if ingested by a copepod, develops 
into the first parasitic larval stage, a procercoid. When 
the copepod is ingested hy a frcshwater fish such as 
pike, trout or perch, the proccrcoid migrates to the 
muscles or viscera to form thc second larval stage, the 
pleroccrcoid; this solid larval metacestode is about 
5.0mm long and posscsses the characteristic scolex. 
The life cycle is completed when thc inlected fish is 
eaten raw, or insufficiently cooked, by the final host. 
Development to patency is rapid, occurring within 
four wccks of ingestion of the plerocercoid. However, 
if the inlected fish is catcn by a larger fish, the 
plerocercoid has the ability to establish itself in its new 
host. 

Adult Spirontelra are found in dogs, cats and wild 
carnivores in North and South America, Australia and 
thc Far East. The morphology and life cycle of these 
tapeworms is similar to that of D. larrml, the 
procercoids being found in crustaceans and the 
plerocercoids in a wide varicty 01 hosts including 
amphibia, birds and mammals. 

Occasionally, man may become infectcd with 
plcrocercoids either through drinking water contain- 
ing procercoid-infccted crustacea or from eating 
a plerocercoid-inlected host such as a pig. 'This 
zoonosis, known as sparganosis (Sparganum was 
the old name for these plerocercoids), is characterircd 
by the presence of larvae up to 35mm long in 
Lhe muscles and subcutaneous tissues, particularly 
the periorhital area. causing oedema and intlamma- 
tion. 
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Veterinary entomology, in its literal sense, means a 
sludy of insccts of veterinary importance. This term, 
however, is commonly used lo dcbcribe the wider 
study of all arthropods parasitic on animals, including 
arachnids such as ticks and mites. 

Phylum AJtTHROPODA 
The phylum Arthropoda contains over 80% of all 
known animal species and consists of invcrlcbrates 
whose major characteristics are a hard chitinous 
exoskeleton, a segmented hody 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 pleurons connected by small flexible pieces of 
chitin which function as joints. 

There is great diversity in the morphology of 
the alimentary canal, but generally it can he divided 
into three regions, namely, the fore., mid- and 
hind-gut. 

The fore-gut begins with the frequently complex 
andvaried 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 croo. whilc the muscular . . 
proventriculus or gizzard acts as a valve, to prevent 
repureitation, and mav have 'teeth' to aid the disinte- 
gration of food prticies. 

The mid-put stores food and secretes enzymes nec- 
essary for digestion. Opening into the a~ imknta r~  ca- 
nal at the junction of thc mid- and hind-put are a 
variable number of excrelory tubulcs termed 
malpighian tubules. These act as filters, extracting 
waste products from the hlood which are subsequently 
dhcharged into the gut. 

The hind-eut consists of an anterior ileum and a 
dilated rectum posteriorly, the latter often having pa- 
~ i l l a e  or elands involved in the rcabsomtion of water 
from theiaeces. 

The body cavity or coelom (the space between the 
gut 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 continuouslv 
circulated by a dorsally situated, primitive, tubular 
heart. Blood enters through openings in the heart wall, 
called uutia. and is exoelled throueh short vessels into 
the haemocoele. 

u 

Resoiration in arthrooods is simnle. oxvzen reach- . . ," 
ing the tissues by direct gaseous diffusion. Small circu- 
lar ooenines in the exoskeleton called suiracles allow 
air into thebody. This then enters a syst;m 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 



and oviducts leading into a 'uterus', sometimes re- 
ferred to as the common oviduct, and, posteriorly, thc 
vagina. An important accessory organ opening into 

domen the common oviduct is the spermatheca which consists 
of scvcral 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 lemale's life. Most arthropods are 
oviparous. 

\ gland ~ i b g u t  

Mouthparts 

Flg. 106 Some general features of an aflhropad. 

tracheoles, tracheac and spiracles. The tracheal sys- 
tem in somc arthropods is also involved in regulation 
of water loss. Direct cuticular respiration also occurs 
in some aquatic arthropods. 

The nervous system consists of a ventrally situated 
ganglionated nerve cord which connects in the head 
region with a largc supraoesophageal ganglion oftcn 
called the 'brain'. Associated with the nervous system 
arc the sensory organs, including thc eyes and various 
tactile and auditory organs. In some arthropods eyes 
are absent or reduced, as in the ticks and lice, whereas 
in others such as somc blood-sucking flies, whose sight 
is important in locating their hosts, the eyes are well 
developed. Often two types of eyes co-exist in the 
samc animal. The most complex is thc compound eye 
which is particularly adaptcd for the perception of 
movement: in the female of some species the eyes are 
distinctly separated (dichoptic) while in the males thcy 
may be very closc together (holnptic). Simple eyes or 
ncelli are also frequently present on the top of the 
head, and although their function is not well under- 
stood, they can apparently diffcrcntiate 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 same arthropods also depends 
on the displacement of hairs situated on the body 
surface. 

In the arthropods thc scxcs are separate. The exter- 
nal genital Sructures, such as the penis and paired 
claspers of the male, can he of taxonomic value in 
identification at the species level. Internally the male 
reproductive organs consist of a pair of tcstes, each 
with a vas deferens which is expanded distally to form 
a common or naired seminal vcsiclc which stores the 

CLASSIFICATION 
There are two maior classes of arthropods of 
veterinary importance, namely the lnsccta and 
Arachnida, and the important orders in thcsc classes 
are shown in Table 3. 

The two major classes can be diffcrcntiated by the 
following general charactcristics; 

Inseeta: These have three pairs of lcgs, 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 
body is divided into a cephalo-thorax and abdomen, 
and therc arc no antennae. 

Class INSECTA 

GENERAL MORPHOLOGY AND LIFE CYCLE 
The head of an inscct eenerallv comnrises six fused 
\cgmcnk \ r~ lh  ,$ snglc p.tlr ilf anrr.~in:~r. Thr.r: I5 gr;d 
\arldllon 111 ihr .  \ I r L C I U I C  ni  rhc mg~uthparls. d ; p u n ~ -  

Labrum Food channel 
I / Mandibles 

spermatozoa. The cxtcrnal genital apparatus of the 1 Lablum 

female is usually inconspicuous although a few species Salivary duct 

may have well developed ovipositors. Internally the 
female reproductive system comprises palred ovaries Flg. 107 Basic elements of #"sect mouthparts. 
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Table 3 Classification of the Arthropoda. 

CLASS: lnsecta Arachnlda Others 

! 
(e.g Crustacea, 
Pentastomida) 

I 
I I I I 

ORDER: Diptera Phthiraptera Siphonaptera Others Acarina 
(flies) (lice) (fleas) I 

(miteshicks) 

(e.g. Hemiptera 
-bed bugs) 

ing on [ceding 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 thc facc 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 ariscs from the floor of 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 scgmcnts in the thorax (pro-, meso- 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 
second bcing rcduccd to small knob-like sensory 
structures. called halteres, which a ~ ~ a r e n t l v  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 bcing known as cells. The ar- 
rangement of the veins and the shape of the cells are 
important in identification. 

Thc abdomen of insects consists of up to I1 
segments with terminal modifications to form the 
genitalia. 

In insects the sexes are separate and aftcr fcrtiliza- 
tion either eggs or larvae arc produced. Development 
oftcn involves three or more larval stages followed by 
the Ionnation of a pupa and a marked transformation 

Fig. 108 General features of a dipteran fly. 

or metamorphosis to the adult stage as in all the flies 
and fleas, i.e. a hnlometabolous 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, a hemimetaholous life cycle (Fig. 
110). The different stages in the life cycle are known as 
instars. 

Order DIPTERA 
This order of insects contains all of the flies of veteri- 
nary importance. These are generally characterized by 
havine a sinele nair of membranous wines and a  air - ,  " 
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 diseasc. 

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 
w / 
m Larvae 

Fig. 109 A holometabolous life cycle characterized by metamor- 
phosis is typical of many flies. 

Fig. 110 A hemimetabolous lifecycle in which there is no metamor- 
phosis 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 

aquatic larvae and pupae: both of these stages have 
recognizable heads and arc mobilc. 

Suborder BRACHYCERA 
These are large flies with stout antennae often consist- 
ing of only three segments (Fig. I l l ) ,  the last scgmcnt 
frequently bearing annulations. Thc 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 shallow water, de- 
velop into large carnivorous larvae with ill defined but 
usually rctractilc heads. Like the Nematocera, both 
larvae and pupae are mobile and aquatic, and are 
usually found in mud. 

Suborder CYCLORRHAPHA 
These are small to medium sized flies with short, 
thrcc-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 fccd on animals, bul 
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 

4, Nematocera 

Cyclorrhapha 

Flg. 111 The three subarders of the Diptera each possess charac- 
teristic antennae. 



Vererinary Entomology 145 

Table 4 Classification of the Diptera. 

Diptera 
I 
I 

I I I 
Nematocera Brachycera Cyclorrhapha 

I 
Tabanidae 

(Horse flies) 

Ceratopogonidae Simuliidae Psychodidae Culicidae Muscidae Calliphoridae Hippoboscidae Oestridae 
(midges) (blackflies) (sandflies) (mosquitoes) (house & (blowflies) (forest flies (bot-flies) 

stable flies) & keds) 

Suborder NEMATOCERA 

This family consists of very small flies which are com- 
monly known as biting midges. The ternales fccd on 
man and animals and are known to transmit various 
viruses, protozoa and helminths. The only important 
gcnus from a veterinary standpoint is Culicoides. 

\L,/ Brachycera 
Hosts: 
All domestic animals and man. 

Species: 
Therc arc ovcr 800 species of Culicoide.~, commonly 
known as midges. 

Distrihutinn: 
Worldwide. 

..-. . Cyciorrhapha MORPHOLOGY 

Fig. 112 Variations in wing venation found in thethree subordersof 
Me Diptera. 

mature larva pupates on the ground within a hard 
; pupal case or puparium, which is completely immo- 

bile. When the young Hy is ready to emerge, it does so 
by inflating a membranous bladder called the ptilinal 
sacsituated on the front of the head which then pushcs 
off a circular piece of the anterior end of the 
puparium. 

These Hies are 1.5-5.0mm 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 piercing proboscis consists of a sharp 
labrum, two maxillae, two mandibles, a hypopharynx 
and a Heshy labium which does not enter the skin 
during feeding by the adult female. In the male, the 
long antennae are feathery or plumose whereas 
those of the female possess only short hairs, and are 
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known as pilosc antennae. Microscopic hairs cover the 
wings. 

LIFE CYCLE 
The eggs, which are brown or black, are cylindrical or 
hanana-shaped and 0.51nm in length; thcsc are laid in 
damp marshy ground or in decaying vegetable matter 
near water. Hatching occurs in 2-9 days depending on 
the species and temperature, but temperate species 
may overwinter as eggs. There are four larval stages 
and these arc characterized by having small dark 
heads, segmented bodies and terminal anal gills. They 
have a serpentine swimming action in water and feed 
on decayillg vegetation. ~ a r v a l  development is com- 
plete in warm countries 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 lone. are found at the surface or cdecs oI water 

L,, *, 
and are characterized by a pair of respiratory trumpets 
on the ceohalothorax and a oair of terminal horns 
which enable thc pupa to move. Adult Ries emergc 
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 he a serious source of annoyance. In addition they 
may transmit virus diseases such as bluctongue and 
African horse sickness as well as filarioid nematodes 
such as Dipetulonen~u spp., Or~chocercu retkul111a and 
0. 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'. 

FIB. 113 A Severe case of 'sweet itch' in a pony. 

'l'his affects mainly the withers and base of the tail and 
has been shown to be due to an immediate-type 
hypersensitivity reaction to the bites of the flicb. 

CONTROL 

This is dillicult because of the usually extensive breed- 
ing habitat and depends on the destruction of breeding 
sites by drainage or spraying with insecticides since the 
adults ~iornially fly only a few hundred metres. How- 
ever, wind dispersion of these small flies may he par- 
ticularly important in the spread of some virus 
diseases. Repellents or screens may be used, but the 
latter have to he so fine that they may reduce air flow 
and, instead, impregnation with insecticides of screens 
designed to excludc larger flies has been recom- 
mended. For 'sweet itch', antihistamine treatment 
may give immediate relief and the regular application 
of synthetic pyrethroid dressings may help prevent 
recurrence of the condition. It is also recommended 
that animals are housed when fly activity is maximal. 
usually in late aftcrnoon and early morning. 

Of the 12 genera belonging to this family of small flies. 
Simuliurn is the most important. Commonly referred 
to as 'blackflics' or 'buffalo enats' thev have a wide ~ - - ~ ~  ~ u 

host range, Ceeding on a great variety of mammals and 
birds and causing annoyance due to thcir painIul bites. 
In man however, they are most important as vectors of 
Unrhocurca volvulus. the filarioid nematode whlch 
causes 'river blindness' in Africa and Central and 
South Amcnca. 

Hosts: 
All domestic animals and man 

Species: 
Numerous and often divided into sub-species. 

Distributiun: 
Worldwide except New Zealand, Hawaii and some 
minor island groups. 

MORPHOLOGY 
As thcir common names indicate these flies arc usually 
black with a humoed thorax (Fie. 114). Thc adults are . - 
1.5-1.11111111 1~~11$, rclilti\,il\ *It~ul-hoJ.r~d, wllh c,el.>ur- 
Iect ainc. a h ~ c h  s h m  ind~sl~n..l \ .u~~.~t ion and .ire hclJ 
at rest Tikc the closed blades of a pair of scissors. 
Morphologically, adult male and female flies are 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 dictinctly separated (dichoptic) 
whereas in males the eyes are very close together 
(holuptic). 

Cumpared with othcr ncmatoccran flics, thc antcn- 
nae, although segmented, are relat~vcly 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 -~ -. ~ --- 

Eggs. 0.14.4mm long, are laid in sticky masses or 
several hundred on partially submerged stones or 
vegetation in flowing water (Fig. 114). Hatching takes 
only a few days in warm conditions, hut 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.LL13.0mm long, 
light-coloured and poorly segmented, being distin- 
guished hy a blackish head which hears a prominent 
pair uf fccding brushcs. Thc body is swollcn 
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 hv alternate use of the 

projecting from the cocoon. The pupal period is nor- 
mally 2-6 days and a characteristic feature of many 
spccics is that there is simultaneous mass emergence 
US the adult flies which gain thc surfacc of thc watcr 
and take night. 

PATHOGENIC SIGNIFICANCE 
Only the adult females suck blood and different spe- 
cies have different preferred feeding sites and times. 
Generally they feed on the legs, abdomen, head and 
ears, and most spccics arc particularly active during 
the morning and evening in cloudy warm weather. 
Although flies niay he active throughout the year 
there may he a large increase in their numbers in the 
tnlpics during the rainy season. Tn temperate and arc- 
tic rcgions the biting nuisance may he seasonal, since 
adults dic in thc autumn with new generations in 
spring and summer. In domestic animals, cspccially 
cattle, mass attack by these flies may be associated 
with an acute syndrome characterized by generalized 
petechial haemorrhages, particularly in areas of fine 
skin, Logcthcr with oedcma of the larynx and ahdomi- 
nal wall. The painful bitcs of swarms of Simuliurr~ 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 
thcsc Aics. Horses are often affected by the flies feed- 
ing insidc the cars and poultry may become anaemic 
from blood loss when attacked. 

Sinzulirrm spp. may transmit the viruses causing 
Eastern equine encephalitis and vesicular stomatitis, 
the avian protozoan Leucocyfo?oon and filarioid 
hclminths such as Onchocerca g~rmrrosa of cattle. 

CONTROL 
The most practical control method is the application 
of insecticides to brccding sitcs to kill larvae. This 
technique has been developed for the control o l  
Sirnuliurn species which are vectors of 'river blindness' 
in man in Africa, and entails the repeated application 
of organochlorinc or organophosphorus insecticides 
to selected water courscs at intervals throughout the 
year. The insecticide is then carricd downstream and 
kills larvae over long stretches of water. 

Alternatively, bush clearing will remove adult rest- 
ing sitcs and aerial application of insecticides may help 
in areas where breeding occurs in networks of small 
streams and wdtercourscs. In horses, insecticides or 
repellents may be applied topically and poultry can he 
provided with insecticidal dust baths. 

proleg and the posterior hodks. Larval maturation 
fakes several wccks to several months and in some - soecies larvae can overwinter. Mature larvae ouoate in : & 
;slipper-shaped brownish cocoon fixed to sibAerged The flies of this family are called the 'sandnies' and 1 
objects and the pupa has prominent respiratory gills Phlebotomuv is the only genus of any veterinary im- li 
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nortance. Since. in some areas of the world, the tern  ing in shaded arcas during the day. Since they are 

important as vectors of I.rishmania. 

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 
hy their hairy appearance, their large hlack eyes and 
long still-like legs. The wings, which, unlike those of 
othcr biting Hies, are lanceolate in outline, are also 
covered in hairs and are held erect over thc body at 
rest. 

As in many othcr ncmatoceran Hies the mouthparts 
are of short to medium length, hang downwards, and 
are a d a ~ t c d  for oiercing and sucking. The maxillary 

sites. 
There is some seasonality in activity, thc numbers of 

flies increasing during the rainy season in the tropics 
whereas they are only present during the summer 
months in temperate zones. Apart from their biting 
nuisance in localized areas, phlebotominc sandflies 
are important as the sole known vectors of Leishmania 
rropica and I.. donovani, which cause cutaneous and 
visceral leishmaniosis in man, dogs being important 
reservoir hosts in some regions. 

CONTROL 
There have been few serious attempts to control 
~hlcbotomine sandflies, probably due to the fact that 
icishmaniosis has meritdd insufficient attention as a 
disease and also hecause little is known in detail of the 
biology and ecology of thc developing stages of these 
flies. The adults are, however, susceptible to most in- 
secticides and where there have been spraying cam- 
paigns to control the mosquito vectors of malaria 
these have effectively controlled Phlehotomus. Man 
has protected himself from the bites of thcsc flies by 
using residual house-sprays, repellents and very fine 
mesh fly screens. 

LIFE CYCLE 
Up to 100 ovoid, 0.3-0.4mm long, hrown or hlack eggs 
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 thc 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 weathcr. The 
larvae, which resemble small caterpillars, scavcnge 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 
Hies overwinter as mature larvae. The major charac- 
teristics of the mature larvae, which are 4.0-6.0mm 
long, are a hlack head and a segmented greyish body 
covered in bristles. The adults emerge from pupation 
after 1-2 weeks. The whole lile cycle takes 30-100 
days, or even longer in cool weather. 

PATHOGENIC SIGNIFICANCE 

In common with many other small biting flies, only thc 
females suck blood. They prefer to feed at night, rest- 

- - - ~  ~ ~ ~ ~ u 

genus Culicoides) are the mosquitocs, small slender 
flies with long legs. Although their bites are a severe 
nuisancc to man and animals they are principally im- 
portant as vectors of malaria (Plasmodium spp.), 
filarial ncmalodes and viruses. Primarily because of 
their importance as vectors of human malaria there is 
a vast literature on their classification, bchaviour and 
control, hut 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 Anophele,?, 
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 
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(Fig. 115). The long narrow wings bear scales, which 
project as a fringe on the posterior margin, and arc 
held crossed flat over the ahdomen at rest. 

The mouthparts consist of a conspicuous, forward- 
projecting, elongated proboscis adapted for piercing 
and sucking. Individual elements comprise 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 tismes 
(Fig. 116). The labrum Corms the roof of the proboscis 
and all the elements, with the cxccption of the labium, 
cntcr the skin during feeding by the [cmales, forming 
a lube through which hlood is sucked. In the non- 
parasitic males lhc maxillae and mandibles are re- 

duced or absent. The maxillary palps of different spe- 
cies are variahle in length and morphology. Both sexes 
have long filamentous segmentcd antennae, pilose in 
Iemalcs and plumose in males. 

GENERAL LIFE CYCLE 
After a hlood meal the gravid fcmale lays up to 300 
eggs on the surface of water either singly or, in the 
casc of Culex, in groups forming cgg-rafts (Fig. 115). 
The eees are dark-colonred, eloneate or ovoid. and in 
the ge%s Anopheles, boat-shapei; and cannol survive 
desiccation. Hatching is tcmperature-dependent and 
occurs after several days to weeks, hut in some tem- 

Anopheles Culex 

Egg raft 

np. 115 The comparative life cycles of anopheline and culicine mosquitoes 
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perate species cggs may overwinter. All four larval 
instars are aquatic. There is a distinct hcad with one 
pair of antcnn.de, compound eyes and prominent 
mouth brushes, used in feeding on organic material. 
Most larvae take in air through a pair of spiracles on 
the oenultimate abdominal seement. but in Culex soo. . . 
these are situated at the end of a small tubc called the 
resoiratorv siohon (Fie. 115). Maturation of larvae can 

2 .  ~ ., , 
extend from one week to several months and several 
species ovcrwinter as larvae in tempcrate areas. Tar- 
val habitats vary tremendously and range from small 
temporary collections of water to extensive arcas such 
as marshes, but they are usually absent from large 
tracts of uninterrupted water, such as lakes, and from 
fast-Howing streams or rivers. 

All mosquito pupae are aquatic, motile and comma- 
shapcd with a distinct cephalothorax which hears a 
pair o l  respiratory trumpets (Fig. 115). 'I'he tegument 
of the cephalothorax is transparent and the cycs, legs 
and other structures of the developing adult are read- 
ilv visible. The taoering ahdominal segments have 
short hairs and ter i ina lh  there is a p i r f  oval, pad- 
dle-like extensions which enablc the ouoa to move UD 

and down in the water. Generally tie.pupal stagc ;s 

~abrurn' 

Fig. 116 Piercing and suck~ng mouthpans of a mosquito. 

short, being only a [ew days i n  the tropics and several 
weeks or longer in temperate regions, the adult 
emerging through a dorsal split in thc pupal tegument. 
Adults usually Hy only up to a fcw hundred lnetres 
from their breeding sites, but may be dispersed long 
distances hy winds. Although the life-span of adult 
flies is generally short some species can overwinter by 
hihernating. 

PATHOGENIC SIGNIFICANCE 
Most species of mosquitoes are nocturnal fecdcrs and 
may cause 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 
hcarlworm. Dirofilaria immitis. and one form of avian 
malaria caused by Plasmorlillm. Mosquitoes are also 
important in the transmission of the arbov~ruses 
(arthropod-borne) causing Eastcrn, Western and 
Venezuelan enceohalitis in horscs and other arbovirus 
discases of man and animals. 

The only known vectors of human malaria belong to 
the genus Anopheles while yellow fever is transmitted 
by Aedes spp. All three genera transmit the human 
filarial nematodes Wuchereria and Brugiu. 

CONTROL 
Measures. lareelv dcvelooed for the control of human 

u ,  

malaria, are directcd either against the developing lar- 
vae or adults. or against hoth simultaneouslv. . 

Thc various measures uscd against larvae include 
the removal or reduction of available breeding sitcs by 
drainage or other mcans which make these sites un- 
suitable for larval development. This is nut always 
yr.talcah1~. c'on<~rn~i.~l dr .~scep~ahlc and 1 1 1 ~  I C . ~ , I ~ I ~ -  

I I \  .>i thc\c n ~ r ~ l h v ~ l ~  111u;l a l a . ~ \ >  hc .issc,srcd lk~sa I \  
~:loloeical control has heen attcmoted bv. for exam. 

~~ 

ple, introducing predatory fish into marshy areas and 
rice fields, hut these methods are unsuitablc for those 
mosquito species breeding in small temporary collec- 
tions of water. The isolation and devclo~ment of mos- 
quito pathogens including micro-organisms, protozoa 
and nematodes is mainly experimental at present as 
arc genetic methods of control. 

Probably the most widely used measures against 
n~osquito 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 ta 
environmental pollution and may also accelerate the 
development of insecticide resistance, the only pcrma- 
nent solution is the destruction of breeding sites. Es- - 
sential water sources can he rendered unsuitable as 
breeding sites bv soreading inert volvstvrene heads ta 
cover thk surface of the water. 

. 
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MORPHOLOGY 
These are medium to large biting flies, up to 2.5cm in 
length, with wing spans of up to 6.5cm. Thcy are gen- 
erally dark colourcd, but may have various stripes or 
natchcs of colour on the abdomen or thorax and cven 
the large eyes, which are dichoptic in the female and 
holontic in the male. mdv be coloured. The coloration 
of thk wings is usefui in differentiating the three major 
genera. Thus Tabanus has clear or hrownisl~ wings, 
while thcre are oftcn dark bands across the wings in 
Chr.ysops: in contrast Haernatopota has mottled or 
speckled wings (Fig. 117). Also uscful in gencric dif- 
ferentiation are the characteristics of short, stout. 
three-segmented antennae which, unlike largc 
cyclorrhaphan flies, have no arista (Fig. 111). 

The mouthoarts. which arc adaoted for slashind -~ ~ ~, , u 

sponging, are short and strong and always point down- 
wards. Most nrominent is the stout labium which is 
grooved dorsally to takc the other mouthparts, collec- 
tively termed the hiting fascicle: the labium is also 
expanded terminally as paired large labella which 
carry tubes called pseudotracheae through which 
blood or fluid from wounds is aspirated (Fig. 118). 
The biting fascicle, which creates the wound, con- 
sists of six elements, the upper sharp labrum, the 

Labella with 
Mandibles " I Eaxiflae 

pseudotracheae 

Hypopharynx 

Fig. 118 Slashing and sponging mouthpans of afemale tabanid fly. 

hypopharynx with its salivary duct, paired rasp-like 
maxillae and paired broad pointed mandibles. Male 
flies have no maudihles and thercfore cannot feed on 
blood. 

LIFE CYCLE 
ACter a hlood meal the female lays batches of several 
hundred crcamy-white or greyish cigar-shaped eggs, 
1.LL2.5mm long, on the underside of vegetation or on 
stones, generally in muddy or marshy arcas. The eggs 
hatch in 1-2 weeks and the cylindrical, poorly differ- 
entiated larvae drop into the mud or water. The lar- 
vae. 1.04.0cm long, are recognized as tabanids hy 
their small black rctractable heads, the prominent 
raised rings around the segments, most of which hear 
pseudopods and a structure in the last segment, 
unique to tabanid larvae, known as Graber's organ, 
the function of which may be sensory. They are slug- 
gish and feed either by scavenging on decaying organic 
matter or by predation on small arthropods including 
other tabanid larvae. Optimally, larval dcveloprnent 
takes thrcc months, but if hibernation occurs, may 
extend fur up to three years. Mature larvae pupate 
partially buried in mud or soil and the adult fly 
emcrges after 1-3 weeks. The wholc life cycle takes a 
minimum of 4-5 months or longcr if larval develop- 
ment is prolonged. 

Populations of adull flies show seasonal fluctuations 
in both temperate and tropical areas. In temperate 
climates, 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 
Thcse powerful flies may disperse many kilometres 
Irom their breeding areas and arc most active during 
hot, sunny days. The adult females locate their prcy 
mainly by sight and their bites are decp and painful. 
They Ieed every 3-4 days causing a great deal of an- 
noyance, and hccause their feeding is often disturbed. 
arc efficient mechanical vectors of the organisms re- 
sponsihle for such discases as anthrax, pastcurellasis, 
trypanosomosis, anaplasrnosis and the human filarial 
disease, loaosis. 

It is difficult to assess the real signiticance of this 
group of flies, but there arc estimates of annual losses 
in the USA of approximately $40 million due to both 
nuisance effcct and discase transmission. 

CONTROL 
This poses a special problcm since breeding places are 
both diffuse and difficult to detect. For general fly 
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in 3-7 days under suitable conditions. These then CONTROL 
move to drier areas around the larval habitat and 
pupate in the final larval skin which contracts and Various types of screcns and electrocution grids for 

becomes rigid and dark brown, to form the 6,0mm buildings are available to reduce fly nuisance to hu- 

long harrel-shaped puparium or pupal case. The adult mans, hut the best methods of control are those aimcd 

fly emcrgcs after 3-26 days depending on tempera. at improving sanitation and reducing brecding places 
,..-- (source reduction). For examplc, in stables and farms. 
L U L L .  

Total development timc from egg to adult fly may 
therefore he as littlc as eight days at 3S°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 Aics overwinter as hi- 
L *:-- *A, . ! . -  

manure should he removcd & stacked in large heaps 
when the heat of fermcnlation will kill the developing 
stages of flies, as well as eggs and larvae of helminths. 
In addition, insecticides applied to the surface of ma- 
nure heaps may prove beneficial. 

A range of insecticides and proccdures are available 
for the control of adult houseflies. Aerosol soace v~runrrrrg auulm. 
sprays, residual insecticides applied to walls and ceil- 

PATHOGENIC SIGNIFICANCE 

Houseflics, as their name suggests, arc closely associ- 
ated with buildings inhabited by animals and man. 
They are not only a source olannoyauce, but may also 
mechanically transmit viruses, bacteria, helminths and 
protozoa due to their habit of visiting faecal and de- 
caying organic material; pathogens are eithcr carried 
on the hairs of the feet and hody or regurgitated as 
salivary vomit during subsequent feeding. A riumher 
of Mlrsca 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 Shipllu and other enteric bacteria. Eggs 
of various hclminths may he carried by flics which feed 
on facces and they also may act as intermediate hosts 
of a number of helminths such as Ilubronzrno spp. and 
Rnillietina spp. Dcpusition of ffahronerna larvae in 
wounds may give rise to skin lesions commonly 
termed 'summer sores' in horses. 

The 'face fly' M. a~rrurnnalis tends to Iced on secre- 
tions from the eyes. 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 pasture. 
The eggs of M. aulirmnalis are usually laid in bovine 
faeces and il conditions are suitable the resultant large 
fly populations can cause serious annoyance and so 
interfere with grazing. These flies are considered to he 
important in the transmission of infectious bovine 
keratoconjunctivitis ('pink eye' or New Forest dis- 
ease) due to Moruxellu bovis and they arc also inter- 
medjatc hosts of I'arajilaria hovicola and the eyeworm 
Thelaziu. In North America in rcccnt years, increases 
in the number of these flies has led to a high incidence 
of eye disorders such as conjunctivitis. 

There are a number of closely related genera of 
non-biting muscid flies, namely Ftrrrrria, Morellia 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 Musra spp. 

ings and insecticidc-impregnated cards and strips may 
reduce fly numbcrs indoors. Insecticides may also be 
incorporated in solid or liauid flv baits using attracl- - 
ants such as various sugary syrups or hydrolyzed yeast 
and animal proteins. 

Outdoors, insecticide impregnated ear tags, tail 
bands and haltcrs, mainly containing synthctic 
pyrethroids, together with pour-on, spot-on and spray 
preparations, arc widely used to reduce fly annoyance 
in cattlc and horses. 

Previously, ilisecticide dust b a g  ('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 bclween two posts at a height which allows 
cattlc to rub and thus apply the insecticide lo the skin. 

This genus of non-biting flies, which closely resembles 
Musca, contains one species of special veterinary im. 
portance, thc hcadfly llydrofaea irritans, which is re- 
sponsihlc 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 kcratoconjunctivitis. 

Hosts: 
Shecp, cattle and horse?. 

Species: 
Ifydr,~taea irritans. 

A numbcr of other Ilydroraea spp. may also be 
associalcd with fly-worry in livestock, for example IL 
alhipuncta which is found round the cycs of cattle. 

Distribution: 
Mainly northern Europe. 

MORPHOLOGY 
H. irrirans, not unlike Musca in size, is characterized 
by an olive-green abdomen and an orange yellow col- 
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pupae whereas in tropical climates breeding is con- 
tinuous throughoul the year. 

PATHOGENIC SIGNIFICANCE 
When feeding, the proboscis swings downwards and 
skin penetration is achieved by the rasping action of 
fine teeth on thc cnd of the labium (Fig. 120). This is 
painful and stable flies may he a serious pest of ani- 
mals and man. Approximately three minutcs is 
required for a blood meal and feeding is often inter- 

CONTROL 

Many of the control measures outlined for Musca are 
applicable to Sromoxys. Source reduction is important 
and potential breeding sites should he 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 S. 
calcitrans. 

trypanosomcs. S. caliitrans also acts as an intermedi- 
ate host of Nabrunema. 

Adull flies live for about one month and are abun- 
dant around farm buildings and stables in late summer 
and autumn in temperate areas. Thcy prefer strong 
sunlight and they bite mainly out of doors although 
they will follow animals inside to feed. Tn large num- 
bers these Hies are a great source of annoyancc to 
grazing cattle and in some areas there are estimates of 
milk and meat production losses of up to 20"/0. 

Several specics of this genus of blood-sucking muscid 
flies occur in various countries and may be a scrious 
nuisance on caltle. One species, the horn fly, is known 
as Haematobiu irritaru in the USA and somctimes as 
Lyperosiu irriiuns in Britain and parts of Europe. 

There is additional taxonomic confusion in that cer- 
tain other specics assigned to the genus Haematohia 
are somctimcs referred to under the gcnera 
Haemaroboscu and Siphona. For simplicity all of the 
biting muscid Hies other than Stomoxys and Glossina 
will be considered under Haematohia. 

Hosts: 

teeth 

Fig. 120 Piercing-sucking mouthpans of the stable fly 
mlcitrans in a downward feeding position. 

-- - 
Cattle and buffalo. 

Species: 
Haematohia (svn. Lvoerosial irriluns the horn flv ~, ,. 
H. exigua the buffaldfly 
H. (syn. Haematubobcu) ~limulans. 

Distribution: 
Horn flies occur in many parts of the world including 
Europe, the USA and Australia, whereas the buffalo 
Ry is restricted to the Far East and northern Australia, 
while H. stimlclans appears to bc dislributed mainly in 
Europe. 

MORPHOLOGY 
'The adults are up to 4.0mm long and are the smallest 
of the blood-sucking rnuscids (Plate VII). They are 
usually grey, often with several dark stripes on the 
thorax. Unlikc Musca the proboscis is held forwards 
and unlikc Stomoxys the palps are stout and as long 
as the proboscis. In contrast to other muscids 
Haematohia spp. generally remain on their hosts leav- 
ing only to Ry to another host or, in the case of fe- 
males, to lay eggs in freshly passed faeces. 

LIFE CYCLE 
Eggs, 1.lL1.5mm long, are laid in fresh faeces. These 
hatch quickly and larvae may be mature in as litlle as 

stomoxvs 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. Thc pupal 
~e r iod  is around 6 8  days and on emergence the adult 
flies seek and remain on their cattle or buffalo hosts. 

PATHOGENIC SIGNIFICANCE 
Horn flies may be found in thousands feeding along 
thc hack, sidcs and ventral abdomen of cattle. Their 
common name is dcrivcd from the fact that they tend 
to cluster around the horns or poll rcgion when not 
feeding. Large numbers cause intcnsc irritation and 
the skin wounds made in feeding may attract olher 
muscids and myiasis-producing flies. It is difticult to 
assess thc prccisc cconomic effect of these flies, hut 
their control on gra~ing cattle can rcsult in significant 
increases in production. The bulfalo fly and other 
Haemarobia spp. have a similar pathogenic cffcct. 

Although less important than many other muscid 
flies in disease transmission, species of Ilaematubiu 
transmit Srcphanofilaria, the skin filarinid of cattle. 

CONTROL 
Since Haematobia spp. spend much time on thcir 
hosts, control is easy compared to the control of other 
stock-visiting muscids. Insecticide-impregnated ear 
tags are beneficial in thc control of horn flies; alterna- 
tively, animals may be repeatedly treated with pour- 
on or spot-on insecticide preparations. 

This genus is considered here as a member of the 
family Muscidae, although in some classifications it is 
discussed as the sole memher of the family 
Glossinidac. 

hlcmbers of this group of biting flies are commonly 
termed tsetse flics. Thcy are distributed over 10 mil- 
linn square kilometres of Africa and arc cxtrcmely 
important as vectors of African trypanosomosis which 
is a scrious disease of domestic animals and man. 

Hosts: 
Various mammals, rcptilcs and birds 

Species: 
There are around 30 species and sub-species o[ the 
genus Glossina. Identification of individual species 
and suh-species is a malter lor thc spccialist. 

DISTRIBUTION 
These flies are contined to a belt of tropical Africa 
cxtending from the southern Sahara (Lat. 1SPN) in the 
north to Zimbabwe and Mozambique in the south 
(Lat. 2&3U0S). The species are rcstrictcd to various 
geographical areas according to habilat, thc three 
main groups, named after the commonest species in 

each group, beingfisca,palpalis and morsilans, found 
rcspcctivcly in forest, riverine and savannah areas. 
Thc last two groups, because of their presence in the 
major liverstock-rcaring areas, are the most important 
from a veterinary standpoint. 

MORPHOLOGY 
In general the adults arc narrow, yellow to dark brown 
flies. 6-15mm in lcngth, and have a long, rigid and 
forward projecting proboscis (Plate VII). When at 
rest, the wings are held over the abdomcn like acloscd 
pair of scissors. If in douht they are easily distin- 
guished from all other flies by the characteristic 
cleaver (hatchet) cell in thc wings (Fig. 121). 

There are no maxillac or mandibles in the 
mouthparts although thc proboscis is adapted for 
piercing and sucking, and likc Stomoxys, consists of a 
lower iJ-shaped labium with rasp-like labella termi- 
nally, an upper narrower sharp labrum and between 
these a loud channel cnntaining the slender 
hypopharynx which carries saliva and anticoagulant 
into the wound formed during feeding. Tsetse flies 
become infected with trypanosomcs during feeding 
and these then undergo multiplication within thc fly 
before they are infective for other hosts during subse- 
quent feeding. 

Fig. 121 (a) Mature larva of Glossin8 showing segmented appear- 
ance and palypneustic lobes: (b) Glossina wing showing Wpical 
'cleaver' cell. 
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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- 
l0mm long, third stage larva deposited by the adult 
takes approximately 10 days. At this stage the larva is 
creamy white, segmcntcd and posteriorly has a pair of 
prominent dark car-shaped protuberances known as 
polypncustic lobes (Fig. 121): these have a rcspiralory 
function similar to the posterior spiracles of other 
muscid larvae. After deposition Lhe larva wriggles into 
loose soil to a depth of a fcw centimetres and forms a 
rigid dark hrown, barrcl-shaped puparium. The pupal 
period is relatively long, taking 4-5 weeks, or more in 
cool weathcr. On emergence the female fly requires 
scvcral blood meals over a period of 16-20 days he- 
lore producing her first larva. 

Breeding generally continues throughout the year 
with peak fly numbcrs occurring at the end of the rainy 
season. The longcvily of adult flies in nature is vari- 
able, ranging from a few days to several months. 

PATHOGENIC SIGNIFICANCE 
Although the bites of tsetsc flics are very painful 
and cause marked irritation, thcir main significance is 
in the transmission of animal and human 
trypanosomosis. 

CONTROL 

In the past, campaigns against lsetse flies to control 
trypanosomosis hoth in humans and in animals de- 
pended mainly on largc scale killing of game animals 
which act as rcscrvoirs of trypanosome infection and 
as a source of blood for the flies. It was also common 
to clear large areas of hush in order to destroy the 
habitats of the adult flics. These methods were fairly 
successful, hut are now largely unacceptable on eco- 
logical and economic grounds. 

Currently, most anti-tsetse measures rely on the usc 
of insecticides applied from the ground or by aircraft. 

cdge of a tsetse belt where the fly population is already 
under stress because of relatively unfavourable cli- 
matic conditions. It is also essential that the area to be 
sprayed has economic potential and that agricultural 
development of the clcarcd area should proceed con- 
temporancously. 

Control with non-residual insecticides is expensive 
because of the necessity to repeat thc operation regu- 
larly and is justified only whcrc the area has great 
economic potential. 

Advocates of insecticidal spraying argue that, since 
Glossina is highly susceptible to the insecticides 
uscd, thc sophisticated and selective use of modem 
chemicals, usually on one occasion only, has no 
major and permanent effccts on lhe environment; in 
fact, the changes in land usc which should ensue from 
successful control arc much more significant in this 
respect. 

Populations or tsetse flies have heen reduccd or 
cradicated in localized areas by the usc of traps. These 
have the advantages of being chcap, can be used hy 
local labour and are harmlcss lo 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. 

This family together with the Sarcophagidac and the 
Oestridae contain the species responsible for the most 
important myiases of dumcstic animals and man. 

~ y i a s i s  is dcfincd as the infestation of living 
animals with thc larvae of dipteran flies. It may be 
facultative (optional), as in the calliphorids, or obliga. 
tory, as in the oestrids. It also may be cutancuus 
(e.g. Lucilia), nasal (e.g. Oertr~rs) or somatic (e.g. 
Hypoderma). 

A common tcrm for myiasis caused by members of 
the Calliphoridae is 'blowfly strike', the laying of eggs 
by the fly being termed the 'blow' and thc dcvelop- 
mcnl of the larvae (maggots) and the damagc they 
cause the 'strike'. 

When the obk t ive  is comdctc eradication of 
Glossinu, residual formulations ot insecticides are BLOWFLY MYIASl~ 
used. When the obieclive is merelv control of fly 
populations to rcduce the risk of trypanosomosis to Husts: 
man and animals, or periodically. to ensure that a fly- Mainly sheep, but any may be affected,l, 
free area remains so, non-residual insecticides may hc is important to note that only thc larvac are responsi- 
applicd aerially. ble for myiasis. 

Eradication is preferable hut, because of the inevi- 
table reinvasion of tsetse from surrounding untreated Distributiun: 
areas, is uncconomic unless the selected area is on the Worldwide. 
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MAJOR S P E C I E S  IN EUROPE 

Lucilia sericutu (greenbottlcs) 
Phormia terrue-novae (blackbottlcs) 
Cnlliphora erythrocephalu 
(: vomiroria (bluebottles). 

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 generations can develop hetween 
May and Septembcr. The final generation overwinters 
in thc soil, usually as pupae, to emerge in thc following 
spring. 

OTHER IMPORTANT SPECIES IN TROP'CS In warmer climates the number of generations per 
AND SUBTROPICS annum is greater and up lo nine or ten have been 

I.ucilia cuprina recorded in southern Africa and Australia. 

I,. cae.yar 
L, ilil~sfris EPIDEMIOLOGY 
Phormia r~gina  
Calliphora stygia 
C australi,y 
C fallux 
Chry.vomya albiccps 
C. chlorophygn 
C micrupog[m 
C rufifacies. 

MORPHOLOGY 

Adults: 
Blowflies measure up lo 1.0cm in length and on micro- 
scopic cxamination all show distinct dorsal briatles on 
Ihe thorax. Some genera such as the greenhottles are 
relativelv slender. while othcrs like the bluebottles alr  
stout. 

All are charactcrizcd by having a metallic hlue or 
green sheen on the body: thus Lucilia is greenish to 
bronzc, Phormiu is black with an overlying bluc-green 
shccn, while Lhlliphora is blue (Plate 1X) and 
Chrysomya hluish-grccn. Identilication of individual 
species can he madc according to local colour differ- 
ences mainly on the thorax and abdomen. 

Larvae: 
Must larvae are smooth, segmented and mcasure 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 spiraclcs on lhese 
platcs serves to differentiate the species. 

LIFE CYCLE 

The gravid fe~iiale blowfly laya clusters of yellowish- 
cream eggs on wounds, soiled fleece or dead animals, 
being attractcd by Lhe odour of the decomposing mat- 
ter. 

In tcmpcrate areas under summer conditions, thc 
eggs hatch into larvae in about 12 hours; thc larvae 
then feed, grow rapidly and moult twice Lo 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 femalc fly, 

The hlowflics which attack sheep fall into two main 
catcgorizs: 

(1) Primary flies, which arc capahle of initiating a 
strike on living shccp. These include Lucilia and 
Phormia spp. and some (blliphora spp. 

(2) Secondary flies which cannot initiate a strike, but 
attack an area already struck or otherwise dam- 
aged. They frequently cxlcnd the injury render- 
ing the strike one of grcal severity. Examples 
include many CaNiphoru spp. and in warmer cli- 
mates Chrysomya spp. 

There is some evidence that thc development of 
larvae of the secondary flics results in competition for 
food with larvac of primary flies. This hattle is usually 
won bv thc secondam larvae narticularlv in countries 
wherc'chrysomyo sip.  are prevalent as'larvac of Lhls 
ecnus are carnivorous and feed on thc larvae of the 
L, 

primary flies. 
In Australia a further Erouu ol  'tertiary' flies com- 

posed of thc Mr~scu group are  found mainly when thc 
lcsions of the 'struck' carcass are becoming dry. 

Thc epidemiology of cutaneous myiasis in sheep 
dcpcnds on factors which affect the prevalcncc of 
blowflies and those which affect host susccplibility. 
The three principal factors arc: 

( I )  Temperature. In tempcralc areas, the warmer 
tcmvcralures oI late sorine and summer stimu- . u 

lalc hibernating pupae to complete their devel- 
onment and the first wave of adult blowflies thcn 
appears. High ambient temperatures, providcd 
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 
"gs. 

(2 )  Rainfall. Persistent rain can create 'wool rot' 
which makes the fleece attractive to thc adult 
flies. 'The latter are not active during rainlall. 
but become so immediately the rain ceases, tak- 
ing advantage of thc flcccc conditions produced 
by thc rain. Breeds of sheep with long fine 
wool are particularly susceptible to wool or 
fleece rot. 
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(3) Host susceotibilitv. This is increased where CLINICAL SIGNS 1 
putrefactive odouis 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 
diarrhuca 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 soiline, bv urine or faeces and - .  
so attracts blowflies. In rams and wethers with a nar- 
row opening of the penile sheath the accumulation of 
urine 'favours strike-in this area. 

From a consideration of the above factors it is clear 
that in Eurooe the blowflv season occurs from the 
beginning of iune  until theend of September. In hill 
sheep, there occurs a first phase in June which affects 
the unshorn adults, the lamb flccce being insufficiently 
erown. Immediatelv lollowine shearine. there is little 
gr no strike, but second phase occurs in August1 
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 o[ fly generations is greater in 
warmer countries, the period of risk is more prolonged 
and is especially high in warm, moist weather. 

PATHOGENESIS 

Afier 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 sccrctc proteolylic enzymes which di- 
gest and liqucfy the tissucs. Sccondary blowflies are 
then attracted by the odour o l  the decomposing tissues 
and their larvae extend and deepen the lesion. The 
situation is often complicated by secondary bacterial 
infection. 

Thc irritation and distrcss caused by the lesion is 
cxtrcmcly 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 onlv on close examination. Where 
death occurs, it is often due to septicaemia. 

Strike mav be classified accordine to the area of ihc 
body alfected, i.e. breech, tail, bidy,  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 arc thc most common due to the conlormation 
o[ this breed and the wrinkled skin in the breech 
area which favours the accumulation of urine and 
faeces. 

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- 
nearance and a [oul odour. However. except for ad- 

thk maggot larvae 

DIAGNOSIS 
This is bascd on the clinical signs and recognition ol 
maggots in the lesion. 

TREATMENT 

Once the problem is diagnosed, all affected sheep 
should he separated and the area surrounding the le- 
sion clinned. where nossihle larvae removed. and the . . 
lesion drcsscd with a auitablc inaccticidc such as 
diazinon, cypcrmcthr~n or dcltamcthrin. 

CONTROL 
1.1115 Ihas heel1 hdsed larpr'l! on ilic pr,~phpl.~cr~c rrc;it 

mcnt oi \h-r.p u ~ l h  ~n~r,rtir.~rlr.\. Thr. prohlr.m> ~rs\oc~- 
atcd with this arc the relatively shoriperiod spent by 
the larvac on thc shccp, thc rcpcalcd inlestalions 
which occur ihroughout the season and the rapidity 
with which severe damage occurs. Any insecticide 
used must therefore not onlv kill the larvae. but oersist 
in the fleece. In this respect the chlorinated hydrocar- 
bon, dieldrin, provcd particularly clfeclive and gave 
protection lor at least 20 weeks. However this product 
has been withdrawn on safety grounds and replaced 
mainly by organophosphorous compounds and syn- 
thetic ovrethroids which have much shorter veriods of . . 
persistence. 

Application of these insecticides is madc by hand- 
spraying, plunge dipping or, more rarely in Europe, in 
a spray race or by jetting. In Europe the high preva- 
lence of body strike makes whole body protection 
necessary. In practice two annual treatments, usually 
in June and August should give protection for the 
whole of the fly season. 

An insect erowth rceulator. cvromazinc. eives oro- .. . 
tection for upto  two months after a single application. 
The drue is aoolied as a oour-on before an anticivated - .. 
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 muin 
and perineal area to prevent soiling, a techhque 
known as crutching. Burial or burning of carcasses, 
which otherwise offer an excellent alternative breed- 
ing place for h lodies ,  is also recommended. 
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In Australia where the Merino breed predominates, 
selective breeding of sheep with plain rather than 
wrinkled hreech areas has been tried but progress has 
been slow. An alternative has becn thc usc of Mulc's 
opcration 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 MYlASlS 
The namc scrcw-worm is given to thc larvae o l  certain 
species of (bchliumyiu (syn. Callilrogu) including C 
haminivorur and C. macellaria, and to that of a single 
species of Chry~orrryo, C hezziani, which cause 
myiasis in animals and occasionally man. 

These bluish-green flies have longitudinal stripes on 
the thorax and orange-brown cycs (Platc IX). They 
occur primarily in tropical arcas and lay their er rs  on 

larvae in sores, wounds or decomposing flesh; they 
primarily affect man and only occasionally animals. 
The larvac can causc grcat disfiguration. 

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, nun-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 Hypodernro, Oertrus and Gasrerophilu~ 
(the latter is currently often classified in a separate 
family, the Gasterophilidae). 

wollnds. the larval stages characteristicztllv feeding as 
~ ~~~.~ ~ ~ ~ 

a colony and penetrating the tissues creating a large 
and foul-smelling lesion. C hominivorox was such a 
problem in the southern USA that a mass eradication 
campaign using biological was The members of this genus are the 'warble flies' and 

This involved rclcasc of up to 1000 male flies, their economic importance is reflected in the national 

sterilized by irradiation, per square mile, Since the eradication schemes which have been undertaken in 

female fly mates only once, control proved very suc- 
cessful except where the flies, which are capable of 
flying up to 200 miles, migratcd from across thc Mcxi- 
can border. 

It used to bc thought that Chrysomya was confined 
tu thc Old World, Africa and Asia, while Cuchliomyiu 
was only present in the New World. However, in 1988, 
Cochlionlyia horninivornx was introduced into Libya 
apparently through imported infested livestock from 
Latin Amcrica. The potential threat Lo Alrica and 
Europe was contained and finally climinatcd in 1991 
by thc cncrgclic applicalion 01 lhe sterile male tech- 
nioue involving the release of millions of sterilized 

Hosts: 
Cattle; the larvae occur erratically in other animals 
including equines, sheep and, very rarely, man. 

Species: 
Hypodcrma bovis 
H. lineotrrm. 

Distribution: 
Northern hemisphere. However, l lypoderma is absent 
from extreme northern latitudes, including Scandina- 
via, and it has occasionally been found sparsely south 

. . 
scribcd from varhus South Amcrican countries since cattle. 
1975, possibly introduced by infested livestock which 
accompanied Portuguese speaking immigrants from 
Angola in [hat year. MORPHOLOGY 

Adults: 
TUMBU FLY MYlASlS H. hovis and H. lirreatunr resemble bees, but, being 

Diplera, have only one pair of wings; the abdomen is 
Larvae of C:ordylobia u n t h r o ~ o ~ h a ~ u .  the 'tunlhu fly', covered with yellow-orange hairs with a broad band of 
are responsible for myiasis in man and animals in s u h  black hairs around the middle (plate XI, 
Saharan Africa. The larvae develon under the skin 
and produce a painful ?welling with a small central Larvae: 
opening. 'l'he mature larvae are thick and somewhat barrel- 

shaped, tapering anteriorly: when mature they are 2.5- 

The Sarcophagidae or 'flesh flies' such as Surcophuga from the host, but rapibly turns to dark brown; ?he 
and Wohlfahrtiu are widely distributed, and lay their pupa is almost black. 
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LIFE CYCLE 
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November in Europe, and the moult to the second 

The adult flies are active only in warm weather, and in 
Europe the peak period is in June and July. The fc- 
males attach thcir eggs to hairs, H. hovis singly on the 
lower parts of the body and on the legs above the 
hocks, and H. lineotum in rows of six or more on 
individual hairs helow the hocks (Fig. 123). Below 
18°C there is no fly activity. 

'The first stage larvae, which are less than l.Omm 
long, hatch in a few days and crawl down thc hairs. 
penetratc the hair follicles and migrate towards the 
region of the diaphragm. Migration is aided by the use 
of paired ~nnuth hooks and the secretion of proteolytic 
enzvmes, and thc larvae feed as they travel to the 

stage occurs there. In February and March migration 
is resumed, and the L, arrive undcr the skin of the 
back where they moult to thc b. which can he pal- 
pated as distinct swellings ('warbles'). A cutaneous 
perforation is made by the L, and the larvac brealhe 
by applying their spiracles to the aperture. After about 
4-6 wceks in this site they emerge, H. linearum i n  
March-May, and H. hovi,~ in May-June, and fall to 
the ground where they pupatc under leaves and loose 
vegetation for about fivc weeks. 'The adults then 
emerge, copulate and the females lay their cggs and 
die, all within 1-2 weeks. Oviposition can take place as 
soon as 24 hours after emergcncc from the puparium. 

resting sites where they will spend the winler. I L  
linearum to thc suhmucosa of the oesophagus and I L  PATHOGENIC SIGNIFICANCE 
bovis to thc cpidural fat in the spinal canal. These sites By far the most important [eature of this genus is 
are reached in late autumn, usually afier the end of economic loss caused bv down.eradine and condem. 

nation or hides perfora<ed by larvae. 
In addition, however. the adult flies themselves are 

responsible for some loss. Whcn they approach ani- 
mals to lay their eggs thcir characteristic buzzing 
noise, which appears to be instantly recognizable, 
causes the animals to panic, or 'gad', sometimes injur- 
ing themselves on posts, barbed wire, and other obsta- 
cles. Dairy cows show reduccd milk yield, and beef 
animals have reduced weight gains as a resuIt of inter- 
rupted feeding. H. hovis is the most important in this 
respect, since it lays its cggs singly on the upper hody, 
pursuing animals for some distance and making rc- 
peated buzzing attacks. H. lin~alunl reachcs the ani- 
mals by a series of hops along thc ground and remains 

I/ on the lower limh for a time while it lays its row of 
Rows of spines eggs. so that the animal may be unaware of its pres- 

ence. In parks of the LISA lhjs speciesis appropriately 
Fig. 122 Hypoderma larva showing segmented appearance, shon termed the 'heel fly3, 
spines and posterior spiracles. The L, undcr the skin damage the adjacent flesh and 

this ncccssitates trimming from the carcass the green- 
ish, gelatinous tissue called 'butcher's jelly', also seen 
in the infested oesophageal submucosal tissues. 

Finally. if larvac o t H  bovis should die in the spinal 

k 
canal, the releasc o l  a highly toxic proteolysin which 
they contain may cause paraplegia, while the death uf 
H. linearrim larvae in the oesophageal wall may cause 
bloat through oesophageal stricture and faulty regur- 
gitation. Larval death in other regions may, in very 
rare cases, lcad to anaphylaxis in sensitized animals. 

CONTROL 
Hypoderma is susceptible to systemically active 
organophosphorus insecticides and to ivermectin. The 
organophosphorus preparations are applied as 'pour- 

(a) ons' to the backs of cattle and are ahsorhed systcmi- 
cally from there; ivermectin is given hy subcutaneous 

Fig. 123 Eggs of Hypoderma. (a) H. bowis: (b) H. lineafum. injection. In control schemes in Europe, a singlc an- 
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nual treatmcnt is usually recommended, preferably in 
Septcmbcr, October or November, before the larvae 
of H. hovis have reached the spinal canal, so that there 
is nu risk of spinal damage from disintegration of dead 
larvae. Treatment in the spring, when the larvac havc 
left their resting sites and arrivcd under the skin of the 
hack, though cl[cctive in control, is less desirahle since 
thc hidc has thcn 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 hacks of cattle. 

Hypnderrrla has a grcat capacity lor population re- 
generation, and hence any control measures must 
have total eradication as their ob,ject, 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 
compulsory treatment in the autumn, havc bccn un- 
dertaken on islands, thc 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 occasiun- 
ally encountered in animals imported into thc UK. 
Other areas which havc had successlul eradication, 
such as Dcnmark 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. hovis in 
cattle, using the spinal canal as its larval resting placc. 
The fly is most active in May and June,  but i t  is not 
recognized as a cause of 'gadding' in dccr. The mature 
larvae occur subcutaneously along the back, and the 
hide damagc is similar to that in cattle, with linear 
perforations. With the success of control measures 
against warbles in cattle, it is important to rcaliic that 
H. diana, though capahle 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 Ilypodern~a 
species uf 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 treatmcnt is by minor surgery or 

1 the topical application of insccticide. In some areas of 

/ the IJSA where horses are regularly infected, trials 

Entomology 163 

have shown that the annual use of pour-on systemic 
insecticides is an effective prophylactic mcasurc. 

SHEEP 
There have been a few reports of warhle infection in 
sheep in the United Kingdom, with H. diana as the 
likely species involved, but in thcsc inlcctions the lar- 
vae have ncvcr dcvclopcd lully, simply forming so- 
called 'blind warblcs'. without skin perforation. 

Larvae of this gcnus spcnd the parasitic period in the 
air passagcs of thc hosts and are commonly referred to 
as 'nasal bots'. 

Hosts: 
Sheep and goats. 

Species: 
Oesrrrrs ovis. 

Diutributiun: 
Worldwide. 

MORPHOLOGY 

Adults: 
Grcy Ries about 1.0 cm long, with small black spots on 
the abdomen and a covering of short brown hairs 
(Plate X). 

Larvae: 
Maturc larvae in the nasal passages are about 3.0 cm 
long, yellowish-white, tapering anteriorly with a 
prominent 'step' pmterjorly. 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 Oestrus ovis larva showing posterior 'step' and dorsal 
transverse bands on segments. 
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migrate through the nasal passages to the frontal si- they are generally considered of little pathogenic sig- 
nuses feeding on mucus whose secretion is stimulated nificance. 
by their movements. Thc first moult occurs in the nasal Hosts: 
passages, and the L2 crawl into the frontal sinuses Horses and donkeys, 
where the final moult to L, takes place. In the sinuses, 
thc larvac complete their growth and then migrate 
back to thc nostrils. Whcre nies are active throughout S P E C I E S  A N D  DISTRIBUTION 
thc ycar, 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 thcn complctc thcir de- 
velopment, thc L, cmcrging from the nostrils and pu- 

Major specien 
Garterophilrrs intestinalis 
C; nasalis I Worldwidc 
G. haen~orrlzoirlulis 
G pecorum Europe, Africa, Asia 

on the ground to give a further generation of Minnr species: 
adults. The females survive only two weeks. but during G.  inermi,~ N. Europe, N. Asia, N. 
this time each can deposit 500 larvae in the nasal pas- Africa and south to 
sages of sheep. Zululand 

G. nigricornis Spain, Middle East, 

P A  T H O G E N I C  S I G N I F I C A N C E  southern Russia, China 

Most infections are light, sheep showing nasal dis- 
charge. sneezing. and rubbing their noses on fixed MORPHOLOGY 
~~~~ ~ - ~ .  -, u 

obiects. In the rare heavier infections, there is 
unthriftiness and sheep may circle and show incoordi- 
nation, these signs being often tcrmcd 'falsc gid'. I1 a 
larva dies in thc sinuses there may he secondary bacte- 
rial invasion and cerebral involvement. 

The most imoortant effects, however, are due to the 
activity of the idult 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 thc ground. Thcre may he 
sevcral attacks cach day, so that feeding is interrupted 
and animals may fail to gain weight. 

Oeslrus 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 dcvclop. 

T R E A T M E N T  A N D  CONTROL 
Where the numhers of larvac arc small, it may not 
be economically worthwhilc to trcat. However, in 
heavy infections, nitroxynil, rafoxanide and iver- 
mectin arc highly effective as are the organ- 
ophosphates, trichlorfon and dichlorvos. 

Should a control scheme he necessary it has been 
suggested by South African workcrs that flock treat- 
ment should he given twicc 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. 

Adults: 
But flics arc robust dark flies 1-2 cm long (Plate X). 
The most common species. G. inrrsfinalis, has irregu- 
lar, dark, transverse-hands on the wings, hut species 
differentiation of adult flies is rarely ncccssary. 

Larvae: 
When mature and prcscnt in thc stomach or parsed 
in facccs thcsc arc cylindrical, 1620  mm long and 
reddish-orange with posterior spiracles, the morphol- 
ogy of which is different from those of Oestr~rs and 
Hypoderma larvae. Differentiation of maturc larvae 
of the various spccics can he made on the numbers 
and distribution of thc spincs prcscnt on various seg- 
ments. 

LIFE C Y C L E  

The lifc cyclcs of thc various species differ only 
slightly. In lcmpcrate areas adult flies are most active 
in late summer and in the case of the common hot fly, 
G. intestinalis, eggs are laid on the hairs of the fore legs 
and shoulders, whereas the throat hot fly, G.  nasal^, 
and the nose hot fly, G.  haenrorrhoidali.~, lay their eggs 
in the intermandibular arca and around thc lips re- 
spcctively. The eggs are easily seen being 1.M.Omm 
long and usually creamy white in colour; they either 
hatch 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 month or are transferred to the tongue during 

Memhers of this genus are commonly referred to as before passing via the pharynx and oesophagus to the 
'hot flies'. Their larvae, termed 'hots', spend most of stomach where they attach to the gastric epithelium. 
their time developing in the stomach of cquinca, but 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. intesiinal~~ fa- 
vour the cardiac region (Fig. 125) whereas the yellow 
G. nnsnli,~ larvae attach around the pylorus and some- 
times thc duodenum. Larvae remain and dcvclop 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 
G, hnenzorrhoidalis, the larvae reattach in the rectum 
for a few days hefore being passed out. Pupation takes 
place on thc ground and after 1-2 months thc adult 
flies emerge. These do not teed and live for only a few 
days or weeks during which time they mate and lay 
eggs. 'There is therefore only one generation of flies 
per year in temperate areas. 

PATHOGENIC SIGNIFICANCE 
Adult Hies are often a source of great annoyance when 
they approach horses to lay their eggs, especially those 
soecies which lav their eggs around the head. 

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 he 
infected with a few hots, hut 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 
he prcscnt as larvac in the stomach during thc winter 
since adult fly activity ceases with the advent ot  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 
hy mild conditions, additional treatments may he re- 
quired. The most widely used specific drugs include 
carbon disulphide and trichlorfon; thc broad spectrum 
insecticidelanthelmintics. dichlorvos and ivermectin 
are also very effective against hots. 
If. during the summer and autumn. eees are found 

The presence of l a rvaz i  the buccal cavity may lead on the coa<suhsequent infection can beuGevented by 
to stomatitis with ulceration of the tongue. hut this is vieorouslv sooneine with warm water containine an 
very rare. On attachment by thcir o r 2  hooks to thc 
stomach lining, larvae provoke an inHammatory reac- 
tion with the formation of funnel-shaped ulcers sur- 
rounded hy a rim of hyperplastic epithelium. These 
are commonly seen at postmortem examination of 
horses in arcas of high fly prevalence and although 
dramatic in appcarancc thcir true pathogenic signifi- 
cance remains ohscure. Larvae of C;, hnemorrhoidulis 
can cause irritation when they reattach in the rectum. 
Despite the lack of detail on the pathogenic effect of 
bots, treatment is usually rccommcnded as owners are 
conccrned whcn larvac appcar in the faeces. Treat- 

- , A  - -  - 
insecticide. The warmth stimulatcs hatching and the 
insecticide kills the newly-hatched larvae. 

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: 
Dermatobio hominis. 

Distribution: 
Latin America from Mexico to northern Argentina, 
and the island of Trinidad. 

MORPHOLOGY 
Adult: 
The fly resembles Culliphora, the abdomen having a 
bluish metallic sheen, hut there are only vestigial 
mouthparts covered hy a flap. 

Larvae: 
Mature larvae measure up to 2.5 cm long and arc 
somewhat oval. 

LIFE CYCLE 

n& 125 Gaslerophiius intestinaiis larvae anached to cardiac area Dermafobia is most common in forest and bush re- 
01 the stomach. gions, the lattcr known in many parts of south 
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America as thc 'monte'. The female has a sedentary 
habit, resting on leaves. and when oviposition is immi- 
nent she catches an insect. usually a mosquito, and 
attaches to its abdomen a hatch of up to 25 eggs. While 
attached to this transport host the L, develop within 
the eggs in about a wcck, but do not hatch until thc 
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 lor a further month before the 
adult flics cmcrge. There are up to thrcc generations 
each year. 

PATHOGENIC SIGNIFICANCE 
The Iarvac occur in swellings in various parts of the 
body (Fig. 126). and these may suppurate and cause 
severe pain; in Latin America the condition is often 
known as 'Ura'. 

Fig. 126 (a) Mature Dermatobia larvae being expressed from sk 
(b) General view of skin affected by Dermatobia. 

In man the most common larval sites are the ex- 
tremities of the limbs and the scalo. Fatal cerebral 
damage has occurrcd in children when larvae have 
mierated through the fontanelle into thc cranial - 
cavity. 

Dermalobia is a major problem in cattle in South 
America. Lesions arc most numerous on thc upper 
body, neck, back, flanks and tail, and arc often 
grouped togcthcr, forming large, conflucnt, and 
often purulcnt swellings (Fig. 126). As wcll 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 hare, dry ground, in 
prefcrcncc to grazing in the forest and scrubland habi- 
tats of thc fly. 

CONTROL 
Though the larvae are susceptible to systemic insecti- 
cides, thc rapid turnover of generations and the lack of 
seasonality hemand that any control rcgime must in- 
volve rcpeated treatments, and will theretore be ex- 
pensive. tiowever, if  the cost is acceptable, control can 
be achieved hy frequent sprays, dips or pour-on prepa- 
rations of organophosphorus compounds such as 
trichlorlon, and by parenteral administration of 
ivcrmectin or closantel 

LESSER OESTRlD GENERA 
The following oestrids, though of limited geographical 
distribution, are locally of veterinary importance. 

This genus parasitucs domestic goats and less com- 
monly shccp, with gazelles as wild reservoirs over 
much of its range. The major species is P. silunus. 
occurring in Asia, thc Middlc East, North Africa and 
southern Europe; P. aegagri has a more limited distri- 
bution in Turkey, Israel, Crete and Cyprus. 

The flv has much in common with Hvnoderma. thc ~~~ 

third st& larva occurring under the sk% of thc back. 
The ems are laid in short rows on the hairs of the lees .,., " 
and chest, and, after pcnctrating 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 thc Punjab more than 90% of 
goats are infected, and since the Indian sub-continent 
produces about one third of the world supply of goat 
skins thc parasite has some influence on the rcgion's 
economy. 



The third stage larvae of this fly inhabit the 
nasopharynx of dccr. Onc spccies, C. trompe, has al- 
ways been recogni~ed as a problem in reindeer, but 
with increased domestication of red deer, C 
auriharhic, the species occurring in these animals. is 
now of some economic importance. Several other spe- 
cics occur in wild deer in Europe and North America. 

The adult flics arc activc from June to September, 
and, like Oeslrrrs. the Iemales are viviparous. Thc fly 
hovers close to the animal, then darts in and ejects 
larvae in fluid. Further development occurs in the 
nasupharynx, and thc b, which may be 4.0cm long, 
are sneezed oul. Thc pupation pcriod 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 

the infection is tolerated without clinical signs, and thc 
infection becomes 01 veterinary importance when do- 
mestic ruminants are grazed closed to, or among, the 
wild hosts. 

In sheep the larvae begin their migration, and many 
arrivc in thc brain, ocular tissucs and hcart. It is in thc 
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- 
hosis. 

Flocks may havc 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 he removed from such areas in early 
spring since flies then begin to emerge from puparia 
with the risine temucraturc. 

In the reindeer and caribou of northern Europe, Asi- 
atic Russia and Amcrica 0. rarandi replaces 
IIypoilermu diuna of more southern deer. 

The adult flies resemble Hypudernm, with rcddish- 
yellow hairy abdomens, and are active in July and 
August, each female laying between 500 and 700 eggs. 
which are attached to the downy undercoat, rather 
than thc outcr hair. The flanks, legs, and brisket are 
preferential laying sites. Unlike Hypoderma, howcvcr, 
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- 
portance of this genus, howcvcr, is cconomic, from 
damage to hides by the L3, 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 to limil this infection. 

---~ 

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 thc 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, 

bfindness and mortality. - 
'I'his is the nasal bot fly of camels, equivalent to 
Cephenrmyia in deer and Oestrus in sheep, and occurs 
over the entire range of both species of camel. A syno- 
nym which is still encountered is C~phalopsis. 

Thc fly dcposits its larvae in the nostrils, from which 
they migratc to lhc nasopharynx and nasal sinuses. 
'The larval phase usually occupies about I 1  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, 
especially during the emergence of mature larvae 
from the nostrils. Whcn large numbers of larvae are 
present the animals' breathing and working capacity 
may he severely impaired. Unlike many oestrids adult 
Ccphalopina do not panic the animals, and large 
numbcrs arc often seen resting on the camels' heads 
and around thc nostrils. They are easily recognized by 
the irregular blotches of black and white hairs on the 
abdomen. 

Members of this family wcrc formerly classified with 
Glossina in a scparatc suborder, the Puparia, because 
the adult females produce malure larvae which arc 
ready to pupate. However they and the closely related 
Glossinn are now regarded as groups within the 
Cyclorrhapha. 

The Hippoboscidac arc unusual in being flattened 
dorsoventrally and having an indistinctly segmented 
abdomen which is generally soft and Icathery. Thcy 
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havc piercing bloodsucking mouthparts, are parasitic 
on mammals and birds and have strong claws on the 
feet which allow them to cling to hair or fedthcrs. They 
tend to be either permanent ectoparasitcs or to remain 
on their hosts for long pcriods. The two major genera 
of veterinary importance are Hippohosca and 
Melophugus. 

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 bc attacked. 

Species and distribution: 
Hippoboscu equina Worldwide 
11. r u j i p~s  Africa 
H. rnaculata Tropics and subtropics. 

MORPHOLOGY 
Adult flies are approximately 1.0cm long and are gen- 
erally pale reddish brown with yellow spots on the 
indistinctly segmented ahdomen. They have wings and 
the major part of the piercing proboscis is usually 
retracted into the head, exccpt during feeding. Forest 
Hies remain on their hosts for long periods and their 
preferred feeding sites arc the perineum and between 
the hind legs. 

LlFE CYCLE 
Female flies lcave their hosts and deposit mature lar- 
vae sinelv in drv soil or humus. Each female can pro- -, 
duce only five dr six larvae in its lifetime. These laivac 
nuoate almost immediately and change from a yellow 
io black colour: maturation to thc a&lt stage h 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 Hies and several hundred may be sccn 
clustered around the perineum of horscs without the 
animal showing a great dcal of annoyance. However, 
they may he a source of great imtation to animals not 
accustomed to attack. 

Since thev oicrce the skin to suck blood thev may he 

CONTROL 
This is best achieved by topical application of insccli- 
cides, preferably those with some repellent and re- 

sidual effect such as the synthetic pyrethroids, 
permethrin and deltamethrin. 

Husts: 
Sheep. 

Species: 
Melophagus ovinus. 

Distribution: 
Worldwide but most common in temperate areas, 

MORPHOLOGY 
Commonly called the sheep 'kcd', M .  ovinus is a hairy. 
wingless insect approximately 5.0mm long with a short 
head and broad, flattened, brownish thorax and ahdo- 
men. It has strong legs provided with claws and is a 
permanent ectoparasite (Plate VIII). 

LlFE CYCLE 
Adults livc for scveral months and the larvae pro- 
duced by the females adhere to the wool. These arc 
immobile and pupate immediately, thc 3.0-4.0mm 
long brown pupae being easily visible on the fleece. 
Adult keds emerge in approximately three weeks in 
summer, hut this period may be extended consider- 
ably during winlcr. Ked populations build up slowly 
sincc only one larva is produced by each female every 
10-12 days, up to a total of 15. Adults and pupae can 
only live for short periods off their hosts. M .  ovinus is 
the vector of thc non-pathogenic fiypanosoma 
melophagium. Hcavy inlestations of keds are most 
commonly sccn in autumn 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- 
sites 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 efficicnt control of 
keds. 

Other hippoboscids 
There are a number of other genera of hippuboscids 
of limited veterinary importance. One genus 
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Pserrdolynchia parasitizes birds and closely resembles 
lhc shccp ked, but has wings. P. cawariensis may be a 
problem in young pigeons due to their painful bites 
and blood sucking. Some members of another genus 
l.ii~oprena are parasites of dccr and arc similar to 
Hippohosca except that they lose their wings after 
locating their hosts. The hehaviour and control of all 
hippoboscids is similar. 

Order P H m  ERA 
These are the lice. Insects of this order are highly host- 
apccific, and are permanently ectoparasitic, most be- 
mg unablc to survlve away from the host for more than 
a dav or two. 

They are of variable size and colour, hut all are 
flattened dorsovcntrally. Most are blind, but a few 
species have primitive eyes which arc mcrcly 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). 

Therc arc 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 arc thc morc common genera of the 

suborders found on domestic animals. Individual 
species arc dcalt with under the appropriate hosts. 

.rnBW&Wrnrn3:t 2z:; z ; 
Thc sucklne hce are ucuallv laree. uo to 5mm. wlth - 3 " ,  . 
small, pointcd heads and terminal mouthparts. '~hey 
are generally slow-moving, and have powerful legs, 
each with a singlc large claw. They occur exclusively 
on u~ammals. 

Haematopinus: The short-nosed louse. This is the 
largest louse of domestic mammals, up to 0.5cm in 
length. It is yellow or greyish-brown with a dark stripe 
on each side (Fig. 128). 

Hosts: 
Cattlc, pigs, equines. 

Linognathus: This, the 'long-nosed' louse (Fig. 128). 
is bluish-black and the eggs are exceptional in being 
dark blue, and arc less easy to see on hair. 

Hosts: 
Cattlc, sheep, goats, dogs. 

Solenopotes: Small bluish lice, which tend to occur in 
clusters. 

Hosts: 
Cattle. 

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 lcg, 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, 
Fig. 127 The legs of mammalian lice each possess one and i"mportant as a vector of the tapeworm, 
those of birds have two. Dipylidium caninum. 
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Fig. 128 Two common genera of sucking ilce of mammals: (a) 
Haematopinus; (b) Linognafhus. 

Host: 
Dog. 

Heterodoxus: A slcnder, yellowish lousc, confined to 
tropical and subtropical regions. Columbicola pigeons and 

Host: 
Dog. 

BITING LlCE OF BIRDS 
Birds harbour a great many gcnera, and the following 
list comprises a few of the more common. Many of 
these have acquircd names, relating to their preferred 
sites on the hody. 

Major genera: (Fig. 130) 
Lipeurus 'wing louse' 
Cuclotogmter 'head louse' domestic fowl 
Menucanthus 'hody louse' 1 

doves 
Holomenopon ducks. 

GENERAL LIFE CYCLE OF LlCE 
Lice of the two suborders have very similar lifc 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 he seen with the naked eye. 

Thcre is no true metamorphosis and from the egg 
hatches a nymph, similar to, though much smaller 
than, the adult. After three moults the fully grown 
adult is ~rcscnt .  The whole cycle from egg to adult 

Minor genera: takes 2-i weeks. 
Goniocotes louse' } domestic fowl 

The anoplurans, with their piercing mouthparts, 
Menopon 'shaft louse' feed on blood, hut the mallophagans, equipped for 
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(a) 

Fig. 129 TWO common genera of blting lice of mammals: (a) Damalinia; (b )  Felicola. 

biting and chewing, have a widcr rangc of diet. Those 
on mammals ingest the outer layers of the hair shalls, 
dermal scales, and blood scabs; the bird lice also feed 
on ?kin scales and scabs, but unlike the mammalian 
species, they can digest keratin, so that they also eat 
feathers and down. 

Some genera are capablc of rapid population ex- 
pansion by changing to asexual reproduction by par- 
thenogenesis, the most notable example in domestic 
stock heing Damalinia. 

The various genera have prclcrcntial sitcs on the 
animal, hut in heavy infections they spread from these 
reservoir areas to involve the whole body. 

Darnalinia bovis, the solitary biting species, Iavours 
thc top of the head, especially the curly hair of the poll 
and lorehead, thc ncck, shoulders, hack, and rump, 
and occasionally the tail switch. Of the sucking lice, 
Linognatt~us vifuli and Solenopures copillarus prcfcr 
the head, neck and dewlap, while each species o l  
Haemotopirrus has its own preference; 11. eurysrernras 
occurs on the poll and at the base of the horns, in the 

LOUSE /NFESTATlON (pmIC-LOSIS, IN ear" and around the eyes and nostrils (Plate XI), and 

CATfLE even in mild infestations is found in the tail switch, 
while H. nuadriuurtuuus is limited lo thc tail rceion. ~ ~ ~~ ~~~~ ~ ~ ~ - - - -  - - - ~ ~ ~  

Pediculosis in cattle occurs throughout thc world, and Some species, notably H. eurystvrnus and L, vitrali, 
is seen in these animals more commonly than in any arc gregarious in hahit, forming dense, isolated clus- 
other domestic mammals. ters. 



Fig. 130 Two common genera of biting lice of birds: (a) Lipeurus: 

With the exception of 11. yundripurlusus, which is 
confined to warmer areas such as Africa and 
Australia, all the cattle lice mentioned ahove are found 
throughout the world, from arctic to tropical zones. 

EPIDEMIOLOGY 

In warm countries there is no marked seasonality of 
bovine pediculosis, hut in cold and temperate rcgions 
the heaviest infestations are in late winter and early 
spring, when the coat is at its thickest, giving a shel- 
tered, bulky and humid habitat fur optimal mullipli- 
cation. The most raoid annual increase in louse 
pupulat~un~ 1s s x n  uhcn intrlc arc \vinter-l~couced. dnd 
/)tt,r~,~/,tuu e s~xc~a l l \ ,  t v ~ r h  115 fs~cultv for p ; ~ r ~ h c n ~ ~ c c n -  . . - 
esis, can build up in numbers very quickly. 

In late spring there is an abrupt fall in thc numbers 
of lice, most of the parasites and eggs being shed with 

(b) Menacanthus 

the winter coat. Numbers generally rcmain luw 
throughout thc summcr, partly because the thinness of 
the coat providcs a restricted habitat, but partly also 
becausc high skin surface temperatures and direct 
sunlight limit multiplication and may even he lethal, 
especially to 1)umulinia. 

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, cxtensivc hide damage, hut 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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feet to below the hocks. and sureads from thcrc to the 

Light infcstations arc usually only discovered acciden- 
tally and should not be considcrcd of any pathogcnic 
importance, lice being almost normal inhabitants o l  
the dermis and coat of many cattle, especially in 
winter. 

In hcavicr infcstations thcrc is pruritus, more 
marked in Drrmuliniu infestation, with rubbing and 
licking, while if sucking lice are present in large 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 licc bcing next 
to the skin and the eggs scattered like coarse powder 
throughout the hair. 

It 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 

crutch, scrotum and belly. In ~ e r i u o s  and other heav- 
ily woolled breeds, it is usually tirst detected at 
crutching. In its normal habitat on the legs it is ex- 
posed to great fluctuations in tcmpcraturc, and having 
adapted to survive in these conditions, it is one of the 
few lice which can live away from the host's hody for 
more than a day or two and is viable on pasture for 
about a wcck. 

L. ovillus. the 'face louse', occurs on the face and 
ears, spreading from there to the cheeks, neck and 
hody, and is usually detected in the heavily woolled 
hreeds when excess wool is removed from the poll 
('wigging'). In contrast to L. pedalis, this species, more 
uscd to cvcn tcmpcraturcs, can only survive off the 
shccp for 1-2 days. In very hot weather, when exposed 
to sun, the temperature of the sheep's back may reach 
4XPC, 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. 

Damuliniu ovis, the biting louse of shccp, somc- 
times called the 'bodv louse'. is much more active than 
Linognurhus, roaming in the wool over the whole 
body. Like the others, Domnlinia is susceptible to high - 
tcmpcraturcs, but it is also intolerant of moisture. In a 

The organophosphorus insecticides, applied usually as damp with a relative humidity of more than pour-ons, are effective in killing all lice. A second YO%, it will die in six hours, and when covered by treatment is recommended two weeks later to kill water it will drown an hour, newly emergent lice. Alternatively, pour-on or spot- 
on synthetic pyrcthroids, such as cypcrmcthrin, or 
parenteral avermectins may be used; the latter are PATHOGENESIS 
particularly effective against sucking lice. Though Linugnothus spp. can cause anaemia, it is In Europe, louse control is usually undertaken when Damalinin which is usually considered to be the more 
cattle are housed for the winter. Treatment with a pathogenic, Being highly active it cause great irri- suitable insccticidc at this time also controls tation, so that  sheep are restless and have their 
Hypoderma and mangc mitcs. interrupted, with consequent loss of condition. In re- 

sponse to the irritation the sheep rub against posts and 

LOUSE INFESTATION IN SHEEP ! \ l r L .  N I I I I  J ; ~ I ; ~ * C  I,, I I I C  IIL,:CL, &11d > O I I I ~ ,  ( 1 1  UOOI. 
\\ I ~ Z I I  I I ~ C I C  lice I > I I C  illcrc i \  . I I ~  c ~ u t h t l ~  %!I %rum !run1 

Thr t so  \ne~.lc.\ of ,uckinr licc In ih:cn :xrc cs\cnl~.~llv !he rliinl.~~crl . ~ i  %\ liicli the Ilic ,1ls1 reed: 101 Ilea\.\. - 
parasites of the haired regions of the body, invading 
the wuullcd arcas only whcn thc population is cxpand- 
ing rapidly. They are not very activc, 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 01 lousc inlcslation, closc 
bodily contact is necessary, and while this is unusual in 
Le 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 rcadily colonizcd by licc. 

Linugnuthus pedalis, the 'foot lousc', inhabits 
mainly the lower region of the hind limbs, from the 

- 
infestations the amount of exudate is great enough to 
cause matting of the wool. Reduction in the value of 
thc wool clip 1s economically the most important con- 
sequence of ovine pediculosis, but an additional har- 
ard in warm countries is that the fleece and skin, 
damaged by rubbing and soiled by louse faeces, is an 
attractant for blowflies, 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 heing removed. 

In heavy infestations, and especially when in full 
flccce, the intense pruritus causes restlessness and 
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scratching, the fleece showing bare patches and being ivermectin given parenterally or the organ- 
stained. On parting the wool the reddish Damalinia ophosphate, phosmet, administered as a pour-on have 
and the bluish Linognarhlrs will be found, the latter both proved highly effective as a single treatment. 
being present also on haired areas. The louse eggs, Amitraz and deltamethrin arc also effective against 
appearing as a powder, will he found attached to the pig lice. 
wool fibres close to the skin. For herd prophylaxis, gilts and sows should be 

trcated before farrowing to prevent spread of infec- 

TREATMENT AND CONTROL 
tion to their piglets, and boars trcatcd twice annually. 

I on \hr,cpc.in hc Ircntc,l nirh ~n\cctl~.~Jr.s.onl.#lll. 
~ n : o r e ~ n ~ ~ h o \ ~ , l l a l s t  8,r rhc ; am,J~n~  .~~nl~r;t , :  nit11 1 1 1 ~  LOUSE INFESTATION IN EQUINES - .. . 
organophosphaies it may hc 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. 

'l'he treatment of lice infestations in goats, due to 
species of Darnulinio and Linognathus, is similar to 
that of shccp. 

LOUSE INFESTATION IN PIGS 
Only one specics occurs on pigs, the sucking lousc. 
Haemaropinrrs suis. It is very highly host-specific, and 
will not even establish in wild pigs, thc ancestral stock 
of our domestic species. Haemaropinrrs is a large, grey- 
ish-brown louse, which is most often present on skin 
folds of the neck and jowl, the flanks and the insides of 
the legs on thin-coated animals. 

EPIDEMIOLOGY 

Infcctiun is transferred between pigs mainly by con- 
tact, in closely confined fattening animals and in snck- 
ling sows penned with their piglets, but lice may also 
he acquired when animals are put into recently 
vacated dirty accommodation. 

PATHOGENESIS AND CLINICAL SIGNS 
This louse is vcry common, and is usually tolerated 
without any signs, apart from occasional mild irrita- 
tion. In heavy infestations pigs are restless and fail to 
thrive, hut though Huematopinrrs is a blood sucker, 
anaemia is hardly cver seen. Economically, the most 
important feature of pediculosis in pigs is probably 
skin damage from scratching, with reduction in hide 
value. 

This lousc is said to he a vector of African swine 
fcvcr, Eperylhrozoorr suis and thc 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, 

Two species are common on equincs, the sucking 
louse, llaumalopinus asirri, and the biting louse, 
Dan~nlinia equi. 

EPIDEMIOLOGY 
In norn~al light infestations, both 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 wholc body, and the numbers 
are greatest in winter and early spring when the wintcr 
coat is at its most dense. As in cattle, the shedding ol 
the winter coat is important in ridding animals of the 
greater part of their lousc burden in spring. 

In hot countries thc skin temperature of the ani- 
mal's hack may be high enough, as has been noted in 
sheep, to kill licc in the exposed, fine-coated areas. 

Equine pediculosis spreads by contact and via con- 
taminated grooming equipment, blankets, rugs and 
saddlery. 

PA THOGENESIS 

As in other animals, equine licc, and in particular the 
more active Damolinia, may cause intense irritation, 
resulting in rubbing and scratching, with matting 
and loss of hair and sometimes excoriation, almost 
thc whole body being involved in extreme cases. 
Animals are restless and lose condition and, in 
heavy Haemutopinus 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 discase or, more likely, simple 
neglect. It is true that animals in a debilitated o n -  
dition will fail to shed their winter coats and harbour 
very largc numbers of lice, hut 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 wat 
would suggest that licc are present, and when the hair 
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is parted the parasites will he found. llaemalopinus, with the two genera, pups may die from anaemia and 
largc and yellow-brown, is very easily seen, and in dehility. 
temperate countries on warm sunny days this louse In long-haired cats pathogenic populations of 
will often move on to the surface of the coat. Felicola may develop under thickly matted neglected 
llamalinia appears as small yellowish specks in the Cur. 
hair and thc small palc eggs are readily found, scat- 
tcrcd throughout the coat. 

CLINICAL SIGNS 

TREATMENT AND CONTROL 
Currently pyrcthroid hascd insecticides are used to 
trcat lousc inteslation in horses, many older drugs 
being no longer available. All of the horses in the 
establishment should he treated. 

Grooming equipment should be scalded, blankcls 
and rugs thoroughly washed, and saddlery thoroughly 
cleaned. Ideally, animals should have individual 
grooming cquipment, and saddlery should not he in- 
terchanged, hut this may not he economically feasible 
on some establishments. Regular and thorough 
grooming is, of course, the essence of control. 

With most infestations animals are restless and scratch 

seen in the coat, and the two common-;log lice are 
easily diffcrcnliated, Trichoderles being small and 
yellow, while Linognufhus is bluish and larger. 

TREATMENT AND CONTROL 
Louse infestations arc normally treated with powder, 
washes or shampoos of synthetic pyrethroid, 
organophosphate or carhamate insecticides. The older 
preparations such as pyrethrum and benzyl benzoatc 
are also effective. Some of these drugs are also avail- 
able as aerosols or 'triggcr' sprays which are olten 

LOUSE INFESTATION IN THE DOG AND convcnicnt for thc owner to apply. Treatment is often 
CAT re~eated  at an interval of 14 davs to kill newlv hatched 

In dogs, the biting louse, ?iichodertes canis, and the lice. For prophylaxis, dog and cat collars. impregnated 

sucking louse, Linojinathus seto,su,s, are by far the com- with a pyrethroid insccticidc 

monest and most widespread. diadnon, are often used, although dog collars should 

The sole louse "fan? importance in cats is not be used on cats sincc the concentration of insecti- 

s~ecies, Felicola subrosrrarus, which has a worldwide cides may to 
distribution. 

EPIDEMIOLOGY 
Though pediculosis in these animals is essentially a 
disease of neglect, some types are especially pronc to 
infestations: in dogs, the long ears of such brccds as 
the spaniel, bassct, and Afghan hound provide an ex- 
fcnsive 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 infeslatiuns are most ofteu found in ani- 
mals which are neglected and underfed, though as in 
other animals, they may mask underlying disease. 
lhey are in some cases associated with senility, but thc 
majority of severely affected animals are young. 

In dogs Trichodectes is more harmful, though 
Linognarhus is a causc of anaemia. The former is a 

; vcry 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 cx- 
coriation of the skin. Tn heavy combined infestations 

LOUSE INFESTATION IN BIRDS 
More than 40 louse species, all mallophagan, occur on 
domestic hirds. 

The eenera Lineurus and Mcnacanrhus contain the 
u 

most pathogenic spccica ot  poultry lice. Lipeurrrs spp. 
arc grev. slow moving lice. which are found close to ., , 
the skin. L. raponis, the 'wing louse', prefers the bases 
of the wing and tail feathers, whilc Cuclorogasrer 
(Lipeurirs) hererograph~rs, thc 'hcad louse', occurs on 
the head and neck; in this species the eggs are laid 
singly on thc feathers, and not in clusters as is custom- 
ary in poultry lice. These lice can infect all domestic 
fowls including turkeys, game hirds, and ducks. 

Menacanrhus has one important spccics, M. 
srramineus, the 'yellow body louse'. Like Llpeurrrs it 
infects domestic fowls and lavours the skin surface as 
a habilal, 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 
hiting louse it can causc scvcrc anaemia by puncturing 
small fcathcrs and Ieeding on the blood which oozes 
out. 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 thc rcgion of thc 
vent, and in young birds, on the head and throat. It is 
the most pathogcnic 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: 

Goniocotes gallinae, the 'fluff louse', occurs in thc 
fluff at the bases of fcathcrs, its preferred sites being 
the back and rump. It is one of the smallest lice of 
poultry. 

Goniorles has several species, including G. gigas and 
G.  dissimilis in the domestic hen, G.  meleagridis in 
turkeys and guinea fowl and G.  pavonis in peacocks. 
These are all very large lice, inhabiting thc skin surface 
and body fcathcrs and arc commonest in adult birds. 
They arc ncvcr 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 scrious pathogen. Its main host is the 
domestic hen, but it will spread to other fowl, such as 
turkeys and ducks, which are in contact. 

Ilolomunopon, occuriug in ducks, is also sometimes 
called the 'shaft louse' of these hirds. Tt is a small, 
rapidly moving louse, which favours especially the 
preen gland, inhibiting production of the oily secre- 
tion. Partly due to irritation, hirds preen continuously, 
but without the secretion the feathers cannot he 
waterproofed. Unable to repel water and injured hy 
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 affcctcd thc 
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. 

Colzrmhicola columbae, parasitic on pigcons and 
doves, is vcry common. Its preferred site is the ante- 
rior part of the body, where it may cause a mild prnri- 
tus, and in common with most pediculoses, heavy 
infestations are usually seen only in diseased and dc- 
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 aidcd 
by bacterial action. They will ingest not only the 
sheaths of growing feathers, but also down and skin 
scabs. 

Though there are differences in pathogenicity be- 
tween genera the effects of avian pediculosis are 
broadlv similar. varvine onlv in deeree. Birds are un- 
able td rest, cease and ma; injure themselves 
hv scratching and feather plucking, with rcsults often 
more serious than any immediate>amage 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 incrcasc 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 i l l  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- 
sccticidcs such as cvocrmcthrin and the carbamate. , . 
carbaryl, are recommended. Two treatments given at 
14 days interval are generally effective. 

Order SIPHONAPTERA 
These are the fleas. They are of veterinary significance 
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 givcs thc flcas of thcsc domestic 
animals a rclcvancc 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 
lcgs is much longcr 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. 111). 

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 Pronotal comb 

/ Mouthparts 
ng. 131 (a) Lateral view of aflea: (b) Head of flea showing piercing. 
sucking mouthparts and showlng genai and pronotal 'combs'. 

they soon drop 011. 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 
debris and on the faeces oI the adult llcas, which con- 
tain blood and give the larvac a reddish colour. Undcr 
the influence of internal growth regulators, the larva 
moults twice. the final staee heine about 5.0mm lone. " -, 

and then spins a cocoon, a form of woolly puparium, 
from which thc adult emerres. Moultine and ~uoat ion 

L. , . 
are dependent on the ambient temperature, and 
though in warm conditions the whole cycle may be 
completed in about three weeks, in low temperatures 
it may cxtend to two years. 

It is important to recognize that most of the flea's 
life cycle is spent away from the host. This includes not 
only tbe eggs, larwe and cocoon, but also, if nccessary, 
the adult flea which can survivc for as lone as six 

ing to another part of ;he host, or lcaping to thc 
ground or to a fresh host. 

A few genera remain permanently attached 
throughout adult life. These are the hurrowing. or 
'stickfast', fleas, whose lcmales are cmhedded in the 
skin, within nodules. Only the posterior part of these 
fleas communicates with the surface, allowing the eggs 
or larvac to drop to the ground and devclop in the 
usual manncr. 

Though each species of Aea has its own host prefer- 
ences, casual feeding is common, and most will feed on 
a wide range of mammals and birds. 

'The lollowing arc the more important gcnera occur- 
ring on domestic mammals and birds, and thoir distri- 
bution may be taken as worldwidc unless otherwise 
stated. Their differential morphology is given in Fig. 
132. 

FLEAS OF MAMMALS 

C~lmoccphalides carri\ and C. felis occur on the dog 
and cat, but C. (elis is much thc more widespread, and 
in many areas it is the dominant species on dogs 
and on man, as well as cats. Both species can act as 
intermediatc hosts for the common tapeworm of dogs 
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WITHOUT CTENlDlA 

Frons ('forehead') angled anteriorly. .......... Echidnophaga 

WITH CTENDIA 

........................... Pronotal ctenidium only Cemfophyllus 

Both genal and pronotal ctenidia .............. Ctenocephalides 
Spilopsyllus 

Genal ctenidium horizontal .................... Ctenocephalides 

Head length less than 

Head length twice height. 
Spine 1 of genal ctenidium 
equal to spine 2 

Genal ctenidium oblique. 
........................... with 4 4  elements 

Flg. 132 Key lo thedifferentiation of fleas of veterinary importance 
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and cats, Dipylidium canirrzrm, and for the filarioid 
of dogs, Dipefalonema reconditum. Though the adult 
flea can acquire the filarioid infection hy intake of 
microfilarise in a blood me.al, the specialized 
mouthparts do not allow the ingestion of the eggs of 
Dipylidium, and this infection can only be acquired 
by the Hea larva, which has chewing mouthparts. De- 
velopment of the cestode occurs concurrently with 
that of the flea, so that the adult contains the 
cysticcrcoid. Crenocephalide~ is the genus largely re- 
sponsible for provoking allergic flea bite dermatitis in 
dogs and cats. 

PuIex irritans is primarily parasitic on man, but in 
some areas it is common on dogs and cats. It can act as 
intermediate host of Dipylidium cnninunz, and ia 
sometimes involved in flea-bite dermatitis. 

Soiluosvllrrs crrr~iclrli occurs on the ears of rabbits and . . ,  
is the main vector o[ myxomatosis. It has a more sed- 
cntary hahit than most fleas, and will remain on the 
ear cvcn when it is handled. It ia quite commonly 
found near the edges of the ear pinna o[ dogs and cats 
which frequent rabbit habitats. 

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 lheac animals tolerate the infection with no 
signs of distress. 

PA THOGENIC SIGNIFICANCE 
The response to a flea bite is a raised, slightly inflamed 
weal on the skin, associated with mild pruritus, hut 
though the animal will scratch intermittently there is 
little distress. However, after repeated flea bites over a 
period of several months a proportion of dogs and cats 
develop flea-bite allergy, which is often associated 
with profound clinical signs. 

Flca-bite allergy is a hypersensitive reaction to the 
Hea saliva released into the skin during fccding. In the 
saliva is a hapten (an incomplete antigen) which com- 
bines with the host's skin collagen to form a completc 
allergen. The resulting allcrgy is most commonly a 
combination of immedialc and delayed-type 
responses. 

The allergy shows a seasonality in temperate areas, 
appearing in summer when flea activity is highest, 
though in centrally heated homes exposure may bc 
continuous. In warmer regions, such as the western 
states of the IJSA, 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 hack, 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, to produce 
areas of alopecia or of moist dermatitis ('wct cc- 
zema'). In older dogs, which have heen exposed for 
many years, the skin may become thickened, folded 
and hairless, and in these animals the pruritus is much 
less intense. 

In the cat, flea-bite allcrgy produces the condition 
commonly known as miliary dermatitis or eczema, 
readily detectable on palpation, in which the skin is 
covcrcd with innumerable small, brown, crusty 
papules which cause marked pruritus (Plate XI). 

- - 

Though this penuc has little immediate imvortance for - 
the veterinarian it requires mention because one spe- 
cies. Xenopsylla chcopic, is the main vector of Yersinia 
prstis, the cause of bubonic plague in man. X. cheopis 
is a rat flea, and acquires Y.  pesrir when feeding on its 
usual hosts. When the bacilli multiply in its gut the 
pruvcntriculus hecomes 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 to 
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 thc USA. 

DIAGNOSIS 

Tunga penetrans is the representative in mammals of 
the burrowing Heas and occurs in man and rarely pigs. 
The popular name for this flea in humans is the 
'jigger'. 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 tilled 

When the signs are indicative of flea infestation, but 
no parasites can be found, the host should he sprayed 
with an insccticide, placed on a large shcct of plastic or 
paper, and vigorously combed. l'he combings and de- 
bris should he examined for fleas or Hea faeces which 
show as dark hrown to black crcscentic 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 handling of poultry and from injured wild birds 

with fine gauze inserted behind the nozzle; the latter is brought into houses. It has also been known to migrate 
applied to the host or its habitat and the fleas are into rooms from nests under adjacent eaves. When 
retained on the gauze. such nests are removed they should be incinerated; 

otherwise the hungry fleas may parasitize domestic 

TREATMENT AND CONTROL pets and humans. 

In flea-bite allergy, where there is much distress, 
corticosteroids may he used topically or  systemically 
as palliative treatment. 

For specific treatment, insecticides mainly in thc 
form of powders, sprays, shampoos or spot-on 
preparations are available. These are gencrally organ- 
ophosphorus compounds, pyrethrum and its deriva- 
tives, or carbamates. There are also oral and in-feed 
[ormulations of drugs for use against fleas in dogs and 

, one of these is a benzoylurca derivative, lufenuron, 
which, when ingestcd by fleas during feeding, is trans- 
ferred to thc eggs and blocks the formation of chitin 
thercby inhibiting the development of flca larvae. Re- 
cently, a spray containing fipronil, onc of a new gen- 
cration of ectoparasiticides, has bcen licensed for use 
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 thcse 
should also be treated. 

Flea collars containing various insecticides 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 arc also applied to its living quar- 
ters and gcncral indoor habitat, and that bedding 
should bc destroyed where possible. Fitted carpets 
should be thoroughly vacuum clcancd. 

Recently, an insect growth regulator, methoprene, 
has been marketed as an aerosol for direct application 
to bedding, carpets and other habitats of flea larvae. 
When ingcstcd by the larvae the chemical prevents the 
emergcncc of adult fleas from pupae. Protection 
against reinfestation may persist for up to four 
months. 

FLEAS OF BIRDS 

Cerul~~pkyllu~ gollinae is the commonest flea of do- 
mestic poultry and may be responsible for irritation, 
restlessness and cvcn anaemia. It feeds readily on hu- 
mans and domcstic pets, and is often acquired in thc 

Eckidnopkaxa gallirracea, the 'stick-tight' flea, is one 
of the burrowing fleas. After fertilization the female 
burrows into the skin oC the fowl, usually on the comb 
and wattles, resulting in the formation of nodules in 
which the cggs are laid. Hatching occurs within the 
nodules, and the larvae drop to the ground to cum- 
plcte development. 'The skin over the nodules often 
becomes ulcerated, and young birds may be killed by 
heavy infections. Eckidnophaga also attacks mam- 
mals, principally dogs, the nodules being formed 
around thc cycs and between the toes. 

TREATMENT AND CONTROL 

Several organophosphorus carhamate and pyrcthnn- 
based insecticides are effective. Thcsc are used as 
dusts for Ceratopkyllus and as a solution, in the case of 
Eckidnophaga. 

Should fleas becomc cslablished in a poultry house, 
then drastic mcasurcs 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. 

Class ARACHNIPA 
This class includes the ticks and mites 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. Antcnnae are absent. 

Order ACARINA 
Thc acarines are small, sometimes microscopic. 
arthropods. They are characterized by their arachnid 
structure, the mouthparts (Fig. 133), which are borne 
on the basis capituli, consisting of a pair o[ chelicerae 
with mobile digits adapted for cutting and a pair of 
sensory palps. Ventromcdially there is a hypostome 
with recurvcd tccth for maintaining position; it bearsa 
dorsal groove to permit the flow of saliva and host 
blood. The acarines of veterinary importance are the 
ticks and mites and their life cycle consists oldevelop- 

spiders and scropions 
ticks and mites 




Plate VII 
(a) M U S C ~  domesl~ca. 
Ib l  Siomoxys caicifians. 
i c l  Haemaiobla (Lyperosra) spp. 
(dl Glossina spp. 



Plate Vlll 
(a) Hydrotaea inrtans clustered around the base of the horns in a 

sheep. 
ib) Characterstic lesons of body strike due to biowfly myass. 
(c) The sheep ked ~elophagusivnus.  
(d) Female lvodes riclnus: note elongated mouthpans. 
l e i  Female Haernaohvsalis ouocfata: note shon mouth~arts and , , , ,  , 

festoons. 
(I)  Male and female Denacentor reliculatus: thls is an ornate tick 

and possesses festoons. 



' Plate IX 
(a)  Callphora spp 
(b) Lunlla spp 
(c) Phormla spp 
(dl Cochiromyia spp 



Plate X 
[a) Hypoderma bovis. 
[b) Hypodeima linearum. 
(c) Oestrus ows. 
Id) Gasteroph~lus spp 



mcnt frt~rn egg through thr  l:ir\a u h ~ h  r;ithcr rL.\L.m- 
hlth the adult. 10 n\mph to aJult. isurllb 1 h r . r ~  IS onl\, . . 
onc larval instar. 

THE TICKS 
Two families, 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 area which permits thc abdomen to swcll aftcr 
Leeding. ' 

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. 

The ixodids are imoortant vectors oL orolozoal. hac- 
terial, viral and riikettsial diseases. Although there 
are many genera of lxodidae only three occur in W. 
Europe: these are lxoder, Haemaphysalis and Derma- 
centor, of which Ixodes is by far the most important. 

As notcd previously, the ixodids (Fig. 134) havc a 
chitinous covering or scutum which extends over the 
whole dorsal surface of the male, hut covers only a 
small area behind the head in the larva, nymph or 
female. The nlouthparts 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 ol  
notches, called festoons. on the ~osterior border of the 
body. Chitinous plates are so&times present on the 
ventral surface of the males. The genital ooening is in 
the ventral mid-line and the anus is posterior. Some 
ticks have coloured enamel-like areas on the body and 
thcsc arc called 'ornate ticks'. The adults havc a pair 
of spiracles behind the fourth pair of legs. Eyes, when 
present, are situated on the outside margin of the 
scntum. 

Like other ticks, the ixodids are temporary parasites 
and spend relatively short periods on the host. The 
number of hosts to which thcv attach during thcir 
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 whcrc cach stage of dc- 
velopment takes place on dillerenl hosts. 

The three ixodid genera which are described first, 
Ixode.~, Haemal~hysalis 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 ixodd t~ck. 

: Hosts: 

Site: 
All over the hody hut especially the axilla. inguinal 
region, face and ears 

Species found in Eurupe:, 
Ixudes ricinus castor bean tick 
Ixodes canisup British dog tick 
1xode.s hexagonus hedgehog tick. 

Sume uther species: 
Ixodes holocyclrrs the paralysis tick of Auslralia 
Ixodes rubicrrndus the paralysis tick of South Africa 
Ixorles scupuluris the shoulder tick of North 

America. 

f GENUS lDENTlFlCATlON 
Theae arc inornate ticks, wilhoul fesloons or eyes. The 
palps are long and the ventral surface of the male is 

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 thc 
north and central regions and largely confined to 
woodland. 

IDENTIFICATION 
The engorged female is light grey, up to l.Ocm 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 
visihle. 

Nymphs resemble the adults and also have four 
pairs of legs hut are less than 2.Omm in size while the 
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Fig. 135 *odes richus may be differentiated from other lxodes 
speces by the presence of an overlapping spur (1) on the posterior 
angle of the first coxa. 

larvae ('pepper ticks') are less than l.Omm, usually 
yclluwish in colour and have only lhrce pairs ol legs. 

In I .  ricinus. as com~ared with I. cunisuru and I. 
hexuponus, the tarsi aretapered and not humped and 
the oosterior internal angle of the first coxa bears a 
spuiwhich overlaps the sicond coxa (Fig. 135). 

LIFE CYCLE AND EPIDEMIOLOGY 
I ricinrrs is a three-host lick and the lile cycle requires 
three years. The tick feeds lor 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- 
plctcs hcr singlc largc blood mcal; in contrasl, 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 

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 thc ground to lay scvcral thousand cggs 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 
takcs thrcc ycars to 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 ricinus dur- 
ing which infestation of cattle, sheep or other hosts 
occurs and during this period ticks can be found on thc 
tips of vcgctation 'qucsting' or scarching for a host 
which they locate with the aid o l  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 Iargc, thcsc two distinct 
periods 01 activity rcflecl the occurrence 01 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, Walcs, wcst Scotland and Ircland, autumn 
leeders also occur. The eggs o l  the spring leeders 
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 
summcr whilc lhc larvac and nymphs arc in diapausc 
over this wholc period, so that they overwinter in the 
engorged state and do not moult until the summer. 

The survival of 1, 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°/0. In Brilain it is prcdominanlly a tick o l  
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 . . 
moisturc-rctaining mosscs, making this anothcr suit- 
able environment. In parts of mainland Europe ticks 
are mostly found in woodlands, and in lreland, 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 
so that water loss is normally limited to 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 s a I '  ~va.  

In Britain the movement of ticks from the vegeta- 



tion mat to a questing position begins with the spring DIAGNOSIS 
feeders when the mean day-night temperature cx- 
ceeds 10°C and ends with the autumn feeders when The adult ticks, particularly the engorged females, are 

the temperature drops below 10°C; in thc summer easily seen on thc skin, (he predilection sites being the 

there is no activity due to low humidity and high facc, cars, axilla and inguinal region. Usually small 

temperatures. inflamed nodules are also seen in thesc arcas, each a 
reaction to a previous tick bite. 

PATHOGENIC SIGNIFICANCE 
CONTROL 

The pathogenic effects arc associated with the feeding 
mechanism the parasite whichis idea[ for both pene. This is discussed after a description of the other ixodid 
trating the skin and transmitting micro-organisms. In ticks. 
the fccdine Drocess the scissor-like action of the dieits 

L,. ~~ ', 
at the end of the chelicerae is followcd by a thrusting 
motion of the hypostome through lhe lacerated skin 
and the locking effect of its recurved teeth on the 
tissues. The salivary glands are thought to produce a 
hyalnronidase-likc subslance to assist in penetration, a 
cement-like material which assists locking and an 
anti-coagulant. The dorsal groove in thc hypostome 
provides a channel for the saliva to flow into the host 
and, subsequently, hlood and lymph into the tick. As 
the female ticks engorgc and swell they tend to hulge 
out from the site of attachment and the hind legs 
stiffen, thc tick becoming tilted at right angles to thc 
hodv. If the Lick is forciblv removed durine thc locked 

This species, somctimcs called the British dog tick, has 
heen found in a variety of hosts, but is recognized as a 
problcm 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 diffcrcnliated from I. ricinus hy 
the presence of humpcd tarsi and the absence of a spur 
on the posterior inlernal angle of the first coxa (Fig. 
135). 

. . 
tissues. During engorgcmcnt the body weight of a tick 
increases hy about 200 times. 

I ricinus infestations are important for thrcc 
reasons: 

( I )  They suck blnnd and in occasional heavy infesta- 
tions can cause anacmia. 

(2) The lesions caused bv the toothed mouth~arts 

;f lhe hide oitleece may he reduced. 
(3) Most significant of all, this tick in Western 

Europe transmits Babesia diveryens, 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 associatcd wilh tick 
pyaemia, caused by Stnphylococc~is aureus, in 
lambs in Britain and Norway. Ixodid ticks also 
transmit Borrelia burgdorferi, the spirochaete 
responsible for Lyme disease in man. There is 
evidcnce of a high incidence of specific anli- 
bodics to B, burydorferi in dogs, cats, cattlc and 
horses, indicating frequent exposurc to inlection, 
but clinical disease is relatively uncommon. 

CLINICAL SIGNS 
There are no ohvious signs of lick infestation other 
than the presence of thc parasites and the local skin 
reactions to their hitcs. 

Usually called the hedgehog tick it also occurs in dogs. 
ferrets and weasels. It may be diflerentiated from I. 
ricinus by its humped tarsi and thc [act that the spur on 
the first coxa docs not overlap the second coxa. 

IMPORTANT IXODES SPECIES OUTSIDE 
EUROPE 
Adult femalcs of several Inodes species, including I. 
holocyclus and I rubicrrndlrs in Australia and South 
Africa respectively, produce a toxin responsible for 
tick paralysis which occurs in man and animals and is 
characterized by an acutc ascending motor paralysis. 
occurring scvcral days after attachment, which may 
terminatc falally unless the ticks are removed. The 
prccisc nature of the toxin is unknown, but current 
thcory suggests it is produced in the salivary glands. 

'I'hese are inornate ricks with fcstoons present and 
eyes absent. The sensory palps are short and broad 
with the second segment extending beyond the basis 
capituli. The malcs have no ventral shields and the 
anal groovt: contours the anus posteriorly. They are 
lhree-host ticks. 

Haemaphyra1i.r punctara is widely distributed in 
Europe, including southcrn England and parts of 

ADDISU
Highlight
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Wales where it is responsihle for the transmission ol  
Bahesia major and a non-pathogenic Thrilrriu sp. in 
cattle, and in sheep Bahesia mofasi and the benign 
Theileria ovis. 

In othcr countries it transmits Bahesia bigemina in 
cattle, B. morasi in sheep and Anaplasnra rr~arginale 
and A, cenfralr in cattle: it has also heen reported as 
causing tick paralysis. 

There are many other spccics o l  Harmaphysalis to 
he found throughout the world. For example, H. 
Ieachi, the 'yellow dog tick', common in Africa and 
Asia, is responsible for the transmission of B. canis in 
dogs, and H. lowgirorrris, primarily a cattlc tick, has a 
wide distribution in the Far East and Australasia. 

Table 5 Abbreviated key to the important adult ticks of 
domestic animals of western Europe. 

(1)  Integument with scutum lxodidae 2 
Capitulum visible dorsally 

or 
No scutum Argasidae 
Capitulum ventral (very rare in Britain) 

(2) lnornate 3 
or 

Ornate with eyes, Derrnacentor 
short palps and rectangular reficulafus 
basis capituli 

(3) Anal groove posterior to anus Haernaphysalis 
Festoons present 

or 
Anal groove anterior to anus 

Thcsc arc ornale ticks with eyes and festoons present. 
The basis capituli is rectangular and the palps short. 
The males lack ventral plates and the fourth coxac 
are enlarged. They may he three-host or one-host 
ticks and are parasitic in many domestic and wild 
mammals. 

Derrr~acenror reticulurus occurs in many parts of 
Europe including southern England and Wales and 
seems to prefer heavily wooded areas. It is a thrcc- 
host tick which transmits Baheria infections in horses 
and dogs in countries where thcsc parasites are 
present. 

Several spccics of Derrnacentur are important in 
North America. Thus, the three-host ticks D. 
lrndersoni and 1). variabilis are responsible for the 
transmission of Anaplasma marginale in cattlc and 
Rocky Mountain spotted fevcr in man cduscd by 
Rickettria rickettsii. Both also causc tick paralysis. 'The 
one-host tick D. nirens is an important vector of 
cquinc bahcsiosis in the southern USA, Central and 
South America and the Caribbean. 

An ahhreviated key to the important ticks o l  West- 
ern Europe is given in Tahlc 5. 

IXODID TICKS OCCURRING OUTSIDE 
WESTERN EUROPE 

puncfata 

lxodes 4 
~estoons absent 

(4) Coxa 1 with a distinct 5 
posterior internal spur 

or 
Coxa 1 without a distinct lxodes canisuga 
posterior internal spur 

(5) Tarsi tapering gradually to lxodes ricinus 
thin point. Spur overlaps 
Coxa 2 
Scutum rounded posteriorly 

-, 
Tarsi humped. Spur does lxodes hexagonus 
not overlap Coxa 2 
Scutum sub-hexagonal 
Anal groove with parallel sides 

terns of colour on the hack and lcgs. They are distrih- 
uted mainly in Arrica and transmit the important dis- 
casc, heartwater, in cattle, caused hy the rickettsia, 
Cowdria ruminanrium. 

'These are large, usually ornate, ticks whose legs and Rocky Mountain spotted fever; the 'Gulf Coast 
have hands of colour; eyes and fcstoons are present. tick',A, macr~larurn, which occurs in the ears of cattle, 
The palps and hypostomc are long and ventral is a predisposing cause of screw-worm myiasis associ- 
plalcs are absent in the males. 'They are three-host ated with Cochliornyia spp. A. cajennensc is an impor- 
ticks. tant tick in South America, the bites caused by this 

Important species are Amblyomma variegarurn and genus heing particularly painlul, probably due to the 
A. hebrneum, the so-called 'hont ticks', i.c. with pat- long mouthparts. 
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Inornate ticks with eyes present and festoons absent. 
The palps and hypostome are short. The males have 
adanal or accessory vcntral shields. 

These, oftcn known as 'blue ticks', are one-host 
ticks and the most important vectors of Rahecia spp. 
and Anaplusmu marginale in cattle in subtropical and 
tropical countries. The most important spccics are B. 
microplus, present in every continent cxcept Europe, 
B. annulatus in Central and South America and Africa 
and R. decoloratrrs in East Africa. 

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 ticka outs~de Europe is given because of 
thc 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 

Usually inornate but with handed legs (the 'hont-leg- 
ged tick'): eyes are present and fcstoons sometimes 
present. The palps and hypostome as in Amblyomma 
are fohg. Thc males have adaual shields. They are 
usually two-host ticks with the larvae and nymphs 
feeding on birds and small mammals and the adults on 
ruminants and equines. 

Hyalomma spp. occur throughout Africa, Asia Mi- 
nor and southern Europe and have been incriminated 
as vectors of several habesial, theilerial and rickettsial 
infcctions. H, marginalum and H. detritunl are the 
important species in southern Europe and North Af- 
rica and H. trlrncutum throughout Africa. 

'This genus is mainly responsible for tick toxicosis, 
an entity distinct from tick paralysis, in parts of south- 
ern Africa and thc Indian sub-continent. 'The 'toxin' 
produced by the adult tick causes a sweating sickness 
in ruminants and pigs characterized by a widcsprcad 
hyperaemia of the mucous membranes and a pruluse 
motst eczema. 

Usually inornate with eyes and festoons present. 
'The palps and hypostomc arc short and the basis 
capituli hexagonal dorsally. The first coxa has two 
spurs. Thc 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 apper~dicrrlatrrs, the 'brown ear tick', is 
the most cfficicnt vector of East Coast Fever of cattle 
caused by Theilerirr purvu and also transmits Rahesia 
higcmir~u and the virus of Nairobi sheep disease. The 
two-host tick R, uverlsi, 'the red-legged tick', can also 
transmit theilerial infections and Babesia bigerninu 
and 6. eqlti. The common three-host species R. 
sanarrineus has a more widesoread distrihution and is 

with the availability of a micro-cnvironme; 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 hare or 
eroded patches. Where suitable grass cover docs cxist 
it has been generally accepted, sincc tcmpcratures are 
suitable for devclopmcnt throughout a large part of 
thc year, that the distribution of ticks is mainly 
governed by rainfall, and with the exception of 
I l ya lon~ma 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 the maintenance of the 
necessary microclimalc with a high relative humidity 
arc rather more complex and depend on the transpira- 
tion of plant leaves. As long as this continues, 

However, whcn the ratc of evaporation increases 
bcyond a certain level, the stomata on the leaves 
close, transpiration ceases and the low humidity 
created in the microclin~ate rapidly becomes lethal to 
the ticks. 

In the field, of coursc, the stability of the 
microclimate is dependent on factors such as the 
quantity 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 these thresholds. Generally, ticks are 
most active during the warm season provided there is 
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 hased on thc use 
of chemical acaricides applied either by total immer- 
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sion in a dipping bath or in the form o[ a spray, shower CONTROL OF ONE-HOST TICKS 
or spot-on. 

Whcrc severely parasitized animals require indi- 
vidual treatment, special formulations of acaricides 
suspended in a greasy base may be applied to affected 
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 bcing moved from endemic tick farms to 
thosc 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 oS value, the effectiveness of this 
single treatment seems to vary in individual flocks, 
possibly because the three-host tick, I ricinus, spends 
such a short time on the host and its period of activity 
and feeding varies between ycars according lo 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 acaricidc and subsequently allow 
them acccss to lheir mothers in a confined area hut 
more convenient spot-on preparations are now used 
extensively. 

CONTROL IN THE TROPICS 
In these arcas treatment 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 several factors. 
These include the seasonal activity and duration ot 
feeding of the individual lick 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 onc-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 nnpvrt;int point I< that. unl~ke \\'eitern torop~. .  
u hcrc risk a:rivit\ onlv occur, in the \pringor aurumn. 

~ ~ 

tropical ticks may be active throughout most of the 
year, completing thcir life cycle from egg to adult 
within a few months. 

The basis of succcss[ul control of one-host species 
such as Buophilus, 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. Sincc Boopt~ilus 
has a parasitic life cycle which requires 20 days berore 
adult fcmalcs bccomc Iully 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 susccplible to most acaricides, a 12-day in- 
terval is often necessary between treatments at the 
beginning of the tick season. The avermectinsl 
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 gcarcd to thc 
parasitic period requircd for thc adult female stage to 
bccomc Sully engorged 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 01 [our 
days for cngorgcmcnt). 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 necessary [or cattle 
infested with R. appcndiculatus in areas where East 
Coast Fever is endemic so that the ticks are killed 
before the sporozoites of T. parva have time to 
develon to the infective staee in the salivarv elands u , .. 
of the iick. 

Theoreticallv. wccklv dinnine should also control , . , .. .. 
the larvae and nymphs, but in several areas the peak 
infestations o[ larvae and nymphs occur at different 
seasons to the adult females and the duration of the 
dipping season has to he extendcd. Sincc many ol  the 
two- or three-host ticks occur on less accessible parts 
of the body, such as thc anus, vulva, groin, scrotum, 
udder and ear, care must be exercised to ensure that 
the acaricidc is 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 bc sought, though the general prin- 
ciples described above should be observed. 



ACARlClDES 
Arsenic was the first compound lo be widely used [or 
tick control but due to problems of toxicity. lack ol 
residual effect and resistance it was largely replaced by 
the organochlorines in the late 1940s. Increasing envi- 
ronmcntal contamination and consumer resistance to 
unacceptable levels o l  organochlonncs in mcat to- 
gether with the onset o l  tick resistance to lhis group o[ 
insecticides led to their replacement in the 1960s 
by several organophosphorus compounds, the carha- 
mate. hutocarb and, more recently, the formaniidine, 
amitraz, and somc synthetic pyrethroids. Ivermectin 
or closantel given by the parenteral routc havc also 
been shown to be a useful aid in the control against the 
one-host tick Boo~hilus. 

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 heing sought, especially against 
the two- and three-host ticks which spend long periods 
off thc 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, regeneration of the 
pastures will rapidly occur following the onset of rains. 
Cultivation of land and, in somc arcas, improvcd 
drainage help to reduce the prevalence of tick 
populations and can he used where more intensive 
systems of agriculture prevail. Pasture 'spelling' in 
which domcstic livestock are removed from pastures 
for a period of timc has bccn used in semi-extensive or 
extensive areas, but often has thc disadvantage that 
ticks can still obtain blood from a wide variety olothcr 
hosts. 

Othcr control systems include the selection of cattle 
with a high natural resistance to tick infestations. Re- 
sistance of lhis type seems to bc a hcritablc character- 
istic and is high in the humped breeds (Bus indicus) 
and low in the European breeds (Bus tuurus). Thc 
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 bccn thc dcvclopmcnt of 
vaccines against ticks. Relative success has bcen 
achieved against the cattle tick Boophilus microplus. 
A highly purified antigen has been isolated and vacci- 
nation of cattle with small doses of this glycosylated 
lick protein has rcduccd the reproductive capacity of 
ticks feeding on vaccinated animals by 90°/.. To pro- 
duce sufficient quantities for vaccination thc genc cod- 

ing for the protei~i antigen has been incorporated into 
micro-organism5 such as the fungus Asp~r~illus 
nidulans. 

mouthparts are not visible from the dorsal aspect (Fig. 
136). They do not swell as much on engorgement as 
hard ticks since thc females feed moderately and 
often. Mating takes place off thc host and thc cggs 
are laid in batches. l'hese ticks, unlike the lxodidae, 
are drought resistant and capable of living for 
several years. There are three genera of veterinary 
importance. 

The common species, Argas pprsicus, is cosmopolitan 
in distrihution, especially on domestic poultry in the 
tropics; it has only heen recorded from Britain on a 
[cw occasions. Thc lifc cycle involves one larval and at 

Flg. 136 Ventral view of the son tick Argas; the mouthparts arenot 
visible from the dorsal aspect. 
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least two nymphal stages prior to the adult. These 
various stages livc in cracks and crevices of the poultry 
house only approaching birds at night to suck blood 
about once per month. The adult stagcs livc for several 
years, even in the absence of suitable hosts. Thcsc 
ticks cause sleeplessness, loss of productivity and 
anaemia, which can prove fatal. They transmit 
Burreliu unserina, the cause of fowl spirochaetosis, 
and Av,qyp/iunellu pullor~mrn, a rickcttsial infection. 

Another species. A. reflexrms, is a common parasite 
of pigeons. 

Orobius meznnii, the soinose car tick. is found in 
North and South ~ m e r i c a ,  India and so;thcrn Africa. 
Although these spiny ticks occur primarily in dogs' 
cars they can also infect many other hosts including 
man. Sincc thc eggs are laid in crevices in walls and 
feeding troughs lhey arc mainly a problem in housed 
stock. Only the larvae and nymphs are parasitic, re- 

cation ol an acaricide to their environment coupled 
with treatment of thc population on the host. All 
niches and creviccs in affected buildings should be 
sprayed and nesting boxes and pcrches in poultry 
houses should also be painted with acaricidcs. At the 
sdmc time as premises are treated, birds should cilhcr 
be dusted with a suitable acaricide or, in the case o[ 
larger animals, sprayed or dipped. Treatment should 
be repeated at monthly intervals. 

Tn the case of the ear tick Orobius, which spends a 
long time on the host, control can be achicvcd by the 
topical use of acaricidal creams together with treal- 
men1 ol  lhc premises. 

For sand lampans thc use of blocks of solid carbon 
dioxide to stimulate them to leave their secluded 
hiding places for the soil aurface where they are ex- 
posed to acaricides is often rccommended, hut 
rather impractical. The introduction of ivermectin 
which has a residual effect against Ornilhoduros ollers 
a very promising method of control in domestic 
animals. 

I maining on the same host l& several months where 
they cause severe inflammation and a waxy cxudatc in 
the ear canals and, in heavy infections, anaemia and THE MITES 
loss of condition. This group of acarines includes both parasilic and 

free-living lorms, a few of the latter suecies beine of 

These soft ticks or sand tampans live in sandy soils, in 
primitive housing or in shaded areas around trees. 
Ornithodoros mo~ibata and 0. savignyi occur in Africa 
and the Middle Easl and thc former at least is a reser- 
voir host for the virus of Alrican swinc 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 hcavy infections can cause mortality of stock 
from blood loss. Bccause of their location under the 
surface of sand and the short pcriods on the host, 
treatment and control may be difficult. Anolhcr spe- 
cics, 0, nmricata, also occurs in the USA and has been 
incriminalcd as a vector of Q fever in man and animals 
and also as a causc of tick ~aralvsis. 

Ihc Ihrc~. mlportant cpliL.ml(;lo2ic;ll ~ l ldracter~~t~. \  
.>I the snft lick, .arc, lirsl. ~h r ,  i.1~1 that -neQ>recnlunr tc 
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completed rapidly and therefore allows advantage to 
be lakcn of the infrequent presence of suitable hosts; 
secondly, the grcat 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 shcltcrs or enclosures can be controlled by appli- 

cestodes, including Anoplocephrrla, ~ o h i e z i h  and 
Srilesia. 

Thc parasitic mites are small, most being less than 
lJ.5mm long, though a few hlood-sucking species may 
attain several mm when fully engorged. With few ex- 
ceptions they are in prolongcd contact with the skin of 
the host, causing various forms of thc condition gener- 
ally known as mange. 

Although, like the ticks, mites are ohligatc para- 
sites, thcy differ from them in the important respect 
that most spccics spcnd their entire life cycles, from 
egg to adult, on the host so that lransmission is mainly 
by contact. It will also be seen later that, unlike the 
ticks, once infection is established, pathogcnic 
populations can huild up on an animal without [urlhcr 
acquisitions. 

The miles havc a complex taxonomy, occupying at 
least eight different Iamilies, and for veterinarians it is 
more useful to consider them according to their loca- 
tion on the host as burrowing and non-burrowing 
miles. 

BURROWING MITES 
With one exception, I>~mo&x, to be considered later, 
the thrce important burrowing genera, Sarcoptes, 
Notoedres and Knemidocoptes, belong to a single fam- 
ily, the Sarcoptidae and have much in common. 
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Fig. 137 (a) Dorsal view of Sarcoptes scabieishowing transverse 
ridges and triangular scales; (b) Dorsal view of Notoedres cat is how^ 
~ n g  concentric striations; (c) Dorsal view of the poultry mite 
Knemidocoptes. 

Morphologically they have a general similarity, with 
circular bodies and very short legs which scarcely 
project beyond the body margin. Their generic charac- 
teristics are outlined in Fig. 137. 

'The sole species o l  this mite occurs in a widc 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. 

Hnsts: 
All domestic mammals and man. 

Species: 
Sarcoptes scabiei. 

Distribution: 
Worldwide. 

MORPHOLOGY 
Sarcoptes is round in outline and up to 0.4mm in diam- 
eter, with short legs which, like those of Notoedres. 
scarccly project beyond the body margin. Its most im- 
portant recognition characters are the numerous 
transverse ridges and triangular scales on the dursum, 
features possessed by no other mange mite of domes- 
tic mammals. 
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LIFE CYCLE 
The fertilized female creates a winding hurrow or tun- 
nel in the upper layers of the epidermis, feeding on 
liquid oozing lrom thc damagcd tissucs. Thc eggs are 
laid in these tunnels, hatch in 3-5 days, and thc six- 
legged larvae crawl on to the skin surface. These lar- 
vae, in turn, hurrow into the superficial layers of the 
skin to create small 'moulting pockets' i n  which the 
moults to nymph and adult are completed. The adult 
malc thcn cmcrgcs and sccks a fcmalc either on the 
skin surface or in a moultine vocket. Altcr lertilization . . 
the females produce new tunnels, either dr novo or by 
extension of the moultine. pocket. The entire life cvde 
is completed in 17-21 days. 

Ncw hosts arc infected by contact, presumably from 
larvac which arc commonly present on the skin sur- 
lace. 

SARCOPTIC MANGE OF DOGS 
The predilection sites [or the mitcs arc arcas such as 
the ears, muzzle, face, and elbows but, as in other 
manges, severe infestations may extend over the 
whole body (Plate XI). 

Visually, the condition begins as erythema, with 
papulc formation, and this is followed by scale and 
crust formation and alopecia. It is a characteristic o l  
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 exacerbaled by thc dcvcl- 
opment of skin hypersensitivity to mite allergens. 

In cases which are neglected for a number of 
months the whole 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 features o l  canine sarcoptic 
mange are: 

(1) The edees of the ears are often lint affected, and . , 
on ruhGing a scratch rcflex is readily elicited. 

( 2 )  There is always intense itching, so that in caacs of . . 
dermatitis ;here there is n o  itch, sarcoptic 
mange can be eliminated as a possibility. 

(3) It is a highly mntagious condition, and single 
casca arc rarcly 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 dcmonstratc, a nega- 
tive findine should not vreclude a tentative diagnosis 

I ninnge and ili~tiatla~l or trenrllienr 
H8,r.J $In  the nrotcar.d Ioc;~tio~i ot the I>nr;lsllc.c. rile 

duration of the fife cycle and the necessity of killing all 
mites, dogs should he bathed weekly with an acaricidal 

preparation for four weeks. or longer if necessary, 
until lcsions havc disappcarcd. Effective acaricides 
include the organochlorincs, 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 arc combined with a surfactant which aids 
contact with thc mitcs, by rcmoving skin scales and 
softening crusts and other debris. 

Because this is a highly contagious mange, allecled 
does should be isolated and it should be explained to 
owners that rapid cure cannot he expected. :TO ensure 
that an outbreak is contained. all dogs on the premises - 
should be treated il possible. 

In severely distressed dogs, oral or parentcral 
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 
Notoedre.~ infeccon with progreqsive hair loss from the 
cars, facc and neck. extending to the ahdomen. Treat- - 
men1 is as lor Nuroedres. 

SARCOPTIC MANGE OF PIGS 

The ears are the most common site, and are usually 
thc primary focus from which the mite populat~on 
spreads to other areas o l  the body (Plate XI), cspc- 
cially the back. Hanks 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 appcar on thc face and ears within three weeks of 
birlh, later cxlcnding to othcr arcas. Transmission 
may also occur during service, especially from an in- 
fected boar to gilts. 

Affected pigs scratch continuously and may 
lose condition. Thc first lcsions appcar as small red 
oaoules or wcals and ecncral crvthcma about the eves. . . L, , . 
around the snout, on the concave surlacc o l  thc cxtcr- 
nal ears, in the axillae and on the front of the hocks 
where the skin is thin. Scratching results in excoriation 
of thcsc affcctcd arcas and the formation of brownish 
scabs on thc damagcd skin. Subsequently, the skin 
becomes wrinkled, covcred 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, bcforc shc 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 anoears at the lattenine staee. . . - 
the offspring ofireated sows showing better growth 
rates and shorter finishlog ocriods than those of un- 
treated sows. Boars shoulaalso be routinely treatcd at 
six-monthly intervals. 

In the treatment of affected pigs, acaricide may 
bc applied weekly, hy wash or by spray, until the 
signs have regressed. Effcctive preparations which 
have been used include amitraz, trichlnrfon and 
bromocyclen. Newcr and more convenient products 
with a better residual effect are the systemic 
oreanoohosnhate oour-on. ohosmct and inleetable u . r  

ivermectin. It is recomrnendcd that phosmet he ap- 
olied to the hack of the sow 3-7 davs before farrowinn. 

small part of thc dose being &ed into thc cak.  
Alternatively, ivcrmeclin may be administered at 
3OOlrgikg. 

SARCOPTIC MANGE OF CATTLE 

Sarcoptic mange is potentially the most severe o l  the 
cattle mangcs, although many cases are mild. Never- 
theless, it is being increasingly diagnosed in Britain 
and the hiehlv relevant mint should be made that in <, , 
some areas including Canada and parts of the IJSA, 
the disease is notifiable and the entrv of cattle carrvinn 
Sarcoptes, whcther clinically affecied or not, is'noi 
permitted. 

The mile has partial site preferences which have 
given it. in the LISA, the common name of 'neck and 
tail mange' (Plate XI), but it may uccur on any part of 
the body. 

Mild infections show merely scaly skin wilh little 
hair loss, but in severe cases the skin bccomes thick- 
ened, there is marked loss of hair and crusts form on 
the less well-haired parts of the body, such as the 
escutcheon of cows. As in all lhe sarcoptic manges, 
there is intense pruritus lcading 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 Chorioples. Once encountered, 
Sorco~res. with its circular outline. short. stumo-like . , ~~ 

lcgs and transverse striations, is easily differentiated 
from Demodex and from other cattle mites which have 
oval bodies and easily visiblc legs. 

Until recently, treatment has largely depended on 
the use of repeated washes or sprays usually contain- 
ine eamma HCH. C u r m t l c  a single injection o l  - - 
~\crrnccl~n 15 iot~lmolily u\r.J and ha\ g~\uti  vur) p.>od 
result,. Allcrn.~t~\clv. th-  appllcallun 01 .I pour-on 

ivermcctin nor ohosmet are licensed for use in lactat- f 
ing animals whose milk is used for human consump- 
tion. The amidine amitraz is effective against sarcovtic 
mange in cattle and has withdrawal of 24 hnd 
48 hour? recpectivcly for meat and milk. I 
SARCOPTIC MANGE OF SHEEP I 
Sarcoptic mange has a widc geographic distribution in 
many sheep-raising arcas or the world, such as the 
Middle East. In Africa it occurs i n  the local brccds ol 
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 
Pvnrnpte,r, prefers regions without wool, such as the 
face, ears, axillae and groin, and has a slow spread. 
Aflected areas are at first erythcmatous and scurfy. 
The intense pruritus characteristic of sarcoptic mange 
is present, and shccp scratch and rub the head, 
body and legs against trees, posts and walls. Becausc 
of the itch, sheep are almost continuously rcslless 
and arc unable to graze, so that therc is progressive 
emaciation. In haired sheep the whole body may he 
affected. 

Treatment and control is similar to that described 
later for the morc common psoroptic mange of shccp. 

SARCOPTIC MANGE OF GOATS Bi 
This form of mange in goats is worldwide in distribu- 
tion, hut is of grcatest economic importance in arcas 
where the goat is lhe basic don~estic runlina~rt such as 
India and West Africa. 

In goats the condition is often chronic, and may 

in other sarcoptic infections the main signs arc irrita- 
tion with encrustations, loss of hair and excoriation 
from rubbing and scratching. In long-standing cases 
the skin becomes thickened and nodules may develop 
on the less well-haired parts of thc skin, including the 
muzzle, around the eyes, and inside the ears. 

Repeated treatment is often necessary, sometimes 
ovcr several months in long-standing cases. The 
acaricide which has been most widelv used is eamma 
HCH and where this is no longer avAlable there may 
be oroblems obtainine a suitable drug licensed for use 
in goats. 

Although not licensed lor the treatment of goals, 
whose milk is consumed by man, a single injection of 
ivermcctin is extremely effective. 

organophosphate such as phbimet, on two oicasions 
at an interval of 14 days, is also effective. Neither 

Corticosteroid therapy has heen reported to aid re. 
covery in that it suppresses the pruritus. 
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SARCOPTIC MANGE OF HORSES EPIDEMIOLOGY AND PATHOGENESIS 

Shis mange is now uncommon, and in Britain only two 
cases have been recorded since 1948. In hoth 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' o l  
Sarcopfes, humans rcadily hecome infected from do- 
mestic animals. Most cases of zoonotic scabies origi- 
nate from dogs, hut outbreaks havc also occurred in 
stockmen closely invoived with cattle or pigs. 

Thc areas most often affected are those in direct 
contact with the animals, including the palms ol  the 
hands. the wrists, the arms and the chest. 

Primary scabies 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. Thc 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 state, characterized hy a transient rash, 
may appear within a few hours of animal contact. 

Once affected animals havc hccn successfully 
treated no further human cases occur. 

This genus has somewhat similar behaviour and 
pathogenesis to Sarct~pfes, but has a more restricted 
host range. 

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 infcction appears as dry, encrusted scaly lesions 
on the edges ol Lhc cars and on the face, the skin being 
thickened and somewhat leathery. The associated pru- 
ritus is often intense, and thcrc may he severe excoria- 
tion of the head and neck from scratching. In typical 
cases the lesions appear first on the mcdial edge of the 
ear pinna, and then spread rapidly over the ears, face, 
eyelids and neck. It may he 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 lesiol~? 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 parallin 
or soap solution belorc applying an acaricide. A 1% 
solution of selenium sulphidc is specifically recom- 
mended for use in cats since certain compounds such 
as the organochlorines may prove toxic to cats. Treat- 
ment should be given at weekly intervals for 4 to 6 
weeks, the prognosis being good. Although not yct 
licensed for the treatmcnt of cats. ivermectin is effec- 

Hosts: tive against Noroedres. 
Cat; it is occasionally seen as a temporary parasitc in 

Species: 
Notocdres cati 

Distribution: 
Worldwide. 

MORPHOLOGY 
Nolovdres closely resembles Sarcoptes, having a circu- 
lar outline and short lcgs, but is distinguished by its 
concentric 'thumb print' striations and absence ol  
spines (Fig. 137). 

LIFE CYCLE 
Similar to that of Sarcopte,~, except that the females in 
the dermis do not occur singly, but are found in 
aggregations known as 'nests'. 

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 namcs: 

Knemidocopte.~ mufans poultry 'scaly leg' 
ti. gallinae poultry 'dcpluming itch' 
ti. pilue cage birds 'scaly face', 

'tassel foot'. 
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Fig. 138 (a) 'Scaly leg', due lo K mutans; (b) 'Scaly face', due lo K 
pilae. 

MORPHOLOGY 

K. p i lu~  is nioqt often seen in budgerigars because ol 
their oooularitv. but other ~sittacines such as lhe Dar- 
rot. barjkeet and cockakiei, and finches, such as'the 
canary, are cqually susceptible. K. pilrre attacks the 
hare and lightly feathered areas, including the heak, 
ccrc, head, neck, inside of wings. legs and feet. Thc 
mites are deep in thc skin, but unlike Sarcopr~.~  cause 
little pruritus. Lesions develop slowly, ovcr a number 
of months. 

Infection may remain latent for a long time with a 
small stalic mite population until stress, such as chill or 
movcment to a strange cage, occurs when the popula- 
lion increases. 

On the head, (he first change is a scaliness at the 
angle of thc beak which spreads ovcr the face ('scaly 
face') affecting the cere and horny tissue of the beak 
(Fig. 138). The beak may be distorted due to the mites 
hurrowing in the matrix, and mssbeak may develop. 
If lhe matrix is destroyed there is no prospect of recov- 
ery. When the limbs are affected, an extrcmc form of 
scaly leg may develop and in severcly affected hirds 
toes may slough. 

TREA TMEN7 
For thc treatment of mite infestation in poultry the 
acaricides most widely used are carbaryl or 
pyrethroids applied either as a dust or spray, paying 
particular attention to the undersides of thc wings. For 
'scaly leg' thc lcgs should be dipped into the acaricide 
solution. Thc treatment should be rcpcated several 
times at ten-day intervals. The poullry house should 
hc lhuroughly cleaned and the perches and nesting 
boxes sprayed with acaricide. 

The treatment of cage birds is similar except that 
the acaricidc is usually applied locally. Oil-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 ncck has been recom- 

The circular body and short, stubby legs and the avian mended for the treatment of mange in cage birds. 
host arc sufficient for gencric diagnosis (Fig. 137). 

LIFE CYCLE 
Similar to Snrcopte.~, thc ferlilized females burrowing 
into the dermis and laying eggs in tunnels. 

EPIDEMIOLOGY AND CLINICAL SIGNS 
In poultry, K. mutans affccts the skin beneath thc leg 
scales, causing the scalcs to loosen and rise, and giving 
a ragged appearance to the usllally smooth limbs and 
roes (Fig. 138). Lameness and distortion of the feet 
and claws may be evident. 

K. gallinae, responsible for 'depluming itch', bur- 
rows into the feather shafts, and the intense pain and 
irritation cause the bird to pull out body feathers. 

Mites of this genus belong to a separate family, the 
Demodicidae which, although burrowing niites, are 
quite different in form and behaviour from the 
Sarcoptidae. 

Hosts: 
All domestic mammals and man 

Distribution: 
Worldwide. 

Location: 
Hair follicles and sebaceous glands. 
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Fig. 139 (a) Typical appearance of Dernodexin skin scrapng; (b) 
Adult D e m ~ e x .  

Species: 
With the exceotions of D. ohvlloides of nies and D. 

' 2  . L 

follrcnlonlnr of man, all species of Demodex arc 
named after their hosts, e.g. D. ranis, I). bovis, D. eqrii. 
etc. 

MORPHOLOGY 
Demodex has an elongate tapering body, up to O.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- 
ceous glands. 

Most species spend the entire lifc cycle in the folli- 
cles or glands, in each of which they occur in large 
numhers in a characteristic head-downward posture. 
In the newborn and very young animal these sites are 
simple in structure, hut later they become compound 
by outgrowths. Thc mites then move into the extended 
hahitats. eoine much deener into thc dermis than the 
sarcopid; an; hence being much less acccssihle to 
surface-acting acaricides. 

This form of mange is best documcnted in the dog, 
hut the pathogenesis and epidemiology in othcr ani- 
mals suggests that their infections may have much in 
common with canine demodicosis. 

DEMODECTIC MANGE OF DOGS 

EPIDEMIOLOGY 
Probably becausc of its location deep in the dermis, it 
is almost impossible to transmit Demodex bctween 
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 wccks of life, the comnlensal population in 
the skin of the bitch bcing transferred to the in-contact 
areas of the pup. Certainly, it is in these areas, the 
muzzle, face, periorbital region and forelimbs that le- 
sions first appear (Plate XU). 

PATHOGENESIS 
Early in infection there is a slight loss of hair on the 
face and forelimbs, followed by thickening of thc skin, 
and the mange may progress no further than the in- 
contact arcas; many of these locali7ed mild infections 
resolve spontaneously without treatment. On the 
other hand, lesions may sprcad over the entire body, 
and this generalized demodicosis may take one of two 
forms: 

(1) Squamous demodicosis is thc lcss serious. It is a 
dm reaction. with little ervthema. but widc- 
spread alopecia, desquamation and thickening of 
the skin. In some cases of this tvoe onlv 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 bccomes 
wrinkled and thickened, with many small pus- 
tulcs 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 disfigured, so that 
early euthanasia is sometimes requested by own- 
ers, and cspccbally hy pedigree hreeders. 

A notahle feature of all types of demodectic mange 
is the absence of pruritus. 

The pathogenesis of Demodex is more complex 
than that of othcr mange mites because immune fac- 
tors appear to play a large part in its occurrence and 
severity. Tt is thought that certain bitchcs 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 
observed that litter mates from such a bitch often de- 
velop the generalized form of demodectic mange si- 
multaneouslv. even though thev have heen reared 

2 ,  u 

separately. In addition. Demodex itself is thought to 
causc a cell-mediated immunodeficiency which sup- 
presses the normal T-lymphocytc response; this defect 
disappears when the mites havc been eradicated from 
the jnimal. Demodectic mange may erupt when dogs 
are given immunosuppressants for other conditions. 

DIAGNOSIS 

For confirmatory diagnosis, deep scrapings are neces- 
sary to reach the mitcs deep in the follicles and glands. 
and this is best achieved by taking a fold of skin. 
applying a drop of liquid paraffin, and scraping until 
capillary blood appears. Even in normal dogs a 1ew 
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 hencc an active infection. Skin hiopsy, 
to detect mites in the follicles, has heen used in se- 
verely affccted 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 havc susceptible offspring, it 
may be advisable to discard these from hreeding 
estahlishments. 

TREATMENT 

With their deep location in the dermis the mites are 
not readily acccssiblc lo tooically aoolied acaricidcs, . . . .  
so that repeated treatment is necessary and rapid re- 
sults should not be expected. In localizcd squamous 
mangc 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, bc guarded. 

Before commencing specific treatment the dog 
should be clipped, washed with an anti-seborrhoeic 
shampoo and tlloroughly dried. Of 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. 

Whcrc lhe lesion is mild and localized it may 
bc 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 localizcd, self- 
limiting lorm. confined to the evelids and ~eriocular 
region, and is of the mild squamous typc, with some 

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, cach con- 
taining caseous material and several thouaand mites. 
which'cause hide damage and economic loss. Though 
these nodules can he seen in smooth-coated animals 
they are often undetectcd in rough-coated cattle until 
the hide has been drcssed. 

In somc 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 Ilenrodex nodules. 

As in the dog, transmission appcars to occur during 
the early days of suckling, and the muzzle, neck, with- 
ers and back arc common sites. 

Control is rarely applied since there is little inccn- 
tivc for [armers to treat their animals, thc cost of dam- 
age being borne by the hide mcrchant. I[ treatment is 
desired, pour-on or~anophosphates or parenteral . . 
ivermectin may be tried. 

DEMODECTIC MANGE OF SHEEP 
This form of mange is rare in shccp 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, a ~ l d  
though formerly of greatest importance in warm coun- 
tries, it is being increasingly diagnosed in Europe. 

The disease is similar lo that in cattle. The initial 
lesions on the Pace and neck extend to the chest and 
flanks and may eventually involve thc whole body, 
with the formation of cutaneous nodules of up to 
2.0cm in diameter containing yellowish, caseous 
material with largc numbers of mites. 

This form of mange is rarely debilitating, and is of 
greatest importance as a cause of down-grading ur 
condcmnation of goat skins. Where treatmcnl is at- 
tempted, pour-on organophosphates or parenteral 
ivermectin may bc uacd. 

DEMODECTIC MANGE OF PIGS 
This mangc is rare in pigs though sporadic incidences 
of up to 5% have been noted in eastern European 
countries. It is usually confined to the head, where 
there is pustulc formation and thickening of the 
skin. 
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DEMODECTIC MANGE OF HORSES Distribution: 

In the horse demodectic mangc is rare. hut may Worldwide. 

occur either as the squamous or the pustular type, 
affecting initially the muzzle, forehead, and pcriocular MORPHOLOGY 
area. 

P~voni{~Ius is a typical non-burrowing mite, up to 
0.75mm. oval in shaoe. and wilh all the lees nroiectine 

Laminosioptes cysn'cola occurs in domestic poultry 
and pigeons in most parts of the world. Aggregations 
of these small, oval mites are Iound in ycllow caseous 
nodules of several lnln diameter in the subcutaneous 
musclc fascia and in deeper tissues in the lungs, pcrito- 
neum, muscle and ahdominal viscera. The life cyclc is 
unknown. 

The subcutaneous nodules are often calcified and 
contain only dead miles, activc mites occurring in the 
deep tissues. 

Laminosioptes is never associated with clinical 
signs, and is only discovered at meat inspection, whcn 
infected carcasses are condemned partly on aeslhctic 
grounds and partly because the infection appears 
somewhat similar to avian tuberculosis. 

NON-BURROWING MITES 
The mitcs in this category are diverse in biology and, 
although classified in many different groups, the three 
major families ot  veterinary importance are the 
Psoroptidae, Cheyletidae and Dcrmanyssidae. Their 
common feature is that they do not burrow into the 
dermis, but feed superficially. Some feed solely on skin 
scales, but a few also suck tissue fluid from the skin, 
and several arc bloodsuckers. In 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. 
Olhcrs spend their adult existence as tree-living 
acarines, but must feed on animals in their larval 
phase. The main diagnostic features of the important 
species are indicatcd in Fig. 140. 

iegs (Figs 140 &d 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 to mature adult, takes about 
tcn days. The greater pathogenicity of this mite is 
attributable lo the fact that unlike most non-burrow- 
ing mites, it has picrciug 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 
rcscrvoir sites such as the axilla, groin, infra-orbital 
fossa and inncr surface of the pinna and auditory canal 
during spring, summer and early autumn, and spread- 
ing rapidly over the rcst of the hody in the colder 
months as the fleece thickens. 

Though it is a non-burrowing mite, P~oroptes is very 
active in the keratin layer, and causes direct damage to 
the skin. The earliest phase of infection occurs as a 
zone of inflammation 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 XII). 
The first visible sign is usually a patch of lighter wool, 
but as the area of damaee enlarees the sheen rcsnonds 

Hosts: 
Sheep, cattle, equines. 

Species: 
Psoroptes ovis sheep and cattle 
P. equi cquines 
P. cuniculi equincs and rabbits 

In addition to wok  loss, theshecd arc so restless 
and preoccupied in scratching that thcy almost cease 
lo lccd, and in growing animals weight gains may be 
suppressed, while in adults there may he weight loss. 
In very severe infestations animals 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 female Otodsctes cyoohs, 
(d) Dorsal view of female Cheyietielia. 

'Though the majority of sheep become infected outbreaks when the cold scason arrives. There is a 
while the mitcs are active and multiplying, thc quies- short-term risk of infection from pens and houses, but 
cent phase is also very significant in thc epidemiology off the host, most mites die within a week, and 
of the disease, for apparently normal sheep carrying premises may he presumed free of infcctiun three 
this phase in reservoir sitcs may be introduced to weeks after remobal of sheep. 
healthy flocks during summcr and autumn, and initiate 
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Rg. 141 (a) Differential features of Psoroptes and Chorioptes: (b) 
Pruritus and wool loss characteristic 01 sheep scab. 

DIAGNOSIS 
Initial diagnosis is hased 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 identification of 
the mites. Material should be scraped from the cdgc of 
a lesion. placed in warm 10% potassium hydroxide, 
and examined microscopically. 

As a non-burrowing mite I'soroples has a gcnerally 
oval outline, with all the legs projecting beyond the 
body margin. Another non-burrowing mite, 

Chorioptes, can be common in sheep, and it is essential 
that this relatively harmless mitc should he differenti- 
ated from the pithogenic Psoroptes. The important 
diflercntial features are shown in Fig. 141 

TREATMENT AND CONTROL 
Because of its short population turnover period of ten 
days thcre is very rapid spread, and it is this character 
which has led to legislative control in many countries 
since the cconomic consequences o[ uncontrolled 
sheep scab are serious. The disease was presumcd to 
have heen eradicated from the IJnited Kingdom in 
1952, thcre having been no notifications 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 Ncw Zealand many years ago, but remains 
notifiable in these countries. Legislation in support of 
control is based on inspection of flocks, limitation 01 
movcment of sheep in, and [rum, areas in which the 
infection has been diagnosed. and comnulsorv d i~o ine  

.. . , . .  
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 recomrncnded for sheep scab control. Sheep 
should remain in the hath for at least one minute, and 
the head should be immersed at least twice. They 
should he 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. Modcrn acaricides have becn developed 
which have an affinity for wool grease, so that as a 
succession of sheen eo through the bath the acaricide . u - 
is gradually 'stripped out', and manufacturers give di- 
rections for reulenishment aftcr a s~ecified number or 
sheep havc bien dipped. It is us&lly 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 
specified acaricides are permittcd for use in dips. For 
many yearsonly gamma HHC, now designated gamma 
HCH (llexachlorocyclohexane). was used, but this has 
now been largely replaced by the organophosphates, 
diazinon and propetamphos, which in addition to giv- 
in)! the required oersistencc in the fleece. are ra~idlv 
deioxified 'and eicreted from tissues. The synchetic 
pyrethroid, flumethrin, is also licensed lor the control 
of sheep scab in the UK. 

Two treatments with injectablc ivermectin at an in- 
terval of seven days have given complete clearance of 
t'sorupres ovis, and are now licensed lor this purpose 
in many countries. 
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PSOROPTIC MANGE OF OTHER 
LIVESTOCK 

Bovine psoroptic mangc is of increasing importance in 
the USA and parts o l  Europe, attributable mainly to 
more intensive husbandry methods. 

Thc main effect is a nruritua caused by the hiting 
:!nd \~cl\!ny . I ~ I I $ I I ! .  CII the m!lcs ahicli reiillI\ In the 
fornlallun of ve$iclr..;. lhr. z.\uJ.~f; Jrr ~ t i c ~ ~ n  r h ~  *hen 10 
form a crust. Cattle arc extremely kstikss, 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 weighls. In Germany, extreme 
debility and some deaths have occurred in animals 
under a year old. 

The skin areas most ollen affected in cows arc the 
abdomen, tail-head and escutcheon, and in bulls the 
abdomen, tail-head and prepuce. Thcse locations 
would suggest that one common mode of transfer of 
infection is when cattle mount each other. 

Treatment is as for ovine sarcoutic manec usine 

treated animals remain contagious for five days af&r 
treatmcnt. Pens should be disinfected and vacated for 
two weeks before restocking. 

Though the species in cattle is 1'. ovis, the likelihood 
of transfer of infection from these animals to sheep 
would seem to bc slight since in Britain, where 20 
years of frecdom from sheep scab was enjoyed from 
1952, infcctcd cattle were continuously present. It 
would appear that, as in somc olher manges, biological 
adaptation has resultcd in restriction of the host range. 
Experimentally, infection has been transferred be- 
tween sheep and cattle and vice versa, but in neither 
animal did thc heterologous 'strain' pcrsisl for more 
than a few wceks. 

Equine psoroptic mange due to P. equi has not been 
~[Iicially recorded in Britain for many years. In the 
USA and Australia, Psuroples has heen 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. crrniculi causes acutc irritation, so that 
horses adopt a lop-eared posturc and resent being 
bridled. In Australia, whcrc 'head shaking' is rela- 
tively common, onc 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 havc been found 
effectivc. 

In rabbit colonies, P cuniculi also localizes in the 
cars. where the mites arc usuallv auiescent. hut occa- - ~. , . 
sionally proliferate causing severe mange in which the 
auditorv canal mav be comuletelv blockcd with erev- 
ish dehhs; the infection may extend over the rest of 
the body wilh scabs. loss of hair, and excoriation from 
scratching. 

Purusirology 

Treatment is as for otodectic mange of cats and 
dogs. 

This I eenus and Oludectes. the next to be considered. 
feed ;nly superficially. Unl~kc Psuropres they have 
mouthparts which do not pierce the skin, hut arc 
adapted solely for chewing, feeding on shed scales and 
olher skin debri~.  

Hosts: 
Cattle, shccp, goats and equines. 

Distribution: 
Worldwide. 

Species: 
Although specific names have been givcn to 
Chonoptec found in cattle, sheep and equines ((: 
hovis, C. ovis, C equi) they are now all considered to 
belong to the single species, C. buvis. 

MORPHOLOGY 
See illustc-ations (Figs 140 and 141) for comparison 
with Psoroptes. The mouthparts arc distinctly 
roundcr, the abdominal tuherclcs o l  the male are no- 
ticeably truncate and the pedicels are short and 
unjointed, with cup-shapcd suckers. 

LIFE CYCLE 
S~mllar to that of Pvoroptes, cxccpt that thls mlte feeds 
only on the 7k1n surlace. 

EPIDEMIOLOGY, PATHOGENESIS AND 
TREATMENT 
In cattle, chorioptic mange occurs most ulten in 
houscd animals, affecting mainly thc neck, tail-head, 
udder and legs, and usually only a few ac~in~als in a 
group are clinically affected. It is a mild condition, and 
lesions tend to rcmain localized, with slow sprcad. Its 
importance is cconumic, the pruritus causcd by the 
mites resulting in rubbing and scratching, with damage 
to thc hide. The treatment is the samc as lor sarcoptic 
mange in cattle. 

In sheep, the mites arc Lound mainly on the legs,and 
though very common, little harm is caused. Lambs are 
thought to becomc inlected by contact with thelegsof 
the ewe. In somc cases there may he spread from the 
limhs 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 scrota1 temperature to remain 
high with, as a rcsult, testicular atrophy and cessation 



of spermatogenesis. Infected rams havc impaired re- The major signs arc frequent shaking of the head 
productivc ability or sterility, though their general and scratching of the ears from the pruritus, the pres- 
healthisnot affected. Theconditionis not irreversible, ence of foetid waxy masses in the auditory canal, and 
and semen production and fertility return to normal on inspection of severe cases, otorrhca and ulceration 
after success[ul mange treatment. of thc auditory canal. Pus may he present, from sec- 

Chorioptic mange in sheep is easily treated by ondary bacterial infection. 
dipping or by local treatment with a suitable acaricide. Scratching may cause excoriation of the posterior 

Equine chorioptic mange occurs as crusty lesions surface of the ear pinna, and this, with head-shaking, 
with thickened skin on the legs below the knees and may result in a haematoma of thc ear flap. 
hocks, and is most prevalent in rough-legged animals 
and in those with hcavy feather (Plate XII). 'Though D~~ 
the mites are active only superficially their movement 
causes irritation rest]essness, at night Omdecres is a common cause of otitis extcrna in dogs. 
when are housed ,,,inor injuries oc. The changes and signs are similar to those in the cat, 
cur in the fetlock from kicking against walls, A with brownish to black waxy deposits and exudate in 
suitable acaricidal wash, scrubbed on to the lesions on the ear canal (Platc XII), and intense pruritus. 'The 

two occasions, 14 days apart, is effective. resultant violenl head shaking and ear scratching are a 
common cause of aural hacmatomata in this species. 

This is the commonest mangc mitc of cats and dogs 
throughout the world. DIAGNOSIS 
Husts: Tentative diagnosis is based on the behaviour of the 
Cat and dog; it occurs in a number of other small animal and presence of dark, waxy deposits and 
mammals including the ferret and red fox. exudate in the ear canal. 
Species: Confirmation depends on observing the mites either 
Otodectes cynotis. within the ear hy an auroscope or, more simply, by 

removing some of the deposit and exudate and placing 

MORPHOLOGY it on a dark surface where the mites will be seen by a 
hand lens as whitish moving specks. 

Otodectes resembles I'soroptes and Choriopres in gen- 
eral conformation, having an ovoid body and project- 
ing legs. The most obvious distinguishing features, TREATMENT 
apart from the preferred location in the external ear of There are many preparations corn- 
the host, are the closed apodcmes adjacent to the first mercially as eal drops, most them including, in 
and second pairs of legs. Thc pcdicels, like those of addition to an acaricide, antibiotics, 
Chorioptes, are unjointed (Fig. 140). corticosteroids and local analgesics. The acaricide 

components include gamma HCH, piperonyl buloxidc 
LIFE CYCLE and monosulphiram. 

~ i k ~  c ; , ~ ~ ~ , ~ ~ ~ ~ ,  this mite feeds superficially, a The ear canal should firs1 bc thoroughly cleaned, 
complete cycle occupies three weeks. and after the ear drops have been instilled, the base of 

the car massaged to disperse the oily preparation. 

EPIDEMIOLOGY AND PATHOGENESIS Whatever preparation is used, treatment should be 
repeatcdin 10-14days to kill  any newly hatched mites. 

Cat In view ol lhc ubiquity and high infectivity of the 
mite, all dogs or cats in the samc household, or those 

Most cats harbour this mitc, and in adult animals it has in close in  kennels and should bc 
almost a commensal association with the host, signs of treated at the same tinle as clinically animals. 
irritation appearing only spuradically 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 arc affected. 

- - 
Early in infections thcrc is a brownish waxy exudate .This is the 'itch of sheep. in the ear canal, which becomes crustv. the mites living 

deep in the crust, next to the skin. ~ccondary hacteriz Host: 
infection may result in purulent otitis. Sheep. 
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Distribution: 
Australia, New Zealand, southern Africa, North and 
South America. It has not been reported in Europe. 

Species: 
Psorergures ovis 

MORPHOLOGY 
P. ovis is a small mite, roughly circular in form and less 
than 0.2mm in diameter. The legs arc very stout, with 
their bases adjacent, and arc dirccted radially, giving 
the mitc a crude star shape. 

LIFE CYCLE 
Similar to that of P s o r o { ~ t ~ ~ ,  the mites feeding on the 
skin itself. 

EPIDEMIOLOGY AND PATHOGENESIS 
Infection is most common in tine wool breeds such as 
thc Merino and Corriedale and is acauired hv contact 

Fig. 142 The fleece of a sheep infected with the 'itch mite' 
Psorergates (right) compared with a normal fleece (iefi). 

~~~~ ~ - ~ ~ - ~ ~ ~  ~ ~ ~ 

when the wool is short: as the fleece lengthens, it 
nresents a barrier to the transfer of mites. The sorcad TREATMENT AND CONTROL 

~~~ 

of the mite population is very slow, and intestalion is I'sorurgatps is relatively insusceptible to must 
rarely found in animals lcss than six months old; it may acaricides, although the formamidine, amitraz, has 
be thrcc years or more before the whole fleece area IS recentlv bccn shown to be of considerable value. 
affected. Otherwise the older arsenic-sulphur preparations 

Though a 'non-burrowing' mite, Psorergates attacks may be used. Sheep should be dipped soon after 
the skin itself, living in the superficial layers and caus- shearing. 
ing chronic irritation and skin thickening. 

The earliest signs arc small, pale areas of wool on 
thc shoulders, body and Hanks which gradually extend 
over the rest of the Heece, irritation increasing as the - 
mite population grows. sheep bite and their This genub occurs mainly in dogs and cats, but is also a 
wool, becomes ragged, with loose strands trail. frequent parasite of rabbits. It has some public health 
ine  from the sides of the hodv, I,, cases importance as it will readily transfer from pets to hu- 

u 

large patches of wool may be lost. mans. 

Thc fleece itsell contains much scurf and has a 
slightly yellowish hue while the staple is very dry and Dog. cat and rabbit: man is a freauent erratic host. 
easily broken. 

In severe cases the whole flcccc, which is diificult to 
shear hecause of its matted consistency, must he dis- ~ h ~ ~ ' ~ t i ~ l l n  Yasgrrri dog 

carded (Fig. 142). In lcss severely afleited sheep, and (" b'akei cat 

es~cciallv in older animals which have become toler- parasitivorax 

a i t  of the itch because of their thickened, damaged ~ i ~ t ~ i b ~ t i , , ~ :  
skin, fleeces are downgraded. Worldwide. 

DIAGNOSIS MORPHOLOGY 
To obtain mites it is necessarv. having clioned awav a The hndv of the mite. unto  0.4mm lone. has a .waist'. 

~ ~ , , 
p:a~.li n#-~>l .  to appl, :I tlrnl> c>t ni1ncr.11 O I I  a'nd ' I  h~ p:il& , ~ r c  ;rcdtl, .r;l.xr;:d $ I \ I I IE  I~I ' ,  :tppc,.ar.gli.c 
vr.~l,c 111~. skin &,an 1,) thc hl,lod :a~,lll.tr\ Ik\cl. I h; O ~ . ~ I I . ~ ~ I ~ ~ ,  D : I I ~  01 l '~ \ . . .n~lc . t~ l i  I>..II)CIIJ< I I I  3 1nr2 1 ~ 1 1 .  I . . . 
mite's thcmsclvcs are easily identified. In endemic sile claw (F'ig. 140):' 
arcas all stockowners are familiar with the appearance There are six long hairs nr setae on thc body. one 
of shccp infested with 'itch mite'. on each side of the terminal anus, and two on each 
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side of the body between the second and third pairs of ommended for cats. The condition is usually cleared 
legs. by thrcc successive weekly treatments. 

The legs terminate in 'combs' instead of claws or 
suckers 

LIFE CYCLE - 
The mites live in the hair and fur. onlv visiting the skin The sole snecies of veterinarv interest is the common 
to feed. The life cycle itself is similar to'those of 
P~oropter 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 oftcn 
found in young kittens and pups in good physical con- 
dition. It is a characteristic of the dermatitis which it 
causes that many skin scales are shed into the hair 
(Platc 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, hut there is only slight hair 
loss. 

Of all the mite infestations of domcstic animals this 
is the most readily transferable to man, C blakei bcing 
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 d positive diagnosis has bccn madc on a pet, 
there is a historv of ~ersistent skin rash in the owner's . . 
family. In contrast to the conditio~i in its natural hosts, 
the infestation in humans causes severe irritation and 
intense pruritus. The early ~ i g n  is an erythema which 
may progress to a vesicular and pustular eruption. 
Cascs in humans ~nvariably clear up spontaneously 
when the animal source has been treated. 

DIAGNOSIS 
In any case of excessive scurf or dandruff in a dog or 
cat Ch~yle~ i r l la  should be considered in the differen- 
tial diagnosis. 

On parting thc 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 mites 
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- 

'rcd mitc' of poultry. 

Hosts: 
Domestic poultry and wild birds; it is occasionally 
parasitic on mammals, including man. 

Species: 
Dermanyssus gallinae. 

Distribution: 
Worldwide. 

MORPHOLOGY 
Dermanysus is a large mite, with a body length of 
about 1.5 mm. It has long legs and is somewhat spider- 
like (Fig. 143). 

The colour is whitc to grcyah-black, bccoming red 
when engorged with blood. 

LlFE CYCLE, EPIDEMIOLOGY AND 
PATHOGENESIS 
This mite spends much of its life cycle away from its 
host, Lhc adult and nymph only visiting birds to feed, 

Fig. 143 The poultry 'red mite' Dermanyssus gallinae. 
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mainly at night. The favoured habitats are poultry blood which it contains. The body carries many lung 
houses, usually o l  timber construction, in the crevices setae and is much more hairy than Dermanysstrs. 
of which the eggs are laid,the cycle being completed in 
a minimum of a week. The adult can survive for sev- CYCLE era1 months without feeding, so that a reservoir popu- . . 
Iation can pcrrisr in uno~.?upic.d poultry ~ O L I C ~  and L'tilthc / ) v r ~ n 0 ~ 1 v ~ ~ ~ ~ ~ .  O ~ ! ~ ~ I / I O I I ~ ~ \ ~ ' >  y>etias 11s :nrlr? 
:tvl.xrlcs. lire on the Ihrd 2nd can ti11Iv <ur\ ivc ic~r .thou1 t-.n Jd!\ 

The mite ia especially a threat to battery fowl away from a hoqt 
housed in old bu~ldings. 

The leeding nym$hs and adults cause irritation, 
restlessness and debility, and i n  heavy infections there 
may be severe, and occasionally fatal, anaemia. 

In Australia it is a vector of Borrelin 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 
hirds' nests in the eaves of houses. 

TREATMENT AND CONTROL 

EPIDEMIOLOGY AND PATHOGENESIS 

Being almost a permanent parasite, infection is by 
contact or by placing birds in accommodation recently 
vacated hy infected stock. This mite occurs not only on 
poultry, but in cage-bird colonies, and there is a per- 
manent reservoir in wild birds. In heavy infections 
hirds are restless and lose weight Irom 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 thc 
vent. 

Treatment of b~rds  is only palliative, and attention TREATMENT AND CONTROL 
should he oaid to the mite habitats in buildings. 

synergized pyrethroids. Where the mites arc a prob- 
lem in dwelling houses thcir ability to survive in nests, 
without feeding lor several months, makes these 
important as reservoir sites, and all nests should mite, Pneumonysslrs caninurn is a parasite 
be removed from eaves once the fledglings have of nasal cavity and sinuses of dogs, It has heen 
departed. reported from all continents but seems to he particu- 

Individual birds may be treated with an acaricidc larly common in Scandinavia, where a prevalence 
such as pyrethrum or carbaryl. 24% in necropsy material of pet dors was recently 

rcportcd from Sweden. The ;nlectGn is probabb 

 hi^ genus is closely related to D ~ ~ ~ ~ ~ ~ , ~ ~ ~ ~ ,  most hasbeen associated with head shaki~lg and 'iaverted' 

important species, ~ r , l i r ~ o n y s s l r s  sy~vur i l rm, is ,he sneezing, as well as with chronic rhinitis, sinusitis and 

'northern mite' of birds. tonsillitis, although the majority of infections sccm to 
be subclinical. In working and hunting does the most 

Hosts: 
Poultry and wild birds. 

Species: 
Urni lhunyss,~~ sylvariunz 
0. bur.~a. 

Distribution: 
0. sylvurium is present in temperate areas throughout 
the world, and is replaced by 0. bursa in the tropics. 

MORPHOLOGY 
This rapidly moving, long-legged genus has an oval 
body, about l.Omrn long, and the colour varies from 
white to reddish black dcpcnding on Lhe amount of 

v .. .. 
obvious sequel of nasal mite infection is markedly 
impaired scent. Treatment with ivermectin has proved 
effective. 

PARTIALLY PARASITIC MITES 
Mites oi the family 'l'rombiculidae are parasitic only at 
the larval stage, the nymphs and adults being free- 
livinp. There are two common genera, N~otromhic~~la, 

and South Amcrica, and whose larvae are known as 
'chiggers'. Both of these genera will parasiti7.e any 
animal, including man. 

A third genus, with a more limited distribution, is 



Plate XI 
(a) Severe bovne ped#culos~s due to Haernatopinus eurysternus 
(b) The les~ons of flea blte allergy in a cat 
(c) Severe sarcoptlc mange in a dog 
Id) Thckened ear edqe characterist~c of sarcoptlc mange 
(e )  Sarcoptc mange a pig. 
(1) Chaiacterst8c lesions of bovne sarcoptc mange. 



Plate XI1 
(a) Crusty lesions of sheep scab. Id) Marked 'dandruff' assoc8ated w~tti Ctieyletiella infection. 
(b) Chaiacterstic leg lesons of chorlaptc mange n a horse. le) Squamous dcmadectc mange. 
(c) Dark waxy exudate caused by Ofodecles nfectlon in tho dog (I) Pustular demodectic mange. 



Plate Xlll 
la1 Trypanosoma biucer n blood flm. 
/bj Tlre small' Babesia d!ver(jens 
(c) The l a r g e  Babesla major 
Id) pro plasm^ of Theileria paiva. 
(el Macroschzonts of Ttieileriz parva in smear of lymph nadc 
(11 Anaplclsma marginale in red blood cells. 



Plate XIV 
la1 Caecal dlstens~on and haemorrhaqe due to Emend teneila . . 

infecton of chickens. 
(b) Papilloma-lke lesons assocated with Eimeria bakuensis. 
(c) Cryptospandium oocysts in bovine faecal smear stained with 

Zlehl-Nelscr, 
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Pbylw PROTOZOA 
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 ccllulosc wall cxtcrior 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 cjtoplasm. This primitive arrangement, 
found only in bacteria, rickettsia and certain algae, is 

I 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 1 PROTOZOA 

I Protozoa, like other eukaryolic cells, have a nucleus, 
an endoolasmic reticulum, mitochondria and a Golgi 
hody an2 lysosomes. In addition, because they lead i n  
mdependent existence they possess a variety of other I 
subckllular structures or organelles with distinct or- 
ganizational fcaturcs and functions. 

Thus locomotion, in, for example, the genus 

Trypanosonla (Fig. 145), is facilitated by a single 
flagellum, and in some other protozoa by several 
flagella. A flagellum is a contractile fibre, arising from 
a structure called a basal body, and in some species is 
attached to the hody of the protozoan along its length, 
so that when the flagellum beats, the cell membrane 
(pclliclc) is pulled up to form an undulating mem- 
brane. Somctimes, also, it projects beyond the 
protozoan body as a free flagellum. During movement 
the shape of these organisms is maintained hy 
microtubules in the pellicle. 

Other protozoa, such as Ralantidium (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 bcat 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 proto?.oa such 
as Enramoeba (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 
stagcs of the Eimcria, have no obvious means of 
locomotion, but arc ncvcrthcless capable of gliding 
movements. 

The nutrition of parasitic protozoa usually occurs by 
pinocytosis or phagocytosis, depending on whether 
tiny droplets of fluid or small objects of macro- 
molecular dimension are taken into the cell. In 
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Fig. 145 Trypanosoma brute, showing the flagellum and undulat~ 
~ n g  membrane. 

Food vacuole Contractile vacuole 

I I 
Cytostome Micronucleus 

Fig. 146 The morphology of the intestinal protozoan Balanfidiium 
coli. 

both cases, the process is the same, thc ccll membrane 
gradually enveloping thc droplet or object which has 
hecome adhcrcnt to its outer surface. When this is 
complete, thc particle is carried into the cell where 
fusion with lysosomes effects digestion. Finally, 
undigcstcd material is extruded from the ccll. As 
notcd above, some ciliated protoza and also some 
stages of the organisms causing malaria obtain food 
through a cytostomc. At the base of the cytostome the 
food entcrs a vacuole for digestion within the cell. 
Metabolic products are excreted by diffusion through 
the cell mcmbrane. 

Pseudopodium 

Food vacuole 

Nucleus 

Trophozoite Cyst 

Fig. 147 Entamoeba histolytice has an amoeboid trophozoite stage 
and a "on-motile cystic stage with four nudei. 

The infective stagc of some protozoa is called a 
sporozoite whilc thc term trophozoite is applied to 
that stage of the protozoa in the host which fccds and 
grows until division commences. In most protozoa re- 
production is asexual and is accomplished by binary 
fission or, in the casc of Bubesiu within erythrocytes. 
by hudding. Anothcr form of asexual reproduction 
which occurs in the subphylum Sporozoa is 
schizogony. In the latter process, the trophozuitc 
grows to a large size while the nuclcus dividcs repeal- 
edly. This structure is callcd a schizont and when 
mature, each nucleus has acquired a portion of 
the cytoplasm so that lhe schizont is filled with a 
large numbcr of elongated separate organisms called 
merozoites. The schizont eventually ruptures, liherat- 
ing the individual nierozoites. 

Protozoa which only divide asexually generally have 
a short generation timc, and since they cannot ex- 
change gcnclic material, rely on mutants to provide 
the variants ncccssary for natural selection. However. 
most Sporozoa at certain stages in their life cycle 
also have a sexual phase of reproduction, called 
eametoeonv or stIoroennv. Sometimes, as in Eirneria, .. . . .. . 
hg~tli . a ~ ~ u u . a l  ;and ~ x ~ s l  pla.i,cs ,):cur in  thc \ . ~ n ~ c  lhilil 

u h ~ l ~ .  In ulh;r* huil~ a s  / ' I 1 , ~ ~ ~ ~ o ~ / t ~ , , ~ t  ihc r l ~ \ u a l  ph3ic 
occurs in the vertebrate host and the sexual phase in 
thc arthropod vector. 

Finally it should be noted that although this section 
deals with pathogenic protozoa of veterinary impor- 
tance there are manv other snccics. ~articularlv in the 
rumen, which arc purely commensal or even symbiotic 
in that thev assist dieestion of cellulose, and on heinc - 
pasacd lo the abomasum, act as a source of protein for 
the host. 

CLASSIFICATION 
Classification of' the phylum Protozoa is extremely 
com~lex and the abridged version given helow is simp- 
ly iniended to give an-outline of tlhe hasic differences 
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in thc structure and life cycles of the main groups. T o  trophozoites secrctc proteolytic enzymes and produce 
a large cxtcnt the common characteristics of each characteristic flask-shapcd ulcers in the mucosa of 
group arc rcf lcaed b y  similarities in the diseascs they the large intestine. Their crosion may allow the para- 
cause. sites t o  enter the bloodstream whcn the most common 

'There are four subphyla of protozoa of veterinary scqucl is the formation o f  amoebic abscesses i n  the 
importance. These and the most important genera liver. 
thcv contain are listed in Table 6. Entamoebn mu l t i ~ l i c s  bv binarv fission. but eventu- 

ally encysts and is dassed in the faeces. The cyst (Fig 
. 147), containing four nuclei, is relatively resistant and 

. ~ @ $ ~ ~ b ~ ~  &&I" .-..- is the infective stage for the next host. 
Thc veterinary significance of amocbosis is that 

natural infections, usually without clinical signs, can 
occur occasionally in dogs from the human reservoir 

,- 

of active o r  carrier infections. Kittens are also suscep- 
tible t o  experimental infection, although they do not 

This pathogen is the cause of amoehic dysentery in produce cysts. Monkeys havc thcir own strains of E. 
man, a disease of worldwide distribution, although hisrolyticn and these can be infcctive t o  man. 
most common in thc tropics. The amoeba-like Mot i le  organisms and cysts of E. hisrolyrica may be 

Table 6 Classification of the Protozoa. 

PHYLUM: Protozoa 
(Unicellular, eukaryotic animals) 

I 
I 

SUBPHYLUM: Sarcomartigophora 
(locomotion by 
pseudopodia andlor 
flagella) 

I 

CLASS: Sarcodina Mastigophora 
(amoeboid (one or more 
movement by flagella) 
pseudopodia) 

Enfamoeba Typanosoma 

Leishmania 

Trichomonas 
Hisfomonas 

'' Hexamita 
Giardia 

I 
I I I 

Sporozoat Ciliophora Microspora 
(locomotion by (locomotion by (little veterinary 
gliding, life cycle cilia) significance. 
largely intracellular, lntraceiiular parasites 
both sexual and multiplying asexually) 
asexual phases 
occur) Balantidum Enc8phalifozoon 

I 
Coccidia Piroplasmldia Haemosporidia 
(parasites of (parasites of blood (parasites of 
epithelial cells cells, have ticks blood cells. 
in which both as vectors in which have blood-sucking 
asexual and sexual sexual reoroduction dioterans as vectors 
reproduction takes occurs) in which sexual 
place) reproduction occurs) 

Eimeria Babesia Plasmodium 

lsospora Theileria Haemoproteus 
Cryptosporidium Cyfaumon Leucocytozoon 

Toxoplasma 
Sarcocystis 

Besnoitia 
Hammondia 
Hepatozoon 
Neospora 

1 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 facccs, particularly if 
diarrhoeic, and provide a presumptive diagnosis: how- 
ever their differentiation from less pathogenic species 
is a specialist task. 

Dogs are not a significant reservoir of infection for 
man so that prophylaxis ultimately dcpcnds on per- 
sonal and sanitary hygiene in the human population. 
Treatment, if required, rclics on the conihined use of 
metronidazole and diiodohydroxyquin. 

Members of this genus are found in the bloodstream 
and tissues of vcrtcbrates throughout the world. How- - 
ever, a few spccies 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 
Bcfore discussing the senarate snccica o l  the genus - u 

Trypanosoma, it is helpful to appreciate the various 
wavs in which trvoanosome infections are tranqmitted , . 
between animals. 

With the single exceotion of T ~ouiperdum of 
equines which i& venereal disease. all havi arthropod 
vector5 in which transmiss~on is either cvchcal or non- 
cyclical. 

In cyclical transmission the arthropod is a necessary 
intermediate host in which the trypanosomes multiply, 
undergoing a series of morphological transformations 
before forms intective for the next mammalian host 
are produced. When multiplication occurs in the di- 
gestive tract and orohoscis. so that the new infection is 
transmitted when feeding, the process is known as 
anterior station development and the various spccics 
of trypanosomes which use this process arc oflcn con- 
sidered as a group, the Salivaria. All are trvpanosomes 
transmilted b y  tsetse flies, the main spccirs being 1: 
congolense. 7: vivm and T. hrucci. 

In other trypanosomes, multiplication and transfor- 
mation occurs in the gut and the infective forms mi- 
grate to the rectum and are oassed with the faeces: this 
is posterior station development and thc trypanosome 
snecies are grouoed toeether as the Stercuraria. In <, . 
domcalic animals these are all relatively non-patho- 
eenic trvnanosomes such as T. r h r i k  and T. 
ke1ophai;urn transmitted by tabanid flies and sheep 
keds respectivcly, but this is certainly not the casc in 
man in which T. cruzi, the cause of the serious Chagas' 
disease in South America, is transmittcd in the faeces 
of reduviid bugs. 

Non-cyclical transmission is essentially mechanical 

transmission in which the trypanosomes arc trans- 
ferred from one niammalian host to another by the 
interrupted Seeding of biting insects, notably tabanids 
and Sfomuxys. 

The trypanosomes in or on the contaminated pro- 
boscis do not multiply and die quickly so that cross- 
transmission is only possible for a few hours. T. evnnsi, 
widcly distributed in livestock in Africa and Asia, is 
transmitted mechanically hy biting flies. However, in 
Central and South America, T. evur~si is also transmit- 
ted by the bites of vampire bats in which the parasites 
are capahle of multiplying and surviving for a long 
period. Strictly speaking, this is more than mcrc me- 
chanical transmission, since the bat is also a host, 
although it is certainly non-cyclical, since the multiply- 
ing trypanosomes in the hat's blood do not undergo 
any morphological transformation before they mi- 
grate into the buccal cavity. 

It is important to note that the Salivarian 
trvoanosomes. normallv transmitted cvclicallv in , . 
tsclsc flies, m& on occaiions he transmitted mechani- 
cally. Thus, in South America, T. vivux has established 
itself, presumably by the importalion of infected cat- 
tle. and is thought to be transmilted mechanicallv hv , , 
bitjng flies. 

Finally. apart trom classical cvclical and non-cvclical 
transmi&ion, dogs. cats and wjld 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 diffcr considerably in many respects and are 
bcst treated senaratelv. The African snecics rcsoonsi- 
ble for the 'tsetse-transmitted trypanosomoses', i.e. 
Salivaria. are generallv considered to be the most sie- 
nificant and these are discussed lirst. 

THE SALIVARIA 

A numbcr of species of ?i.yyanosorna, found in du- 
mcstic and wild animals, are all transmittcd cyclically 
by Glossina in much of suh-Saharan Alrica. 7'he pres- 
ence of trypanosomosis precludes the rearing of live- 
stock in many areas while in others, where the vectors 
are not so numerous, trypanosomosis is often a serious 
problem, particularly in cattle. 'The disease, some- 
times known as nagana, is characterized by lymph- 
adenopathy and anaemia accompanicd by progressive 
emaciation and, often, death. 

Hosts: 
All domestic livcstuck, but especially important in cat- 
tle. Also common in many wild animals such as the 
warthog, bush pig and various antelopes. 

Intermediate host: 
Most species of Glussinu, of which G. morsitans is 
perhaps the most widespread. 



Site: 
All three species of trypanosomc are characteristically 
present in the bloodstream. T. hrzrcci is also found 
extravascularly in, for example, the myocardium, the 
central nervous system and the reproductive tract. 

1 Major species: 
1 Trypanosonto brrrcei 

i T. congolensu: the most common species 
T. vivax. 

Minor species: 
Probably the most important is 'I: simiuv which is pri- 
lnarily a parasite of pigs and camels and morpbologi- 
cally resembles 1: rongolmse. 

I Approximately 10 million square kilomctrcs of suh- 
Saharan Africa between latitudes 14"N and 29 "S. 

IDENTlFlCA TlON 
Elongated spindle-shaped protozoa ranging from 
8.0 to 39pm long. All possess a flagellum which arises 
at the postcrior end of the trypanosome from a basal 
hody at the Loot of a flagellar pocket (Fig. 145). 
The flagellum runs to the anterior end of the hody 
and is attached along its length to ihc pellicle to 
form an undulating membrane. Thcrcaftcr the 
flagellum may continue forward as a Cree Ragcllum 
(Platc XIII). Within a stained specimen a single 
centrally placed nucleus can he seen, and adjacent 
to the flagellar pocket, a small structure, the 
kinetoplast, which contains the DNA of the single 
mitochondrion. 

IDENTlFlCA TlON OF SPECIES 
1: hrurui is pleomorphic in form (Fig. 148) and ranges 
from long and slender (<39pm) to short and stumpy 
(<lSpm), the two forms often being present in the 
same blood sample. The undulating membrane is con- 
spicuous, Lhc kinetoplast is small and sub-terminal and 
the posterior end is pointed. The slender form has a 
well developed frcc flagellum while in the stumpy 
form it is either short or absent. In fresh unfixed hlood 
films, T hrucei moves rapidly within small areas of the 
microscope field. 

T. congolensc is monomorphic in form (Fig. 14Y), 
ranging from 8.0 to 18pm. The undulating membrane 
is inconspicuous, the medium-sized kinetoplast is mar- 
ginal and the postcrior end is blunt. There is no free 
flagellum. 

In fresh blood films 7: congolense moves sluggishly, 
often apparently attached to red cells. 

7: v i v a  is monomorphic (Fig. 150). ranging from 20 
to 27pm. Thc undulating membrane is inconspicuous, 
the large kinetoplast is terminal and the posterior end 

Fig. 148 Trypanosoma brucer n pleornorphic showing long slender 
(a), shon stumpy (b) and intermediate forms (c). 

Red blood cells , 

Red blooYd cells 

Flg. 149 Trypanosoma congolense is monomorphic and pos~ 
SeSseS a marginal kinetoplast. 

is broad and rounded. A short Lrcc Basellum is 
present. 

In fresh hlood films 1: vivax moves rauidlv acrow 
the microscope field. 

LIFE CYCLE 
Tsetsc flies ingest trypanosomes in the blood or lymph 
while feeding on an infected host. Thcreafter the 
trypanosomes lose their glycoprotein surface coat, and 
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Flg. 150 Trypanosoma wvax is monomorph~c and has a short 
flagellum and terminal kinetoplast. 

in thc casc of T. brucei and T congalensr, become 
clongaled and multiply in the midgut before migrating 
forward to the salivary glands (T. brucei) and the 
proboscis (?: congolense). There they undergo a trans- 
formation losing their typical trypanosome, or 
trypomastigote, form and acquire an epimastigote 
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, tvoicallv trvoomastinote forms with a .. . .. 
glycoprotein surface coat. These are thc infcctivc 
forms for thc ncxt host and are called metacyclic 
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 dcvclop- 
ment takes place except that it occurs entirely within 
thc 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 thev enter thc 

. . . . 
wccks latcr. 

Subsequently, the parasitaemia may persist for 

With the exception of some strains of T vivax which 
produce a hyperacute and fatal infection characterized 
by high parasitaemia, fever, severe anaemia and 
haemorrhages on thc mucosal and scrosal surfaces. 
thc pathogenesis of trypanosornosis 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 to an increase in IgM. 
Concurrently there is a variahle degree of sup- 
pression of immune responses to other antigens 
such as microhial pathogens or vaccines. Ulti- 
mately, in infections of long duration, the 
lymphoid organs and spleen bccomc shrunken 
due to exhaustion ol  thcir 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 arc removed Irom 
the circulation by thc cxpanded mononuclear 
phagocytic systcm. Lalcr. in inlections of several 
months' duration, when the parasitaemia often 
hecomes low and intermittent, the anaemia may 
resolve to a variahle degree. Howcvcr. in some 
chronic cases it may pcrsist despite chemo- 
therapy. 

(3) Cell degeneration and inliammatory infiltrates 
occur in many organs such as the skeletal muscle 
and the centrk~ nervous system, but perhaps most 
significantly in the myocardium whcrc thcrc is 
separation and degeneration of thc muscle fibres 
(Fig. 152). The mechanisms underlying these 
changes are still under study. 

many months although its level may w k a n d  want Fig. 151 Enlarged prescapular lymph node (11 zebu w~rh 
due to the immune response of the host. trypanosornosis 
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Fig. 152 Myocarditis from a case of bovine trypanosomosis  show^ 
ing myocardial degeneration, oedema and celluiar intiltraton. Fig. 153 Advanced case of bovine trypanosornosis show~ng 

marKed loss of bodly condition. 

CLINICAL SIGNS 
In ruminants, the major signs are anaemia, general- 
ircd cnlargcmcnt of the superficial lymph glands. leth- 
argy and progressive loss of bodily condition (Fig. 
153). Fever and loss of appetite occur intermiltcnlly 
during parasitaemic peaks, the latter becoming 
marked in the terminal stages of the disease. 

Typically, the disease is chronic extending over 
scvcral 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 ahort or give birth to weak off- 
spring. 

In thc terminal stages animals become extremely 
weak, lhe lymph nodcs are reduced in size and there is 
often a jugular pulse. Death is associated with conges- 
tive heart failure due to anameia and myocarditis. 

Occasionally, notahly with some strains of 7: vivax, 
thc discasc is acute, death occurring within 2-3 weeks 
of inlcctiun prcccded by fever, anaemia and wide- 
spread hacmorrhagcs. 

In horses. T. brucei infections may be acute or 
chronic. often accompanied 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 whcrc thc discase is hyperacute, death occur- 
ring within a day or so of thc onset of pyrexia. 

The dog and cat are susccptiblc to T. brucei and T. 
corrgolense. The disease is usually acute, and apart 
from signs of fever, anaemia and myocarditis, corneal 
opacity is oftcn a fcature. There may also he nenro- 
logical changes rcsulting in aggressive signs, ataxia or 
convulsions. 

EPIDEMIOLOGY 

The epidemiology dcpends on three factors, the distri- 
bution ol  thc vcctors, the virulence of the parasite and 
the response of lhc host. 

The vectors 

0 1  the lhrcc eroum of Glossirra. the savannah and - .  
riverine arc thc most important since they inhabit ar- 
eas suitable lor grazine and waterins. Although the 

for life, a n d  their presence in any number makes the 
rearing of cattle, pigs and horses extremely difficult 

Biting llies may act as mechanical vectors, hut their 
significance in Acrica is still undefined. However in 
Central and South America, T. v i v a  is thought to he 
transmitted readily by such flies. 

The parasites 

Since paraaitaemic animals commonly survive for pro- 
longed periods, there are amplc opportunities for fly 
transmission, especially of I: brrrcei and T. congolense. 
Tn contrast, some strains of 7' v i v a  in cattlc and T. 
sirniae in domestic pigs kill their hosts within 1-2 
wccks so that the chances of fly infection are more 
limited. 

Perham the most important asucct ol try- 
panosomosis which accounts for the persistent para- 
sitaelnia is the wav in which the parasite evadcs thc 
immune response bf the host. 

- 
As noted previously, metacyclic and hloodstream 

(rypanosomcs possess a glycoprotein cnat which is 
antigenic and provokes the formation of antibodies 
which cause opsonization and lysis of thc 
trypanosomes. Unfortunately, by the time the anti- 
hody is produced, a proportion of the trypanosomcs 



have altered the chemical composition of their 
glycoprotein coat and now, displaying a different 
antigenic surface. arc unaffected by the antibody. 
Those trypanosomcs possessing this new variant anti- 
gen multiply to produce a second wave of 
parasitaemia; the host produces a second antibody, 
but again the glycoprotcin coat has altered in a 
number of trypanosomcs 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 gcncs, each 
coding for a different glycoprotein coat. This, together 
with finding that mctacyclic trypanosomes may he a 
mixture of antigenic types, each expressing a different 
genctic repertoire, explains why domestic animals, 
even if treated successfullv. are often immediatelv sus- 
ceptible to reinfection. The complexity of antigens 
ootentiallv involved has also defeated attcmots at 
vaccination. 

The hosts 
Trypanosoniosis is basically an infection of wildlife In 
which, hy and large, it has achieved a mod~is vivendi in 
that the animal hosts are parasitaemic for prolonged 
oeriods. but eenerallv remain in good health. This 
situation is known as trypanotolerance. In contrast, 
rearing of domestic livestock in endemic areas has 
alwaysbeen associated with excessive morhidity and 
mortality although there is evidence that a dcgrcc of 
adaptation or selection has occurred in several breeds. 
Thus in Wcst Africa small humpless cattle of the Bos 
taliru.7 type, notably the N'dama (Fig. 154), survive 

Fig. 154 The humpless N'dama breed of West Africa are 
trypanotolerant. 

Parasitology 

and breed in areas of heavy trypanosome 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. indieenous hreeds of shceo and , u 

goats are known to be trypanotolcrant, although this 
mav be ~ a r t l v  due to their hcing relativelv unattractive , . ,  - 
hosts for Glorina. 

Preciselv how trvoanotolerant animals coDe wilh 
antigenic ;ariation i; unknown. It is thought ihat the 
control and eradual elimination of their varasitacmias 
iiiay dcpcnd on the possession of a particularly rapid 
and effective antihody response, although other fac- 
tors may also he involvcd. 

DIAGNOSIS 
Confirmation of clinical diagnosis depcnds 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. 

Occasionally, when the parasitaemia is massive it is 
possiblc to detect motile trypaiiosomcs in fresh films 
of blood. More usually, both thick and thin smears of 
blood are air dried and cxamined later. Thick smears, 
dehaemoglobinized before staining with Gicmsa or 
Leishman's stain, offer a better chance of finding 
trypanosomcs while the stained thin smcars are used 
for diffcrcntiation 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 coal expressed on to a slide, and the contents 
examined under dark-ground or phase-contrast 
microscopy for motile trypanosomcs. With these tech- 
niques the packed red cell volume is also obtained 
which is of indircct value in diagnosis if one can climi- 
nate othcr causes of anaemia, especially hclminthosis. 

TREATMENT 
This is a complex subject and only a general review is 
presented here. 

In infected catlle, 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 trypanosomes 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 parasitaemia, may occur within a week or two. 
Alternatively, the animal may relapse after chemo- 
therapy, due to a persisting focus of infection in 
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stage characterized by myocarditis, megaoesophagus 
and megacolon. The vectors are liaematophagous 
bugs of the order Herniptera. often callcd 'kissing 
bugs'. These are often prescnt in primitive housing 
and infection of manrcsulls lrom rubhing insect faeces 
into skin abrasions such as those created by the bites 
of the hugs. Domestic animals, primarily the dog and 
cat, may bc clinically affected or act as reservoir hosts. 
If the lallcr, they may, inadvertently, introduce lhe 
disease into hitherto clean areas such as, lor example, 
parts of the IJSA. 

Wild animals, notably the armadillo and opossum, 
also act as rcscrvoir hosts.] 

MECHANICALLY TRANSMITTED 

This trypanosome, morphologically similar to 7: 
uvnnsi, causes a venereal disease of horses and 
donkeys called dourine. Previously widespread he- 
causc o l  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 
urticaria1 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 ELTSA for antibodies or cum- 
plement fixation or an ELISA lor trypanosome 
antigen. Treatment is with suramin, quinapyramine or 
melCy; if the CNS is involved melCy or melarsoprol 
are required. 

TRYPANOSOMOSIS - llPlnrnrmrm 
 hi^ although closely related to the salivarian Members of this gcnus are intracellular parasites of 

trypanusome T, brurui, is mechanically transmitled by niacrophagcs in man, the dog and a wide variety of 

biting insects, and is the cause of a disease commonly wild animals and the disease they cause, leishmaniosis. 

called surra, l t  is  widespread in N~~~~ South hashoth cutaneous and visceral forms. Their vccturs 

America  and parts of ~~p~ and primarily affects horses are blood-sucking sandflies in which the parasilo un- 

and camels, ~h~ syndrome is similar to that caused by dergo morphological transformation and multiplica- 

the tsclsc-transmitted trv~anosnmes. tion. Leishmaniosis is olmajor importance as a dise3.w . . 
Trypanosomu evnnsi is identical in appcarancc lo 

the slender forms of T. brucei. Specics of Tabanidae 
and Slomoxys are vectors. although in the Americas 
the vampire bat also acts as a vector as well as a 
reservoir host. 

Dcpcnding on the virulence of the strain and lhe 
susceptibility of the individual host, lhc disease may 
be acute in horses, camels and dogs. Olhrr domestic 
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 emaciation 
characteristic of trypanosomusis, horses develop 
oedematous swellings ranging from cutaneous plaques 
to frank oedema of the vcntral abdomen and genitalia. 
In more chronic cases progressive paralysis of the 
hindquarters is common. 

In South America the disease is called ma1 de 
caderas, literally 'disease of the hip', and the 
trypanosome species is callcd T. eyuinu~n; it is identi- 
cal to T evnrrsi except that 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 'Trypacidc Pro- 
Salt' is also available. Unfortunately, drug resistance, 
at least to suramin, is not uncommon. Currently in 
camels, isometamidium is administered intravenously 
because of local tissue reactions. 

ot man 

Hosts: 
Man, dog and a widc variety of wild animals 

Intermediate hosts: 
Blood-sucking phlebotomine sandflics. 

Site: 
The protozoa multiply wilhin macrophages, whicli are 
eventually destroyed, lhe liberated parasites entering 
other intact macrophages. 

SPECIES 

Although Lei.vhrrrania spp. are difficult to distinguish 
on morphological grounds, modern taxonomic meth- 
ods have shown the existence of six main species 
which broadly conform to the geographical, epidemio- 
logical and clinical features of the discasc thcy causein 
man. Three of these specics occur in dogs: 

Lei.vhnrania rropica causing cutaneous leishmaniosis 
or 'oriental sore', the lesions 
developing at the site of the 
insect bite 

L. rlonovtrni causing visceral leishmaniusis, or 
'kala-azar', the infection heine 
systemic 

L. hraziliensis causing lesions similar to I. - 
tropicn. 
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DISTRIBUTION 
In the dog, L. rropica occurs in southern Europe, other 
Mediterrancan countries, ASrica and Asia: L. 
dorlovani is found in countries around the Mediterra- 
nean and in South America and I,. hraziliertsi.~ infec- 
tion in parts of South America. 

IDENTIFICA TlON AND LIFE CYCLE 
Leishrnaniu is related to the ?i-yp~~nosoma in so far as 
lhc ovoid organism within the macrophage possesses a 
rod-shaped kinetoplast associated with a rudimcntary 
flagellum which, howevcr. docs not extend beyond 
the cell margin. This leishmanial, or amastigote 
form, aftcr ingestion by a sandfly, transforms into 
a promastigote Sorm in the insect gut in which 
thc kincloplast 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 subscqucntly Sccds, are inoculated into a 

new host. Once within a macrophage the promastigote 
reverts to the amastigotc Sorm and again starts to 
divide. 

PATHOGENESIS 

The basic lesions are foci of activated proliferating 
macrophagcs inlcctcd with Leishmnniu 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. 

Howcvcr, recovery seems lo depend on the proper 
expression US cell-mediated immunity and if this does 
not occur, 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 anaemia is also a feature of L. 
donovar~i infection. 

CLINICAL SIGNS 

It may take many nionths or even years for infected 
dogs to develop clinical signs, so that the discasc may 
only become apparcnt long aftcr dogs have lelt 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. Tn the visceral form, 
which is more common, dogs initially develop 'spccta- 
cles' due to depilation of hair round the cyes 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 followcd by the reap- 
pearancc of clinical signs are not uncommon. 

EPIDEMIOLOGY 

Most Leishmania spp. primarily infect wild animals, 
especially rodcnts, and man only occasionally be- 
comes inSected by chance. Other Leishmania have a 
direct man to man transmission via the sandfly. Thc 
dog is a natural host and rcscrvoir of infection lor 
some strains of L. dorzovani and L. lrupicu which can 
infect man, especially children, in the Mediterranean 
basin. 

DIAGNOSIS 

lb) This depends on the demonstration of the amastigote 
parasites in smears or scrapings from affected skin or 

Fig. 155 Leishmania. (a) Promastigate form; (b) amastigote form. from lymph-node or marrow biopsies. 
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FIB. 156 Electron m~crograph showing cluster of Lashmanra arnastlgote forms withln cytoplasm of macrophage 

CONTROL 

Fig. 157 Cutaneous leishmaniosis in a dog. 

TREATMENT 

From thc public health aspccl, the dcslruclion of in- 
fected dogs, and stray dogs generally, is desirable. 

In many areas, the population of sandflies has hcen 
reduced as a result of mosquito control for malaria, 
and as a result the incidence of leishmaniosis has de- 
creased. 

The most im~ortant  p,athoeen in this genus is 

~ n b u ~ ~ s ,  infcjion is inapparent, but~in pregnant cows 
it produces early foetal death which is usually first 
recognized as an infertility problem. 

Other species of Trichomor~us occur in the digestive 
tract of animals, apparently as commensals, and only 
onc spccics, T. gallinur, is clearly pathogenic in the 
oesophagus and crop of pigeons. 

In m.in. ;tnt~mun~;al compuunJ\ 111111 dll~)l~~lrinol .trc 
C C ) I I I I ~ I O I I ~ !  UXJ. hut tltesc arc I W I  pnrt~cularly ctrcc 1- 
I I \ ,C  In the canine rli\c;~.e ;and fraini the puhl~c hr,~lth 
viewpoint infected dogs, particularly with visccral Hosts: 
leishmaniosis, are probably hest destroyed. Cattle. 
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In  cows, the uterus and intcrmitlently the vagina. In 
hulls, 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, lor example, 
the disease is now probably cxlinct. 

The organism is pear-shaped, approximately 20 X 
IOpm and has a single nuclcus and [our flagella, each 
arising from a basal bodv situated at the anterior 
r.,unjcd cnd l r ~ g .  l ih l  lhrtx I I I C  tlatella are ircc 
: ~ n t c . r ~ ~ ~ r l \ .  a h ~ l c ,  Ihc, luurlh,alc~~.l~ h.~;kmarJir.~l~vm , , 
an undulating membrane along the length of the or- 
ganism and then continues posteriorly as a frcc 
flagellum. The axostyle, a hyalinc rod with a skeletal 
function, extends thc lcnrth 01 the cell and usually 
projects postcriurly. 

In frcsh prcparations, the organism is motile and 
progrcsscs by iolling jerky moven~ents, the flickering 
flagella and the movements of the undulating mcm- 
brane being readily seen. Occasionally, rounded im- 
~nohile forms are obscrvcd and these are possibly 
effctc. 

LIFE CYCLE 

Bulls, uncc inkcled, remain so permanently. The or- 
ganisms inhabit the preputial cavity and transmission 
to the cow occurs during coitus. From the vagina, thc 
trichomonads reach the utcrus via the cervix to pro- 
duce a low-gradc endometritis. Intermittently, organ- 
isms arc flushed into the vagina, often two or three 
days beIore oestrus. 

Infection is usually followed by early ahortion, the 
organisms being found in the amniotic and allantoic 
fluid. Subsequently cows appcar to 'self cure' and, in 
most cases, appcar to dcvelop a sterile immunity. 

PATHOGENESIS 

In the bull, a preputial discharge associated with small 
nodules on the preputial and penile membranes may 
develop shortly after infection. Thcrealter 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- 
mallv followed bv recoverv. Occasionallv the dcvclop- 
ing beta1 membranes are retained lcading lo 'a 
purulent endometritis, a persistent utcrine 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 thc bull, there are no clinical signs once the infec- 
tion is established. In the cow, early abortion is a 
characteristic feature although this is oftcn 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 purulcnt cndometritis or a 
closcd pyromctra and, in these cases, the cow may 
become permanently sterile. 

EPIDEMIOLOGY 
Normally one might expect the overall prevalcncc of 
trichomonosis to he high since it is vcncrcally trans- 
mitted by bulls which show no clinical signs. In fact, 
thc advent o[ supervised schemes of artificial insemi- 

e 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 countries whcre veteri- 
nary supervision is limited. 

DIAGNOSIS 
Apart from a problem of infertility, which usually fol- 
lows the purchase of a mature bull, diagnosis depends 

Fig. 158 Trichomonas foetus. on the demonstration of the organism. 
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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 he re- 
peated sevcral Limes. 

Alternatively, 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. jo~rus. 

TREATMENT 

Since the disease is self-limiting in thc lemale only 
symptomatic treatment and sexual rest for three 
months is normally necessary. In thc bull, slaughter is 
the hest policy, although dimctridazole orally or intra- 
venously has been reportcd to be effective. 

CONTROL 

Artificial insemination from non-infected donors is 
thc only entirely satisIactory method of conlrol. If a 
return to natural service is contemplated. recovered 
cows should be disposed of since some may bc 
carriers. 

- - - - 

This species causes yellow, necrotic lesions in [he 
mouth, oesophagus and crop of pigeon squabs and is 
lrequently fatal. Inkction is acquired via regurgitated 
crop contents from adult birds, which, although im- 
mune, remain carriers. Turkeys and chickens may oc- 
casionally bccome infected. 

Dimctridazole is recommended for treatment while 
control depends on preventing access of wild pigeons 
to drinking water. 

[Trichomonosis in man: Trichornonos vaginulis is a 
common and host-specific pathogen of the vagina and 
urethra. Like T. fiefus, it is venereally transmitted and 
the clinical signs of inflammation are largely confined 
to females.] 

Hisfomonas rnrlea~ridis is the cause of a disease in 
young turkeys known as infectious enterohepatitis, 
histomonosis or 'blackhead'. 'Ihe characteristic 
necrotic lesions are confined to thc caecum and 
liver and transmission between birds depends on the 
protozoan being carried in thc cgg of the poultry 
ascarid Heterakis gallinarum. 

Hosts: 
Turkeys, particularly poults: occasionally pathogenic 
in chickens and game birds. 

'Transport host: 
Thc adull and eggs of thc ascarid worm, Hercraki~ 
gullCzurum. 

Site: 
'The caecal mucosa and liver parenchyma 

Distribution: 
Worldwide. 

A round or oval parasite, 6.0-20pm in diameter, which 
in the lumen ol  the caecum hears a single flagellum 
(Fig. 159) although this appears to be lost when in thc 
mucosal tissue or the liver. Both luminal and tissuc 
stages exhibit pseudopodial movement. 

LIFE CYCLE 
Rirds bccome infected by ingestion of thc 
embryonated egg of the caecal worm, Hefernkis 
gollinorum, the flagellale 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 
coloni~e the liver parenchyma, producing circular 
necrotic foci which increase in size as the parasites 
multiply in the pcriphery of the lesion. 

Fig. 159 The flagellated caecal form of H!sfomonas meleagndis. 



The next phase of the life cycle is not clear, but it is 
presumed that the Hcteraki.~ worms bccomc inlccted 
with the caecal histomonads, possibly by ingestion, 
and that these subsequently rcach thc ovary of the 
worm. It is certainly cstablished that the histomonads 
become incorporated in a proportion of the Heterakis 
eggs and thus reach the exterior. 

Infection of hirds may also result from thc ingcslion 
of earthworms which are transport hosts lor Heterukis 
eggs and larvae. 

PATHOGENESIS 

'She disease is essentially one of young turkcys up to 
14 weeks old and is characterizcd by nccrotic lesions in 
the caecum and liver. Thc carlicst lesions are small 
ulcers in the caeca, hut thcsc quickly enlarge and coa- 
lesce so that thc cntirc mucosa becomes necrotic and 
detaches, lorming, with the caecal contents, a caseous 
plug. 'She liver lesions are circular and up to l.Ocm in 
diameter with yellow deprcsscd ccntres; they are 
found hoth on the surfacc 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 he perina- 
nently scarred. 

CLINICAL SIGNS 

Eight or morc days alter infection the poults become 
dull, thc [cathers are ruffled and the faeces become 
sulphur-yellow in colour. Unless treated, the birds 
usually die within one or two wccks. 

In older turkcys the disease is more usually a 

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 he a characteristic feature. Howcvcr, this 
sign is not ncccssarily prcscnt, and anyway is not con- 
fined to histomonosis. 

EPIDEMIOLOGY 

Although showing no signs of Hisromonus infeclion 
the domestic chickcn is commonly inlected with 11. 
gallinarum, whose eggs, if fed to turkeys, will regularly 
produce histomonosis. 

'l'ypically, histomonosis occurs when turkey poults 
are reared on ground shared, or recently vacatcd, by 
domestic chickens. However, since the organism may 
survive in emhryonated Hctcrakis cggs in soil, or as 
larvae in carthworms, lor over two years, outbreaks 
may arise on apparently clean ground. 

Young turkeys may also become infectcd whcn 
reared by broody hens which are carriers. 

DIAGNOSIS 

'This is based on history, clinical signs and nccropsy 
findings. Although rarcly necessary, histological sec- 
tions o l  livcr or caecum may he prepared for specialist 
cxamindtiun. 

TREATMENT 

A number of drugs arc elIective including 
dimctridazole, nitrothiazole compounds and 
nithiazide. In Britain, onlv dimetridazole is licensed 
and is available as a powder for inclusion in fecd or, as 
a more readily administered soluble preparation, for 
medication nfthe drinking water. In both cascs trcat- 
nient should be givcn to all the turkeys, whether af- 
fcctcd or not and should be continued for 12 days, 
after which a prophylactic regimen of the drug should 
be started. 

CONTROL 

Turkeys should he reared on ground not used by do- 
mestic chickens for at least two ycars, or on Iresh litter 
or wirc floors raiscd 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. 
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~nusle~. l a o  sets .>I rln~ec anter1.u tln$ell.a and lull 
a I I C I I  pass ll~rourln ttie hodv t i l  etnncrqe 

Subphylum SPOROZDA 
It isoccasionally responsible for catarrhal 

enteritis in young turkeys. 

This organism is bilaterally symnietrical like Hexamita 
and also possesse? eight flagella, six of which emerge 
as free flaeella at intervals around the bodv (Fie. 161). 

ment to the epithelial cells of the intestinal mucosa. 
The organism is passed as multi-nucleated cysts in 
which the flagella may he visible, and occasionally as 
trophozoites in the faeces. Detection of these is the 
basis of laboratory diagnosis. 

Giardia is a not uncommon cause of chronic 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 siens of eastrointestinal oroblems. althoueh thev 

u - u 2 

could act as rcscrvoirs of infection for humans. Inter- 
estingly, there is evidence from the USA that Giardiu 
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. 

,?Uc'tdhesive disc 

Fig. 161 Giardie iambiia 

Protozoa within the subphylum Sporozoa are charac- 
tcrizcd 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- 
gotc is formed which divides to producc 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. 

The class Coccidia contains parasites which occur 
mainly in vcrtcbratcs. Since thosc of vcterinary impor- 
tance fall into two distinct family groups, the 
timeriirlae and Sarcucyslirlue, it is proposed to discuss 
these separately. 

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 
Cryptosporidilrm, are of considerable veterinary im- 
portance, the term coccidiosis is usually rcscrvcd fur 
infections caused by Eimeria and Isosporu 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 
considcrcd in dctail for each host. 

Hnsts: 
Poultry, cattle, sheep, goats, pigs, horses and rabbits. 

Site: 
Enithelial cells of the intestine and in two s~ecies the 
kidney and liver respectively. 

IMPORTANT SPECIES 
Eimeria tenella, E. necatrix, E. brunetti, E. maxima, E. 
mitis and E ocervulina - chickens 
E. nzelragrimitis and b. adpnopidps - turkeys 
E. nnveis, E. nocens and E. truncata (kidney) - geese 
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E. zuernii, E. hovis and E alahamensis c a t t l e  
E. crandallis, E. ovinoidalis, E. bak~rensis - sheep 
E arloingi and E. ninakohlyakimovue - goats 
I-:. dehliecki - pigs 
E leuckarti - horses 
E. flrrvescens, E. intestinali.~ and E stiedae (liver) 
rabbits. 

Distribution: 
Worldwide. 

IDENTIFICATION 
This can he 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. 

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 becomcs rounded to form a sporoblast, while in 
somc species the remaining protoplasm forms the 
oocystic residual body. Each sporoblast sccrelcs a wall 
of refractile material and becomes known as a 
sporocyst, while the protoplasm within divides into 
two banana-shapcd sporozoites. In some species the 
remaining protoplasm 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. Thc oocyst, now consisting of an 
outer wall enclosing four sporocysts each containing 
two sporozoites, is referred to as a s p o ~ l a t e d  oocyst 
and is the infective slage (Fig. 163). 

OOCYSTS Infection and schlzogony (asexual 
reproduction) 

The oocysts may be identified according to and 
The host becomes infected by ingesting the sporulated size. Thc most common shapes are spherical, ovoid or 

ellipsoidal and the size of the common species rangcs oocyst. Thc sporocysts are then liberated either 

from 15 to 50pm. Oocysts have a refractile shcll and mechanically or by CO,, and the sporozoites, activated 

some species possess a small pore at one end, the by trypsin and bile, leave the sporocyst. In most 
species, each sporozoite penetrates an cpithclial cell. micropyle, which is oftcn covcred by a polar cap which 

may be prominent. The time taken for sporulation to rounds up, and is then known as a truphuzoite. How- 

occur undcr standard conditions can also he used as an ever, in a few spccics, [or example E. tenella, the 

aid to indentification. sporozoites penctratc the epithelium, are taken up by 
macrophaccs in the lamina propria of the villi and are 

nssue stages tranap;rtc> to a position deep in the mucosa where 
lhey leave the macrophages and enter the epithelial 

The mature schizonts mav. in aome cases, be identified cells to form troohozoites. After a few davs each 
histologically by lheir location, size and the number of trophozoite has divided by multiple fission t d  torm a 
mero~oites thev contain. The merozoites arc arranged schizont (Fie. 164). a structure consisting. of a large 
as a series of crescent-shaped organisms ( 5 . ~ 0 ; m )  
rather akin to the appearance of a sliccd onion. In 
contrast, in the mature microgamclocyte the 
microgametes are arranged around the periphery of 
the cell and mcasure about 5.Opm in length. The 
macrogamelocyte has a large central nucleus with 
small granules arranged around the periphery of the 
cell. It is equivalent in size to thc oocysl which will 
eventually develop from it. 

LIFE CYCLE 
This is divldcd Into three phases: sporulation, infec- 
tlon and schizogony, and finally, gametogony and 
oocyst formallon (Fig. 162). 

Sporulatlon 
Unsporulated oocysts, consisting oI a nucleated mass 
of protoplasm cnclosed by a resistant wall, are passed 
to thc exterior in the faeces. Under suitahle conditions 
of oxygenation, high humidity and optimal tcmpcra- 

~ u - 
number of elongated nucleated organisms known as 
merozoites. When division is complete and the 
schizont is mature, the host cell and the schizont rup- 
ture and the mero7,oites escape to invadc ncighbour- 
ing cells. Schizogony may be rcpcatcd, the number of 
schizont gcncrations depending on the species. 

Gametogony and oocysf formation (sexual 
reproduction) 
Schizogony terminates when the merozoitcs 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 thc 
parasitized cell. They may he distinguished from 
trophozoites or developing schizonts by thc fact that 
they have a single large nucleus. The male 
microgametocytes each undergo repeated division to 
form a large number of flagellated uninucleate organ- 
isms, the microgametes. It is only during this brief 
phase that coccidia have organs of locomotion. The 
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Merozo'te ~ e c k d  stage 
schlzont 

First stage 
sch~zont Gametogony 

- Maciogametocyte 

- Zygote 

Fig. 162 Life cycle of Eimerie. 

microgametes are freed hy ruptureof the host cell, one 
penetrates a macrogamete, and fusion of the micro- 
and macrogamctc nuclci then takes place. A cyst wall 
forms around thc resulting zygote now known as an 
oocyst, and no furthcr dcvclopmcnt usually takes 
place until this unsporulated uucyst is libcralcd from 
the hody in the faeces. 

The prepatent period varies considerably and may 
hc as short as fivc days in poultry and up to 3-4 weeks 

diffcrs from Eimcria in three respects. First. that the 
sporulated oocyst contains Lwo sporocysts each with 
four sporozoites. Secondly, that extraintestinal stages 
occurring in the spleen, liver and lymph nodes ol lhc 
pig may reinvade the intestinal mucosa and cause 
clinical signs. Thirdly, that rodents may. by the inges- 
lion of oocysts from the dog and cat, hecome infected 
with asexual stages and act as rcscrvoirs. 

in some ruminant species. 

GENERAL ASPECTS OF ElMERlA AND 

The genus I.~nsporu contains many species and like 
Eimeria parasitizes a wide range of hosts. EPIDEMIOLOGY AND IMMUNITY 

Thc importat species inc~udc I suis in the pig, I. In both Eimeria and Isusporu, certain types of man- 
canis and I.  ohiuensis in lhc dog and I. fc1i.s and I. agement involving deep litter poultry houses, cattle 
rivulto in the cal. The life cycle of Isospora species yards or piggeries, offer optimal conditions ol tem- 
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Mlcropyle w ~ t h  Polar Cap 
I 

perature and humidity for oocyst sporulation; with 
overcrowding, the risk of heavy infection is further 
increased. Although sporulation of oocysts can occur 
within two days of heing passed in the faeces, on pas- 
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 stage; re- 
sumption of dcvclopmcnt 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 heing those involved in schizogony. The 
mechanism of the response is not fully understood, but 
is though1 to bc a combinalion of cellular and humoral 

Fig. 163 Eimerla. (a) Structure of sporulated oocyst: (b) The sporulated oocyst of Eimeria maxima. 
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Fig. 164 Eimeria. (a) Schizonts of Eimena necatrix (T): (b) 
M~crogametocyte and macrogametocyte of Eimena maxima. 

factors. Both Eirneria spp. and Zsosporu spp. are highly 
host specific and immunity to any one species is only 
cffcctive [or that species. 

PATHOLOGY 
Both Einzeria and lcocpora induce changes in the in- 
testinal mucosa, thc scvcrity of which is related to 
parasitc density and to the location of the parasites 
within the mucosa. Following rupture of thc cclls con- 
taining schizonts or gamonts, the tissuc usually slowly 
recovers its basic morphology. In vcry heavy infec- 
tions with species in which thc dcvcloping schizonts 
are found deep in thc mucosa or in the sub-mucosa, 
for examplc E. tenellu in chickens, destruction is so 
scvere that haemorrhage occurs. In lighter infcctions, 
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 
epithclial cell height and a diminution of the brush 
border giving the appearance of a 'flat mucosa'. These 
changes result in a reduction of thc surIace area avail- 
able for absorption and consequently a reduced feed 
efficiency. 

COCClDlOSlS OF POULTRY 
In domestic poultry this can conveniently bc divided 
into caecal and intestinal coccidiosis. I 
CAECAL COCClDlOSlS I 
E. renella is the species primarily responsible for 
caecal coccidiosis although thc gametogonous stages 
of E necatrix also take placc in the caecum and occa- 
sionally some stages of E. brunetti. 

Coccidiosis due to E. lrenella occurs principally in 
chickens of 3-7 weeks of age. As noted previously, thc 
first stage schizonts of this species dcvclop 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 thcsc schizonts mature and rupture. 
about 72 hours atter ingestion of oocysts, haemor- 
rhage occurs, the mucosal surface is largely detachcd 
and clinical signs hecome apparent. The prepatent 
period is seven days and the ovoid oocyslssporulatein 
2-3 days under normal conditions in poultry houses. 

Clinical disease occurs when large numbers of 
oocysts are ingcstcd over a short period and is charac- 
tcrizcd by the presence of soft faeces often containing 
hlood. The chicks are dull and listless, with drooping 
feathers. In subclinical infcctions, there are poor 
weight gains and food convcrsion rates. 

At postmortem examination of chickens which had 
hlood in their facccs, the caeca are found to be dilated 
and contain a mixlure of clotted and unclotted hlood 
(Plate XIV). In longer-standing infections the caecal 
contents become caseous and adhcrcnt to the mucosa. 
As regeneration of thc mucosa occurs these caecal 
plugs are detachcd and caseous material is shed in the 
faeces. 

Although a good immunity to reinfection develops. 
it should he emphasized that recovered hirds often 
continue to shed a few oocysts and so act as carriers. 

COCCIDIOSIS OF THE SMALL INTESTINE 
There are several important spccies of which E. 
necatrix is the most pathogcnic. However, the preva- 
lence of diseasc duc to this species, and of caecal 
coccidiosis due to E. wnella, has declined since many 
of the anti-coccidial drugs in general use wcrc dcvel- 
oped specifically to control thcsc two pathogenic spe- 
cies. As a result, the other small intcslinal species have 
assumed a greater prevalcncc. These include E. 
brunetti, which is highly pathogenic, but more com- 
monly E. acervrrlina, E. muximu and E. miiis which are 
moderately pathogenic and E. praecox which is only a 
minor pathogen. The prepatent periods vary from 4 to 
7 days. As in caecal coccidiosis, clinical disease occurs 
about three days following thc ingestion of large num- 
bers of oocysts. 
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Generally, older chickens are affected by the spe- has three generations of schizogony and disease oc- 
cies found in the small intestine, and clinical signs are curs with the rupture of the third staee schizonts. also 
similar to those of caecal coccidiosis with the excep- 
tion that only certain species such as E necatrix and E. 
brrinrtti cauie sufficiek damagc for blood to appear in 
the faeces. Subclinical infections are more common 
than overt disease and may he 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 
thc lcsions vary according to spccies and these arc 
summarized in Table 7 together with the relevant 
oocyst morphology and sporulation times. 

In turkeys, coccidiosis due to two species, E. 
melearrimitis and E. adenoeides, occurs in the small 
intestine and in the small intestine and caeca, respec- 
tively. The prepatent period of both is five days. The 

four days after Lnfection. 
Disease is seen in turkey poults 2-10 weeks of age 

and rarcly in oldcr 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. adenouides 
infections. 

There is comparatively little information on 
coccidiosis ot  ducks and gecse. E. anseris and E. 
noruns have been reported as causine acute intestinal 
coccidiosis in goslings in Britain whileanother species, 
E. truncata, found in the kidneys of geese, can cause an 
acute nephritis especially where domestic geese are 
reared intensively: outbreaks have also been recorded . . 

I i . 1 r 1 1 1 r . s  r e  u h h r a l  I In gce\e In a!ldf;,nl \;lnclu:~ric.~. 
mc;t-l.rc .apprdh~m.~l:l\ 1'1 - Ihrtm. Ilnl~Lc lliv,c ul / 
adenoeidei which are eilipsoidal'and measure approxi- 
mately 25 x 17/1m. Sporulation time for both at room DIAGNOSIS 
temperature is 24 hours. Diagnosis is best based on postmortem examination of 

! The pathogenesis of turkey coccidiosis is associated a few affected birds. Although oocysts may be de- 
with schizogony and gametogony. E. adenoeide.7 has tected on faecal examination it would he wrong to 
two generations of schizonls and thc clinical signs first diagnosc solcly on such evidence for two reasons. 
appear four days after infection coincident with the First, the major pathogenic eIIect usually occurs prior 
rupture of the second stage schizonts. E. muluagrirnifis to oocyst production, and secondly, depending on the 

i 
Table 7 Differential characters of six important species of Eimeria in the domestic fowl. 

E. tenella E. necatrix E. brunefti E, acervulina E. maxima E. mitis 

Region 

Intestinal 
lesions 

Blood in 
faeces 

Degree of 
pathogenicity 

Oocyst size 
pm 

50% 
sporulation 
time in hours 
at 29 "C 

Caeca SI Lower SI Upper SI 

Haemorrhage Haemorrhage Slight Watery 
White spots Thickened haemorrhage exudate 

wall Coagulative White 
White spots necrosis transverse 

bands 

Mid SI Lower SI 

Salmon pink No visible 
exudate lesions 

Thickened 
walls 

Haemorrhage 
with heavy 
infections 



species involved, the presence of large numhers of 
oocysts is not necessarily correlated with severc 
pathological changes in the gut. At necropsy the loca- 
tion and type of lesions present providc a good guide 
to the species which can he confirmed by examination 
of the oocysts in the faeces and the schizonts and 
oocysts present in scrapings of the gut. 

TREATMENT 
This should he introduced as early as possible after a 
diagnosis has been made. Sulphonaniide drugs are the 
most widely used and it is recommended that thesc arc 
given for two periods of three days in thc drinking 
water, with an interval of two days bctwcen treat- 
ments. Sulphaquinoxaline. sometimes polcntiated 
with diaveridine, or sulphadimidinc arc the drugs of 
choice. Where rcsistancc has occurred to sulphona- 
midcs, mixtures of amprolium and ethopahate have 
given good results. 

In the successful treatment of an outbrcak of 
coccidiosis the aim is to treat birds alrcady alfected 
and at the same time allow sufficient schizogonous 
development in thc clinically unaffected hirds to 
stimulate thcir resistance. For this reason, sulphona- 
mides, which have their greatest effect on the second 
stage schizont without inhibiting dcvclopmcnt o l  the 
first stage, are the hest drugs in thc ircatmcnl of poul- 
try coccidiosis. 

CONTROL 
Prevention of avian coccidiosis is hascd on a combina- 
tion of good management and the use 01 anticoccidial 
compounds in the'fccd or waler. Thus, litter should 
always be kept dry and spccial attention given to litter 
near water fonts or feeding troughs. Fonts which pre- 
vent water reaching the litter should always he used 
and they should be placed on drip trays or ovcr 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 lhe house and help to keep litter dry. 
Prcfcrahly. clean litter should always be provided he- 
tween batches of birds. If this is not possihle, thc littcr 
should he heaped and left for 24 hours alter it has 
reached a tempcraturc of 50°C; it should then be 
forked ovcr again and the process repeated to ensure 
that all thc oocysls in the litter have been destroyed. 

The usc of anti-coccidial agents depends on the type 
of management concerned. Rroiler chicks are on lifc- 
time medicated feed and the anticoccidials used arc 
maintained at a level sufficient to prcvcnl schizogony. 
The drugs available for use singly or in various 
combinations arc amprolium, clopidol, diclazuril, 
ethopabatc, halofuginone, lasalocid. maduramicin, 
moncnsin. narasin, nicarbazin. rohenidine, 

salinornyc~n and sulphaquinoxaline. It is recom- 
mcndcd that drues are switched between hatches of 
broilers, the so-called 'switch programme' or within 
the life span of each hatch, the 'shuttle programme'. 
Most drugs have a minimum period for which they 
must bc withdrawn before the birds can he slaugh- 
tcred lor human consumption. This is usually 5 to 7 
Jd\> 

\\ h,.r,, replaccrncnl la>ing hirds s p ~ n ~ l  ihdr u h ~ l :  
Ill', ,In uirc tl~n.,r$. ti;, tiicd~zntia~il I.; nr.L.c.\\sr\ li ih.) 
are reared on litter, for eventual produclion on wire, 
then a full lcvcl of coccidiostat is given as for broilers. 
I t  thev are reared on litter, for production on litter, 
then a programme of anti-coccidials designed to 
stimulate immunity is used. Preparat~ona frequently 
used either singly br in combination are amphlium, 
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 he done as a two-stage reduction, 
i.e. between 0 and 8 weeks and 8 and I6 wecks, or, 
alternatively, as a three-stage reduction, from 0-6 
weeks, 6-12 weeks and 12-18 weeks. Using this lech- 
nique, complete protection against coccidial challenge 
is maintained in the very young hirds and the reduced 
drug rate in older hirds allows limited exposure to 
developing coccidia so that acquired immunity can 
develo~. 

when in-feed coccidiostats are used, thcrc are two 
further factors to considcr. Firsl, outbreaks of 
coccidiosis may occur in birds on medicated feed ei- 
thcr bccause the level of coccidiostat used is too low or 
because conditions in the home have changed to alluw 
a massive ~porulation of oocysts which, on ingestion. 
the level of drue can no lonecr control. Sccondlv, the - 
influence of intercurrent infections in allccting appe- 
tite. and therefore uotakc of coccidiostat. should also 
bc considcrcd. 

In turkevs. sulnhonamides are again the drugs of - 
choice in treatment. For prophylaxis, coccidioatats are 
normallv incorporated in the Iced lor the first 12-16 
weeks of lif; Thc drugs commonly used are 
sulphaquinoxalinc, a mixture o l  amprolium, etho- 
pabatc and sulphaquinoxaline, or halofuginone at a 
low concentration. Monensin is also used. although it 
is available only on prescription because of its grcatcr 
toxicity for turkeys. 

In thc USA a 'vaccinc' consistine of oocvsts of eieht 
species of coccidia is commercially available. Young 
chicks arc given this livc 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 attcnuatcd by 
irradiation and a livc. attcnuatcd, oral vaccine is now 
available, as an alternative to coccidiostats, for the 
control of coccidiosis in chickens. 'This consists of se- 
lcctcd 'prccocious' strains of each of the pathogenic 



spccics o[ coccidia which affect poultry: these strains 
show rapid development in  vivo with minimal damage 
to lhe intestine hut stimulate an effective immunity. 
For success both techniques depend on subscqucnl 
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. 

COCClDlOSlS OF CATTLE 
Bovine coccidiosis occurs worldwide and usually af- 
fects cattle under one year old, hut is occasionally sccn 
in yearlings and adults. Of the 13 species rccordcd, 
two of the principal pathogens are E. zrrcrnii and E. 
hovis. The former is particularly pathogcnic, attacking 
the caecum and colon and, in heavy infections, pro- 
ducts a severe bloodstained dysentery accompanied 
by tenesmus. E. zuernii has a prepatent period of 17 
days and produces small, spherical oocysts of 16pm in 
diameter. E, bovis also affects the caecum and colon 
producing a severe enteritis and diarrhoca in heavy 
infections. Charactcristically, schizonts may he found 
in thc ccntral lacteals of the villi (Fig. 16.5). The 
prepatent period is 18 days and the oocysts are large, 
egg-shaped and measure 28 X 20pm. Thc discasc is 
dependent on epidemiological conditions which pre- 
cipitate a massive intake of oocysts, such as over- 
crowding in unhygicnic yards or [eed lots. It nlay also 
occur at pasturc where livestock congregate around 
water lroughs. In a number of European countries, E. 
uluhuntensis has been responsihle for outbrcaks of di- 
arrhoea in calves recentlv turncd out on to Dermanent 
calf paddocks. 

Diaenosis is hased on historv and clinical signs. and " 
in patent infections, on the presence of oocysts of the 
pathogcnic species in the faeces. 

Treatment with sulphadimidine, given orally or 
parenterally and repeated at half the initial dose level 
on each of thc ncxl two days, is recommended. Alter- 
natively, a combination of amprolium and ethopabatc 
or decoquinate may he used. 

Prevention is based on good management; in par- 
ticular fccd troughs and water containers should he 
movcd regularly and bedding kept dry. 

COCClDlOSlS OF SHEEP AND GOATS 

Clinical coccidiosis o l  sheep and goats occurs mainly 
in young lambs and kids and there appears to he an 
increabing 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. crarrdullis and E, ovinuidalis, both of 
which havc a prepatent period of 15 days. The oocysts 
of E. crundullis are thick-shelled and sub-spherical 
while those of E. 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 lor severe 
diarrhoca which sometimes contains blood. The 
pathogenic lesions are mainly i n  the caecum and colon 
where gametogony of E. crundalli.~ and second-stagc 
schizogony and gametogony of E. ovinoidalis occur. 
The lesions cause local haernorrhage and ocdcma, and 
villous atrophy may he a sequcl rcsulting in malab- 
sorption. 

Several species. iucluding t. ovirroidalis, produce 
giant schizonts, up to 300pm in diameter, which may 
be seen grossly as white spots in the lower small intcs- 
tine. Also in this site papilloma-like lesions may occur, 
usually as a sequel to gametocytc formation by E. 
hakuensi.~, hut thcsc arc not o l  great pathogenic 
significance (Plale XIV). 

i Lamhs are usuallv affected hetween four and scvcn 
weeks of age with a peak infection around six weeks. 
The outbreaks reported have occurrcd where ewes 
and lamhs were housed in unhygicnic conditions or 
grazed intensively. Thc fccding of concentrates in sta- 
tionary troughs, around which has occurred heavy 
contamination with oocysts, can also he a precipitating 
factor. In the IJSA coccidiosis has occurrcd when 
older lamhs are confined in fccdlots alter weaning. 

In soring-lamhine flocks in Wcslcrn Eurooe. infec- . -. u 

tion of lamhs results both from oocysts which have 
survived thc wintcr and [rom those ~roduced bv ewes 
during the periparturient period. 

Diaenosis is hased on the management history, the - 
age of the lamhs, postmortem lesions and faecal ex- 
amination for oocvsts. Thc lallcr may- be present in 

~ i g .  TM schi~ont of Eimerja ,amis is often found in the central v e r ~  large numbcriin both healthy and diseased lambs , lacteal of a villus. so that a necropsy is always advisable. 
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'Treatment is as descrihed for cattle. Diagnosis is diflicult, and because of the heavy na- 
Prevention is based on good management and rcgu ture of the oocysts, sedimentation techniques should 

lar moving of feed and water troughs, but in somc be employed or, if flotation is used, a concentrated 
intensive flocks in which the problem occurs annually, sugar solution is necessary. Little is known about 
low lcvcls of amprolium or decoquinate may be in- treatment, hut by analogy with othcr hosts 
cluded in the concentrate feed. sulphadimidinc or amprolium should be tried. 

Less is known ahout the problem of coccidiosis in 
goats, but oocysts are frequently recorded from the 
faeces and one species, E. arloinai. has hccn rcporled COCClDlOSlS OF RABBITS - 
as causing severe pathology. It is nol clear whether 
shccp spccics can affect goats, hut this seems unlikely 
in view of the strong host-specificity expressed by 
Eim~ria spp. 

COCClDlOSlS OF PIGS 
Although somc ten spccics o l  coccidia have been de- 
scribed from pigs their importance is not clear. E. 
drhlierki has heen descrihed as causing clinical disease 
and severe pathology and it is only comparatively rc- 
cently that another species, 1,so.sporn suis, has hcen 
incriminated as the cause of a naturally occurring se- 
vere enteritis in voune nielcls aecd 1-2 weeks. I. suis , u.. 

has a short prcpatent period of 4-6 days; the ellipsoi- 
dal oocvsts measure 17 x l3um and when sporulated 
contain-the two sporocysts ejch with four sporozoilcs 
characteristic of 1.sospora. The main clinical signs are 
diarrhoea, often hiphasic, which varies in its severity 
from loose facccs to pcrsislent fluid 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 diarrhoea is initialed by reinvasion 
from tissue stages. Diagnosis of 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 patlio- 
gens such as rotavirus. 

Treatment with amprolium given orally to affcclcd 
piglets is usually ellective while prevention can be 
achicvcd by the in-feed administration of anlprolium 
lo sows during the periparturient period, that is, from 
one week prior to farrowing until three weeks post 
farrowing. 

COCClDlOSlS OF HORSES 

nated as tlie cause of an intermittent diarrhoea. The 
prepatent period is 15 days and the oval oocysts arc 
very large, measuring 80 X 60pm. with a thick dark 
shcll and distinct micropyle. 

The pathology includes marked inflammatory 
changes in the mucosa and a disruption of villous 
architecture. 

There are three main pathogenic species in rabbits, 
namely E. stiedac. ~ . p a ; e . s c c ~ s  and E. inrcsrinalis. Thc 
prcpatcnt pcriod of E. sriedue is 18 days and of the 
bthirs 5-7'dayr 

The disease is commonest around weaning and 
clinical signs of E. sliedor 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 cpithclium of the bile 
ducts whcrc it results in a severe cholaneitis. Grosslv 
the liver is enlarged and studded with white nodules. 
The intestinal s~ecies. E. Ilavesce~zs and E. int~srinalis. 
which are the more s i g h a n t  in comn~ercial rahhit 
farms, cause the destruction of tlie crypts in the 
caecum resulting in diarrhoea and emaciation. 

Diagnosis, as in othcr spccics, is bcsl made by a 
postmortem examination. IIowever, in practice, the 
demonstration of many oocysts in the faeces is often 
used as an indication that rabbits require treatment. 
'The oocysts of b.'. ssfipdae are ellipsoidal and 37 X 
21 um in size. those of E. flave.?cens are ovoidal and 31 
x 21pm with a micropyld at the broad end whilc thosc 
of E. inrestinolis are ovrilorm and measure 27 X 18um. 

Sulphadimidine o~su~~haquinoxal ine  in the drink- 
ing water are used for treatment. Control of rahhit 
coccidiosis involves the daily cleaning of cages. 
hutches or Dens and the provision of clean feeding 
troughs. In many large units contn~l ia achicvcd by 
rcarlne animals on wire fluon, or alternatively. 
coccidiostals such as amprolium, clopidol or 
rohenidine are incorporated in the feed. 

COCClDlOSlS OF DOGS AND CATS 
At one time it was thought that species 01 the genus 
Isosporo were freely transmissible between dogs and 
cats. but it is now established that this is not the case. 

1" the dog, the common Irospora species are I. can& 
and I. ohioensi,?. The nrenatent neriod of both is under . . 
ten days and the oocyst of I. canis is the largcr, mcas. 
uring 38 X 30pm. whilc that o l  I. uhioer~sis measures 
25 X 20pm. Therc is no rcal evidence lhat these spe- 
cies are pathogenic by themselves hut infection may 
he exacerbated hy intercurrent viral disease or other 
immunosuppressive agents. The life cycles are nur- 
mally direct although there is somc cvidcncc that a 
predator-prey relationship may be involvcd and that 
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this has a marked effect on the activity of somc of the 
memhrane-bound enzymes. 

Clinically the disease is characterized by anorexia 
and diarrhoca, oncn intermittent, which may result in 

~rvoto.~ooridiz~m~in&ctions. Oocvsls mav he demon- ,. . 
strated by using ~ichl-~icl;cn stGned 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 bc of somc value, and the infection is difficult to 
control since the oocysts are highly resistant to most 
disinfcclants except formol saline and ammonia. 

[Cryptosporidiosis in man: Immunosupprcsscd states, 
especially AIDS (acquired immunodeficiency syn- 
drome), have been associated with severe 
cryptosporidiosis, presumably due to overwlielming 
autoinfection.1 

Sites in final host: 
Schizonts and gamonts in the small intestine 

Sites in intermediate host: 
Tachyzoites and hradyzoites in extra-intestinal tissues 
including muscle, liver, lung and brain. 

Distribution: 
Worldwide. 

oocysts 
'These are found in the faeces of cats. are unsporulated 
and measure 12 x 10hm (Fig. 166). When sporulated, 
which takes one to five days, the oocyst contains two 
sporocyTts, each with four sporozoites. 

Intestinal stages 

Schizonts: 
These occur n~ainlv in the ieiunum and ileum, range in 

Four genera, Toxopla~ma, Sarcocy.~ris, Bcsnoiria and 
Hamrrrondia. arc of veterinary importance. Their life 
cycles are similar to Eimerio and Iso~porn except that 
the asexual and sexual stages occur in intermediate 
and final hosts respectively. 

With the exception of the genus Toxol11a.sma. they 
are normally non-pathogenic to their final hosts and 
their significance is due to the cystic tissue stages in the 
intermediate hosts which include ruminants, pigs, 
horses and man. The tissue phase in the internledlate 
host is ohligatory, except in Toxopla~ma where it is 
facultative. 

Thc genus Toxoplasnzu has a single species, T guniliii. 
which is an intestinal coccidian of cats. l'he 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 occur during pregnancy and may result in ahor- 
tion or congenitally acquired disorders which prima- 
rily affect the central nervous system. 

Speacs: 
Toxoplasma gondii. 

Final hosts: 
All fclids. The domestic cat is thc most important. 

Intermediate hosts: 
Any mammal. including man, or birds. Nole that the 
final host, the cat. may also be an intermediate host 
and harbour extra-intestinal stages. 

Gamunts: 
These are most common in the ileum and measure 
approximately IOlrm 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 6.0-8.0p11. 

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 he present in 
one cyst which can mcasurc up to 100pm in diamctcr. 

LIFE CYCLE 

Final host 
Most cats become infected by ingesting Toxoplasma- 
infected animals, usually rudcnls, whose tissues cun- 
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 numhers of oocysts than when infection is a c ~  
quircd 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 



Fig. 168 The life cycle of Toxoplasma gondii showing how non- 
feline hosts may become infected. 

gametogonous development culminating in the pro- 
duction of oocysts in 3-10 days. Oocysts are shed lor 
only 1-2 weeks. During this cycle in the intcslinal 
mucosa, the organisms may invade the extra-inleslinal 
organs where the development of tachy~oites and 
bradyzoites 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, sporulatcd oocysts are ingested and the 
liberated sporozoites rapidly penetrate the intestinal 
wall and spread by the haematogcnuus route. This 
invasive and proliferative stage is called the tachyzoite 
(Fig. 169) and on entering a cell it multiplies asexually 
in a vacuole bv a Drocess of buddine or endodvogenv. . . . .. . 
111 uli~sli I \ V \ I  ind~\lduals arc Iurt~~cd \uthin i h ~  m61lh;r 
:ell. rhc ncll~rlr, ut illr. I.nttcr he~nr! used h\ thr, Jaueh- 
ter cells . '~hen 8-16 tachyzoites have acc;mulated ihe 
cell ruptures and new cells are infected. This is the 
acute phase of tnxoplasmusis. 

In most instances, thc host survives and antibody is 
produced which limits the invasiveness of the 
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. I[ 

Flg. 169 Asexual stages of Toxoplasma gondii. (a) Tachyzoites; 
(b) Bradyroite cyst. 
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this immunity wanes the cyst may rupture, releasing conjunction with distemper and has also been incrimi- 
the hradyzoites which become active and resume the nated in distemper vaccination breakdowns. 
invasive characteristics of the tachvzoites. At nccroosv. bradvzoite cvsts can be demonstrated 1 . , 

Secondly, infection commonly occurs by the inges- in cells in the brain and the respiratory tract; the asso- 
tion of bradvzoites and tachvzoites in the flesh of an- ciated l v m ~ h  nodes are cnlarecd. 1 
other intermediate host. ~ h ; s  carnivores and humans 
can acquire infection by eating raw or underdone 
meat. The cycle of development following infection by 
tachyzoitcs or hradyzoites is similar to that following 
oocysl ingestion. 

GENERAL PATHOLOGY 
This is alwavs related to the extra-intestinal ohase of 
development. 

Most inlections arc acquired via the dieestive tract, 
and so organisms are disseminated hy the lymphatics 
and oortal system with subscqucnt invasion of various 

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 
abortion in ewes and perinatal murtality in lambs. If 
infection of the ewes occurs early in gestation (<55 
davs) there is death and exoulsion of the small foetub. , , 

organsand tissues. I n  heavy infections, the multiplying which ib seldom observed. If infection occurs in mid- 
tachyzoitcs may produce areas of necrosis in vital or- gestation abortion is more rcadilv detected. the orean- I . . 
gans such as thc myocardium, lungs, liver and brain 
and during this phase the host can become pyrexic and 
Lymphadenopathy occurs. As the disease progresses 
hradyzoites are formed, this chronic phase heing usu- 
ally asymptomatic. 

In pregnant animals or humans, exposed for the lirst 
time to T gondii infcction, congenital disease may 
occur. The predominant lesions are found in the cen- 
tral nervous system although other tissues may he af- 
fected. Thus, retinochoroiditis is a frequent lesion in 
congenital toxoplasmosis. The retina bccomcs 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 changcs 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 [act that cats are frequently infected, clini- 
cal disease is rare although enteritis, enlarged 
mesenteric lymph nodes, pneumonia, dcgenerative 
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 hradyzoite cysts during 
pregnancy. 

Dogs 
Thc onset of illness is marked by fever with lassitude, 
anorexia and diarrhoea. Pneumonia and neurological 
manifestations are common. Infection may occur in 

isms heing found in the typical whitc Icsions, 2.0mk in 
diameter, in the cotyledons o l  the olaccnta and in 
foetal tissues: alternatively the dead ioctus may bc 
retained, mummified, and expelled later. If the Ioetus 
survivcs in rrrero, the lamb may he still-born or, if alive. 
weak. 

Ewes which abort due to T gondii in one year usu- 
ally lamh normally in subsequent years. 

Other hosts 

Toxoplasmosis has been occasionally reported in 
young pigs and poultry, while serological titres to 
'hxoplrrxmn have becn recorded in horses and wild 
rahhits. 

Man 

Inlcction of man may he acquired or congenital. Ac- 
quired inlections occur in two ways. First, from the 
ingestion of oocysts shed in the facccs of cats. This 
may he directly from hands contaminated, for cxam- 
ple, during the cleaning of litter trays or, morc likcly, 
indirectly from the ingestion of vegetables or Lood 
contaminated by cat faeces. Flies may also transfer 
oocysts on to food. 

Secondly, an important source of infection is 
the ingestion of undercooked meat containing 
Toxoolasma cvsts. 

The majority of acquired infections are asymplo- 
matic. Clinicallv aooarent infections oresent as low , .. 
grade fevcr 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 
becn 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 lor the first time during 
pregnancy, can he serious, the tachyzoites crossing the 
placcnta in the ahsence of maternal antibodies. While 
the majorily of such congenital infections are asymp- 
tomatic. up to 10% rcsult in abortions, stillbirths 
or damage to the central nervous system of the 
foctus. The frequency of diseasc is much higher 
whcn infection is acquired in thc first trimester 
of pregnancy. Severely affected infants show 
retinozhoroiditis and cerebral necrosis and there may 
he hepatosplenomegaly. livcr failure, convulsions and 
hydrocephalus. 

EPIDEMIOLOGY 

The cat plays a central role in lhc cpidcmiology of 
toxoplasmosis and the disease is virtually absent from 
areas where cals do not occur. 

Two ol thc most commonly used tests measure anti- 
body, the Sabin-Feldman dye test and the indircct 
immunotluoresccnt antibody test (IFA). The latler is 
preferred since it does not require live organisms. 
Whichever test is used it is important to employ paired 
samples takcn at an interval of 1-2 weeks to dctcrmine 
if a rising titrc, indicative of recent infection, is 
present. 

More recently, an ELISA test has been developed 
which is capable oldctccting a recent infection hy the 
estimation of TgM, as compared to IgG. antibody. 

The most convincing diagnosis is obtained by inocu- 
lating Toxoplusma-free mice by the intraperitoneal or 
intracerebral route with tcst material and the subse- 
quent demonstration o1 tachyzoites or hradyzoites in 
smears of organs or serous cavities. It has the disad- 
vantage that unless the strain 01 Toxoplacma is highly 
virulent, it requires three weeks belorc examination of 
the mice will yicld recognizable Ybxoplusmu cysts. 

~ ~ 

t ~ I , I ~ I I I I . # I ~ # ~ I C . I I  In!~ ,~uyt lon\  In the ( ' S f \  ;111d e . ~  
r e  d ~ i  I 6 1  1 1 r r c  I TREATMENT " 2 .  

tive to Toxopla~mu antigen, thc majority acquiring 
infcction by predation. As might be cxpcctcd infec- 
tions arc more prevalent in stray cats. Congenital in- 
fection is rarc. Following infection, cats shed oocysts 
for only 1-2 weeks after which they are resistant to 
reinfection. However, a proporlion remain as carriers, 
perhaps due to the persistence of somc schizonts, and 
reactivation of infection with shedding of oocysts may 
occur in association with intercurrent diseasc, during 
the peri-parturicnt period in queens or following 
corticosteroid theraov. However. the oocvsts aooear 

There is no completely satisltaclory treatment. A com- 
bination of the anti-malarial drug pyrimcthamine and 
sulphadiazinc has been reported to be cffcctivc 
against tachyzoitcs, but not hradyzoites. in humans 
hut is rather toxic in cats. Spiramycin has also been 
used in humans but its efhcacy is not well documented. 

Clindamycin is used in cals and is reported as 
bcing effective against murine toxoplasmosis; like 
pyrimclhamine, it will reduce but not eliminate oocyst 
shedding in cats. . , . . 

\ to he very resistant and this compensates k r  the com- 
1 narativelv short oeriod of oocvsl excretion. CONTROL 

It is difficult to'explaiu the widespread prevalence of 
toxoolasmosis in ruminants, oarticularlv shcco, in 
view'ol lhe rclatively low numt;er of oocysts she2 into 
the environment. It has been suggested that pregnanl -- . - 
ewes are most commonly infected during periods of 
concentrate feeding prior to tupping or lambing, the 
stored fwd having heen contaminated with cat Pdcces 
in which millions of oocysts may be present. 

Further sprcad of oocysts may occur via copro- 
phagous insects which can contaminate vegetahles. 
meat and animal fodder. It has been sue~ested that "" 
venereal transmission can occur in shccp. 

Thc prevalence of Toxoplusmu infection in thc hu- 
man population, as estimated by serological titres, 
may be as high as 25% in some areas. The   re valence 
is digher in ieterinarians, abattoir worker;aud those 
who handle cats. 

In domestic situations prevention ol  infcction requires 
the daily cleaning of cat litter hoxes and proper dis- 
posal of laeccs. Hygienic precautions such as washing 
of hands prior lo eating and the wearing of gloves 
when gardening should also bc observed since flower 
and vcgetahle beds are favoured arcas for cats to 
deiaecatc. Pregnant women should not undertake 
cleaning ol  cat litter hoxes. In addition, raw meat 
should nol bc fcd 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 decoyuinate 
have also bccn administered to ewes in mid-pregnancy 
in attempts to control abortion due to toxoplasmosis. 

Sheep which abort following toxoplasmosis usually 
lamb normally in subsequent years. It has often been 
advised that such sheen should be mixed with renlace- ~ ~~~ ~ ~~~~ ~ r -- 

ment stock some weeks before mating in the hope that 

DIAGNOSIS thcsc will become naturally infected and dcvclop im- 
munity belorc becoming pregnant. Presumably the 

Specific diagnosis is made by serological tests or by value of this technique depends on the replacements 
demonstration of the organisms in tissues of mice in- being exposed to circumstances similar to those of the 
uculated with suspect material. initial outbreak. 



It is sometimes also advised to mix replacement 
stock with ewes at the timeof theoutbreak of abortion 
in order to facilitate transmission of infection. Ih is  is 
extremely unwise since othcr causes of abortion, nota- 
bly the agent of cnzootic abortion of ewes, if also 
present, 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 vaccinc consisting of tachyzoites 
attenuated by rcpcaled passage in mice. The strain 
used has lost Ihe capacity to form tissuc cysts and 
therefore the potential to form oocysts in cats. It is 
usually recomniended to vaccinate the whole 
Hock initially and thercaltcr only annual vaccination 
of replacements. Thc vaccine consists of lV-10L 
tachyzoites and it is given as a single dosc 
intramuscularly at least three weeks prior to tupping. 

The complete life cycle ot  Neusporu caninurn is un- 
known hut it is a protozoan parasite first recognized in 
dogs in 1988. It was previously confused with 
Toxopli~smn gondii because of the structural similarity 
of the asexual stages of the two oarasites. Similarities " 
between the two organiams suggest that N. raninlcm is 
a coccidian Darasltc whose infective staee is an oocvst 
hut experimental studies have failed & identify ihc 
definitive host. Neosporosis occurs most scvcrcly in 
lransplacentally infected puppies and is characterized 
by a progressive ascending paralysis, particularly of 
the hind limbs; polymyositis and hepatitis may also 
occur. If caninc neosporosis is diagnosed early trcat- 
ment with trimethoprim, sulfadiazine and clindamycin 
might be useful. Neosporosis has now bccn identified 
in Norlh America, Europe, Australia, New Zealand, 
South Africa and .Tapan. Thc disease also affects 
cattle and is a significant cause of abortion and 
neurologically-associated limb defects in calves. Mi- 
croscopic lesions of non-suppurative cnccphalitis and 

Final hosts: 
Dogs, cats, wild carnivores and man 

Intermediate hosts: 
Ruminants, pigs and horscs. 

Site in final hust: 
Small intestine. 

Site in intermediate host: 
Schizonts in cndolhelial cells of blood vessels; large 
cysts conpaining bradyzoites in muscles. 

1)istrihution: 
Worldwidc. 

SPECIES 
The orcviouslv complex nomenclature for the large 
numbcr of Sorcucysli~ spp. has largely been discarded 
by many workers i n  favour of a ncw system 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 o l  simplicity. At present the most impor- 
tant species recognized with the dog as a final host are: 

Sun-ocys~is hovicani.~ (syn. S. cruzi) 
S. ovicuni,? (syn. S. tenella) 
S cal~ricanis 
S porcicanis (syn. S. mieschcriana) 
S. eq~ikunis (syn. S. burrrumi) 
S. fayfui (horseldog). 

Those with the cat as the final host include: 

S. hovifelis (syn. S. hirsrrto) 
S. ovifelis (syn. S.  ene el la) 
S. porcifelis. 

h4an is fad host for two ~pecies, S bo~~ihonzinu and S. 
porcihorninir, and these arc reported as being respon- 
sible for anorexia, nausca and diarrhoea. 

myocaiditis in aborted foetuses may be seen in the 
,,_-._A_. 

brain, spinal cord and heart. Control of Nrosporu- 
induced abortion in cattle depends on protecting 
food and water sourccs from pos~ible contamination 
with the facccs of any animal and the disposal of 
abortcd foetuses and placentas by incineration or 
other means so that they cannot be available to the 
definitive host. 

""cybls; 
'These, unlike Icocpora, arc sporulated when passed in 
the faeces and contain two sporocysts each with four 
sporozoites; usually the sporulated sporocyst is found 
frcc in the faeces (Fig. 170). Tn two common spccics,S. 
buvicunis and S. ovicanis, the sporulated sporocysts 
measure approximately 15 X 10pm and 14 X 9pm 
respectively. 

From a vctcrinary standpoint the important stages o l  endothelial cells are quite small measuring 2 4 p m  in 
thc gcnus Surcocyslis are t'nund in thc intermediate diameter (Fig. 171). In contrast the bradyzoite cysts 
hosts, both as schizonts in thc endothelium of the (Fig. 172) can be very large and visible to the naked 
blood vessels and as bradyzoite cysts in the skeletal eye as whitish streaks running in the direction of the 
and cardiac musclcs. muscle fibres (Plate XIV). They have been reported as 
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Flg. 170 Sporulated sporocysts of Sarcocysfis in smear of fresh 
faeces; the oocyst wall is lust discernible. 

Fig. 172 Bradyzoite cysts of Sarcocysfis oovicanis in oesophagus. 

liberated in thc intestine and the Irccd zoitcs pass lo 
thc sub-cpithclial lamina propria and diiierentiale 
into micro- and macrogametocytes. Following conju- 
gation of gametes, thin-walled oocysts are formed 
which. unlike those of most other e~iteric sporozoans, 
sporulatc within the body. Two sporocysts arc iormed, 
each containing four sporozoitcs. Usually the fragile 
oocysl wall ruptures and free sporocysts are found in 
the faeces. 

Intermediate host (schizogony): 
Infectioli is by ingestion of the sporocysts and this is 
followcd by at lcast thrcc ascxual gcncrations. In the 
first, sporozoites, released from the sporocysts, in- 
vade the intestinal wall and enter the capillaries where 
they locate in endothelial cells and undergo two 
schizogonons cycles. A third asexual cycle occurs in 
the circulati~ig lympliocytes, the resulting merozoites 
pcnctrdting muscle cells. Thcrc they encysl and then 
divide by a process of budding or endodyogeny giving 
rise to broad banana-shaped bradyzoites contained 
within a cyst; this is the mature sarcncyt and is the 
infective stage for the carnivorous final host. Although 
there are some variations according to spccics thc timc 
intervals in the lifc cycle arc approximately as follows: 

Prepatent period in 7-14 days 
car~iivores 

Fig. 171 Sarcocystis schizont in endothelial cell. Patent period (period I week to several months 
reaching several cm in length, but morc commonly during which sporocysts 
they range from 0.5 mm to 5.0 mm. are passed in faeces by 

carnivores) 

LIFE CYCLE From ingestion of usually 2-3 months hut 
sporocysts to presence of may extend to 12 months 

Final host (gametogony): infective bradyzoites in in some spccics. 
Infection is hy ingestion of bradyzoite cysts in the muscles of intermediate 
muscles of the intermediate host. The bradyzoites are host 
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PATHOGENESIS attoirs it is clear that where dogs or cats are kept in 
close association with farm animals or their feed, then 

Infection in the final hosl is normally nun-pathogcnic transmission is likely, For example, sheepdogs are 
although mild diarrhoea has occasionally been rc- known to an imnortant in the transmission of 
ported. 

In the intermediate host the principal pathogenic 
effect is attributable to thc sccond stage of schizogony 
in the vascular cndothclium. Heavy cxpcrimcntal in- 
fections of calves with S. bovicrrrzis have rcsultcd 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 rcsultcd in 
abortion. 

A naturally occurring chronic disease o l  
cattle. 'Dalmeny disease', has been recognized in 
Canada, the USA, and Britain. This is characterized 
hy emaciation, suhmandibular oedema, recumbency 
and exophthalmia; at postmortem examination, nu- 
merous schizonls arc found in cndolhclial cclls, and 
developing sarcocysts in areas of degenerative 
myositis. 

S. ovicuni~ has been incriminated as the cause of 
ahortion in ewes and severe myositis and en- 
cephalomyelitis in lambs in several countries. 

Recently, a discasc in horscs called Equinc 
Protozoal Myeloencephalitis (EPM), characterized by 
ataxia and muscle weakness, has been associated with 
infection by a species named Sarcozyslis nuuronn. 
Generally, however, clinical signs are rarely ohserved 
in Sarcocysri.s infection and the most significant effect 
is the prcscncc of cysts in the muscles of food animals 
resulting in downgrading or condemnalion ot  car- 
casses. While the dog-borne species were thought to 
he of primary importance in this context, there is 
increasing evidence that cat-horne species are also 
responsible for lesions in meat. 

In pigs thcrc is a possibility of confusing the cysts of 
Surcocystis with those of Trichinella spiralis and 
Cyslicercro cullrclusoe. Differentiation requires the 
microscopic examination of squashed muscle prepara- 
tions. 

CLINICAL SIGNS 
In heavv infections of the intermediate hosts there is 

~~~~ . , 
S, ovicanis and care should be exercised that only 
cooked meat is fed to dogs. Acute outbreaks are prob- 
ahly 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 known. 

DIAGNOSIS 
Most cases olSrrrcocysris inlcction arc only rcvcalcd at 
meat inspection when lhe grossly visible sarcocysls 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 
schizonls in thc blood vessels of organs, such as kidney 
or heart and the prcscncc of cysts in thc musclcs at 
necroosv or bionsv. An indirect haemaeelulindtion . , . , u.. 

test, using bradyzoites as antigen, is also a useful aid lo 
diaenosis. but it should be remembered that the ores- - 
ence of a titre need not imply active lesions of 
Sorcocysris. 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 
lor the prcscncc of sporocysts may be helpful in the 
diagnosis. 

TREA TMEN7 

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 ot  amprolium inlo the dict of the 
animals has a prophylactic eftect. 

CONTROL 
anorexia, fever, anacmia, loss of weight, a disinclina- 
tion to move and recumbency; in lambs a Theonly control mcasures possible are those of simple 
dog-sitting posture has been recorded. In cattle there hygiene. Farm dogs and cats should not be housed in, 

is often a loss of hair at the of the tail, or allowed access to, fodder stores nor should they be 

These signs may he accompanied by suhnlandihular allowed to defaecate in Pens where livestock are 
exoohthalmia and enlargement of lymph housed. . . It is also important that they are not fed un- . . 

nodes. Abortions may occur in breeding stock. cooked meat 

EPIDEMIOLOGY Since the diltcrenccs in thc lifc cyclcs of thc various 
genera of the class Coccidia described up to this point 

Little is known of the epidemiology, hut from the high are somewhat confusing, their major features are sum- 
prevalence of symptomless infections observed in ah- marized in Table 8. 
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Table 8 The major features of the life cycles of impoiiant Coccidia. 

Eimeria lsospora Ctypfosporidium Toxoplasma Sarcocystis 

Life cycle Direct Direct Direct Indirect or Always indlrect 
direct 

Also between 
intermediate 
hosts 

Infective Stage Oocyst 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 oocyst 
(2 sporocysts 
each with 4 
sporozoites) 

Infective - - 
stage for 
intermediate 
host 

Bradyzoite Sporocyst 
cysts (4 sporozoites) 

Tachyzoites 
oocyst 

Asexual Many hosts Many hosts 
phase Single host Usually single Single host 

host 
Sexual phase Cat Dog and cat 

The best known species is Besnoiria besnoiti which able economic losses duc to condemnation of hides at 
occurs worldwide, although especially important in slaughter. 
Africa, and in which the final host is the cat and thc I 
intcrmcdiate hosts are cattle. 

This genus differs from other members of the w- I 
Sarcocystidae in that thc cysts containing hradyzoites 
are found mainly in libroblasts in or under the skin. Only one spccics, Hamrr~ondia harnmondi, is known. 

The tinal host is the cat and the intermediate hosts are The host cell enlarges and hecomes multinuclcatc as small rodents. Unspor,,lated oocysts arc produced in thc Besnoitia cyst grows within a parasitophorous 
the faeces, and following infection ol rodcnts, the vacuolc, eventually reaching up to 0.6mm in diameter, 
multiplication of tachyzoites in the lamina of Although infection of cattle is thought to be mainly intestinal wall is followed the of by ingestion ol  sporulated oocysts from cat faeces, 

i 
cysts containing bradyzoites in the skeletal muscle. It there is a suggestion that mechanical spread by hiting 

flies feeding on skin lesions o l  catllc may be another IS not considered to hc pathogenic to either host, but it 
is important to recognize that the oocysts of route of transmission. 
Hanrmondia closely resemble those o[ Toxoplasma Following infection in cattle there is a systemic 
and that their differentiation in cat faeces is a special. phase accompanied hy lymphadenopathy and 

oedemalous swellings in dependent parts of the body. 1st task. 

Suhseauentlv bradvzoites develop in fihrohlasts in the 
dermis, subcutaneous tissucs and fascia and in the na- 
sal and lavneeal mucosa. The dcvclopinr cysts in 
the skin result in a severe condition ch&acicr&cd by Hepatozoon canis occurs in the dog, and possibly the 
painful subcutaneous swellings and thickenings of the cat, in areas where the tick vector Rhipiccphalus 
skin, loss of hair and necrosis. There is no known sangrlineus is found, i.e. Africa, Asia, S. Europe and 
treatment. thc Tcxas Gulf Coast. 
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Syngamy occurs in the tick and since the sporozoites B, ranis, R. gihroni dogs 
remain in the body cavity, the dog is apparently in- H. felis cats 
fccted by ingesting the tick. ~ c h i z o ~ o n y  occurs in Distribution: 
macrophages and endothclial cells in the skeletal mus- The distribution of these many spccics thoughout the 
cle. heart and lungs followed by the production o[ world is discussed in the sections dealing 
largc. blue-staining gametocytes which parasitize the each final  
circulating neutroohil leucocytes. Thc cycle is com- 
plrt,,J \ , h a 1  1 1 1 ~ .  t ch I I ~ < C I I \  ~nfc.:tr,d I~lt~crJ 

I n t ~ . t ~ o ~ i  111:1\ h~ .1~\n11710111~11,.~11J .l~ic~t\r.. \\11etl I I  lDENTlFlCATlON AND MORPHOLOGY 
occurs, often appearst" be sccondary to other patho- 
gens. Thc clinical signs are those of recurrent fcvcr, 
marked loss of condition and lumbar pain and may 
terminate fatally. Diagnosis depends on examination 
of stained blood smears and, if unsuccessful, muscle 
biopsy for the detection of schizonts. 

Treatment is palliative using non-steroidal anti- 
inflammatory drugs and prophylaxis depends on 
regular tick control. 

Examination of stained hlood 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 ends opposed. Typically they arc 
pyriform, but may he round, elongated or cigar- 
shapcd (Fig. 173). Conventionally, the various spccies 
arc grouped into the small Bnhesin whose pyrilorm 
bodies are 1.0-2.Spm long. and large Babesia which 
are 2.54.0pm long (Platc XIII). With Komanowsky 
dyes the cytoplasm appears blue and the nucleus red. 

Babesia are intraerythrocytic parasites of domestic 
animals and arc thc cause of anaemia and 
haemoglobinuria. They are transmitted hy ticks in 
which the protoroan passes transovarially, via the cgg, 
from one tick generation to the next. Thc discase, 
babesiosis, is particularly severe in naive animals in- 
troduced into endemic areas and is a considerable 
constraint on livestock dcvclopment in many parts of 
the world. 

Hosts: 
All domestic animals. 

Intermediate hosts: 
Hard ticks of the family lxodidae in which 
transovarian infection ensures that Hahecia are 
transmitted by stages of the next generation of 
ticks. Depending on the specics oI Buhesin, this 
may be by the larval, nymphal or adult stages or even 
all three. 

When infection persists [tom one stage to the next, 
in two- or thrcc-host ticks feeding on different hosts, 
transmission is said to he transtadial. 

Site: 
The organisms lie singly or in pairs inside the red 
blood cells. 

SPECIES 
Bahesia diveryens. B. major cattle 
B. bigemina, B. hovis 
B. molasi, A. ovi.r sheep and goats 
B. cahalli, R. eqni equines 
B. perroncitoi, B. rralirmanni pigs 

LIFE CYCLE 
The organism divides asexually, hy binary fission to 
lorm two. or sometimes four. individuals within the 
red cell. Eventually, the host cell ruptures and the 
organisms are liherated to penetrate new red cells. 

The subsequent sequence of events, when the 
parasitacmic blood is ingested by the appropriatc 
ixodid tick, usually the engorging adult femalc, is not 
clear, but it is now thought that a sexual phase occurs 
in the tick gut followed by schizogony which results in 
the production of elongated, motile, club-shaped 
bodies, called vermiculcs. These migrate to the tissues 

Fig. 173 Diverse forms of Babesra divergens in bovine red cells. 
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of the tick, especially the ovary, and undergo further 
multiplication to producc more vermicules. The entire 
process takes around seven days. 

In the ovary of the tick the vermiculcs invade the 
eggs and, subscqucntly, continue to multiply in the 
tissues of the hatched larvae. When the larvae first 
feed, the vermicules entcr the salivaw acini and form. 
within a few days, the inlective sporozoites, which are 
inoculated into the new host before feeding ceases. 

When stage-to-stage transmission occurs, 
vermicules again reach the salivary glands of the next 
stage of the tick when feeding commences, and mature 
to hecome infective forms. 

There is ample evidence that some species of 
Babesia may he transmitted through the ovary for two 
or more generations of female ticks; this is known as 
vertical transmission. 

PA THOGENESIS 
The rapidly dividing parasites in the red cells produce 
rapid destruction of the erythrocytes with accompany- 
ing haemoglobinaemia. haemoglobinuria and fever. 
This may be so acute as to cause death within a few 
days, during which the packcd red cell volume falls 
below 20%. The parasitaemia, which is usually detect- 
able once the clinical signs appear, may involve be- 
tween 0.2% and 45% of the red cells, dcpcnding on 
the species of Baberia. 

At necropsy, the carcass is pale and jaundiced. the 
bile is thick and granular and there mav be sub- 
epicardial and sub-&docardial haemorrhages. 

Milder forms of the disease, associated with less 
pathogcnic 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 
Tvpicallv the acute diseasc occurs 1-2 weeks after the 

commonly occurs in this phase. Otherwise convales- 
cence is prolonged, there is loss of weight and milk 
production and diarrhoea followed by constipation is 
common. 

In animals previously exposed to infection, or in- 
fected with a Babesia species of low pathogenicity, 
clinical signs may bc mild or even inapparent. 

EPIDEMIOLOGY 
'The following account is largely hased on the cpidcmi- 
ology of the pathogcnic bovine species which have 
bccn the most thoroughly studied, but the same prin- 
ciples almost certainly apply to all the Babe.sia. Essen- 
tially, the cpidcmiology depends on thc interplay of a 
number o l  lactors and there include: 

(1)  The virulence of the particular species of 
Babesia 
For example, R. divvr~ens in cattlc and B .  canis in dogs 
are relatively pathogenic while B. major in cattle and 
B. ovis in sheep usually produce only mild and tran- 
sient anaemia. 

(2) The age of the host 
It is frequently stated that thcrc is an inverse age 
resistance to Rabesia infection in that young animals 
are less susceptible to babesiosis than older animals. 
The reason for this is not known. 

(3) The immune status of the host 
In endemic areas, the young animal first acquires im- 
munity passively, in the colostrum of thc dam and, as 
a result, often suffers only transient infections with 
mild clinical signs. However, these infections are ap- 
parently sufficient to stimulate active immunity al- 
though recovery is followed by a long period during 
which they are carriers when, although showing no 
clinical signs, their hlood remains infective to ticks for 
many months. It used to be thought that this active 
immunity was dependent on the persistence of the 
carrier state and the phenomenon was termed 
premunity. However. it seems 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 endcmic areas, where there are many infected ticks, 
the immunity of the host is maintained at a high level 
through repcatcd challenge and overt diseasc is rare. 
In contrast, where thcrc are few ticks or when they arc 
confined to limited areas, the immune status of the 
population is low and the young animals receive little, 
if any. colostral protection. If, in these circumstances, 
the numbers of ticks suddenly increasc due to favour- 
able climatic 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 endemic areas, the occasional outbreak of clinical 
discase, particularly in adult animals, is often associ- 



ated with some form of stress, such as parturition or 
the presence of another discasc, such as tick-horne 
fcvcr. 

These general aspects o l  epidemiology are dcalt 
with in more dctail in the sections dealing with 
babesiosis in the dillcrent host species. 

DIAGNOSIS 

kxaminatioiof hlood films, stained with Giemsa, will 
rcvcal the parasites in the red cells. However, once the 
aculc lebrile phase has subsided they are often impos- 
sible to find since thcy are rapidly removed from the 
circulation. 

TREATMENT 
This depends to some extent on the species o l  Bubesin 
to he treated and lhe availability of particular drugs in 
individual countries. Quinuronium sulphate, 
pentamidine, amicarhilide, diminazcne aceturate and 
imidocarb are the most commonly used drugs and 
lheir use is discussed in more detail in the sections 
dealing with bahcsiosis in the different animal hosts. 

CONTROL 
Specific control measures are not usually necessary 
for animals born of mothers in endemic areas since, 
as noted previously, their colostrally acquired innnun- 
ity is gradually reinforced by repeated exposure to 
infection. Indeed, thc veterinary importance o l  
babesiosis is chiefly that it acts as a constraint to the 
introduction of improved livestock from other areas. 
Areas of enzoolic instability also create problems 
when tick numhers suddenly incrcasc or animals, for 
somc reason, are forced to usc an adjacent tick- 
inlested area. 

The numbers o[ licks and therefore the quantum of 
Bubr.~ia infection may be reduced hy regular spraying 
or dipping wilh acaricides. In addition, in cattle, the 
selection and breeding of cattle which acquire a high 
degrcc o l  resistance to ticks is practised, particularly in 
Australia. Widespread use ol tick vaccines may also 
have a significant influence on the incidcnic of 
habesiosis in callle. 

In cattle, immunization, using hlood lrom carrier 
animals, has been practised for many ycars in tropical 
areas, and more recently in Australia, the use of ra- 
pidly passaged strains of Bahrsia, which are relatively 
non-pathogenic, have bccn widely utilized in live 
vaccines. In thc ncar future these lnay be supcrscded 
by adiuvantcd vaccines oreoared from several . . 
recoml;inant Bubesiu antigens. Otherwise the control 
of hahesiosis in susceptible animals introduced into 

endemic areas depends on surveillance for the first few 
months after their arrival and, il necessary, treatment. 

BA BESIOSIS OF CATTLE 

Northern Europe 
Two species occur in cattlc. B. divvrgrns and 5. major. 
Of these, R. divergcns, transmitted by Ixode.~ ricinus, is 
the most widespread and pathogenic, clinical cases 
occurring during the periods of tick activity, primarily 
in the spring and autumn. As wilh other Babesin, in- 
lcction in the tick is transovarially transmitted and thc 
larvae, nymphs and adults of the next generation are 
all able to transmit infection to cattle. 

B, divergenr is a 'small Bubvsiu' and in hlood films 
typically appcars as paired, widely divcrgcnt organ- 
isms. 1.5 X 0.4@m, lying near thc cdge of the red cell. 
although other forms may he present. Nor~iially no 
cllorl is made to control this infection in endemic 
areas although cattlc rccenlly introduced require sur- 
veillance for somc months, since, on averagc, unc in 
four will develop clinical disease and of thcst. one in 
six will die if untreated. However, in some parts of 
mainland Europe, such as the Netherlands, where 
licks are confined to rough vcgetation on the edges of 
pastures and on roadsidcs, it is often possihle to takc 
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 
splcncclomized deer. 

Quinuronium sulphatc and amicarhalide are effec- 
tive treatments and in some countries imidocarb is 
also licensed for use. The latter, due to its persistence 
in the tissues, has a prophylactic effect for scveral 
weeks. During the convalescent phase of thc disease, 
hlood translusions may he valuahlc as are drugs de- 
signed to stimulate food and watcr intake. 

Recently, long-acting preparations of oxytetra- 
cycline have hccn shown to have a prophylactic cllccl 
against 8. divergrns infection. 

The second species, 6. major, transmitled by the 
three-host tick lluemaphysalic puncrara. is relatively 
uncommon and in Britain, for example, is confined to 
the south. B. major is a 'largc Babesia', 3.2 X 1.5pm. 
being cliaracteristically paired at an acute angle. It is 
only mildly pathogenic. 

TROPICS AND SUBTROPICS 
Thc olher two important Bahesia u l  cattle, B. 60vis 
(syn. B, o r p l i n o )  and B. bigemina, share the same 
primary vector, thc one-host tick Roophilus, and co- 
exist over thc same wide geographic area cmbracing 
Australia, Alrica, Central and South America, Asia 
and southcrn Europe. 



B. bovis, a small Aabcsia, whose piroplasnis meas- 
ure 2.0 X 1.Spm. is gcncrally regarded as the most 
pathogenic of the bovine Babesia. 

Although the classical signs of fever, anaemia and 
haemoglobinuria occur. the degree of anaemia is 
disproporlional to the parasitaemia since haematocrit 
levels below 20"h may bc associated with infections of 
less than 1% of lhc rcd cclls. The reason for this is 
unknown. 

In addition, B. bovis infection is associatcd with 
sludging of the red cells in the small capillaries. In the 
cercbrum this causes blockage of the vessels hy clumps 
of infected red cclls lcading to anoxia and tissue dam- 
age. The resultine clinical siens of aeeression. incoor- - UL. 

dlnation or convGsions invariably tcrminatc fatally. 
Finally, recent work has indicated thal somc of thc 

severity of R. bovis infection may be associatcd 
with the activation of certain plasma components. 
Icading to circulatory stasis, shock and intravascular 
coagulation. 

B. bigetnina, a large Babesia whose piroplasms 
measure 4.5 X 2.0/1m, is of particular intcrcsl histori- 
cally, since it was the tirst protozoan infection 01 man 
or animals demonstrated to have an arthropod inter- 
mcdiatc host; this was shown in 1893 hy Smith and 
Kilborne whilc invcstigating the cause of the locally 
known 'Texas Fever' in cattle in lhc USA. Thc disease 
has since been eradicated in that country. 

Generallv B. biae~nina infections are not so virulent 
as those of k. ho&, despite the fact that the parasites 
may infect 40% of the red cells. Otherwise the disease 
is typically biphasic, the acute haemolytie crisis, if 
not fatal, being followed by a prolungcd pcriod of 
recovery. 

Imidocarh and the diamidine derivatives such as 
diminazene aceturate, amicarbalide and phenamidine, 
are all effective against R. hovis and A. bigumina, espe- 
cially if givcn carly in the disease. 

Vaccination of cattlc against both B. bovic and 6. 
biavmina infection is commonlv praclised in man" - .  
countries by inoculating blood from donor animals. 
This is usually obtained from a recently recovered 
case, any untoward reactions in the vaccinates being 
controlled by babesicidal drugs. In Australia the - 
procedure is morc sophisticated in that the vaccine 
is produced from acute inlections produccd in 
splenectomized donors. For economy the blood is 
collected by exchange transfusion rather than by 
exsaneuination. It is interesting that the raoid oassaee - " . ,  - 
of the parasite by blood inoculation in splenectomized 
calves has fortuitouslv had the verv desirahle effect of 
decreasing the virulcncc of the infection in non- 
splenectomized calves lo thc cxtcnt 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 hags, 

sites. Most of the vaccine is uscd in cattle undkr 12 
months of age living in conditions of enzootic instabil- 
ity. The dcgrcc of protection induced is such that only 
1% of vaccinated catllc suhscquently develop clinical 
habesiosis from field challengc, compared to 18% of 
unvaccinated cattle. 

The primary disadvantage of red cell vaccincs is 
their lability and the fact that, unless their preparation 
is carefully supcrvised, they may spread diseases such 
as euzootic bovine leucosis. Obviously there will he no 
such problem with a vaccinc bascd on recombinant 
antigens. 

Recently, a regimen of four injections of long-acting 
oxytetracycline at weekly intervals, administered to 
naive cattle during their first month of grazing on tick- 
infested pastures, has heen shown to confer 
prophylaxis against B. bigemina during this period, 
after which the cattle were immunc to subsequent 
challenge. 

BABESlOSlS OF SHEEP AND GOATS 
Two species of Babesio, the smaller B. ovis and the 
larger A. mofasi, are known to occur in shccp and 
goats in tropical and subtropical areas, including 
southern Europe. 

Transmittcd by various tick genera, such as 
Rhipicephalus, Haernapbysalis, Dernracentor and 
Ixodes, these infections arc usually mild in indigenous 
sheep although severe clinical signs may occur in ani- 
mals introduced from a non-endemic area. 
Diminazene aceturate is effective against B. ovis and 
B, morasi. 

Recentlv. in Britain. the existence of two soecies of 
Bahrsio has been demlnstratcd in sheep. Ond of these 
is R. rnorasi transmitted by Haennrphysalis purrciara, 
while the other is thought to be B. crrprcoli from Scot- 
tish rcd dccr, apparently transmitted bv lxodes ricinus. 
Both species appear to.he relatively non-pathogenic. 

BABESlOSlS OF HORSES 
Two species of Babesia, the small B. eyui and the large 
B. caballi, may occur in horses and donkeys in the 
Americas, Africa, Asia and mainland Europe. Both 
are transmitted by a varicty of tick species including 
Dern~arenlor, llyalurr~ma and Rhipicephalus. 

The small B. vqui is readily recognized in blood 
smears from acute cases, since apart from size, the 
oiroolasms characteristicallv form a Maltese cross of . A ~ ~~ ~~ 

four organisms. It is the more pathogenic species caus- 
ine fever, anaemia. iaundicc and haemoelobinuria. In 
contrast, B. cuballi iAfeclions are usually Lharacterized 
by fever and anaemia only. 
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Amicarbalide or imidocarb may be used for the BABESIOSIS OF CATS 
treatment of either infection. Othcrwise pentamidine 
is suitable for R. equi infections and yuinuronium s u l  Babesia,felis, a small Ruberia, producing anaemia and 
phate and diminazcnc aceturate for those of B. caball;, ictcrus in cats, has been recorded in Africa. 
In each casc thc manufacturers' instructions should be 
carefully observed. 

BABESIOSIS IN MAN 

BABESIOSIS OF PIGS Since 1957, several cases of fatal habesiosis due to R. 
divergens infection have occurred in man in Yugosla- 

'Two species, thc small B. prrroncitoi and the large B. v i a ,  ~ ~ ~ ~ i ~ ,  lrcland and scotland. each cast 
fraurmanni, are found in southern Ewopc, Alrica and the individual had been splenectomizcd sometime 
Asia. Wild pigs may act as reservoirs oS infection and or was currently immune. 
the tick vectors include Boophilus, Rhipicephalus and suppressive treatment. 
Durmncunfor. The clinical signs range from mild to M~~~ recently, 100 casts olhuman bahesiosis, 
severe. only a few of which wcrc fatal, have been diagnosed, 

mainly on the eastern seaboard of the USA and morc 

BABESIOSIS OF DOGS 
The most widespread and pathogenic species is the 
large Babesin canic found in mainland Europe, Africa, 
Asia and the Americas. Rhipicephalus sarrguir~eus 
is the principal vector, in which transovarian and 
transtadial lransmission occurs. 

Although the commonest clinical ligna are those of 
fever, anaemia. iaundicc and haemoelobinuria, - 
peracute cases may occur in dogs imported into an 
endemic area with collapse and profound anacmia 
leading to death in 1-2 days. Less commonly 
hypcrcxcitability, associated with cerebral babesiosis. . . 
may occur. 

A variety of other signs and syndromes such as 
ascites, bronchitis, purpura haenlorrhagica and severc 
muscular pains have been associated with B. canis 
infection. in that thev r e s~ond  to treatment with 
habesicidal drugs. 

Whlle specific diagnosis denends on the detection of 

rent presence of inclusions in ihe niono~ytes, of the 
rickettsia1 organism, Ehrlichia canic, also transmitted 
by R. sanguineus. 

In every case, chemotherapy with pentamidine, 
phenamidine or diminazine accturale is advisable im- 
mediately after clinical diagnosis, since death may oc- 
cur ra~idlv. 

~rophyiaxis depends on regular treatment of dogs 
with a suitable acaricide, and since R. sanwuineus may 
livc 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 he 
administered as early as possible. 

A second Babesia, B. gihsoni, occurs in dogs in 
the East. It is a small Rahe.via and produces a 
morc chronic disease which is lcss susceptible to 
chemotherapy. 

recenily in Wiscons~n, apparently due to the rodcnt 
parasitc B. microti. The majority of the affected indi- 

~ ~ 

viduals possessed their spleens. 
In most of these cases thc clinical syndrome and 

presence of intra-erythrocytic parasites had suggested 
an initial diagnosis of malaria. It is not known whether 
hahesiosis in man is always associated with reccnt tick 
bitcs or may be due, on some occasions, to a flare-up 
of a latent Habesia infection. Some support for the 
latter theory is the reccnt demonstration of antibodies 
to Babesia in the sera oS many healthy individuals in 
countries such as Mcxico and Nigeria. 

The diseascs caused by several species of Theileria are 
a scrious constraint on livestock development in Af- 
rica, Asia and the Middle East. The parasites, which 
are tick-transmitted, undergo rcpeated schizogony 
in the lymphocytes, ultimately releasing small 
merozoites which invade the red cells to become 
piroplasms. 

SPECIES, HOSTS AND DISTRIBUTION 

Thcileria are widely distributed in cattle and sheep in 
Africa, Asia, Europe and Australia, have a variety of 
tick vectors and are associated with inlections which 
range from clinically inapparent to rapidly fatal. 

Although the speciation of many Theileria is still 
controversial, largely because of thkir morphological 
similarity, thcre are three species of major veterinary 
importance (Table 9). 

Minor and mildly pathogenic species infecting cattle 
include 1: nzutans and T tafirotragi in Africa and T. 
sergenti in Asia; the idcntities of the European and 
Australian bovinc species are uncertain. 

In shccp, 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 imponance. 

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) Norih Africa, South Europe, 
Goats theileriosis Middle East. Asia 

This parasite is the cause o l  East Coast Fever in cattle 
in East and Central Africa. Because of the wide distri- 
bution of its tick vector. Rhioiceohal~cs. and the fact , . .  
that infection in cattle introduced into enzootic areas 
can be associated with a mortality of 10076, 
T. parva infection is an immcnsc obstacle to livestock 
improvement. 

IDENTIFICA TlON 
In the erythrocytcs thc piroplasms (Platc XIII) arc 
prcdominanlly rod-shaped and up to 2.0,um long and 
I.O/cm wide. Round, oval and ring-shaped forms also 
occur. With Gienlsa stains, the cytoplasm of each is 
blue with a red chromatin dot at one end. Commonly, 
there is more than one parasite in each erythrocyte. 

In the cytoplasm of thc lymphocytcs in thc lymph 
nodcs and spleen thc schizonls, sometimes called 
Koch's blue bodies, are found (Plate X111). Under 
Giemsa stain, these are seen as two types: the 
macroschizonts, about 8.0pm in diameter, are blue 
and contain up to eight nuclei while the next stage, 
the microschizonts, are similar in size, but contain 
up to 36 small nuclei; the latter 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 appendiciclat~rs, the brown ear tick. and 
quickly enter lymphocytes in an associated lymph 
gland, usually the parotid. The parasitized lymphocyte 
transfurms to a lymphohlast which divides rapidly as 
thc macroschizont dcvclops. This division is appar- 
ently stimulated by the parasite, which itself divides 
synchronously with the lymphohlast to produe two 
infected cells. The rate of proliferation is such that a 
ten-fold increase of infected cells may occur cvcry 
three days. 

About 12 days alter inleclion a proportion of the 
macroschizonts develop into microschizonts and 
within a day or so these produce the ~nicromerozoites 
which, liberated by rupture of the microschizonts, in- 
vade the red cells to become piroplasms. The 
piroplasms do not multiply in thc rcd 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. uppendicr~lalus. A sexual 
phase occurs in the tick gut followed by the formation 
of sporohlasts in the salivary glands. No further dcvcl- 
opmcnt occurs until the ncxt stagc of the tick starts 
to leed when the sporoblasts produce infective 
sporozoites from about four days onwards. Since fe- 
male ticks feed co~~t i~~uous ly  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 stagc of 
lhc tick, and transovarian transmission does not occur. 

The sequence of events in a typical acute and fatal 
infection progresses through three phascs, cach span- 
ning about onc wcck. The first is the incubation pcriud 
of about one week when neither parasite nor lesions 
can he detected. This is followed during the second 
week by marked hyperplasia and expansion of the 
infected lvmnhoblast oonulation. initiallv in the re- , . . . 
gional lymph node draining the site of thc tick bitc and 
ullimatclv throuehoul the bodv. Durine the lhird 
week thire is a"hase of lymihoid depletion and 
disorganization associated with massive lymphocyto- 
lysis and depressed leucopoiesis. The cause of thc 
lymphocytolysis is unknown, but is duc perhaps to thc 
activation of 'natural killcr' cclls, like macrophages. 

Necropsy during thc terminal phase shows atrophy 
ol  the cellular content 01 lhe lymph nodes and spleen, 
pulmonary oedema and emphysema, and petechial 
and ecchymotic haeniorrhages on the gastrointestinal 
mucosa. Haemorrhages may also he present on thc 
scrusal and mucosal surfaccs of many organs. 

Occasionally ncrvous signs, the so-called 'lurning 
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sicknesy', have been reported and attributed lo the 
presence of schironts in cerebral capillaries. 

CLINICAL SIGNS 
About one week afler infection, in a fully susceptible 
animal. the lymph node draining the arca o l  tick bite. 
usually the parotid, becomes enlarged and the animal 
becomes pyrexic. Within a few days lhere 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 haemorrhaees mav occur undcr the tongue 
and on thc vulva. ~ ~ c u m b ~ n c ~  and death almost-in- 
variably occur, usually within thrcc weeks of infection. 

Since the tick vector. R. appundiculatus, is most active 
following thc onset of rain, outhreaks o l  East Coast 
Fever may be seasonal or, where rainfall is relatively 
constant, may occur at any time. Fortunately, indig- 
enous cattle reared in endcmic areas show a high de- 
cree of resistance and allhoueh transient mild 
infection occurs in early life, mortality is negligible. 
The mechanism of this resistance is unknown. How- 
ever, such cattle may remain carriers and act as a 
rcscrvoir of infection for ticks. Susceptible cattle intro- 
duced into such areas suffer high mortality, irrespec- 
tive of age or breed, unless rigid precautions arc 
observed. 

In areas where the survival of the tick vector is 
marginal, challenge is low and indigenous cattle may 
havc little immunity. Such areas, during a prolonged 
period of rain, may bccome ecologically suitable 
for the survival and proliferation of the ticks, 
ultimately resulting in disastrous outhreaks of East 
Caast Fever. 

In somc warts of East and Central Alrica where 
populations of cattle and wild African buffalo overlap 
there is an additional cpidemioloeical comdication 
due to the presence 01 a strain of T jarva, k n k n  as T. 
purva lawrenci. This occurs naturally in African buf- 
falo, many of which remain as carriers. The tick vector 
is also R. appendirulatus and in cattle the disease 
causes high mortality. Since infcclcd ticks may survive 
fur nearly two years physical contact between huffalo 
and cattle need nol be close. 

DIAGNOSIS 
East Coast Fever onlv occurs wherc R. aooendir~rlufrrs . . 
is present, although.occasionally outbreaks outwith 
such areas have becn rccorded due to the introduction 
of tick-infected cattle from an enzootic area. 

In sick animals, macroschizonts are readilv detected 
in hiopsy smears of lymph nodes and in dcad animals 

in impression smears of lymph nodes and spleen. In 
advanced cases, Giemsa-stained blood smears show 
piroplasms in the red cells, up to 80°/& ol  which may be 
varasitized. 

The indirect fluoresccnl antibody test is of valuc in 
detectine cattlc which have recovered from East Coast 
Fever. 

TREATMENT 
Although the tetracycl~nes have a therapeutic 
effect if given at the time of infection, they are of 
no valuc in the treatment of clinical cases. The drugs 
of choice m clinical cases of East Coast Fever are 
the naphthaquinone compounds parvaquoue and 
buparvaquone and the anti-coccidial drug halo- 
fuginone. 

CONTROL 
TradiLionallv, the control of East Cuasl Fever in areas 
where improved cattle are raised has relied on legisla- 
tlon to control the movcmcnl ot cattle, on fencing to 
prevent access by nomadic cattle and buffalo and on 
repeated treatmcnl ot cattle with acaricidcs. In areas 
of high challenge, such treatments may require to be 
carried out twice weekly in order to kill the tick before 
thc infective sporozoites dcvclop in the salivary 
glands. This is not only cxpensive, but creates a 
population of fully susceptible cattle: if the acaricidc 
fails, through human error or the acquisition ol 
acaricide rcsislance by the ticks, the consequences can 
bc disastrous. 

Great efforts have been made Lo develou a suitable 
vaccine, but these havc bccn thwarted by the complex 
immunological mechanisms involved in i~nmunitv to 
East Coast Fcvcr and by the discovery. of 
immunologically dillere~it strains of T purva in the 
field. However, an 'infection and treatment' regime 
which involves the concurrent injcclion of a virulent 
stabilate of T parva and long-acting tetracycline has 
been shown to bc successlul, although it has not bccn 
used on a large scale as yet. Apparently thc tclracy- 
cline slows the rate of schizogony, giving the immune 
responsc Lime to develop. 

'The disease caused by Theilerlo annulata affects cattlc 
and domestic buffaloand IS similar in many respects to 
that caused by T. prrrvo. However there are some fca- 
tures which differ-and the most important of thcsc are 
summarircd below. 

The disease is distributed in a wide tropical 
and subtropical helt embracing Portugal and Spain. 
the Balkans, those countries bordering the Mediterra- 
nean (hence the namc 'Mediterranean theileriosis'), 
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. 
T annulala is transmitted transtadially by ticks of 

the genus Hyalorrrma. I.ike East Coast Fever, indig- 
enous cattlc in endemic areas are relatively resistant 
while improved cattlc, particularly European breeds, 
are highly susceptible. Howcver, unlike East Coast 
Fever, the disease in such cattlc is not uniformly fatal, 
although 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 anaemia and often icterus. Convales- 
cence is protracted in those cases 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 rc- 
covered carrier animal. 

In many areas, the prevention of T. anniclafa infec- 

Thrce separate genera in this class, Plasmodium, 
IIriemoproreirs and Leurocytozoon, are the causes ol 
avian 'malaria' in domcstic and wild birds, a disease 
most common in the tropics and transmitted by biting 
dipteran flies. 

The vectors differ, in that avian spccies of 
Plasmodiurrr are transmitted by mosquitoes, 
IIaemoprorerrs by hippoboscid flies or midges and 
Luucocylozoon by Sim~rliurn spp. 

Their life cycles are broadly similar to human ma- 
laria, schizogony in the reticulocndothclial system 
leading to the production of malaria-like gamctocytes 
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, gccse or pigeons may he affected, the 
clinical signs ranging from the inapparent to pyrexia, 
anaemia, paralysis and even sudden death. 

11ol1 I I I  I ~ I I ~ ) M I C L I  ~1.llr) S I ~ I C ~  IS hrlrcd on pvrnl,ln>n1 r>~a~no \ l s  depelld~ <)!I I I I L  rc..u$nrt1un :rnd d ~ f i ~ r c n -  
h~uclng Ilnuc\cr this I; crpcri,1\c and thcrc t,rlla;~v.: tlstlon of lhe p.~r;srlrc< 111 tllc rcd ;cIIs ~ l : ~ ~ n c . J  b lwJ  
the possibility that infected ticks may be brought in 
with the fodder to cause disease and colonize crevices 
in the cattlc accommodation. Tn some countries immu- 
nization with schizonts attenuated by prolonged in 
vilm culture has given excellent results. As with T. 
parva infection the naphthaquinonc compounds and 
halofuginone are the drugs of choice. 

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 vcctor 
is unknown, although species of Hyulommrr are sus- 
pectcd. The epidemiology and pathogenesis is similar 
to that o l  T annulata with fever, enlarged lymph 
nodes, anaemia and icterus in susceptible animals. 

Little specific information is available on tick con- 
trol or treatment. 

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 prcvalcnt 
diseases of man in the world and is considered to cause 
1.5 million deaths annually. It is caused by four species 
of Plusmodiirm of which P vivax is the t ~ ~ o s t  common 
and P. falciparum the most pathogenic. The 
sporozoites are inoculated by the female anopheline 
mosquito 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 o l  spororoites which invade the sali- 
vary glands and are subsequently inoculated into 
another human host. 

Control depends on the eradication of mosquitoes 
and, at least for tcmporary residents, the regular use of 
uro~hvlactic antimalarial drues. Since drug resistance 

drug.] 
Various species of Cyra~uzootz occur as thcilcria-like 
piroplasms in the red cells of African wild ruminants. 
The genus differs from Theileria in that schizogony 
occurs in the rcticuloendothelial cells rather than 
lymphocytes. 

Kecently, a fatal discasc of domestic cats, character- 
ized by fever, anaemia and ictcrus, has been described 
in the southern USA. I'he presence of schizonts in the Worldwide. 
reticulocndothelial cells of the spleen, lymph nodes, Hosts: 
liver and lungs has suggested that this may be a species The pig: occasionally other animals, including man 
of Cytairxzoon. and cattle. 



Site: 
Large intestine, 

An actively motile organism, up to 300/&m, whose pel- 
licle possesses rows of longitudinally arranged cilia 
(Fig. 146). At the anterior end (here is a funnel-shaped 
depression, the pcristome, which leads to the 
cytostome or mouth: from this, food particles are 
passed to vacuoles in the cytoplasm and digested. 
Internally there are two nuclei, a reniform 
macronucleus and adjacent micronucleus, and two 
contractile vacuoles which regulate osmotic pressure. 

LIFE CYCLE 

Balann'dium coli probably exists as a commensal in the 
large intestine of most pigs. Rcpruduction 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 cysls 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 thc cysls. 

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 parasites with a 
schizugunous and sporogonous stagc, the spore pos- 
sessing a coiled polar filament. Must 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 lile cycle is obscure although infection 
can be by ingestion, the parasite subsequently 
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 scvcrc, 

Parasitology 

and include abdominal distension, paralysis and ncrv- 
ous signs which may resemble rabies. 

PROTOZOA OF UNDETERMINED 
CLASSlFlCA TlON 

This organism is often tentatively regarded as a 
sporozoan of the toxoplasmid type. It is occasionally 
responsible for pneumonia in man, particularly in indi- 
viduals who are vcry young, old, debilitated or 
immunosupprcsscd. The lesion is characterized by a 
massive plasma cell or histiocyte infiltration of the 
alveoli in which the organisms may he dctcctcd by a 
silvcr staining procedure. 

The organism is apparently quite widely distributed 
in latent form in healthy individuals and in the dog, 
as well as a wide variety of other domestic and wild 
animals. 

thought to be protozoa, but are now known to be 
Rickettsia. However, because some may bc readily 
conlused with blood sporozoa, they havc been tradi- 
lionally included in veterinary parasitology. 

- -~ 

Thcsc organisms, found in the red cells of cattle, cause 

or mechanically by biting insects or even by cobtami- 
nated hypodermic needles or surgical instruments. 

Hosts: 
Caltle. Wild ruminants, and perhaps shccp. may aclas 
reservoirs of infection. 

Intermediate hosts: 
Some 20 tick species, including the one-host 
Aoophil~~s, havc been shown to transmit infection 
experimcntally. 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 
Arz~~plasrno marginale 
A. cenlrale. 
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Aegyptianella pullorurn causes a disease in chickens, 
geesc and ducks in South Easl Europc, Atrica and 
Asia which is somewhat similar to anaplasmosis in 
cattle. 

Anuplasma-like bodies of various sizes are found in 
the cytoplasm of the red cells, the syndrome is charac- 
terized by anaemia, icterus and diarrhoea, and infcc- 
tion is tick transmittcd by thc soft tick, Argaspersicus. 
Imported birds are especially susceptible and recov- 
ered birds are frequently carriers. 

Tetracycline compounds are recommended for 
treatment. 

Infection with Coxiella burnetti causes Q fever, an 
influcnza-like syndrome in man which may he 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 domestic ani- 
mals it is spread mainly by aerosol infcction or by 
direct contact or ingcstion. Pastcurization cflcctivcly 
kills the organism in milk. Based on epidemiological 
evidence, tick transmission nlay also occur in domestic 
ruminants. 

Tvolcdllv. aoccles o l  both o l  thebe genera. whlch are ,. , . 
present on red cells, produce mzd and clinically 
inapparent infections in a variety of domestic animals 
throughout the world. Their identification from stain- 
ing artefacts requircs good blood films and filtcrcd 
Gicmsa stain. Evcn thcn, differcnliation bctwccn the 
lwo 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- 
tivcly looscly attachcd to thc rcd cell surIacc (Plate 
XIV) and arc often lound frcc in the plasma while 
those of tfuemoburrone/lu are tightly attached to the 
red cells and are rarely free in the plasma. 

Among the Eperyrhrozoon, E. suis is the most 
pathogenic. producing icterus and anaemia in very 
young pigs, whilc the normally bcnign E. ovis of shccp 
and E. wenyoni 01 cattle are occasionally responsible 
for [ever, anaemia and loss of weight. 

Of the IIaemuburtuneNu, 11. felis is the most signifi- 
cant as a cause of haemolytic anaemia in young cats. 
I'his niay be acute or chronic with periodic recrudes- 
cence of clinical signs. Recovered cats may remain 
carriers. 

Transmission of the disease probably depends on 
arthropods including lice, fleas, ticks and biting flies 

and also, at least in the case of H. felis, by ingestion of 
blood during fighting. 

Tetracyclines are effective in treatment. 

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 lcucopacnia. The most important species are 
E. phugucytophila, 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. Cytoccetes) pl~agocyrophila is trans- 
mittcd by Ixodes ricinrrs and in endcmic areas the 
prevalence o1 inlection in young hill lambs is virtually 
100%. 

Following an incubation period of seven days there 
is fever, dullness and inappetence which pcrsists for 
around ten days. During this, although lcucupacnia is 
marked, lhc characlcrislic '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 significdncc of tick-bornc fever is 
thrcc-fold. First, although lhc discasc in itsell is tran- 
sient, its 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 hecause of the associated leucopaenia, pre- 
disposes lambs to louping-ill, tick pyacmia (cnzuolic 
staphylococcosis) and paslcurellosis. Finally, the oc- 
currence of the disease in adult sheep or cattle newly 
introduced into an endemic area nlay 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 
mav be suvvlemented bv one or two vrovhvlactic in- 

. . . . .  
2-3 weeks. 

Ehrlichia canis, transmittcd by Rhipiceplmhrs, is thc 
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 thronihocytopaenia are present. 
Death may occur due to secondary infections associ- 
ated with the leucopaenia, or to mucosal and scrosal 
hacmorrhagcs duc to plalclcl deficiencies. The 
tetracyclines are effective in treatment. 

'Two other febrile and haemorrhagic ehrlichial in- 
fections, presumably tick transmitted, which have 
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been described i n  domestic animals are bovine drome, called Potomac horse Sever, with fever, 
pctcchial fever (Ondiri disease) in Kenya caused by lcucopaenia and diarrhoea in horses in North Amcrica 
Cytoeceres ondiri and equine ehrlichiosis, caused by E, has bccn attributed to an ehrlichial organism, E. 
v y u i  in Europe and the USA. More recently, a syn- rislicii, in the blood lcucucytes. 
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THE EPIDEMIOLOGY OF 
PARASITIC DISEASES 

Although the reasons for the occurrence of parasitic rise to a rapid incrcasc in the contamination of the 
diseases are multiple and often interactive, the vast environment. 
majority occur for one of four basic reason? (Tahle 
10). These arc: Stock management 
( I )  An increase in the numbers of infective stages. 
(2 )  An alteration in host susceptibility. The density of stocking can influence thc lcvcl of con- 

(3) The introduction of susceptible stock. tamination and is particularly importanl in ncmatodc 

(4) The introduction of infection. and cestode infections in which no multiplication of 
the varasitc takes dace  outside the final host. It has 

~~~h thcsc will he discussed in turn giving the greatest influence when climatic conditions are 
examples. optimal [or dcvclopment of the contaminating eggs or 

larvae, such as in spring and summer in the northern 
hemis~here. 

AN INCREASE IN THE NUMBERS OF 
INFECTIVE STAGES 

This category involves parasitic diseases which occur 
scasonally, and although more distinct in zones with a 
widc climatic variation, may also he ohserved in zones 
with minor variations in climatcs 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 those controlling the development and 
survival of the free-living slagcs of thc parasites and, 
where applicable, their intermediate hosts. 

CONTAMINA TlON OF THE ENVIRONMENT 
The level o[ contamination is influenced hy several 
factors. 

Biotic potential 
This may bc defined as the capacity of an organism for 
biological success as mcasurcd by its fecundity. Thus, 
some nematodes such as Hae~~~onch~rs  contortus and 
Ascnris s~iritn produce many thousands o l  cggs daily, 
while others, like 7'richas1rongylus, produce only a 
few hundred. Egg production by some external para- 
silcs such as thc blowfly, Lucilia sericata, or the tick, 
Ixodes ricinus, is also vcry high, whereas Glocrina spp. 
produce relalivcly fcw offspring. 

The biotic potential o[ parasites which multiply ei- 
ther within an intermediate or final hosl is also consid- 
erable. For example, the infection of Lynznaerr with 
one miracidium of the trematode Fa.~ciola hepatica, 
can givc rise to several hundred cercariae. Within 
the linal hosl, protozoal parasitcs such as Eimcria, 
because of schirogony and gamctogony, also give 

A h'igh stocking density will also favour the sprcad 
of ectoparasitic conditions such as pediculosis and 
sarcoptic mange, where close contact between animals 
facilitates lhc sprcad of infection. This may occur un- 
der crowded conditions in cattle yards, or from mother 
to offspring where, for examplc, sows and their litters 
are in close contact. 

In coccidiosis, where large uumhers of oocysts arc 
disseminated, management procedures which eucour- 
age the congregation of stock, such as the gathering of 
lambs around Ieediug 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 
helminlh eggs. Sincc many helminth infective stages, 
which have survived the winter, succumb during late 
spring, the withholding ol  stock until this time will 
minimize subsequent infeclion. 

Immune status of the host 
Clearly, the inllutnce o l  blocking density will he great- 
est if all the stock are fullv susce~lible. or if thc ratio of 
susceptihle to immune stock is high, as in sheep flocks 
with a large percentage of twins or in multiole suckled 
becf hcrd;. ' 

Howcvcr, cvcn where the ratio of adults to juveniles 
is low it must be rememhercd that cwes, sows, female 
goats and to a lesser extent cows become morc susccp- 
tihle 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 suitahle for development of thc 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 epidemiology of parasitic fined, in cattle it develops against mosl species of ticks, 
disease. although in a hcrd this expression of resistance often 

inadvcrtcntly results in an overdispersed population 
(1) An increase in the number of infectlve stages o l  ticks with the susceptible young animals carrying 

most of the ticks. 
(a) Contamination of the Biotic potential In protozoal diseases, such as babcsiosis or 

environment Stock theileriosis, the prcscncc of immune adults also limits 
Immune status the likelihood of ticks becoming infected; however, 
Hypobiosis'diapause this effect is not absolute since such animals are often 

(bl Deveio~rnent and Microhabitat silent carriers of these protozoal infections. 
survival of infective Seasonal development 
stages stock management Hypobiosis/diapause 

Thcsc terms arc used lo describe an interruption in 
(2) An alteration in host susceptibility development of a parasite at a specific stage and for 

(a) Existing infections Diet periods which may extend to several months. 
Pregnancy and lactation Hypobiosis refers to the arrested development of 
Steroid therapy nematode larvae within the host and occurs scason- 

(b) New infections lntercurrent infections 
Chemotherapy 
Hypersensitivity 

(3) The introduction of susceptible stock 

(a) Absence of acquired 
immunity 

(b) Absence of age 
immunity 

ic) Lonaevitv of infective . . - .  
stages 

(d) Genetic factors Between species . . 
Between b;eeds 

(e) Sex 
(1) Strain of parasite 

(4) The lntroduction of infection 

(a) lntroduction of new 
stock 

(b) Effluent 
(c) Vectors 

environment when the number of susceptible animals 
is increasing. 

There is some evidence that resistance lo 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 lcvcl 
of contamination by modifying the developmcnt o l  
new infections either by their dcstruction or arrest- 
ment at thc larval stages, while existing adult worm 
burdens are either expelled or their egg production 
severely curtailed. 

Although immunity to ectoparasites is less well de- 

ally, usually at a time when conditions arc advcrsc to 
the development and survival of the free-living stages. 
The cpidcmiological importance of hypobiosis is that 
the resumption of development of hypohiotic larvae 
usually occurs when conditions are optimal for free- 
living development and so results in an increased con- 
tamination of the environment. Thcrc arc many 
examples of seasonal hypobiosis in nematodes includ- 
ing Osrrrtagiu infections in ruminants, ffyostrongylus 
rubidzrs in pigs and ?'richonema spp. in horses. 

Diapause in arthropods, like hypohiosis in nema- 
todes, is also considered to be an adaptation phc- 
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. Tn 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 thc cxtrcmity 
of the northern or southern latitudes, lhis may occur 
after onc or scvcral generations. For example, the 
hcad-fly Hydrotoeo irriluns has only one annual 
cycle and overwinters as a mature larva in diapause. 
Other insects, such as Stomoxys calcitrurls or thc Brit- 
ish blowflies. have sevcral ecncration cvcles before 
cntcring diapausc. Diapause occurs less in parasites 
which continuouslv inlect the hosts such as maner 
mites or lice. 

To date. similar ohenomena have not heen ascribed 
to protozoa, although there is onc rcport of latent 
coccidiosis occurring in cattle lor which a similar 
hypothesis has bccn proposcd. 

DEVELOPMENT AND SURVIVAL OF 
INFECTIVE STAGES 

Thc factors which affcct dcvclopmenl and survival are 
mainly cnvironmenlal, especially seasonal climatic 
changc and certain management practices. 
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The microhabitat 

Several environmental factors, which affect the micro- 
habitats of free-living narasitic stages, are vital lor 

u. 

development and survival. Thus moderate tempera- 
turcs and hieh humiditv favour dcvclooment of most 
parasites, while cool temperatures prolong survival. 
The microclimate humidity depends, of coursc, not 
only on rainfall and temperature. but on other elc- 
ments such as soil structure. vegetation type and 
drainage. Soil type influences thc growth and species 
composition of the herbage and this, in turn, deter- 
mines thc degree to which a layer of 'mat' is formed 
between the soil and the herbage. The mat is abundant 
i n  older pastures and holds a permanent store o l  
moisture in which the rclative humidity remains 
hieh even after weeks of drounht. The uresence of 
thk moisture and pockets of a; trapped in the mat 
limit the rate of temuerature change and these factors 
favour thc development and survival of hclminth 
larvae, ticks, larval stages of insects and coccidial 
oocysts. 

In contrast, the use oI rotational cropping of pas- 
tures reduces the influence of 'mat' and therefore 
parasite survival. Tn the arid tropics pasture growth is 
usuallv ncelieible causing a similar effect. 

2 <, u 

In the same way, a high ground water table is impor- 
tant for the develoomenl and survival of intermediate 
snail vectors of trematodes such as liver and rumen 
flukes. 

Thc development and survival of helminth cggs or 
larvae within faeces are also dependent on tempcra- 
ture and moisturc. The host species may also influcncc 
this situation since normal cattle faeces remain in their 
original form for a longer time than, say, sheep pellets. 
Thus the moisture content at the ccntrc of a bovine 
faecal pat remains high for several weeks or even 
months and so provides shelter for developing larvae 
until the outside environment is suitable. 

Ilic~yocnulus larvae may also be distributed with the 
snores of the fungus Pilobolus which crow in bovine - 
facccs, while several species of nematudc larvae in- 
cluding 0e.sophagotomum spp. of pigs arc known to 
be spread mechanically hy some dipteran flies. 

Seasonal development 

In temperate countrics with distinct seasons of sum- 
lner and winter there are a limited number of genera- 
tions and the same is true of countries with distinct dry 
and wet seasons. For examolc, in Britain there is 
only one or, at the most, two parasitic generations of 
the common trichostronevle inlections of ruminants 
since larval developmenion 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 

may he numerous generations pcr year, hut even in 
this casc there are times when conditions for the de- 
velopment and survival of the free-living stages are 
optimal. 

The development of large numhers of inlectivc 
stages of parasites within distinct seasons is usually 
followed by a high mortality rate within a few weeks. 
Howcvcr, considerable numbers survivc for much 
longer than is commonly realized. For examplc, in the 
helminths, signilicant numbers of metacercariac of 
Fasciola heparicrr and infective larvae of trich- 
ostrongyles are capable of survival for at least nine 
months in Britain. 

Dipteran fly populations also vary in thc number of 
generations per ycar. Using the hlowRies as an exam- 
ple, there are thrcc or four generations, and therelorc 
higher populations, in southern England whereas in 
Scotland there are only two, temperature being the 
limiting factor. In the humid tro~ical  or subtrouical - 
counlrics the development of trichostrongylc larvae or 
flv nouulations nroceeds throuehout most 01 thc vcar 
a i d  aithough this may be slower at certain times there 
will he numerous generations per annum. 

Although the permanent cctoparasites such as lice 
or mange mites live on or in the skin of animals and, - 
thercforc. in an apparently stable environmcnt this is 
not really the cabc as the hair or wool alters in length 
due to seasonal factors or human intervention. In the 
northern hemisphere development of the3e parasites 
is ontimal in the winter when thc coat is lone and the - 
micro-environment humid and tempcrate. 

Apart from the free-living stages of cuocidian para- 
sites which havc seasonal requirements similar to 
those of the trichostronnvles the urevalence of other 
protozoan infections is zlalcd to'the feeding activity 
of their arthropod vectors. For example, in Britain, 
babcsiosis in cattle occurs at peak timcs of tick activity 
in thc spring and autumn. 

Stock management 

The availability of helminth infcctivc stages is also 
alfectcd bv certain management nracliccs. Thus. a u 

high density of stocking increases the level of contami- 
nation, and. bv lowerine the sward height, enhances , , 
the availability of thc larval stages largely concen- 
trated in the lower part oI thc herbage. Also, the scar- 
city of grass may induce animals to graze closer to 
Iacccs than otherwise. However, against this, the 
microclimate in a short sward is more susceptible to 
changes in tcmperature 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 animals on ro- 
tated pastures. 

Similarly, many pasture improvement schcmes have 
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direct or indirect cffccts on arthropod populations. 
Improvcd host nulrition results from pasture improve- 
mcnt and helps to maintain host resistance to parasit- 
ism. However, pasture improvement, particularly in 
the tropics, call increase the hreeding success of ticks 
and of those dipteran flies which lay their eggs in 
faeces, by increasing the shelter available. Further- 
more, thc increased slacking 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 
trichostrongylc intective stages are usually lower and 
thc chance of infection postponed until the young 
animals are older and stronger. 

AN ALTERATION IN SUSCEPTIBILITY TO 
INFECTION 
This may rcfcr lo existing infectious or to the acquisi- 
tion ot  new infections. 

ALTERED EFFECTS OF AN 
EXISTING INFECTION 

This is observed principally in adolescent or adult 
stock which are harbouring parasite populations he- 
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 bcttcr 
able to tolerate parasitism than animals on a low plane 
of nutrition. 

Thus, ruminants affcctcd with blood sucking 
helminths such as Huemunchus cunlurlus or Fasciola 
hepatica may be able to maintain their hae~noglohin 
levels as long as their iron intake is adcquatc. How- 
ever, if their iron reserves bccomc low their 
haemopoeitic systems bccome exhausted and they 
may die. Similarly, cattlc 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 intakc they are unable 
to compensate for the loss of protcin and lose weight. 
These deleterious effects of parasitism, without any 
change in thc lcvcl of infection, are not uncommon in 
outwintered stock or, in the tropics, in animals during 
a period of drought. 

Incidentallv. the same effect is oroduced whcn food 

the anaemia caused by ticks is grcatcr in animals on 
poor nutrition. 

Apart from protcin and iron, dietary deficiencies 
in tracc clcments are also significant. Thus, tric- 
hoslrongylosis in ruminants is known to impair the 
absorptio~i of hoth calcium and phosphorus and whcre 
the dietary intake of these is sub-optimal osteoporosis 
can occur. Also, thc dclctcrious effects of some 
ahomasal parasites in sheep are greater where there is 
a cobalt dclicicncy 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 

l'he period of gestation in grazing livestock oftcn coin- 
cides with that of inadequate nutrition and is geared to 
completion at a time when frcshly growing pasture 
becomes available for thcir 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 lcvcls arc 
often suh-optimal. If this occurs, quitc low worm hur- 
dens can have a detrimental cffcct on the food conver- 
sion of the dam which in turn influences foetal growth 
and subscqucntly that of the neonate through poor 
milk production by the dam. This has been clearly 
illustrated in sows infected with moderate burdcns of 
Oesophagosromum denraturn and in cwcs inicclcd 
with helminths such as Haemor~chrrs or Fasciula. 

Steroid therapy 
Steroids are widely uscd 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 ?'uxoplasma gondii; excretion of 
oocysts usually occurs for only about two weeks, but 
may reappear and he prolonged following the admin~ 
istration of steroids. Egg production by nematodes is 
also known to 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 Nemarodirus banus 
and the protozoan Eimeria; in cattle, the trematode 
Fasciola heoarfca. and the bacterium Saln~onella , . 

intake is not increased during prcgnancy and lactation. dr~blin, and also Fmciola hepatica and the mange mite 
Good examnles of this arc thc accumulation of lice on Sarco~tes: in uies, the nematode, Trichuris suis, and . 
poorly fed animals during thc winter and the fact that the spirochaete Treponema hyodysenreriae. 



Review 7bpics 261 

The effect of chemotherapy 

In certain instances, immurlity to parasites appears to 
he dcpcndcnt on the continuing presence of low 
threshold infections, comnlonly called premunity. If 
the balance between ihc host and the immunizing in- 
fection is disturbed by therapy then rc-infection of the 
host may occur, or in the case of helminths, an arrcstcd 
larval population may develop to maturity from the 
rcscrvoir of infection within the host. l'hus, the use ol 
anthclminlics, known to be effective against adult 
parasites, hui no1 arrcstcd nematode larvae, may pre- 
cipitate development oI ihe latter oncc the adults are 
removed; this is known to occur in inIections with 
Hyostrongylus rubidus in the pig. Sometimes, also, ihc 
ovcr zealous application of anthelmintics in grazing 
animals will result in the eventual establishment of 
higher numbers of trichostrongyles than were present 
prior to treaimcnt. Excessive application of acaricides 
to control ticks may also lower hcrd immunity to 
hahrsial and theilerial infections, the so-callcd 
'enzootic instability'. 

Hypersensltlvlty 

In many instances, at least part of the immune re- 
sponse to parasites is associalcd with a marked IgE 
resnonse and a hv~ersensitivitv reaction. Whcrc this 

early spring. Clverwintered larval populations have 
cycled in these older calves and when the frcsh 
populations of infective larvae which develop from 
these iniections accrue on pasture, the younger calves, 
with no previous cxpcricnce of infection, are ex- 
tremely susceptible. 

The occurrence of 'cysticercosis storms' in adult cat- 
tle. grazed on fields contaminated with eggs 01 ihc 
human tapeworm, Taenia sagi~lala, or handled by in- 
fected stockmen, are occasionally reported in Europe 
and the USA. This high degree of susceptibility is due 
to lack of previous exposure to infection. In contrast, 
in areas where cysticercosis is endemic, cattle are re- 
peatedly infected and soon acquire a solid resistance 
to rcinfcction, only the cysts acquired in early lile 
persisting in the muscles. 

Wiih 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, thc intro- 
duction of female sheep into a flock in which the 
disease is cndemic has to he carefully controlled and 
these should he non-pregnant when purchased and 
allowed to graze with the flock for some months prior 
to mating. 

ABSENCE OF AGE IMMUNITY - .  
occurs in the gut, as in intestinal nematode inlections, A immunity develops against relatively 
the reaction is associated with an increased permeahil- few parasites, and adult stock not previously exposed 
ity of the gut to macromolecules such as protein, and to many helminth and protozoal infections are at risk 
(his may hc a significant factor in immune animals if moved into an endemic area. 
under heavy larval challenge. In sheep, for example, 
relatively poor growth rates and poor wool production 
may result. LONGEVITY OF INFECTIVE STAGES 

A stunting effect has also been observed in tick- Especially in temperate zones and in parts of the sub- 
resistant animals which are under constant challenge, tropics, the free-living stages of most parasites will 
while pct animals repeatedly exposed to mite infesta- survive in the environment or in intermediate hosts for 
tions may have severely thickened, hyperaemic and periods sufficiently long to re.infect successive hatches 
sensitive skins. although only ncglihle numbers of of young animals and may cause disease i n  these 
mites are present. nlals within a few weeks o[ cxposurc. 

PARASITISM RESULTING FROM THE 
MOVEMENT OF SUSCEPTIBLE STOCK 
INTO AN INFECTED ENVIRONMENT 

ABSENCE OF ACQUIRED IMMUNIN 

'The best examples o[ outbreaks of parasitic disease 
following the movement of calves into infected areas 
are provided by the common nematodc discases of 
ruminants. For example, in Western Europe the cattle 
lungworm, Dicryocaulus viviparus, is endemic and the 
most severe oulhrcaks are seen in calves horn in early 
spring and turned out in latc summer to graze along- 
side older batches of calvcs which have grazed from 

THE INFLUENCE OF GENETIC FACTORS 

Between host specles 
Most parasites are host specitic and this specificity has 
been utilizcd in integrated control programmes, such 
as mixcd grazing of sheep and cattle, to control 
gastrointestinal ncmatodes. However, some ecouomi- 
cally important parasites are capahle of infecting a 
wide range of hosts which vary in their susceptibility to 
the effects of the parasite. For cxamplc, cattle seem 
able to cope with liver fluke infestations which would 
cause dcath 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 parasitcs varies and is 
genetically determined. For cxample, some breeds of 
sheep are more susccptiblc to the abomasal nematode, 
Haemonch~rs contortus, than others; Bos indicus 
breeds o l  cattle are more resistant to ticks and other 
hacmalophagous insects than Bos raurrrs breeds. In 
Denmark, the Rlack Pied cattlc arc genetically defi- 
cient in their cellular immune responses and have 
proved more susccptiblc to liver fluke, while the 
N'dama brccd ol  cattle in West Africa is known to be 
tolcrant to lrypanosomosis. 

Even within flocks or herds, individual responders 
and non-responders, in tcrms of their ability to de- 
velop resistance to internal and cxlernal parasites, are 
usually present and it is rccommended by some ex- 
perts that culling of the poorest responders should 
take placc. 

SEX 
There is some evidence that entirc male aninlals are 
more susceptible than females to some helminth infec- 
tions. This could be of imporlance in countries where 
castration is not routinely practised, or where andro- 
gens arc used to fatten castrates or cull cows. 

STRAIN OF PARASITE 
Although this aspect has rcccived scant attention, ex- 
cept in protozoal infcctions. there is now evidence that 
strains of hclminths occur which vary in infectivity and 
pathogenicity. The increasing prcvalcnce 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 
bccn eradicated or where it has never bccn lound. 

INTRODUCTION OF NEW STOCK 
One of the current trends in the international l~vcstock 
area is the movement of breeding stock from country 
to country. Quarantine restrictions and vaccination 
reauirements are stringent in rclation to epidemic dis- 
eaies, hut limited ornon-existent for parasitic dis- 

cascs. When infected animals are movcd into an area 
previously free from any given parasite the infection 
may cycle, provided suitahle conditions exist, and the 
consequences for the indigenous stock can he ex- 
tremely serious. Examples of this category include the 
introduction 01 Toxocara virulorum into Britain and 
Ireland, the source of infection being Charolais heifers 
from mainland Europe and transmission occurring via 
the dam's milk. The spread ol  Purulilarin bovicola in 
Sweden, presumably introduced with cattle, or hy the 
muscid intermediate hosts inadvertently transported 
from southern Europe, is another examplc. In the 
USA and Australia the increased movcment of human 
populations and their pets has seen the spread of 
heartworn1 infections in dogs to almost every state 
whereas it was previously limited to the more tropical 
areas; clearly, the mosquito vectors suitahle for trans- 
mission werc alrcady present in the other statcs. 
Psoroptic mange in cattle, originally confined to south- 
ern Europe, is now endemic in Belgium and Cennany 
due to trade in breeds of caltlc. 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. Babcsiosis 
has also spread where animals carrying infcctcd ticks 
have moved into non-endemic areas where the ticks 
were able to hecome established. 

THE ROLE OF EFFLUENT 
The translcr o l  infection from one farm to another via 
manure has also been reported. Thus outbreaks of 
ostertagiosis have occurred in farms following the 
application of cattlc slurry as a fertilizer, while 
cysticercosis 'storms' due to Cysricerc~cs hovis have 
occurred in caltlc following the application of human 
sewage to 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 larvac. 

THE ROLE OF INFECTED VECTORS 
Scveral helminth infections are transmittcd by winged 
insects, and these can serve to introduce infection into 
areas previously free of infection. Occasionally also, 
hirds 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 hecomc colonized by 
Lymnara snails transported by wild birds. The intro- 
duction of livestock liehtlv infcctcd with Fasciola 



RESISTA NCE TO PA RASlTlC 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. bv and larec. arc not immunoloeical in origin. , , u ,  .. .. 
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 discascs, natural cxprcssion of acquired im- 
munity plays a highly signilicant role in protecting 
animals against inleclions and in modulating the 
epidemiology of many parasitic diseases. 

to infection with Ancylostomu over their first year of 
life. 

Thc rcasons underlying agc rcsistancc arc un- 
known, although il has bccn suggested that thc pht- 
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 othcr hand, whcrc agc rcsistancc is cncoun- 
tered, most parasitic species seem to have developed 
an effective counter-mechanism. Thus, Ancylaslumo 
caninum, Tuxucnr(~ conis. Tuxucaru cali and Toxocara 
virlrlarun~ and Stro,~fiylaide~ spp. all survive as larval 
staees in the tissues of the host. onlv hecomine acti- " , 2 u 

vated during late pregnancy to infect the young 
SPECIES RESISTANCE in  ratera or by the transmammary route. In the case 

of Nematodirris buttris. the critical hatching require- 
For a variety of parasitological, physiological and bio- ments for the egg, i,e, prolonged chill followed by a 
chemical reasons, many parasites do not develop at all temperature in excess of I ~ O C ,  ensure the parasites, 
in other than their natural hosts; this is typified by, for survival as a lamb-to-lamb infection from one season 
example, the remarkable host specificity of the various +he ~- ~~~- ~~-~~~~ 

spccics of Eimeria. In many instanccs howcvcr, a l i m  oddly ~ ~ b ~ ~ ; ~  and ~ ~ ~ ~ , ~ l ~ ~ ~ ~ ~ ~  in[cc. 
ited degree of development occurs, although this is not tion of cattle, there is generally thought to be an in. 
ususally associated with cli~lical signs: for example, verse age ,,,islance in that young animals are more 
some larvae of the cattle parasite Ostertafiia ostertafii than older naive animals, 
undergo development in sheep, hut very few reach the 
adult itage. ~ n w e v e r ,  in these unnatuia~ or aberrant BREED RESISTANCE 
hosts, and especially with parasitcs which undcrgo tis- 
sue migration, ,here are occasionally serious conse. In recent years, there has been considerable practical 
quences particularly if the migratory route becomes interest in the fact that some breeds of domestic rumi- 

erratic, examn[e of this is  visceral larva mirrans i n  nants are more resistant to certain parasitic infections 
children due to ' ~oxoca ra  conic which is associated 
with hepatomegaly and occasionally ocular and cer- 
ebral involvement. 

Somc parasitcs, oI course. have a very wide host 
range, l'richinella spiralis, Fasciola hepalica, 
Cryptosporidium and the asexual stages of 
Toxoplasrnn being four examples. 

AGE RESISTANCE 

Many animals become more resistant to primary in- 
fections with somc parasitcs as they rcach maturity. 
For example, ascarid infections of animals arc most 
likcly to dcvclop to patency il the hosts are a lew 
months old. I[ inlected 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 
voune animals. S h e c ~  of morc than thrcc months o[ 

than others. 
Probably thc best cxample o l  this is the phenom- 

enon ol  trypanotolerance displayed by West African 
humpless 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 
Ked Masai sheep, indigenous to East Africa, is more 
resistant to Harrnonchus contortus infection than 
some imported breeds studied in that area, while in 
South Alrica it has been reported that the Merino is 
less susceptible to trichostrongylosis than certain 
other breeds. 

Within breeds, haemoglohin genotypes have been 
shown to reflect differences in susceptibility to 
Harnzonchu contor tu 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 heterorygous counterparts. Unlor- 
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tunately, these genotypic differences in susceptibility 
often hreak down under heavy challenge. 

Some work within a single breed has shown in Aus- 
tralia that individual Merino lambs may be dividcd 
into rcspunders and non-responders on thc basis of 
their immunological responsc to infection with 
?iirhosrrongylus coluhriformis and that these differ- 
ences are genctically transferred to the next 
generation. 

The selcction of resistant animals could bc of 
great importance, especially in many developing areas 
of the world, but in practice would bc most easily 
based on some easily recognizable feature such as 
'coat colour' rathcr than be dependent on laboratory 
tests. 

In Australia resistance to ticks. particularly 
Boophilus, has been shown to be influenced by gcncl- 
ics, being high in the humped, 60.7 indicrrs, Zebu 
breeds and low in the European, Bos farrrus, breeds. 
However. where cattlc arc 50% Zebu. or ereater. in u 

genetic constitution, a high degree of resistance is still 
possihlc allowing a limited use of acaricides. 

ACQUIRED IMMUNITY TO HELMINTH 
INFECTIONS 

Immune responses to helminths arc complex, possibly 
depending on antigenic stirnulalion by secretory or 
excretory products rclcascd during the development 
of the L, to thc adult, and for this reason it has only 
heen oossiblc to deve lo~  one or two oractical niethods 
of akificial irnmunizaiion of which the radiatiun- 
attenuated vaccine against Dicrvocarrlrrs vivi~urus is 
perhaps the best example. 

Despite this, thcrc is no doubt that the success of 
many systems of grazing management depend on the 
gradual devclopmcnl by cattle and sheep of a natu- 
rally acquired degree of immunity to gastrointcstinal 
nematodes. For example, experimental obscrvalions 
have shown that an immunc adull sheep may ingest 
around 50000 Osrerragia 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 immunc response may be 
grouped under three headings: 

(1) The development of immunity after a primary 
infection may be associated with an ahiitv to kill 
or expel theadult nematodes. 

(2) Subsequently, the host can attempt to limit 
reinfection by preventing the migration and es- 
tablishment of larvae or, somctirnes, by arresting 
their development at a larval stage. This type of 
inhibition of development should not be con- 

fuscd with the more common hypobiosis trig- 
gered by environmental effects on infcctive lar- 
vae on pasture or, in the prcscnt slate of 
knowledge, with the arrested larval development 
associated with age rcsistancc in, for example, 
the ascarids. 

(3) Adults which do develop may he stunted in size 
ur their fecundity may he reduced. Thc impor- 
tant practical aspect of this mechanism is perhaps 
not so much the reduced pathogcnicily of such 
worms as the great rcduction in pasture contami- 
nation with cggs and larvae, which in turn re- 
duccs thc chance of subsequent reinfection. 

Each of these mechanisms is excmplilicd in infec- 
tions of the rat with the trichostrongyloid nematode 
Nipposlronfiylus brasiliensi.~, a much sludied labora- 
tory model which has contributed greatly to our 
understanding of thc mcchanisms of host immunity in 
helminth infcclion. The infective stage of this parasitc 
is normally a skin penetrator, hut in the laboratory is 
usually injected subcutaneously for convcnience. The 
larvae travel via the hloodstream to thc lungs where. 
having moulted, they pass up thc Lrachea and are swal- 
lowed. On reaching thc small intestine they undergo a 
further moult and become adult, the time elapsing 
bctween infection and development to cgg-laying 
adults being five to six days. The adult population 
remains static for ahout five more 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 thc 'self cure' phenomenon, has heen shown to bc 
due Lo an immune response. 

If the rats are reinfected. a smaller oro~ortion of the . . 
larval dose arrives in the intcstinc, i.e. lheir migration 
is stonoed. The few adult worms which do develoo in 
the g;; remain stuntcd and are relatively infertile, bnd 
worm expulsion starts earlier and proceeds at a faster 
rale. 

Under natural grazing conditions larval infections 
of cattle and sheep are acquircd over a period, but 
an approximately similar series of events occur. For 
example, calves cxposcd to Diclyocalrbs viviparus 
quite rapidly acquirc patent infections, readily recog- 
nizablc by the clinical signs. After a period of a few 
weeks, immunity develops and the adult worm 
burdens are exvelled. On subseauent exnosure i n  
succeeding years such animals are highly resistant to 
challenge, although if this is heavv. clinical siens asso- 
:i.~lc.l \!11h lh: ~ : I I I I ' L C L I O ~  >\~~clrome. i.? .  t~i~~iiun,>- 
II)P~L..II d ~ ~ l r u : t ~ o ~ i  01 thc ~ n \ ~ l J i n l ?  Ir~rva? 111 [he lun,!,. 
may bc seen. With Osrerlofiia and ~richosrrorr~y& 
infections, the pattern is the same with the build-up of 
an infestation of adult worms being followed by their 
expulsion and subscqucnt immunity; in later life 
only small, short-livcd adult infections are established 
and eventually the infective larvae are expelled 
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without any development at all. However, with 
gastrointestinal infections in ruminants, the ahility 
to develop good immunc responses is oltcn delayed 
for some months because of immunological 
unresponsiveness. 

l'he mechanism of immunity to luminal parasites is 
still not understood despite a great deal of research. 
However it is generally agreed that such infections 
produce a state of gut hypersensitivity associated with 
an increase of mucosal mast cclls in the lamina propria 
and the production of worm-specific IgE, much of 
which becomes bound to the surlacc of the mast cells. 
The reaction of worm antigen, from an existing infec- 
tion or from a subsequent challenge, with thcse sensi- 
tized mast cells releases vasoactive amines which 
cause an increase in capillary and epithelial pcrme- 
ability and hyperproduction of mucus. 

After this point there is some confusion. Some 
workers havc concluded that thcse physiological 
changes simply affect the well-being of the worms by, 
for example, lowering, the oxveen tension of their en- 
vironment, so that tlhey bccbke detached [rum the 
mucosa and subsequently expelled. 

Others havc postulated that, in addition, the permc- 
able mucosa allows the 'leakage' of IgG antiworm 
antibody from the plasma into the gut lumen, where it 
has access to the parasites. 

Additional factors, such as the secretion ol  specific 
antiworm IgA on the nlucosal surface and the aiguifi- 
cance of sensitized T cells which are known tu 
promote the differentiation of mast cells, eosiuophils 
and mucus-secreting cells are also currently under 
study. 

With regard to tissue-invading helminths, the 
most closely studied have bccn the schistosomcs. 
Recent work has shown that the schistosomulae of 
Schictosonxn mar~sor~i may be attacked by both 
cosinophils and macrophages, which attach to the 
antibody-coated parasite. Eosinophils. especially, 
attach closely to the parasites where their secretions 
damage the underlvine narasite membrane. 

2 u .  

~ t t e m ~ t s  to find if a similar mechanisnl exists 
against Fasc~ula heoafica have indicated that although 
c;sinophils do attach to parts of the tegument of the 
young fluke, the latter seems able to shcd its surface 
layer to evade damage. 

EVASION OF THE HOST'S IMMUNE 
RESPONSE 

tinns, it is now clear-that parasitcs,-in the course of 
evolution, have capitalized on certain defects in this 
armoury. This aspcct of parasitology is still in its in- 
fancy, hut three examples of immune evasion are de- 
scribed below. 

Neonatal immunological unresponsiveness 
This is the inahility of young animals to develop a 
proper immunc response to some parasitic infections. 
For example, calves and lambs Iail to develop any 
useful degiee ui immunity to reinfection with 
Ostertagia spp. until they have been exposed to con- 
stant reinfection for an entire grazing season. Simi- 
larly, lambs are repeatedly susceptible to Haernorzchus 
contortus inlcction until they arc between six months 
and one year old. 

The cause of thin unresponsiveness is unknown. 
Ilowcvcr, while calves and lamhs ultimately do de- 
velop a good immune response to Ortrrtagi~~ inicction, 
i n  the shccpIHaernonchus cunrorru system the 
neonatal unresponsiveness is apparently often suc- 
ceeded by a long period of acquired immunological 
unresponsiveness, e.g. Merino shccp reared from 
birth i n  a Ilaemonchus endemic environment 
remain susceptible to reinfcction throughout thcir en- 
tire lives. 

Concomitant immunity 
This term is used to describe an immunity which 
acts against invading larval stages, but not against an 
existing infection. Thus a host may be infected with 
adult parasites, hut has a measure of immunity to 
further infection. Perhaps the best example is that 
found with schislosomes which are covered hy a cyto- 
plasmic syncytium which, unlike the chitinous-like cu- 
ticle of nematodes, would at first seem to be 
vulnerable to the action of antibody or cells. However, 
it has been found that adult 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 
anligcns. 

Concomitant ilunlunity does not appear to operate 
with Fusciola hepatica in shccp, in that they are repeat- 
edly susceptible to reinfection. On the other hand, 
cattle not only expel their pri~nary adult burden of 
Fasciola hepatica, but also develop a markcd resist- 
ance to reinfection. 

Concomitant immunity also includes the situation 
where established larval cestodcs may survive for 
years in the tissues of the host, although the latter is 
completely immunc to reinfection. ~hLmechanism is 
unknown, but it is thought that the established cyst 
may be 'masked' by host antigen or perhaps secretc an 
'anti-complementary' substance which blocks thc ef- 
fect of ahimmune reaction. 

Polyclonal stimulation of immunoglobulin 

As well as stimulating 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 thcy are less likely to attract parasite- 
specific IgE and so will not degranulate when cxposcd 
to parasite antigen. Secondly, the fact that thc host is 
producing immunoglobulin in a non-spccific lashion 
means that specific antibody to thc helminth is less 
likely to he produced in adequate quantity. 

THE DEBIT SIDE OF THE IMMUNE 
RESPONSE 

Sometimes immune reqponses are associated with le- 
sions which are damaeine to the host. For exarn~le the ., .. 
pathogenic effccts ol oesophogostomosis are fre- 
auentlv attributable to the intestinal nodules of Oe. 
colurnhiunum; similarly, the pathogenic effccts o l  
schistosomosis are due to the egg granulomata, the 
result of cell-mediated reactions, in thc liver and 
bladder. 

ACQUIRED IMMUNITY TO PROTOZOAL 
INFECTIONS 

As might he anticipated from their microscopic size 
and unicellular statc, 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 ol current in- 
formation on some of thc morc important pathogens. 
As with bacterial inlcctions, 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 vivo even a 
small amount of immune serum will clesr 
trypanosomcs lrom the circulation, apparently by fa- 
cilitating their uptake, through opsonization, by 
phagocytic cells. Unfortunatcly, thc phenomenon of 
antigenic variation, another method of immune eva- 
sion. nrevcnts these infections being com~letelv elimi- , . 
natcd 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 trypanosomosis such as anaemia, 
myocarditis and-lksions of skeletal muscle arc thought 
to be attributable to the deposition of trypanosome 
antieeu or immune comnlexes on these cells leading to 

0 

their subsequent destruction by macrophages or 
Ivmohocvtes. a oossible debit effect of the immunc , .  , 
response. 

Acquired immunity to babesiosis also appears to 

bc mcdialed by antihody, perhaps acting as an 
opsonin, and facilitating the uptake of infcctcd red 
cells by splenic macrophages. Antibody is also trans- 
ferred in the colostrum of the mothcr to the new-born 
animal and confers a pcriod ol  protection against 
infection. 

Finally, in trichomonosis, antihody, presumably 
produced by plasma cells in the lamina propria of 
the uterus and vagina, is prcscnt in the mucus 
secreted by these organs and to a Icsser extent in the 
plasma. This, in vitro, kills or agglutinates the 
trichomonads and is probably the major factor 
responsible [or the self-limiting infections which 
typically occur in cows. 

Of those protozoal infections against which immun- 
ity is primarily cell-mediated, lcishmaniosis is of par- 
ticular interest in that thc amastigotes invade and 
proliferate in macrophagcs whosc [unction, paradoxi- 
cally, is thc phagocytosis and destruction of foreign 
organisms. How they survive in macrophages is un- 
known, although it has heen suggested that they may 
release substances which inhibit thc enzyme activity of 
lvsosomes or that the amastieote surface coat is refrac- 
tory to lysosomal enzymes. The immunity which de- 
velons secms to be cell-mediated, perham bv cvtotoxic . . .  
T cclls destroying infected macrophages or by the 
soluble oroduct? of sensitized T cclls 'activating' 
macrophhges to a point whcrc thcy are able to destroy 
their intracellular parasites. Unlortunately in many 
cases the efficacy ;I the immune response and the 
conscqucnt rccuvery is delayed or prevented by a vari- 
able degree of immunosuppression of uncertain 
aetiology. 

As noted above. sometimes both humoral and cell- 
n i c ~ l ~ , ~ ~ c . I  r::~cIlon\ src 111\oI\cd In ~mmur~ir!. 2nd t h 1 5  

,ccm3 10 hc lhc hlluallJn u11h . ' c ~ ~ . ' i ~ I i ~ ~ ~ i ~ .  l l ~ ? ~ l e r I ~ ~ i ~ ~  
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 thai thcsc knction in two ways: tirst, as helper 
cclls lor the production of neutralizing antihody 
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 stagcs oC 
theilerial infections are the schizoeonous stawcs which 
develop in lymphohlasts and divide sync~ronously 
with these cells to produce two infected daughter cells. 
During thc course ol 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 lymphohlasts hy recognizing two antigens on 
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the host surface: one of these is derived from the mediated comooncnls to the oral secretions of the 
Tt~c~rh~rr~~ r : i r i l r l l ~  .rnd ~ h r  1i1Iiir  I ,  .I I~~sI.)coI~~~>~III>IIII~ t ~ i h \ .  I~rc\c~nI\ prupcr ;~ igc , r~c~~~i~~r r t  oi t h i  pdrr(,lt-.\ 
dnuecn of ihc ho,~ L.L,II I'llc, r q ~ l i  o i  .~ntih~,.lic* ~n I>rc>- and li.tr \crlcur c r ,~~rc t .oc~~ i~c ,  .>n Ilt',rr sul,\:uucnt icr- 
lcclron is less clear, although it has been recently d e m  tility: dogs which have recovered from \arcoptic 
onslraled, using an in virro test, that an antibody mange are usually immune to further infection. 
against the sporozoites inoculated by the tick may bc Although these immune responses must moderate 
highly effective in protection. considerably the significance of many cctoparasitic in- 

response.- ~ o w c v k - t h e  relative importance of their 
roles remains to be asccrtaincd, although it is gener- 
ally believed that antibody formation by lhe host leads 
to a cessation in the production of tachyzoites and to 
the development of the latent hradyzoite cyst: also 
that rccrudcsccncc of tachyzoite activity may occur if 
lhc host hccomcs immunosuppressed as a conse- 
quencc of thcrapy or somc other disease. 

ACQUIRED IMMUNITY TO ARTHROPOD 
INFECTIONS 
It is known that animals exposed to repeated attacks 
by some insects gradually develop a degree of ac- 
quired immunity. For example, at least in man, over a 
period ol  lime the skin reactions to the bites of 
Culiroidrs and mosquitoes usually decrease in sever- 
ity. Likewise, after several attacks of calliphorine 
myiasis, sheep become more resistant to further 
attack. 

A similar scqucnce of events has heen ohserved 
with many tick and mitc infestations. The immune 
reaction to ticks, dependent on humoral and ccll- 

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 erythema associated with sarcoptic 
mange especially in the dog and pig, and 'swect itch' 
of horses due to skin hypersensitivity lo Crrlicoides 
hites. 

THE FUTURE OF PARASITE VACCINES 
In the future the control o l  many parasitic diseases 
may rely on vaccines based on recombinanl parasite 
components. At present such vaccines have already 
been developed, for example against Zire,~ia ovis 
infection in sheep, or are in the late stage of develop- 
ment, lor cxamplc against Bahe.~ia hovir and 
Baophilrrs ,,zicroplus in cattle and Haemonchus 
contortus in sheep. l'he conlmercial success o l  current 
experimental recombinant vaccines will depend 
not only on their efficacy in the protection 
against ficld challenge hut also on factors such as 
elfectivc, low-cost, delivery systems which will confer 
long-acting prolcclion. 



The control of parasitic helmintbs in domestic animals 
rclies larzelv on the use of anthclmintic drugs. Al- 

&. , ~ ~~ - 
though anthelmintics are used i11 all domestic spccies, 
the lareest markct is undoubtedly the ruminant mar- ., 
ket, especially cattle, whcrc millions of pounds are 
snent annually in an elfort to reduce the effects of 
parasitism. 

It is not nractical to give efficacy dala and methods 
of applicat;on of the large numbe; 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 continua!ly 
changing and it is therefore more appropriate to d~s -  
cuss the use of anthelmintics in gcncral terms, details 
of lhcir use against individual species or groups of 
helminlhs having been described under the appropri- 
ate sections of the main tcxt. 

PROPERTIES OF ANTHELMINTIC 
COMPOUNDS 
An idcal anthelmintic should possess thc following 
properties: 

(1) It should he efficient against all parasitic stages of 
a particular species. It is also generally desirable 
that the spectrum of activity should include 
members of different gcnera, for example in 
dealing with the equine slrongyles and Parascaris 
equorum. However in some circumstances, sepa- 
rate drugs have to be used at different timcs of 
vear to control infections with unrelated 

~ascroia hepauk are onc such example. 
( 2 )  It is important that any anthclmintic should he 

nun-to& to the host,'or at least havc 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 he obtained, rather than in the dosing of 
individual companion animals such as cats or 
does. .. 

(1) In general, an anthelmintic should he rapidly 
cleared and excreted by the host, otherwise long 
withdrawal periods would bc necessary in meat 
and milk producing animals. Howcver, in certain 
circumstances and in certain classes of animals, 
drug persistence is used to prophylactic advan- 
tage, for cxample the use of closantel to control 
Huumonch~as in sheep. 

(4) Anthelmintics should be easily administered, 
otherwise they will not be readily accepted by 
owners: different formulations arc available for 

diffcrent domestic animal species. Oral and in- 
ieclablc oroducts are widelv used in ruminants. 

and sheep. Palatable in-feed and paste formula- 
lions are convenient for use in horses, whilc 
anlhclmintics are usually available as tablets for 
dogs and cats. 

(5) 'The cost of an anthelmintic should he reason- 
able. This is of special importance in pigs and 
poultry where profit margins may be narrow. 

USE OF ANTHELMINTICS 
Anthelmintics are generally used in two ways, namely, 
therapeutically, to treat existing infcctions or clinical 
outbreaks, or prophylactically, in which the timing of 
treatment is bascd on a knowledge 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 
Whcn used therapeutically, the Iollowing factors 
should bc considered. 

First, i l  lhc drug is not active against all stages it 
must be elfectivc against the pathogenic stage o l  thc 
parasite. Secondly, usc of the anthelmintic should. by 
successfully removing parasites, rcsult in cessation of 
clinical signs of infection such as diarrhoca and respi- 
ratory distress; in other words, there should bc a 
marked clinical improvement and rapid recovery after 
treatment. 

PROPHYLACTIC USAGE 
Scvcral points should be considered where 
anthclmintics are used prophylactically. 

First, the cost of prophylactic lrealmcnt should 
be justiliablc economically, by increased production 
i n  food animals, or by preventing the occurrence 
of clinical or subclinical disease in, for example. 
horscs with stron~ylosis or dogs with heartworm -. 
disease. 

Secondly, the cost-henetit of anthelmintic prophy- 
laxis should stand comparison with the control which 
can be achicvcd by other methods such as Dasture 
management or, in the case of dictyocauldsis, 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  disease in older stock which have been overpro- and their hosts. In consequence the safety margin 
tected by control measures during their earlier years. tends to be narrower than in some other groups. These 

Finally prolonged prophylactic use o f  one drug drugs arc active against a wide range of nematodes 
should he avoided as this may encourage the devclop- especially those i n  the gastrointestinal tract. 
ment o f  anthelmintic resistancc. 

BENZIMIDAZOL ES/PRO-BENZIMIDAZOL ES 
ANTHELMINTICS AND THEIR MODE OF 
ACTION Drugs of this group generally act on  thc intestinal cells 

of hclminths by binding nematode tubulin and thus 
The major groups of anthelmintics currently in use preventing glucose and the 
against nematodes, trematodes and cestodes arc ~l~~~ are virtually without in some cases 
shown i n  Table 11. at over ten times the recommended dose rate. Parasite 

Thc mode o f  action of many a~lthelmintics is not resistance to anthelmintics has most frequently heen 
known in detail, hut basically depends on  interference associated with use of tllese drugs against 
with essential biochemical processes o f  the parasite, of goats and horses, several 
hut  not o I  the host. pounds also have activity against tapeworms and 

flukes. 
PIPERAZINES 
These drugs produce paralysis in helminths. AVERMECTINS/MILBEMYCINS 
Pipcrazine salts are widcly used against ascarids while 
diethylcarbamazine has bccn used against lungworms These are a series o f  macrocyclic lactone derivatives 
and filarial nematodes. which are fermentation products of (hc actinomycete 

Srrepromyces uvermirilir. They have bccn shown to 

IMIDAZOTHIAZOLES/ have excellent activity, at very low dose rates, not only 

TETRAHYDROPYRIMIDINES against a wide range o f  nematodes, hut also against 
certain arthropod parasites. A Iurther advantage is 

Basically these compounds act as depolarizing that some o f  thesc drugs can remain active for at least 
ncuromuscular blocking agents in both nematodes two weeks after administration due to persistence in 

Table 11 The major groups of anthelmintics 

Parasites Chemical group Drugs 

Nematodes Piperazines 

lmidazothiazolesltetrahydropyrimidines 

Benzimidazolesi~ro-benzimidazoles 

Avermectinsimilbemycins 

Organophosphates 

Salicylanilideslsubstituted phenols 

Trematodes Salicylanilideslsubstituted phenols 

Others 

Benzimidazoleslpro-benzimidazoles 

Cestodes Salicylanilideshubstitued phenols 

Others 

Piperazine salts, diethylcarbamazine 

Tetramisole, levamisole: rnorantel, pyrantel 

Thiabendazole, mebendazole, parbendazole, fenbendazole, 
oxfendazole, albendazole, oxibendazole, carnbendazole, 
flubendazole, febantel, thiophanate, netobimin 

Ivermectin, dorameciin, abamectin, moxidectin, milbemycin 
oxide 

Dichlowos. haloxon, trichlorfon (metriphonate) 

Nitroscanate, closantel 

Nitroxynil, rafoxanide, oxyclozanide, brotianide 
niclofolan, closantel 

Clorsulon 

Triclabendazole, albendazole, netobimin 

Niclosamide 

Praziquantel, bunamidine, arecoline 



body fat. Initially avcrmectins and milhemycins were 
thought to act mainly by potentiating the relcasc and 
hinding of gamma-aminohutyric acid (GABA) in ccr- 
tain ncrvc synapses which led to the opening of chlo- 
ride ion channels and decreased cell function. Current 
evidence suggests that thcy alrect chloride channels 
independent of GABA. Whatever the precise mode of 
action the result is paralysis and eventual death of the 
parasitc. 

ORGANOPHOSPHATES 
A few organophosphorus compounds are active 
against nematodes. Thcy 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 hots. 

SALICYLANILIDES/SUBSTlTUTED 
PHENOLS 
Although details of the mode of action of drugs in 
these groups are not well understood, they appear to 
act by interfering with ATP production in parasites 
by uncoupling oxidative phosphorylation. They arc 
most widcly used against Fasciolo hepatica and 
Haer~~onchus confurlus although nitroscanate is mar- 
kctcd lor treatment of nematode and ccslode infec- 
tions of dogs, and niclosamide is widcly used against 
tapeworms in many domestic species. 

OTHER DRUGS 

The mode of action of other drugs used to combat 
tapeworm il~fections is not well known, hut 
praziquantel apparently acts by causing spastic paraly- 
sis of musclc cclls in the parasite and damage to thc 
tegument. 

METHODS OF ADMINISTRATION 
Traditionallv. anthelmintics have bcen administered . . 
orally or parenterally, usually by subcutaneous injec- 
tion. Oral administration is common bv drenching 
with liquids or suspensions, or by the incorporation 
the drug in the feed or water for farm animals and bv 
the administration of tablets to small animals. Mork 
recently, paste formulations have been introduced es- 
pecially for horses and there arc now a number of 
compounds which have systemic action when applied 
as nour-on or mot-on formulations to the skin. Mcth- ~ - -  

ods for injecting compounds directly into the rumen of 
cattle have also been marketed. More rccenlly, a 

'nrasitology 

number of rumen-dwelling bolusec have become 
available tor cattle and sheen which arc doiened to .. 
deliver therapeutic doses of anthelmintic at intervals 
i~ulse-release) or low doses over proloneed periods 
(sustained-release); both prcvcnt t1;e esta6ishhent of 
mature parasitc populations and thus limit the con- . . 
tamination 01 pastures and the occurrence of disease. 
An apparatus for the delivery of anthclmintics into 
drinking water at daily or periodic intervals has also 
been developed. 

A number of products are marketed for cattle 
and sheep consisting ol  a mixture of a round- 
worm anthelmintic and a fluke drue. but thc timing -. <, 

of treatments for roundworms or  flukes, whether cura- 
tive or pro~hvlactic. is often differcnt and the reauire- 
ment fbr suih combination compounds is therkfore 
limited. 

ANTHELMINTIC RESISTANCE 

Helminth resistance to anthclmintics bas been most 
frequently recorded in sheep. goats and horses, and 
has mainly involvcd the benzimidazole group of 
compounds. 

In sheen, resistance tirst occurred chieflv in eco- , .. 
graphical areas where Haernonchus co,zlorl,ru 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 repeatedlsustained trcat- 
ments or higher dosage rates. Unfortunately, cross- 
resistance has been reported bctwccn different 
benzimidazoles, and, lcss lrequently, multiple resist- 
ance embracing chemically unrelated compounds. 
Cross-resistance also appears to exist betwccn 
avermcctins and milbemycins. 

In Western Europe anthelmintic resistance is lcss 
prevalent than in areas such as Australia and South 
Africa, although it has bccn reported with 
Hoemorzch~is and to a lesser extent with Ostertagia 
infectious ot  sheep and goats. In horses thcrc is 
also evidence that extensive use of certain 
benzimidazoles has led to the selection ol  resistant 
strains of several species of small strongyles; cross- 
resistance between different bcnzimidazoles has also 
been reported. 

Analysis otpublished reports on resistance suggcsts 
an association with frequent use of drugs with the 
same mode of action. Because of this Australian 
workers have recommended that thc anthelmintics 
used should he rotated between the principal chemical 
groupings, for examplc, the benzimidazoles, the 
imidazothiazolcs 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 



Review Topics 271 

annually, the compounds would be changed each after anthelmintic treatment. Any contamination of 
year. lhcse pastures would originate horn helminths which 

However, it is also possiblc that selection for resist- had survived the treatment and so the pressure 
ance could be accelerated whcrc livestock are moved on selection for anthelmintic resistance might be 
on to helminthologically clean pastures immediately increased. 
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Some avermectins have a marked residual cffect ticide: dichlorvos and trichlorfon are oftcn used for 
and a single treatment given parenterally is still effcc- this purpose. Sometimes baits containing synthetic 
tive against lice or mites hatching from eggs threc to pheromones, sugars or hydrolysed yeasts, plus insecti- 
four weeks later. cide are spread around animal premises to attract and 

kill dipterans. 

FORMAMIDINES 
Amitraz is the oulv commonlv used amidine POUR-ON, SPOT-ON OR SPRAY-ON 
ectoparasiticide. It is uied mainly fo'r lice and mites of Those available at prcscnt contain organophosphates 
farm animals and Demodex infectionindogs. It should with a systemicactionsuch asfenthion or phosmct, the 
not he used in horses or cats. avcrmectinslmilbemycins or the synthetic pyrethroids. 

They arc rccommended for the control of warbles and 
lice in cattle and lice and keds in shecp. A valuable 

METHODS OF APPLICATION AND USES: development is that of pour-on phosmet lor the con- 
FARM ANIMALS trol of sarco~tic manec in nics and cattle. A single 

~ - 

Traditionally, cctoparasiticides have bccn applied 
topically as dusts, sprays, foggers, washes, dips and 
occasionally used in baits to trap insects. Howcvcr, 
with thc advent of pour-on and spot-on formulations 
with a systcmic effect, the parenteral administration of 
drugs such as thc avermectins and closantcl and the 
use of iu~~reenalcd ear taps, collars and tail-tags, the 
methodoiogy ol  control a$plications to animal5 has 
changed. 

TRADITIONAL METHODS 

To bc successful, the use of insecticidesin dusts. sprays 
or washcs usually requires two or more treatments, 
since even the most diligent applicant is unlikely to 
he successlul in applying these formulalions at the 
right concentration to all parts of the animal's body. 
Thc interval between trcatmcnts should be linked 
to thc pcrsistence of the chemical in the skin, hair 
or wool and to the life cycle o l  thc parasite, further 
treatment bcing given prior to completion of another 
cycle. 

Dip baths or spray races containing thc ncccssary 
concentration of insecticidc are used to control mites, 
lice and ticks and certain diptcrans 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 pcrsistence of insecticide is grcater in the 
wool fleece than in the hair coat found in cattlc. It is 
important to remembcr that the concentration o[ in- 
sccticide in a dip bath is prclcrentially 'stripped' or 
removed as shcen or cattle are dioncd. and so must be 

. - 
treatment in pigs gives vcry good results and if uscd in 
sows, prior to farrowing, prevents transmission to the 
liltcr; two treatments at an interval of 14 days arc 
necessary in cattle. The synthetic pyrcthroids are also 
available as sprays, pour-ons or spot-ons lor the treat- 
ment of lice and thc control of lhiting and nuisance flies 
in cattle, sheep and goals. 

EAR TAGS, COLLARS, LEG AND TAIL 
BANDS 
These are based primarily on the synthetic pyrcthroids 
and occasionally the organophosphates. They arc 
rccommended for the protcction of cattle against nui- 
sancc Hies. The tags are usually made of poly- 
vinylchloride impregnated wilh the insecticide. When 
attached lo an animal's ear the insecticide is re- 
leased from the surface, dissolves in the scbum se- 
crcted by the skin and is then spread over the whole 
body by the normal grooming actions or ear Happing 
and tail swishing as well as by bodily contact betwccu 
cattle. As the insecticide is rapidly bonded to thc 
sehum on thc animal's coat the trcatment is rain-fast; 
also the tag or tail hand continues to rclcase a supply 
of chemical under all climatic conditions. Sincc the 
drugs are located in the sehum, they are not absorbcd 
into thc tissue so there is nu nccd for a withdrawal 
period prior to slaughter nor is it necessary to discard 
milk. Thc common SPs marketed lor this purpose are 
cypermethrin and perniethrin. Undcr conditions of 
heavy fly challenge a tag should be inserted in each 
car, possibly augmented by a tail band. 

A. , 
replenished at a higher than initial conccntration, suf- 
ficient to maintain an adeauate conccntration of PARENTERAL TREATMENT 
the active ingrcdient. Most dips are bascd on the The avermcctinslmilhemycins and closantel niay he 
organophosphatc group and synthetic pyrcthroids. given parenterally to control some ectoparasites. For 
Despite safety concerns some countries have re-intro example, ivermectin and abamectin have good activity 
duccd organochlorines because of developing resist- against warbles, lice, many milcs and also the one-hosl 
ance to organophosphates. tick Buophil~cr. Closantel is available in some tropical 

Insect control in dairies or stables may bc aided hy countries lor use against one-host ticks and sucking 
the use of various resins strips incorporaling the insec- lice. 
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METHODS OF APPLICATION AND USES: 
COMPANION OR PET ANIMALS 

Ectoparasiticides are mainly used as dusting powders, 
aerosols, washcsishampoos, 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 he shaken well into thc animal's 
fur or hair and, in the casc of house pets, into the 
bedding. The powders commonly used contain 
pyrethroid-based insecticides with or without the 
synergist, pipcronyl butoxide. These are particularly 
useful for fleas and lice and repeat treatments are 
generally recommended every two to three wccks. 

AEROSOLS 
Although easy to use, some of the noisier sprays can 
upset pets. Over zealous spraying in confined 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 mixture o[ 
the synergist piperonyl hutoxide with OPs or 
pyrethroids. Depending on the spray, the aerosol con- 
tainer should he held at 15-30cm from 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 hut only one spray application 
with the recently developed compound, lipronil, can 
give up to three months' protcction against re-infesta- 
tion with fleas in dogs and cats. Thc aerosol sprays are 
very effective for fleas and lice. but several treatments 
may bc necessary lor mange mites. The synthetic 
pyrethroids are also available as a wash or spot-on for 
horses for the control of flies including midges which 
are responsible for 'swcct-itch'. 

An aerosol containing an insect growth regulator, 
methoprenc. 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 lhc control of 
fleas, lice and mange mites. Most preparations are for 
dogs and care is needcd if they are used for cats. 
Common ingrcdicnts are carbaryl propoxur and the 
OP phosmet; amitraz is particularly useful for 
demodectic mange in dogs. The instructions [or bath- 
ing should he carefully followed and, where necessary, 

care taken that the insecticide is properly rinsed 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, carbamates and synthetic 
pyrethroids. The period of protection is claimed to be 
three to four months, but the success of this method of 
application is variable. Occasional prohlems arise 
from contact dermatitis and care should he exercised 
that the animals do not receive othcr organ- 
ophosphate treatments. Aparl [rom collars, im- 
pregnated medallions are also availahle 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 PREPA RA TlONS 
One organophosphate, cythioate, is marketed as an 
oral preparation. Tt is specifically for thc 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 mite infestation can be 
treated topically, but the problem of nuisance or pas- 
ture flies remains. A recent suggestion is that ear tags 
impregnated with cypermethriii be attached to the 
saddle or mane as a possible means of incorporating 
the synthetic pyrethroid into the sehum. 

POULTRY ECTOPARASITES 
'I'lie carbamates and the organophosphate, malathion, 
are the most widelv used. Individual birds arc duated 
and the insecticide applied in thc poultry house, nest- 
ing hoxes and litter. Thc possibilily o l  using cyper- 
mcthrin as a spot-on is currently under investigation. 

RESISTANCE 
As with other drugs, resistance has developed to most 
of the well known ectoparasiticides. This is particu- 
larly true of the organochlorines and organ- 
ophosphates used to control the ectoparasites of 
ruminants 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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1 Resistance lo insecticides is inhcrited and two typcs non-specific resistance in which resistance probably 
have been describcd for insects. The first is specilic arises from the development in the insect of secondary 
resistance, which is due to a single dominant gene or physiological systems which bypass the primary sys- 
double recessive genes, and the other is polygenic or tem which is the target of the insecticide. 



THE LABORATORY DIAGNOSIS OF PARASITISM 

i 
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 immunosorhent assay (ELISA) tcst, faccal 
examination for the presence of worm cggs or larvae 
is the most common routine aid to diagnosis 
employed. 

COLLECTION OF FAECES 

Faecal samples should preIerahly he collected from 
thc rectum and examined fresh. If it is difticult to take 
rectal samples, then fresh faeces can he collected from 
the tield or floor. A plastic glove is suitablc for collcc- 
tion. the glove being turncd inside out to act as the 
recentacle. For small octs a thermometer or elass rod .. 
may hc uscd. 

Idcallv. about 5 e of faeces should be collected, since .. 
this amount is required for some of the concentration 
methods of examination. 

Since eggs emhryonatc rapidly the Iaeces should 
he stored in thc rcfrigcrator unless examination is car- 
ricd out within a day. For samples sent through the 
post thc addition of twice the faecal volume of 10% 
Sormalin to the faeces will minimize development and 
hatching. 

METHODS OF EXAMINATION OF FAECES 

Several methods arc available lor preparing faeces for 
microscopic examination to detect the presence of 
eggs or larvae. However, whatever method of prepa- 
ration is used, the slides should first be cxamincd un- 
der low powcr since most eggs can he detected at this 
magnification. 11 necessary, higher magnification can 
thcn bc cmployed lor measurenlent of the eggs or 
morc detailed morphological differentiation. An eye- 
piece micrometer is very useful for sizing populations 
of eggs or larvae. 

Direct smear method 
A few drops of water plus an equivalent amount of 
faeces arc mixcd on a microscope slide. l'ilting the 
slide then allows the lighter eggs to flow away from the 
heavier dehris, a cover slip is placed on the fluid and 
the preparation is then examined microscopically. It is 
possihlc to detect most cggs or larvae by this method, 
but duc to thc small amount of faeces used it may only 
detect rclativcly heavy inlections. 

Flotation methods 

The basis of any flotation method is that when worn 
eggs are suspended in a liquid with a spccific gravity 
higher than that of the eggs, the latter will float up to 
the surface. Nematode and ccstodc cggs float in a 
liquid with a spccific gravity US between 1.10 and 1.20; 
trematode eggs, which are much heavier, require a 
specific gravity of 1.30-1 35. 

'The flotation solutions used for nematodc and 
cestode ova are mainly hased on sodium chloride 
or sometimes magnesium sulphate. A saturated 
solution of these is prepared and'storcd for a Iew 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 zinc chlo- 
ride or zinc sulphate are widcly uscd. Some laborato- 
ries use the more expensive and toxic potassii~m 
mercury iodine solution. 

Whatever solutions are employed the specific grav- 
ity should he checked regularly and examination of 
the solution containing the eggs or Iarvac made 
rapidly. otherwise distortion may takc place. 

Direct flotation 

A small amount of fresh faeces, say 2.0g. is added to 
lOml of the flotation solution and following thorough 
mixing the suspension is poured into a tcst tubc and 
more flotation solution addcd to fill thc tubc to the 
top. A cover glass is thcn placed on top oI the surface 
of the liquid and the tubc and covcrslip lclt standing 
for 10 to 15 minutes. The cover slip is then removed 
vertically and placed on a slide and examined under 
the microscope. If a centrifuge is available thc 
flotation of the eggs in thc flotation solution may he 
accelerated by ccntrilugation. 

McMaster method 
This quantitative technique is used where it is dcsir- 
ablc to count the number o l  eggs or larvae per gramme 
of facces. The method is as follows: 

(I) Weigh 3.Ug of faeces or, if faeces are diarrhoeic, 
3 teaspoonfuls. 

(2) Break uo thorouehlv in 42ml of water in a nlastic u 2 

container. This can he done using a homogenizer 
if available or in a sloo~crcd bottle containine . . 
glaas beads. 

(3) Pour through a fine mesh sieve (aperture 205pm, 
or 100 to 1 inch). 
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(4) Collect filtrate, agitate, and fill a 15ml test tubc. 
(5) Centrifuge at 20Wrpm for 2 minutes. 
(6) Pour off supernatant, agitate sediment and fill 

tube to previous level with flotation solution. 
(7) Invert tubc 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 
pipette rapidly, since the eggs will rise quickly in 
the flotation fluid. 

(8) Examine one chamber and multiply number of 
eggs or larvae under one etched area by 100, or 
two chambers and multiply by 50, to arrive at the 
number of eggs per gram of faeces (epg): 
If 3g of faeces are dissolved in 42ml 
Total volume is 45 ml 
Therefore I g 15ml 
The volume under etched area is 0.15ml 
Therefore the numher oI eggs is multiplied by 
~ n n  -. . 
If  two chamhers are cxamined, multiply hy 50 

An abbreviated version of this technique is to ho- 
mogenizc the 3g of faeces in 42mI of salt solution, 
sieve, and pipette the filtrate directly into the 
McMaster slide. Although a faster process the slide 
contents are more difficult to 'read' becausc of their 
dark colour. 

It is impossible to calculate from the epg the actual 
worm population of the host, since many factors influ- 
ence epe ~roduction of worms and the number of eges ..~ . . . 
sl\o \drlc\ (11th the CI)C~I ' . \ .  N~\CI~IIL..CM. ,pg C , I U I I I \  

In :xc:.i .>t I I I I I I I  .Are P ~ I I c ~ . I I I ~  cun\ldcreJ in\hcat~\c 
heavy infections andihose over 500 of moderate infcc- 
tion. However, a low epg is not necessarily indicative 
of very low infections, si& patency may just he newly 
cstahlished: alternatively. the epg !nay be affected by 
developing immunity. The eggs of some species, such 

Fig. 174 McMaster sl~defor estimating numbers of nematode eggs 
!n faeces. 

as certain ascarids, Strongyloides, Oxyuris, Trichuris 
and Capillaria, can he easily recognized morphologi- 
cally. Howcver, with the exception of Nemalodirrrs 
spp., the common trichoslrongyle eggs require meas- 
urement for differentiation. 

While this technique will detect the eggs and larvae 
of most nematodes, cestodes, and coccidia, it will not 
demonstrate trematode cggs which have a higher 
specific density. For these, a flotation fluid of higher 
specific gravity 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 3g of Iacces with watcr and pass the 
suspension through a coarse mesh sievc (250pm). 
Thoroughly wash the material retained on this screen 
using a fine water jet and discard the debris. 

Transfer 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-hottomcd tuhe. 

After sedimentation for a further 2 minutes the 
supernatant is again drawn off, a few drops of 5% 
methylenc hlue added and the sediment screened us- 
ing a low power stereomicroscope. Any trematode 
eggs are readily visible against the pale blue back- 
ground. 

Fur lungworm lmae :  
The Baerman apparatus may he used. This consists of 
a glass funnel held in a retort stand. A rubber tuhe 
attached to the bottom of the funnel is constricted by 
a clip. A sieve (aperture 25111rrn) is placed in the wide 
neck of the funnel, which has heen partially filled with 
water, and a double layer of gauze is placcd 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 lilter 
paper which is then inverted and placcd on the sievc 
(Fig. 175). The apparatus is left overnight at room 
temperature during which the larvae migrate out of 
the Iacces and through the sievc to sediment in the 
neck of the funnel. The clip on the ruhher is then 
removed and the water in the neck of the funnel col- 
lected in a small heaker for 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 leave 
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 flter 
paper whch is then inverted and placed on the sieve. 

CULTURE AND IDENTlFlCA TION OF 
LARVAE 
Two techniques are widely used for the culture of 
infective larvae from nematode eggs. 

In the first, faeces are placed in a jar with a lid and 
stored in the dark at a temperature of 21 to 24°C. The 
lid should he lined with moist filtcr papcr and should 
not bc 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 thc 
latter is poured into a cylinder for sedimcntation. The 
larval suspension can he cleancd and conccntratcd by 
using the Baerman apparatus as dcscribcd above and 
then killed by adding a fcw drops o l  Lugol's iodine 
and examined microscopically. 

An alternative method is to spread the faeces on the 
middle third of a filter paper placed in a moistcned 
petri dish. After storagc a1 21 to 24°C for 7 to 10 days, 
the dish is flooded with watcr and thc larvae harvested 
as before. 

The identification of infective larvae is a specialist 
technique and, for this, reference may bc made lo the 
publications listed at the end of this scction. 

RECOVERY OF ALIMENTARY NEMATODES 
Details are given below of a technique for thc collec- 
tion, counting and identification of the alimentary 
ncmatodcs of ruminants. The procedure is similar for 
othcr host species, information on identification being 
available in the text. 

( I )  As soon as possiblc aftcr rcmoving the alimen- 
tary tract from the body cavity, the abomasali 
duodenal junction should be ligatured to prevent 
transfer of parasites from one site to the other. 

(2) Separate the ahomasum, small intestine and 
large intestine. 

(3) Open ahomasum along thc sidc of thc grcatcr 
curvature, wash contents into a bucket under 
running water and make the total volume up to 2 
to 4 litres. 

servc m 10% formalin. 
( 5 )  Scrape off the abomasal mucosa and digest in a 

oeosinIHCl mixture at 42°C for 6 hours: 2We of . , u 

mucosa will require 1 litre of mixture. Make di- 
gest up to a volume of 2 or 4 litrcs with cold watcr 
and again take duplicate 200ml samples. 

Altcrnativcly, thc Williams technique may be 
used. In this, the washed abomasum is placed, 
mucosal surface down, in a bucket containing 

gently rubbed in a st.cor;d bucket of warm saline. 
The saline Irom both buckets is poured through a 
sieve (aperture 38pm, about 600 to 1 inch) and 
the residue examined. 

(6) Open the sniall intestine along its entire length 
and wash contcnts into a buckct. Trcat as for the 
abomasal contents, but digestion of mucosal 
scrapiugs is unnecessary. 

(7) The contents of the large intestine are washed 
into a bucket, passed through a coarse mesh 
sieve (aperture 24n1m) and any parasites 
present collcctcd and formalized. 

Preparation of pepsidHC1: 
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 2-31111 of iodine solution to one of the 
200ml samples. 

(2) After thorough mixing, transfer 4ml of suspen- 
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Cooperia 

Both sexes: 
Small cephalic vesiclc prcscnt, giving anterior end a 
cylindrical appcarancc; prominent cuticular striations 
in oesophageal region. 

Male: 
Spicules have 'wing' at middle region, bearing 
striations. 

Nemalodirus 

Ostertagia 

As in sheep, but male has stout, rod-like spicules with 
expanded tips (0. ostertngi) or very robust spicules, 
generally rectangular in outline (0. lyrara). Fcmalc 
has vulval flap of variable size, but usually skirt-like. 

T. axei 

As in sheep. 

Small intestine 
Both sexes: Trichostrongylus 
Cephalic vcsiclc present. 

Male: As in sheep; T vitrir~lis is very rarc in cattle. 

Spicules long, slender and fused, with expanded tip c,,,,~,,., 
which is hcart-shapcd (N. battus): lanceloate (N. 
filicollis); bluntly rounded ( N ,  spatl~i~er) .  Bursa shows As in sheep, but the spicules of the common species, 
two sets of parallel rays ( N  buuus) or four sets (other C oncophoru, have a stout, bow-like, appearance, 
species). with small ter~iiinal 'feet'. 

Female: 
Large eggs present: tip of tail is pointed ( N  bamcs) or 
truncate with a small spine (other species). 

Bunosromurn 

Large huccal capsule present. 

Large intestine 

Microscopic confirmation unncccssary, bccause of 
whip-like shape. Tail of fcmalc 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. 

Oesophagosromrrm 

Relatively small buccal capsulc; ccphalic vesicle with 
cervical groovc behind it. Leaf crowns and cervical 
alae often present. 

CATTLE 

GROSS CHARACTERS 
The gross characters arc similar to thosc described lor 
thc nematodes of sheep. 

MICROSCOPIC CONFIRMATION 

Abomasum 

Haemonchus 

As in sheep, hut vulval flap oftcn bulb-shaped or ves- 
tigial. 

Nematodirus 

As in ~heep;  the spicule? of the common bov~ne spc- 
cies, N hclvetianus, have a spear-shaped expansion at 
the tips. 

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 composcd of a long Trichuris 
filamcnlous anterior and a short 
broad posterior region 
Hody 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 (h) 

(a) Trichostrongyloidea 

I. Distinct cephalic vesicle. Nrmatodirrrs 
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 



both sexes 
Absence of excretory notch 

3. Dorsal lohe of hursa 
asymmetrical, harhed 
spicules. Largc prominent 
vulva1 flap in female 
Dorsal lohe of hursa is 
symmetrical. Vulval flap 
small or absent 

(b) Slrnngyloidea 

4. Buccal capsule cylindrical 
Buccal capsule well 
developed 

5. Slight dorsal curvature of 
head and presence 
of cutting plalcs 
Ahsence of teeth, 
rudimentary leaf crowns 
present 

On squeezing the liver slices. any flukes seen grossly 
arc removed and formalized and the slices immersed 

Haerr~onrh~~s in warm water overnight. The gall bladder should also 
be opened and washed. and anv flukes removed. 

Aiter soaking, the liver slices are again squeezed, 
rinsed in clean water and discarded. Both washings are 

O~rertagia passed through a tine sieve (aperture 100/rm) and thc 
material retained formalized. In the case of intestinal 
paramphistomes, the first 4m ol  duodenum should be 
tied off, opened, washed and examined for adherent 
trematodes. 

Oe.vopha,qostomum Counts are carricd out microscopically, cntirc 
( 5 )  flukes plus the ~nuu~bers o[ hcads and tails being re- 

corded. The highest number of either of the latter is 
B~anosfomum added to the number of entire flukes lo give the total 

count. 
Cestodes arc usually readily visible in thc intestine 

Chabertio or liver, but whenever possihle these should be re- 
moved intact so that, i[ necessary, the head and the 
mature and gravid segments are all available for spe- 
cialist examination. In the case 01 Echirrococc~cs in 

RECOVERY OF LUNGWORMS 
For Dicryocuulus, this is best done hy opening the air 
passages starting from the trachea and cutting down to 
the small bronchi with fine, blunt-pointed scissors. 
Visihle worms are then removed from the opcned 
lungs and transferred lo glass beakers containing sa- 
line. The worms are best counted immediately, failing 
which they should be left overnight at 4°C which will 
reduce clumping. Additional worms may he recovered 
if the opened lungs are soaked in warm saline over- 
night. 

Another method is Indcrbitzen's modification of 

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 
herhage. 

Both of these techniques are usually beyond lhc 

, , " 
The pericardial sac is incised and rcflected to expose 

the ~ulmonarv arterv in which a 2cm incision is made. 
~ u l i b e r  tubing is in&oduced into the artery and fixed 
in siru by double ligatures. The remaining large blood 
vessels arc tied off and water [tom a mains supply 
allowed to cntcr the pulmonary artery. The water rup- 
tures the alveolar and hronchiolar walls, flushes out 
the bronchial lumina, and is expelled from the trachea. 
The fluid is collected and its contents concenlratcd by 
passing through a tine sieve (aperture 3R~m) .  As be- 
fore, this is best examined immediately for the pres- 
ence of adult worms and larvae. 

The smaller gencra of luneworms of small rumi- 
nants are difticuh to recover and enumerate, although 
the lnderhitzeu technique may he of value. 

RECOVERY OF TREMATODE AND 
CESTODE PARASITES 
For both Fasciola and Dicrocoelium the livers are rc- 
moved and cut into slices approximately l cm thick. 

basis of thc techniques and how the results may be 
interpreted. 

THE PLASMA PEPSINOGEN TEST 

The eslimat~on of circulating pepsinogen is of value in 
the diagnosis of ahomasal damage, and is especially 
elevated in cases of ostertagiosis. Elevations also 
occur with other gastric parasites such as 
Trichostronfiylus uxei, Haemonchus contonus, and in 
the pig Hyostrongylus rubirlras. 

The principle of the test, which is best carricd out by 
a diagnostic laboratory, is that the sample of serum or 
plasma is acidified to pH 2.0, thus activating the inac- 
tive zynlogen, pepsinogen, to the active protcolytic 
enzyme pepsin. This activated pepsin is then allowed 
to react with a orotein substrate (usuallv hovine serum 
albumin) and ;he enzyme concentratidn calculated in 
international units (umols tvrosine released ner lOOml 
serum per minute): The tirosine liberated from the 
protein substrate by the pepsin is estimated by the 
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blue colour which is formed whcn phenolic com- 
pounds react with Folin-Ciocalleu's reagent. The 
minimum requirement for thc test, as carried out in 
most laboratories, is 1.5ml serum or plasma. The anti- 
coagulant uscd for plasma samples is either EDTA or 
heparin. 

In parasitic gastritis of ruminants due to Osler~agiu 
spp. and T axei the levcls of plasma pepsinogen be- 
come elevated. In parasitc-free animals the level is less 
than 1 .Oiu of tyrosinc; in moderately infected animals, 
it is hetwecn 1.3 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, hut thereafter becomes 
difficult as the lcvel may become elevated when oldcr 
and immune animals are under challenge. In such 
cases the absence 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 to a laboratory for process- 
ing. It is impurlant to take a reasonable number of 
random samples, and one method is to travcrse the 
pasture and remove four grass samplcs at intervals 
of about four paces until approximately 400 have 
been collected: another, primarily for lungworm lar- 
vae, is to collect a similar number of samples from the 
close proximity 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 38pm; 600 to 1 inch) to remove fine 
debris. The material rctained on the sieve is then 
Baermanized and thc infective larvae identified and 
counted microscopically under the high power. Thc 
numbers present are expressed as L, per kg of dried 
herbage. 

Where counts in cxcess of lOOOL,/kg of ruminant 
gastrointestinal trichoslrongyles are recorded, the pas- 
ture can he rcgarded as moderately infective and val- 
ues of over 5000L,/kg can he expected to produce 
clinical disease in young cattle during their lirst season 
at erass. 

Although this is a useful technique for detecting thc 
level of gastrointestinal nematode L, on pastures, it is 
less valuable for detecting lungworm larvae becausc of 
the r a ~ i d  fluctuations of these larvae on oasturcs. A 
more sophisticated technique, the 1orgcn;cn method, 
which depends on migration of larvae through an agar 
medium containing bile, is used i n  some lahoratorics 
for estimating Diclyocaulus larval populations on pas- 
ture; since most 1-ungwonn larvae are concentrated 
close to faeces, herbage samples should bc collected 

from around faecal deposits. In the present state of 
knowledge, the dctcction of any lungworm larvae in 
herhage samplcs should be regarded with suspicion 
and cvcn a ncgative linding does not necessarily imply 
that lhe pasture is free of infection. 

ECTOPARASITES 
Arthropods of veterinary interest are divided into two 
major groups, the lnsecta and the Arachnida. Most are 
temporary or permanent ectoparasites, found either in 
or on the skin, with thc cxccption of some flies whose 
larval stages may be found in the somatic tissues of the 
host. Parasitic insects include Hies, lice and fleas, while 
thc two groups of arachnids of veterinary importance 
arc the ticks and mites. In all cases diagnosis of infec- 
tion depends on the collection and identificalion of the 
parasite(s) concerned. 

INSECTS 

Adult dipteran flies visiting animals are usually caught 
either hy netting or aftcr being killed by insecticides, 
while larvac may hc collected in areas where animals 
arc housed or directly from animals where the larval 
stages are parasitic. Identification of the common 
flies of veterinary interest, at lcast lo generic level, is 
fairly simple, the key characters being described in the 
main text, whcrcas identification of larvae to generic 
and specics lcvcl is rather more specialized and de- 
pcnds on examination of certain features such as thc 
structure of the posterior spiraclcs. Publications 
dealing with this may hc found at the end of the 
chapter. 

LICE AND FLEAS 

The detection of small ectoparasites such as lice and 
Reas depends on close examination; in the case of lice, 
the cggs, commonly known as 'nits', rnay also be found 
attachcd lo the hair or feathers. Fleas may he more 
difficult to detect, but the finding of Hea 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 duc 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). Altcmalively, in the 
case of small animals, thc parasites may be readily 
recovered if thc 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 descrihed in the text. 
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PROTOZOAL INFECTIONS 

Ticks are easily recognize, on their hosts, especially The laboratory diagnosis of protozoal diseases is often 
when they are engorged, but care should be taken in relatively straightforward and well within the scope of 
their rembva~ since thkir mouthparts are usually firmly 
embedded in the skin. The tick may be persuaded to 
withdraw its moulhparts 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 Otodrrtes and 
Chryleriella can he found by close examination. For 
example, Otodecfes may be seen either on examina- 
tion of the external auditory canal using an auroscope 
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 usually confirm infection with 
Cheylefiella. For the demonstration of some non-bur- 
rowing and burrowing mites it is ofleu necessary to 

the general athough on other occasi;ns it 
may require specialized techniques and long experi- 
ence. This section is concerned primarily with the 
former and supplements the information already 
given in the general text. 

EXAMlNA TlON 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 tcchniquc 
is exactly the same as that described for 
helminthological diagnosis although the small size of 
the oocysts makes the microscopic cxamination more 
prolonged. If the animal has acute clinical signs of 
coccidiosis, such as hlood-stained faeces, and many 
thousands of oocysts are prcscnt, onc may reasonably 
consider that thc diagnosis is confirmed. Unlortu- 
natcly, with lhc more pathogenic species of coccidia, 
clinical signs may appear during the schizogonous 
ohase or when oocvst ~roduction has iust started. so 

2 .  

that a negative or low oocyst count does not neccssar- 
ilv indicate that the clinical diaenosis was wrone. The - - 
oocyst count is also of little value in the less acute 
coccidial infections associated with ~roduction losses. 

be at lheedge 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 clcan scalpel blade dipped in the oil before using 
it to scrape the surlace of a fold of affected 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 covcrslin 
should then be applicd and the sample examined un- 
der low maenilication (X100). If during this initial 
examinatio~l no mites are detected a further sample 
may be heated on a slide with a drop of 10% caustic 
potash. After allowing this preparation to clear for 5- 
10 minutes it should be re-examined. 

PRESERVA TlON 

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 he pushed down the tube to limit damage dur- 
ing transit and the lube 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 thc largcst 
flies. 

is always advisable. 
For thc dctcction of inteslinal protozoa such as 

Enfumuebo, Giordiu or Bnlan~idium, 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 reauires considerable exnerience and faccal 
samplcs prcscrvcd in formalin or polyvinyl alcohol 
mav be sent to a suecialist laboratorv for confirmation. 

The diagnosis of suspected Cryptocporidium infec- 
tion depends on the examination of faecal smcars 
stained hy the Ziehl-Niclscn tcchniquc, thc small 
thin-shelled oocysts appcaring bright red. 

EXAMINATION OF BLOOD AND LYMPH 
Thin blood smcars stained with Romanowsky dyes. 
such as Gicmsa or Lcishman. and examined under an 
oil immersion lens are commonly used for the detec- 
tion o[ trypanosomes, habesial and theilerial 
piroplasms and rickettsia1 infections such as 
anaplasmosis, ehrlichiosis and eperythrozoonosis. On 
other occasions, nccdlc biopsies of cnlargcd lymph 
nodes may be similarly stained for the detection of 
lrypanosomes (especially l'rypnnosoma brrrcri or T. 
v i v a )  or theilerial schizonts. 
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In trypanosomosis, the parasitaemia may be light this interpretation is the diagnosis o l  suspected 
and the chance of a positive diagnosis is increased if toxoplasmosis in sheep, where rising antibody levels 
a thick blood film, dehaemoglohinized by immersing over a period of several weeks are reasonable 
thc slide in water before eosin staining, is used. evidence of recent and active infection. 
For this a drop of fresh blood, with no added anti- 
coagulant, is gently stirred on a slide to cover an area 
of about lOmm diameter and allowed to dry. Suh- EXAMINATION OF SKIN 
sequently it may be stained by Field's technique as Histological examination of skin biopsies or scrapings 
follows. from the edges of skin ulcers, suspected to be due to 

leishmaniosis, may he used to demonstrate the 
Field's stain amastigotc parasites in the macrophages. 

In dourine, caused by Trypanosoma equiperdum, 
Preparation of solutions: fluid extracted from the cutaneous plaques usually of- 
Solution A Methylene blue 0 . 4 ~  fer" better chance of detecting trypanosomes than 

Azurc I 0 . 2 5 ~  blood smcars. 
Solution B 25flml Finally, although not within the province of the gen- 

Solution B Na,HP0,12H20 2 5 , ~ ~  ma1 practitioner, the use of xenodiagnosis as a diag- 
KH,PO, 1 2 . 5 ~  nodic technique should be noted. This is uscd to 
Distilled water 1 0 0 0 ~ 1  detect protozoal infections such as bahesiosis, 

Solution C Eosin 0 . 5 ~  thieleriosis or Tryponororna cruzi infection where the 
Solution B 2 5 0 ~ 1  parasitc cannot be found easily. It consists of allowing 

the corrccl intcmcdiatc host, such as a tick or a 
These solutions do not keeu and should be freshlv haematoohaeous hue. to lccd on thc animal. Thcsc 
prepared each day. 

(1) Dip slide in solution A 1 to 3 seconds 
(2) Rinse in solution B 2 to 3 seconds 
(3) Dip slide in C I to 3 seconds 
(4) Rinse in tap water 2 to 3 seconds 
(5) Stand upright to drain and dry. 

This technique is commonly used in large-scale survey 
work in thc field. 

A particularly efficient diagnostic technique lor 
trypanosomosis, described earlier in the text, is the 
examination, under darkground illumination, of the 
expressed huffy coat of a microhaematocrit tube for 
the detection of motile trypanosomes. 

The inoculation of micc with fresh blood from sus- 
pected cases of Trypanosoma congolmse or T. brrrcei 
infection is another cornmoll technique practised in 
the field. Three days later the tail blood of such 
micc should be examined and subsequently daily 
thereafter lor about three lo four wccks to establish 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, including T. cruzi infcction, babc- 
siosis, cryptosporidiosis and rickeltsial infections such 
as anaplasmosis and ehrlichiosis. However a positive 
result does not necessarily imply the presence ol  a still 
active infection, but simply that the animal has at some 
time been exposed to the pathogen. An exception to 

. .., 
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 
wccks to allow any ingested organisms to multiply, 
after which it is killed and examined lor 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/PA RASITE LISTS 



PARASITES OF CATTLE 

HELMINTHS 

Oesophagus and forestomachs 

Ceylonucutyle spp. 
Coryluphorun spp. 
Gongylonema vurrucosum 
Paramphisrorrrurn spp. 

Abomasum 

Haernonchus contortus 
Haemouchus simili.~ 
Mucistocirrus digirarus 
Ostertagia (Skrvnbinugia) kolctzida 
Osterragia le~~tospiarlaris 
Osterragia (Skryahinagia) lyrala 
Osfertagia osrerragi 
Trichusrrungylus axei 

Small intestine 

Ajirioslonzram vryburgi 
Avilrllinu centripuncrara 
Bunostomum phleborornrrm 
Cooperia onrophoru 
Cooperia pedinala 
Cooperia punctato 
Coopvria surnubada 
Moniezia brnedeni 
Moniezia expnnsu 
Nematodirus batfus 

- .  
Strongyloides papillosus 
l'onocura virulorum 

Large intestine 

Homolojius~er spp. 
Oesophagoslomrrrn radiarum 
Trichuris discolor 
Trichuric glohulosa 

Liver and pancreas 

Cyrricercus tenuicollis 
Dicocoeliunr dendriticum 
Dicocoelium hospe.~ 
Eurytrerrza pancrearicum 
Fasciola gijionrica 
Fasciola hepatica 
Fascioloides magna 
Giganrocoryle spp. 
Hydatid cysts 

Lungs 

Dicryocarrhrs viviparus 
Hydatid cysts 
Mammamonogumus laryrrgeus 
Mamnzomonogamrrs nasicolo 
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Blood vessels 

Elaeophora poeli 
Onchocerca armiliara 
Orientobilharzia narkestanica 
Schbtouoma bovis 
Schirtosoma japonicum 
Schisto.~oma leiperi 
Schistosoma rnanheei 
Schistosorna nasalis 
Schistosoma spindale 

Muscle, skin and connective tissue 

Cysn'cercus bovis 
Onchocerca spp. 
Parafilaria bovicola 
Svraria Iabiato-papillosa 
Stephanr~filoria spp. 

Brain 

Coenurus cvrehralis 

Thelaria spp 

ARTHROPODS 

Flies 
Calliphorids 
Dernratohia hominis 
Glossina spp. 
I lypoderma bovis 
ilypoderma linealum 
Midges 
Muscids 
Simzilium spp. 
Stomuxys caIcitrans 
Tabanids 

Damalinia bovis 
Haematupinus eurysternus 
Linognathus vituli 
Solenopoter capillatus 

Ticks 

Zxodes ricinus 
Ixodid licks 

Mites 

Chorioptes bovis 
Dcmodex hovis 
P~oroptes ovis 
Sarcoptes scabiei 

Anaplasma centrale 
Anaplasma marginale 
Rahe.via higemina 
Babesia bovis 
Bnbesia divrrgms 
Babesia major 
Resnoitia besnoiti 
Crypto~poridium parvum 
Cytoecetes ondiri 
Ehrlichia (Cytuecetes) phagocytuphila 
Eimeria bovis 
Eirneria ruernii 
Eperythrozoon wenyoni 
Neospora caninum 
Sarcocysris spp. 
Theileria annulata 
Theilerin parvn 
Trichornona.s foetu.v 
Tryparrosoma spp. 



PARASITES OF SHEEP AND GOATS 

HELMINTHS 

Oesophagus and forestomachs 
Cotylophoron spp. 
Gongylonema pulchrum 
Paramphistomum spp. 

Abomasum 
Harmonchras confortus 
Marshallugiu marsholli 
Ostertafiia (Teledorsagia) circuntcincta 
Ortertagia fr~rurcuta 
Parabronema spp. 
Trichosrrongylzcs arei 

Small intestine 
AviteNina cenfripuncrata 
Bunortomzrm lrigoriocephalum 
Cooperia curficei 
Cboperia surrzahada 

! Gaigeriu pacliyscelir 
Moniezia expunsu 
Nematodirus battras 
Nematodirus filicollis 
Nematodirus spathiger 

i Sfrungyloides papillosus 

?i-ichusrrongylus capricola 
Trichoslrongylrrs vitrinus 

I Large intestine 
Chahertia ovina 

Oesphagosfomum culrrmhionum 
Oesphagostomum vrnralosum 
Skrjubinema ovic 
Trirhuris ovis 
Trichuris skrjabini 

Liver 
Cysticercus lenuicollis 
Dicrocoelium dendrificum 
Dicrocelium hosprs 
Fasciola gigaritica 
Fasciola hepatica 
Fascioloirles magna 
Hydatid cysts 
Sfilesia hepatica 
Thysanosoma actinioidus 

Lungs 
Cystocaulus spp. 
Dictyuca~rlus filaria 
Hydatid cysts 
Muellerius cupillaris 
Neostrongylu spp. 
I'rofusrrongy~us rufrsrens 
Spicrrlocaulus spp. 

Blood vessels 
Elaeophora chneiduri 
Schisrosoma spp. 

Muscle, skin and connective tissue 
Cyslicercrrs ovis 
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Brain 
Coenurus cerebralis 

ARTHROPODS 

Flies 
Calliphora spp. 
Ctrrysornya spp. 
Cochliomyia spp. 
Gedoelsfia spp. 
Hydrotaea spp. 
Lucilia spp. 
Melophagus ovinus 
Muscid flies 
Oestrus ovis 
Phvrmia spp. 
I'rzevalskiana spp. 

Lice 
Damalinia ov i ,~  
Linognothus ovillus 
I.inognottrrrs pedali~ 

Mites 
Choriopte,~ bovis 
Dernodex ovis 

Psorergales ov i ,~  
l'soroples ovir 
Sarcoptes scabiei 

Ticks 

lxodes ricirrus 
lxodid ticks 

Babesia motasi 
Babesia ovis 
Coxiella burnetti 
Cryptocporidium prrwum 
Ehrlichia (Cyfoeceles) phagocytopt~ila 
Eimerio arloingi 
Eimcria crandallis 
Eimerio ovinoidalis 
Eirneria spp. 
Eperyrhroioon uvis 
Sarcocysris spp. 
Theileriu hirci 
Toxoplasma gondii 
Trypanosoma spp. 



PARASITES OF PIGS 
HELMINTHS 

Oesophagus and stomach 
Ascarops slrungylina 
Gnathostonla rloloresi 
Gnarhostoma hispirlrrm 
Gungylonrma pul<:hrum 
Hyosrru~tgylus ruhidus 
Ollulanrrs rricr~spis 
Ptrysocephalus srxalarus 
Simmondda paradoxu 
Trichostorrgylus nnei 

Small intestine 
Ascaris surrm 
Fasciolopsis buski 
Macracanthorhynchus hincdinaceus 
Srrongyloides ransomi 
Trichinella piral is 

Large intestine 
Oesophagustomrrrrr hrevicaudr~nz 
Oesophagostomum derrtarum 
Oesophagustumum granatensis 
Oecophagosromum longicaudatum 
Oesophagotomum quadrispirrulatum 
Trichrrris srri.7 

Lungs 

Merastrongylus apri 

Liver 
Cysticrrcus rer~rricolli.? 
Fasciola hepatica 
Hydatid cysts 

Blood vessels 
Schisrosorna spp 

Muscle, skin and connective tissue 
Cysticerus cellulosae 
Trichinella ,spiralis 

Kidneys 
Stephanrrrus dentarrrs 

ARTHROPODS 

Flies 
Glussina spp. 
Muscids 

Lice 
llaematopinus suis 

Mites 

Demodex phylloides 
Sarcopte,? scabiei 



Babesia perronciloi 
Babesia trurrlmunni 
Baluntidium coli 
Crytpo.~pporidium purvum 
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Eimeriu debliecki 
Eperythrozoon suis 
Isosporu srris 
Srrrrocyslis spp. 
l'rypanosomu simirre 
Trypanosomu spp. 



PARASITES OF HORSES AND DONKEYS 

HELMlNTHS 

Stomach 
Druschia megastoma 
Hahrr,nt'mu microstoma 
Hahronema musrae 
Trichostrongylus axe; 

Small intestine 
Anoplocepholu magna 
Anoplocepholu perfoliuta 
Paranoplocephala mammillano 
Parascaris equorurn 
Stronpyloidrs wesferi 

Large intestine 
Anoplocephala perfoliafa 
Cyathostomes/Trichonema spp. 
Cyathostomum spp. 
Cylicocyclus spp. 
Cylicodontophorus spp. 
Cylicostephanus spp. 
Gastrodiscus spp. 
0xy1iri.s equi 
Probsfmayria vivipara 
Strongylus edentarus 
Strongylus pquinus 
Strongylus vulgaris 
Triodontophorus brevicauda 
Triodontophorus minor 

Triodontophorus serratus 
liioduntophorus renuicollis 

Lungs 
Dictyocaulus arnfielrli 
Hydatid cysts 

Liver 
Fasciola heputicu 
Hydatid cysts 

Blood vessels 
Elaeophora bohmi 
Schistosoma spp. 

Muscle, skin and connective tissue 
Onchocerca reticulara 
Parafilarin multipapillosa 
Setaria equina 

Brain 
Halicephalobus (Micronemu) deletrix 

Eye 
Thelaiia Iacrymalis 

ARTHROPODS 
Flies 
Culicoides spp. 
Dermatobia hominis 



Gasterophil~rs haerrrorrhoidalis 
Gaslerophilus inermis 
Gas~erophilus inre.~tinalic 
Gasterophilus nasalis 
Gasterophilus nigricorrzis 
Gasrerophil~a pecorum 
Hippoboscu spp. 
Muscids 
Simulium spp. 
.$torrroxy~ calcirrurzs 
Tabanids 

Lice 
Damalinia equi 
Haematopinus asini 

Mites 
C.'horioptes eqrri 
Derrrodex equi 
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Harvest mites 
Psoropres cuni.uli 
P.voropIrs eqrri 
Sarcol~te,? scabiei 

Ticks 

lxodid Licks 

PROTOZOA/RICKETTSIA 
Aabe.~ia mbulli 
Bahecia equi 
Cryprosporidium parvum 
Ehrilichia ri~ricii 
Ehrlicllia eq~ri 
'inzeria leuckarri 
Snrcocystis spp. 
Toxoplasma gondii 
Trypanosoma spp. 



PARASITES OF DOGS AND CATS 

HELMINTHS 

Oesophagus 

Spiroc~rza lupi 

Stomach 

Gnathostorna spinigerurn 
ONulanics tricuspis 
Physaloptera spp. 
Spirura ritypleurites 

Small intestine 
Alaria spp. 
Ar~cylostoma braziliense 
Arlcylostoma caninum 
Ar~cylosfoma tubaeforme 
Diphyllubothrirrm lalum 
Dipylidium caninum 
Echinococcus granulosrrs 
Echinococcus multilocularis 
Nanuphyelw spp. 
Spirometra spp. 
Strongyloirles srerocoralis 
lirenia hydatig~na 
7henia krabbei 
Taenia rnulticeps 
Taenia ovis 
Taenia pisiformis 
Taenia serialis 
Taeniu lavniaeformis 

?bxascaris leonino 
Toxocara canis 
Toxocara car; 
Trichinellu spirrilis 
Uncinuria stenocephala 

Large intestine 
Trichuris serrata 
Trichrrris vulpb 

Lungs 
Aelurostrongylus ahstrusus 
Anafilaraides spp. 
Capillaria aerophila 
Crenosoma vulpis 
Filaroides hirthi 
Filaroides rr~ilksi 
Mammomonogamus ierei 
Metathelazia spp. 
Oslerus (Filaroides) osleri 
Puragonimus spp. 

Liver 
Capillaria hepatica 
Metorchis spp. 
Opisturchb spp. 
Platynosomum faslosum 

Blood vessels 
Angiostrongylus vasorum 
Dirofilaria immitis 
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Gurltia spp. 
Schi~tosoma incognitunz 

Muscle, skin and connective tissue 

Dipetalonema reconditum 
Dirofilaria repens 
Rhabditis spp. 

Eye 
Thelazia californiensis 

Urinary tract 

Cupillaria plica 
Dioctophyma renale 

ARTHROPODS 

Flies 

Glossina spp 
Mosquitoes 
Sand flies 

Lice 

Felicola suhrnsrratus 
I~inognarhus setosus 
Trichodectes canis 

Fleas 

Ceratophyllus gallirtae 
Ctenocephalides cauls 
Ctenocephalides felir 
Pulex irrilans 
Spilop.syllris cuniculi 

Ticks 

Txodid ticks 
Otohius nregnini 

Mites 
<.'heyletiella blakei 
Clreyletiella yasguri 
Demodex carzis 
Harvest miles 
Notoedres cari 
Otudectes cynolis 
f'neumonyssus caninurn 
Sarcol~tes scahiei 

PROTOZOA/RICKETTSIA 
Babesia canis 
Babesia fells 
Babesia ~ i b s o n i  
Besnoitia besnoiti 
Crypto,~poridium parvnm 
Cytarixzoorz spp. 
Ehrlichia canis 
Encephulirozoon cuniculi 
Entamoeba histolytica 
Giardia lamblia 
Haernohartonella feli,~ 
Hammondia hammondi 
Hepatozoon canis 
lsospora ranis 
Isosporu feli,~ 
I.so,sl~ora ohioensi~ 
Iso,spora rivolta 
Leishmania spp. 
Neorickettsia helnzinthoeca 
Neospora caninum 
Snrcocystis spp. 
Toxoplasma gondii 
Tr)panosoma spp. 



PARASITES OF DOMESTIC BIRDS 

HELMINTHS 

Oesophagus and crop 
Capillaria contorto 
Gongylonen~a irrgluvicola 
Ornithosrrongyl~~s qlradriradiatus 

Proventriculus 

Dispharynx spp. 
Echinuria spp. 
Tetromere.v spp. 

Gizzard 

Amiiloslomum anseris 
Cheilospirura spp. 
Histiocephalus spp. 
Streptocara spp. 

SmaN intestine 
Amoebotaeniu sphenoides 
Ascaridia columbav 
Ascaridia dissimilis 
Ascaridia gall; 
Copillaria caudinflato 
Capillaria obsignata 
Choanotaenia injindibulum 
Uavainea proglortina 
FilicoNis spp. 
Hartertia spp. 
Polymorphus spp. 

Raillietina echinobothridia 
Strongyloides avium 
l'richosrrongylus tunais 

Large intestine 

Lungs 
Synyamus trachea 

ARTHROPODS 

Flies 
Pseudolynchia spp. 

Lice 
Columbicola spp. 
Cuclologusler spp. 
Goniocotes spp. 
Goniodes spp. 
Holomenopon spp 
Lipeurus spp. 
Menacanthus spp. 
Menopon spp. 

Fleas 
Ceratophyllus gallinae 
Echidnophaga gallinacea 



Mites 
Dermanyssrrs ~ a l l i r ~ a e  
Knemidolocopte.~ gallinae 
Knemidocopres mmrrtans 
Knemidocoptes p~ lae  
Lan~inosiopres cysficola 
Ornilhonyssus hums 
Ornithonyssus .sylvarium 

Ticks 
Argas pqrsicus 
Argus reflexus 

Veterinary Parasirologj 

P R O T O Z O A / R I C K E T T S I A  

Aegypliunellia pullorum 
Crypto.~poridium baileyi 
Cr~ptosporidium m ~ l ~ u g r i d i , ~  
Eimeriu spp. 
IIuemoprofeus spp. 
Hexamita meleagridis 
Histomonas meleagridis 
Lelccocyrozoon spp. 
Plasnlodilam spp. 
Toxoplusrna gondii 
Trichomonas gallinae 
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INDEX 

ACANTHOCEPHALA, 100 
Acanthor, definition ol, 100 
Acaricides, 186 
ACAKINA, 180 
Aedes, 148 
Aegyptiar~ella prrllorum, 252 
A~luroslrungylus ubsrrrrsus, 62 
Agriostornum vryhurxi, 57 
Alac, caudal and cervical, definition of, 6 
Aluria, 120 
Amastigote, definition of, 219 
Amblyommu spp.. 185 
Amidostomum anseris, 42 
Amoehotaenia sphenoides, 135 
Anafilaroide.~, 65 
Anaplusmu spp., 250 
Ancylostomu spp.. 53 
Angiosrron,qylus spp., 64 
Anisakid infection, 77 
Anopheles. 148 
Anoplocephala spp., 130 
ANOPIOCFPHALIDAE, 130 
AN<lPLl lRA,  169 
Anterior station development of trypanosomes, 212 
Anlhclmintics, review of, 268 
APICOMPLEXA, 211 
ARACHNIDA, 180 
Argas spp., 188 
AKGASIDAE, 188 
Arista, dcfinition 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 
AsrAnlnornFn, 67 
Ascaris suum, 67 
Ascorops strongylina, 84 
AviteNirla centripunctata, 137 

Llabesiu spp., 242 
Bahesiosis of 

cats, 246 
cattle, 244 
dogs, 246 

horses, 245 
man. 246 
pigs, 246 
shccp and goats, 245 

Baerman tcchnique, 277 
Llnlantidir~n~ coli, 249 
Aesnoilia Desnoiti, 241 
Bilharziasis, 120 
'Black disease' of sheen. 109 

RlowHy myiasis, 158' 
Aoophilus spp.. 186 
Botflies (Orstrus ovis, Gosterophilrrs spp.), 163, I64 
Bothria, dcfinition of, 137 
BRACHYCERA, 144,151 
Bradyzoite, definition of, 234 
Brood capsules, definition of, 122 
Bursa, definition of, 6 
Brugia spp., 94 
B~rlinus, 115, 117 
Runoslom~~rn spp., 56 

Calliphora spp., 159 
CALLII'HOKIDAR, 158 
Cullitroga (Cochliomyio) spp., 161 
Capillrrrin spp., 96 
Camponolu~, 115 
Cephalopina (Cephalopsis), 167 
Cephalopsis (Cephalol~ina), 167 
Cephenemyia spp., I67 
Cerfrtuphyllus gallinae, 180 
CERATOPOGONIDAE, 145 
Cercariae, definition of, 103, 118 
Cerebrospinal nematodosis, in 

deer, 60 
man, 64 
sheep and goats, 93 

<:ssroi7n, 120 
Ceylonocotyl~, 116 
Chabertia ovina, 47 
Chagas' Discase, 217 
Chancre in trypanosomiasis, 214 
Cheilocl~irura, 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 
CILIOPHOKA, 249 



Clonorchis sinensis. 117 
Clostridium perfringens, 109 
Cnemirioa>j~fe.v (Knemidocuptes) spp.. 193 
coccrnln, 224 

differential characters of poultry coccidia. 229 
major features of life cyclcs o[ coccidia, 241 

Coccidiosis of 
cattle, 231 
dogs and cats, 232 
horses, 232 
pigs, 232 
poultry, 228 
rahbits, 212 
sheep and goals, 231 

Cochliotrryia (Calliiruga) spp.. I61 
Coenurus, dcfinilion of, 122 
Coenurrrr cerebralis, 125 

C, seriolis, 126 
Col,~rrrbimlo, 170, 176 
Cooperin spp., 26 
Coracidium. detir~ition of, 137 
Cordylobiu unlhropophaga. 161 
Corylophorun, 11 6 
Co.~iella b~rrnetii, 252 
(.'reno.roma v~rlpis. 65 
Crivellia (Przevnlxkiutla) spp.. 166 
Cryprusporidir~nz, 233. 241 
Ctenidia, definition of, 177 
Ctenocrphulidec spp., 177 
Cuch~rognsrer, 170 
Culex, 148 
CULICIOAE, 148 
Culicuides. I45 
Cutaneous larva migrans, 55, 120 
Cyathostomrrm, 46 
Cylicocyclus, 46 
Cylicodontophurus, 46 
Cylicosrephunus, 46 
CYCLOPHYLLlnP.A, 120 

families, 122 
life cyclc, 122 
structure and function, 120 

CYCLORRHAPHA, 153, 144  
Cystacanth, definition of, 100 
Cysticercoid, definition of, 122 
Cysticercus, dcfinilion of, 122 
Cysricercrrs buvis, 123 

C. cellulosae. 124 
C fi~sciolaris, 126 
C, ovis. 126 
C. pisifomn~i.~, 126 
C. tarondi, 123 
C tenuicollis, 126 

Cysrocuulus, 59 
Cystoisospora, 226 
Cylauxzoon, 249 
Cyfoecetes (Ehrlichia), 246 

Cylostome, definition of, 209 

Dumalinia, I69 
1)uvainea proglonina, 135 
DAVAIN~ILIAE,  135 
Demodvx spp., 194 
'Depluming itch', 194 
Uermacentor spp., 185 
Dermanycsus gallinue. 203 
Dermatohia hominis. 165 
Diagnosis, laboratory, 276 

of ectoparasitic infections, 282 
of helminth infcctions. 276 
of protozoal infections, 283 

Dichoutic cves. definition of. 142 
DI(:KOCOELIIDAE. 113 
Dicrocoelium, 113 
Dicryocurrlus spp., 35 

1). arrtfieldi, 39 
D. filaria, 41 
D. vivipurus, 35 

UIGENEA, 102 
slructure and function. 102 
life cycle. 102 

Uioctophyma renale, 99 
DIOCIUPHYMATOIDEA, ')'I 
LIILEPIDIDAE. 133 
Dipelulonema recondirum, 91 
Diphyllohorhriurn lntum, 137 
DIPLOSTOMNIIUAE, 120 
nrvrmA, 143 

classificalion. 145 
Dipylidium caninurn, 133 
Dirofilaria spp., 88 
Dispharynx, 85 
Dourine, 218 
Draschia megasromn. 82 

East Coast Fever, 247 
Echidnol~haga gallinaceu, 180 
Echinococcrrs grunulosrrs. 127 

E. multilocrrluris. 129 
Echinuria, 85 
Eclo~arasiticides. eeneral rcvicw. 272 , "  

Egg-counting techniqucs, 276 
Ehrlichia. 252 
Eittleria, 224 

important species, 224 
general aspects, 226 

EIMERIIDAE, 224 
Elaeophora spp., 93 
Elaphostrongylus cervi, 60 
Embryophore, definition of, 121 
Encephulilozoon cuniculi, 250 
Endodvoeenv. definition or. 235 
Entarnoega hi,;tolyricu. 211 
Enterobius vermiculuris. 79 



Enterohepatitis, infectious of turkeys, 222 
Eperythrozoon spp., 252 
Epidemiology of parasitic diseases, general 

257 -- 

Epimastigote, definition of, 214 
Eukaryotic organisms, 209 
Eurytrema pancreuticrmz, 115 
Eutromblcula, 205 
Exsheathment of nematode Iarvac, 8 

Face fly (Mwca autumnalis), 153 
Fannia, 153 
Fasciola spp., 103 
Fasciolosis of 

cattle, 110 
sheep, 109 

FASCIOLIDAL, 103 
Fasciuluides magna, 113 
Farciolopsis bl~ski, 113 
Felicola, 169 
Festoons, definition of, 181 
Filariosis in man, 94 
FILARI~IDEA.  85 
Filaroida spp.. 62 
Fiiicollzr, 101 
Flagellum, definition of, 209 
Fleas (SIPHONAPTERA), 176 

of birds. 180 , ~~ 

of mammals, 177 
Forest Hies (Hippoboscu spp.), 168 
Formica, 11 3 

Guigeria puchyscelis, 57 
Gametogony, definition o[, 210 
'Gapes' (Syngamus lrucheu). 52 
Gasterophilus spp., 164 
Gasrrodiscrc~, 11 6 
Gedoelstia, 167 
Giardia lumbliu, 224 
'Gid', 125 
Giganrocoryie, 116 
Glubidirrm (Eimeria leuckarti), 232 
Glussinu spp., 157, 212 
Gnuthustomu spp., 83 
Gongylon~n~a spp., 84 
Gorriocotes gallinue, 170, 176 
Goniodes spp., 170, 176 
Gubernaculum, dcfinition of, 6 
Gurltia, 65 

Hahronenla spp., 81 
Huenraphysulis spp., 184 
Haemarobia spp., 156 
Ha~matubosca, 156 
Haenlatopinus spp.. 169 
Hoematopota, 151 
Haemohartonella, 252 

Haemocoele, definition of, 141 
Huemonchus spp., 19 

review. Haemonchosis of 
cattle, 22 
goats, 22 
shcep, 19 

lluemoprote~rs, 249 
HAEMOSPORIDIA, 249 
Halicephulobus deletrix, 67 
Halteres, definition of, 143 
Harnmondia, 241 
Hard ticks, 181 
Iiarterria, 85 
Headfly (Ilydruraea irrituns), 154 
Heartworm of dogs, 88 
Hemimetaholous life cycle, 143 
Hepatitis cysticercosa, 126 
Heparozoon, 241 
Ileterukis spp., 76 
Heterodoxus, 170 
Hexamitu m~leagridis, 223 
Hippohosca spp., 168 
HlPl~OBoSClDAn, 167 
Histiocephalus, 85 
Histomorius meleagridis, 222, 77 
Holomenopon, 170, 176 
Holometaholous life cycle. 143 
Huloptic cyes, definition of, 142 
Ifomulogasrer, 11 6 
Hookworms, 42,53 - 

of dogs and cats, 53 
of man, 57 
of ruminants, 56 

Horn Hies (Haernatobia spp.), 156 
Horse Hies (Tubanus, Haematopota, Chrysops). 151 
Hosts, final, interrncdiate, paratenic and transport, 7, 

70.76 
House flies (Musca spp.), 153 
Hyulomma spp.. 186 
Hydatid 

definition of, 122 
disease, 128, 129 

Hydrotuea spp., 154 
HYMENOLEI~IDIDAC, 136 
Ilymenolepis nana, 136 
Hyostrongyliis rubidus. 28 
Hypobiosis, definition of. 9 
Hypoderma spp., 161 

infcction in cattle, 162 
infection in other animals, 163 

Hypopharynx, dcfinition of, 143 
Hypostome, definition of. 180 

Immun~ty to parasitic d~seases, general renew, 264 
Inhibited larval development, 9 
INsecTA, classification of, 142 
Insecticides, general rcview, 272 



Instar, definition of, 143 
lrospora spp., 226, 238 

general aspects, 226 
lxorles spp., 182 
IXODlDAE, 181 

ixodid ticks outside Europe, 184, 185 
kcy to ticks of W. Europe, 185 

'Ked', sheep, 168 
Keratoconjunctivitis, infectious bovine, 154 
Knemidocoptes (Cnemirlucoples) spp., 193 

Labella, description of. 152, 153, 155 
Labium, definition of, 143 
Lahrum, definition of, 143 
Laminosioptes cysn'cola, 197 
Leaf crowns, dcfinition of, 6 
Leishmania spp., 218 
Leishmaniosis, 218 
Leptotrornhidiurn, 205 
I.encocytozoon, 249 
Linguatula serrata, 205 
Linognarhris spp., 169 
Lipeurus spp., 170 
Liponyssus (Orrritho~ryssus). 204 
l,i[>optena, 169 
'Lizard poisoning'. 115 
Loa lull, 94 
Louse infestation in  

birds, 175 
cattle, 171 
dog and cat, 175 
equines, 174 
pigs, 174 
sheep, 173 

Liicilia spp., 159 
Lyme disease, 184 
Lyrnnaea spp., 103 

ecology. 104 
Lyperosia (Haematohia), 156 

Mucracanthorhynchus hirudinacens, 100 
Macrogamclocytes, definition of, 225 
Ma1 dc caderas, 218 
Malaria 

of birds, 249 
of humans, 249 

MALLOPHAGA. 169 
Mammomono~amns spp., 53 
Mandibles and maxillae of insects, 143 
Mange. 

chorioptic, 200 
demodectic, 194 
knemidocoptic, 193 
notoedric, 193 
otodectic, 201 
psorergatic, 201 

psoroptic, 197 
sarcoptic, 191 
skin scrapings, 284 

Mar~soneNa ozzardi, 94 
Margaropras (Boophilus), 186 
Marshallagia mar.~halli, 19 
MASTI(XlPH<lKA, 212 
McMaster technique, 276 
Mecistocirrzrs digitatus, 23 
Melophagus uvinus, 168 
Menacunlhus, 170 
Menopon, 170, 176 
Merozoite, dcfiniliun of, 210 
Mesocesruides, 136 
MESOCESTOIDIDAE, 136 
Metacercaria, definition of, 103 
Metacestodes, definition of, 122 
Metacyclic trypanosomes, definition of, 214 
Metastrongylcs of 

dogs and cats, 60 
pigs, 57 
sheep and goats, 59 

METASTRONGYl.OlDEA, 57 
Metastrongylus spp., 57 
Metathelaziaziu, 65 
Meteorological forecasting of 

fi hepatica infection, 110 
N .  hattus infection, 33 

met or chi,^, 11 7 
Microfibaria, 86 
Microgametocytes, detinition of, 225 
Micronema, 65 
MICR~SWRA, 250 
Midges (Culicoides spp.), 145 
Miracidium, definition of, 102 
Mites, 189 

burrowing, 189 
non-burrowing, 197 
partially parasitic, 204 

Moniezia spp., 132 
MONOGENEA. 102 
Morrrxellu bovis, 154 
Morellia, 153 
Mosquitoes (CIILICIDAE), 148 
Mnellerilis capillaris, 59 
Musca spp., 153 
MUSCIDAE, 153 
Muscina, 154 
Mulficeps (Toenia) muln'ceps, 125 
Myiasis, definition ol, 158 

hlowily, 158 
oestrid, 164 
screw worm, 161 
tumhu fly, 161 

Nagana, 212 
Nanophyerus, 116 



Index 

Necator americanus, 57 
NEMATHELMINTHBS, 3 
NPMATOCERA, 144. 145 
NEMATODA, 4 

basic life cycle, 7 
classification, 3 
key to alimentary nematodes of cattle and s h ~  

279 
metabolism, Y 
structure and function, 4 

Nemarodirus, 29 
buttus. 29 
other species, 31 

Neoascaris (Toxocara) vitulorun~, 72 
Neocpora caninum, 238 
Neorickettsia helminthoeca, 117 
Neostrongylus, 59 
Neutrornbiczrla. 204 
Notoedres cati, 193 

Ocelli, definition of. 142 
Oedemagena tarandi, 167 
Oesophagostornum spp., 49 
OESTRIDAE, 161 
Oestras ovis, 163 
ONulanus tricuspis, 42 
Onchocerca spp., 91 
Onchocercosis 

bovinc, 92 
equine, 91 
human, 94 

Onchosphere, definition of, 121 
Oocyst, definition of, 225 
OPISTHORCHIIVAE, 117 
Opisthorchis spp., 117 
ORIBATIDAE, 130 
Orientobilharzia (Schistosoma), 1 17 
Ornithodoros spp., 189 
Ornithor?y.~.su.i (I.iponyssrrs), 204 
Ornirhosrrongylus qlrudriradiatrrs. 42 
Oslerus (Fiklroides) osleri, 60 
Ostertagiu spp., 10 
Ostertagosis of ,  

cattle, 12 
goats, 19 
sheep, 17 

Otohius megnini, 189 
Otodrctes rynolis, 201 
Oxyspirura. 85 
Oxyuri.9 equi, 77 
OXYUKOIDEA, 77 

Paedogenesis. definition of, 102 
Papillae, caudal and cervical, definition of, 6 
Parahronpma. 89 
Paracooperia nodulosa, 28 
Parafilario hovirola, 86 

I'. mutipapillosa, 87 
Paragonimus, 116 
PARAMPHISTOMATIUAE, 115 
Paramphistomum spp., 115 
Paranoplocephala mamilluna, 132 
Parascaris equorum, 74 

zcp, Parasitic bronchitis of 
cattle, 35 
horses, 39 
pigs, 57 
shecp, 41 

Parasitic gastrucnteritis (PGE) in sheep, trcatment 
and control. 32 

Parelaphostrongylus tenuis, 60 
Parthenogenesis, 66, 172 
Pcdiculosis (louse infestalion), 171 
P E ~ A S I U M I D A ,  205 
Periparturicnt Rise (PPR), 10 
Phlebo~omus, 148 
Phornzia spp., 159 
laHSHIRAPTRRA, 169 
Physaloptera spp., 85 
Physoccphalus sexalarrrs. 84 
I'hysopsis. 117 
Pilobolus, 37 
1~lRoPl.ASMlnlA. 242 
Planorbi,~, 1 15 
Plasma pepsinogen test, 281 
Plusmodium spp., 249 
PIATYHELMINTHES, 102 
Platynosomum fastoszrm, 115 
Plcrocercoid, definition o[, 137 
Pnerrmocysris carinii, 250 
I'neumunyssus caninum, 204 
Polymorphus, 101 
Posterior station development of trypanosomcs, 212 
Prenatal (transplaccntal) infection, 51, 70, 110, 123, 

236 
Prcpatcnt period, definition o[. 8 
l'rohsmzuyria vivipara, 79 
Procercoid, definition of, 137 
Proglottid, definition of, 120 
Prokaryotic, definition of, 209 
Promastigote, definition ol, 219 
Prorostrongylus. 59 
PROTOZQA 

classification, 210 
structure and function, 209 

Przeva1,skiana (Crivelliu) spp., 166 
Pseudolynchia, 169 
PSEUDOPHYLLIUEA, 137 
Pseudopodia, definition of, 209 
Prorergules ovis, 201 
Psoroptes spp., 197 
Psoroptic mange of 

shccp, 197 
other livcstock, 200 



PSYCHODIDAE, 147 
Ptilinal sac, definition of, 145 
Prrlvx irritans. 179, 133 
Puparium, definition of, 145 
Pyriform apparatus, definition of, 130 

O fever, 185,252 
'Queensland itch' of horses, 146 

RaiNictina echinobothrirlu, 135 
Rcdia, definition of, 103 
Resistance to parasitic diseases, 263 
Rhabdiri.~, 67 
RI IABD~IOIDEA,  65 
Rhipicephalus spp., 186 
KICKLI~LSIALES. 250 
Rostcllum, detinition of, 122 

Salivaria, 212 
'Salmon poisoning' in dogs, 117 
Sandflics (Phlebutumus spp.), 147 
SAKCOCYSTIDAE, 234 
Sarcucyslis spp., 238,241 
SARCODINA, 21 1 
S A U C O M A S l l G U l ~ H ~ H A .  21 1 
Sarcophaga. 161 
SARCOPHAGLDAE, 161 
Surcuples scabiei, 190 
'Scaly leg', 'scaly face', 193 
Schlstosnma spp., 117 
SCIIISTOSOMAIIDAE, 117 
Schistosomosis, 119 

nasal, 120 
in man, 120 

Schizogony, definition of, 210 
Scolex, definition of, 120 
Screw-worm myiasis, 161 
Scutum, delinilion of, 181 
Sell-cure phenomenon, 22 
Svluria spp., 93 
Sheep scab (psoroptic mange), 197 
Sinrondsia paradoxu, 84 
SIMULIIDAE. 146 
Simulium. 146 
Siphono, 156 
SIPHONAPTERA, 176 

key to spccics. 178 
Skrjabirlugia (Os~er~ngia) spp., 10 
Skrjabirlemu uvis. 79 
Soft ticks. 188, 181 
Solenopoles, 169 
Sparganosis. definition of, 138 
Spermatheca, dcfinition of, 142 
Spicules, dcfinition of, 6 
Spicrrlucurrlus, 59 
Spilupsyllus crmiculi, 179 

Spiracles, definition of, 141 
Spirocerca lupi, 79 
Spirometra, 138 
Spirurrr ritypleurilvs, 85 
SPIRUROIDEA, 79 
Sporohlast, definition of. 225 
Sporocyst, dcfinition 01,225. 103 
Sporogony, definition of. 210 
SPOROZOA, 224 
Sporozoite, definition of, 210,225 
Sporulation, definition of, 225 
Stable fly (Stomoxys calcitruns), 155 
Stephanofilariu spp.. 88 
Stephunrarus denrulus, 50 
Stercoraria, 217. 212 
Stilesin spp., 136 
Slomnxys calcitrans, 155 
Streptocara, 85 
'Strike' (blowfly 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 
STUONGYI~IIDEA, 42 
Strongyloider spp., 66 
Strongylus spp., 43 
'Summer sores'. 81 
Surra, 218 
'Sweet itch' of horses, 146 
'Swimmer's itch', 120 
Syrrgamus trachea, 52 

TABANIDAE, 151 
Tubanos, 151 
'l'achyzoites, definition of, 234 
Taenia spp., 122 

T. hy(Ir~tigenu. 126 
T. krubbei, 123 
T. rnr~lliceps, 125 
1: ovis, 126 
T. pi.viforrni,~, 126 
T. saginatn, 122 
T. serialis, 126 
1: solir~m, 124 
1: lae~ziaeformis, 126 

'l'aeniosis of dogs and cats, 125 
TAENllDAE, 122 
Techniques for c;llcction and preservation 

of arthropods, 282 
of helminths. 278, 279 
of protozoa. 283 

Tetra,nerer, 85 



Tclrathyridium, definition 01, 122 
Theileria spp.. 246 
Thelazia spp., 82 
Thorny-headed worms (ACANTHOCEPHALA), 100 
Thyvanosoma actinioides, 137 
THYSANUSllMlDAE, 136 
Tick-borne fever, 252 
'Tick paralysis, 185 
Tick toxicosis. 186 
Ticks, 181 

kev to ticks of W. Eurove. 185 . , 
epidemiology in tropics, 186 
control, 186 

Toxascaris leonina, 73 
Toxocara cunis. 69 

T. cati, 71 
T. vitulorurn, 72 

Toxoplasma gondii, 234,241 
'l'ransmammary infection, 54, 66, 70, 72 
Transovarian infection, 242 
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'Trichodecres. 169, 133 
Trichomonas spp., 220 
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Fasciolopsis brrski, 113 
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