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It is a great pleasure for me o introduce this
e diagnosis of parasites of domes-
tic animals. It is a unique publication in many

manual fort

respects. Books concerning parasitic animal
diseases — comprehensive rexthooks, bur also
field manuals — abound. These generally deal
with aetiology, clinical signs and pathology, as
well as control and rreatment. However, while
methods tor diagnosis are often mennoned,
these are rarely sufficiently practical and spe-
cific ro allow the personnel in field laboraro-
ries to reach a concise, rapid diagnosis of the
parasite species involved in any particular case.
Parasitic Infections of Domestic Animals suc-
ceeds in redressing rhese shorrcomings.

That such a work ever came to fruirion ar
all is to the credit of its principal author Dr,
Johannes Kaufmann, head of the Diagnostic
Section of the Institute of Parasitology ar the
University of Berne, Switzerland. In the late
1980s Dr, Kaufmann worked in a field labor-
arory of the Internavional Trypanotolerance
Centre i Gambaa, While there he became
acurcly aware of the need for pracrical litera-
ture on parasite diagnosis. After returning to
Swirzerland he ook on the gargantoan rask
of compiling such a work himself, Supple-
menting the material gleaned from his ficld
work, Dr. Kaufmann has broaght topether a

Foreword

grear deal of informarion from various insti-
tutes and universities.

The resulr is an impressively comprehen-
sive, beauntully illustrated and, above all high-
lv serviceable manual. It s easy to consule. Its
svsremanc and colour-coded lavour allows the
user to steer swiftly and surely through a vast
amount of information. Clinical pictures and
figures show the parasite stage of diagnosnc
imreres, facilitating a rapid and accurare diag-
nosis. The book has been designed to be used
by veterinarians and rechnicians, by reachers
and students — in tact, by anvone dealing with
the diagnosis of discases in domestic animals.
On another practical level, it will enable meat
inspecrors and other public health officials o

identity parasites of animals which mav infect
humans. While onginally meant for use pri-

marily in Africa, the book’s relevance is by no
means himired o this contiment, simce most of
the economically important parasites consid-
ered in detail (e, coccidia of poultey, gas-
rreintestinal nemarodes of ruminants, stron-
gvles of horses, Ascaris and rrichinellosis of
swine ete.] nccur world-wide.

But what good is a well-conceived manu
al, intelligently and copiously illustrated if it
fails to reach those workers in need of it most?
The ex prnse of Fluh]i.lihinj.-| a work of this typ,

XY



W Formwong

accompanied as v is by approximarely 320
color and 400 black and whirte illustrarions is
close to prohibitive. That the price has none-
l'l'l.l.']ﬂ."!ih- |'H.'L‘I'I ser ar a '.'r_'r].' 'I'L'ﬂ.‘i“l'lﬂl'lli.' |L‘"|.'L"! I‘|
onlv possible thanks o generous financial aid
frovm cilra Basle, Swirzerland, the Swiss Devel-

xvi

opment Cooperation, Berne, Switzerland and
the University of Berne, Switzerland, This is
the tinal tactor to assuring thar Parasific Infec-
tions of Domestic Amimals will become a well-
thumbed bench book in many laboratories
world-wide.

Crerrit Uilenberg
Cargese, September 1995



The present manual is intended as a rool for the
idennification of cosmopolitan parasites affect-
ing domestic animals. Special attention has been
paid o imported or autochthonous parasitic
infections occurring in African livestock, includ-
ing dromedaries. In the course ot compiling this
work, a summary was made of the activities of
some 300
health departments, research institutes, univer-
sities, private enterprises etc.) dealing with the
research, diagnosis and control of parasitic dis-
eases i Africa. Both francophone and anglo-

instrutions  (national  veterinary

phone literature has been considered.

Laboratories dealing with the diagnosis of
parasitic diseases need o rely on well-fur-
nished libraries in order to cover the vast spec-
trum of parasites cavsing disease. Neverthe-
|L'=-.~|. ey I.II"'I.:H':I[!H‘il‘\.. I.'hl.""L'I_'i.I.“:l-' I!h-: (LT [ ]
developing countries, do not have access o
such resources.

It is for such situations = when technical
informanon is needed bur no library is avail-
able — that this manual was designed. It con-
tains, in condensed form, all the information,
necessary for a rapid and accurate diagnosis of
parasitic infecrions of domestic ammals,

Disease may be minared cicher by adul
frarasites or by their immature stages and very
often the identification of a particular parasire

Introduction

15 based on morphological details, vo which
special arrention has been paid in this manual,
Histoparthological secrions have been included
where pathological alterations need to be elu-
cidared. Indirecr diagnosis by immunological
rechniques is indicated where it plays a pracri-
cal role, These techniques are described in the
initial chapter, METHODS.
Molecular  biological  rechnigues  have
gained an increased significance in the detec-
tion of parasitic infections even under field
conditions because ot their high diagnosnc
specificity and sensitivity. Furthermore, sam-
ples may be collected in the field (e.g. squash
blors on o fileer papers) and transporred eas-
ilv {often without refrigeration) over long dis-
tances to laboratories, where the analysis can
|:1L' 4.':1rri|.'n| onl, A '\-l1{'\'i.1| u_u;l:in:lll 'i|| llw ."l.1| TH=
ons chapter has been devoted o this highly
imporeant and fascinating rechnology,

Sometimes the species diagnosis is relevant
for the control, but very often a genus diagno-
s15 15 suthicient. This manual 15 mot intended o
servie as a textbook. It s meant to be a techni-
cal tool and locared on the laboratory bench.
The Standard Momenclarure of Animal Para-
sitic Dhseases (SMNOAPAD) taxonomy is used

in order 1o allow access o specific literawure,



| | Intr_!:rrlurtinn )

some of which is mentioned under the secnon
FurTHER READING. Lann names of parasires
which are no longer standard  in the current
scientific literature but still widely in use in cer-
tain publications and geographic areas are
mentioned as svnonvms in brackers.

In arder to meet the requirements of labor-
atories operating under field conditions, a pro-
cedure for achieving a rapid and pragmanc
diagnostic decision was established. Parasites
of cattle, small ruminanes, equine, swine,
dromedaries and poultry are described in 6
chapters. Each chapter is divided into the §
stages in which parasites may ocour: stages
found in the gut and faeces | 1), sta s fomnd
m the blood and circulatory system {0 2),
srages found in the urogemrtal system (B 3),
stages found in nternal organs (@ 4) and stag-
es found on the body surface (B 5). Under each
of these stages parasites are dealt wich in a ster-
cotvpic manner: protozoa, helminths (tremar-
odes, cestodes and nematodes) and  arthro-
poda {arachnids and insects). Informanon rel-
evant to cach parasite is presented in the fol
lowing order: scientific name of the parasite
(taxon), synonyms, commaon name of the par-
asite or the disease caused by the parasite, spe-
cies descripion containing hiclogical dara,
host specorum, geographic distribution, symp-
toms, significance of che parasire, diagnosis,
therapy and prophylaxis. A numeric key of the
source of each llustranon s imdicared  in
brackers | | ar the end ot each legend and reters
to the BisuoGrardy, Parasites which are not

specics-specific are described in the chaprer of
that particular livestock species in which they
play the most important role and a cross-ref-
erence {¥¢) is made to other amimal species or
organ systems in which they may also occur.,

It a genus is described as a group (e.gz Tri-
chastrongylus spp.) essential informarion s
provided under “ General fearures™, If sever-
al parasite species or genera can be controlled
in a similar manner, therapy and prophylaxis
may then be indicared for these species or gen-
cra collectivelv, It intections are arthropod-
borne, information will be given on the biol-
ogy of the respective vector,

Rickertsiaceae [ Ebrlickia SPPs .-'!I..I'Idlf.hru'f.l'ﬂn:f
spp., Cowdria rominantivm, Epervtbrozoon
spp. and others) form an important group of
“parasite-like™ pathogens and are often tound
in blood or tssue smears made for the detec-
rion ot blood parasites, Some important spe-
cies of Rickerrsia are described in che present
manual for differential diagnosis,

Thas |1|._1r|1|i|| 1% FII'II_"\I.'11|1.'-I.I i lhl.' !11:]11.' that
it may assist all those colleagues struggling in
their daily work wirh the diagnosis and con-
trool of hvestock diseases all over the world.
The manual wells from a great svmpathy for
those people *fighting at the frone™ under dif-
ficulr field conditions, in regions where human
survival is linked to the health of hvestock
often perilously endangered by a variety of del-
eterious conditions, among which parasinic
infestation may be highly significant.
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| Examination of faecal specimens

1.1 Detection of helminth eggs, larvae, oocysts and sporocysts of protozoa in faeces

Table 1 Methods tor the derection of parasite stages in facoes

hdethod

Sedimentation

&y v aler
s in LB5% saling

Flotation

# walh Znll, solution

s with BMaCl solution

Baermann apparatus

Detection

Lr_]r.]-_. al Forieioda SPP.G ."'.:Jr.;m:lln'.lu..'-'lrrl.;.lrrl SPR.; Lherocaehionm PP

oocysts of Bimeria lewckari [equines)

Eqgas of Schistosoma spp.

Eggs of cestodes and nematodes; ZnSa,, (*5G=1.30) oocysts and sporocysts

of protozoa except Eimena leuckarli (equines)

Eggs of Strongploides spp.; strongyles, (*50=1.20) Ascaris spp., Toxocarg spp.,

Oxpurts spp., Anoplocephala spp., Mordesio spp., oocysts of protozoa,

Trichurs spp. and Capiflario spp.

Larvae of lungworms, hatched larvae of strongyles and Strongyloides

(in older samples)

*5G = specific gravily; concentrations of ZnCl,- and NaCl solutions e« Table 2

General rule for the selection of solution for concentrating parasite stages

» saturated MaCl for floating strongyle egogs

s cedimentation in H‘:,If':l for trematode eggs

o saturated MaCl (50=1.204) is & general purpose salution

Table 2: Floration solurions

Chemical

Ml

MaMO,

Zncl,

In50, 7 x H,O
Sugar

0= specific gravily

to be disolved in
1000 mil of water

360
350
436
703
550

5G* at 20°C

1.2
1.2
1.3
1.3
1.3
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1.2 Collection and examination of faeces

Faeces intended for parasitological examina-
tion should be collecred from the rectum, wsing
disposable plastic gloves, The sample is collect-
ed o the hand of the glove which s urmed
msice out, air is expressed and the glove is ried
at the wrist. Freshly expelled faeces canalso be
used for examinarion as long as it is not con-
raminated with soil and dirt. This 15 especially
impertant since many free hiving nematode lar-
vae may occur in the environment, making a
proper diagnosis difficult or impossible. Eggs
may develop rapidly ro a stage in which it is
ditficult to identity them.

The detection of parasite stages in faeces from
animals sutfering from diarrhoca may be mark-
edly impaired. The diagnosis of parasitism by
microscopic techmiques 1s more reliable when
repeared examinations are made, For example,
negative results are sometimes obtained from
faccal examinations if the parasites are nor
mature enough to deposit eggs, This might also
occur during the encysted stapge of certain par-
asires, such as srrongvles or oesophagostomes.
Tapeworm segments often leave the digestive
tract withour disintegranng, and negarive
resules may be obrained unless segments are
detected.

1.3 Direct smear method

It is possible to demonstrate the presence of
parasite stages (eges or larvae ot helminths,
oocvsts of coccidia) by the examination of a
thin smear of emulsified faeces, A small quan-
tity of facces 15 placed on a shide, mixed with
some droplets of water and a cover slip is
placed on the fluid, The slide s invesngared
using a magnification of 530 and 230x This
method, however, sutters from the drawbacks
thar {a] it 15 effective only where the concen-
rration of parasite stages is high, (b1 ir is fre-
quently difticule ro idennity them since they are
partially covered by dernitus and (€] guantica-
tive results cannot be obramed.

Yarasimes found warh the direcr smear method:
*  coccidia species and helmineh eggs

{only when high numbers ot oocysts or
CEEs arc prescnt);

o cestode and rrematode eggs (mainly in
birds)

1.4 Flotation method

Separating the eggs from faecal debras by Hloae-
ing them on a variery of solutions, When faec-
e are emulsified n liquids of high specific
gravity and either centrifuged or allowed to
stand, the worm eggs and many protozoan
cvars float to the op while the heavy coarse
debris settles to the botrom. The top film can
them be removed and examined. Nematode
and cestode epgs tloar in a liquid with a specit-
i gravity of berween 1.10 and 1.20. Trema-
toode eggs, which are much heavier, require a
specific graviry of 1L30-1.35,

Procedure

l. Place a lump of faeces about the size of a
walnut {3=10 g or a few faccal pellets of sheep
or goats) in a shell vial, cup or glass.

2, Add approximartely 30-100 ml of rap warter
and mix thoroughly wath a spatula vntil all the
faccal marerial 15 broken down.

3. The mixture 15 poured through a wire mesh
screen with an apermore of S00=800 pm o
remove large lumps. The stramed fluid s
caught in a bowl. The screen 15 rinsed with
water and the debris letr on the screen is dis-
carded.

4. Transter the suspension o a conical meas-
ure and fll with rap warer o the top allow to
settle for 30 man.

5. Discard the supernatant carefully 1w a
remaining sediment of approx. 10 ml.

6. The sediment is stivred and a sample of 2 ml
is poured o a centrifuge tube.

7. The tube is placed in the centrifuge, With a
piperte, saturated MaCl s added unel a con-
vex meniscus stands above the top of the rube.



8. A thick 19 x 19 mm sguare cover glass is
placed on the tibe, ensuring thar no bubble is
trapped under it The cover glass mav addi-
tionally be coated with a solution of cgg whire
!plveerol (1: 1) to improve adherence of the

LERY.

9, The tube s centrifuged at 2000 rpm for 2-3
min. (In the absence of a centrifuge ler the sam-
ple stand for 30 o 60 min.}

T Pick off the cover glass and place the sam-
ple on a slide and examine under a microscope
by using a magnitication of 32— 10{=,

Parasite stages found with the flotanion mech-
od: eeps of cesrodes and nemarodes; larvae of
lungwaorms; oocvses of coccidia {except Fime-
ria leveckarsy). Tremarode eggs are not sansfac-
torly detected with the flotation method {#
Sedimentation method),

1.5 Sedimentation method

Heavy parasite cggs sink to the botrom of solu-
tions used in the tlotanon rechmigues.

Procedure
1.-5.: o Flotation method (1.4)

6. Add warer to a point a little below the wop
of the measure and allow ro serde again for 3
11060

7. Atter sedimentation the supernatant is again
drawn off, a few drops of methylene blue ( 5%5)
added and the sediment screencd in aliquots of
5 ml, wsing a low power stereomicroscope.
Anv rrematode egps are readily visible (brown
or vellow colored) against the pale blue back-
ground.

Parasirte stages detected with the sedimentation

method:

*  cgps of Fasciola spp., Dicrocoelinm spp.,
Paramphistomuem spp., Schistosoma spp.,
Coastrodiscus sp.;

¢ larvae of lungworms;

*  oocysts of Eimeria levckarti {equines)

1.6 McMaster method

This technigue is wsed where the number of
cpes or larvae per gram of facces should be
comnted.

Procedure
I, Weigh 3 g of facces and add 42 ml rap warer.

2. Homeogentee and pour suspension through a
250 pm aperture sieve, collecting the filtrae,

3. Collect the filerare, agivare and fill a test tube
of 15 ml volume.

4. Centrifuge ar 2000 rpm for 2 min,

5. Pour off the supernatant, agitate sediment
and Al tube to previows level 'with flotarion
sulution.

&, lnvert tube & times and remove flnd wath
piperte to fill boch chambers of MeMaster slide
quickly,

7. Examine one chamber and multiply number
of eges or larvae under one erched area by 100,
or twir chambers and multply by 3000 arrive
at the number of eggs per gram {epg) of facces,

Remuark: It is impossible vo calculate from the
epg the acmal worm population of the host.
Mevertheless, cpg counts in excess of 1000 are
generally considered mdicative of heavy intee-
fions, However, a low epg 15 not necessarily
indicanive of very low infections, since one part
ot the worm population may just have starred
to reach patency bur may already cause dis-
ease, Alvernatively, the epg may be affected by
developing immunity. The eggs of some spe-
cies, such as certain ascanids, Strongyloddes,
Chryares, Trickurs and Capillaria, can be cas-
ty  recognized morphologically,  However,
with the exceprion of Nesmatodiras spp., the
commaon trichostrongyle eggs require more
derailed analysis imeasurements) for ditferen-
tiation, The diagnosis “strongyle ege” is usu-
ally sufficient for practical purposes,

(Figure 1)
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Fig. 2

The Bacrmann appararos consises of a funnel held in
a revory seand. A rubber tube arcached oo the bomom
of the funnel is constricted by a chp, Faeces are wrap
ped 1o gavee and artached with a clothes-peg 1o the
funmnel. The larvae leave the facces, migrate through

the gawze 1o the sediment

1.7 Baermann method

Larvae of lungworms (third-stage larvae of gas-
trointestinal nemarodes) migrate actively inco
the aqueous phase of the Bacrmann apparatus.
This consists of a glass or plasoc funnel held in
a retort stand. A rabber tube arrached o the bot-
tom of the funnel is constricted by a chip. A sieve
laperture 250 pm) is placed on top of the funnel,
which has been partally hlled with warer. A dou-
ble layer of gauze 15 placed on top of the sieve.
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Facces are placed on the gauze, and the funnel 1s
slowly filled with water until the faeces are
immersed, The appararus is placed over night at
room emperature, during which rhe larvae
migrate out of the faeces and through the sieve
to sediment in the neck of the funnel. The clip on
the rubber is then opened and the warer in the
neck of the funnel collected in a small beaker for
microscopic examination i a Perr dish.
(Figure 2}

A simple adapration of the above method is o
suspend the faeces enclosed in gauze in a urine
glass tilled with water and leave over might.
The larvae will leave the faeces, migrate
through the gavze and settle at the bortom of
the glass. The sediment is examined under the
low power microscope as above,

Parasite stages detected with the Basrmann
method;

*  Larvae of lungworms {Dictyocandus spp.,
Muellerius spp.. Cystocaulus spp..
Protostrongylus sp., Metastrongylus spp.,
Crenasoma spp.)

* |arvae of strongyles

Cave: When taccal samples were collected
from the ground, masses of free living nema-
rodes may leave the faeces and appear in the
sediment of the Baermann funnel.

1.8 Culture and recovery of third-stage
larvae

Faccal culrure provides an environment sintable
for the hatching of helminth egas and for their
development to the infective stage. The general
method described below is suitable for the cul-
are of erichostrongylid or strongylid eggs in the
faeces of ruminants, pigs and horses.

Procedure

The faeces should be moist and crumbly bur
not really wer. Very dry faeces should not be
used for culture, If the faeces are very wet, then
charcoal, peat moss or vermiculite should be
added until the correce consistency is obtained.



1. Faeces are broken up finelv using a sparula.

2. Wide-mourthed glass or plastic jars are filled
with the mixture, closed with the Lid and incu-
bated ar 27°C for 7 or at 20°C for 10-20 days.
Fungi are sometimes troublesome but indicate
that the conditions in the culture are ideal. The
arowth of fungi can be reduced by stirring the
culrure each dav.

3. Larvae are best recovered wsmg the Baer
mann apparatus. The culture is removed from
the incubaror and the Faeces are npped our ot
the culture dish onto the double laver of gauze
of the Basrmanmn apparatus (+ abovel), distrib-
uring it as evenly as possible aver the whole
Afgd,

4, The culrwre vessel (hd, jar, dish, etc.] s
washed with a small quantity ot water. The
water 15 then tipped into the Bacrmann appa-
ratus.

3, The Bacrmann apparatus is allowed o stand
tor 24 hours, or at least over mghe, during which
time the larvae will have migrated through the
screen into the bottom of the funnel from where
they may be drawn for examinarion,

1.9 Identification of third-stage larvae of
nematodes

Procedure

1. Larvae are killed by the addition of Lugol’s
iedine to the larval suspension on a microscope
slide, lodine kills the larvae and stains the free
living nematodes vellow while parasitic thard-
stage larvae remain unstained. A coverslip s
placed on the prepared suspension betore
CX AT ATI,

2. Microscopic examination at a magnification
of AO=80 =, Some details may only be seen at
a magnification of 250 =,

3. Parasitic larvae appear translucent and
almost colourless while fr:-v-ﬁring nematodes
are stained yvellow with the iodine. Parasine
larvae show a well defined cuncular sheath

iwith few exceprions). Characreristics which
permit ditterennianion of the difterent larvae
arc shape and internal structure of the head
region, number and shape of the intesrinal
cells, relative size of the sheath tail and shape
of the larvae™s rail. Lungworm larvae, espe-
cially  Dictvocaulns  viviparus, are usually
coiled,

1.10 Staining Cryplosporidia spp. in faecal
SIMEars

Procedure
1. Air-dry rhin taccal smears and pass quickly

through a flame.

2. Stam with Zichl-Neclsen's carbol-fuchsin
solution (Merck Diagnostica no, 9215) tor 2
THm.

3. Rinse with tap water.

4. Rinse for a few seconds with acid aleohol
(3% hydrochloric acid in 70% ethanol).

5. Rinse again with tap water.

b, Counter stain with Brilbant Green (0,5%:;
Sigma no, B-6758) for 2 min.

7. Rinse again with tap warer.

8. Air-drv the slide. Microscopic examination
ar 1000, psing immersion ol Crvprosporid-
ia appear as bright red granules on a blue-green
background (B CATTLE, 1).

Altermative method

3 pl diarrhoeic faeces and 3 pl carbol-fuchsine
{Merck no. 9215) are mixed, and a thin smear
is made, After air-drying, the slide is examined
at a magnification of 1000 x, using immersion
oil. The vocysts measure 4=3 pm in diamerer
and appear as thick-walled, red granules.



W Methods

1.11 Scotch tape method

Procedure

|. A transparent scotch tape, approximately 4 cm
i length s pressed onto the skin of the anus
and then placed on a microscopic slide.

2, Microscopic examination at a magnification

of 32-100 =,

Remark: This method s widely used o derect
egps of oxvunds (Enterobins vermncularis,
Olxyneris egui etc.) in animals and man.

1.12 Sodium Acetate Formaldehyde
{SAF) method

Procedure
I. Fixation of 2-3 g facces in SAF solution (15 g
sodiumacetate, 20 ml of a 100% acetic acid,

40 ml of a 40% formaldehyde and 925 ml

water).
2. Mix  thoroughly amd  pass  suspension

thr::lug,h a pauze (placed in a funneld into a

tube.
3, Cencrifuge at 2000 rpm for 1 min.

4. Discard supernatant to a remaming sedi-
ment of 1 ml.

5. Besuspend the sediment with 7 ml of NacCl
phys,

6. Add 2 ml of ether, cover the tube with a rub-
ber and mix the contents vigorously.

7. Centrituge at 2000 rpm for 3 min.
8. Discard the supernatant carefully and trans-
ter some droplets of the sediment onto a micro-

scopic slide. Place a coverslip onto the sample.

9, Microscopic examination at a magnifi:::ltinn

of 400 x.

Remark: This method 15 widely wsed to detect
protozoan parasites | Extantoela spp., Giardia
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spp., Balantidium spp., Eimeria spp.) in the
faeces.

2.1 Demonstration of encysted larvae of

T. spiralis in muscle fibre (Compressorium
method)

Procedure

(L5=1.0 g muscle, usuvally pillars of the dia-
phragm, are subdivided into small pieces
approximarely 3 = 10 mm and crushed firmly
berween pieces of plate glass. For this purpose
a product called *compressorium™ is available
on the marked. The samples are compressed
heavily with thumb screws. The samples
should be almost transparent for the examina-
tion ar a magnification of 50 = with a dissect-
ing microscope, Larvae of T, spiralis are infec-
tive to man. Great care must be raken in han-
dling infected or suspect material.

{Figure 3}

i!!l_!!!

Fig. 3
Compressorium method: Samples of muscles are cut
into small picces and crushed berween rwo glass

plates. The samples are compressed heavily with
thumb screws unol they are almost transparent

2.2 Digestion of muscle for the release of
encysted larvae of T. spiralis

Procedure
1. The 100 g sample is finely chopped in a chop-
perfblender or cut manually into small pieces,



2. Transfer the chopped material to a 3 | beak-
er. Add 10 g of pepsin, dissolved in 2 1 of tap
water, to pive an activity of 2000 FIF (=
Fedération Internationale Pharmacie); 30,0040
units FB (Brinsh Pharmacopoeia) or 10,0040
ME (LS Mar Formula).

3 Add 16 mil hvdrochloric acid (253%) and
place a magnetic stirrer rod in the beaker.

4, Place the beaker on a heated magnenc str-
rer which has been pre-set o mamtain a tems-
perature of the solunon ar $4-367C,

&, After 30 mun digesrion transter the contents
of the beaker through a mesh screen {aperture
of 180 pm} into a 2-1 separating funnel, The
debris in the screen s gently washed wirh a fine
spray of water in order to remove larvae which
may have been rapped on the screen.

A, Sediment for 30 min and run off 40 ml of
the sediment mto a 30 ml measurmg ovlinder,
Allow to settle for 10 min, then siphon off 30
ml of the supernatant fluid. The sedimenr s
resuspended with a further 30 ml of warer and
allowed to sediment for 10 min before 30 ml
af the supernatant thud is siphoned off.

7, Pour the remaining 10 ml into a roled Pern
dish {parallel lines 3 mm apartl. Dilure the sus-
pension with tap water it i containg a lot of
undigested particles.

B, Examine the sediment vsing a dissecung
microscope at a magmbcation of 20=50 x,

Kemuar: Predilecoion sites are tongue, masserer,
mtercostal and di:lphr::gm musches, 14 i sam-
ples of each animal are collected and digested.
When manv animals need o be examined, i is
recommended o take 10 g sample of dia-
phragm pillar rissue from each animal and
bulk these to form composite samples with a
maximum of 100 g,

Alternative method (for digestion if there 15 no
heatable magnetic strrer available):

The digested flund and the tssue are placed
a3l ]‘.rh:run::g.‘r_':r {comical) flask which s mam-
tained at 37°C in a water bath or in an incuba-
tor. In rhis case the flask is shaken every 30 min
foor 4=5 b,

Rewark: The use of pre-prepared and pre-
heared pepsin-HCD solution may be easier and
reduce the dipestion period markedlv,

1 Haematols

3.1 Bloodsmear and Giemsa-stain

Procedure

1. Apply a small drop of blood from a micro-
haemarocrr capillary tube or a pipetee o the
shide approsimarely 200 mm from one end.,

2. Place a spreader on the shde at an angle of
20-307C, Draw it back o make contact with
the blood,

3, Allow the bloed to run to cach end of the
spreader. Spread the blood along the shide in a
fairly rapid bur smooth motion,

4. CQrurckly air-dry the slide and label it with a
pencil or a diamond tipped pencil.

5. Fix the thin smear for 1 min i methyl alco-
bl

G, Place it im an inverted position i Glemsa-
stain (1.5 mlin 15 ml disulled warer buffered
ro pH 7.2} for 30 min,

7. Wash the slide with warer and drain in an
|Jprig|1l: prosition o t,]r}'m::-.h.

8. Examine with a microscope ar a magnitica-
tion of 100 and 1000 =, using immersion oil,
iFizure 4)

3.2 Diff-Quick®

This is a rapid staiming method for blood

ST S

The Difr-Cuick™ {Baxter Dade AG, 3186 Dui-
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Fig. 4

[':n._'Fmr..ﬂll:-n sk a Blood=mear, A small 4|'r|:1i:- it Bleansd
is applicd o the slide approximately 20 mm from
omre eonl, A spremder (or anather clean shde) s placed
on rhe slide ar an angle of 20-30" and dreawn back
fik ||1,1k|: coslact '.l.'i||1 |||.|_' |1|r:|||-|_1. T|||_' |11|:.||-1:| 1%
allowed o run o cach end of the spreader. The
Iliwnd a5 spread .||1|:|!||; the slide i oa I'i|ir|:. ri|.|;‘1id et
simcenth miorion [57].

Fig. 5

A good qualicy high power microscope 15 an impor-
Lir r|::||.:-| i every t‘l'ium'u:-'\.lll.: 1i|i1|rr4|I|.:-r:.'. .-"; \..I_;l.l:u.],] r\-|_|
couipment shoeuld contam the following magnifica-
pioms: 32 = D00, 400 = and for the v esTEabon of
blosod smears 1000 = with ol immersion,

Fa pid seaiming methods for hloodsmears are of preat
practical wee i the rounne dignostic labararory,
The Pﬂ"l.‘it:ll.l"i.l!.‘ air-dred smears are fixed and stai-
ned inanly 15 5 by three consecutive brief immersi-
ons in the pre-prepared staining solutions,
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dingen, Switzerland) seaining set contaims solu-
tions for rapid staming of blood smears, vield-
ing results comparable o the Pappenheim
rechnique (Giemsa-Mayv-Grinwald). By con-
secutive brief immersions i the Dade Diff-
Quick Solutions, the previously  air-dried
smears are fixed and stained m only 15 5, As
samples, freshly collecred EDTA blood, but
also smears from biopsies and other marterial
may easily and quickly be stained with this
method,

(Figure §)

3.3 QBCE

A screeming method for rapid derection of
blowd parasites (Babesia spp., Trypamnosoma
spr., microhlariae erc.)

Originally developed for the diagnosis of
malaria, the QBC® (Becton Dickinson, One
Becton Drive, Franklin Lakes, N.J. 07417) is
alsoa highly sensitive and rapid method for the
diagnosis of blood parasites in animals, The
QBC method concentrates the parasitized cells
intn a narrow zone of the micro blood tube
that 15 examined under a fluorescence micro-
scope. The rese capillaries are internally coat-
ed with acridine orange and annicoagulants,
Expansion of the centrifugally separated cell
layers is achieved with a plastic Hoat, With the
QBC method, blood parasites mav be detect-
ed and idennfied within a tew minutes, The
method is dependent on a micro capillary cen-
lTiI-LEF'lL' Hl'lij 4 I:llll!}rl.‘!i-li.'l.'l'll_'r_' ITIiI_"I'[]."oTlL'[]TH.'-

3.4 Dark ground / phase contrast buffy
coat method

Procedure
1. Derermine the PCV by the microhaematoc-
rit method.

2, Cut the microhaematocrie tube with a dia-
mond tipped pencil one mm below the buffy

coat 1o include the top laver of red cells.

3. Express the contents of the capillary tube
onto a clean shide, mix and cover with a cover-
slip.



4. Examine the preparanon using phase con-
trast or darkground microscopy at a magmh-
cation of | D=4,

Remark: A number of 10=-20 fields should be
examined, Trypanosontg spp. species may be
wlentihied wsing charactenstics listed o Table

Giemsa-stained smears can be prepared
from buffy coat. Microfilariae are commonly
found with the dark ground buffy coar meth
od.

4.1 5kin scraping

Procedure

I. Scrapings arc raken from the affected area
by means ot a scalpel or a “sharp-edged
spoon”. The area selected for seraping should
be ar the edge of a visible lesion and the hair
over this area should be clipped away, Iris use-
ful to moisten the skin with liquid paraffin so
that scrapings adhere to the scalpel. Scraping
should be continued until a shight amouomt
blood oozes from the surface.

2. The material is transferred to a shide and a
|_;||'|11'|- ot :ril 15 :_'||,:||;||_'|,:|,

. A coverslip should then be applied and the
sample examined under a low magnification
{1EHD =,

Eemrark: It durimg this initial examination nao
mites are detected a further sample may be
heated on a slide with a drop of 10% KOH.
After allowing this preparation o clear for
S=10 min it showld be re-examined.

5 Imimunol

5.1 Introduction

Many parasites of vetermary importance stim-
ulate the production ot antibodies in the blooed
of the host which can be detected, using appro

priate serological technigues. The sero-diagno-
sis 15 dependent on a spealic antigen-antibods
FESPOTISE,

A number of serological techmgues are avail
alsle for |_||.|.5._'.1|1:-~.|~. of parasiti mtecinns fit
routing diagnosis, The indirect  fluorescent
antibody test (IFAT] 15 among the most impaor-
tant and most simple technigues for the indi-
rect detection of Babesia equi, B. cabalfi, B.
diverpens, B, bovis, Toxoplasma gondii and
Neaspora spp. infecrions, The IFAT will be

described in decail below,

5.2 Indirect Fluorescent Antibody Test
(IFAT)

I'he test depends upon a reaction between a par-
nculare anngen and immune serum. The globu-
lins of the latter are made visthle under ulira-vio-
ler light atver reaction with Huorescem-labelled
anti-species serum (compugate). The test may be
carried our on sera from a variery of hosts for
which smrable conjugares are available,
{Figure 6)

_._r 7 i d ] B

R 9000

12 11 4y ]

Fag. 6

Anteeen s bxed onto die fined areas of .;.:-|11:'.||,'ry|.|||:.
available IFAT shides. For cach indevidual test a posi-
tive and a neeatve contral showld be included, In
addition, 2 FRS conrrol may be used o indicare reac-
tiom ot the comugate with the antigen dicecely, Dhilo

pead test sera are .||'-|1|:|'-.| i 1l Sals CHItD the shide,
Preparation of antigen slides for Babesia spp.:
1. Blood from a highly parasitaemic animal

[between 5=20"% of the ervthrocvees should be
infecred) is collecred into heparinised tubes.

13
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2. The blood is washed 3 nimes in phosphare
buffered saline solution® (PBS; pH 7.2), cen-
trifuging for 10 min at 1000 rpin berween each
wash. The supernatant and whate cell laver are
removed.

5 Twovolumes ot PBS are added to the packed
red cells: the mixture s agitared.

4, It special TFAT slides are available 10 pl of
ervthrocyte suspension is applied to each hole.
[f normal slides are used smicars are to be made
which evenly cover the whole slide.

5. The air-dricd®®  and  then
wrapped carefully in aluminum foil, sealed in
an airtight plastic bag and stored ar -20°C

SImMears Aarc

{storage upto | vear)or -80°C (storage foor 2-3
yiearsh

* Phosphate buffered saline solution (PES) pH
7.2: B7.8 g NaCl, 10.91 g Na,HPO, awniry-
drows, 2.77 g MaH PO, Make this wp to 1]
writh diseilled water, Dilwee 1710 with distilled

ke hl‘.’ EIFEY IS,

** Samme antigens such as Toxoplasma gondii
and Neospora spir, tachyzortes should be fixed
in acetone for 3 min before freezing.

Procedure (IFAT)

1. Allow antigen slides to reach room emper-
Ature.,

2. Mark out the shdes {if necessary), using a
diamond pencil.

3. Prepare serum dilutions (1200 up o 172560
m PBS (pH V.21

4, Apply 10 pl spors to the shide, including a
positive, a negative and a PRS control,

3. Incubate in a moist chamber at 3720 for 30
ITin.

f. Rinse wirh PBS and wash vwice with PBS, 3
min cach. Allow to dry.
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7. Apply tluorescein-labelled conjugate ar cor-
rect dilution® (17100 =110000. Incubare (in
dark) in a moist chamber at 37°C for 30 muin.

8. Rinse with PBES and wash ewice with PBS, §
min each. Allow to dry.

9, Mount in 90% glyceral in PR,

10, Examine under UV illominanon ara mag-
nification of 400 = Sera dilutes at 1780
|:|4:p::11~.|i111.=_ on the ]1.1rl;i|;u|.1r anbhigen) and
above showing strong fluorescence of the par-
asites are vsually considered o be positive,
Special attention should be pard to the patrern
of fluorescence in the rest sera compared with
the controls, This demands experience of the
ohserver?

The following conjugates should be used
according to the host species:

*  Horse: anti-horse immunoglobulin
«  Cardle: ano-bovine immunoglobulin

Individual barches of antigen and conjugare
should be titrated against each other vsing con-
trol sera to optimise the conjugate diluton.

5.3 Enzyme linked immunosorbent assay
(ELISA)

[ he antigen is artached wo the plasnc wells, The
antibodies i the test serum when present
attach to the antigen. The rerained antibody 1s
detected by an annt-species serum conjugated
to an enzyme (mostly alkaline phosphatase)
which in the presence of a suirable substrare
produces a colour reaction, the intensity of
which is proportional o the antibody tirer.
The ELISA is one of the most commonly used
serological wests todav, The test is dependent
on well defined annigens and controls, For the
precise reading of the intensity of the colour
reaction may be assessed by a spectrophoto-
metric determination (ELISA reader). In vete-
rinary parasitelogy the ELISA technique s
used for Trichimella speralis, Hypoderma bovis
and Toxoplasma gomdii,



5.4 Immunoblotting (Western blot)

Antigen samples are separated in an analyrical
gel, for example an 5DS polyacrylamid gel.
The resolved molecules are transferred electro-
phoretically to a nitrocellulose membrane in a
blocting tank. The blot is then treated sequen-
tially with an antibody to the specific antigen,
and washed, and then a radiolabelled conju-
gate to derect antibodies 1s bound to the blor.
The principle is similar to that of ELISA. Afrer
washing again, the blor is placed in contacr
with an X-ray blm in a casserte. The autora-
diograph is developed and the anrigen bands
which have bound the antibody are visible,

(— Immunoblotting :]

separation gel

antigen samples

gel

The rechnique can be modified for use with an
enzyme coupled conjugate, and the bound
material can be derected by trearment with a
chromogen  which  deposits an  insoluble
reagent directly onto the blor,

{Figure 7}
5.5 Complement Fixation Test (CFT)

Complement s fixed during the reaction
berween some anngens and annbodies. By con-
ducting this reaction in the presence of meas-
urcd amounts of complement and then detect-
g the remainimg unhixed amount with a separ
ate antigen-antibody reaction, a quannfication

blotting tank

separated peptides

R e i
BRI

(F+++ )

add antibody, wash,
add enzyme coupled
conjugate, wash
add chromogen

antigen bands
visualized

immuno-staining of
blot

Fig. 7
Immunabloming:
schemanc procedure

15



I Fdethods

of the complement hixing activity of the original
serum is obtained. The CFT is required by many
natienal authorities as an import control of
horses with regard to Babesia equi, Babesia
caballi  and  Trypamosoma  equeiperdem,
although it is less sensitive than the IFAT. More
and maore, the CFT s replaced by IFAT and

ELISA.

6 bdolec

ular biclogical techniques

By Dirk Dobbelaere® and Isabel Rodin™*
*Institure of Animal Pathology and * Institute
of General Microbiology, University of Berne,
Srestzerland

6.1 Introduction

A microscope, a well-trained eve and the appli-
cation of immunodiagnosne tools adapred for
the field will, by and large, cover the needs of
the person in the field involved in the routine
diagnosis of parasitic infections. If easy rech-
niguas fulfill diaggnostic regquirements, then
there 15 indeed every reason to avoid more
sophisticated technology. Fieldworkers have
established walvable connections to local
authoricies and anmimal owners and are well
aware of the factors that influence parasite
infecrion and transmission in this area. In this
capacity, thev function more and more as an
important interface between the field and
research laboratories. However, epidemiolog-
ical studies are often called for and it is espe-
ciallv in this area that molecular biology tech-
niques have started to find widespread appli-
cations, For this ACQUIFITE  an
clementary msight into recent developments in

FEason,

molecular diagnostics 1s of interest to all who
deal with the diagnosis of parasine infections,

Sensitivity and specificity are the two most
important criteria that define the guality of a
diagnostc rechnique. We are faced with sever-
al sitwarions where parasite detecuion can be
very difficult. The parasite often eludes detec-
tion by microscopy because the organisms, or
the cells infected by them, have been seques-
tered to parts of the body from which samples
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cannot easily be taken without mvasive manip-
ulations; the number of parasites in circulation
can therefore be extremely low. In eradication
programs or epidemiology studies, it i1s impor-
tant o monitor carrier-starus, the presence of
reservoirs and the infection rates ot transmit-
ting vectors. This requires the direct demon-
stration of parasites, since the presence of ant-
bodies does nor allow a distinction between
past and current infections. New DINA rech-
nologics now provide valuable tools for solv-
ing these problems since they can both detect
and identify parasites.

Specificity becomes crucial whenever a distine-
non needs ro be made berween pachogenic and
non-pathogenic parasices that are closely relat-
ed. Cross-reactivity in diagnostic tests with
antigens of unrelated parasites can also oceur.
Considerable efforts have gone into develop-
ing new technigues thar allow the problems of
sensinviry and specificity to be addressed. The
rapid spread of hybridoma technology over the
last two decades has allowed considerable
progress in Bne-tuning serological rechnigues
and monoclonal antibodies have become the
cornerstone of many diagnostic kirs. Over the
last decade, molecular biology has also become
a routine technology and its applicanion has
stimulared rapid progress in the development
of reagents that are capable of idenrifying a sin-
gle unicellular parasite.

6.2 Recombinant antigens

In many diagnostic tests, the detecrion ot anti-
parasite antibodies in the serum of infected or
immune animals depends on the availability of
specific antigens that have to be puntied trom
the organism. The parasite from which the anti-
geit 18 1o be purified must be available in large
quantities, which is often ditficult o achieve,
and expensive in vitro culture or large numbers
of experimental animals are often required o
penerate sufficient starung material. In addi-
tion, sigmificant differences in vield, purity and
quality can arise trom barch to batch. Using the
rechnique of gene clomng, 1t 15 now possible ro
isolare parasite genes encoding a single antigen
and to introduce these genes into bacteria, veast



or mammalian cells, where they can be
expressed in large quantities as a recombinant
antigen, It is also possible to “engineer”™ these
anfigens and remove those parts that are
responsible for cross-reactivity with  other
organisms. This wav, a continuows and reliable
sonrce of diagnosnc antigens is guaranteed and
mcreased specificity can also be achieved,
Importantly, rhis rechnique also applies for
antigens of parasites which can never be main-
tained in virro or collected in large cnough
guantities for antigen production,

6.3 Detection and identification of para-
sites wsing nucleic acid probes

The use of immunodiagnostic methods for the
derection of parasites has cerrain limications.
Demaonstrating antibodies against a parasite
provides little mformation on whether the par-
asite is srill present in the animal’s bodyv and in
primary infections, disease will mostly devel-
op well before antibodies become detectable.
For this reason there is a need to be able o
detect parasites directly. Several highly sensi-
rive and specific rechniques have been devel-
oped thar rely on the demonstration of para-
site mucleic acid sequences. These rechniques
depend either on the use of DNA probes or on
the polvmerase chaim reaction (PCR). Both will
be discussed below.,

6.3.1 Technigues based on DNA probes

The genetic material {genome) of parasites that
are considered distinet species show significant
differences, which one  could call  their
“genomic signature”, allowing them to be dis-
tinguished from each other. Technologies now
exist that enable the isolation and idenrifica-
tion of such specific sequences, resuluing in the
generation of DNA probes which can be used
in a variety of assays. DNA probes can be long,
consisting of several thousands of nucleotides
or be limited o as litcle as 20 or 30 nucleotides,
also called ohgonucleondes.

A deciding factor contributing to sensitivity 1s
the number of times that the targer sequence
occurs in the genome. Ribosomal genes are

usually present in large numbers and for this
reason the development of DNA probes and
mvestigations on  phylogenetic relationship
between parasites have often relied heavily on
finding species-specific differences in the ribo-
somal genes, Repenmve sequences which are
not derived from the ribosomal genes, howey-
er, are equally useful and have also been vsed
tor species identification.

In order to allow derection, parasite DINA
needs to be immobilised on a nmitrocellulose or
nvlon membrane. Alkaline denaturanon caus-
s the separation of the DNA strands, making
the sequences accessible and allowing the
DNA probe to bind to the target sequence by
a process called hybridisanion. Binding of the
probe to parasite sequences can be demon-
strared by labelling it prior to hybridisaron.
In past years, the derection of nucleic acids
used ro depend almost entirely on the use of
radioactively labelled probes. More recent
developments, however, have led o the
appearance of a wide range of labelling kits in
which colour reactions or chemiluminescence
are used to demonstrate specific hybridisarion.
This new technology offers many advantages.
The expensive laboratory ser-up required tor
the safe handling, storage and disposal of
radicactive substances has become unneces-
sary. Importantly, the problem of radioacnive
decay of probes is now climinared and specit-
ic reagents can be stored and used over a long
period of time in a standardised way. Indeed,
with a minimum of equipment and imagina-
tion, DNA probes could be wsed under the
most priminive field-laboratory condinons.
There are several easy wavs in which parasite
nucleic acids can be transferred to membranes.
Diroplets of tlhuid to be tested for the presence
of parasites (such as blood, lvmph, spinal fhad
or stool samples) can simply be applied to
membranes and left to dry in a process called
“dot-blot™. In many cases, drying is sufficient
ro expose the DNA. Parasites thar are sur-
rounded by a strong cvst wall, however, will
require processing prior to app“untitm tor A
membrane. Parasite-containing vecrors, such
as infected tserse flies, ticks, snails etc., can also
be squashed onto membranes  (“squash-
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blots™) *Touch-blots™ made from lesions
have also been used for the diagnosis of Leish-
miaria infecrion, where parasite strain-identifi-
canon is important for deciding on the strate-
gv ot trearment which s otren associated with
severe side-effecrs. Using recombinant DNA
rechnology, probes have now been developed
which also allow different Lefsbyania strains
or peographical solares to be distinguished
from each other,

Membranes on which marerial has been blor-
ted can be dried and stored for a long time
hefore analyvsis. This makes it possible to col-
lect many samples during separare Held trips
and then oo process them all ropether upon
return to the laboratory, Figure 8 shows a
squash blor prepared from snails in which dif-
ferent larval stages of Fasciolas bepatica could
be detected vsing a DNA probe which hyvbrid-
1se5 to repenitive DNA fragments present in the
penome of Fobepatica. This example illustrates
another advanrage of wsing technigues thar
depend on  detecting  genomic  sequendes,
Whereas the morphology and the anrigenic
repertoire of the difterent lite-cvele stages of a
parasite can vary extensively, the parasite
genome 15 very stable, Morphological identifi-
carion, especiallv when mixed intecnons occur
or when many samples need o be examined,

A B C D E

g * 4 e

I‘:!F. b

Dretection of isolated larvae of Fasciols bepatica and
of farval stages in snail ‘suquash bloes”, In posinon A,
pwar Fo bepatrca redie, collected from an infected
sevail, were deposited onro the Gilrer; in |:‘:I||-1.ili-:|||. I, an
wrmnfected snal was squashed onra the filter (no sig-
nal detecrabled and in © o E, whole smails infecred
with F, fepadica were erushed vneo the filier. The fil-
ter was hvbridised with a 2M-labelled DNA probe
(Fhe IV} which hvbridises o repetitive DINA frag-
ments present in the penome of F, bepatica, The fil-
rer was exposed overmighe oo Xeray blhm.

7 eV &% + L s S il
tr-n5|--'....'-..-

®e 08 « & 0 0 ¢
a1l | .

| L
Fig. 9

Specific derecrion of Edseria magnea DMNA by “dar
blot analysis’, DNA was isolared  from differem
Eirrreria species amd spomed in duplicare onro rwo fil-
ters. Eaeh dor conmins .Lppr\-el'-:i|11._11|,'|.1.' L manoerams
of genomic DMNA One filter was hybridised with the
P2M-Labelled DNA probe, Cran 3, which deteces
repenzive sequences of all Eemeria species, The sec-
ond filter was hvbrdised with the '['u'n|'||.; Mall,
'I.'I.'El.i-\.\_'.ll I13‘ |1ru.|.|~.|_'1. l_'\:l..'ll_l'-.i".'q_'i:l' 'I.'-'Ilh J . .l:r,r.-{.l.'._r. I I'll.,' |I_.
tewella wolate labelled wich (%) also conmained E.

deervmlimi,

can be dithicult and time-consuming and may
require expertise which is nor always available.
Species-specific probes can thus often help o
circumvent problems associated with the iden-
ification of parasites by light microscopy. An
example for the use of a species-specihic DNA
probe which is capable of distinguishing Eéme-
ric magna from several other Eimeria species
by “dor blor™ analysis is shown in Figure 9.

When rreated with a minimum of care, parasite
nucleic acids are more stable than most ann-
gens on which immunodiagnostic rechnigues
depend. For a more detatled analvsis of field
samples and the characterisation of new
stratns, especially within the context ot epidem-
wlogical surveys, it is often necessary o collect
and store parasires. Most samples can be stored
ndetinirely in 70% ethanol/TmM EDTA and
neact DINA can easily be analvsed ar a lacer
point. Such analysis involves the exeraction of
DNA from samples, digestion with a number
of empirically chosen restriciion enzymes, sep-
ararion of the DNA fragments by electropho-
resis, transfer by capillary blotting to a mem-
brane and hvbridisation with specific probes {-
called southern blor hybridisation). Figure 10
summarizes this procedure and Figure 11 dem-
onstrates how a specihe probe is capable of dis-
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Fig. 10
The principle of Southern blor analvsis. Genomic

cific for the sequence of inerest, which wall hvbrid-

s boa hl:-|11|:'||||;'_1|1:|'\. LI R (RS |'|r|.'\.|.'|'|[ LT !|'|l.' 1.i|li-'.'1'.

DM A s extracted from an organism (here shown as
a collection of cells) and digested with a restriction
ENEVITE that curs the gemnomic DNA oo many frag-
menes of different sizes, These DMA fragments can
be separared, based on their different sizes, by clec-
reophoresis inoan agarose gel. The separared frag
ments are then bloted onre a nylon or nitrocellulose
filter b o |'|n::~.':';|||n' called southern blowing. The
DMA is fixed onto the fileer by baking the Blier or
by LW -cross-linking, The fileer is '-.|:|h~.-|.'-.3|LI1.':|I|[|1. Incu-
hared with a radiwacoively labelled DNA probe, spe-

Linbound probe s washed away and only specifical-
Iv hound probe remains on the fileer. Specific hybrid-
isarion of the radicactive probe can be visualised by
eX PRI AN H-ray I!-i'||:I| Tk 1|'|r.' t.l.ll:l\.'t' |.=|u|:ur-.=|dlu-_|.'.r.1-
phy .

hvbrihsed o the filver,

l‘gul.\.'h_'.k I."','||'|-;.‘|'\-| 1.'|.'1I| ,IPI‘I;‘,IF 1\.'|'IL'TL' |]1L' |1r-:||:1|.'

Kenmark: Probes can now also be labelled eneymari-
cally; incubacion with the enzyme’s substrate then
n:ql,ﬂh m thae renerabion |:-r- l\.'l:l:lfll.'l ik ._'|,:||||u|:' (SR T N TR
on the filter or chemiluminescence, which can be
detecred by X-rav filmm.
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Southern blor analvsis of DNA solared from mwo
Mevspora and two Toxoplasma isolates, Genomic
OINA was exeracted from pwo differens Nel:-!.pnm
isolates [Meo | and Meo 2) and owo different Toxo-
plasma steains (Toxo | oand Toxo 2, Fach DNA
sample was digested with four different restricrion
enzvmes, BamHIL, HindI1, Haelll and Psrl. As 2 con-
reol, DA was also isolated from the Yero cell line
m which the parasives were propagated in culture.
The DINA fragments were separated by agarose gel
electropharesis and blotted onto a filver. The filter
was hybridised first with a DNA probe which derects
bath Measpora and Tlr:-u::ll.‘rl..'ml'n:l. DA AL LETICES
and exposed to an Xeray ilm (Panel A). The simi-
laricy in the parerm of hvbridisation demonsorates
the close relaponship between the two organisms,
The probe was then removed from the filter by pro-
cess called “stripping” and the Rlter subsequently
rehvbridised with a Neospora-specific probe {Panel
B1. The specificity of this probe is demonstrated by
the fact that no hvbridisation can be observed where
the Toxoplasma DMNA was bloted onto the filter,
Mote that mone of the probes hybridises oo the DNA
isolared from che Vero cells.

tirlHllth‘tlHH Meospora frosm the |11:1rp|‘|n[:1gi|.'-.1|-
ly wirtually identical Toxoplasma,

6.3.2 Detection of parasites by the polyme-
rase chain reaction (PCR)

Despite the fact that species-specific probes tend
to detect highly repeared sequences in the
genome, the limirs of detecrion are still in the
nanogram range (for Eimeria spp., this would
correspond 1o approximately 10°-10% oocysts).
The development of the polymerase chain reac-
tion (PCR), however, has opened up extensive
possibilities for the derection of parasites and
pathogens in general. This technigue was origi-
nally made possible by the discovery of a tem-
perature-resistant IPXNA polymerase (Taq poly-
merasel which was isolated from Therss
dgueaticus, an organism found in hot springs.
The I"CR requires a special piece of equipment
known as a “rhermocvcler”™. A PCR reaction
mixture consists of the DNA sample to be rest-
ed, two specific oligonuclentides, called prim-
ers, a temperature resistant DNA polymerase
and a mixture of nucleonides which form the
building blocks for DMNA synthesis. The oligo-
nucleoatide primers are designed to march and
bind ar two well-defined sites of a known para-
site DNA sequence, The distance berween the
oligenucleotide binding sites is exactly known
[e.g. B0H) bases), The principle of a PCR reac-
tion 15 summarised in Figure 12, The double-
stranded DNA in the sample 15 first made single
stranded {melted) |'r:r' incubation ae ['::igh temper-
arure {abour 25°C). The reaction is then cooled
down to a lower temperatore (e.g. 53°C) ar
which the primers can bind to the specific rar-
get sequences in the DNA sample. The temper-
ature i1s then raised agan o 72°C ar which the
polymerase synthesizes two new strands of
DNA using the specific primers as the starting
point and the specific rarger DNA fragment as
a template, These three events, melting, primer
annealing and DNA synthesis constitute one
cvele, By continuously repeating this cycle, the
polymerase synthesizes increasing numbers of
copies of the targer sequence and the fragment
is thus “amplified™ so thar it can easily be derect-
ed by agarose gel electrophoresis, Starting with
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Fie. 13

Detection of Fiseerna feeella oscvsts by POCHK,

DMA was exeracted from decreasing numbers of E,
renve |l oocvars ranging from 20000 oocysts o 2
o vsts, Sequendes correspondmg to the intergenic
reion between the 35 ribosomal genes were ampli-
fied by MCHE, The amphibcation reactions were liv-
ded onwe an agarose gel. Afrer elecrrophoresis, the
amplified DINA fragments fexpected siee: 560 base
pairs| were visualised by ethidium bromide sta-
mengg. Mo amplibcaten peodect can be observed
when PCR was performed on a sample wathout
DA dnegative control) {reproduced from Stucki
et. al. Expermental Pavasaology Vol 76: 68-75),

ome molecule, 107 molecules can theoreticallv be
penerated in 30 cveles. This way, using a mini
mal amount of parasiee [DNA as starting mate-
rial, specitic parasice DNA fragments can be
amplitied and lirtle as 10 picograms of parasite
DMNA are now sutficient to detect the parasite
(in the case of Eimeria this would e less than
10 aocvses), Figure 13 shows how an E. ferel-
Li-specific DNA fragment can be amplified from

as hew as Bwo ooscysts,

6.3.3 Random amplification of polymorphic
DNA (RAPD)-PCR

A further method which 15 presently being
developed m several parasite systems and
which also depends on PCR s known as RAPD
analysis (random ampliticanion of polymor-
phic DNAL In this procedure, a single oligo-
nucleotide primer with an arbitrary sequence
can be used to amplify a set of charactenstic
tragments from genomic DNA by PCR. The
principle of this method s thar the oligonu-
cleatide will, by chance, bind ro the IDNA tem-
plare. It a second binding site also occurs on
the complementary DNA strand within a rea-
sonable distance (usvally nor more than 2-3
kilobase pairs) the stretch of DNA between
them will be amplified. To increase the chanc-
es of obraining amplibcaton products, the
PCR s performed under condinions which
allow imperfect matches berween the primer
and the template DNA, Because there 1s no bias
towards repetitive sequences, this method
requires considerably more genomic DNA
fapproximately 50 ng) than when repennive
sequences are the rarget, but it has the advan-
rage of being able ro dercor and distinguish
berween different strains of a particular para-
site as well as different species.

Certain precauncns are essential, however,
when PCR rechnology is applied. Becawse of
Its extreme sensitivity, the risk of contamima
tion and generating false positives are extreme-
Iv high. For this reason the use of PCR for diag-
nostic purposecs requires a special infraseruc
ture, the implementation of serict rules and the
contimuous monitoring of possible contamina-
non by including controls in all experiments.
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6.4 Concluding remarks

Molecular biology has contributed consider-
ably o the development of new diagnosrc
tools, often bringing sensitivity toa level where
a single parasite can be derected. Molecular
cloming, and the producrion of recombinant
proteins has led 1o an expansion of the range
of parasites for which diagnostic antigens can
be produced. As s the ease for all diagnostc
tesrs, however, it is important to realise that the
use of specific probes or specihc primers for
PCR implies that they only provide a positive
identification of the parasite for which the
prabes or the primers were designed, They pro-
vide no information on che presence of other
parasites, whether relared or nor, which could
be present in the sample, RAPD-PCR meets this
requirement to some cxtent in thar icallows the
detecrion of different parasites or parasite
strains, provided the organism is presents in the
sample in sufficient numbers, Therefore, how-
ever sensitive and specific the technologies
wsed, all resules need o be interpreted with care
and considered in the right conrext.

6.5 Glossary of terms

Cloning

Inserrion of a DINA sequence into a plasmid or
viral DNA wvector and propagation of the
recombinant DNA in a bacterial host.

Genomic DNA
The combined generic material of an organism
composed of DMA.

Hybridisation
Binding of labelled DNA (probe) to rarger DNA
or RINA becavse of homology in sequence.

Polymerase chain reaction (PCR)

A process that rapndly amplifies DNA sequenc-
es; the technigue relies on the separanion of the
DNA strands ar 95°C, the annealing of specif-
ic primers to the DNA ar lower temperature
and the synthesis of new strands by a remper-
ature sensitive DNA polymerase; this ovele 1s
repeated 20 to 30 times.

22

Prirner

A short stretch of nucleornides {also called oli-
gonucleotide) which s capable of binding to
a sequence containing marching complemen-
rarv bases,

Probe

Radio- or chemacally labelled DNA fragments
that hybridise o homologous targer DNA
sequences and permit their visnalisanon.

Restriction enzyme

Endonuclease that reproducibly cleaves dou-
ble-stranded DNA at speaific, well-defined rec-
ORI §ires,

Southern blot analysis

A prt:n::::durl:' [dl:'vl:lnpr_'d h}' E. Southern)
wherehy targer DNA fragments are analysed.
[INA is transfeered from an elecerophoresis gel
o a membrane by capillary action and visual-
sed by hybridisation with a labelled DNA
fragment (probe). The same rechnique per-
formed with RNA 15 called Northern blorming,.
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* Protozoa cocysts found in the faeces

Eimeria spp. Bovine coccidiosis

Location: Terminal ileum, caecum, colon

Hosts: Cartle

Species description: OF the 21 species of
Fimeria thar infect cactle, E. bowis and
E. zeeernd are most often associared with
clinical disease. Coccidiosis is commonly
a disease of voung catrle and oceurs espe-
clially in management svstems  [nighe
holding place, limired warer source, pad-
docks) which concentrate the hosts and
the parasites within a restricted area.
Bloody diarrhoea, progressive  weight
loss and death, especially in animals afrer
weaning can result from heavy infections,
Ruminants do normally excrere a few
Etmeria spp. cocvsts. The condition
called cocoidiosis includes both severe
dysentery and excretion of a high number
of oocvses,

Cieographic distriburion: World-wide

Symproms: Marrhoea lasting for a few hours,
tollowed by a selt cure or development of
severe dvsentery accompanmed by a haemaor-
rhagic and viscous diarrhoea, dehydration

24

and paralysis. Death can occur rapidiy,
mainly in calves. Another form of coceidio-
sis 18 characterized by persisting, non-haem-
orthagie diarrhoea with continuous weight
loss unril cachexia. This condinon may last
for several weeks, Ammals thar survive
severe illness can have significant weight
loss thar 15 not quickly repaimed, or can
remain permanently stanted.

Significance: E. bovis and E. zuernd are most

commonly invalved in clinical coccidiosis
of cartle,

Diagnosis: Clinical signs and extremely high

numbers of oocvsts per gram of faeces
{ 50,000-500,0001,

Thu:mp}': The drugs that are commonly used

o treat chinical coccidiosis in ruminants are
listed in Table 1. These include sulfo-
namids, nicroturazone, amproliom (10 mg'kg
pa. = 10 davs), monensin {1 mgfksg po, tor
10=30 days} and lasalocid (0.5-1 mg'kg
po. for up o & weeks), Sulladimidine
(33% soluton for intravenous imjection|,
sulfamerhazine (30-100 mgikg, po. daily
ferr 4 davs), sulfaguinoxaline [ 15 mglkg, po.
for 3 daysl mav be vsed ro trear sick ani-
mals, Sultaguanidine is less etfecrive than
the soluble sulfonamides which can be
administered orally or parenterally. Sul-
fonamides, combined with trimethoprime
can also be used o crear chinical cocoadio-
sis. Tolrrazuril (1 » 20 mg/kgl is highly
effective o rrear climcal coccidiosis in
Tuminants,

Prophylaxis: Young amimals should be kepr in

clean and dry quarters, ancl watering devic-
s should be protecred from faecal contams-
imation.  Decoquinarte, amprolom  and
iwmophorous antibiorics can be used in cat-
the for prophyvlaxis (Table 3). Neonates
should receive colostrum within 6 hours
after birth and stress (e.g. weaning, sudden
change in feed, cre.) should he mintmized.

(Figures 14, 15, 16, 17, 18, 19, 20, 21, 23, Table



Fig. 17 OQuocyst of Fimeria alabamensis
(1624 = 12=14)

'-'..

Fig. 14 Docyst of Eimeria bovis
(26-32 x 18-21 pm)

Fig. 18 Oocyst of Fireria avlnirnensis
{36-41 = 19-26 pm)

Fig. 15 Oocyses of Fameria suerni
i(16-20 = 15-18 pm})

w

F .

g
Fig. 16 Oocyst of Fareria brasiliensis Fig. 19 Quocyst of Emreria ukideomensis
(3342 x 23-30 pum) 44 3 32 )

Copyrighted |E1r.c-rlal




1 5Stages in the gut and faeces

E cilehnga E alnbiaieri

Fig. 20 Coccidia found in cactle [1]

Fig. 22 Rumen flukes found in the rumen of
M Dama cartbe

Fig., 23 Haemaorrhage in the small incestine of a
Fig. 21 Bull wirth an acure coccidiosis calf with an acute coccidiosis (Edmeria bogis)

26



Table 3 Recommended use, dosage and dosage torm ot antcocoidial drugs used in cartle,

goats, sheep, and swine

Drug' Use

Animal

Dosage

Amprolium Therapeutic

Prophylactic
Sulfonamides
Sulfamethazine  Therapeutic

Sulfaquincxaline Therapeutic

Sulfaguanidine  Prophylactic

lonophorous antibiotics

Monensin Prophylactic
Lasalocid Prophylactic
Other compounds

Mitrofurazone  Therapeutic
Decoquinate Prophylactic
Taltrazuril Therapeutic
Diclazuril Therapeutic

Cattle
Sheep
Coalts

Swine
Cattle, sheep,

goats
awine

Cattle, sheep,
qoats

Cattle, sheep,
goats

Sheep

Swire

Cattle, sheep &
goats

Cattle, sheep &
(poibls

All
Cattle

Sheep
Sheep, goals

" several trade names, © po. = orally; | 2]

10 mgy/kg daily for 5 days
50 mg/kg daily for 5 days
100 mg/kg daily for 5 days

25-85 mig/ kg once or
twice daily for 3-4 days

5-10 mg/kg daily for
21 days

25 mgkg in piglets for
first 3-4 days of life

50-100 mg/fkg daily for
4 days

15 mafka, po.” daily for
4 days

0.5-3 g per lamb per day
tor 20 days
60 mg/kg for 710 days

1 mg/kyg for 30 days

0.5-1 mug'kg per day for

up to & weeks

10-20 magkg daily for
5 days
0.5 ma/key in feed for al
least 2B days
20 mgykg, single treatment
20 mg/kg, po.

Dosage forms

20% soluble powder
2.6 %% solution
Feed additive

crumblas

Sofuble powder
or bolus

9.6 %% liquid
soluble powder
and feed additive

Feed additive

Feed additive

HE.9 % mdm

& Y promix for
addition Lo feed

25 % liquid

2.5 % suspension

27
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Cryptasporidivm prarvum (syn. O, bops)

Location: Small and Farge imrestine

Hosts: All domestic animals

Species description: Spherical oocysts 4.5-5 pm
in diameter are passed in the faeces. Espe-
cially calves vounger than 8 weeks may be
affected, showing different degrees of diar-
rhoea, associated with oedema and hyper-
plasia ot the mesenteric lymph nodes.
Cryprosporidial diarrhoea in both immunao-
deficient and non-immunodeficient human
beings have been reporred.

Geographic distribution: World-wide

Symptoms: Persistent diarrhoea in calves 5-35
days old thar does not respond to therapy.

Significance: Cryptosporidinn  parvuam s
pathogenic for calves, sheep, pig, rar and
man. Bovine cryprosporidiosis 15 a zoono-
sis. Diarrhoea due o Cryplosporidivs
parvam alone 15 often mild and self-limir-
ing, although the severity may be relared ro
ri":' H_t'l'll;'rﬂl !-itl'lfflf::rl'l UI: rl'll: L'.'IJEJTIII'J t!'ll." Lh."ﬂ-
sity of the pathogen in the environment and
the intensity of the exposure 1o the organ-
ism. Combination of the infection with
rota- andfor coronavirus are commeon and
result in persistent diarrhoea, emaciation
and death.

Diagnosis: Oocysts may be demonstrated in
Fiehl-Neelsen’s  carbol-fuchsin  stained
smears of diarrhoeic faeces (5 METHODS,
1101,

Therapy: No effective specific rreatment
known. Suppornive therapy, such as rehy-
dration and antibiotics may help in mald
cases. Chemoprophylaxis of bovine cryp-
tosporidiosis can be made experimentally
with halofuginone lactare (60-120 pe'kef
day, po. tor 7 days) or by paromomycin
{100 me/ke/day for 11 days).

Prophylaxis: Animals with a massive oocvast
excrenion should be separared from other ani-
mals and man. Contamination with facces
should be avoided. Oocysts are resistant 1o
many disinfectants [exception 5% formalin).
Emphasis should theretore be on regular

removal of contaminared faecal marerial.

MNowe: Trophozowes of Giardia boves (small
intestine) and Esmtamroeha bovis (rumen,
mtestines) occur world-wide in the faeces
of cattle, but are considered to be non-
pathogenic.,

iFigures 24, 25)
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Figr. 24 Oocysts of Cryptosporidiem parten
i4.5-5 pm) stained wich carbol-fuchsine (e5
METerons 1, 10)
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Fig. 23 Quwysts of Cryptosporidinm panam

(4.5=5 pm) stained wirh the modified Ziehl-
Meelsen’s carbol-fuchsime (8% MEmwps, 1,140

Buxtonella spp.

Remarks: This is a protozoan parasite found
occasionally in the large intestine of cartle,
Oocysts are found in the facces. The para-
site is non-pathogenic.

[Figure 26)
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Fip. & Cysr of Buxrarella sp. | 50=131 pm)

HELMINTHS

* Trematoda eggs found in the faeces and
adult trematodes living in the gastroin-
testinal tract

PARAMPHISTOMATIDAE

Location: Adulr flukes in the rumen: immasare
Fukes in the small intestine

Huosts: Domestic and wild ruminants

Species descriprion: A great number of species
of this family has been described in Africa.
Indirect life cvele with development in
treshwater snails (Bulimes spp.; Planorbis
spp.). The cercariac encyst on herbage
which is in contact with warer and devel-
op into the infective stages (meracercariae).
Infecrion is acgquired by ingestion of herb-
age  contaminared
especially around water holes, The adult
flukes are generally non-pathogenic (=80"%
of adult cattle are infected in endemic
arcas)., Discase occurs when masses of

withh meracercariac,

immature worms attach to the intestinal
mucosa after excystment, causing destruc-
tion and inflammarion. Peaks usually arthe
end of the dry season. Game animals, using
the same warer holes, may be a source of
reinfecrion, Standing water, troughs and
other water bodies are preferred habirats
of the intermediate hosts,

Geographic distribution: World-wide

Svmproms: Enteritis with extensive diarrhoea,
hypoproteinaemia, weakness during the
meestinal phase, when mmmature worms
rritate the small intestinal mucosa. Severe
symproms mainly in voung stock, Trregu-
lar romination and progressive degenera-
tion of the animals condition may be
found. Infections with adult rumen flukes
are penerally mapparent, despite the high
numbers of adult parasites in the rumen.
Rumenitis may occur due to adult flukes,
especially if Carnryerins spp. are involved.
Adule Hukes are generally non-pathogenic.

SYignificance: Severe diarrhoca and weakness,
generally caused by the immarure intesn-
nal Hukes, may lead to death.

Diagnosis: This is based on the demonstration of
immaruere Hukes in the darrhoeic faeces and
the presence of previous cases in the arca.

Caver In acute parnmphinhamiduﬁiﬁ the l:.irt_r,t,
clear, operculated eggs may not be found
in the faeces. In many areas > 80% of the
adult ruminants pass paramphistome eggs
in the faeces. The presence of eggs without
clinical signs does not necessarily indicare
paramphistomidosis,

Therapy: Niclosamide (910 mp,.l'kg pio.), reso-
rantel (65 mglkg po.) and closanteel are
active apainst immature forms. Triclaben-
dazole (12 mg/ke) and albendazole (10
mg/kgl may also be used against immature
flukes. Resorantel is active only against
mature Hukes (8% Table 4).

Prophylaxis: Avoiding intection by supplying
the herds with clean water, e.g. bore holes
or raised, snail-free troughs.

Table 4 Recommended drugs agamsr
Paramphistomum spp. infections in cattle

Drug Dosage  Immat.  Mature
(mg/kg) flukes flukes
Miclosarmide 1 600 B
Oxyclozanide 18.7
and Levamisale  19.4° *
Oxyclozanide 15 -
Resorantel K] +

*al 3-day intervals
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Remarks: Rumen Hukes in Africa belong to the
families of Paramphistomartidae (Bothri-
ofthoron  bothriophoron;  Stephanophba-
ryix compactus; Cotvlophoron cotyloph-
arum and other Cotviopharon spp.; Par-

spp. |8

amifrhistomn species]  and

Cotvlaphaoran spp.; |C. danbueyi and €.
mricrofrothrinm are the most frequent spe-
cies]) and Gastrothylacidae (Carnryerius
spp. |C. spratiosis: C. papillatus; C. dollfu-
st [Zebu only in Madagascar]).

{Figures 27, 18, 29)

Fig. 27 Rumen fukes found in the rumen of
M Dhama cattle

Fig. 28 Paramphisionm sp, attached to the
MEMEN IMUCOS5

30

Fig. 29 Fagr of a rumen fluke (Paramphistomat-
dae)

ﬂﬁgﬂﬂlfﬂm anp:i-;:.ﬂ l::-lr[.r,{: liver fluke
(e Carrie, m4.2)

F. hepatica Large liver fluke of temperate
areas and high altitnde regions in East Africa

Location: Adulr flukes in biliary ducrs; eggs in
the faeces (6% Carre, B 4.2)
{Figures 30, 31}

Dicrocoelium hospes Atrican small liver fluke
(B CaTTir, Il 4.2)

Fig. 300 Fag of Faserola bepatica
(130=150 = 6 3=90 pm)



Fre 31 Eggs of helminth
parasites of cattle (mot
drawan completely o
scale) | 3]

i 1) Schstosoma boers,
(20 Fraryrrenss pancreati-
cainid, (3} Sedristosom

sprinidale, (4) Selnstoso-

wLa Japreansicren, {3) Sols- g
Fosana mdicem, 6] W
Olrnthiohllarzia farke- I
5|',.-u'|:.|'rurr.I I:T"_I Tl!.lr'I.i:r'.J

rhoadess, (8) Sclistosmmag
sectaalis, |9 Cleseopinagns-
Toarsdeniee perddnaieane™ (O 100)

Mmmoreronsrarnies
kirvergeies, {11] Mecisfo-
cirries digitarus, (12
Birmrastoemen phieticgo.
areieen | B3| Caarmerverins
sinitonzns, | 145 Ceaafreris
furctivapta™, (15) Towdoca-
Fad J'.ifm!-ururrj and | Hiap
Fescirake frepatica.

* Strowgryvle-type ey are
difficule vo differentiane
11 POLITINE CXINUNAMIS

D, dentriticum Small hiver fluke

Location: Adulr flukes in biliary ducts; cggs in
the facces (82 Carree, B 4.2)

[(Figures 32, 53]

Fig. 33 Egg of Fasciala epatica (ah and Dicroeone-
finine dewdriticeens (b | 4]

Eurytrema pancreaticum Pancreas fluke

Location: Adult flukes in pancreatic ducrs;
eggs in the facces (B2 SHEEr ann Goars, B

Fig. 32 Egg of Dicrocoelen dendriticun: ) 4.5)
{36-45 = 25 pm} {Figure 34)



1 St:‘lgu-!. i Lhe gl and lasces

Fig. 34 Egg of Euryiresrs pancreaticim
{A0=50 2 23=34 pm}

Schistosoma spp. (8. boviz, 8. mattheei,

Fig. 36 Eggs of Schistosoma spindale
{300 x 80 pm) [4]

* Cestoda eggs found in the faeces and
adult cestodes living in the gastro-

intestinal tract

8. enrassoni) Blood flukes

{Figure 37)

Location: Adult flukes in mesenteric veins;
eggs in the intestinal wall and faeces (850

CATTLE, B 2)
{Figures 33, 36)

Montezia expansa and Moniezia benedeni

Commaon ta [PEWCHTITS

Location: Small intestine

Hosts: Cattle, sheep, goat and many other

FUminants

Fig. 35 Egp of Schistogoma bogig (180 = 60 pm)

Species description: Worms are up o6 m long
and 1.6 cm wide (M. exparnsa). M. benede-
il which occurs more often in cattle s
broader {up to 2.6 cm). The life cvele of
Maoniezia is indirecr, including many spe-
cies of oribatid mites as intermediare hosts.
Ruminants are infected by ingestion of the

Characteristics Maoniezia Moniezia Avetelling spp. Thysanlezia  Stilesia
Expansa benedini giardi hepatica

Length I-&m 26 mm im 2m 20=50 cm
Width 18 mm 26 mm Imm 12 mim 2 mm
Egg Semi-triangle  Diamond-shaped Owal Cival Round
Genitalia Double Double Single Single Single
Interpraglottid glands  Follicular Compact - .
Paruterine organs . One; lemon- Mumerous: Twwi:

in gravid segment shaped onion-shaped  round

Fig, 37 Morphological idencificarion of common cestodes in ruminants | 5]

iz



mtected mites with herbage. The prepatent
period s 35=4) days. Intections with
Mosniezia spp. may be found in more than
%% of a parvcular population, M. expan-
sa egps are riangular, contain a pyriform
apparatus and measure 36 x 67 pm. M.
benedeni eges are cuboid, with a thick,
ornamented shell and measure 75 pm in
diamerer.

Geographic distribution: World-wide

(Figures 38, 39, 40, 41, 42

Fig. 40 Mvigiezia sp; segments with double
pemitalia 4]

Fig. 38 Manmiezia sp.

Fig. 41 Egg of Momezia sp. (60-80 pmn
diameter)

Adut bapemsenaen b sl o et

I Wins o fgiasd gaten By catlle, I b sabi Lapewcornoeg, 1 Tagsesorm eog
iy preaghatin, 4 Dueyg pal cortairing proglotbcdy

Fig. 39 Life cvele of Momiesia spp. |6] Fig. 42 Momiezin sp. in the small intestine of a calf

ol g 0 —



1 Stages in the gut and faeces

STHESIA

Avitelling centripunctata

Location: Small intestine

Hosts: Sheep, goat, dromedary and rarely carle

Species description: Adules reach 3 moin length
and are about 3 mm wide. Progloteids
appear not segmented. The uterus and the
parurering organs show an opague line in the
medial portion of the proglomids. The epgs
measure 21-435 pm. This genus is non-path-
openic, Oriband mites burt also bark hee and
dusrt lice are suspected to act as intermediate
hosts,

Geographic distribution: Arid areas of Africa

(Figure 37, 43)

Thysaniezia ovilla (syn. T. giardi)

Location: Small intestine

Hosts: Sheep, goat and carrle, dromedary and
wild rumnants

Species description: Adules reach 2 moin lengrh
and are 12 mm wide. The side of the seg-
ment bulges our, giving the margin of the
waorm an irregular appearance. Eggs are

34

Fig. 43 Morphology
ischematic} of proglot-
tids of different rape-
worms found in rami-
nanis; El.. F.l:_'] = gRCre-
tion pores, GF = gemical
pare, HOY = testicular
vesicles, OB, OV =
ovary, PA = paruterine
organ with eggs, PR =
internal proglowis, TP
= terminal |‘.||‘||1_'.|11:|'|~..
LIPA = urerus with

el ruterine CrgiEn and
VI = virellarium 7]

found in groups of 10-15 in elongared
paruterine organs (about 100 pm long),
with a thick gray shell and a protuberance
at one end. Oriband mires and psocids
ibark lice, dust lice) are the intermediate
hoses. This species is not chinically impor-
ant bur frequently encountered, especially
in southern parts of Africa.

Geographic distribution: Arnid areas of Africa

(Figures 37, 43, 44)

b 1 X 5 - ]

A

7 # B 3 e #

Fig, 44 Thysaniezia ovilla; segments with single
gemitalia which alternate irregularly [8]



Stilesia globipunctata

Remarks: This tapeworm occurs in the small
ntestine mainly of sheep, goat, dromedary
ﬂl'll'j ra Fl:l"'r' {]'Fl.:ﬂ l'l'll..' ."I]'I{I []tl'll..'f rl..ll'l'lil'lﬂ.l!'lt.‘i. 'iI'I
Europe, Africa and Asia (85 Sheep and
Croars, - 1.

(Figures 45, 4a)

Fig, 45 Stilesia sp.i proglorids (a) and scolex (hi;
PA = paruterine organ [4]

ISBBALANRABRRNARRAI NS,

RN E RN RN AR PR IR

Fig. 46 Stilessr plobipueectata; immature segments
(%]

* [eneral features of intestinal tapeworms
(Moniezia spp., Tlryvsaniezia spp.,
Avitellinag spp. and Stilesia spp.) of
ruminants

Symptoms: f.il:m:ml]}' inapparent infections:
heavy infections are found only in voung
animals and can cause reduced weighe

gain. Masses of Monfezia can  cause
obstruction of the intestine,

Cave: Because of the large size of the tape-
worms their presence 15 ohvious and the
underlying cause of parasitism, the small
trichostrongylids, easily overlooked.

Significance: Tapeworms are widespread in
ruminants, but their pathogenicity has not
been proved conclusively and it seems that
they are relatively low-pathogenic.

Diagnosis: Proglortids which look like cooked
rice grains, contaming rvpical thick-shelled
or impertectly rounded cggs, appear in the
faeces. Eggs may also appear isolared in the
faeces. The presence of apeworms in the
small intestine ar slaughter is conclusive.

Therapy: Niclosamde (7590 mg'kg) and
praziquantel {5 mg'kg, sheep only) are spe-
cific cestodicidal drugs. In addinon the fol-
lowing benzimidazoles are effective against
tapeworms: albendazole (7.5 mgikg), fen-
bendazole ( 5=10 mp/ke), oxfendazole (5 megf
kgl, mebendazole (15-20 mg'kg, po.),
netobimin (7.5-20 mglkg, po.), febantel
(5=7.5 mgkg, po). Special anenrion
should be given to the control of tape-
worms in lambs o avoid losses in heavily
infected populations.

Prophylaxis: Reduction of the mite population
is not feasible and emphasis should be
given tw anthelmintic treatments when
losses due o TAPEWOTITNS OCCLIT,

* Nematoda eggs found in the faeces,
adult nematodes living in the gastro-
intestinal tract and first-stage larvae of
Dictyocaulus viviparus

Crompylonema pulelraom
Guller worm, zigzag worm

Location: Mucosa of oesophapus and fore-
stomachs

Hosts: Sheep, goar and less frequently carele

Specics description: Fggs laid by adult worms
are FlEI.‘i."i.l.'LI in faeces and harch mto larvae
when swallowed by manure-eatng beetles
or cockroaches, Larvae in cartle may be hib-
erated in the stomach and migrate towards

35
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1 Stages in the gut and faeces

the nu:.*i.{:-ph-ﬂgu.li, Adult worms are & o 14
cm in length and a number of oval cuticu-
lar thickenings appear in longitudinal rows
at the anterior end. The worms are embed-
ded in the oesophageal lining in a zgrap
partern.

Geographic distribution: World-wide

Symptoms: Rarcly observed

Significance: This is a harmless parasite and
mainly found ar autopsy. leritation of the
oesophageal and gastric mucosae may
occur in mbected animals,

Diagnosis: Mainly at necropsy; eggs ocour in
the faeces.

Therapy: Generally nor indicared

Prophylaxis: Keeping the animals on dry, well-
drained grounds or concrete floors has

been deseribed to be effective in 1:{J|1tr:1||ing
mfection.
(Figures 47, 48, 49)

Fi|_.','. 47 ﬁu.ug}'.rn:.lm".l!r.;! IrJuI.:'J'J.rum; l:.'p-i..'ul .!ig;.::il,l:
pattern |4

i

Fig, 48 Gongvlomenna puddchrim; anterior end with
curkcular plaques |3]

i6

cuticular plagues

Fig. 4% Gongyvlorema polchrn, anrenor end with
cuticular plagues [3]

Gongylonema verricosim
Rumen guller worm

Location: Mucosa of rumen, reticulum, oma-
sUm

Hosts: Cartle, sheep and goar

Species descriprion: Not well known; dung
bectles are intermediate hosts, The worms
have a reddish colour when fresh. Males
are 32-41 mm long and females 70-95 mm.
A festooned cervical ala as well as cuticu-
lar bosses on one side only are rvpical,

Geographic distribution: South Africa, India,
LISA

Symptoms: [napparent

Significance: Non-pathogenic

Dhagnosis: Casually ar necropsy

Therapy: Unknown

Prophylaxis: €5 above G palchriom

Parabronema skyjabini

Location: Abomasum

Hosts: Cattle, sheep, goat and dromedary

Species deseription: This parasite belongs o
the Spiruridae. Stomoxys spp. and Lyperosia
spp. are inrermediate hoses, Infective third-
stage larvae develop in the flies and are
deposited on the final host where the lar-
vae are ngested. Males are 15-18 mm long,
with one spicule measuring 600-710 pm
and the other one 290-310 pm. Female



Fig. 50 Parabromemg shadesense; anterior end [al,
lateral view of the tail end of 4 male (b, ventral

e ol the il af 3 male (¢ |9

worms are = 36 mm long and the valva s
sitpated at 5 mm distance to the ind end.
The anterior end is characterised l'I].' PaE-
do-lips, which are wound around the buc-
cal apemng, Four papillag are found on
these lips, The tail end of the male is reeled
to a spiral and four pairs of preanal papil-
lae are found. A group of termimal papillae
is present as it s in all the spirurids.

Geographic distribution: Asia, Cenrral and
East Africa

Symptoms: Unspecific; abomasios may  be
tound.

Significance: Unknown; P, skrpabim may play
a role rogether with other gastrointestinal
nematodes

DHagnosis: At necropsy, adolt worms may be
found in abomasal scrapings.

Therapy and Prophylaxis: A specific therapy
and prophylaxis is nor described and prob-
ahly alse not necessary. For further infor-
mation # below THERAPY OF MEMATODE
IMNFECTIONS, p.o 33

iFrgure 514

Haemronehus contortus La Fee stomach worm,

rwisted wire worm, barber's pole worm

Location: Abomasum
Huosts: Cartle, sheep, goar and other raminanes
Species description: H. comfortas s known as

the *red stomach-worm™ or “wire worm™
nt ruminants and one of their most ey -
lemt and most parthogenic parasites, Adulrs
are 10 e 30 mm long. Males are shorter
than females and have a reddish colour and
a bursa with an asymmetrical dorsal lobe
and barbed sprcules, Females are identified
as “barber’s pole worms™ becanse ther
white uteri are wound around therr red
blood-filled intestine. The valva flap s
prominent in female worms, The lite cyele
15 direct and tvpical for the strongyle nem
atodes, The prepatent period 15 19=21 days
bt ircan be shortened by immunosuppres-
sivie pathogens such as concomitant try-
panosome infections and stress facrors, In
arid areas, the parasite survives the dry sea-
son as inhibired fourth-stage larvac within
the abomasal mucosa of the host. The
mhibired larvae resume their developmem
a few weeks before the onset of the new
rainy season. This phenomenon is accom-
panied by a drasoc increase of the egg out-
put of infecred amimals before the wer sea-
SO0 SEArts (“rains nse'’ ),

Geographic distribution: World-wide

Svmproms: Anaemia, oedema (“hottle jaw™),
rough coart, weight loss or recarded growth

Sipgnificance: H. cosfortis is a very Commaon
parasite and one of the most pathogenic
nematades of rominanes, Heavy infections
cause death in young amimals, whereas
chronic infections cause anacmia, hypo-
pProteinacmia, Progressive  cmacianon.
These effects are penerally compensated
during the rainy season and only appear
progressively during the following dry sea-
son when previously heavily ifecred am-
mals may die.

Diagnosis: Eges of strongyle-type appear in the
faeces, In acute infections anaemia and
death may occur before the wormis reach
maturity. No eges are found in this case m
the facces and only the examination of the
abomasum ar NeCropsy allimws an exacr
diagnosis.

Therapy and Prophylaxis: £5 bhelow THERAPY
OF MEMATODE INFECTIONS, p. 53

(Figures 51, 32, 33, 54, 55, 36, 537, 38, 59, 6l

i7



I Stages in the gut and facces

Fige. 51 Haermnechas comtortaes; adualt parasites

Fig. 54 Haemonchis comtortus; bursa copulatnix
{schemaricl wirth barbed spicules (4590-530 jm
lamz) amd asymmwetrical dorsal fobe |3

Fig. 32 Haemonchus contorbins; owisted uncert and Fig. 35 Haemonchus comtortues; vulva flap
mkesie [ 1]

J"Ij.'.. 53 I'l'Jt'mu.'Fr.'.f.'.lizi cabrtoritis; praminent -..'I.T'n-lL'-JI F||_r|_ 6 N Dama |.'.'|||‘ hhuwing PITERC 1 TR0 .|1l|;|. “haot-

papillae (5= the jaw™ due to a chromic haemonchosis
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Fig, 57 Pale mucosa membranes following o heavy
Haemonchis contortus infection

Fig. 38 Oedemarous abomasal mucosa due 1o
hypoproteinacmia | 10

Mecistocirus digitatus

Location: Abomasum of ruminants, stomach
of pigs, rarely small inteseime

Hosts: Cartle, buffalo, sheep, goat, pig and
very rarcly man

Species dl’.!.'il:l‘ipl.‘iﬂﬂ: This nemarode resembles
Haemaonchus contortis, The females also
have the ovaries wound spieally around the
intestine but they differ from the larter by
the position of the vulva which is siuared
about 0L6-0.9 mm from the tip of the cail
and the absence of a vulvar tlap. The male
bursa has a svmmerrical dorsal lobe, which
is very small. The spicules are long (3.8-7
mm| and united together for almost their
whole  length.  The epgs  measure
951200 = S6-a0 pm, This nemarode 15 a
blood sucker.

Geographic distribution: Widespread in Cen-
tral and South Amernica, Asia, Africa
lincludimg island of Mauririus)

Fig. 3% Haemonchus contor? on the abomasal
mucosa of a calf

Fig. 60 Strongyle-rype coe [ 11]

Symproms: Acure infections are associated
with anaemia, weakness, poor growrh and
somenmes death, Chronic infecnions are
associated with oedema, bottle jaw and
progressive weight loss,

Significance: M. digitatees is an important par-
asite in endemic arcas and young animals
are particularly at risk. The effects are sim-
ilar o those of Haeaonchus eomtortus,
This parasite generally occurs together
with other gastronntestinal nematodes,

Dhagnosis: Strongyle-type eges appear in the
faeces. Adult worms may be idenrified at
necropsy.

Therapy and Prophylaxis: 80 below THERATY
OF NEMATODE INFIECTIONS, p. 53
{Fipures 61, 62, 63)




1 Stages in the gut and facces

Fig. 61 Mecistoctrrns digitatus; anterior end [8]

Fig. 62 Mecistocirrns digetates; bursa copulatrix [ 3]

Fig, 63 Mecistoctrrns digitates; female worm
(14=43 mm long; 470 pm in diamerer) | %)
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Trichostrongylus axei Stomach hair worm

LﬂCﬂlIIL"I"I.: J"I.l.'J[J]'I'IH!-iL'Im J]'HJ HHEI'.'H!-iiUI:I-'I.]l]-' S1THA “
intestine

Huosts:
sheep, goat, cattle, wild rumimants and in
the stomach of pig, horse donkev and man.

Species description: Direct nematode life cyele;
males are 2.5-6 mm long and females are
3.5-8 mm long. The spicules are dissimi-
lar; one measures 74-98 pm and the other
96-128 pm. The guh::rn;lculum Ianrh i5
=61 pm. The eggs measure 79-92 x
3141 pm.

Geographic distribution: World-wide

Symptoms: Weight loss and poor growth occur
when animals are heavily infected especial-
Iy in mixed infections with other tricho-
strongyles.

Significance: Serious weight loss and poor
growth occur when animals are heavily
infected especially in mixed infecrions with
Haemonchus, Ostertagia and heavy Coafr-
erfal burdens,

hagnosis: Detection oof strongyle-tvpe eggs in
the sediment or flotation of faeces. An
accurate diagnosis of the species can only
be obrained by microscopic examimina-
tion of adult specimens at necropsy.

Therapy and Prophylaxis: & below THerary
OF NEMATODE INFECTIONS, p. 33

{Fipures 644, 65, b}

T. axer occurs in the abomasum of

-
e |
Ao, 'h

%

.

— A \

Fig. 64 Trichostromgylus avei spicula (74-98pm
and 96-128 pm) and gubernaculum [50-61 pm|



Fig. &5 {Berling Croaperia spp. a), Trichostrongry-
fris spp. (b) and Newatodivns sp. [c)y anterior ends
above) and bursa copularrix (below | [4]

Fig. 66 Trichastrongyles axer; spicula (74-98 pm
and 96-128 pm) and gubernaculum (50-61 pm] [ 3]

Trichostrongmylus colubriformiz and other
Trichostrongylus spp. Hair worms, black
SCOUTS WOPMS

Locaton: Small intestine

Hosts: Cattle

Species description: &5 above T, axes; the male
worms are =5 mm and the females 5-7
mm long. The spicules of T. colubrifarmis
are equal (135-156 pm long) and show a
prominent distal end. The gubernaculum
is present. Infection is acquired by inges-

tion of infective third stage larvae which
burrow superficially mto the crvpts of the
intestinal cells.

Geographic distribution: World-wide

Symproms: Trichostrongyvins spp. intecnons
mav be difficult to diagnose, The symp-
toms they produce are similar to those of
other trichostrongylid infections. Weak-
ness, diarrhoea or constipation and
chronic mfections anaemia due to emacia-
fion and malnuetntion mav be seen.

Significance: T, colubrifornnis and other small
intestinal Trichastrongylus spp. are com-
monly present in mixed-species infections,
o their eftecr 15 addirive.

Diagnosis: Strongyle-tvpe eggs appear m the
faeces. Adult worms can be idenrtified ar
NECTOpPsy.

Therapy and Prophylaxis: & below Tarrary
OF NEMATODE DSFECTIONS, Py 53

[Figures 67, 68)

Fig, 67 Trichostromeylus coledrifvrms; bursa
copularriz with spicula (135-156 pm)
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I Stages in the guk and faeces

guhes-
nacidum

Fig. 68 Trichostrongvins colietrriformns: spicula
(135156 pml and gubermacalum (6375 pm) 5]

Oistertagia spp. (O, ostertagi, O, [svn. Skrjab-
imagia) fyrata and other species)
Brown stomach worms

Location: Abomasum, upper small intestine
Huoses: Carcle, sheep and goar
Species description; OO0 astertagd 15 the mose
important techostrongylid of carcle world-
wide. In Africa i plavs a role i imported
cattle and aveochthonous fections are
reported from East Africa. O circumicineta
was reported from sheep and goars in East
Africa [kenva, Ethiopia, Uganda, Zambia)
and Souch Atrica, and O pinnata was only
reported from sheep in Kenya, O lyrata
(v Skriahinagia lveata or Grosspiculagia
Fyratal occurs in cattle in Africa, 1ris very
similar to O ostertagi which accounts for
enormous  losses  world-wide in carle
rasing areas. Adult worms of the genus
Olstertagea are brownish, thread-like, and
grow o ¥ mm on length, They all have a
restricred and small cephalic vesicle, small
cervical papillae projected trom the body
surface and  pronounced  longicudinal,
cuncular ndges. The life cycle is direcr and
typical for roundworms. Envirenmental
conditions of cold or excessive dryness may
rrigper a condition known as bypobiosis,
m which larval development in the abom-
asal mucosa is arrested and maturation is
resumied several months later, Ingested
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larvae enter the glands of the abomasum,
cansing eroston of the cells, maldigestion,
protein losses with the consequence of
weight loss, diarthoca and hypoprotei-
ARTSTES

Geographic disteibution: World-wide

Symptoms: Severe diarrhoea, oedema (botrle
jaw or ascires), weight loss leading o
CMmaciarion,

Significance: Ostertagia spp. are widespread
parasites of cartle, Affecred carcle not only
lose weight bur often die of climcal oster-
taginsis, Osfertagia spp. intections are
pencrally accompanied by other gastroin-
testinal nematodes,

Diagnosis: Strongyvle-type cggs appear in the
faeces. Lggs per gramm > [O00 in calves
indicate a harmful condinon, It should be
controlled with an anthelmintic treament.

Therapy and Prophylaxis: Avoid overstock-
Mg, use pasture management to avoid
accumulation of infective larvae on herb-
age and sonly regular or steategic use of
anthelmintics & below THERAPY OF SNENM-
ATODE INFECTIONS, o A3

(Figures 68, 70, 71, Y2

(AL |RIEY

Fig. 09 Osrerfagic osterfagsn bursa copulatrx with
spiculum (200 — 250 pm [12]
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Fig. 70 Specules of: {a) Dstertagis circumicincta (up
to 430 pa longl, (b Crafertag Evifureals

(1 50=180 pm long) and (¢} Ohstertaria asteriam
[200=280F pm Tonge) [ 3]

Cooperta spp. |C. pectinata, C. punctata,
. spatulata and other species)
Cattle bankrupt worms

Location: Small intestine

Haosts: Cartle

Species deseniption: Dhrect life cvele; infective
larvae develop wiathim 4 days after faecal
deposition, Typical for all Cooperia spp.
the “swollen™ head because of a pro-
nounced cephalic vesicle. The bady cun-
cle bears 14-16 longitudinal ridges which
appear punctuated. There are no cervical
papillae. The spicules are stout, pigment-
ed brown and vsually have a ridged, wing-
like expansion in the middle. When
present in large numbers calves may show
markedly reduced weight gains, Cooperia
spp. are generally accompanied by other
erichostrongylids.

Fig. 71 Ostertagia osterfage nodules in abomasal
mincosa [ 2—4 mm i diamerer)

."".'
I’_

.
e e ¥

Fig. 72 Oarertagia sp; anterior end with cephalic
vesicle

Geographic distribution: World-wide; wide-
spread in Africa

Symptoms: Reduced wenght gain, especially in
calves; diarrhoea can occur, causing dehy-
dration which can severelv affect voung
stock.

Significance: Heavy burdens with Coopera
spp. resule m poor utilization of feed,
weight loss and transient diarrhoea, Espe-
crally in calves they can significantly con-
tribute to the overall damage of gastroin-
restinal nematode infections.

Diagnosis: Strongyle-tvpe eggs occur in the
facces. Species diagnosis only with adule
SPeCimens at necropsy.

Therapy and Prophylaxis: e below Turrapy
LI MEAMATORNE INFECTIONS, P 3

(Figures 73, 74, 75, 76, 77, 78)
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1 Stages in the qut and faeces

Fig. 76 Conperia punctata; anterior end wich
enlarged cephalic vesicle

Fig. 74 Cooperia punciata; bursa copularrix with ] |
spicules {123=145 pm} \ II|

Fig. 75 Cooperia pectinata; anterior end with Fig. 77 Cooperia pectinata; spicules [240-3%0 pm)
enlarged cephalic vesicle
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Fig. 78 Spicules of {a) Cooperia crerticed (135=145
pm bongl, (b Cooperia prenctata (123-145 pm long)
and (] Cooperig pechivgta (240=390 pm) [ 3]

Nematodirus spp. (N. filicollis, N. spatbiger,
N. belvetianus, N. battus) Thin-necked
intestinal worms, thread-necked strongvles

Location: Small intestine

Hosts: Cattle (N, befvetianus, N. filicollis, sel-
dom N. spathiger); sheep and goar (N, spa-
thiger, N. filicollis, N. battus); and drome-
dary (N spathiger)

Species description: Nematodirus species have
an inflated cutcle (bell-glass) around their
anterior end, The anterior end is clearly thin-
ner than the posterior part, The bursa of the
males has clongate lateral lobes and the spic-
ules are long and slender and their tps are
fused together. The tail of the females is shorr
with a slender terminal appendage. The eggs
are large (150-260 % 65-110 pm) and can be
distinguished from those of other tricho-
strongylids by their large size. The lite cycle
15 direct, Infective third-stage larvae develop
within the epgs which are resistant to adverse
environmental conditions, Infection occurs
when infective larvae are ingested. The pre-
patent period is 15-18 days.

Geographic  distribution: World-wide; 5-6
Nematodirus species are known to occur in
Morth  Africa (Maghreb) and certain
regrons of South Africa. Lirtle 15 known
about the tropical regions of Africa burt it

seems thar N. spathiger, N, belvetianus and
N. filicoflis occur in tropical areas.

Symptoms: Intestinal svmptoms, diarrhoea,
inappetence may be associated with heavy
Nematodirus infections.

Significance: Heavy infections together with
other gastrointestinal nemarades may cause
pooar growth, emaciation and death. The
host is harmed mainly by the larvae which
may cause significant destruction of the
mtestinal epithehal cells.

Dhagnosis: Typical cges which are larger than
most strongyle eggs appear in the facces.

Carve: The eges of the small ruminant hook-
worm Garigeria pachyscelis are also large
and should be differentiared from those of
Mematodirus spp. During the preparent
peried damage and symproms of infection
may be seen without the typical egis being
excreted in the facces, Mucosal scrapings
may demonstrare the immature worms in
the mucosa,

Therapy and Prophylaxis: & below THERAPY
OF NEMATODE INFECTIONS, p. 53

{Figures 79, 80, 81, 82}

Fig. 79 Epps of Nematodires spp. (150=260 x
T WARTE
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1 5tages in the gut and faeces

Fig. 82 MNemratadirus
helvetianes;
anterior end with
enlarged cephalic
vesicle {schematic)

Impalaia tuberculata

' L l|.j Remarks: This is mainly a parasite of the

,‘;I . W | | dromedary, rarely of zebu, cartle and sheep

I'.Il W ';'I ! in many parts of Africa. It occurs in the

| ,]' ||I abomasum and upper small intestine

) f} | (6% DROMEDARIES, 1),

| ] ! |
| ! !
(ay by ' o) (d)

Dyctyocanlus viviparus Cartle lungworm

Fig, B0 Mosterior end of spicules of: (a) Nemago-

dirses betvetianus, (h) N, filicallis, [c) N, spathiger Remarks: The first-stage larvae of Dictvocanlus

and (dp N, betras | 5] viviparas (v Carele, B 4.3) is found in the
facces of infected animals. The larvae are
recovered from the faeces by means of the
Baermann technique (557 METHODS, 1.7).

(Figure 83)

Fig. 83 Firsr=stage larvae of Dictvocanlus vivipear-
s (3490 = 25 pm) [4]

Fig. 81 Nematodines spathiger; bursa copularnix
with spicules (950 pm long: tips fused together) | 5]
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Oesaphagostomum radiatum Nodular worm

Location: Adult worms are tound i the large
intestine [caecum and colon ascendens).
Larvae occur in nodules berween small
intestine and recrum.

Hosts: Carrle

Species descnption: Direct life n.::.'-.:h.'; i:1gci1tt'lj
larvac pencerate the intestinal wall, form-
img nodules anvwhere berween the small
intestine and the recrum. The head end of
the adult worms is characterised by a large
cephalic vesicle which is constricred behind
its middle, Eggs appear in the faeces about
40 days afrer ingestion of the third-sgage
larvae.

CGeographic distribunon: World-wide

Sigmificance: One of the most damaging worms
to cattle when present in high numbers
{= 200 adults in calves; = 1000 adults in
adult cattle). Young stock may die from
nodular worm infecrions.

Symptoms: Heavy infections are accompanied
by anacmia, oedema (hypoalbuminaemial
and diarrhoca (reduced fluid absorpriond).
Olesopharostommn infections occur gen-
erally with other gastrointestinal nema-
rodes,

Diagnosis:  Thin-shelled strongyle-type eggs
appear in the taeces and pea-shaped nod-
ules in the intestinal wall at necropsy indi-
care infection with the nodular worm. The
diagnosis can be confirmed by demonstra-
ing the typical large worms at necropsy.

Therapy and Prophylaxis: & below THERAPY
OF NEMATODE INFECTIONS, p. 53

(Figures 84, 83, 86, 87}

Fig, 84 Oesophagostommen spp. adult parasites

Fig, 85 Oesophagogtommne rediatam; anterior end
with large, constricted cephalic vesicle

Fig. 86 Multiple nodules cansed by Oesopibagos-
fearrriinte rerdiateen in the caecal mucosa of a calf

Fig. 87 Multiple nodules in the wall of the large

intestine caused by Chesophagostonren radiatm;

view' from the serosa hl:l.li.'

47



1 Stages in the gut and fasces

ﬂesn,':fm;nsfumum multifoliatum

Remarks: This is mainly a large intestinal par-
asite of sheep, goats bur also zebu. s
occurrence has been reported from Nige-
ria, Kenya, Tanzamia and Zimbabwe
(B SHEEP axD Goats, 1.

Oesaplhagostomum columbianm

Remarks: This parasite occurs in the colon of
sheep, goats, camel, a number of amelopes
and occasionally of zebu. It ocours world-
wide and is particularly reported from
tropical Africa (B8 SHEEP AND GOATS, 1)

Bunostomum phlebotomam
Cattle hookworm

Location: Small intestine

Hosts: Cartle

Species description: Adules are 10-28 mm long.
There is a prominent buccal capsule with
two pairs of subvenrral lancets. The spicules
of the male measure 3.5-4 mm. The life
cycle is direct. Infective larvae usually enter
cattle by ingestion or by skin penetration.

Significance: B. phlebotomum is one of the
most pachogenic helminths of cattle in
warm and humid areas. Especially for
suckling and treshly weaned calves, during

venkral 1oath

Fig. 88 Recrosbostiog
phlebatommenm; anterior

end (a) and bursa copu-
latrix {b) [5]
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the rainy season it can be a major patho-

gen causing severe anaemia. Only 530 adult

specimens in the small intestine can cause

severe anaemia in calves. This parasite is

generally accompanied by other gastroin-

Tt!iri.l'lﬂ.l eI :ITI'H'JI:E. .ﬂ!!"l'ilffﬁmﬂm Wik
Foumdd to occur f{]r_'a“}' un|}' in certam herds
of a region.

Geographic distribution: World-wide, espe-
clally in warm, humid zoncs

Symptoms: Penetration of the skin by larvae
may cause irritation of the host inching
of the legs and feet results in cartle stamping
their feet. Iron-deficiency anaemia and
hypoproteinaemia, accompanied by oedma
[ “bortle jaw ™) are the predominant symp-
toms of cattle hookworm infections.

Signiﬁ::am:e: B. phn’efhﬂnmﬂm may ke a ser-
L% thfl:ﬂ.r L Eﬂﬂjt‘, ESFECi.‘]”}' (8] Eﬂt'l."l:!'i-.
Because of s skin-penetrating infection
mode, it can also atfecr suckling calves, kill-
ing them within a few days. Heavy infec-

tions cause acute anacmia and death,
Chronic infecrions result in poor growth.

Diagnosis: Strongvle-tvpe eggs in the faeces
and severe anaemia especially in voung
calves during the ramy scason may suggest
hookworm infection.

Therapy and Prophylaxis: & below THERAPY
OF NEMATODE IMFECTTOMS, P, 53

(Figures 88, 89)



Fig. 89 Beemostome pdlelrorosiseeni; adult male
(10-18 mm) and female (23-28 mm)

Toxocara (syn. Neoascaris) vitulorim
Large cattle ronndwaorm

Location: Small intestine

Huosts: Cartle

Species description: Large whirte worms wirh
blunt ends, up to 30 cm long and 5 mm in
diameter. The head end is characterised by
three lips without papillae. The cuticle is
thin and these worms theretore have a soft,
translucent appearance. Adules are almost
exclusively found in voung calves. Adul
females produce enormous numbers of
egps (8 = 10" eggs per dav).
The patency is low and 4=6 months after
birth no adules remain in calves, Fggs
become infective within 15 days and may
survive for extended periods. Infection is
acquired by ingestion of embryonated eggs
(contaming second-stage larvae), The lar-
vae hatch in the intestine of the host and
penetrate the ntestinal wall and cither
migrate via liver, lungs, trachea, oesopha-
gus to the intesrines where they develop to
adults or they migrate to several tissues,
including mammary glands. These larvae
mav remain dormant uncil they are mobi-
lized during the late pregnancy to pass via
the milk to the calves. These larvac may
reach marturity abour three weeks after the
calt is born, Toxocara larvae can also cross
the placenta, T. vitiloram is found almost
exclusively in calves and prenatal and
trans-mammary infections constitute the
major sources of infection of young calves,

GCeographic distribution: World-wide

Symptoms: Unspecitics intermattent diarchoea,
stearorchoea, colic due to intestinal
obstrucnion, weight loss and death.

Significance: In rropical and  subtropical
regions of Africa T. ritulorues is consid-
ered as a serious parasite with high mortal-
ity rares ameng neonatal calves. In temper-
ate areas this parasire occurs without pro-
ducing great losses,

Diagnosis: Fgos  with  thick, pimed  shells
[73=95 3 60=73 pm) appear in the facces
of calves which are around 4=6 weeks old.

adult,
worms appear on the faeces. An increased
antibody titer of the pregnant cow close 1o
birth may indicate a risk of prenaral infec-
non of the foetus.

Therapy: Several of the anthelmintcs com-
monly used for trichostrongyle infecrions
in cartle are also effective against T. vitul-
arum in calves. These include albendazole,

oxfendazole,  febanrel,
mebendazole and levamisole. Piperazine
{70=150 mg, po.) also eliminates T, vl
arwm (20 below THERAPY OF NEMATODE
INFECTIONS).

Prophylaxis: In endemic areas pregnant cows
and neonaral calves should be treated with
compounds which are ettective especially
against immature stages such as levamisole
(7.5 mg/kg po. or pour on), pyrantel
(10-20 mg'ke po.) or fenbendazole (7.5
mg'kg po..

{Fipures ), 91)

Senmetmes almost  transparent

fenbendazole,

Fig. 90 Toxocara vifulorens; aduly worms
(up to 30 cm long) found in the small intestine ar
slaughrer [8]
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1 Stages in the gut and faeces

Fig. 91 Epg of Toxocara vitelornms
(BY9—5 = fll=77 pm) 11

Trichuris ovis, Trichuris globulosa and

Trickuris discolor Whipworms

Location: Caccum and colon

Hosts: Cantle, sheep, goat and many other
FUMINANT Species

Species description: Whip worms are 3-8 cm
long and casily wdentified by their long fil-
amentous anterior portion and a thick
shorter posterior portion. The male poste-
rior end is wsually rightly coiled and there
15 a single spicule. Direct roundworm life
cycle, Infecrive larvae (second-stage larvae)
develop within the eggs after av least 3
weeks on pasture. Epes may remain infec-
nve for several years. Amimals become
infected by ingesting embryonared epggs,
and the larvae penerrare the anterior small
intestine for 2-10 days before they move to
the caccum where they develop o adulis.
Prepatent period 15 50-84 days and varies
markedly among the species. High num-
bers of preadule and adult worms cause
irritation and inflammation of the caecum
and colon,

Geographic distribution: World-wide

Symptoms: Mild infections (up to 50 adule Tre-
churis spp. in cattle or small ruminanes) do

not cause symptoms. Heavy mfections
{= 500 adult Trichuris spp.) may cause col-
itis, diarrhoea, progressive weight loss.
(edema may occur in the neck and thorac-
10 region.
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Significance: Whipworms are widespread bur
the narurally acquired infecrions in carle,
sheep and goars usvally do nor cause clinical
disease. Sheep older than 8 months show an
age resistance, resulting in a resistance 1o
reinfection 2-3 weeks after a primary infec-
rion. However, animals kept in poor condi-
tion and carrving mulaple infections {e.g.
rrypanosomes and  trichostrongylids) are
olten heavily parasitised by Tricheris spp.

Diagnosis: Demonstranion of the characteris-
tic, brown, barrel-shaped eggs with a trans-
parent plug ae either pole.

Therapy: Some of the modern benzimidazoles
{at increased dose rates) may be used o
treat Trichuris spp. and Capillaria spp.
infections in ruminants. These include
albendazole, fenbendazole, netobimin and
oxfendazole, Ivermecrin (2000 pedkg, sc.) is
effective.

Prophylaxis: Ditficult becavse of the tenacity
of the infective epgs. Regular removal of
faeces in the surroundings of the animals
may drastically reduce the mfecrion risk.

[Figures 92, 93, 94

Fig. 93 Trichuris spp.; masses of worms in the
Large mtestine of a calt



Fis. 4 Fam of Trichuris spp. (T0=80 x 2540 pm)
|41

Trichuris skrjabini

Remarks: This parasite occurs in dromedarics
and may occasionally be found in cartle
feEr DROMEDARIES, 1),

Caprillaria bovis

Location: Small intesrine

Huosts: Cattle, sheep, goar and other rumimants

Species descriprion: €. bowis occurs in the gas-
troinrestinal tract of cattle, sheep and
goats. The males are 8-13 mm and the
females are 12-20 mm in lengrh. The epgs
measure 45=-50 pm = 22-25 pm. The life
evele is direcr.

Geographic distribution: Temperate climates
but via imports also in Africa

Symptoms: Low or no pathogenic effect in
rUminants

Significance: Little 1s known abour Capillaria
spp. excepr thar they occur frequently.

Diagnosis: Detection of Capillaria cpgs by the
Hotation or sedimentation method.

Therapy and Prophylaxis: o Trichuris spp.

{Figures 95, 94}

Fuz. 5 Capallare towds; adult parasite containmg
CEpEs

L
fu [ ]

Fig, 96 Egg of Capallaria boais
(=501 2225 pmi

Strowgyloides papillosus

Inresrinal threadworm

Location: Small intestine

Hosts: Cartle, sheep, goat, dromedary and
ather ruminanes

Species deseription: 8. papillosaes is a har-like
nematode which is 3.5-6 mm long and only
(LOF-0.06 mm wide. Only the parthenoge-
netic females are parasicic. They are embed-
ded in the mucosa of the upper small inres-
tine., Free-living males and females repro-
duce sexually outside the host. Infection is
acquired by inpestion of infective thard-
stage larvae and skin penerration.

LOpyrignted
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1 Stages in the gut and faeces

5. papilfosus can cross the placenta and
infect calves before birth. This parasire
can also pass via the colostrum ro new-
bhorn calves.

Afrer ingestion or skin penetranon of infec-
tive larvae they migrare via blood to the
IHIIHH'. After penctration of the alveali I.'|'Lr,'].'
are coughed up and swallowed, and devel-
op within 9 days into adules. There are two
possible ways of development; one is a
homagonic evele involving adule females in
the host producing eggs that do not require
fertilisation o develop, These egas are
passed in the facces and then develop to
infective third-stage larvae.

In the heteropomic cvele adult threadworms
in the incestine lay eggs which develop into
a dhfferent type of larvae, These larvae can
develop to adule males and females which
can live outside the host. The fertilised epps
of this population produce infective larvae
that arc ingested by the host. The preparent
period is about 10 days!

Geographic distribution: World-wide

Symptoms: The migratory phase 1s associated
with coughing, fever and pneomonia
which may be followed by secondary infec-
tions, especially in calves kept under poor
conditions. Adulr parasites cause irritation
and severe inflammarion of the small intes-
tine. Catarrhal enteritis, digestive distur-
bances and imtermittent diarrhoea may be
seen. Death may occur in suckling calves,

Significance: Intestinal threadworms are wide-
spread in warm and humid areas. They
may cause great losses, particularly in
voung calves.

Dhagnosis: Small, embryonated, thin-shelled
eges appear in the facces. The adult, para-
sitic females are difficult to recognise ar
necropsy. Microscopical examination of
mucosa scrapings 1s necessary to discover
them.

Therapy: Mot all the anthelmintics are effec-
tive against the intestinal threadworms,
Albendazole, febantel and fenbendazole,
oxfendazole are effective and proven
against 8. papilfosus. Most of the modern
benzimidazoles  are  effective  against
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ocesophagus

5. papillosns (Table 5). Thiabendazole (75
mglkg, po.) is very effective. Ivermectin
(200 peke, sc.b is effective against the adult
worms., Levamisole and mebendazole are
nsufficiently effective against intestinal
threadworm infections.

Prophylaxis: Special attennion must be paid ro

pasture management. The might holding
areas should be rotated regularly to reduce
the infection risk in the surroundings of the
herds. Suckling calves should be kept on
clean, dry areas to avoid infection by skin
penetration. In heavily infected herds, the
pregnant cows should be treated with an
anthelminne to avoid transplacental infec-
T:i“‘[l U'. rht IJI'II.':IUTI.'I 'L'illE. Tfﬂ.'l.l'l'.l'lt'l'lt:'i- IMLust
be repeared more frequently than with
other nemarodes because of the extremely
short prepatent period.

iFigures 97, 95}

Fug. 97 Strongyloides papillosis; free living male
{a) and parthenogenetic parasitic female {3.5-6
mm long) with elongared ocsophagus (b [ 5]



Fig. 98 Embryonared cog of Strogylivdes papillo-
s 44 3=65 = 2§ pm}

¢  Therapy of nematode infections

Species of Haemonchus, Mecistocirmus, Para-
bramemia, Tri.r.l'fr::.'rr-r:-ug;j.'.l'us, Clstertaga, Coafr-
erta, Imipalare, Nematodirns, Bunostomum,
and Oesophagostoniing

Gastroantestinal nematodes occur wherever
ruminanes are raised. Atrempts ro control nem-
atode infections should concentrate on a
H.'IIJ.III..'H."[I UI: tI'II'.' WL !Hiﬂj ]'ilt]'H.'r tl'li.ll'l MR A
eradication of these parasites. The risk 1o
acquire a harmful infection is high where the
stocking rate is high (fenced paddocks, corre-
os, night holding places, erc.} or when the daily
grazing tme is short ar the nme when animals
should pur on body weight {e.g. rainy season
in mixed Farming-svstems of  sub-Saharan
regions). Priority should be given to strategic
control rather than to a regular dosing of
anthelmancics, Animals ar risk (weaned calves)
should be treated repeacedly during the fiest
grazing scason. Strategic control programs of
first season grazing amimals in remperate areas
are described extensively {(r# FURTHER READ-
MG, In o semuiand areas first season calves
should be rreared ar least twice during the rainy
season, 4 weeks atter the onset of the rains and
at the end of the rains with an anthelminric lise-
ed below, in order to make amimals vse the
ercat food resources of the wer scason, An
additional trearment at the culmination of the

wet season may markedly increase the growth
rate. Repular rotation of the heavily contami-
nated pastures or night holding places and long
daily grazing periods during the rainy season
are effectvely reducing the risk of nemarode
infecnons, Rainy season treatment s more
effective than dry season rrearment.,

(Figures 99, 100, 101, Table 5)

Fig. %9 MN'Tama cattle tethered on a “corren™,
The might holding areas may represent an impor-

tant soorce of mbections with gastromtestinal
nemarodes

Adall remaglndss
i abETeEiLT

L3 Lafvas af fars-
pended deop of

B LS Laivae o ggtavs, £ LY Lievae o5 duseg, 3L LaFeae &% o pal, 4 Flevoios
S5 AN N et

Fig. 1K) Direct life cycle of a typical round worm
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I Stages in the gut and faeces

Table 5 Anchelmintics recommended tor cartle and sheep

Anthelmintics

Albendazole
Coumnaphos
Febantel
Fenbendazole
lvermectin
lvermectin and
Clorsulan
lvermeclin
Levarmsele
Levamisole
Levamisale
Mebendazole
Metalkmin
Morantel tarirate
horantel tarlirate
Dxfendazale
Fhenothiazine
Pyrantel tartrate
Thiabendarole
bAoxidectin

Spectrum

Mematodes, cestodes, trematodes
frichostrongylid spp.

Memalades

Mematodes, cestodes

Mematodes, arthropods
Mematodes, trematodes, arthropods

Mematodes, trematodes, arthropods
Memalodes
Mematades
Mematodes
Mematodes
Mematodes, cestodes
Mematodes
Mematodes
Mematodes, ceslaces
Hematodes
Mematodes
Mematodes
Mematodes, arthropods

Dosage (mg./kg)

Cattie  Sheep
7.5 50
2 (6x)

1.5 5

Fa 5.0
0.2 0.2
0.2/7

.5

50 5.0
7.5 7.5
10 10

20

A r.A

10 10
sRB®

4.5 5
22

12.5 25
44-7h

0.2 0.z

*Shovwr Belease Bolus fromen retention device releasies abat 200 mg.‘c!n',.' for G0 dayy)

U eateby fndex very low (= 1) Akt = application method, po. = orally, sc. = wibcutaneousty im. = intramuscularly and

ir. = imtramerndnad
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25‘“?5 in the blood and circulato :"I:'-II

PROTOZOA ... .. . L
HELMINTHS

+ Trematoda found in the blood and
circulatory system . ... ... ... ... .78

* Mematoda larvae (microfilariae) found
in the blood and adult nematodes
living in the circulatory system .. ... .81

PROTOZOA

TRYPANOSOMATIDAE

T ryfrarmosont crmgm'ﬁﬁe, Trypanosonu v,
Trypanosoma brucei Tsetse-transmitted
trvpanosomaosis, Magana, sleeping sickness

Hosts: Cartle, sheep, goar and many other
domestic and wild animal species

Veetor: Several species of rsetse flies: Glossina
marsitans (savanna areas), Glossing pal-
flis fareas around rivers and lakes) and
Glossinag fusea (high forest areas). All three
SPCCics transmit rrypanosomosis and feed
on a wide spectrum of mammals.

Species description: The most imporrant rry-
PANOSOITIES '.'|“1:L'I!i|133, cattle, sheep and
goats are as follows (in order of impor-
tancel: T, congolense, T. vivax and T, firne-
cef. These three species belong ro the Sali-
varia (Table &), The ditferentiation and
the morphelogical characteristics of these
pathogenic trypanosomes are lisred
Table 7. All three species are ransmitted
by rserse fhies. Most tsetse-transmission is
cyclic and begins when blood from a try-
panosome intected animal is mgested by
the fy, The revpanosomes lose their sur-
face coat, multiply in the fly, re-acquire a
new surface coat and become infecrive,
The life cvele within the tsetse fly varies
among the different trypanosome species.
The infecrive form for animals in the tsetse
fly is referred to as the metacyelic form.
The development in the 1serse flies may be

as short as | week with T vreax or extend
to a few weeks for T, brucer. Mechanical
rransmission requires blood containing

trypanosomes being transferred from one
amimal to another. Tsetse flies moculare
metacvelic trypanosomes into the skin of
animals, where the trypanosomes multiply
and cavse swellings (chancres). They enter
the blood stream either directly or through
the lymph nodes, then the bloodstream
where they divide rapidly by binary fis-
stion, T, congolense anach o endothelial
cells and localize i capillaries. T, bruced
and T, pivax invade rissues and cause tis-
sue damage in several organs, The necrop-
sy findings vary and arc not specific.
Extensive perechiae of the serosal mem-
branes, especially m the peritoncal cavity
may oceur in acure, faral cases. The lymph
nodes and the spleen are vsually swollen,
Chronic cases are associated wirth arrophy
of body and organ far, severe anaemia and
swaollen lvmph nodes,

The immune response of mbected animals is
vigorous, and immune complexes cause
inflammation, which contributes o the
chimical signs and lesions of trypanosamo-
sis. Trvpanosomes have mulriple genes that
code for different surface-coar glycopro-
teins. The number of different anrigenic
types of glvcoprotem thar can be made is
unknown bur exceeds several hundred. The
anhigenic vanation results in persistence of
the organisms in the host and s a way of
the parasite 1o evade the host’s immune
system. Antigenic vananon has prevented
the development of a vaceme and permits
reinfections when ammals are exposed ro a
new antigenic type of the same trypano-
some species. Animals infecred with rrvpa-
nosomes show some degree of immunode-
pression and are more susceprible 1o a.o.
gastromtestinal helminth infecrions, Hae-
maonchus contortns shows a reduced pre-
patent  period and  cavses 4 markedly
increased mortality in animals thar are
chromeally infected with ervpanosomes.
Some fos idicees | Zebu) are very sensitive
to trypanosomasis and thev are generally
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® 2 Stages in the blood and circulatony system

Table 6 Pathogenicity” of salivarian rrypanosomes in livestock

Trypanosome Trypanosome Cattle
subgenus species
Trypanozoon T, brucer +
T, evars ++
I. equiperdum’ -
Mannomaonas T, congolense 44 =
I srmoe -
Dt ez la T ovivas PRI
Pycnomionas T, suis -

- = mok palﬁagen.lt.: + = mikdly p.ath-::gmil:. + & =_'I'I'I-'D-I:|E“ri|li'|!.l' pathogen ;: ++ 4= wutrelg.r-péthugunt;

Sheep and  Pigs Camels Equines
Coats
+ + + ++ + + + +
+ + + + + ++ +
- - - + o+
4 a4 = & [
s e e -
Pod - = h L
. & ) -

lunder usual field conditions, bt which is modified I;_:,-' many factary; T, Trrecey pamtfense and T braced Aodeanse Cauge

Fermian 5]1:::'|:|ing sickness in West and East Africa, respectively, and bave amimal resenoins, inwhich |:|i11l'-|:.||,:||:ni|:_il,y i% lowar;

7. dwncer Beirced 1 nol infedlive 19 hicmans: Smechanscal ranomission by betingy thes cther than tsetse, Suaiereal ransmis-

sion; ‘rarely encountered

Table 7 Morphological characrerisnics of trvpanosomes

Species Free flagellum  Kinetoplast
T v present large, terminal
T. brucei present in all srmall, sublerminal

bt stumpy
fosrmis central

medium, subter-
minal, marginal

I. congaolense absent

Undulating size in Size and miotility

membrane Th in dark ground

not prominent 20-26  large, extremely active,
transverses the whole
field quickly

prarminent 12-35%  large, rapsd move-
ments in confined
areas

not prorminent 9-18  small, adheres Lo

red blood cells by
anterior end

- r.;nlll.'rnnrphir: slerider, i|1trrmrt!i;|Tr aned stermipy Farrms; T :J'l.:-n':-:l: i Irrqucn'IT:,l fn:,.ln-d mn cattle and may be |_'|i.5tin|g|_|i1.-

hed by its I.ﬂrl:_|-.° size T thedferd 15 more han Deice The size of The F‘r.:lllu:ujrrlu, Alrican Lrypaanadimes

not rased within the tserse-belt, The most
pathogenic species for cartle 15 T, congo-
femse, which causes an acute, lechal disease
m zebu cattle, Some pure taurine cartle
breeds are less susceptible and succumb

less to the discase, T, rirax causes a less

acute disease than T, congolense, In East
Africa, however, T. pivax can cause an
acute hemorrhagic syndrome. Develop-
ment of clinical svmptoms 15 slower but
remissions are frequent. T. broeed causes a
chronic infection withour distinct symptoms,



A number of indigenous African raurine
cattle breeds (eg. W'Dama, Baoulé, West
African Shorthorn and many others) are
less suscepnible to rypanosomosis (often
referred ro as “trvpanorolerance™). These
breeds are adapred @ a certain enviren-
ment and tsetse-challenge and may be an
aleernative way to control losses due o try-
panosomosis.  However, “trypanotoler-
ance™ i= not an absolute trait and refers o
a lower suscepuibility of an indigenous
breed o its innate environment. [t such ani-
mals are kepr under heavy trypanosomaosis
challenge they may equally succumb like
other non-tolerant breeds, Many indige-
nous breeds of sheep and goars from west-
ern and Cenreal Africa are also resistant 1o
R RH LTI TS infections.

Geographic distribution: T, congolesse and T,

frnecer occur mainky within the rserse-belt
(area from latitude 153°N 1o 29°5) of Afri-
ca. 1 sy occurs in Atrica within the
rserse-belt where it s transmirted by tserse
flics but also in non-tsetse areas (Central
and South America, West India, Mawriri-
us) where it may be transmitted by Taban-
ids and biting flics.

Symptoms: The primary clinical signs are

mtermittent  fever, anaemia and weight
loss, Carrle wsually have a chronic course
with a high mortalivy, especially if there are
other stress facrors such as poor nutrinien
or other diseases, Morality rares arc
mereased oF goncomitant infections with
sastromtestinal  helminths  are  presenr.
Blood sucking nematodes {egg. Haermon-
chies comtortns, Benostomum spp. and
Caigeria spp.) may severely agpravare the
anaemia. Rummants generally  recover
eradually if the number of infecred rserse
flies is low. However, stress results in
|'|.'J;1|'|-.|.'-

Significance: Tserse-transmitted try panosom-

nsis is one of the major constraints for cae-
tle rearing within the tsetse-belr of Africa,
Trypanosames render their host more sus-
ceptible to other diseases (e.g. worm imfec-
rions) which then may contribure o the
high mortality.

[Magnosis: A presumptive diagnosis is based

on finding an ammal in poor condition in
an endemic area. Confirmation depends on
e :||1~1I:r,,|l:i|'|-‘|_-| CEVPAnOsomes i oo owet
mount of the butty coat area of a PCV rube
atter centrifugation (E9° METHODS, 3.4,
Orher infections thar cause anaemia and
weight loss, such as ].1.1:-.trt1i||n.'5tiu.1| e -
todes, bahesiosis, anaplasmosis and theile-
riosis should be eliminared by turther
examinanons, Various serological rests are
suitable for herd and area screening rather
than for individual diagnosis, Tests tor the
detection of circulating trypanosome spe-
cies-spectfic antigens in peripheral blood
may be useful for borh individual and herd
diagnosis.

Therapy: Maost of the drugs commonly used o

rrear trypanosomaosis § Table 8) have a nar-
row rtherapeuric index,  Thercfore  the
admimstration of the correct dosing is
essential. Resistance o trypanocidal drugs
15 widespread and should be considered in
refractory cases, The following compounds
may be used i rominants: Diminazene
aceturate (3.5-7 mg'kg, 1m.), homidiom
bromide (1 mgfkg, im.}, isometamichium
[(.5=1 mglhky, 1m.| and quinapyrarmine sul-
fare {3 mp/kg, sc.) (55 Table 81 Concomi-
tant gastrointestinal nematode infecnons
should be rreared at the same time and sup-
portive freatment (g, iron dextrane) may
help recovery (85 Carie, 1)

Prophylaxis: Control can be carried our ar sev-

eral levels, Arcemprs to cradicate tserse flies
have Faled and are no longer justifiable.
Tsetses can be partially controlled in the
surrounding of a herd by spraving or dip-
ping of animals. The stravegic use of insec-
ticide-impregnated screens mayv drastically
reduce the setse population in the sur-
rounding of herds and rhus the infection
risk. Pour-on application of insecncides on
a herd level s an effective way ot conrrol-
ling both tsetse thes and fly nuisance [«
Carrir, B 3L Losses due to try panosomao-
sig are often drastically increased by other
opportunistic mkections (mainly gasteoin-
testinal nematodes) and other stress fac-

a7



2 Stages in the Bood and drculatory system

Fig, 102 Trypanasom brcer (12=35 pm);
Giemsa-stained bloodsmear; this species is poly-
morphic: slender form (left), stempy form (right|

Fig, 101 Tryparosoma vivax {20=26 pm;
Criemsa-stained bloodsmear [4)

tors. Control measures should also include
these factors. The prophylactic use of try-
panocidal drugs requires a regular applica-
tion af the drug and includes the nsk of
creating resistance. It should therefore be
limired o emergencies, such as cattle trek-
king through infested arcas and herds sea-
somally exposed to high rrypanosomosis
risk. Ilsometanidiam [ 1-2 mgke, im.) pro-
tects cartle for 2 o 6 months, Prophylacric
use of rrypanocidal drugs should be avoid-
edl in catele prior to slaughtering, since drug

113]

Fig, 1003 Tmportant
Trypanosond species
oof livestock:

(a} Trypanoscma thei-
ferd (60=T0 pml,

k) T, ireezd,

() T, crmgolense

[958 pml,

(e} T, v (20=26 pm),
b T, equigrerdeum

{25 ) and

(0 T, brncer (12=35 pm,
polymarphic) [ 14]

residues may be derrimental o human
health. Proper nutrition is essennal in all
cases and the strategic application of crop
residues ar the lare drey season may signifi-
cantly improve the nutritional status and
thus the resistance of animals in endemic
areas. The exploitation and propagation of
indigenous breeds can be a promising way
of animal production in endemic areas,

(Figures 101, 102, 103, 104, 105, Table 6,

Table 7, Table 8)

L F i "t -
| .".-|r.. w [ HLET = 1

natsrial



iG] PUR Eueaa o Csaumnba
U pauajaud s agnou ) gL

LRI
110 A SUDIEAT [P0 AJasdg

aje)|ns se pajepnajes sbesog]
LUl ean)

131)¢ pUT 210§I0 5|ELLIUE 158y

UONEISILILLPE 35 PIOAR JJLEYLLI

ABry 1By /Bw g anoge mxa)

Sjaues pue SBop SAauop
FATION O] KO PPOSIOR D5y

Ry

e

Al
5

25
eI

AL
Wi

Wi

25 10 W)
25

Wil

UDIRIS U LIpE
O 3In0y

BTGNS = 9% [SIOLEARILI = &) CEroRnesgul

ERLET Y

ail
g0t

0s-0'g
O L5 0
0 1-5€0
a1

ol
045t
[N

(B By sagey
abesop jo abuey

Lk %

ajeppEar Apeaswece sboo) ou

Pl S ae Ao pougs = (gl uonee e dydond = g tuonoe ynadessy) = )

i B 5oy 1E Lcapni A ug | g0 sstn i alug shops s Lo LAy,

TAaUnUesAc e 0 SHPE SPU0|Y 3 pUE 3RS O UL B S S CIEFO

SUDTMEIUL PR ] AJLIELRE RN 0] SREE L Ul paInpodyusEy

NH6 L ERG ] T Buysionyg s pay
.._“._rpc_rv_L__._. gy "maAUE P2 Yie .n_n_u"._.ﬂud_u._.m PUD SEMINAAMILENL] ANOUUATEg S8 20 SR red 1Py SR e p0 AL B I 08 i suareiaddd sag) jo AUy

1 AR W3 A -

1 AUPLLISTY Ty Jadey
AN PN

1d Yiea iy siadooy
AP

L YiEan [ewiuy siadon sy

Lid  23uUesd S1UEg SUSNog-3UgLyY

L'd FILRIY HNALAPY-IUOLY
(el BIUELY “EOAUE-FUOLY
()L WM YyESH [ewiny 2N D
1 waN ‘gainbs

L AUpPLLLET) Ty IS De0H
Jaanpaeynue Ly

LIES IR |BLUEA T3

[T LA
jouebep)
H
apiLry

apiLuy
wnpredds

LOLLES
LLITH AR

TG E|
BersPUES)

g

LT SEd |

FPUD|YI0IpALYIp
GINERT T RATETT T [T T

AT, [
Jijesaud

auueaddeuingy
« (FIE|NS

AR IAD TRy

LI LU YL
AP0 LN
SPILLOID LML

A AN LT LHLLI]

auwied Mdausb
punodoy

EELRLANLY sl _-.__._.u__._.._ jin voiuaaadd _.._._.__... FEREEI RN s A ..u_.—- ..___._._ .n_“—.._ ...n.._._..._..._n__._.._..r,_..m..._.._ .—: SAlTEL APYEL] PRt .._._h.r.__._..._.-.v ;] .n.-__r._.ﬂr._”..

59



¥ 2 Stages in the blood and circulatory system

Fig. 14 Tryparmosoma congolense (9—18 pm);
Criemmsa-stained Dloodsmear | 13]

Trypranosoma evansi (svn. T. brucel coansi)
Surra

Remarks: T, evawsi occurs in dromedaries,
equines, buffaloes, carnivores and many
other mammalian species. It occurs in
North Africa, Asia, Middle and South
America. The pathogenicity of T. eransi
strains varies considerably bur the highest
pathogenicity is commonly observed in
camels and equines {## DROMEDARIES, B 2),
Several species of blood-sucking flies acr as
vectors, T. eransi is not transmitted by
tsetse tlies. Mo developmental stages have
been demonstrated in the vectors which
differentiate the parasite from T, frneces. T,
evanst 1s 15-35 pm long and 1.5-2.5 pm
wide. T. epansi is morphologically idenn-
cal with T. bruced and other members of
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Fig. 105 Comparnison of a trypano-tolerant
W'Dama cattle {left] and susceptible zebu (righe)
afrer 15 weeks” exposure to a middle-grade tsetse

challenge, Both amimals were chronically infected
with Trvpanosoma congolense | 36]

the subgenus Trypanozoon (657 DROMER-
DARIES, W 2},

I'rypanosoma theileri

Hosts: Cartle

Vector: Tabanid flies | Tabanus spp. and Hae-
matofrold spp.)

Species description: This 15 a large species
(60-70 pm, sometimes up to 120 pm in
lengrh=twice the size of the pathogenic try-
panosomes) and belongs o the Stercorar-
ia, The undularing membrane is well devel-
oped and the free flagellum is well defined.
Although the parasite is considered as non-
pathogenic it may assume increased signif-
icance when stress condinons arise or when
concurrent infections with other pathogens
are present,



Ceographic distribution: World-wide Affected ammals may die. The strains vary

Symptoms: Infections are often asymptomatic. i virulence. In some regions B, boris 1s
Significance: This species may be very preva- mre viralent than B. brgemina.
lent but it seems to be nonpathogenic. {Figures 107, 108)

Diagnosis: & above T, congolense, T. vivax,
T. brucer

Therapy and Prophylaxis: Generally not inds-
cared

iFigure 106)

s
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Fig. 106 T, thedert [60=70 pm, sometimes up to Fig. 107 Morphology of bovine Babesta spp.
120 pm}; Giemsa-stained bloodsmear |4 | Babesia bigemina , 2 Babesia bovis | 3 Babesia

mayor and 4 Batresen divergens |16]

BABESIHDAE
Babesia bawvis Y .
Redwater, tropical bovine babesiosis Ly ’

Hosis; Cartle

Vector: Boophilus spp. (B, microplus, B, annu-
latus) and possibly Rhipicephalus bursa. ° .

Species  description: This 15 a small form, .
2.4 = 1.5 pm and shightly larger than B,
divergens, The organisms (merozoites) are
lt.‘iu.’!ll}' found m the centre of the ::r:.'l!hn:a .
cvies. Vacuolared “signer-ring” forms are
especially common. Transovarian trans-
mission occurs in the ticks.

Geographic  distribution:  Tropical  Africa,
Madagascar, Mediterrancan basin and
southern Europe

Fig. 108 Babesia oz (2.4 = 1.5 pm, “small
form™ b Giemsa-stained blomdsmear [4]

Significance: The discase caused by B, boeis 1s
similar to thar caused by B. [Digeming.

61



N 2 Slages in the blood and arculatory system

Babesia divergens

Babesia bigemina (syn, Prroplasma

European bovine babesiosis

Bigenminum), Redwarer, tropical bovine

Hosts: Cattle

Vector: Ixodes ricinus and possibly other ncks

Specics description: This species 15 smaller
than B. bowrs. The merozoites usually
occur as parred, club-shaped organisms
abour 1.5 = 0.4 pm. The angle berween
the pair 5 relatively large. so that they
diverge more from each other than those
of B. borvis. The organisms tend o lie
along the circumterence ot the host ervrh-
rocyie. Other forms may be stout and
pyriform, measuring 2 x 1 pm; some may
be circular and orthers may be vacuolated
and up to 2 pm in diameter, Transovar-
N transmission occurs in the vector.
Highest parasitaemia levels are found
during the period of high fever.

Geographic distribution: Northwestern Africa
in woodlands ar altitudes above 1000 m. It
also occurs in northern and central Europe,

Significance: The disease ennity produced by B.
divergens s less severe than that caused by
B. ipenina. In severe infections death may
Oegur,

[Figure 109)

'l.' =

Fig. 108 Babesia divergens (1.3 % 0.4 pm); Giemsa-
staingd Moodsmear [4]
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piroplasmosis, tick fever, “Texas fever”

Hostss Carrle

Vector: Boophilus spp. (B, microplus, B.
decoloratus, B. calcardtus), Rbipfrephafru
spp. (R, evertsi, R, bursa and R. appencd:-
culatus), and Haemaphysalis spp. | H.
prirctatia)

Species description: This is a large form, 4-35
pum by 2 ym wide. Round forms are 2-3
pm in diameter. The organisms are charac-
teristically pear-shaped and lic in pairs
forming an acute angle in the erythrocyte.
Round, oval or irregularly shaped forms
may occur, depending on the stage of
development. Transovarian transmission
occurs in the ncks., B. bigemting 1s one of
the most pathogenic Babesia  species
lli.ﬂﬂ“l'l'l..

Geographic  distribution:  Tropical  Atrica,
Madagascar, Mediterrancan  basin and
many other parts of the world

Significance: B. Bigeruma is one of the most
imporgant diseases of cattle in some tropi-
cal and subrropical areas.

(Figure 1107

%
3

]-'i:.;. (R H.J.".lr',:.].l ."J.'Hr':.li.:rr;r [4=5 2 3 KL “larp_c
form™ |, Giemsa-stained bloodsmear [4]



Babesia major (svn. Piroplasma major)
European bovine piroplasmosis

Hosts: Cartle

Vector: F;J.E??:Iﬂll'.rj}j'.ﬁn.iﬁs frienrctata

Species  description: This species resembles
B. bigeming except that it Lies in the centre
of the ervehrocyte, The pyriform bodies are
2.6 % 1.5 pm oand the angle formed by the
organisms 15 less than 20°, Round forms
are abour 1.8 pm in diamerer. Transovar-
lan rransmission may occur in the tick vec-
[4aF.

Geographic  distribution:  North
Europe, UIS, South America
Significance: B. major is less pathogenic than

B. bowis. Chnical signs are moderate and
somenmes infections are inapparent.
{Figure 111)

Africa,

‘. o
o

Fig, V11 Babesia magor (2.6 = 1.3 pm}; Gicimsa-

stained bloodsmear [15]

= CGeneral features of bovine babesiosis

Symptoms: Infections with B, bigereina, B.
major and B. divergens are characrerised
by a haemolytc syndrome (haemolyvric
babesiosis), including connnuous  fever
{404 17C), high parasitaemia (2.5-10"%),
anaemia, icterus (inrense vellow-hrownish
ocular, gingival and vaginal mucosae) and
haemoglobinuria  (dark  brown, frothy

uring) and general depression. Abortion
and agalactia in dairy cows are early signs.
The symproms are less pronounced in the

subacute form. #. bowis infections are
domimated |~_.}- a shock .l'q.'ndrunw, |::.1l.li|11.-,
tor death following a steep rise m tempera-
ture in the peracute form. Acute disease is
accompanied by fever, ataxia, pedalling
movements and overt .'Lt_r,r&a:-.i'rit}' I:Htt.lﬂ!-:ﬁl--
Haemaolysis, wrerus and haemoglobinuria
are less apparent than in other babesioses.

Significance: Widespread throughout the rrop-
s, causing heavy losses in non-resistant
(ofren imported) livesrock, Without trear-
ment mortality rates are verv high (30%
tor B. bigeming, 70-80% for B. bowis).
B. bigenting 15 one of the most important
diseases of cartle in some tropical and sub-
tropical argas.

Miagnosis: Clinical diagnosis is difficult and
can be confused with leprospirosis (per-
acute diseasel, anaplasmosis (chronic in
nature) or cowdriosis (no movements).
Splenomegaly, icterus and haemoglobinu-
ria and rhickened bhile in the gall bladder
are characteristics of haemeolytic babesio-
sis. Perechiae and microanfarces supgest
infections with B, fowis, The presence of
Babesia parasites in the blood smears of
animals without clinical symptoms does
not necessarly support the diagnosis of
babesiosis, I can be a resurgence of a
chronic infecrion following an immuno-
suppression due o another disease. In
8. tipeming infections the severity of the
disease can be deducred from the percentage
of parasinzed red blood cells (< 0.1 % mild,
(=1 subacute, 5-107 severe imbec-
taeerh ),
presence of parasites indicares babesiosis,
because parasite  concentration in the

whereas 1 B, Doves infections the

peripheral blood s considerably  lower
than in the organs. In acure B, bovis infec-
nons ampression smears  of  conpested
argans show puncotarm babesial bodies in
agglutmated  ervthrocyees.  Serological
techmigues (IFAT, s MEtHoDs, 3.1) are
available and should be vsed especially in
epidemiological studics. For the individual
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Table @ Divugs vsed in the rreatment of babesiosis in cattle

Drug

Trypan blue*

Acridine derivatives
Euflavine

Ciamidine dematives
Amicarbalide

Dmn‘mr-::-n]

Chaminazens
Berenil

Imidacark

Phenamidine
Lomadine !

Civinaline denvatives
Quinuronium

Babesan®

Dosage AM  Parasite
2-3 mugkg 1Y 8. bigeming
A-B ml 100 kg as IV 8. Bigerming
5% solution B, By
B. divergens
5-10 migikg ind 8. Bgeming
B8, divergens
8. bovis
3-5 malkg M 8. bigeming
B, bovis
B. divergers
1-3 mag/kyg SCoriM B bigeming
Imizol? 8. bovis
B, divergens
B-13.5 mg/kg SCorlM B bigeming
B, bowls
1 mgfkyg 5C 8. Bigemina
B, Bowis
B, divergerns

Remark

Mot effective against sm all
babesias; discouboration of
animal’s flesh; can cause
severe tissue sloughing it
nak given IV

Highly iritant if nol given IV

Prophylactic activity up to 8
weeks depending on dose
and Babesia spp. invobed;
nephrotoxic; cholingesterase
inhibitor; slowly metabelized
and eliminated-tissue

Chalinesterase inhibition

Low therapeutic index

Slow effect against B, bowis

Side effects associated with
the stimulation of the para-
sympathetic nenvous system

Wany of these preparations are sobd under a vanety of trade names; * no longer commercially available;

Ihd = intramusoulars; 1V = infravenows; 5C = subculaneowus; Akd = applcatbon methad;

1 hay & Baker Ltd,, Dagenbam, Emgland, 2 Honchst AG, Frankiurt, Carrmary, 3 Burroughs Wellcome & Co., London, England,
4 IC1-, Maccleilield, Chashine, England



diagnosis the demonstration of the parasire

in the bloodsmear or wich the QBC method

(e METHODS, - 3.1 and 3.3) is more ade-

{juate.

Therapy: Diminazene aceturare (3.5 mglkg,
im.), Imidocarb dipropionawe (1.2-2.4
mgfkg, sc.). guinuroniom  sulfate (1-2
mg'ke, sc. orim.) and amicarbalide diiseth-
ionate (5-10 mgfke, im.) can be used
agamnst the pnthng::niu.‘ Babesia species of
cattle (&5 Tahle 9).

Two pomts should be considered: 1) For

serious clinical armtacks the dose should he

sphit to avoid shock due to massive deseruc-
tion of Babesia, 2} Most babesicidal drugs
are toxic to the host, so caution is required
in their use. The commonly used babesicid-
al compounds are listed in Table 9. In
endemic areas it 15 preferable 1o supporr
immunity within the population, as such
animals can withstand repeated infections.

The aim of therapy is theretore o reduce

bur nor ro eradicate the parasite concentra-

tion within the host. In severely affected

animals emphasis should also be given o

supportive treatment {electrolytes, rehy-

dranion, iron-dextran, etc.] and rich nueri-
tion during the convalescence.

Fmph}'!aﬂs: Several methods are wsed in
#nd!."m:i'i.' areas fo cont FEJJ ar 'F‘I.'E"r'li]'l! I:IEI.IJE'
510515,

«  Conrrolled immunisation, Lsing babe

sicidal-drugs:
Application of a babesicidal drug (e.g.
diminazene aceturate, 3.5 mgfkg, im.)
tollowing inoculation of a non-arten-
uated Babesia straimn,

o Imidocarb (2 mgkg) is administered to
an animal prior to the introduction
onto an infecred pasture. The delayed
actnon of imidocarb contrals climical
mfection jup to 60 davs tor B, bigemina
and up to 21 days for B, divergens and
B. boris) without blocking the immune
FI'_'!'i-F![]Tl!-il.'.

*  [mmunization with attenvared B, bhoprs
and B. bigemina strains:
Inoculaton of a atenuared Babesya strains,
Several research tcams are presently

working on the development of Babesia
vaccines m cattle. In some countries vac-
cines are available.

* Prophylaxis through tick control:
In rropical Africa and the Mediterrancan
eI tick control 15 essential (g2 CATTLE,

B 5) and should he made weekly during
periodds of adulr tick activiry.
iFigure 112, Table 9

(9

Fig. 112 lcterus and hydropericardiom caused by
Babresia bigesring mfection [§]

THEILERIIDAE

Theileriosis 15 cansed by protozoan parasites
of the genus Thedleria. In cattle, there are two
highly pathogenic species. Theileria parva is
the cause of Fast Coast Fever in East and Cen-
tral Africa. A variant regarded as either a sub-
species, T. parva lowrencei, or atype, T, parva
(lawrencel typel, 1s a commaon bemign parasite
of the African buffale (Syacerns  caffer),
which, when transmurred o cattle, causes a
condition called corridor disease. T. parra
{hovis tvpe) causes the * January disease™ in
Zimbabwe, Thetleria annulaia cavses tropical
theileriosis, which is widespread through the
Mediterranean basin, the Middle East and
Asia. Other species thar infecr carde in Atrica
are T, mutans, T. tawrotragi and T. velifera.
Thev are usually l'.ul_':nil:,n, although T. mirtans
may be pathogenic under some circumstanc-
s, T, crfentalis 15 a Hrm:ruﬁj.' |*.u:'|:|ij_.!'_r| species
found m the Medierranean basin, the Middle
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East, Asia and Australia which may cause dis-

ease in imported cattle.
{Figures 113, 114, 115)

Lymph nodes stages (1-3)

577 )

(~) ¢

Fig. 115 Life cycle of Thederia
parpa [17)

(1) Merogony, (2} Merozoies
(3] Piroplasm in ervthrocyee,
(4] Macromete, [5) Syngamy,
(&) Microgamere, [7) Zygore in
gut lomen, (8] Gue epithelial
cells, (%) Kinere, (10) Moulr,
(11} Sporogony, (12} Sporozor-
tes, (13} Sporozaite in saliva,

[ 14) Sporozmte enters lymphio-
cyte, (15] Schizent in lvmphio-
blast, (16) Clonal expansion,
(17) Schizone
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Fig. 113 Thetleria ormentalis; Giemsa-stamed blood
AMEAr; rhiﬁ- ‘\.pl,.ﬂc;.lﬁ DCCHPS 1mhid|: l’J![ Pnf:':u,."ﬂ .'1.r1-|:|
is lowly pathogenic [4]

Fig. 114  Morphology of Theleria spp. stages in
mamimals; stages found in the lymph nodes:

(1) Macroschizont with medipm-sized nucle
[(4=2 pm; Koch’s blue bodies), (2] Microschizone
with small mucled (0,308 pm) and {3} Merozoites
{(L,7=1 pm}; stages found in the erythrocytes: intra-
ervthrocytic stages may be (4] circular, oval or
piriform (L8 1.5 pmg B0% ) or (5} comma-shaped
(0.5 = 2 pm; 20%); (6] some parasites appear o

have a velum [ 16]




Thetleria parva (syn. T, boves, T, lawrencer)
East Coast Fever, bovine thetleriosis,
Caorridor Disease, Rhodesian tick fever

Hosts: Cartle, water buffalo, African butfalo

Veetor: Rinpicephalns appendiculatus (equa
torial Fast Africa and southern Africa
above 12000 m) and Blrepicephalies duttom
{Angola plareau). Other vectors are Rbip-
iceprhalus sambeziensis, Hyalomwa exca-
watnnn, H. drowedarii, H, trurcatonr and
some other Bbipicephalus spp.

Species description: T, parra causes a discase
called East Coast Fever (ECF), which is
responsible for high morality among sus-
ceprible and imported stock, The zebu in
endemic areas has a high natural resist-
ance, bur animals impaorted into endemic
arcas are highly susceprible. Transmission
of the parasite in all is on a stage o stage
basis (trans-stadial transmission). There 15
no transovarial cransmission o the nick
vector as in Babesia spp. The organisms
occur both in ervthrocyees and in lympho-
cytes, The forms i the red blood cells are
mainly rod-shaped, 1.5=2 x 0.5-1 pm, but
round, oval, comma- and ring-shaped
forms mav also occur (Fig, 114, 4-6), Sev-
eral parasites may occur o individoal
ervthrocytes but there is no multiplication
in the red cells, The multiplving forms of
the parasite occur in the cytoplasm of lym-
phocytes and occasionally in the endo-
thehal cells of the lymphanc glands and the
spleen. These are schizonts, being circular
or irregularly shaped scrucrures  abour
B pm in diameter. Twao forms of schizons
are recognized. Those which contain large
chromartin granules, 0.4-2 ym in diamerer,
are termed macroschizonts and produoce
macromerozoites, 2-2.5 pm in diameter
(Fig. 114, 1. The other forms contain
smaller chromatin granules, 0,.3-0.8 pmn
diameter, and are referred to as micro-
schizonts and produce micromerozotes
(Fig. 114, 2). The latter invade the red
blood cells and may represent sexual stages
of the parasite. After the intraerythrocytic
stages are ingested by ticks, merozoires are

liberated and ditferentiate into sexval stag-
es. There is a sexual development of T.
furret in the rick vecror which results in
infective sporozoites, Cartle are infecred
when vector ticks engorge on an animal
and these infective particles (sporozoites)
are transmitted. Most recovered animals
remain carriers of infection.,

Geographic distribution: Fast, Cenrral and

Sourh Africa according to the distribution
of the main vector Riipiceplalus appendi-
culatus.

Symptoms: High tever, swelling of the lyimph

noedes, dvspnoea and dearh. Fever occurs
T=1{ davs afrer the nck ite and continues
throughout the course of the disease and
may reach = 42°C. Lymph node swelling
becomes  pronounced  and  generalized.
Anorexia, loss of condition, lacrimaton
and nasal discharge may occor. Terminal-
Iy, dyspnoea is commaon. Just before death,
a sharp fall in remperature occurs and pul-
momary exsudate pours from the nostrils.
Anaemia 15 not a major diagnosoc sign as

it 15 111 habesiosis,

Sagnificance: ECF 15 a serious disease with high

maortality in susceptible srock,

Diagnosis: Lymphoblases in Caemsa-stamed

ivmph node biopsy smears {5 METHODRS,
3.1} during the acute febrile phase contain
multinuclear  schizonts.  Lymph  node
enlargement and massive pulmonary oede-
ma and hyperaemia are the most striking
post-mortem  lesions, Haemorrhages are
common on the serosal and mucosal sur-
taces of many organs,

Therapy: Cattle with clinical ECF may be

treated with parvaquone (2 % 10=20 mg/
kg, im. ar 48 h intervals),buparvaquone
12 = 2.5 mefkg, im. ar 4% h intervals} or
with the coccidiostar halofuginone {2 = 1.2
mefke, po. ar 48 hontervals), Chlorrerra-
cycline and oxytetracyline are relanvely
ineffective. None of these drugs will steril-
ize infections, and recovered animals may
he carriers.

Prophylaxis: Immunization of cattle using an

infection-and-treatment procedure is prac-
tical and relatively effective. The compo
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ments Fl:}r tl'.li.‘i 'PI."L'H."L""!'.I'I.I re are ur}'upn:h‘:: r'l.'l."d
sporozoite stabilates of the appropriate
strains of Theileria derived from infected
ticks and a single dose of cither long-acting
oxytetracycline or buparvaguone given
simultaneously or of parvaguone given 1
week afrer infection. Cartle should be
inmunized 3-4 weeks before being rurned
our onto infected pasture, The incidence of
ECF ¢an be reduced by regular nick conerol,
but in many areas this means biweekly
acaricidal reearments. The use of pour-on
acaricides 1s a promising way of rick con-
trol in endemic areas (ev Carrie, B 5.1
(Figures 116, 117, 118, 119, 120, 121, 122, Fig. 118 Lymph node swelling in a Theileria parva
|13] 'illfe;‘Tm] |.";|[l:|t;' |4|

Fig. 116 Theileria paryea; ervihrocvie forms [4] Fig, 119 Lacrimation and nasal discharges in a
Theileria parva infeered cantle ]

i x‘ i

L b =

Fl

Fig. 117 Theleria sp.; macroschizonts (“Koch's
blue bodies™and microschizonts in lymph node Fig. 1200 Theiferia parva: petechial haemorrhage on
smicars |4 the intestinal serosa [B]
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Fig. 121 Thederta parvag petechial haemorehage on
the surface (epicard) of the heart |8

Fig. 122 The reported distriburtion of Thederia
prarva [17]

Theileria anmidlata Mediterranean Coast
Fever, Tropical theileriosis, Egyprian ever

Hosts: Cartle, water buffalo

Vector: Hyalomma spp. (H. detritum, H. trin-
cateenn, H. amatolicesn and other Hyalom-
i spp.)

Species dt,:s:riptiun: T. annulata p:r{:ldutl:s a
highly fatal disease of canle in North Afn-
ca. Morralicy races may be up o 90% in
some regions. [his species occurs com-
monly in the lymphocyees and ervthro-
cytes of bovine species, The organisms in the

Fig. 123 Thedlera parva; petechial haemaorrhage on
the kidneys [15]

red blood cells are more or less indisnin-
guishable from those of T, parra. They
occur more commaonly as round, oval- or
ring-shaped (0.35-1.5 pm) forms. Rod
shapes, commas (1.6 pm) and anaplasma-
like organisms may also occur, Macro-
schizonts and microschizonts are found in
the lymphocyies of the spleen and lymph
nodes. T. amnulata 15 rransmissible by
blood passage, and schizonts are numerous
in the circulating blood. The development
evcle in the verrebrate host is comparable
to that of T. parva. The discase may be
acute (duration: 3—4 days) or more chron-
ic [duration: 2-3 weeks] in nature. The
incubartion period s 2-25 davs. Animals
that recover from T. ammulata infections
are resistant to reinfection. There s no
cross-immunity between T, ananlata, T.
prarva and T, mutans, The muluplicanon of
Demadex sp. and Beswoitia besnoit cysts
in the subcuris is favoured by the immuno-
suppression produced by Theileria infec-
rions.

Ceographic distribunion: North Africa, Sudan,

Maurerania, Frhiopia, southern Furope,
southern UIS and Asia.

Symptoms: Fever [(40-41.5°C), depression,

lacrimarion, nasal discharge and swelling
of the supcrf':ici:ﬂ [}rmph nodess emaciation
rapidly occurs. A few days after the initial
symproms marked anaemia, jaundice {hili-
rubinaemia)  develop. Haemoglobinuria
may occur, but is not always present. In
acute cases animals may die within 1-2
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days. In chronic infections a very hereroge-
neous complex of symproms may develop
over the period of 2 months until the ani-
mal recovers. Decreased milk production,
digestive disturbances {cessation of rumi-
nation, diarrhoea or consupation) and
infertility (abortion) may be seen. The
severity of the disease does not necessarily
correspond to the level of parasitaemia,
Similarines with babesiosis may occur and
must be differentiated.

Significance: T. anuulata may cause morral-
iies of up to 20% in certain areas. It caus-
es one of the most important diseases of
cattle in endemic regions.

Diagnosis: This is based on the demonstrarion
of parasites in the red blood cells or
stained smears (w0 Mernons, 3.1) aken
from lymph noede or spleen biopsies. The
differentianon berween T. parra and T,
annrdaia organisms is difficult but the geo-
graphic spread of these two diseases is
quite different. T. amnulata often occurs
together with Babesia spp. andlor Ana-
plasma spp. At necropsy the mucosa mem-
branes of the abomasum and the small
intestine show characteristic ulcers (2<12
mm in diameter), surrounded by an inflam-
mation. Multiple perechiac may be found
on the epi- and endocardium, The spleen,
liver and lymph nodes are markedly
enlarped.

Therapy: Tetracyclines have both prophylac-
tic and therapeuric activity against T,
anmidata. Rolivetracveline (4 medkp, m.)
administered daily during 4 davs moderar-
ed the clinical signs markedly. Similar
results were achieved by a single injection
of a long-acting oxvrerracveline formula-
rion (20 mefkg).

F‘r{lph}rlaxis: Immunization of cattle using an
mfection- and -treatment procedure is very
effective and widely used. The applicarion
of 2 x 10° parasinsed lvmphoblasts
abtained from subcultured T amrredata
strains were inoculared into animals prior
to exposure. Mo climical sIgns dcw:lnpc::l
and the amimals were able to withstand
heavy natural challenge. Another possibil-
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ity is to apply a single injection of a long-
acting oxyvtetracycline formulation (20 mg/
kgl prior to exposure. Regular nick control
of herds in endemic areas may markedly
reduce the disease incidence (v¢ Catrie, B
5.1 THERAPY AND PROPHYLAXIS OF ECTO-
PARASITES, p. 1410,
(Figures 124, 125)
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Fig. 124 Thedleria anrnlata; ervihrocyvie forms
(experimental infection] |4]
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Fig. 1235 Abomasal ulceranions caused by Theileria
prarvst and Thedleria aienlale [ 15]

Theileria mutans Bemgn bovine rheileriosis

Hosts: Carle

Vector: Amblyomma variegatiom and Ambly-
artmia bebraeim

Species description: T, mutans causes a mild
bovine theileriosis which is usoally non-
fatal. Morphologically it is not distinguish-



able from the pathogenic T. parva and T,
annulata, The forms in the erythrocyres are
round, oval, piriform, comma-shaped or
Anaplasma-like, The round forms are 1-2 pm
in diamerer and the oval forms measure
1.5 = 0.6 pm. Binary fssion occurs in the
erythrocytes. The incubation pericd is 1020
days.

Geographic distribution: Throughout Africa,
Madagascar, Réunion, Mauritius, southern
Europe, Asia, Australia, UIS, Caribbean

Symproms: Similar o a mild form of T, amnn-
lata infection. Anaemia is the major chini-
cal sign. Ieverus and lvmph node swellings
I'I'IEI.:." LT,

Significance: T. mntans is usually only shghtly-
or non-pathogenic for indigenous cartle in
endemic areas. An acute form may develop
in cattle imported into an endemic area. The
martality is generally less than 1%.

Diagnosis: Same as for other Theileria species

Therapy: Unknown; the same drugs as for the
pathogenic Thetleria Species may be used.

Prophylaxis: Tick control and immumisation
as for the pathngcnic Thetleria SPECIEs,

(Figgures 126, 127, 128)

Fig. 126 Theileria mutans; erythrocyre forms |4]

Fig, 127 Thederia mutans; macroschizont irarely
encountered| [15]

Fig. 128 Theileria sintars; microschizones (rarely
Eﬂﬂ:tlkll111'rh'k|] [ 15 |

Theileria velifera

Remarks: This 1s another mild Theileria species
of cattle in Africa and in the Caribbean. It
distribution coincides with thar of the vec-
tor Awmblyomima variegatwns (Africa and
Madagascar) and Amblyomma  lepidurm
and Amblyonema bebracum elsewhere. The
parasites occur as pleomorphic or rod-
shaped badies in the erythrocyres and pre-
sumably lymphocyres. Most are 1-2 pm
long. The grear majority have a rectangular
“verl™ 1.0=3.5 pm long, extending our from
the side. This species is nonpathogenic.

{Figure 129}
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g, 129 Thedleria velifera; ervehrocyvte forms [4]

Theileria taurotraps

Remarks: This specics is found in African anre-
lopes and can occasionally be found in cat-
tle. It can also develop in the vector of
T. parva. It is ol low epidemiological
IMpoOrtance.

RICKETTSIALES

ANAPLASMATACEAE

Anaplasma spp.

Anaplasmoses are infectious diseases, virulent,
inpculable and nor directly transmirred, thar
atfect domestic and wild ungulates. The caus-
anive agent is a Rickerrsia of the genuws Anaplas-
mia, usually transmiteed by ticks, but which
may alse be rransmimred mechanically by bir-
ing Diptera (Tabanidae, Stomoxys). The path-
ological signs are progressive anaemia (acute
or slow} ending i cachexia and death. Ana-
plasma are exclusively found within ervthroc-
vies, Thev are locared ineracellularly and sur-
rounded by a vacuolar invagination of the hosr
cell. The intection starts with an initial body
that grows to become an elementary bodv. This
multiplies by doubling or binary hission to pro-
duce new initial bodies. Afrer several binary fis-
stons, mitial bodies accumulate in the vacuole
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to leave the host cell in order to parasitize other
erythrocytes. The different Amaplasma species
are morphologicallv indistinguishable, The cri-
terion used is the locarion of the organism in
the ervthrocyee {marginal or central).

{Figure 1300

Fig. 130 Morphology (schematic) of various Rick-
crrsiales found i rominans;

Anaplasmataceae: {1} Awaplasm marginale
[HO-90%: parasites marginal or peripherall; (2)
Amaplasma centrale {30-90% of parasites cenrral);
(30 Epervifirozoon seemyond, lon the ervihrocyte
surface); (4) Epervibrazoon tegamodes {on che sur-
face and near the ervthrocyoel; (51 Epervthrozoon
feeoewdi fon the thrombocoyre surface) and [6) Hee-
mioatnarivimella hopis:

Ehrlichiaceae: (71 Ebelichia bowis (in monocyoes);
(5 Ehvefictiia f?i!d’”lh'}'hlph!f.! im gr;nu:lq wvie| and
[ Coredrea rneinantiveen (in the vascular endoche-
liwsrma;

development stages: A = elementary hody, B =
initial body amd C = mass of elementary bodies
[16]



Anaplasma marginale The malignane
anaplasmosis of cartle, Gallsickness

Remarks: 80-90% of the organisms are
peripheral. A, marginale is distribured
throughour the rropics corresponding o
the distribution area of Boophites decolor-
atieg and Booplilus micraplus usually con-
sidered as the main vecrors, Transplacen-
tal infection occurs,

(Figures 130, 131}

Fig. 131 Anaplasma srarginale; Giemsa-stained
bloodsmear [4]

Anaplasma centrale Mild anaplasmaosis of
cattle, Gallsickness

Remarks: A. centrale 1s predominantly locared
in the cenrre of the ervthrocytes. The dis-
tribution and vectors are the same as in A.
marginale. Anaplasmosis due to A, margi-
nale is generally mild and often clinically
inapparent.

{Figures 130, 132, 133}

Fig. 132 Amaplasmea contrale; Giemsa-staned
bloodsmear [4]

i

Fig. 133 Icrerus associared with anaplasmaosis
|:n.-||-:1w absdaminal farl i | ‘T|

*  General features of bovine anaplasmosis

Symptoms: Calves undergo mild intections,
with litle or no mortahiey, In vearlings the
disease is more severe but most animals
recover. In adule cattle, the disease s more
severe, amaemia 15 marked and mortalioy
may reach 50%. The discase starts with
general  depression,  indolence,  fever
[40-417C). Milk production falls rapidly.
Weight loss and propressive anmaemia,
dehydration and icterus occurs. Affected
animals often succumb to hypoxia when
moved or handled for rrearment, Recov-
ered amimals often remain carriers for life,

Significance:  Awmaplasma  marginale  causes
severe losses in endemic areas.
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Diagnosis: In endemic areas, anaplasmosis
should be suspected in adulr carcle show-
ing chronic anaemia withour haemoglo-
binuria, leading to cachexia. Icrerus is an
important sign. ﬁmnplaﬁm{miﬁ often fol-
lows an acute form of babesiosis or theile-
riosis and appears to be a prolonged con-
valescence. Demonstration of the organ-
isms in Giemsa-stained blood smears
confirms the diagnosis (& METHODS, 3.1).
Serological tests such as complement fixa-
ton and the IFAT and DNA probes are
useful rools for diagnostic purposes. Anae-
mia due to helminth infections should be
excluded by coprological examination.

Therapy: Acute anaplasmaosis is most effective-
ly treated with tetracyelines (oxytetracy-
cline, 5-10 mg/kg, im. or iv.) or chlortetra-
cycline (1.5 mg/kg, po.), especially if admin-
istered early in the course of infection.
Long-acting oxyvtetracvcline formulations
may give sustained blood levels, Imidocarb
dipropionate ( 1.2-2.4 mpkg., sc.) may also
be used for Arnaplasma infections. Sympro-
maric and suUppormive treatment is impor-
tant. Transfusion of 4—6 | of normal blood
is often indicated and should be repeated in
48 h intervals, until the animal appears
srromger, Oral and parenteral rehydration
with isetonic saline and glucose solution is
vital for dehydrated animals. Handling and
disturbances should be avoided, since even
mild exertion can produce hypoxia and
death. Animals should be kepr in shade with
free access ro fresh warer,

Prophylaxis: Regular dipping, spraying of am-
mals during the vector season drastically
reduces the incidence of the disease. Sever-
al methods exist to immunize ammals in
endemic areas. Inoculanion of blood con-
taiming A. centrale which gives rise to a
mild infection rhar protects against a sub-
sequent infection with the virulent and very
pathogenic A marginale. The use of viru-
lent and attenuared A. marginale solates
to induce immunity or a chronic carrier
status in calves is a widely accepred rech-
nique throughout the tropics where ana-
plasmaosis is endemic. The use of virulent
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orgamsms in adult cartle is hazardous, and
treatment at the onset of the patent infec-
tion with tetracyclines is recommended to
temper the course of infection.

Epervibrozoon spp.

Organisms found on the surface of erythrocyres
or near thrombocvies, occasionally they are
locared near erythrocyres, They muldiply by
binary fission. In general the size of Epervthro-
zoon is 0.4-1 pm. The most important vectors
of Eperythrozoon spp. are sucking lice, infected
through trans-stadial eransmission. Hyalomima
anatolicum possibly transmits E., wenyoni, Epe-
rytlrozoon spp. are generally not very path-
ogenic in spite of sometimes high infection
levels. They may assume increased significance
together with other provistan  infections
(Babesia spp.. Theileria spp., Anaplasma spp.
or Trypanosoma spp.). The only pathogenic
Eperythrozoon species which produces a disease
entity 18 E. siis, The disease 1s characterised by
a slow development of anaemia, comparable to
anaplasmosis, Oxyrerracyclines (5-10 mg'kg,
im. or iv.] are effective against all Eperyth-
razoon spp. Prophylaxis requires lice and tick
control.

In cartle the following species are present in
tropical Africa: Eperythrozoon wenyoni occurs
on the ervthrocyte surface; Epervibrozoon
teganodes occurs on the erythrocyte surface or
near to it and Eperythrozoon ot occurs on
the thrombocyre surface.

{Figures 130, 134

Fig. 134 Epa-r_l.'t.l'JrrJ:urm sererrpinny Diemsa-staimed
blososdsmear [13]
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Haemobartonella spp.

These are orgamsms tound on the surface of
erythrocytes which form branched chains and
multiply by binary fission. The organisms are
coccoid (0L1-1 pm) or bacilliform (1-5 = 0.7-
1.5 pm). They cause a defined disease enriry in
dogs and cats and rats. Haemobartonella spp.
are often derecred as resurgent parasites during
concomitant mtections or following splenecto-
my. Tetracyclines are the drugs of choice for
treating  Haemobartonella  infecnons,  bur
therapy is rarely indicated (& also above
ANPLASMATACAE, Fig. 130},

Haemobartonella bovis

Remarks: It occurs on the ervthrocyre surface.
These coccoid or bacilliform organisms
occur on the eryvthrocyre surface of cartle
in Mediterranean  regions. Vectors are
sucking hice and ncks (species unknown).
Haemabartonella bovis s relatively non-
pathogenic. In rare cases the parasite may
be associated with slow anaemia and
symptoms similar to anaplasmosis. Hae-
mobartonella spp. and  Epervthrozoon
spp. are difficulr o distinguish reliably by
light microscopy (£ above ANPLASMATACAE,
Fig. 130}.

EHRLICHIACEAE

Ebvlichia bouis Trurliq::|| bowvine ehrlichiosis,

“Notel” or “Nopel™

Hosts: Carrle

Vector: Ticks of the genera Ambiyvomna, Hyva-
fomenna and Rbipecepbalus

Species deseription: Ebrlickia bovis occurs in
II'H'EIIIHI'I'I.I-;..'l:I..‘i'II' I'.'t.:”!-i l:'l-t. I.'.'I."'II'.'. TE'!I.' :‘i:l'l'l.l'j rome
corresponds o the disease called “Nofel™
{Fulam/Peule in West Africa; ear = nopi in
peul} or *Nopel™ {Bororos in Central Afri-
ca), because of the ears being kept low ar
the beginning of an acure infection, The
clinical signs vary greatly ranging from
I.'I'Ia"lppi.'ll"."l'“' Fﬂ]-rl'.l'l‘.-i by h-'l.'l'iUl.'IE Fﬂrlll 'F[JI'!.'I‘.‘.
dominated by nervous signs, ataxic gair,

stiff legs, walking in circles, phases ot
excitement followed by somnolence, epi-
lepric crisis with talls, rolling eves and sal-
ivarion. Death may occur in an epileptic
attack. The disease s always serious in
imported cattle. The nervous signs are sim-
ilar to those of cowdriosis.

Geographic distribution: North and Ceneral
Africa, Middle Easr, Cevlon

Svmptoms: Anorexia, fever, incoordination
and enlargement of lvmph nodes

Significance: Ebrliciia bowis is of low sigmih-
cance for indigenows cartle. However, it is
a serious problem for imported or newly
introduced cartle in many rropical areas.

Diagnosis:  Microscopic  examination  of
peripheral blood smears  demonstrates
E. bovis in monocyres or macrophages. For
differential diagnosis infections with Core-
dria ruminantison have w be excluded.
C. ruminantion is located exclusively in
the endothelial cells (brain and orther ns-
sues) and nor in the peripheral blood
leucocyvtes, whereas E. bowis is found in
monocyies and macrophages.

Therapy: Oxvietracvelines (5 mg/kg, im., for
4 davs) or strepromycin-penicillin (3 g and
3 mio. umits per dav, im.); other tetracy-
clines may be used i emergencies,

Mrophylaxis: This consists of regular tick con-
trol. There are no iImmunizanon proce-
dures described,

{Figures 130, 135)

Fig. 135 Elelichia bovis; mass of clementary bod-
s ana monocyee | 15]
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Ehrlichia pbuEuﬁyfupbl'fd

European ehrlichiosis

Remarks: E. phagooytophila occurs in the new-

trophilic and eosinophilic granulocyres of
cattle, sheep and other domestic and wild
ruminants in Europe. Goats are not very
susceptible, Ixodes ricinns transmits the
disease by rrans-stadial infection. The dis-
ease is characterized by fever which occurs
after an incubation period of 4-11 days.
The infection causes a state of iImmunosuep-
pression and is therefore a predisposing fac-
tor to a varety of secondary infections. The
anmimals vsually recover afrer this febrile
phase. However, the most characteristic
problems are abortion in pregnant ewes
and cattle, and progressive weighr loss fol-
lowing infection may occur, At necropsy
hypertrophy of the spleen and lymph nodes
may be seen. The diagnosis 1s made by dem-
onstrating the organisms in stained blood
smears (¢ METHODS, 3.1}, Serological rests
such as IFAT {r& MerTHoODS, 5.1) may be
wsed for epidermiological studies.

Therapy: Long acning oxveerracvclines (5

mgkg, im.} have a certain curanive effect.

Prophylaxis: o above Ebrlichia bovis
(Figures 130, 136)

Fig. 136 Ebrlichia plagocviophila; mass of ele-
mentary bodies in a granulocyre |4)

Ebrlichia ondir

Remarks: This parasite occurs in granulocyees
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of cattle in high-aloirude grassland regions
of East Afnica. Members of the genus Hae-

mraprfrysalis and other genera are suspected
to be vectors of the disease. The incubation
]'H;rinr,l 1% 1-2 weeks, The disease starts with
a fever artack which is accompanied by a
petechial exanthema of the mucosae of the
mouth, nose, vulva, eves {poached egg eve),
digestive tract, urinary bladder, pericardi-
um and endocardiom. Extended haemor-
rhage in the gastrointestinal tract and the
pulmonary oedema cause death.
Diagnosis is made by microscopic exam-
ination of blood smears. Organisms of
E. ondiri are found in granulocytes.

Therapy and Prophylaxis: = above Ebrlichia
Bowis

Cowdria neminantinm Hearrwater, Tyewde

Hosts: Cartle, sheep, goar and other ruminants

Vector: Several species of the tick genus
Amblyormmia  ransmit the  disease:
Anthlyomnta variegatunt in open savannas
from equatorial Africa o Madagascar;
Amblyomema genmira in East Africa {Mas-
sal and Somalian steppes); Amblyorma
pomposun has limited geographic distri-
bution and occurs in the ﬁmgnlan ;'|n|:|1,1:;|1..|,|
Fambia, southwestern Tanzania;
Ameblvormma lepidun in East Africa (Mas-
sai steppes, Sahelian steppes of the Nile in
Sudan) and Ambivomma tholloni in the
Zambezi region. C. ruminantium is also
present on the Caribbean islands.

Species description: Cowdriosis is speaihic to
ruminants of the family Bovidae and is
most severe in sheep and goars bur also
causes great losses in cartle. Imporred
ruminants are much more ﬁuﬁwptihh: fo
cowdriosis than indigenous breeds. They
may suffer heavy losses, Bur also indige-
nous ruminants are affected especially
when rhey are in poor general condition
(endoparasitism, malnutrition, chronic
infections, etc.) or with weakened defence
[lactation, gestation). This applies especial-
Iy tor the early rainy season in the Sahel-
Sudanese region when animals are weak-
ened by the long food shortage of the dry
season  and when there 15 a  drastic



proliferation of the Amblyomma nicks,
Cowdriosis can then become a great prob-
lem. The incubation period 15 8=15 days.
Endothelial cells are the preferred sites of
the proliferation of this pathogen, especial-
Iv of the nervous svstem, kidnev, spleen,
lvmph nodes, salivary glands and heart
muscle. Young calves (< 6 weeks), lambs
and kids (< 1 week) are fairly resistant and
may recover spontaneously.

Geographic distribution: The distribution of
heartwarter corresponds o that of all s
VECTOTS.

Symptoms: The symproms are almost identical
in both cartle and small raminanes, excepr
that the nervous symptoms are rarer in cat-
tle and not as distinct (e.g. posture of push-
ing against a wall, ataxia, haggard eye,
aggressiveness), Digestive signs arc more
constant in cattle than in sheep and goats.
Diarrhoea mav occasionally be seen. Sev-
eral forms of cowdnosis can occur, rang-
ing fram a peracute form (death within 2-3
hours; tvewde of the Fulani) eo inapparent
infections. There are no pathognomonic
signs. In the peracute form an animal may
abruptly drop to the ground, struggle, stare
to pedal, indicating serious nervous disor-
ders. Death follows rapidly. The acure
tform can last for up ro 5 davs and 1s accom-
pulli.l:d l'.-y.' iruatial |1:.']::-|.'rt|1tr|11i:3, breathless-
ness and dyspnoea. Nervous signs may
occur, often at the end of the disease, sug-
gesting reranus or poisoning. Flurtering of
the evelids and acure gastroenteritis may
also occur. The subacute form is rare
[12=15 dags), developing sometimes pul-
monary complications. Artenuared forms
are frequent, Amimals recover after a short
febrile phase. Sometimes, h}'p-::rthr.:rmia 1%
the only clinigal sign.

Significance: Cowdriosis is a serious problem
in areas infested by the ricks Amblyonmma
Spp.

Diagnosis: In acute forms diagnosis can be
based on climical signs. Demonstranon of
colonies of the organisms in the cytoplasm
of capillary endothelial cells is necessary
for definive diagnosis. This is done with

Criemsa-stained “squash™ smears of cerehral
gray mateer. An indirect IFAT (& METH-
ons, 3.1) test may be used to detect antibodd -
s of animals thar have recovered from
infection, In sheep and goars these ani-
bodies persist for several vears, and rtheir
presence correlates well wath their resistance
to reinfections. Seropositive cattle are resist-
ant to challenge, although antibodies disap-
pear within 12 months afrer infecnon,

At necropsy hydropericardium is the pre-
dominant sign. The exudare is clear, usual-
Iv amber or vellow., It 15 a consistent sign
of heartwarer, It may be as much as 700 m|
mn small ruminants. Hydrothorax, ascires
and splenomegaly are often found. The gall
bladder is usually distended. Exrensive
congestion of the viscera and petechiae on
the serous membranes and mucosac of the
digestive tract may be seen. Microscopical-
Iy the deformanon of endochelial cells by
rickettsial masses is the most seriking find-
ing. Smears are made either with material
scraped from the internal wall of a major
artery, or with a fragment of cerchral cor-
tex crushed between two shdes. May-
Grunwald/Giemsa staining usually reveals
masses of elementary bodies, appearing as
blue granules in the cvroplasm of endothe-
lial cells. The imitial bodies are dark blue.

Therapy: Oxyrerracycline (3-10 mg'kg, im. or
iv.) usually effecrs a cure if administered
early. Later in the febrile phase, when clin-
ical signs appear, a higher dose level
(10-20 mgkg) is required.

Prophylaxis: There is no vaccine yet. Several

immunization schedules have been applied
successfully (“controlled immunization™:
infecrion with a laboratory-maintained
strain followed by antibiotic trearment)
but they require a very careful monitoring
of the infected amimals and laboratory
maintenance of parasite strains.
These methods are expensive and should
therefore be reserved for valuahle animals
le.g. breeding stock, drought animals, erc.).
Tick control is a substannial parr of heart-
water prophvlaxis.

Remarks: Merozoites of Toxoplasma gr;.uu'u
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and Sarcocysits spp. may occur in the blood
stream during the acute phase.

(Figures 130, 137, 138, 139, 140)

Fig. 137 Mervous symptoms associated with Cone-
dria rieminantiven [15]

Fig. 138 Hydropericardium (hearr water) cavsed
by Coredrra rivinantiom |15]

<

=

Fig. 13% Coredria riminantiesm organisms in the
capillary endothelial cells [4]
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Fig. 140 The known distribution of the known
vecrors of heartwarer in the African region | 13]

HELMINTHS

# Trematoda found in the blood and
circulatory system

Sehistosoma bovis Blood fluke, Bilharziosis

Location: Mesenteric veins

Hosts: Cartle, sheep, goat, equine and drome-
dary

Species description: 5. bovis occurs in the por-
tal and mesenteric veins of carcle, sheep,
goats, equines, camels and rarely in man,
The males of 8. bovis are 9=22 mm long
and 1-2 mm wide. The females are 12-28
mm long. The eggs are spindle-shaped and
passed in the facces. The size of the eggs 1s
132-247 pm = 38-60 pm.

Geographic distribution: Central, East and
West Africa

(Figures 141, 142)



Fig. 141 Schistaosoma bovis

Fig. 142 Sehistrsoma fowas; male ithick) and
fermale (slender)

Schistosoma mattheet

Locaton: Portal and mesenteric veins and less
frequently cvstic and lung veins

Hosts: Cartle, sheep, goar, wild ruminants,
equine and man

Species ﬂc&n:.riptium Females measure 18-25
mm and males 914 mm. The eggs measure
170-280 = 70-85 pm and have a terminal
spine. The prepatent period is 7 weeks, The
life cycle is similar to Schistosoma bois.
Intermediate hosts are Balinns africanms,
Budinus globosus and other Bulinus spp.

Geographic  distribution:  Southern  Africa,
Muozambigque, Zambia, Malawi, Zimba-
bwe, Tanzania; Central Africa (Tchad)

Schistosoma intercalatum

Remarks: This species occurs mainly in man
and primates in Central Africa, Sheep and
goats and other domestic and wild rumi-
nants may accidentally acquire infection. 5.
mitercalatim is found in the portal and
mesenteric  veins. The egps  measure
140=-240 pm = 50=85 pm.

Schistosoma curassoni

Location: Porral and mesenteric veins

Hosts: Cattle, sheep and goar

Specics description: Intermediate hosts are
snails of the genus Bulines, Eggs are simi-
lar to those of 8. mattheer.

Geographic distribution: West Africa (Senegal,
Mauretama, Mali)

*  General features of Schistosoma spp.
infections

Life cycle: Aquaric snails { Belirus spp.) act as
intermediate hosts in the hfe eycle of
Schistosoma spp. In the case of S, bowis,
N, mattheer and 8. intercalatum snails of the
genus Bulinus spp. act as intermediate
hosts, The eggs hatch after contact with
water. The miracidia infect aquatic snails
and cercariae emerge 38-126 days after
infection from the snail and actively pene-
trate the skin or the rumen of the definite
host. Schistosomosis (bilharziosis) occurs
near permanent fresh warer bodies (pools,
backwarers, ponds, lakes and marshy pas-
tures). To hecome infected, the final host
needs the contact with water. This might
occure during drinking in these areas, pass-
ing through warter or grazing in swamps.

Symptoms: These are rarely seen even in heavy
infections. Symptoms are mainly caused by
the eggs which are deposited by the adult
flukes in the wall of the intestines. Intermit-
tent diarchoea which may contain specks
of blood, anaemia and progressive weak-
ness may occwr, Both diarrhoea and con-
stipation can be seen and blood and mucus
are somenimes found in the faeces together
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with the eggs. A chronic hepatic syndrome
has been described with neurological signs
like araxia, hyvpermetria, disorientanon,
leaning  agamse walls, coprophagy, erc.
Sheep are more susceprible than cartle and
can die in large numbers while cartle sur-
vive, unless they have very heavy burdens,

Significance: Although specific clinical signs

dare EJFtEI'I U".'i."l.']“':]k!."l]‘ 1""".1';]‘1] ﬂukr:-. may
constitute a serious problem i endemic
areas,

Diagnosis: This is made by faecal examimation.

Spindle-shaped egps are found in the sedi-
ment. In chronic cases, it may not be pos-
sible to find epgs in the faeces and the diag-
nosis must be confirmed by a post-mortem
examination. At necropsy adule flukes can
he found in the mesenteric veins or in the
portal sysrem.

Therapy: The therapy of schistosomosis is nor

easy. Highly efficient anthelmintics may
have fatal consequences because dead
worms may cause massive thrombus for-
mation in the liver. Therapy should aim o
kill the worms over a long period of nme
rather rthan risk the massive damage caused
by the simultaneous death of all worms. In
peneral treatment of schistosomosis s
uneconomical since a large number of
repeated doses at intervals of 2-3 days is
required. Praziguanrtel ar 25 mg'kg body
weight is effective, although two treat-
ments, 3= weeks apart are required, Orher
drugs which have some schistosomicidal
propertics are stibophen {7 5mgfkg, 1m.
6 =], lucathone hydrochloride (50 mg'kg
tor sheep and 30 mgfkg for cattle; both
every other day unril three rreatments have
been given), hycanthone (6 mefkg, im. ) and
trichlorfon { 10-12 mg'ky, im. 11 *atinter-
vals of 3-5 days),

Prophylaxis: In areas where schistosomosis 1s
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of grear imporrance, grazing in swamps,
rice fields, ponds thabitar of the intermedi-
ate host} should be avoided. Warter from
hore holes should be used for drinking pur-
poses. Infection can be reduced by fencing
off contaminated bodies of warer and pro-
viding clean drinking warer. These mea-

sures not only reduce the incidence of schis-
tosomosis, but they also control other
rrematodes such as Fasciola spp. and par-
amphistomes which frequently occur in the
same localinies as schistosomes, If the
drinking warter is contaminated with inter-
mediate snail hosts the use of mollusoicides
may be indicated. An ecologically justifi-
able way will probably be the use of mol-
luscicidal plants which can be culwured in
water bodies containing the snail-interme-
diare host,

(Figures 31, 35, 36, 143, 144)

Fig. 144 Schustosoma bows in the portal vein of
the liver



« Nematoda larvae (microfilariae) found
in the blood and adult nematodes living
in the circulatory system

Onchocerca armillata Aorne filanosis

Location: Adult worms are found within tuni-
ca media of the aorta. Microfilariae are
found in the blood stream (transienty ) and
in the skin of the dorsal parts of the body
(detmitively).

Hosts: Catele, rarely small ruminants  and
camel

Species description: Adules are found in the
aorta. Males are abour 7 cm long and
females up to 70 cm. The microfilariae are
unsheathed, measure 346-382 pm = 3.5-
6.8 pm and are mainly found in and under
the skin on the dorsal pares of the animal
(hump, wither, neck, rarely dewlap and
lower parts). In chronic infections the
aortic wall 15 thickened and the intima
shows tortuous tunnels and there are
numerous  nodules  contaiming  vellow
caseous flhnd and colled worms. Infecrion
15 transmitted |'|:.' bites of msects of the fam-
ilies Simuliidae and Ceratopogonidae. The
infection is very common (up to 90%) in
SOME arcas.,

Geographic distribution: Throughour Africa

Symptoms: Clinically mostly mapparent; cal-
cification of the aortic wall and aneurysm
may cause cardiovascular symptoms.

Significance: Weakly pathogenic but prevalent
in seme regions (80-90% of all animals
examined)

Dagnosis: Microfilariae appear in the blood
stream and in the skin. Typical nodular
lesions in the aortic wall may be found at
Necropsy,

Therapy: This is rarely indicated. Diechylcar-
bamazine is microfilaricid (3-8 mg'kg
daily for 21 days). Ivermectin (200 pgfkg)
was found to be ]'lighl:.' effective agamst the
microfilariae of many Chrichocerca spp.

(Figures 143, 146, 159)

Fig, 145 Onehocerea armillata; tvpical striated
curicula

Fig., 146 Cuehocerea armillata; aomic nodules
conraining the coiled adule worms (arrow)|

Onchocerca spp., O. gutturosa, O, dukei
and O. ochengi

Remarks: These species are found m the
nuchal ligament or infunder the skin on
several parts of the body (v Catrie, B
4.1.2 and  5.1). Microfilariae may occa-
sionally be tound in the circulanng blood
during their migration to their predilection
site,

Elaeaphara poeli Large aortic flaria

Location: Thoracic portion of the aorta

Hosts: Cartle, water buffalo

Species description: Males are 435-70 mm long
and females 40=-300 mm. The microtilarn-
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B 2 $ages in the blood and circulatory system

ae are 340=360 pm long and 7.0-7.5 pm
wide. The male occurs in nodules in the
wall of the aorta, while the female is fixed
in the nodules with its anterior extremiry
and the rest of ns body hangs free in the
lumen of the vessel. The females are 350

Setaria labiatopapillosa

Location: Adult worms occur in the abdomi-

nal cavity (s CatTLE, B 4.4,
Microfilariae are sheathed, 140-230 pm
long and appear in the peripheral blood.

pm wide in the mtranodular part of the  (Figure 148)
body and 1.5-1.8 mm wide in the free pares
of the h:}d:.'. The life E}'L‘lﬂ 15 unknown.
J'\Hﬂﬁﬁ,"d. l.'l.."!-iﬁ.l..'i.‘i- Are 5".'.-'[]-”1:[! ﬂ.l'.ld. li:‘r!l EIEI.H-
tic. The intima is uneven and rised by nod-
ules which are 8=13 mm in diameter.

Geographic distnbution: Central and East
Africa, Sourh East Asia, Philippines

Symptoms: There s no evidence that the par-
asite causes clinical signs.

Significance: Unknown

Diagnosis: Nodules in the aorta, unsheathed
microfilariae may occur in the blood
srream.

Therapy and Prophylaxis: Mot indicared

{(Figure 147}

Fig. 148 Seraria labiatopapillosa; sheathed microfi-
lariae are 140-230 pm long; Giemsa-stained blood-
s

—
L2 mim

—— 1 mm

Fig. 147 Elgcophora poets; anterior end of a
Femiale {102 anterior end (2], coticular structore (3]
and eail end (4] of a male [15]
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(care: ditterennal diagnosis; Brucella abor-
tres?). There 1s a persistent uterine discharge
containing large numbers of the parasites.
Bulls are wsually carrier ot the parasite
wirthour climical symproms,

Significance: Venereal disease ot cattle charac-
terised by abortion and infertility in cows.

3 Stages in the urogenital system

PROTOZOA

Tritrichomonas foetus (syn. Trichomonais
foetus) Bovine trichomonad abaorrion

Location: In the bull the parsires are found in

the preputial caviry, In cows trichomonads
are found in the vagima and urerus.

Hosts: Cartle
Species description: This is a venereal proto-

roal disease of cantle characrerized by early
toetal death and infertility, assocared wich
grearly extended calving intervals. Ir s
reported from many tropical countries,
The organism is ordinarily 10=15 = 5=10
pm, but there 15 considerable pleomor-
phism, At the anterior end there are three
Hagella about the same size as the parasite,
An undulating membrane runs the full
i::nch of the bod v and is hordered bv a fil-
ament which continues bevond the mem-
brane as a posterior flagellum. Multiplica-
non s by longitudinal binary  fission.
LUnder narural condirions the mfection is
eransmitted during comtus from the bull o
the cow or vice versa. It may also be trans-
mitted mechanically, eg. by gynaccolog-
cal examination of cows with contami-
nated rools. The organisms are found only
in the genital tract of the cow and bull.
Most bulls remain permanently infected
after a primary infection. The bull is usu-
allv the source of mirial and continuous
infection within a herd. Infecred cows usu-
i]l[}' racaver h-l.'![]]'l [.'l]'lf[ﬂ.l!-i]':r' atter mean
durations of 20 weeks {primary exposure)
and 10 weeks [secondary exposure). Cows
can remain infected throughour pregnancy
and discharge trichomonads from the geni-
tal tracr following calving.

Geographic distribution: World-wide
Symproms: Purulent vaginitis, metritis, placen-

titis and abortion are commonly found in
mfected cows and can cause enormouns
losses. Prolonged sterility and extended
calving inrervals are predominant fearures

T. foetus can cause considerable losses in
infected herds. In many countries the ingi-
dence has greatly been reduced by che arn-
ficial insemination using a bull known to
be free of the disease.

Diagnosis: History of abortions in a herd and

demonstration of the organism in the vag-
inal or uterine discharges or in the foetos
(imainly stomach). In bulls the organisms
are in the prepuce, frequently in small
numbers. Microscopical examinanon of
the preputial smegma for trichomonads is
the most common method to confirm a
herd diagnosis. Preputial fluid may be col-
lected with a pipette (eg. Al pipette)
which is introduced into the prepuce, and
smegma is collected with a combination
of scraping and aspiring via an attached
rubber bulb ar svringe. The same proce-
dure may be vsed ro collecr vaginal fluid.
It is imporeant to avold contamination
with faecal marterial, as such marerial con-
tains masses of protozoa similar
appearance o T, foetus, The organisms
may not be numerous and carcful, system-
atic examimation is necessary. Diagnosis
is based on the size and shape of the
organisms as well as the characreristic
aimless, jerky motion on a warmed slide.
Only living organisms are useful for diag-
nostic purposes, Confirmation depends
on hinding the organisms in at least one
amimal i a suspecred herd. The organisms
may be cultured in special media (e.g.
Diamond’s Trichomonad Medium)p. The
diagnosis can be confirmed by the Poly-
merase Chain Reaction (PCR) which is
the most sensitive and specific diagnoseic
method nowadavs, Serological examina-
tions on a herd level may be used tor epi-
demiclogical purposes bur are of lirde
value for individual animals,
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B 3 Stages in the urogenital system

Therapy: This is extremely difficult and does
not eliminate the parasites. Compounds
which have been reponed to be effective
against trichomonads are dimerridazole,
ipronidazole and metronidazole. Thorough
rinsing our of affected genital organs with
acndine and iodine  preparations  may
reduce the number of parasites bun it does
not clear the infection. The only effective
and sustainable way o control bovine tri-
chomaonosis 1s srricr prevennon,

Prophylaxis: Control measures are based on
the assumption that transmission occurs
only during coitus and thar infected cows
thar undergo 3 months of sexual rest afrer
calving with normal urerine involution are
free of mfection. Animals with pyometra or
genital abnormalities should be culled.  Eip 149 Tritrichomronas foetus
Artiticial insemination (Al) with semen  (12-18 = 6=10 pm}; Giemsa-stained bloodsmear [4]
free of richomoads is the most effective
way of controlling the disease. However, if
Al is not possible, the exposed animals
should be rreated repeatedly for recogniz-
able wrering disease and allowed 3 months
of sexual rest. For breeding, a young, not Frie Flacpella
infected bull should be used. Bulls and
cows should be examined for reinfection.

Control may be supported by eliminating ‘
all bulls = 3 years old and using younger

bulls for maring. This is based on the rela-

rive lack of susceptibility of voung bulls o foncrityle Urhlating
trichomonad infection. Slaughter, rather e
than treatment, of bulls is generally recom-
mended.

iFigures 149, 150)

Fig, 150 Morphology of Tritrichomonas foetus
(schemanc) [1%)



4 Stages in internal organs

4.1 Locomotory system

4.6 Central nervous system

4.71.1 Muscles
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4.1 Locomotory system

41T Muicles

PROTOZOA

Sarcocystis bovicanis (svo. 5. cruzi), Sareo-
cvetis bovifelis (svo. 8. birsura) and
Sarcocystis bovibominis (syn. 5, bomins)
Bovine Sarcosporidiosis

Location: Cysts, contaming the infecrive stage,
called bradvzoires, occur in the strared
musculature of cartle.

Hosts: Carttle are intermediate hosts of three
Sarcocystis species of which the dog
(5. bovicanis), the cat (5. bovifelis) or man
|5, bordhontings) are final hosts.

Species description: Cysts of several Sarcocys-
tis species are found in the muscles of car-
tle. Carrle alwavs act as intermediate hosrs,
5. Beopsieanig s the most ]'rﬂr]'ll:lb_',l.'l'li-:." SPECIes
for cartle. Infection is acquired orally by
ingestion of sporocyses from che tacces of
infected hosts. Tissue cvsts in cattle are
infecnious for ar least 1 vear, The life cycle
of Sarcocystis spp. is as follows: infecrive
sporacysts, excreted by the final hose (cat,
dog, man) are ingested, sporozoites are
released in the intestine and invade many
tissucs  via  blood  stream.  Schizogony

oceurs in the endothelial cells of blood ves-

sels in most organs, preceding the develop-
ment of typical cysts in the striated muscu-
lature. Cysts may occasionally also be
found im the brain. Cysts vary in size,
depending on the species, from a few mil-
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W 4 Stages in internal organs

Table 10 Sarcocystis species found in muscles of cartle

Species Synonym Definite host Pathogenicity
L IH* DH**
5 bovicanis 5 cruzi Dog, covete, walf At 0
5. bovifelis 5 hirsufo Cat 0
5. bovihomins 5. horminis Man, rhesus monkey, 0 +

baboon, chimpanzes

"IH = Intermediate Host; **OH = Definitive Host; 0 = non-pathagenic; + = mildly pathogenic; ++» = severaly p::u;;gﬁ

limetres to several centimetres i length,
The peripheral region of a cvst contains
globular forms [metrocvres), which pro-
duce two daughter cells by endodyogeny
and these atrer further replicanion give rise
tor banana-shaped bradyzoites. Infection of
the tinal host is by ingestion of muscle
cysts, containing bradvzoites. %, boeifelisis
nonpathogenic for carde and produces
micrascopic cysts of 12 = 1 pm. 8. Do
bowiinis has man and some primates as
defininive hosts and the sarcocyses are com-
partmented, with a wall of abour 6 pm nck
that appears radially striated by light
microscopy. The pathogenicity of 5, boai-
hominis for cattle is stll in debate, The fol
lowing description refers oo this species,
Following ingestion of sporulated oocvsts
or sporocysts by cattle {excreted by dogs,
wolves, covores, raccoons, foxes, hyvenas)
several generations of schizonts occur in
the endothelial cells of blood vessels and
metrocytes are found in the striated mus-
culature about 1 month afrer infecrion.
Fully developed muscle cysts, contaimning,
the infective bradveoites occur 2-3 monrhs
atter infection.

Creographic diseribution: World-wide

Symproms: Anorexia, intermirtent fever at-
racks, anaemia, weight loss were observed
afrer expenimental infection of calves, Deaths
occurred about M davs after a heavy infec-
tion with 10°=10% sporocysts. Reduced
milk :;'ifll_‘L loss of condition, dyspnoea and
abortion were observed in adule carcle.

Significance:  Sarcocvstis  infection  occurs

Bé

throughoutr the world, Economic losses
during a tresh infection mavy be higher than
expected. Once muscle cysts are formed the
mfection s inapparent.

Diagnosis: Thes is very difficult in the acute

phase (1 month postinfection), During this
period schizonts may be demonsreared in
vascular endothelial cells by means of
stained-scrapings taken from the blood
vessels or by histopathological examina-
tion. Detecrion of meronts in Giemsa-
stained blood smears {e5 MeTHoDs, 3.1 or
biopsy  for detection of schizonts. At
necropsy artificial digestion of afiecred
muscles might reveal the muscle cysts. Ser-
ological rests (IFAT, ELISA: v METHODS,
5.1 and 5.2) are indicared afrer the acute
phase. The PCR (e METHODS, 6.3.2) may
be used as a highly sensitive method o
detecr Sarcocvstis infections.

Therapy: This is extremely dithcult in cartle

and rarely indicared. Amprolium {100
mgfkg, po., dailv during 30 days) was effec-
tive to avoid clinical signs in cartle {endo-
thelial schizogony) during experimental
mfections, Amprolivm and balofuginone
(066 mg'kg, po., 2 = on consecutive days)
may be used in sheep and goats to avoid
climical disease afrer infection,

Prophylaxis: The contammation of cartle food

with faeces of dogs, cats and man as well
as the feeding of raw cartle meat ro dogs
should be avoided,

(Figures 151, 152, 153, Table 109



Fig. 152 Sporosoites of Sarcocystés suicants (left),
Sarcocysins ovrcams imiddle) and Sarcocysiis
Bagricanis (righn) [4]

Toxoplasma gondii

Remarks: Tissue cysts of 1. gondi may also
oocur in ruminants as they do in pigs (v
Swing, 410 A diagnosis based on clim-
cal signs is not possible. Cysts may be seen
in histopathological examinations. High
antibody titers by the Sabin-Feldman-rest,
IFAT or ELISA (% METHODS, 5.1 and 5.2)
may indicate an infection. The PCR rech-
nigue (80 METHODS, 6.3.2) may be used for
the sensitive detection of T. gnim'ﬂ i feee-
tions in all domestic animals species and

Fig. 151 Life cvele of
Sarcocysiis biwrcans
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Fig. 153 Sareoevsiis bovicaniz (svine 8, craegr); nssue
cyst (70 pm i diameter) [10]

will thus provide an important epiden-
ological rool. Tissue cysts of T, gondi in
cattle may constitute an miection risk of
minor importance for man,

Neosfrord sp.

Remarks: Cysts of Neospora sp, are found in
the muscles of cartle, The entire life cycle is
still unknown. Until 1988 che parasite was
dhagnosed as T. gondil. N. canminnm caus-
es neuromuscular disorders in dogs and 15
the main cause of abortion in cattle in the
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W 4 Stages in imternal organs

USA. Tachyzoites and tissue cysts are the
only stages so far known. For diagnosis and
trearment = CATTLE, l 4.6,

HELMIN THS

» Cestoda larvae found in the muscles

Cysticercus bovis Larvae of the human
tapeworm Taenia saginata cystcercosis,
“heel measles™

Location: Cysticerci {larval stage) are found in
striated and non-striated muscles of cattle,
anywhere in the body, Adulr rapeworms
are found in the small intestine of man.

Intermediate hosts: Cartle

Species description: The tinal host of this par-
asite is man. Cattle serve as intermediare
hosts. In cattle the parasite appears as
small, Auid-filled cyses (10 mm = 4.5 mm)
which give a sporry or measle-like appear-
ance to the beef muscle. These cysts contain
1 protoscolex and occur predominantly in
the heart muscle, diaphragm, tongue and
masseters. In infected man proglortids are
passed in the faeces. Infection of cattle
occurs by ingestion of proglottids or eggs.
The larvae (oncospheres) harch in the intes-
une and penetrate the intestinal wall and
are carried via blood stream 1o muscles
where they become bladder worms 8-20
weeks after ingestion, Some of the cysticer-
¢i may become calcified and are no longer
infective. Man is infected by eanng
uncooked measly mear of cartle containing
viable cysticerci. Adult tapeworm develop
i man in 3-5 weeks.

Geographic distribution: World-wide

Symptoms: Cysticercosis in cattle is usually
inapparent, except if vital strucrures in
organs are affecred (e.g. hearr, diaphragm).
Infections with Taenia saginata in man may
be associated with loss of appetite and diar-
rhoea bur they are usually inapparent,

Significance: Carcasses containing beef mea-
sles are condemned ar mear inspecrion.
Consumprion of infected, inadequately
cooked meat may infect man. Therefore

consequent inspection of cattle carcasses
needs 1o be done, This is time-consuming
and expensive.

Diagnosis: Demonstration of cysticerci in mus-
cles of cattle ar meat inspection, Serologi-
cal tests may be nsed ro detect infecrions
antemaortemn but some are relatively unspe-
cific.

Therapy: Mor indicared

Prophylaxis: Animals should not be exposed ro
human facces. Warer used for livestock

purposes (e.g. drinking, irrigation} should
be free of faecal contamination. The disease
is spread hecause pastures are irnigared
with human sewage.

{Figures 154, 155, 156, 157)

Fig. 154 Taema sp. eggs {34-3% » 31-38 pmi) con-
raining oncospheres |4]

Fig. 135 Cysts of Cysticercrs bowis (10 = 4-5 mm)
i the hearr of a carele [4]



Fig. 156 Calcified rissue cysr of Oysticercis Bbouis
in the masseter muscle of a cartle

Fig. 157 Life cvcle of Taenia saginata’Cysticercns
bz

Cysticercus dromedarii (syn. C. cameli)

Remarks: The larva (Cysticercus drosedarii)
of a hvena tapeworm | Taenta Ivaenae) is
frequently found i the muscles of the
dromedary, cartle and goats (5= DroOME-
paries, M4, 110 Ieis rarely found in sheep.
C. dromredarii cyses are twice as large as C.
bovis, measuring 12-18 mm in length.
They are pearly white and the lateral
mvaginated protoscolex has a double row

of hooks. Although thev are nor dangerous
to man, their presence is repugnant, and
parasitized mear should be condemned
and not fed o dogs or other caniidae.

« Nematoda larvae and adult nematodes
found in the muscles

Onchocerca dubed Muscular and subcuta-

1S HII'..'l'I.'ZJ'L'L‘FI."iJ’!-iI-h EJF li:.'ltl'lt.'

Remarks: Adult worms of this species are
r."lll'lllj i[l I.'I'II‘_' ‘.il.'lh'l_'l.'I‘l:.'lI'Il{.'l.:ll.'l:'ni.l FETi!I]llHCLlI:!I'
and muscular tissue of cartle trnpin_':LI
Africa (v Carng, 5.1} It is very fre-
quent m West Africa where sometimes up
to 100% of the cartle are infecred. O dukei
Fseinis  ineeamuscilar and subeuraneous
nodules. These nodules are fibrous reac-
rions of the host, vellow or gravish-white
in colour. They are oval {3—6 mm in diam-
eter) with a raised contour. These nodules
are hard to touch, and when sliced one or
several worms appear, surrounded by pus.
This is the major difference to Cysticercus
frowis, The mtramuscular nodules can be
-;.1:|!|'||:':|::tl::11_.-' embedded in the muscles or
only partly covered. The ennire muscula-
ture may be involved, especially the Hank,
intercostal and limb muscles. Subcurane-
ous nodules may be found almost every-
where (ee Catrir, 5.1

{Figures 158, 1539}

Fi!.;. 158 ﬁili_':q. ::F LI TR u[ SHNRE 'f.].lin:'.l'.lr.u‘.'i'#r.'d
species found in cantle in Africa [20]
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W 4 Slages in infernal organs

O guttosa O amillata O, ochengl ©, dukei

cuticla FYTTTR T T
Tail @ '\’;& "3

Ficrofilariae

O, guituross O demilata O, ochengi 0. dukei
Lenght 263249  38/146  2R/2TT MOy
Diameter 4.4/3.4 6855 a5 148
n P E! 15813 23113 Xa'8

Fig. 13% Rey for the identification of Orchocerca
species of cartle in Africa |20]

ARTHROPODS

* |nsecta larvae found in the muscles

Hypoderma bovis and Hypoderma lineatum
Larvae of the warble fies

Remarks: Larvae of the warble flies may some-
times occur in the muscles during their
migratory period. Hypoderma  lineatim
migrares through the wall of the oesopha-
pus (5 CATTLE, 5.1,

4.1.2 Tendons

HELMINTHS

« Mematoda larvae and adult nematodes
found in the tendons

Onchocerca gutfurosa
Ligamentary onchocercosts

.

Location: Adulr worms of this SPROCTES OOCUT i
the ligamentum nuchae and also in the lig-

90

aments of the hip, clbow, stifle, knee joints
and the external side of the scapular cartil-
age, Microfilariae are found in the skin of
the hump and back, sometmes ears and
neck of cartle.

Huosts: Cattle

Species descaption: Males are 2-3 cm long and
temales are up o 60 cm long or more. The
microfialriae are unsheathed and 249-263
pm long and 3444 pm wide. The mrer-
mediate hosts are members of the family
Simnneliicdae.

Geographic  distribution: Probably
wide, extremely common throughour Af-
rica.

world-

Symploms: Usially Inapparent infoctions.
Microfilariae may cause a slightly weching
dermarins, resembling a mild mange.

Significance: Allergic skin reactions against the
microhalriae and massive nodule forma-
fion may reduce the guality of the skin.

Diagnosis: This 15 based on the idenrificarion
of microfilariae in skin biopsies or adult
worms at slaughrer.

Therapy and Prophylaxis: This 15 usually not
indicated. If allergic dermanos due 1o
microtilariae are suspecred rrearment with
ivermectin {200 pp/kg, sc.) may be indi-
cared,

Onchocerca lienalis

RN

Remarks: Adults are found in the higamentum
abomaso-lienale, Microfilarieae occur in
the skin. The infection is asymptomatic.

4.2 Liver

HELMINTHS

+ Trematoda found in the liver

Fascinla gigantica Giant hiver fluke

Location: Bile ducts

Hosts: Carrle, sheep, goar, dromedary, horse,
pig and many other animal species

Species description: F. gigantica is the common
liver fluke of livestock in Atrica and Sourh



Asian countries. F. giganiica resembles F.
brefaatica. Ies size is larger, being 2573 mm
in lengeh and up to 12 mm in breadth, The
stze of the cggs is 156-197 pm = 90-104 pm.
The most frequently involved intermediare
hosts are Lyminaea aericelaria and L. nata-
lensis, These are aguanc snails living in fairly
large permanent bodics of water, The snail
vecrors can survive an amphibiouns existence
but can only aestivate for very short periods.
Metacercariae (the cyst stage of cercariae
formed after the tail s cast off) encyst on
plants under water such as rice planrts, erc,
Metacercariae may survive for up o 4
momths on stored plants and thus infection
may be rransmitted by teeding rice seraw, F.
gigantica adults reach the bile ducts 12
weeks after infection. The immature stages
migrate through the liver parenchyma.
Infections wicth F. gigamfica can  occur
extremely focal, revealing high prevalences
in some regions and low prevalences m
others. Infection is acquired by eating herb
age which is contaminated with meracercar-
e, The preparent period 1s 9-12 weeks,

Geographic distribution: Throughout Africa
and Asia

Symptoms: [n sheep an acute and a chronic form
can occur whereas in cattle only the chron
ic form seems to play a role. The pathogen-
esis is essentially the same as in F. bepatica.

Significance: F. pipantica causes mainly a
chronic fasciolosis in cattle and an acure,
often faral, syndrome in shee P

Diagnosis: Detection of typical operculated
egps with the sedimentanon merhod.
Cave: F. gigantica eggs are similar ro the
egps of some rumen fluke species! F.
rigantica epps only appear 15 weeks after
infection! Adult Hukes are found in the
bile ducts at necropsy.

Therapy: s F. bepatica

Prophylaxis: #0 F, befratica in many parts of Afri-
ca it 1s not possible to avoid grazing around
lakes, swamps especially of these places are
uscd for warering. The use of bore holes for
watering cattle 15 an effective means o
reduce mfections with F. plgantica.

[Figure 1&1)]

Fig. 160 Fascivda girantica; the giant liver fluke

Fasciola bepatica Common liver Fluke

Location: Bile ducrs of the liver, somenimes gall
bladder

Hosts: Carttle, sheep, goat, horse, donkey, pig
and many other animal species

Species  description: F. bepatica 15 ocours
world-wide = except in Africa and Sourh
Asia where it i1s replaced by F. gigantica -
and affects especially cartle and sheep, Its
size is 30 by 15 mm, The eggs measure
130-150 = 65=90 pm. F. bepatica eggs
hatch within 10-12 davs after deposition
and the miracidium, the first larval stage,
penetrates actively imo the intermediate
host which is generally an amphibious
snail of the genus Lymmaea. Cercanae
leave the snail 4=7 weeks afrer infecrion
and settle on plants just below water level,
After casting off the rail they form a cvst
about 0.2 mm in diameter (metacercariae).
The metacercariae are mfecrive. Ingesred
metacercariae penctrate the small intesti-
nal wall and reach the hiver via abdominal
caviry. The duration of the migration with-
in the liver parenchyma s 6-8 weeks after
which the voung flukes reach maturity in
the bile ducrs. Infection occurs orally by
ingestion of meracercariac on herbage, The
meubation period s 2-4 weeks. First
symptoms may be seen 5-7 days atfrer
mfection in acute fasciolosis.
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W 4 Siacpes inindermal organs

Geographic  distribunon:  Temperate  areas

world-wide and high alumde regions in
East and South Africa,

Symptoms: F. bepratica causces a wide range of

chimical symproms, depending on the num.
ber of metacercariae ingested bur none of
the symptoms is pathognomonic, Chronic
Fasciolosis is the most common form in cat-
tle, sheep and other hoses, The symptoms of
chronic fasciolosis are generally associated
with hepatic hibrosis and hyperplastic chol-
angitis.  Anaemia, ocdema (bottle jaw),
digesrive disturbances (constiparion, diar-
rhoea) and cachexia develop gradually.
Acute fasciolosis is less common than the
chronic disease and oceurs mainly in sheep.
[t 15 basically a hepanns caused by the
simultancous migration of large numbers
of mmature flukes. Sudden death may
occur in acute fasciolosis,

Significance: F. bepatica is the most important

rrematode of domestic ruminanes and the
most common cause of liver fluke disease
I temperace aneas.

Dhagnosiss The oval, operculated, golden-

brown eges ( 130-150 x 65-90 pm) appear
im the faeces 10 weeks after infection. The
sedimentation 1s the most reliable merhod
for the derecrion of Fasciola spp. eggs (e
METHODS, 1.5). Eggs are expelled intermit-
tently, depending on the evacuation of the
gall bladder. Fasciola spp. cpgs arc very
similar 1o eges of the rumen flukes (Family
Paramphistomidae). Rumen flukes are very
prevalent in ruminants in most parts of
Africa whereas fasciolosis is rather focal.
The differentiation between Faseiola spp.
eggs and eggs of Paramphistomidae is not
easy. The detection of the adule flukes in
the liver at necropsy or slaughrer is the
maost reliable method o confirm fasciolo-
si5. Prevalence studies should be based on
abattoir surveys rather than on coproscop-
IC INVesTZarions.
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ter treat Fasciolosis in cartle. These are oxy-
chozanide (10 myg/kg, po.), rafoxanide (7.5 mg/
kg, po.), mrroxyml (10 mpfkg, sc.), alben-
dazaole { 10 mg/kg, po.), closantel (5 mgfkg,

mg'kg, po.,

netobimin (20 mgfkg, po.) and clorsulon (7

pol, triclabendazole (12

mpike, po ). Some of these di:m:phu:w-
thide {100 mg'ke, po.), nitroxynil (15 mg/
kg, sc.), closantel {10 mg'kg, po.), tricla-
bendazole (12 mgfkg, po.) and clorsulon
|7 mp/kg, po.) are active against immature
flukes. The treatment interval for strategic
control should be chosen according to the
local epidemiological sitwanon.

Prophylaxis: The snail intermediate host may

be controlled by dramage of land, fencing
oft water pools to exclude anmimals from
the snail habitags, The use of plant mollus-

cicides offers new prospects foor future snail
contril,
(Figures 30, 31, 32, 161, 162, 163, 164, 165}

Ftl.'l. ]ﬁl F.J,:..;'rli-.ll.r lll.'l""lr.l|Ifr|'|Ji I;I'll._' R CITTIITIEEN Il'l.l_"r Hlll\:l_"
130 % 15 mm)

Fig. 162 Lymmaca fruncatula; the intermediate
host of Fasciols bepatica | 10]



Fig. 163 Life cyele of

Fascioda bepatica |6)

[milsceicarems o
Ty
-

Fig, 164 Fasciola bepatica infecoion; cholangitis
and calcificarion of the bile ducts [4]

Dicrocoelinm bospes Alrican lancer Huke

Location: Bile ducts and gall bladder

Huosts: Sheep, goat, cattle and other ruminants

Species description: 13, hospes is 6-10 mm long
and 0.8-1 mm wide. The cggs measurc
36—-45 pm x 25 pm. The lite cycle involves
rwo intermediate hosts. The first is a land
snail {Limicolaria spp., Achating spp. and
probably others) and the second an ant
(Darylus spp.. Cematogaster spp. and
other genera). I, hospes is closely relared

Ardull Hdkw in ke
duls lay iges

1 Egiy hatches inovealer
I Fren-imtiinig Lfsd

£ Larvs enbery wrawl

T S A THTIHN] DTtk
leaves il

Fig. 165 Fasciola fepatica infecrion causing
cholangitis and caloification of the bile ducts

1o D, dendriticesn. Infecrion is acquired by
ingestion of infected ants (contaming met-
acercariae) via herbage, Migration of
immature flukes from the intestine via duc-
mis choledochus into the hiliary system.
The prepatent period is up to 97 days.

Geographic distribution: North, Cenrral and
West Africa

Symptoms: Generally clinically  inapparent;
heavy infections cause diarrhoea, cholan-
giris and weight loss.,

Significance: In some regions a high percent-
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B 4 Slages in infernal organs

age of animals s infected. Losses occur due
to poor growth and condemmnation of
infected livers ar slaughter.

Diagnosis: Adult . bospes in the bile at
necropsys detection of parasite eges in the
seciment of faeces.

Therapy: ¥ helow [, dendriticiem

Prophylaxis: & below D). dendriticum

Dicrocoelivm dendriticrom (svn, [, lanceola-
trry) Commaon lancer tiuke

Location: Bile ducts or gall bladder

Hosts: D, devidriticn occurs mainly in sheep,
goat, cattle bur also in pig, dog, donkey,
rabbir and rarely in man.

Species description: The fluke i1s 6=10 mm long
and 1.5-2.5 mm wide. The eggs measure
3645 x 20-30 pm. The life cvele involves
two intermediate hosts, a land snail as the
first [Letrina spp., Cronella spp. and 29
other species are described) and ants of the
genus Fornrica and Lasius as the second
intermediare hosts. Anes infected  with
metacercariae attach to herbage overnight
and are available to grazing animals in the
early morning. Infection occurs by inges-
rion of infected ants {containing meracer-
cariae) via herbage, Migration of immarture
Flikes From the imtestine via ductus choled-
ochus into the biliary system, The prepatent
period is 47=54 davs, Cierhosis of the liver
and thickening of the hile ducts may oceur
i heavy infections,

Geographic distribution: Europe, Asia, the
Americas, North Africa, occasionally in
imported ruminants in other pares of Afn-
cay autochthonous infections seem not o
occur in Africa,

Symptoms: Often without clinical symptoms.
Heavy mfections may produce weighr loss,
anaemia and hypoproteinacmia.

Significance: Lancet flukes may cause exten-
sive liver damage, causing the host o “do
poorly ™. Condemnarnion of livers at slaugh-
ter may cause severe coonomic  losses
among cattle herds.

Diagnosis: Demonstration of typical egps in
the sediment of faeces. The eggs are small

(40 » 25 pm), thick walled, vellowish-
brown and contain a miracidium. Adule
parasites may be tound in the bile ducts ar
I'II'_'I'_TI:'IPH'!.'-

Therapy: Albendazole (20 mg'ke, po.), fen-
bendazole (50 mg'kg, po.), netobimin (20 mg
Mg, po.) thiophanare (30 mglkg, po..
thiabendazole (200 meke, po.) and prazi-
quanetel {50 mg'kg, po.) are efective against
the lancer Huke.

Prophylaxis: Elimination of the intermediare
hoses is not feasible.

(Figures 32, 33, 1a6, 333)

Fig. livd Dicrocelicin deedriticaen found in the
balis ducts

Schistasoma spp.

Remarks: Schistosomes may often be found ar
necropsy in the portal veins of rhe liver
[ CATTLE, B 2}

« Cestoda found in the liver

Echinococcus granulosus (svn. E. wnilocula-
ris) Hydand rapeworm, hydandosis

Location: Larvae (hydatid cysts) of E. grani-
fosws are found in the liver and the lungs of
cattle, sheep, goats, swine, horse, drome-
dary and other domestic animals and man
(= intermediare hosts), Adulr tapeworms
are found in the small intestine of the dog
and other related carmivores [= final hoses).

Hosts: Canids are the final hosts of E, grase-
Ii'.i';iﬂ'li. II"IE"I."I'I'I'I.I:I'ji.'IT': I'I.[]:'-ir!-i Aare I.'I'I'Il.’.,l..l:lﬂ["l:!-i AN [I
mar.



Species descripion: E. granudosws 15 a small

tapeworm with 3—4 proglortids and a roral
length of 2—6 mm. It occurs in the small
intestine of the dog and other canids (hyae-
ma, covore, fox, erc.), Adult tapeworms in
the dogs pass proglomids or eges in the
faces. When ingested by cacle or other
intermediate hosts, these eges harch in the
intesting. The oncospheres (hexacanths)
penetrate the gur wall, enter the porral vein
and reach the liver, which 1s the first -;::L]1i|-
lary filter for the larvae and subsequently
the lungs, which are the second capillary Fil-
ter. The remaining oncospheres may reach
via the arteries other organs. In all these
organs hydand cysts  (bladder worms)
develop, These are large cysts filled with
fluid and tapeworm heads {proroscolices).
The hydarid cysts develop slowly over sev-
eral months. They are commonly 5=10 ¢m
in diameter and contain a liquid. The hyvda-
fid cvst 15 compaosed of a thick outer, con-
centrically laminated membrane. About §
months after infection brood capsules, each
containing  several protoscolices  develop
from the inner part of the capsule (germinal
membrane). The brood capsules may
become derached and floar free in the cvse
thuid, being termed “hydand sand”, At this
time the cyvst is infective for the definitive
haost. The lite cyele is completed when a dog
ingests protoscolices, Hydarid cyses are usu-
ally found in the lungs of sheep and cartle,
but primarily in the livers of horses. In pigs,
hydatid cyses are found in both the liver and
the lungs. The hydaud cvsts may be mulei-
locular {sheep, cartle, pigs) or unilocular
thorse), Inm man hyvdanid cysts may be found
in many organs. The significance of the
hvdatid cvst depends on the severity of the
infection and the organ in which it is situat-
ed. In domestic ammals clinical signs are not
commonly seen despite heavy infections,
Human hydatidosis is often associated with
climical signs and the funcrion of the affect-
ed organ is often impaired. This is especial-
ly true if the heart or the brain are involved.
Adulr tapeworms are harmless o the dogs
and seldom cause clinical symproms.

Geographic distribution: World-wide

Symptoms: Hydatid evsts do not usually cause
clinical symptoms unless the cvsts are
numerous or became very large.

Significance: Hydaridosis in cartle is not usu-
ally a problem, but infected organs are con-
demned at slaughter. In man hydandosis is
a serious problem. Infected dopgs are a res-
ervinr tor both mfection of domesnc ani-
mals and man.

Diagnosis: Usually the diagnosis of hydarido-
sis 15 made ar slawghter or necropsy. Infecr-
ed dogs pass eggs in the facces which can-
not be differentated from those of Taenia
spp. Immundiagnostic tests { ELISA, Immu-
noblotting; ¥ METHODS, 5.2 and 5.3) are
widely used in medical parasitology and
may assume significance in epidemiologi-
cal seudies. E. gramulosns egps, excreted by
dogs are verv similar to those of Taenia
spp. The ditterentiation may be carried out
by means of monoclonal antibodies.

Therapy: Treatment of hvdaridosis in carle
and other intermediate hosts is rarely indi-
cated. Contral of hydatidosis is based on
prophylaxis.

Prophylaxis: Dogs should not be fed with
uncooked mear in general and infected
organs in particular. In endemic areas
where human  hydaridosis s of grear
imporrance special arrention should be
paid to the safe destruction of affected
organs, the reduction of stray dogs and the
anthelmintic treatment of domestic dogs.
Prazigquantel {3 mgke, po. or 5.7 mgfke,
sc, or im.), bunamidine hydrochloride
[25-50 mg/kg, po.land the combmation of
r'-e:|‘.li,'|r'll'|.'|."[:Irﬂ..'i1.|ufl1'|[1.'|.l’|‘|:.-'1‘i||'|l;1.'| are  sulfi-
ciently effective against adule E. gramelo-
sis tapeworms in dogs.

{Figures 167, 168, 169, 170)

95



B 4 Stages in internal organs

Fig. 167 Echinococens gramulosis; hydarid cystin Fig, 169 Echinococcus granedosus; hydand cyse
the lungs of a cartle [4) |42 apened [4]

Fig. 170 Echimococens granulosus; protoscolex
(100 = 160 in diameter) with tvpical hook collar

Stilesia bepatica

Remarks: This parasite occurs in the bile duets
and small intestine of sheep and goars (&=
SHEEP AND GoATs, 4.2}, In endemic areas
wild ruminants and rarely cattle may also
be affected. This parasite is very prevalent
in tropical and southern Africa. 8. bepati-
ca is non-pathogenic bur extremely preva-
lent (in 20-100% of sheep) in many parts

Fig, 168 Life cycle of Echinacoccus granudosus in of Africa. Itis non-pathogenic and does not

sub-5aharan Africa [21] require treatment.
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Cysticercus tenuicollis

Remarks: Migrating post-oncospheral stapes
may occasionally be found in the liver
parenchvma and thin-necked cvsts mav be
tound on the serosa of the liver (= CATTLE,
W 4.4 and SHEEE axn Goars, 1 4.4,

POROCEMHALIDA

Linguatula serrata “rongue worm™

Remarks: This is a cosmopolitan parasite and
it occurs in the nasal and respiratory pas-
sages of the dog and other canids, snakes,
very rarely in man, horse, goar and sheep.
The parasite is tongue-shaped and the cuticle
is rransversely striared. Males are 1.8-2 cm,
females are 3-13 cm ]nng. The cggs meas-
ure about 90-70 pm. The eggs are ingest-
ed by a herbivorous intermediate host
thorse, sheep, goar, cartle, rodents, rabbir,
crc.) and hatch in the alimentary canal and
the larvae migrate to the mesenteric lymph
nodes, in which they develop to the infec-
rive nymphal stage. The larva is up to 500
pm long and undergoes about six w 9
maoults. It usually lies in a cvst surrounded
by a viscid fluid. These cysts may be found
at necropsy in the intestinal lymph glands,
the liver or in other organs. Dogs become
mfective by eating the mfective viscera,
especially of sheep and cartle. lnfected dogs
show sneezing and discharge from the nos-
trils. The infection in cattle is clinically
inapparent,

(Figures 171, 172)

Fig. 171 Lingrwatila serrata; embryvonared epg
{90 = 70 pm); [47 | ES = egg shell; KL = claw;
LA = larva |7]
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Fig. 172 Lingnarula servata; adulr female fup o 13
CEi I““H-I'i W o= mouth u‘|1|;|1i:|||g; HE = hooks:
[} = intestine [ 7|

4.3 Respiratory system
HELMINTHS
« Cestoda found in the lungs and trachea

Echinococcus granulosus (syn. E. unilocula-
ris) Hyvdand tapeworm, hydandosis

Remarks: Larvae (hydatid cvses) of E. granu-
losus are often found in the lungs and liver

of cartle and other domestic animals (v
CATTLE, ® 4.2),

* Nematoda found in the lungs and
trachea

Dictyocandus viviparus Carle lungworm,
parasitic bronchitis

Location: Trachea, bronchi and bronchioles

Hosrs: Cartle, camel and some deer species

Species description: Males are 4-5 ¢m long
and che females 6—8 ¢m. The eggs measure
H1-88 = 33-38 pm. The adult worms live

orF
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m the airways and produce eggs which
contain larvae, These epgs are moved with
respiratory secretions towards the larynx,
They are then coughed up and swallowed.
Harching occurs in the intesting and firse-
stage larvae are passed in the faeces, On the
pasture the larvae moulr twice to reach the
third stage which is mfective for cartle,
When swallowed the infective larvae pen-
etrate the gur wall and move to the local
[vmph nodes, where they moulr to become
fourth-seage larvae, Then they migrate via
the thoracic duct to the jupolar vein, after
that to the right side of the hearr and then
to the lungs where they are arrested in the
capitlaries and break throwgh o the air
passages. Development to marurity in the
bronchi of the host rakes abour 4 weeks.
Larval stages remain inhibieed for several
months, Irrication of the respirarory muco-
s by larvae and adult worms cause
increased respirarory secretions and lung
CONEestion with l'l]:n;k.nw: of air PasEAECs.
Aspiraron of cpgs and larvae inte the
alveoh leads to consolidaton of lobules.
Severe epithelialization and peribronchial
tibrosis usuallv occur a tew weeks atrer the
imfection has started, These chronic lung
alterations  mayv  be the cause of the
unthrifriness, commonly observed in ani-
mals afrer a heavy infection. Immuniry 15
butle wp as quickly as 10 days aker an
initial infection but it wanes in the absence
of remntection.

Geographic distributon: World-wide
Symptoms: Parasinie bronchiris is characrer-

ized by severe coughing, rapid breathing,
dvspnoea and rapid loss of condition,
Severe cases lead to emphysema and preu-
monia. Death may occur in heavy infec-
RISTACH

Significance: Parasitic bronchins due o 1.

pivirarias may cause great losses in endem-
ic areas. Even animals after a2 moderare
initial infection show retarded growth tor
prolonged periods of nme. In Afnica I
virdgparus has been frequently found in
imported animals. Autochthonouws inlec-
nons occur sporadically,

Dhagnaosis: This s based on che clinical SIS,

rapid and heavy breathing, coughing, nasal
discharges and the demonstration of larvae
in the facces by the Bacrmann method (v
MeTnoDs, 1.7 and CaTne,
er, coughing may occur in the preparent
periogd betore larvae are tound in the taec-
cs, Usnally parasine bronchitis 15 a herd

1. Howey-

problem, seen especially in voung calves
which have recently been exposed o an
infecred pasture.

Therapy: Levamisole (5 mgfkg, sc. or 7.3

mgkg, po.), the benzimidazoles (fenbenda-
pole, 7.5 mg'ke, po; oxfendazole, 4.5-3
mg'kg, po.: albendazole, 7.5 mp'kg, po.;
febantel, 7.5 mgikg, po.) netobimin (12,5
mg/kg, po. and ivermectin {200 pgfke, sc.)
are highly effective against all stages of 1.
vivaprarus. These drugs are also eftective
against lungworms in sheep, horses and
pigs. In calves, aggravared coughing a few
minutes after rreatment {especially wich
levamisole, sc.) 15 charactenstic for the
mfection and often regarded as a confirma-
tnon of rhe diagnosis. Heavily  atfecred
calves should be moved mside and suppor-
tive treatment should be administered.

Prophylaxis: Pastures with a recent history of

lungworm infection are highly dangerous
for voung calves. Lungworm infections
may be controlled in several wavs, Calves
may be vaccinated with X-radiated Dictyo-
caiedis larvae (Dhictol™), in conntries where
the vaccine is available, twice (4 weeks
apart) prior o cxposure. The animals
should be howsed during the vaccination
periodd and for another 2 weeks afrer the
second dose o allow time to buld up an
adequate level of immunity before release
on pasture. Another approach is the stra-
tegic control of infections. In first-season
cartle, a brst treatment s apphed 2-3
weeks after turn-out and, glg'm'n:,|ing on the
infecrion risk and the duration of the drug,
repeated rrearments are required during
the period of high challenge (benzinuda-
zoles monthly, ivermectin 3 and 10 weeks
after turn-our), A sustained release device
[anthelmineic with a prolonged activity)
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Dictyocardns vivipraris;
the third-stage larvae
pencerate the mtestmal
mucosa and not the
mucisa of the stomach
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may also be applied abour 2-3 weeks after
turn-out or prior o the period with the
highest infection risk,

{Figures 83, 173, 174}
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Fig. 174 Dictyacandns vaeaparns; adult worms in

teache

Mammramonogamus laryngens

Location: Larvnx

Hosts: Carele, water buffale, occasionally
sheep, poat and rarely man

Species description: M, Larvegens 15 nor very
pathogenic for cartle. The worms are
attached to the mwcosa of the larvas, The
males and females are found in permanent
copularion. The hite cycle 15 unknown.

Geographic distribution: Caribbean [slands,
South America, Asia, Cenrral Africa
(Camerooan)

Symproms: Affected ammals may cough and

may

develop bronchitis, Pneumonia due to res-

piratory secretions which are aspirated,

somerimes  lose condinion. Calves

causing pulmonary reactions have been
observed.
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W A Stages in mbemal organs

Significance: Heavy infecnons i endemic
areas may cause losses due to massive irn-
tation of the larvinx by the parasites. Bron-
chinis and pneumonia mav occur,

Diagnosis: This 1s made by finding the eggs in
rhl" I:-i“.'li.'l.'!-i i .'“J IJIt WIS at 'I'I.t"l_'l'lll'.l!'nr'ln'.

Therapy: Unknown., Nitroxynil | 10mgfkg,
sc. b, which 15 used against Synganmns spp.
of poultry may also be used against Mam-
mornonoganus laryagens. Modern benzi-
midazoles and ivermectin (200 pgfke. sc.)
may be used in heavily infecred carele.

Prophylaxis: Linknown

(Figures 175, 176, 177)

Fig, 175 Manmaomeoganes f;rr_prrg.r.lrg [males are
3-8 mm long, females are 8.5-10 mm long) [5]
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Fig. 176 Egg of Mammomonogames laryagens
(323 % 50 pm) 8]

Fig. 177 Masrmmiesrogamees rryrgens; head end [8]

Mammomonogamus nasicola

Location: Masal cavities

Hosts: Carntle, sheep and goat

Species description: The males and females of
this parasite are permanently joined in cop-
ulation. Males are 4-6 mm long and
females 11-23 mm. Eggs are 54 x 98 pm
and have only a few blastomeres, Life cycle
and pathogenesis are unknown. An aption-
al reservoir host (e.g. earthworm or snail)
15 being suspected. After oral ingestion of
infective larvac the parasite reaches the res-
piratory tract through the blood stream.
The parasites suck blood and are bright red
n fresh samples,



Geographic distribution: Cenrral and Sourth
America, West Indies, Cenrral Africa.
Symptoms: Heavy infections cause irritation of
the nasal mucosa, sneezing and nasal dis-
ch;trgq'*,. M. masicola may be differentiared
from Schistosoma infection of nasal pas-
SRS,

Significance: v+ above M. laryngens

Diagnosis: & above M, laryngens

Therapy: Unknown

Prophvlaxis: Uinknown

(Figure 178)

Fig, 178 Mammosronogaris nasicola [15]

4.4 Abdominal cavity

HELMINTHS

* (Cestoda found in the abdominal cavity

Cysticercus tennicollis Larval stage of the
canine tapeworm Taenia bydatigena

Remarks: The thin-necked larvae | Cysttcercus
teneeicollis) of Taenia bydatigena are often
tound artached to the omentum, the mres-
tinal mesentery and o the serosal surface
of abdominal organs, especially the liver of
cattle, sheep and other herbivores. Cysii-
cerel are often found at meat 'ill.‘ipl.'l_'l‘ll:ln
without any previous clinical signs. The
teeding of condemned material o dogs

should be avoided (ve SHEEF anD GOATS,
B 44
(Figures 179, 180

Fig, 179 Cysticercwes termcodlis; thin-necked cyse
aetached o rhe liver of a '|.|'|L'I.'|'l- The pl'uTl.Hiq_'l.:lh.'h

can be seen through the cyse wall

Fig. 180 Cysticercus feneicollis; thin-necked stage
Fosumcd in Uyals

» Mematoda found in the abdominal
cavity

Setaria labiatopapillosa Bovine abdomina

hilariosis

Location: Peritoneal caviry

Hoses: Carrle, deer, giratte and other rumi-
ants

Species deseriprion: Males are up 1o 46 cm
long and females 612 cm. There is a dis-
tinct peribuccal ring with dorsal and ven-
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W 4 Stages in internal organs

tral prominences. The tail of the female rer-
minates in a marked burton which is divid-
ed into a numiber of papillae. The microfi-
lariae are sheathed, measure 240=260 pm
and appear in the peripheral blood (&
CATTLE, B 2], Several species of mosqui-
toes act as vectors (Aedes spp., Culex spp.
and Auoplreles gambiae and other Anoph-
eles spp. ). Infective larvae are produced in
the vector in 12-16 days. Adult worms in
the pentoneal cavity are non-parhogenic.
The major pathogenic effect occurs when
immature stages migrate erratically in che
central nervous system of abnormal hoses
le.g. Setaria digitata or 5. latiatopapillosa
microfilariae introduced by vectors in
horses, sheep and goats), The affecred am-
ITIHIH !-i.llﬂ:l..'l' 'Fl'ﬂl'l'l =1n .‘.'ll:'l,.l".'l:‘I| I:l'!ll:ﬂE L'.I'Il:l:'phﬂ-
lomyelomalacia. The lesions are uswally
single teacks left by migrating larvae and
may be found in any part of the CNS,

Geographic distribution; World-wide

Symproms: Adult worms in the peritoneal cav-
ity dir not cause chinical signs, Erranic larvae
in the CNS may cause nervous signs,
depending on the location of the lesions.
Muscular weakness, araxia, paralysis and
death may ocour.

Significance: Adult worms m the peritoneal
caviry are non-pathogenic, Erranc larvae in
the CNS of an abnormal host may cause
nervous svmproms and even death.

Diagnosis: This 1s made by demonstracing the
microfilariae in stained blood smears or
with the dark ground/buffy coat method
(# METHODS, 3.1 and 3.4) or by finding
the adulr worms in the abdominal caviey,
The antemortem diagnosis of immanare
worm-associated CNS disturbances under
ficld condinons is impossible. Histopathio-
logical examination of stained brain sec-
tions may result in an actiological diagno-
qis.

Therapy: Chematherapy is difficult because
i]ljl.ll[ WIS are '||-"L'r:|-' T'I..'!'i'iSl'ﬂl'll' I MmMost
drugs. Ivermectin (200-500 pg/kp. sc.) and
diethvlcarbamazine (25=100 mg/kp/day
during several davs, sc.) are effective
against the microfilariac.
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Prophylaxis: Uinknown
(Figures 148, 181, 182}

Fig. 181 Setaria labiaropapilloza; adul worms on
the intestinal serosa; males are 4—6 cm long and
and females are 6-12 cm long

I"i!.',. |82 Sefaria qurJfJE-:.lfr.:?_r.I'f.r!rmé; anterior engd

4.5 Pancreas

HELMINTHS

* Trematoda found in the pancreas

Ewrytrema pancreaticum Pancreanc fluke

Remarks: This parasite occurs in the pancreat-
i ducts, bile ducts, occasionally duodenum
of sheep, goats (¢ SHEER AND GoaTs, Il
4.5} and occasionally cartle in Asia, Brazil,



Madagascar and Réunion. There are no
obvious clinical signs unless heavy infec-
FRCHIS Are proscnt, Hiwwe SVEF, Fecenl repo res

suggest that in areas with a high prevalence
and intensity of infection, FEarytrenns pan-
creaticems may be responsible tor chronig
wasting and mortality, especially in sheep.

Neosprara sp,

Remarks: Meospora canirn 1s a recently rec-

ognized new parasite species. It resembles
T. gondii and cavses neuromuscular disor-
ders |'|_'H:l|}'!".1|.,:|il..ll,lil!1|1|.,'l,l]'i|:i'~, mysitis, p:1r.1i-
vsis) in dogs and abortion in cartle. Neo-

iFigures 34, 183)

gfora sp. s !iu!i]'m;l;nl to be nﬂcpunﬁil'-lr Foar
up to 20% of cattle abortion in some parts
of the USA. The ennre life cvele is
unknown. Mo final host has been found so
far in which the sexual development occurs,
I'he only stages of this parasite are tachy-
roites and tissue cvses. These are thick-
walled {1-4 pm) as compared 1o T. gondi
which produces thin-walled (< 0.3 pmj
cvsrs, Neospora-hike organisms were found
in the central nervons system ot dogs, cats,
lambs, calves and toals. Transplacental
transmission has been demonsteared in all
these cases, The diagnosis is based on the
demonsrration of parasites in stained tissuc
sections or solation from freshly aborred
foetuses. Positve IFAT trres (v METHODS,
.10 in neonatal calves prior o colostrum
applicanon is a strong indicaton of a pre-
natal infection, The main location of tissue
cvsts in cattle is the central nervous system.
Sulfonamids  combined  with  traimetho
prime, pyrimethamine [ 1mg'kg, daily po.

for 4 weeks) and chindamyaime (13,5 mpfkg,

V% danly po. durmg 10 davs) are used in
dogs for trearment. No specibic rrearment is
veravailable for raminants,

(Figures 84, 185]

Fige, V83 Esrviresnas prancreaticesns (=16 mm [
and 5-8. 5 mm wide) |§]

4.6 Central nervous system

PROTOZOA

Toxoplasma gondii

Remarks: Tissue cvsrs of this parasite may
occasionally be found in the brain of sheep
and cattle. These cysts contam merozotes
(#=8 pm long ) and are miective for the final
hosse dear) (oo also Swine, B 4.1 and 4.6).

Fig, 184 A weak-born callt with nevrimiusenlar dis-
orders due roa congenital Newspora camimim

mteckm |31
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B 4 Stages in intermal organs
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Fig. 185 Meospora canemens; thick walled cvst {14
pm thicks 70=120 pm in diameter) m the brain of a
calf |22]

HELMINTHS

* Cestoda cysts found in the central
nervous system

Coenurus cerebralis Larval stage of the
canine tapeworm Taenia nudticeps (syn.
Multiceps mudticeps) “oid™, “stuggers”™,
“sturdy™

Remarks: The mtermediate stage of the canine
tapeworm Taemia minlticeps, a coenurus,
develops in the brain and spinal cord main-
Iv of sheep and goars and less commonly
in cattle (w2 SHEEr Ann Goats, B 4.6).
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5 5Stages on the body surface

5.1. 5kin and coat

PROTOZOA. . ... e 105
HELMINTHS

# Mematoda found in the skin ... ... 106
ARTHROPODS

* Arachnida found infon the skin. ... 109
= Ticks e 109
=Mites L. e eie e 1A

+ |nsecta found on the skin .. ...... 127
T T I 127
=Fleds @it i an s 129
—Dypterida ... ... e 129

5.2 Eyes

5.1, 5kin and coat

PROTOZOA

Besnaitia besnoiti (syn. Sarcocystis besmnaiti)
Elephanrt skin disease

Location: Besnotia cysts are found in the der-
mis, subcutaneous rissue, fasciae, laryn-
geal, nasal and other mucosae.

Haosts: Domestic and wild cars act as definirive
hosts, [ntermediate hosts are cartle, goar,
wildebeest, impala and kudu. Sheep, rab-
hit and some rodents may be experimental
intermediare hosts.

Species description: This is a protozoan disease
of the skin, subcutis, blood vessels and
mucous membranes, Thess Tr:-.rf:-f!.l'.-isnz:r-
like organisms multiply in endothelia, his-
riocynic and other cells and produce char-
acreristic large, thick-walled cyses filled
with bradyzoites. The Besnoitia cysts may
reach up to 600 pm in diameter. They are
vsually spherical and packed with crescen-
ric trophozoites (bradyzoites) cach 2-7 pm

in lemgrh, Parenreral application of blood,
taken from an infected amimal may trans-
mit the disease to other ammals, Unsporu-
lated oocysts (15 « 13 pm) are shed in the
facces of the final host (Felidae), The mode
of rransmission i1s not complecely known,
In particular the transmission from infect-
ed cattle to cats remains 1o be substantiar-
ed. Biting thes {e.g. Glosssina palpalis and
other biting Flies) and tcks may rransmir
B. besnoiti mechanically to cars. Needle
inoculation of rissues that contam cvsrs can
transmit some Besmoitu spp. to other hosts,
It has also been suggested that contami-
nated water troughs may be an imporrane
source of intection, The mortality 15 usual-
Iv below 10% although animals may lose
condition. Pregnant animals may abort.
Bulls may become srerile and hides are ot
little value for leacther-making purposes,
Animals of all ages, trom & months
upwards may be infected.
Geographic  distribution: Southern Europe,
Africa, Asia, South America
Symptoms: The mital stage of the disease
starts with fever after an imcubation period
of 5=10 davs. Cyst formation in the skin
starts 1-4 weeks after the starr of the tem-
perature rise, Inappetence, phorophobia,
enlargement of the lymph nodes and
oedemarous swellings on the limbs and the
lower parts of the body, orchins and rhin-
itis may accompany the febrile stage. Ani-
mals are reluctant to move, respiration is
rapid and diarrhoea and abortion may
occur during this phase. In mild infections
recovery may occur in chis stage. In the sec-
ond stage of the discase, the skin becomes
hard, thick and wrinkled and develops
cracks that allow secondary baceerial infec-
tions and myiasis to develop, Movemen is
painful, A serosanguineows fluid oozes
trom the cracks. The skin is scurfy and
folded and the whole appearance is one of
exrensive mange. There is hair loss over the
swollen skin. Severe intections cause ema-
ciation and deach may occur, Cvsts may
appear in the scleral conjuncriva and nasal
mucosa, Although maortalicy is low, conva-
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lescence 15 slow in severe cases. Severely
affected bulls may remain permanently
sterile. Previously infecred animals may be
carriers for life. The hairless condition may
remain for several months.

Significance: Besnoitiosis may be a severe prob-
lem in endemic areas. Although the morral-
ity 15 low, affecred animals may be emaci-
ared and sick for months,

Diagnosis: This is based on the clinical signs
with the typical skin lesions following a
tebrile phase. Microscopical examinarion
of affecred skin by means of stained biop-
SICE May rev 3l the t}']'riq;ﬁf cysts, contaming
the bradvzoites. Spherical, encapsulared
pseudocyses are pathognomonic. The hest
method of diagnaosis is the exammnation of
the scleral conjuncriva. The cysts can be
seen in the scleral conjuncriva with the
naked eve, revealing many chronic cases
without signs.

Therapy: There is no satisfactory treatment.
Affected animals should be separated and
treated  sympromatically  {antibiotics,
msect-repellants,  erc.). Sulfonilanide
applicarion prevented cyst development in
experimental studies. Antimony (1%, DLé
ml/ke, po.) cured besnoimosis in a goar.

Prophylaxis: This is difficult unnl the exacr
maode of transmission is known. In some
countries, a tissue-cultured vaccine is avail-
able and quire ettective, Separation of car-
tle from cats, and of domestic cattle from
wild ruminants, and the ehmination or 150-
lation of mfected animals should help o
prevent rransnussion of this parasice.

(Figures 186, 187, 188)

Iig. 186 Thickened skin {“elephant hide disease™)
in::li||n~ri::g m Besworiig beserogdr infection |-|]
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Fig. 187 Besnamtia besaoire; cvsts can be seen in the
seleral conjuncriva with the naked eve [4]
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Fiaz, 188 Brsnortu treseoan thick-walled cvst
found in the subcuraneous tissue, the cyvsts may be
(TR L S pm i dameter |-|-|

HELMINTHS

« Mematoda found in the skin

Parafilaria bovicola *Verminous nodules™,
“verminous haemorrhagic dermatitis™

Location: Adults are found in subcutaneous
nodules on the upper side of the body,
Microfilariac are found in the bloody
excretions of the skin nodules.

Hosts: Carrle

Species description: Males are 2-3 ¢cm and
temales are 4-5 cm in length. The eggs
measure 45 x 30 pm and contamn microfi-



lariae. Development occurs in Musca spp.
which become infected when they feed on
the skin lesions, When feeding on lacrimal
secretions or wounds they transmt the
microfilarae o the next defininve host,
The verminous nodules are likely 1o break
HI'IL:I CHFC I'I-Il'ﬂ]i.l, Eﬂl.l!'i.i!'lE K| ]'I.'Il.'l'!'lﬂrrhﬂj._}iﬂ
dermatitis.

Geographic distribution: World-wide, espe-
cially many pares of Africa

Symptoms: Subcurancous nodules on the
upper side of the body: these nodules are
paimtul and contain the worms. Nodules
are likely to break when the gravid female
starts with the excretion of eggs. These
haemorrhages and nodules are 1ypical
signs of the infection with P, bovicoda,

Significance: Nodules are paintul and irrirar-
ng, and the carcasses at slaughter arc
downgraded.

Diagnosis: Verminous nodules, hacmorrhage,
microfilariae in the exudate

Therapy: Ivermecnn (0.2 mg'kg, sc.j is fully
effective apainst adults. Nitroxyml (20
mg'ke, sc.) is also effective bur must be
repeated 3 days later, High doses of levam-
isole and fenbhendazole (30 mg'kg, po.)
daily for 5 davs were effective,

Prophylaxis: Flv (and rtick | control may reduce
the entrance points of infective larvae.

(Figure 189)

Fig. 189 Parafilara rovicola causing *hleeding
xpuh:" and nodules on ehe skin of carele; h|'||1.'L'4.1i1!||:1

spots” are markedly seasonally

Onchocerca dukei Muscular onchocercosis

Location: Adult worms ot rhis species are
found in the subcutaneous, perimuscular
and muscular vissue of cawle in Africa.

Hosts: Cartle

Species deseription: The nodules are found in
the ventral thorax region, abdomen, dia-
phragm and thighs. These nodules may be
confused with the cvsts of Cysticercus
Bowis (Taenia saginata), Microfilariae are
240-217 pm long and 4.8-6.7 pm wide
and their predilection site 1s the subcutis of
the lower thorax and the umbilical region.
The parasite is transmitted by species of the
eenus St

Geographic distribution: Tropical Africa and
also in sub-Saharan West Africa

Symptoms: Infections are usually clinically
napparent,

Significance: Losses occur mainly by condem-
!I'I.'Iti{:ll'l [J'F [ L T ] '|-'I.'|1I.'I] i | E[]t Uf :'i-I.IITI..'Llrﬁ-
neous and intramuscular nodules are seen
during meat inspection. Such meat s
repugnant.

Diagnosis: This 1s often made at meart inspec-
nion, Nodules are tound particularly in the
thorax, abdomen and diaphragm and may
be confused with the cvses of Cysticercs
frowds (ve Carree, W 4.1} Skin biopsies
soaked for 12 hours in physiological saline
may be investigared akter stainmg wirh
Caemsa (¢ METHons, 3.1). Typical micro-
ﬁlilri;'l-l.' ma :l-' |.'!I.‘ L )

Therapy: This s nor usually indicared.

Prophylaxis: This is generally not teasible
endemic areas (80 Cartle, B4.1.1).

Onchocerca gibsoni

Location: The adult worms are found m sub-
cutaneous nodules on the brisket, shoulders
and external surfaces of the hind-limbs,
Microfilariae are  found intradermally
around the nodules with a predilection 1o
the brisker regon,

Hosts: Cartle

Species description: Adult worms cause nodu-
lar swellings in the skin but infected ani-
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B 5 Hages on the body surlace

mals are not climically ill. Infecred carcass-
es must be trimmed to remove the nodules.
The adules lie in groups or “worm nests™
i the subcutaneous tissue and a noduole is
tormed around them. The worm nests may
be up to § cmon diameter. There isa fibrous
capsule around the nodules which becomes
thicker as the nodule ages. This capsule
mav  eventually  become  caleified. The
males are 30-33 mm and the females
140-190 mm long (somerimes up to 500
mm). The rail of the male 1s curved and it
bears lareral alac and 6-9 papillac on either
sidde. The spicules are unegual in size and
measure 0.14=0,22 and 0.047=0.094 mm,
respectively. The microfilariac are not
sheathed and 240-280 pm long. The inter-
mediate hosts are members of the genus
Culicoides |e.g. Cultcordes pungens and
probably others).
Geographic  distribution:
southern Africa
Symptoms: The infections do nor usually cause
clinical signs. MNodules may be found ar the
predilection sites.
Significance: Infected carcasses may  be
trimmed or even condemned at slaughrer.
Diagnosis: This is based on finding the adule
worms in subcutaneous nodules or micro-
hlariae in the skin of the brisker, Microfi-
lariae are not evenly distributed in the skin,
but occur n  irregularly  distributed
“nests”. A number of small skin biopsics
{2 mmin diameter) may be placed ina drop
of physiological saline solution for 1-2

Asia,  Awseralia,

hours. Microfilariae then migrate into the
solution and can be examined.
Therapy: e below Onchocerca ochengi
Prophylaxis: Unknown; insect repellents may
reduce the armtacks by the vecrors,

Onchocerca ochengi (syn. Onchocerca der-
mratal “Intradermal onchocercosis of carcle™

Location: This species s found in subcutane-
ous and intradermal nodules on the venrral
regions and flanks, primarily the udder and
SCrOCLm,

Huosts: Catele
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Species descripoion: In endemic areas up 1o
0% of the carele are infected. The inter-
mediate host has not been dentified vet but
a biung insect 15 suspected. Small nodules
occur deep in the hide, Microhlanae occur
meradermally around the nodules. The
microfilariae of O, dukes and O, ochengi
are concentrated in the skin of the posteri-
or and anterior belly,

Geographic distribution: East and West Africa

Symptoms:  Intradermal nodules may  be
tormed mainly in the abdominal region, on
the ndder and scrotum and somenmes in
other parts of the body, Microfilariae can
cause allergic reactions and local hyperke-
raCosis,

Significance: The value of leather, which is
often pl:rhrmrr:rj I'I]r' these nodules, 1s mark-
edly decreased by this parasite.

Diagnosis: Intradermal nodules can be derece-
ed by palpanion. Ar slaughrer they are vis-
ible on the mrernal surface of the hide.

Therapy: This is penerally not indicared. How-
ever, the microfilariae may be killed by die-
rh}rluarhamu rne [ 5-8 mpfkg, po. dunng 3
weeks), ivermectin (200 ppkg, sc.), but
also levamisole at increased dosage rates,

Prophylaxis: Unknown; insect repellents may
reduce the artacks by the vectors.

i Figures 139, 190)

Fug. 190 Crreroeerea owbenge; skin nodules [23)



Dipetalonena dermicola and Dipetalonema
rianae

Remarks: These filarid worms are rarely
found in cattle. The former occurs in the
skin and the larter in the connective tissue
of the oesophagus. They are non-parho-
genic and the life cycle 15 unknown.

Setaria labiatopapillosa Bovine '.]hdm:ni[lnl
filariosis

Remarks: Microfilariae of this flarid worm
which vecurs in the abdominal caviey of
cartle (v Catrir, B4.4) may tlc:::nitm.'l”:.'
be found in the skin. The microfilanie are
sheathed, 240-260 pm and
appear usually i the peripheral bload,
Several species of mosquitoes act as vectors
|Aedes spp., Culex spp. and Anophbeles
gamibiae and other Anopbeles spp.).

IECasure

Stephanafilaria spp. (5. stilesi, 5. assamensis
and other Stephanofilaria spp.)

Remarks: Stephanofilaria spp. are small fillanal
parasites responsible for circumseribed der-
matitis. 5. siilesi causes a dermatitis along
the ventral midline {bevween the brisker and
the navel) of cartle. Adult worms are 3-6
mm long and wsually found in the dermis,
just beneath the epidermal layer. Microfilar-
e are S0 pm long and are enclosed in a
spherical, semi-rigid vitelline  membrane.
The imermediate host for 8, saless is the
female horn fiy Haematobia irritans and a
Musca sp. for 8. assamensis. The infective
larvae are introdoced mneo the skin as the
horn fly feeds. For diagnosis, decp skin
serapings are macerated in isoronic saline
and examined microscopically for aduls

be differentared

from the microfilariae of Onclrocerea spp.
and Setaria spp. which are much larger

{200=250 pm), No effective treatment is

known vet for 8, stifess, but topical applica-

tiom  of  organophosphares  (trichlorfon,
6=10%, daily for 7 days) have proved cffec-
tive against other species of Stephanofilaria.

and microfilariae must

Ivermectin {200 pp..l']-'.r_',., ge.) 15 effective
against adult worms ol 5. assamensis,
(Figure 191}

Fig. 191 Stepharofilaria sp., circumseribed derma-
niris o the wdder [13]

ARTHROPODS

Arthropeds are divided into two main groups:

Arachrmida
— Ticks
- Mites

Insecta
— Lice

= Fleras
- Diprterida

= Arachnida found infon the skin

- Ticks
(Figuare 192)

Frap] el thowax hiaed

arilirtnae

pep

4 paih
of ks

Arscnid

Fig. 192 Ponciple differences i the morphology
of arachnids and insects [6]
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Ticks may impair cartle healeh in 3 different
Ways:

*  Direct noxious effects

Attachment to the host causes irritation of the
skin with subsequent ulceration and secondary
infecrions, The wounds are artracted by screw-
waorms and other flics and myiasis may devel-
op. Heavy infestations are associated with
anaeimia, since adult female ticks imbibe up to
10 ml of blood. Furthermore the presence of
large numbers causes annovance and animals
become anxious and restless which may be a
cause of loss of weight and condition. The life
cvcle of ricks may invelve one, two or three
hosts (Figures 193, 194, 195, 194].

In carele the following ricks have a direct nox-
onts effect:

Fig. 193 Sk wounds: noxious effects of ock

infestation

IXODHDAE (“hard ticks™)

Amhiyarmua spp. (A, variegatun,
A. hebraemm)

Hnrjpb.l'.l'uj spp. (B, decoloratus,
B. microgplis)

Dermacentar spp.

Haenrapbysalis spp.

Hyalomma spp.

Ixodes spp.

Rbipicephalus spp. (R, appendiculatns,
R. sangumens, R. evertsi, R. parous,
& !.-n.l'r'[':r.llllu.'.'. B srruesl

MKLE
Arlicks 3
Hypostome Article 2 | Falp
il Bazis capliul Article 1
E : Trochanter
t Coxa
Orrnamentation Ganital spartiie
SCutum _
Punclations
: : A |
gl Fﬂlf:p:::mr s Accessony shield
Tibia bebetarsus Adanal shield
Pulwillus
Tarsus rhrptln
VEMTER
FEMALE
Porosa area Coxal
e Spur
Spur (]
Cooan Fll
Coxa
Anal groove

DORSLIM

Fig. 194 Characteristics of hard ricks (1xodidae) [24)
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TICKS: KEY TO GENERA IN UNITED BTATES
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Fig. 195 Key tor the identification of tick genera [15]
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K

At cn s
B

Fig, 196

Life cvele af a three-host tick (Teodes ricinees)

1.1 and 1.2: Eveless adules on their hosts; fed
females (1.2) reach a length of up o 1.5 cm. Their
seutum (SC) then appears small. Copulation occurs
while the females feed; they then deop down ra che
sinil;

2ol ver a |'|L'r'i1|d of 1 moith femtales '|:|1..' about
2000 '\.|1'|1|,'ri|;:|] tos oviondd s, which become
artached to cach other and chus appear as clusters
o the soil;

3 and 4; Larvae hatch from the eggs afrer 3-36
weeks (depending on the remperature] and creep
oneo the tops of grass, from where they arcach 1o
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ry
Fodt o 5o
-

passing hoses {mostly small mammals, but alse
humans;

5 and &: Fed larvae Jr'l.:-|'| e Ehe odal, and monls
within 5=7 weeks (somenmes up to 3 monchs) to
become eighr-legged nymphs;

7 and §: The nymphs attack larger mammals, suck
hlond for 2-7 LI:'l_'!.'.‘i amd |::||'|.:Ip- 1o the soil, where
they moult within 28 months and become sexual-
lv marure adules (1.1 and 1.2

9: Mostly in spring the adults artack larger mam-
mals mcluding a variery of domesric animals and
man, where sspecially females suck for 5=14 days.
The whole development is remperature-dependent
and in Europe needs about 3 vears [26]



ARGASIDAE (“soft ticks™)

— [toldrins megning Spinose ear nck
(Figures 197, 198]
*  Transmission of discascs

Ome of the most damaging effects of ricks is
their ability to transmit diseases to their hosts,
Some of these are serious with faral conse-
quences. Transovarian transmission from one
tick generation to another via the egps is pos-

sible and contributes ro spreading the discase.

The following pathogens are transmitted by
ticks:

Babesia bovis Redwater, ropical bovine

babesinsis

Remarks: This is transmimed by Boophiles

mucrofius, the pantropical blue tick
2%

(e CATTLE,

Tarsus
Metatarsus
Tibia
Femur
Trochanter ——
Coxa

Surtural Line

Discs — —
Ventral
Fig, 197 Charactenistics of soft ticks (Argasidae,
Argas sp.) [26]
i Fig. 198 Example of
n_ Y i a rypical argasid lite
Mymph 1 i cveley development
stages of Argas sp..,
v —"G—"%Es-.-ﬁ which need about 3=36
¥ N 4 months 1o mature
P (depending on the
_ h LI| ‘2 IL1—|e |- 1- E’Ihih/ i /f' tetmperaturel; except
F-E'-Eldlng tor larvae, which suck
period blood for 3-10 davs,

v

all stages Feed several
nimes bur only for a
few minures cach rime
[24]
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B 5 Stages on the body surlace

Babesia divergens

Therlera gunnlata Mediterranean Coast

Furopean bovine babesiosis

Fever, Tropical theileniosis, Egyvptian Fever

Remarks: B. divergenses rransmirted by fxodes
rrcins (w0 CATTiE, M 2

Balressa bigemina (svin. Piroplasma bigemi-
mm ) Redwater, tropical bovine piroplasmo

Remarks: This parasiee s transmirted by
H_'p.nrum.ur.-: detritim, H. trupcatum and
H. anatolicees (oo Carroe, 2,

Thetleria mutans Benign bovine theilenosis,

sis, tick fover, *Texas fever”

mild gallsickness

Remarks: This parasite 1s rransmitred by
Boopbifus wiicropduz; B, decoloratus (the
common blue tick), B, calearatus, Rbip-
teeplaliis spp- (Rb. evertzi, Rb. bursa,
R appendicnlatis) and Haemaphysalis
spp. (H. pamerasal (a0 CATTLE, W 25,

Babegia major (syn. Prroplasma major)
European bovine piroplasmosis

Remarks: B. majoris transmitted by Haera-
frfyvsalis peenctata (vs CaTror, 8 20,

Coeedria ruomimarsfimim

Remarks: This parasite s mransmited by
Ambivomia variegatiom, A. bebragni and
possibly also by Kbpicepdualus apgrendice-
fatis and R, eperisr (vv Carroe, W 20,

Anaplazma marginale Mahgnane
anaplasmaosis of cattle, gallsickness

Remarks: This parasite 5 transmirted by
Boophilns decoloratus and B, microplies
(e Carrne, W2,

Anaplasma centrale Mild anaplasmosis of
cattle, gallsickness

Hearrwater, Tvewde

Hosts: Cartle, sheep, goat and other rumi-
nancs

Remarks: This parasite s rransmiried by sev-
eral specics of the nick genus Ambilyomma,
particularly by Amiblyomma variegatum
ithe tropical bont nick) and A. bebracum
ithe South Atrican bonr tick). Orher spe-
cies which may be mvolved are A, gemmd,
A. promsposam, A, lepidum and A, thalloni
e CATTLE, T 2).

Theileria parva (syn. T, bowrs, T, lawrencer)
East Coast Fever, bovine theileriosis, Corri-
dor disease, Rhodesian rick tever

Remarks: This parasite s ransmitted by
Rbipicephbalus appendicnlatus (the brown
car ock) and Rbypcepbalus evertsi (the
red-legped tick) and Rbipicephalus dutton,
Orther vectors are Hyalomema excavatum,
H. dromedarii, H. trancatum and some
other Rinpicepbalus spp. (% CaTrie, ® 2).
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—

Hemarks: This parasite 15 rransmitted by
Boophilus decoloratus (s« CATTLE, 8 2),

Epervihrozoon wenyoni

Remarks: This parasite is transmitted by
Hyalomma  anatodiciom. The  pathogen
occurs on the ervthroovre surface (v
Carree, |5 23,

Ebrlichia boviz 'i'l‘upi-.:.'LJ bovine chelichiosis,
“Mofel” or *Nopel™

Remarks: This parasite s transmitted by
tick species of the genera Amblvomnma,
Hyalomes and Rbipicepbals (o0 CATTLE,
= 2).

Ebrlicivia phagocytophila

European ehrhichiosis

Remarks: This parasite s transmitted by
Ixvodes ricimus (v CarToe, # 2,



Ebrlichia ondiri

Remarks: This parasite accurs in granulocyres
of cattle in high alvitude grassland areas of
East Africa. The exact vector is unknown
bur ticks ot the genus Haemaplysalis are
suspected (v& CATTLE, B 2).

Borrelia theileri Tick Spirochactosis

Remarks: This is rransmitted by Booplilus
decoloratus and  Rbipicephalus  evertsi.
Tick spirochactosis occurs in cartle, sheep,
poats and horses,

«  Tick toxicosis

Tick paralysis

43 rick species belonging to 10 genera are
known o induce tick paralysis in man and a
variety of mammals. These nicks are capable of
refeasing a toxin into the host which causes a
condition associated with progressive, ascend-
ng, atebrile, symmetrical paralysis, with hind

legzs being affected birst followed by the forelegs,

Fig. 199 Rbspiceplalus evertsiy the red-legged nck,
an imporcant cause of tick paralysis | 10]

Ammals may die. Paralvsis is relieved if nicks are
remaoved m time, Most domesnoc animal specics
appear to be susceptible to tick paralyss.
Lillll.I'H" .'I.I'HJ 'L'ill'l.'L"!-i -il:]'I'IJ Lay o |‘L'!-i":|.‘r extent i.'II.‘I'I.IlI.'
cattle are susceptible to tick paralysis. [xodes
ritleicundns (the karoo paralysis tck) mamly
affects sheep and goats in Sourh Africa and
Rbipicephalus evertsi causes the “spring lamb
paralysis™ in lambs bur also in calves.

(Figure 199}

Swearing sickness
An acure, febrile tick-horme toxicosis charac-
terised by a profuse, moist eczema and hy per-
aemia of the skin and visible mucous mem-
branes. Warermg of the eves and nose, saliva-
tion and a extremely sensitive skin with a sour
odor are other rypical signs. Eventually the
skin becomes cracked and predisposed to sec-
ondary infections (mcl, screw-worm infec-
nons and myiasis|. Ofren the course 1s acure
and dearh may occur within a few days. In
Iﬂ.'.'-ih- ACLbe Cases FL"."I?"-"L'F:'.' ma :I.' ChoCr.

It 15 mamly a disease of young calves bur also
sheep in eastern, central and southern Africa.
The causarive agents are cerram strains of
Hyalonwma trumcation which produce an epi-
theliorropic roxin. Calf mortality may reach
T,

Symptoms: Generalized hyperaemia with sub-
seqquent desquamarion of the superficial
layers of the mucous membranes of the
upper respiratory, gastrointestinal  and
external genital tracts and profuse moise
dermanns, For diagnosis it is essennial o
determine the presence of the vector. Clin-
ical signs appear 4-11 davs afver the nck
bite.

Therapy: Ticks must be removed quickly,
Antibiotics and anti-intlammarory agents
are useful to combat secondary infections.
Immune scrum may be vsed.

Prophylaxis: Control of tick infestations is the
only effective measure. Removal of nicks,
svmpromanc treatment and good nursing
are mdicated,

{Figures 200, 201}
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Fig. 200 Hj'.r.l'rmr:.lz.l Eraetca Ly AN impRarang
cause of SWELTINE sickness: (11 margiuml EEOOVE,
(29 seueam and (3] '|'|rlhl1-::ll.ll1|,,'l_'l:,! punctuation 141

Fig. 200 Sweaning sickness, an acure, febrile tick-

borne toxicosis characterised by a profuse, moist
corema and |'|g. |'|L'r':1|.'J!|Ii:'| of the skin. This condition
i= often caused by Hyalowrma triumcatum [4)
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General toxicosis

Tick roxicosis 1s a general aggravation of the
toxic effect of the parasite’s saliva. Certain tox-
ins have a suppressive effect on the animals and
occasionally this may reactivare chronic infec-
tions. Infections with Babesia spp. and Ana-
plasmia spp. may occur during massive Rbipri-
cephalus appendiculatus infestations. Toxico-
sis, associated with general disorders, occurs
with Orrnithodoros savigny (sand tampan) in
voung calves and lambs, especially when there
are many bites. Animals show cutaneous oede-
mia, haemorrhage, rapidly progressing weak-
ness and prostration. Death can occur within
6 hours, Toxicosis mav occur in recumbent
animals, during resr.

(Figure 202)

Fig. 202 Ru['r'_r.lu}'c'pn'..'.;h'r:.:! dappendicedatos (the brown
car tick); an important cause of fick toxicosis | 10]

*  Description of ticks uff::tirlg cattle
IXODIDAE (“hard ticks™)

Amblyomma spp.

Hosts: All domesnie livestock species
Species description: 3-host ticks, Amblyonmma



spp. are large ricks and have omare (par-
terned} upper body surfaces. Festoons (=
rectangular division of the rear body edge)
are present, Amiblyomma ncks have long,
prominent mouth parrs, easily  distin-
guished from the short mouth parts of
Dermacentor.,  Amblvomma  varicgatiom
(the tropical bont fick) 1s the vector of
heartwarer and produces skin wounds
with its large mouth parts. These wounds
may become secondarily infecred and may

Fig, 2003 Ameblyomena varfegatune female [13]

develop inte abscesses. Tick paralysis may
also occur due to the bont tick. The bom
nick occurs mamly on the perincum, udder
and in the axillae and inguinal areas. Some
Amibrlyonmma species, notably Amrblvom-
i bebraerm (the South Afnican bont fick)
are often resistant to chemicals now in use,
Ceographic  distribubion: .hu.l'n'j.'u.l.lm:ur Spp-
oocur i central and southern Africa and

many other parts of the world.
(Figures 2003, 204, 205, 2006, 207)

Fig. 204 Armblvomerg belraowor female [13]

Fig. 206 Amblvomera belrraewm; male wich brighe
Festaons [1.3]

17



W 5 Stages on the body surface

Fig. 207
Ambivomma raniegatir; chelicera and palpes

Boophilus spp. Carttle fever tick, tropical
cartle nick

Hosts: Horse and catele

Species description: 1-host ticks. Booplilus
spp. are plain brown in colour. They are
mornate with eyes. Males are small (3—4
mm) and fully engorged females may be up
o 12 mm in length. Members of Boophi-
{15 rramsmit several diseases and cause skin
irritation  which leads to licking and
scratching and o secondary  bacteral
infections, Large numbers may cause anae-
mia. l-host ticks such as Boaphilus spp.
are often the fiest to develop resistance ro
chemicals. Therefore control measures

Fig. 208 Boophilus sp.; engorged female (up ro
2 cm in diameerer) | LY
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have to be changed trequently, Boopibilies
decoloratus (the blue tick) s one of the
most important species of this genus and is
found mainly on the neck. thorax, back
and udder,

Geographic  distribuntion:
world in warm chmates

tFigure 208)

Throughout the

Dermacentar spp.

Hosts: Many wild and domestic mammals

Species descriprion: Some species are 1-host
ticks while others are 3-host ticks. Derma-
centor ticks have ornare (parterned) upper
body surtaces. Festoons are present. The
mouth parts are short,

Geographic distribution: Asia, Europe, North
and South America and some parts of Afn-
cay Dermacentor may damage their hosts
by rransmirting diseases (e.g. Q fever, ula-
remia), causing tick worry and anaemia.

{Figure 209

Fig, 209 Dermaacentor srargrnatos; male [4]

Haemaplrysaliz spp.

Hosts: Daogs, birds and in Africa to a lesser
extent cattle

Species description: 3-host ticks which are



small, inornare without eyes. Festoons are
present, They may be found on the skin on
all parts of the body. Inaddition ro annoy-
ing cartle they may rransmir cartle nck
fever, anaplasmosis, and Q fever. They
may alse produce paralysis and anaemia in
heavy infestations.

Geographic distribunion: World-wide

{Figure 210}

Fig. 210 Haemaplrysalis prnctata; female [4]

Hyalomma spp. The bonr-legged tick

Hosts: Horse, domestic ruminants and camel

Species  description:  Usually  2-host  nicks,
although three hosts may be used by some
specics. Inormate (somenimes ornate] eves
are present and festoons may be absent or
present, Hypostome and palps are long.
Hyalonma  fruncalnt  Causes  sweanng
sickness, Predilecrion sites are the distal
parts of the legs, udder, tip of the tail and
perianal region.

Geographic  distnibution:  Hyalomma spp.
occur in many pares of Africa, depending
on the particular species.

[Figure 200)

Ixodes spp. Paralysis ticks

Hosts: Cartle, horse and many other ammal
species
Species description: 3-host tick. Tvodes ricks

are plam brown in colour and the only eve-
less species, The paralvsis rick (Ixodes rubi-
curedus) has a 2-vear life cvele with specit-
1 requirements of temperature and humid-
ity. Ixodes spp. are found anyvwhere on the
skin of their host, I rebicundus prefers
lower parts of legs and abdomen. Lxodes
spp. are a primary cause of tick paralysis
n sheep and goats but they may also trans-
mit diseases,

Geographic  distribution:  Europe,  North
America, South Africa

{Figures 211, 212}

Fig. 211 Ixodes ricinws; mouth pars [4]

Fig. 212 dxedes ricinns; female (large} and male
ismally [4]

Rbvipicephalus spp.

Hosts: Cattle, sheep and goar and many other
animal species

Species deseription: 2- or 3-host neks; festoons
are present. Rbipicephalus appendicala-
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W 5 Stages on the body surface

trs (the brown ear tick) is a 3-hose nck,
plain brown in colour and occurs in the
cars of the host. It is the chief vector of
ECF and other diseases. Brown ear ticks
are impossible to conrrol by pasture rotanon
because they can survive up to 2 years on
the pasture without feeding and they can
teed on a large number of ditferent spe-
cies of wild and domesric animals.

Rlripicephatus evertsi {the red-legged tick)
15a 2-host iick and has red legs. The adules
evpically occur around the anus and the
nymphae are found deep in the cars. The
red-legged rick is known to develop resis-
tance to acaricidal drugs very quickly. It
transmits FCF and other discases.

Geographic distribution: Africa south of the

cojLea tor

(Figures 199, 202, 213)

RN e I e 1 R ot T G B

Fig, 213 Bhipicephalus appendicmlatis; male
ismwall) e e excrening female (1 cmom diameter)

[5]
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ARGASIDAE {“soft ticks”™)

(Mtolvins mewnind Spinose ear fick

Location: Larvae and nymphae feed deep in
the external ear canal. Adults are non-par-
asinc and live on the ground.

Haosts: Horse, donkey, mule, cartle, sheep, goar

Species description:  1-host nick. Free-living
adult females lay eggs on the ground which
hatch within 3 weeks. Larvae and nymphs
live and feed on one host for up w 7
manths. Infestarions of this species usually
build up in kraals and srables, where the
host densities are high. ©), mregrini can per-
sist in empty kraals and stables for more
than 2 years.

Geographic distribution: Arid and semi-arid
areas of South and South West Africa
Symptoms: Infested animals shake cheir
heads. Loss of appente, debilitanion and
anaemia may be present. Irritation in the
ear associated with secondary mfections
(incl. mviasis) may domimate the clinical
picture. Ulceration {ear canker) may
occur and ricks may clog the cars, causing
deafess, Waxy and oily material is dis-
charged trom the ear. Larvae and nymphs
may sometimes be scen in masses, Infese-
ed amimals hold cheir head to one side and
feecding is impaired. Weight loss may

OCCUT.

Significance: Heavy infescanons cause otins
externa, great annoyvance and blood loss.
), miggnind may cause severe problems in
livesteck in many parts of Africa.

Diagnosis: Ticks may be found by swabbing
the ear or by direct inspection of heavily
infected ears, Larvae and nymphs are
found inside the ear. The adult ticks are dif-
ficult ro find as they breed in hidden cracks
of barns, fences and rrees.

(Figures 214, 215)



Fig, 214 Ouolaiees seegrins (the spinose ear rick);
nymph { 3-8 mm longh: (1) integument covered
with shaorr, ~.|:|:|rp APENes and | X) |'|I:Ih[|.'l"illl st of

the body constricred [27]

Fig, 215 Oyodiees megrin, nvmphs (up to 8 mm
losrgh [&]

Ovnithodoeros savignyi The sand tampan

Remarks: This nck may be a serious pest of
cartle. It mav cause death in calves and tick
toxicosis in adult canle (v SHEEr AND

Goats,  5.1L.

«  Tick control in cattle
L .Jlf||.|t.1|.|”l AND PROFHYLAXIS OF ECTORA-
RASITES, p. 141

- Mites
{Figures 216, 217)

Chortpptes boris Chonopnic mire, boot

mange, leg mite

Location: On the legs, base of tal and upper
rear surface of the udder

Hoses: Cattle

Specics descriprion: The rarsal suckers have
unjointed and short pedicels. Typical mite
life cvele. Chorioptic mange feed on skin
debris and [ymph.

Geographic distribution: World-wide

Symproms: Scabs or scales develop on the skin
of the lower parts of the body. There is
some exudaton and crust formation on the
lower body and legs, bur this does not
spread over a wide area. Cartle may stamp
and scrarch infecred arcas,

Significance: The diseasce is not as serious as
SAFCOPLc Or psoroptic mange bur i is very
prevalent,

Diagnosis: Demonstration of mites in skin
scrapings taken from the edge of the lesions
[ METHODS, 4.1,

Therapy: These mires are superficial and are
theretore not very sensitive to Ivermectin
(200 pgke, sc.) but it may be an aid in con-
trolling the foor mange. Dips and sprays
may be used (v helow Psoroptes owvis),
Ivermectin applied topically (500 pgikg)

a—Ilarsal sucker TI"
ey 4

= secliced &
Ve Vo A

Pearapies
[ &5-08 mim

Clenriged
{0.5-0.65 mm

Sarcopbes
(0. 3-0uh i

Fig. 216 Chorfoptes, Sarcoptes and Peoroptes
mites with genus-specibic morphology of pedicels
and carsal suckers {schemaric)
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E . Psoroptes Chorioptes Sarcoples Demodex
“;' & @ o L

Fig. 217 Developmental stages in the life ovele of
ITTPOrEANE gromnps of mites, All staes Tive ondin the
skin of their hosts. Larvae have only three pairs of
legs, Feeding larvae and nymphs increase in size
and mowle, In some species there s clear sexual
dimorphism; {14 Psoroptes spp. feed [as piercing
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mites] on the lymph fuid and occasionally on the
Bloowd eof therr hosts, (2] Chonopies spp. feed {as
chewing mires) on the epidermal producrs, {3} Sar-
crfes spp. penerrate the 4_"|1i|,|:_'rrr|i'-|.1 forming canals
and 14 Demrodex spp. feed on hair follicles or on
sebacenus plands | 26]



i effective  against  chorioptic mange.

Crotoxyphos (00.23%) applied as a spray

can also be used against the leg mire.
Prophylaxis: # below Psoroptes opis
{Figures 218, 21%)

Fig. 218 Chorioptes boeds, adule female (max.
B30 pm longl wich shor, unponted pedicels |4

Fig, 219 Chaorioptes bovis infescation |4

Sarcoptes bowis ltch mive, mange mite

Locaton: MNeck, the back in front of the cal,
inner surface of the T|1ij,_1|15 and the wdder
and somenimes the whole body surbace

Hosts: Catele

Species description: This is a mimute parasite

The
anjointed and long pedicels. Females have
a number of spines on the upper surkace.
The life cvele is typical for mires, the
entire period of development is spent on
the host. (#+ Swine, B 5.1) The mange
may occur very seasonally in temperare
zones (lare winrer), Sarcoptes mites prefer
arcas of thin hair bur the lesions may
spread 1o other parts. Sarcopies mites
puncrure the skin to feed on lvmph and
skin debris,

Geographic distribution: World-wide

Symptoms: Intense itching is caused by irrita-
nion. Animals scrarch which may result in
dermatitis, accompanied by an exudare

in  outline. tarsal suckers have

that coagulates and dries 1o form crusts.
The skin is thickened, wrinkled and hair 15
last.

Significance: Ireitanion 1o the host causes
weight loss and emaciation. Skins of car-
casses are of poor quality. Animals in poor
condition due to mite attacks are subject o
other diseases.

Diagnosis: Demonstranoen of mites of deep
skin scrapings taken from the edge of the
lesions (v METHODS, 4. 1), Sareopies mires
are usually tound deep in the skin whereas
Psoroptes mites are more superficial.

Therapy: This mite is very sensitive to Ivermec-
tin {200 ppikg, sc.). Alter one treatment no
living mites were recovered. Dips and
sprays may also be used o reduce the clin-
ical effeces (2 below Psoroples ovis).

Prophylaxis: ¢ below Psoroptes ovis
{Figures 2200, 221}
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Figy, 220 Sareofites sp.;
mite wirh unjointed, .
||r|1;,'_ '|'l|;-:_|'i|,-e'lh (30=3%
pim Jengh [4]

\
=

L

E'yi
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-

Figg. 221 Sarcopies sp. infestarion of a carle [4]

Psorpotes ovis (syn. Psoroples commmnmis var,
bovis) Psoroptic mite

Location: Any part of the bady, especially
areas of dense hair such as withers, back
and root of wl

Hosts: Cartle, sheep

Species description: The mites are oval in .\.I‘I‘.‘ll‘l-l:.‘
and the tarsal suckers have long, jointed
pedicels. Typical mite life cycle, raking 9
days. This is a notifiable and quarantinable
disease in many parts of the world.

Geographic distribunion: World-wide

Symproms: Affecred skin s covered with exu-
date. This dries to form a scab. Massive loss
of hair usually occurs. Lesions may cover
the entire body, Deaths in untreared calves
are not uncommon. The course may be
acute in yvoung calves and chrome nature
may also be found. The prognosis is usual-
lv favourable following early trearment.

Significance: Psoroptic mange is a widespread
and serions disease of cattle, Infesred ani-
mals lose weight and the skins are of lower
qualiry,
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Diagnosis: Demonsteation of mites i skin
scrapings taken from the edge of the lesions
e METHODS, 4.1).

Therapy: Infested cattle should be dipped, not
spraved. The following compounds may be
used for dips: toxaphene (0,5-0.6%), cou-
maphos (0.3% ), phosmer {(0.2-0.25%],
diazinon (0.025% ). flumethrine (1 | of a
6% solution in 15300 | of water) and many
other compounds, Depending on the prod-
uct, repeated rreatments are required (label
mstructions should be checked), Ivermec-
tin {200 peike, sc.) is effective apainst Pso
roptes ovis, One trearment resulred in clin-
ical healing, bur a second trearment is indi-
cated in eradication programs.

Prophylaxis: Newly introduced anmimals are
the main source of infection tor a herd,
These animals must be checked carefully
and possibly treated before being intro-
duced into the new herd. A gquarantine may
be indicared.

(Figures 222, 233 2324}

W AR £
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Fig. 222 Psorafres sp. female mite (max, 08 pm
long) with egg [4]



Fig. 225 Psarofies sp.
mite, pointed, long |'||.'|.|-
icels (A8 pm long) [4] ¥

Fig. 224 Proroptes sp.onfestation of a catgle [4]

Demodex bowis

Demadecnic or follicular mite

—

Locaton: Meck, brisker, shoulder, face

Hosts: Cartle

Species description: Demiodex mites are cigar-
shaped, elongared mires, abour (.25 mm
long. The thorax bears 4 pairs of stout,
short leps and the abdomen s transversely
striated. The life cycle is not clearly under-
stood, Demodex is transmitted from the
cow to the calf while nursing and may
cause considerable damage ro  hides.
[.esions are pronounced in young dairy cat-
tle but are rarely visible or palpable on beef
cattle. Rarely the lesions may appear over
the entire body.

Geographic distribution: World-wide

Symproms: Small papules and nodules may be
seen. They are red and thick and a waxy,
white marterial c¢an be expressed from

them. This matenal contams numerous
mites. Nodules may also be filled with pus
amd ahscesses covered with small scales
may be seen. The course of bovine demogd-
ectic mite infection is usually mald bur may
extend over many months,

Significance: Damage to skin may aftect the
production of leather. Demodectic mange
15 not considered o be a major parasite of
cattle but it may open the skin tor sccon-
dary problems {bacrerial and fungal infec-
nons, myiasis, erc.).

Diagnosis: "-.Iiu:rnm.:urli-.:.l| examination of the
cheesy, waxy fluid from the nodules which
may contain many mires, Long-standing
nodules of the skin are characrerisoic,

Therapy: There is no satisfactory treatment.
Systemic and ropical applications of chem-
ical compounds have given some relief.

Prophylaxis: Unknown

(Figures 225, 2256)

Fig. 225 Cigar-shaped Demodex boeis nire,
[ 2504k = 70 poml

Fig. 226 Deseodex bovis causing multiple skin
nodules [§]
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Psoregates bos ltch niates of carrle,

“Austrahian itch”

Remarks: Irch mites occur in Canada, Austra-
lia and South Atrica. These mites are mi-
nuscule (189 = 189 pm) and difficult ro col-
lect, They are spherical and have paired
claws and legs which are arranged radial-
Iv. Alopecia and desquamartion occur, but
the lesions lack the scab tormation asso-
ciated with mange mire infestations. Lime-
sulfur sprayv or dip applied twice, with a 2-
week mrerval, is indicated 1o be the acari-
cide of choice.

(Figure 227)

Fig. 227 Psorerates sp.: female mice |28]

Raillietia spp. |R. auris and R, caprrae)

Location: Middle and inner car

Hosts: Cactle, 1hr_1:p (R. awris) and goar
(K. caprae)

Species description: The mites feed on epider-
mal cells and wax but nor on bload.

Geographic distribution: North America, Aus-
eralia, Ease Africa, Europe.
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Symproms: Infestanions are usually inapparent
bt oritis media and anterna with nervous
sIENs, inclutling head Hh:l]-:i.n!.;., head rota-
tion to the affected side, circling, and
general incoordinarion, can be found n a
progressive stage of the infestation,

Significance: Raillietia spp. infections can cause
signs similar to those of other CNS infec-
nons and should therefore be excluded.

Dhagnosis: It s almost impossible to dingnose
Rallietia spp. antemortem. Demonstra-
rion of the mites in the middle or mner ear
at flﬂl..'F[]'Fi!-i}'-

Therapy: Ivermectin may eliminate the mites.
Acaricides, applied topically may also be
effective.

Prophylaxis: Unknown

(Figures 228, 229)

Fig. 228 Rallietia anris cavsing onos media and
ImreFna

Fig. 229 Railfectra anris; dorsal view (A) and
venral view (B] 29|



# Insecta found on the skin

— Lice
{Figure 230

Fig. 230 Carle lice: Bowicola boeis (A), Haematap-
mies enrvsternns (B and Lovcwrnathees eatals (C) 3]

MALLOPHAGA Chewing lice

Bovicala bovis (syn. Damalinia bovis)
Red louse, *chewing louse™

Location: Skin surface, especially the neck,
withers and roor of tal

Hosts: Cartle

Species description: These lice belong to the
Mallophaga and are 1-=2 mm long and
wingless, Thev have a broad head with
mouth parts adapted tor chewing. The
entire life is spent on the host, The infesta-
nons are heaviest in winter when the coars
are dense.

Ceographic distribution: World-wide, primarily
in cooler areas

Symptoms: Intense itl_']'l'ulg associated  with
these lice may be observed. Animals show
tvpical parasite worry inot feeding, not
sleeping). Scratching may produce skin
wounds or bruises and the coar becomes
rough.

Significance: Bining lice are widespread and
important  parasites,  Losses  such  as
reduced growth and secondary skin infec-
nons due to intense 1tching may occur.,

Diagnosis: Lice may be seen on skin. The cges
occur as white ':-l'.ll::l:.‘lf.!i- attached o the hairs.

Therapy: £2 below THERAPY AaND PROPHYILAX-
15 OF BCTOPARASITES

Prophylaxis: @ below THERAPY AMND PROMHY-
LAXIS OF FCTOPARASITES, p. 141

{Figure 231}

F | A
e
F Y
F EY
i i
| |
1 1

Fig. 231 Bovicala tavis
(1.5=F mm [IH1H:I'. tha
cattle chewing louse |4

AMOPLURA Blood sucking hce of cartle

Haematopins carvsternts
Short-nosed cartle louse

Remarks: This species occurs world-wide, Iris
3.4—4.8 mm long. The louse is fairly broad
.I'I'ILI t]'IL' IJIL"-'IIIJ. i:'n- :'il'l urt.

{Fipures 232, 233, 234}

Fig. 232 Haematopinus enrysternis; eggs attached
ter the hair of & carle
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Fig. 233 Haermsatopinns enrysternis (3.4—4.8 mm
lesnge)s the short-nosed cattle louse

Fig. 233 Limogmathes viteedi {up o 2.5 mm longh;
the long-nosed cartle sucking louse [4]

Solenopotes capillatus
¥ Remarks: This is the smallest of the sucking lice
o i .
i of cattle and occurs in conspicuous clusters
on the neck, head, shoulders, dewlap, back
Fig. 234 Haematopimes sp.; on the skin of a carde amd tail,
[15] i Figure 236)
Haematopinus quadripertusus

Tail louse of cattle

Remarks: This species occurs on cartle in
North America, Queensland, Papua-New
Ciuinea and tropical Africa.

Haematopinus tuberculatus Butfalo louse

Remarks: This is a large species (up o 5.5 mm
long) and occurs in Asia and the Pacific
area. It also occurs on camels in Australia,

Linogmathus vituli
Long-nosed cattle sucking louse

Remarks: This species has a long narrow head
and a slender body. ltis 2.5 mm in length,  Fig. 236 (A) Linogmathus ovillus {2.0- 2.5 mm)
{Figure 235) and (B) Sodemopotes capillatus {1.3=1.7 mm) [29)
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¢« Ceneral featores of blood sucking lice of
cattle

Location: These lice are ofien found on pro-
tected areas of the skin such as side of the
neck, brisker, back, head and between the
leps.

Hosts: Cartle

Species description: Wingless insects with long
mouthpares adapred for sucking. The life
cvele takes 1 month, Heavy infestanions
may occur in immunosuppressed animals
fegz calves following rrypanosome infec-
Tions).

Geographic distribution: World-wide, Some
species are restricted o certain regions.,
Symproms: Louse worry 15 Charactenized by
icking, scrarching and rubbing. The coat
becomes rough and secondary infections
may oceur. Heavy infestanions may cauwse
anaemia. Such animals mayv be more sus-
ceptible to other infectious diseases and

environmental srress,

Significance: These are commaon parasites of
cattle which can cause severe problems if
present i large numbers.

Dhagnosis: Lice and their eggs may be tound
on the skin.

Therapy: A wide variery of insecticides and
application modi may be emploved, Dip-
ping is being replaced by delivery systems
such as “pour-on™  and  “low-volume
sprav” for pyrethroid msecticides. Low rol-
erance for msecticides in milk limits the
insecrcides that mav be used on dairy car-
tle and goars. Effective compounds include
crotoxyphos, crotoxyphos combined with
dichlorvos, coumaphos, fenvalerare, stiro-
fos, coumaphos, dioxathion, malathion,
methoxychior, phosmer and permethrin,
Label instructioms should be considered.
Dipping and spraving provides excellen:
coverage, and vsually two rrearmenrs 2
weeks apart will effecrively control lice.
Ivermectin (200 pefke, sc.) is effective
agaimnst sucking lice.

Prophvlaxis: This is ditficuly wherever direcr
contact berween the ammals of the herd 15
possible.

- Fleas

No tleas have been tound on the body surtace
of cartle.

- Dipterida

CULICIDAE Mosquitnes

Aedes spp., Anopheles spp. and Culex spp.

Remarks: Thev belong like flies ro the order

Diprerida, wich a single pair of wings, The
main genera are Anopieles, Cuelex and
.-h‘n'r.':-'.
They are slender with small spherical heads
and large eves. Both sexes live on fluids
which are derived from organic sources,
such as jus of froies and vepetables. Females
are capable to suck blood which appears to
b pecessary for the laving of eggs. Epes are
laid eicher on warer or on vegetanon float-
ing on the surface of warer. Theretore mos-
quitoes are found near stagnant pools.
Because of their dependence on warer their
numbers generally become less during the
dry season.

Significance: Mosgquitoes can cause consider-
able distress 1o livestock bur their main
importance is their abelity o acr as inrer-
mediate hosts or veceors of viral {Rafr Val-
lev Fever, Equine encephalomyelitis, Afri-
can  Horse  Sickness, Fowl pox, Blue
tongue, Lumpy skin disease), bacreral
{avian spirochactosis), protozoan {Avian
and buman malana) and tdanal (Setaria
Eqiiing, Selaria .I'.i.l'}rlr.!r.up.elr:r]'!'-: picd ) ancd prl:lh--
ably other diseases,

iFigures 237, 2358, 239

Fig, 237 Carlex sp. larva (a) and Awopfeles sp.

larva {b) showing thor feeding F-II‘H!i-:II:L AT 1Ly
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by simulids heal very slowly. Certain areas
of the tropics are rendered uninhabitable
by simulids,

Significance: Irritation of livestock; skin
wounds with secondary infections and
miyiasis; transmission of Onchocerca vol-
vrelus in man

(Figures 240, 241, 2412, 143, 244, 145)

Fig. 238 Culicidae (schemanch adult masguite
with antennae and proboscis long (1], small head
with large eyes (2}, thorax (31, wings long and nar-
row |43, abdomen elongate | 5) and legs long and
slender (6} [27]

Fig. 240 Serrsgednaerns ap, (blackfly) adul | 1) anmenmae
short and horn-like, (2} humped thorax, (3) wings
broad and clear and (4) legs shorr [27]

Fig, 239 Culex sp.; female in feeding posinon

SIMULIIDAE

Stmuelinm spp. Black flies, midges

Remarks: Small size {1-5 mm), found in
swarms near free-running well aerated
streams. Simulids cause severe irritation
to livestock when they occur in large num-
bers and herds and flock will stampede,
often with disastrous resules. Man, am-
mals and poultry are hable to attack. Bites
are inflicted on all parts of the body, giv-
ing rise to vesicles which burst exposing
the underh'ing flesh. Skin wounds caused

Fig, 241 Siesaliperrs sp., female (5 mm) [4]
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Fig. 242 Sirenliverst larvae develop in free-running, Fig. 244 Ervthema and massive skin irritation on
well-aerated streams |30 the wdder due ro Simeedinee biges [30)

Fig. 243 Sirmnlivem sp. larva with oypical mouch Fig. 243 Moist eceema-hke skin alterations on the
biraeshes [ 30] ear of a cartle following Sirliem bites | 30]
CERATOPOGONIDAE of Onchocerca gibsoni and other Oncko-

cerca spp. in cartle and horses, African
Culicoides spp. Biting midges, seasonal Haorse Sickness, Blue tongue of sheep.
dermatitis, sweet itch {Figure 246)

Remarks: They are very small {1-3 mm long).
Adulr female midges artack cartle, sheep,
poultry, horse, man and other species,
causing marked irritation by penetration of
the skin with their proboscis. The bites
cause intense itching. Only the females
suck blood mainly during the twilight peri-
ods and at night. Culicoides occur often in
large swarms a few hundred metres around
the breeding sites. These are moist arcas
such as fresh or brackish warter or seepag-
es from decaying vegetable or dung heaps.

, Significance: 1) Massive irritation of livestock,
itching, allergic skin reactions {sweet-itch, g 246 Culicoides sp. (biting midge); adult
seasonal dermaritis) in horses (% HORSES  (1-3mm long): (1) antennae long, (2} humped
AND DONKEYS,  5.1), and 2) rransmission  thorax and (3} mortled wings [20]
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TABANIDAE

Tabanus spp. Haematopota spp. and
Chrysops spp. Horse flies

—

Remarks: These robuost flies have powerful
wings and breed on leaves of plants in the
vicinity of water. Female rabamds arrack
mammals to suck blood, They cause deep,
painful, irritating bires. They generally bire
several nimes for one blood meal because
they are disturbed by the host's defense. A
number of diseases (besnoitiosis, :L|:|:L]1-|:ﬂi-
masis, trypanosomosis and anthrax, hog
cholera, equine infectious anaemial are
mechanically transmitted by tabanids. This
is of special importance especially when
horseflies are numerous among a crowded
livestock population,

iFigures 247, 248, 249}

Fig. 247 Tabamus sp.;
adule {1725 mm) [13]

Fig. 248 Harmuatopora
sy adulr (5-13 mm)

Fig. 249 Chrysops sp.
adulr (9-12 mm)
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MUSCIDAE

Musca spp., Lyprerosia spp. and Haematobia
spp. Muscid flies

Remarks: Muscid Hies are annoving livesrock
especially during the summer or rainy sea-
son. They are swarming around farm live-
stock. The resulting irmtation is incessant
and much of the energy of the animals 15
lost to defend aganst flv amacks. In ad-
dirion to the nuisance the flies ofven carry
pathogens on their feer and bodies, Some
also act as intermediate hosts for other
parasitcs. Two genera need to receive
special awention: Musca and Haematobua,

Musca domestica (the common house fly) and
other Musca spp. are non-biting  muscid.
Musea autwrmnalis is attracted o wounds and
other moist parts of the body, especially the
eves. It may provoke conjunctivitis and an
ulcerative dermatitis. The infectious kerato-
cenjuncuvits (“pinkeyve”™) mainly cawsed by
Moraxella boris may be transmitted by mus-
cid tlies, especially M. autumnalis. M. domes-
tica is known 1o transfer pathogenic bacreria
mechanically feom one wound ro another, Iris
also capable of transmitting numerous patho-
genic agents of medical and veterinary impor-
tance {Salmonella, Shigella, Entamoeba histo-
tytica, cestodes of poultry, Habronema spp..
Thelazia spp., Parafilaria bovicola and others).
The preferred breeding place is in the faeces of
animals or in decayving organic matter.
(Figures 250, 251, 252)

Fig. 230 Musca
domestica; adult
1a=7 mmj [12]




Fig. 252 Muvsca
anteemialis; adulr flics

i1 st

Haematobia mumeta and other Haematolia
spp. (the horn flies, buffalo flies) are biting
muscids and acr as vectors of Stephanofilaria
stilest in cartle and Parafilaria nudtipapillosa
in horses. The adules of this Hly live almaost per-
manently on cactle, buffalo, sheep and other
animals, They congregare along the backs
where their bites cavse severe irmitation so thar
the cattle rub themselves raw, The female only
leaves her host brictly to lay her egas in fresh
cattle or buffalo dung. The larval development
requires a high relative bumidity of nearly
100%%. The flv is therefore widely distribured
in Central, East and southern Africa. The horn
Flies are obligatory parasites of cartle and a
serious pest wherever they occur. Haematolia
SPP. cause incense worry and irriraton tooani-
mals, the bite being very painful. Serious blood
loss mavy occur when large numbers attack and
loss of condition, reduced performance is a
comman resule. The Hics cause sores ar the
base of the horns, on the poll, cars, neck, with-
ers and tail roor.

(Figures 253, 254, 255}

F'ip. I8 Haewerricatbnr 5= adulr flies on the back of

a watthe

|!'|5_'. 284 Haenagieatera rrradares: adule Hlees 4 5= mom|

Ntomoxys caleitrans and Stomoxys migra
Stable fly

Remarks: 5. calcirans also belongs to the mus-
cuds. Ir artacks almaost all livestock species.
Stowioxys breeds in manure (preferahly
horse manure) or in decaying organic mat-
ter. They require a very damp situation
theaped-up decaving vepetable marer), It
1= 2 binng muscid and occurs world-wide,
Both sexes of this flv are bloodsuckers and
can become extremely irritating pests of
man and domestic animals, On carrle the
thies preter to teed on the legs while on dogs
the cars may b= sov bieeen that rl-w}- become
sore and scabby. Their salivary secretions

133



[ =] SIdEI.'L an the Body surface

-
caUsE TOXIC reacnons with an immunosup-
pressive effect, rendering the host more
susceptible to diseases,

Significance: 8. calcifrans acts as intermediare
host of Habrorema microstonsa (v% Hors
ES AND DONKEYS, 1), Trypanosoma evan-
s, Anthrax, I'Ja'nn:i.fulrﬂ}ffrrs r:rJ.r:gnfeusis,
agents of the lumpy wool in sheep and
probably many orher pathogens. Its pain-
ful hite causes intense worry and irritation
o animals. It may produce toxic reactions
and immunosuppression. Blood loss may
be marked following continuous, heavy
attacks.

Control: Sanitanon is the most important con-
trol measure in stable flv control. Manure,
straw and decaving matter should be kept
away from the environment of cattle, since
this provides the development medium for
the flies. If good sanitation procedures are
practiced, then chemical control s less
likely to be needed. Without sanitation
chemical control measures are likely to fail.

(Figures 255, 256, 257)

Fig. 255 Sfomaxys
ealcafrans {the stable
fly); adule fly (4= mm)
with a prominent and
rigid proboscis; the
maxillary palps are
shorter than the pro-
boscis and the thorax
has longitudinal stripes

[27]

Fig. 25h .‘l'-frerJ.';J.l;:
calcitrans; adulr fly
{4=h mm} with promi-
ment biting mouchpares
{arroy) [ 10
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Fig. 257 Stomoxys caleitrans; adule flies in situ

GLOSSINIDAE

Crlossina spp. Tsetse flies, “flies thar are
destructive of cattle” from Sechuana

Hemarks: Most isetse flies are active during the
daytime and hunt by sight and smell and
feed every 2 1o 3 davs. Both sexes suck
bload and are equally capable of transmit-
ting trypanosomes. The female 15 larvipar-
ous, producing one larva at a time and an
estimared toral of 8-12 larvae during her
life. Apart from two species in south-west-
ern Arabia, tsetse thies are confined to the
African  connnent, where they
around 7.5 million square kilometres,
mainly tropical regions on either side of the
equator. Wherever these bloodsucking flies
are, they render the area unsuitable for man
and his livesrock,

(Figures 238, 259)

infest



Fig. 258 Glossing sp. (tsetse fly); adule flies are robust
insects, ranging in size from 6-16 mm and can he
distinguished from other flies by their wing venation;
the head shows prominent eves (1], charactersioc
antenne (1) and a prominent piercing proboscis [27]

Fig. 261 Glossima palpalis; adult in teeding posi-
tiom [4]

Fig. 259 Pupae (6-7 mm long | of tserse flies
(Glossama spp.l [13]

Some 31 specics of tsetse flies are known which
can be divided into three groups, each with dif-
ferent habirs and requirements: 1. Flies of the
Glossina palpalis group are riverine species
and feed on r|:|1'ri|1:5 and ungulates. 1. Flies of
the Glossing morsitans group are savannah

Fag. 2600 Crlossing
palpalizy adule [13]

Fig. 262 Riverine hahitar of CGlassing palpalis | 13]

and dry thorn-bush species which feed mamly
on large animals. 3. Members of the Glossina
fusca group occur in the rainforest and have
require-ments berween the first 2 groups, pre-
ferring dense shade and riverine thickets.

Fig. 263 Glossine morgitans with a prominent

picrcing proboscs [13]
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OESTRIDAE

H;,.Inufe_'ﬂim spp. Warhle flv, cartle grubs,
heel flies

SR
Fig. 264 Cilossima

; : mecsrsitans: adul Location: Adult flies lay eggs on hairs of legs

’ ' [8=11 mm) [13] and occasionally of the body. Larvae

migrate through several nssues of the host's
body and appear in the subcutaneous tis-
sue of the back.

Hosts: Cartle

Species  description: Adult warble fhies are
hairy inseces like bumble-bees. They do not
feed and only hive for a few days. The
temales lay their ezes on the hind legs of
cattle and occasionally horses. The eggs of

Fig. 265 Gilossina
frasea; adule [13]

Hypoderma bovis are attached singly to an
individual hair and the harched larvae pen-
etrate the skin and migrate ahmg nerves fo
the spinal cord and then through the dor-
sal muscles till they come to lie below the

Fig. 266 Cilossing skin on the back. H. limeatwn epgs are
tachimaides; adule attached in rows of 7-20 eggs per hair.
|13 Larvae penetrate the skin, Migrate first to

the oesophapgeal region and thence to the
back. In spring the larvae leave through the
holes, drop to the ground and burrow into
soil o pupate.

Geographic distribution: Many countries of
the northern hemisphere, Warble flies are

Significance: Tsetse flies are vectors of human
and animal rrypanosomaosis. Trypanosom-
osis of domestic animals 15 caused mainly
by T. comgolense, T. vivax, T. brucei and
I simsae, (= Carrie, B 2). The most
important vectors are Glogsing morsitans,
G, palpalis, G. tachinoides, G, fusca,
G. brevipalpes and G, pallidipes.

(Figures 2640, 261, 262, 263, 264, 265, 266,
2a7)

reported from northern and southern Afri-
ca and are nor widespread in tropical areas.

Symptoms: Clinical symproms are rarely seen
during the migratory phase, exceprt if lar-
vae are killed during their passage through
the spinal cord. Paralysis may then occur.
Modules with an opening are usually seen
i the skin of the back. These cysts contain
a larva, When the adulr flies areack cartle,
stampeding may ocour.

Significance: The adule flies severely disturh
cartle which become apprehensive and
attempt o escape by running away, often
aimlessly. Consequently feeding and per-
formance is reduced. In addition, warble
flies cause extensive damage 1o the skin of
cattle and the commercial value of the hides
15 markedly reduced. H. bowis larvae may

Fig. 267 Biconical tsetse rrap |4) cause paralysis when dving or being killed
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during their migration through the spinal
canal. Severe oedema may occur when lar-
vae of H. lineatum are killed during their
migration through the ocsophageal region.

Diagnosis: Larvae in cysts or lumps under the
skin of the back indicare warble infesra-
tion. Fggs may be tound on hair of the
animal’s legs.

Therapy: Cartle, especially calves, in arcas
where prub numbers are high, should be
treated as soon as possible atter the end of
the warble fly season, They should norbe Pro
treated later than 8—12 weeks before the
anticipated first appearance of grubs in the
backs, since adverse reacnions may occur

phos, famphur, fenthion, phosmer, tri-
chlorfon or ivermectin may be used and
poured evenly along the midline of the
back. Sprays containing coumaphos or
phosmer also control cartle grubs, The
entire surface of the skin should be wet for
sufticient absorption. Coumaphos  and
phosmer may also be used as dips. Ivermec-
tn (200 ppfke, sc.) 5 highly effective
against cartle gruby, Oral application is also
cffective.

phylaxis: Artacks by adult warble flies are
difficule to avoid and entail excessive use
of insecnicides. Early trearment in endemic
areas is indicared.

.

when migratory larvae are killed in the spi-  (Figures 268, 269, 270, 271)

nal cord. Pour-on rreatments of couma-

Larwie mi-grale
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adulr (15 mm long) [4]
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CALLIPHORIDAE The blowflies and their

allies

Remarks: They are highly imporrane in many
domestic animal species and man. The
adults are free-living and the larvae are
parasitic maggots which develop in the tis-
sue of their host, causing a condition called
myiasis. The larvae may be laid into pre-
existing wounds. Myiasis 1s often a secon-
dary skin problem.

IFiELlr\e 273

Fig. 272 Calliphao-
ra sy acdulr (12
mm long| [4]

The family of Calliphoridae can be divided into
two groups, the metallic flies and the non-
metallic flies.

The merallic flies are green, blue or purplish
coloured and belong ro the genera Lucilia,
Chrysomyia and Callitroga

Lucilia cuprrina and other Lucilia spp.
“Green-bottle™ or “copper-bottle” flies

Remarks: L. cuprinag is the predominant cause
of sheephlow fly strike in South Africa and
Australia. It causes myiasis in sheep. It is
the most important primary blow fly
iniriating strikes on living sheep (v SHEEP
AND GOATS, B 5.1).

(Figure 273)

Fig. 273 Lucifia sericata
(the green-botde flies);
adule 185=9 mim}
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Chrysomya bezziana Cattle screwworm,
the Old World screwworm, blow fly strike
of cartle

Remarks: C. bezziana infests cattle but also
horses, sheep, dops and sometimes man. It
occurs in tropical and southern Africa and
oriental regions. C. bezziana causes severe
myiasis and toxins produced by the larvae
result in retarded healing of wounds. Death
ma}r CIECUr in SCVENRE CAscs,

{Figure 274)

Fip. 274 Chrysomya
/ K bezziama (the cartle
screwworm )z adul

18=10 mm] [20]

Callitroga bominivorax (syn, Cochbliomvia
hominivorax) * American screwworm”™

Remarks: C, homimvorax has recently been
found to occur also in North Africa. Cartle,
pigs and equines suffer most frequently,
but other animals, including fowls and
even man may also be affected. Pathology
15 essentially the same as in C. bezziana,

(Figures 275, 276)

Fig. 273 Callitroga
hominivorax (syn,

Coclliomyia bominivo-
rax} the "screwworm™;
adult {B=10 mm long]
[19]
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Fig. 276 Life cvele of
Callitroga honiinirorax
|31]
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The non-metallic flies are dull grey, vellow-
hmwn or I'flIEIElZ EII'II'_‘I ]'I'L‘l[]]'l:g_ (48} tht grm.'ra
Wokdfartia, Sarcophaga and Cordvinlia

Sarcophaga baemorrboidalis
Red-tailed fleshfly

Remarks: The fly is very common in Africa
south of the Sahara and 15 frequently fouwncd
around human habitanons. Flies ot this
species are larviparous and may lay their
larvae in wounds or sores although larvae Fig. 277 Sarcophaga sp.; adult flv depositng irs

may also be deposited on faeces, carrion or  Jarvae on the skin of a cattle [§]
fresh mear. Several amimal species and man
may be affected. The fly may cavse myia-
sis, especially in sheep in some parts of the
world,

I:I'I!.TIIJ res 277, 3?5] Fir_'. 178 Hlin.“l,?f_,”gd

sp; adule fly {13-15mm |

Lomge) |4]
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W’uhﬂl'lm:i:l m.:a'it_:rfﬁcu
Old World Fleshfly

Remarks: This species occurs in North Africa,
The flv artacks man and other animals. The
lL'IE'Ti.'IL‘ [I'I.'.'I.'fa' I'll'.' ﬂ.lt‘p”!"i'itr_'li.l irll’['l t]'li.' l."l'E"L‘I'I'Iﬂ'.
car of man or in sores around the eves.

(Figure 279)

Fir, 279 Webifartia sp.; =
addude My (5=14 aim lowag) f

Cordylobia anthropophaga

Tumbu flv or *skin maggot fly™

Remarks: The fly is widely distributed m Afri-
ca south of the Sahara. It produces myiasis
in man, dogs and other domesric animals.
Fegs are laid around places where antmals
lie. After harching che larvae penetrare the
skin of the host, producing a bail of abour
I cm across with a hole in the centre. When
mature the larvae wriggle out of the hole
and pupate on the ground, Tumbi boils are
|-liJ'llI'Il|. LTI ll'l]':r' £ |.'|'II.1 ".'I.'I'.It]'.'ll Flf:l ris f FI'I I
l'!‘lJli.'Ifl-' h'l.l[ ﬂlﬁ" (414} :I.I'Ifn-' IJtI]L‘F U | E]F [l'll.‘
oy

{Figures 280, 281}

Fiar, 230 Cordyliaa
anthropophaga

{ Turinibvii |.|:|-'|; sEaal l|1_.'
with two black marks
on the thorax; the face

and lews are vellow
(H5=12 mm long) |27]

Fig, 281 Cordvledua
..'rrhr.llrlr,l'.lr.-_fl.llJ.Jj;.J: third
stage larva (12-28 mm
longl [27]
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HIPFHOIBOSCITAE
The louse flies

Hippobosca equina Horse louse fly

Huosts: Horse and cartle

GE&]_!,r;-'tpllif distribution: World-wide
(e HORSES AND DONKEYS, © 5.1)

{Figures 282, 283)

Fig. 252 Hippolbaosea
capaeirn (horse louse fly;

7= mim long)

Fig. 283 Hiprpodrosea sprg atcdule lonse flies on a
cittle [4]

Hippobosca variegata

Hosts: Horse and cattle
Geographic distribution: Tropical Africa and
oricntal regions

Hiprpolrosca rufipes Cartle louse fly

Hosts: Mainly wild and domestic Bovidae, less
frequently horses

Geographic distribution: Tropical Africa (arid
and semi-arid areas of Africa)

[Fipure 284)



Fig. 284 Hippabosca
rufipes (cattle lowse
ﬂ:,'l.: this ﬂ:r % VETY
hard-bodied and diffi-
culr ro squash. It has
well-developed wings
and strong legs ending
i well-developed claws
{8=11 mm lomgl |27

Hippobosca maculata

Huosts: Horse and cattle

Geographic distibution: Tropical and sub-
tropical areas of Africa

(Figure 285)

Fig. 2835 Hippobosca maculata; adules (8 mm long)
attached to the jugular vein region of a cantle | 5]

Hippobosea camelina Camel louse fly

Hosts: Camel, horse and occasionally canle
Geographic distribution: Northern Atrica and
Middle East

«  General features of Hippobosca spp.

Location: The adult louse flies remain for long
perieds on their host and cluster in the per-
ineal region, berween the hindlegs o the
pubic region, but may also bite on other
parts of the body.

Species deseription: The thes live permanent-
lv on their host and feed on blood, Main-
lv cattle and horses are atfected. They rare-

ly flv and then usually not more than a tew
metres. Thev spend their whole time on the
I'L[J?i-l' EII'IIL‘I arc FII’UL’IHI}' ..ﬂtq'll..'l'li.‘d [in |I'|L'il I'“ 514
and theretore dithculr ro dislodge. When
disturbed they can quickly move sideways.
Symptoms: Infested animals seratch and rub,
and skin-trauma are often seen as a conse-
gquence of heavy infestations,
Significance: These tlies are a source of great
irritation, They transmit the non-patho-
genic Trypanosoma theileri, anthrax and
other bacterial infections o cartle.
Diagnosis: ldennification of thes locared under
the tail and between the hindlegs.
Therapy: &+ below, THERATY AND PROPHYLAX-
1% OF ECTOPARASITES, p. 141
Prophylaxis: Regular grooming may be help-
ful to reduce louse flv infestanions.

*  Therapy and prophylaxis of cctoparasites
ifor arachnids and insects)

A grear number of insecncides 15 used to con-
rol borth arachmids and insects (Table 110
Methods of application include whole-body
spravs, dips, dusts and topical applicanon o
the dermis and ears. Dips are more effective for
ticks. Thorough treatment of the infested area
is required, especially when ticks infest the ears
or underside of the tail or mites infest localized
patches on the skin. Impregnarted ear tags, con-
taining pyrethroids or organophosphares, are
of increasing importance in flv control. Elimi-
nation of parasites or stages in the environ-
ment is difficult because many ecroprasites are
capable of surviving in the environment for
prolonged periods (e.g. some ticks can live on
the ground up to 300 days withour feeding).
In arcas where many ticks exist reinfection of
the host occurs continuously and treatment
therefore must be repeared regularly, Some
ricks are not strictly species-specific and ticks
normally adapred to horses can occasionally
also affect cartle or other amimals and they
must be treated, too, if attempts are made w
reduce tick infestations.

In subhumid areas the period of highest tick
activity 1s the wet season and only few ticks are
found on animals during the dry season. Con-
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sequently tick control 1s focussed 1o the wer  throughour the vear and must be controlled
segson. In tropical areas most ricks are active  continuously,

Table 11 Some common compounds to control exrernal parasires of cale

Compound Pest

Organophosphates
Chiorpryrifos Lice, horn flies
Coumaphas Horn flies, lce, ticks, grubs, sorew worms, mites
Crotoxyphos and dichloreos Horn thies, face Hies, stable flies, house flies, lice, ticks
Dichlorvos Hiorn ties, tace thes, stable flies, house fies

Dichlorvos and tetrachloninphos

Horn flies, face flies, lice, ticks

Diazinan Horn flies {including pyrethrobd-resistant flies),
spinose ear ticks, lice, mites, Hypobosca spp.

Digxathion Horn flies, lice, mites

Fenthion Horn flies, lice, Hypoderma spp.

Malathicn Lice, keds, mites

Phoxim Plites, lice, fMies, myiasis, ticks

Phosmet Cirubs, lice, horn flies, ticks, mites

Stirofos Horn flies, face flies, house flies, stable flies

Tetrachlarvinphos
Trichborfon (metrifonat)

Horn flies, lice, ticks
Grubs, lice, mites

Carbamates
Carbaryl hdites, lice, ticks, flies
Promacyl Mites, lice, ticks, flies

Chlorinated Hydrocarbons®

Lindane Screwworm larvae, mites, lice, ticks, flies
Mathowxychlor Mites, lice, ticks, flies
Toxaphen Mites, lice, ticks, flles

Pyrethrins and Pyrethroids

Cyfluthrin Harn flies, horse flies

Cypermethrin Horn and face flies, ticks

Deltamethrin Flies, including tsetse flies

Fenwvalerate Horn and face flies, spinose ear ficks

Flumethrin Flies, including tsetse flies, ticks

Permethrin Huorn flies, face flies, mites, ticks, lice

Pyrethrin Hiarn flies, face flies, mites, lice
Avermecting

Daoramectin Mites, lice, ticks, Hypoderma spp.

hvermectin Mites, lice, Hypoderma spp.

* some are no longer approved by some governments
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5.2 Eyes

Thelazia rbodesi Cattle eyeworm

Location: Conjunctival sac

Hosts: Cartle, rarely sheep and goat

Species  description:  Milky-whire  worms,
males B=12 mm long and females 12=18
mm. The cuticle is transversely seriated.
The spicules are 0.75-0.85 and 0.115-0.13
mm 1nng- Intermediate hosts are Musca
larvipara and Musca amica. Infected flies
transmat the infective larvae via saliva o
calves. Adult Thelazia appeared 20-23
days afrer infection. In some regions a high
percentage of calves 1s infected bue lesions
are often absent.

Geographic distribution: World-wide

Symproms: Conjunctivitis, clouded cornea,
marked lacrimation, The atfecred eyes may
be swaollen and covered with exsudare and
pus. Without treatment progressive kera-
utis and ulceration of the cornea may
oCour.

Significance: Infecrions with eyeworms may be
very prevalent in some regions. Heavy
infections may cause marked irritation,
keranitis and weight loss of affecred ani-
mals,

Diagnosis: This is made by the detection of
worms in the conjunctival sacs. Examina-
tion of the lacrimal secretions may reveal
eggs or first-stage larvae.

Therapy: Levamisole (3 mg'kg, sc.) and wver-
mectin (200 pg/kg, sc.) are active against
Thelazia spp. Concurrent use of antibiotic
ointment for secondary invaders is recom-
mended.

Prophylaxis: Fly control measures against the
face fly aid in the control of thelaziosis in
both cattle and horses.

{Figures 286, 287, 288)

Fig. 286 Thelazia
rhodest (eyeworm);
anterior end with
typical cuticular
striarion

Fig. 288 N'Dama cattle with lacrimation due o
Thealzia rhodest infection
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1 Atages in the gut and facces

PROTOZOA

HELMIMNTHS
* Trematoda eggs found in the faeces
and adult trematodes living in the
gastrointestinal tract . .. ......... 149
* Cestoda eggs found in the faeces
and adult cestodes living in the gastro-
intestinal tract . . . .. PN R S e Ay £
* Nematoda eggs found in the faeces,
adult nematodes living in the gastro-
intestinal tract and first-stage larvae
of IUNgWORTIE . e ann s aas 152

FROTOZOA

*  Coccidiosis in sheep and goats

Sheep and goats have their own species of Coc-
cidia. Cross-rransmission is not possible. Our
of a spectrum of more than 1) species which
occur world-wide i sheep and goars, general-
|:.' ur||:.' a few are |'|i_<_.._=,|'||3.' pﬂthngrni-;; and only if
predisposing factors increase the susceptibility
ot the host animal (stress ar weaning, malnu-
tritien, other diseases, erc.) or if the manage-
ment conditions are such that animals are
exposed o a very high infection risk {using
highly contaminated feedlot conbinements).

All the Eimeria spp. produce unsporulated
oocysts which are passed in the facces. Within
1= L|.'|1l;'.~. H]'H:urul:ati::m occurs (nocysts with four
sporacysts cach containing rwo sporozoites),
The sporulared oocyst represents the infective
stage of Eimreria spp. The further development
occurs in the epithelial cells and the cells of the
lamina propria at species specific sites within
the intestines. Oocysts occur 6-35 days after
infection. Discase due 1o Esveria spp. mainly
oCcurs in voung animals.

{Figures 289, 290
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Fig. 289 Fiseria spp.; imtestinal tissoe sechion

isheeph; heavy inlection showing (a) oocyses

lepprox, 20 pm) and {b) gamerocytes
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Fig. 290 Egreraz spp.; intestinal fissue section
isheepl; macraschizone (100 pmin diameter)

Emmeria ovinoidalis (syn. E. minakobilyalk-
wiovae), Eimeria absata, Eimeria bakuensis
(svn. F. owvina) and other Eimeria spp.
Coccidiosis of !-i]'li.'-l_:[l

Remarks: 15 species of Eimeria spp. have been
described for sheep. Oocysts of similar
appearance affect goats, but cross-trans-
mission studies have confirmed their sepa-
rate identity. E. ovmoidalis is the most
pathogenic species. Ir affects the caecum
and colon, causing severe enteritis, which

become  haemorrhagic.  Suckling

lambs 4-7 weeks old are most commonly

may



affecred. E. alsata 15 also highly patho-
genic tor sheep. The intestines of infecred
lambs are thickened and oedemarous and
the Pever's patches and lower parts of the
small intestine are inflated. Dieaths may
occur. Other Eimeria oocysts [e.g. E. cran-
dalis) are often produced in large numbers
by lambs without causing disease, E. Iaku-
l'ﬂ'!i.s [t N R Whi“.' 'Fl:l!'i.'hl:ﬁ- LR ] tht‘ TTRRIC el
and sometimes polvps bur its pathogenic
rode is in debare.

(Figures 2921, 292, 293)

Aluwrm

p e 292 Eimeria species
E. crandallis E. nwinotals found in 511&4!1‘.'
(schemanc) [1]

Frmerta m'fm'ugi, Eimeria christenseni,
Eimeria minakoblyakimorae and other
Eimeria spp. Coccidiosis of goars

Remarks: Young goars commonly harbour a
number of species of Coccidia and fre-
quently produce oocysts ar the rate of
10°=10" per g of faeces without showing
any clinical symproms. Disease may occur
tollowing seress such as weaning, changes
in diet, weather stress or regrouping, etc.
Eimeria arfoingd, Eimeria christenseni and
Ermeria ninakollyakimovae are the most
pathogenic species in goats world-wide.

Figg, 293 Quoeyst of Eimeria ahsata (39 = 25 pm) [ 1] (Figures 294, 295)

Lopyrignted materiz
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Fig. 295 Sporulated cocyst of Ermerta minakohbya-
bimopae (24 % 19 pm) [15]

*  General features of coceidiosis in sheep
and goats

Symproms: Diarrhoea (nor always), dyvsentery,
tenesm, exsiconsis; heavy infecrions cause
fl:"."‘l:r., g:m:ra] dt.'FI'L'.'i.'iEI:}TI. II'I'I'IJEE'IJIHI'
spasms, CNS symproms and finally death
may occur, Secondary bacrerial infecrions
often aggravate the disease.
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Eigm'ﬁcartcl:: Coccidiosis May Calse severe [ias-
ses in small ruminants,

Diagnosis: This is difficult, Qocyst ourpur can
be very misleading becawse healthy lambs
may produce more than 10% oocysts per g
of faeces, whereas lambs dving of cocci-
diosis sometimes show very few oocyses. A
sanisfactory diagnosis can be made based
on clinical history of the flock and autop-
sy lesions, Scrapings from the intestinal
lesions wsually reveal large numbers of
gamerocytes and oocvsrs, High oocyst
counts of E, orimoidalis from a number of
scouring lambs support the diagnosis,

Therapy: Acute coccidiosis may be rreared with
rrimethoprimefsulfonamide combinarions.
Lasalocid (1570 mg/head/day, po.) may be
usedd in sheep; amprolium can be used tor
climical coceidiosis in sheep and goars; tol-
trazuril { 15-20 mg/ke, po.).

Prophylaxis: Lasalocid (22-33 ppm, po.) and
Monensin (1 mg/kg, po., daily during sever-
al days or 10-20 mgkg feed) are highly
effecrive aganst ovine coccidiosis. Ampro-
livem (35 nlgﬂcg, poe twice ll.'li]}' du:‘ing L1
days) protects lambs against severe clinical
disease. Sulfaguanidine {3 glamb daily or
0.1 mglkg, po.), sulfaguinoxaline (2.5—4
g/kid daily or 8=70 mg'kg), sulfamerazine
{63-130 mgfke, po.)and nitrofurazon (70.4
mg'ke, po. dailv for 7 davs) control coccl-
divsis in lambs and goat kids. Decoquinate

(0.5 kegfke, pot can be uwsed in goars
(¥ CATTLE, 1, Table 3, p.27).

Cryptosporidium frarvim

Remarks: Diarrhoea in neonaral lambs and
goat kids may occur due to C. parrum
infections. Appropriate colostrum supply
is of grear importance to avoid cryptospo-
ridial diarrhoea, (s CATTLE, - 1).

Giardia duodenalis (syn. G. caprae, G. ovis
and G, guadrin)

Remarks: This parasite occurs in sheep and
goats and has been associared with diar-
rhoeic episodes in lambs and goar kids.



Cysts measure 14 = 8 pm and may be

demonstrated in facces by the flotation or

SAF method (v= MeTtHODS, 1.4 and 1.12).

Vegerative forms [trophozoites) may be

found in fresh faeces of diarrhoeic animals.
i Figuare 296)

Fig, 2% (&) Guardi spo trophosoite and (B G
dia bovts cvst {Ta o 10 pmi [ 14]

Eutamoeba spp. (E. ovis, E. dilimani and

disease although they are commonly found in
the rumen and sometimes in large numbers,
The immarure worms arach o the duodenal
mucosa by means of their large posterior
sucker and may cause severe enteritis, necrosis
and haemorrhage. Atfected ammals exhibit
anorexia, polvdipsia, unthriftiness and severe
diarrhoea, Exrensive maortalicy may  occur,
especially in fambs, For diagnosis and control
e CaTTLE, L.

Table 12 Recommended drugs against
Paramplstomum spp. intections in sheep

D Closage [mg.-'-l-.g} Immature Mature
sheep fluskes flukes

lhlii.'h'ullﬂlil:'i." 9-|'.I- ¥

Radomanicle 15 ¥

Resorantel ] " ;

Oxycloramide 17 ¥ "

F. gigantica Tropical large liver Huke
e Carnik, 1 and B4.2)

F. bepatica Large liver fluke of temperare

E. wenyoni)

Remarks: Several Entanroeha species are com-
mon in the intestine of sheep, goars and
other rummmants. Little 15 known about
their significance. They seem 1o be of low
pathogenicity.

HELMINTHS

* Trematoda eggs found in the faeces
and adult trematodes living in the
gastrointestinal tract

Rumen Hukes belong o the families of Param-
phistomandae and Gastrothylacidae each of
which containing several species (9 CATTLE,

1). Botbriophoron  bothriophorow, Calico-
phoron microbathrivm, Calicophoron dauf-
neyi, Cobtvlophoron cotylophborum, Carnryeri-
ws spatioses and Carmryerius papillatus are the
maost frequent rumen flukes in small ruminants
in Africa. Adult flukes do not cause clinical

areas and |11'§_;i'| altibude regions in East Albriea

Location: Adult Flukes m biliary ducts; epgs in
the faeces (vo Carrie, 1 and H4.2)

Dicracoelium haspes Atrican small liver Huke

bt i i

and Dicrocoelnom dendriticion Small liver
thuke

Location: Adult flukes in bihary ducts; eges in
the faeces (v CATTLE, 1 and 4.2}

Enrvtrena pancreaticum Pancreas fluke

Location: Adult Hukes m pancreatic ducts;

epes in the faeces (v8 CATTLE, 1 and

SHEEP AND GoaTs, 4.5

Schistusoma spp. (8. bovis, 5. mattheei and

s s p——

8. curassons) Blood flukes

Location: Adulr flukes in mesenteric veins;
eges in the intestinal wall and faeces (v
CarTir, 1 and SHEEP AND Goars, B2,
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* Cestoda eggs found in the faeces and
adult cestodes living in the gastro-
intestinal tract

Maniezia expansa and Moniezia benedeni

Common tapeworms

Remarks: Monrezor spp. infections in sheep are
prevalent but are of relatively low patho-
genicity. Heavy infections mav resule in
unthriftiness and gastrointestinal disturb-
ances. Momiezia spp. are E:‘l.‘i-il].' seer ot
necropsy because of their size, but often the
much smaller and much more pathogenic
mrichostrongylids (e.g.  Trichostrongylus
coldubrifornis) can not be seen with the
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Frg, 297 Helminth eggs
of sheep [schemaric, not
drawn to sealel,

{1} Faseiole hepatica,
{2 Paraseprbistominny
cerd, (3} Thysaniezia
opiila, (4) Momeza
expansd, 5] M. fenede-
nt. (6] heracoelem
dendriticne, (7 Stron-
irvlordes papitlosus, (§)
Carmgviinienma
PIF.II.;'I!.IJ'HI.I':I.| 19 Tracherrs
glotwilosa, (10 Fasciola
gty |11} Newnto-
dirns spathiger, (1)
Crangoria pachyscelis,
(13) Trichastronglus
sp, 14 Skerfahiiveria
oids, (15) Ardrelling
contripaerctala, (16}
Clrabertia ovina®, (17)
Haewomiclinns costor-
s ™, (18 Huwmostommen
trigomocephalune®, (19
{desofalraposicarmaeen
corlaerralafameern L {200
Corvlapharon corvlo-
pleorsen, 121) Fasciolor-
des seagma and (22}
Clsfertagia clrcimicine-
fa ™ * Strongyle-type
epgs are difficulr ro dif-
ferentiate i roatane
examinarions |3

Fig. 298 Ege of Mamezia sp. (60=80 pm in diameter)

naked eye. Theretore, many carlier observa-
tions which associared tapeworm infections
with diarrhoeca, emaciation and weight loss



did not accurately consider the underlying

mfections with nematodes (& Carie,
1). For diagnosis, therapy and prophylaxis
w CATIE, 1

(Figures 298, 299, 300)

Fig. 299 Momieza sp tapeworm with pronsunccd
segments [32]

Fig. 300 Mawiezia sp. found in the small intestne
of a sheep [11]

Avstellina centripunciata

Remarks: This is a very commaon tapeworm of
small ruminants and carcle in semi-arid and
arid areas of Africa and Asia. Lambs ac-
guire infections but many months elapse
hefore the worms are adult, Adules are
common in yearlings and older sheep,
Lambs and kids may carry heavy burdens
bur often no obvious clinical signs mav be
found, However, clinical observations of
pot-hellied suckling animals which improve
after treatment are frequently reporred.
For diagnosis and control e« Catmie, 1,

{Fagure 301)

Fig. 301 Stained sepments of Tysamiezia ovilla
Uefeh and Avirellone confripaenrciata (right) [4]

Thysamiezia ovilla (syn, T, grardi)

Remarks: This species 1s frequently encoun-
tered in sheep and goars in many parts of
Africa, especially in those with low raintall,
It occurs in the small intestine and 15 not
very pathogenic but heavy infections ocea-
sionally produce climcal signs. For di-
agnosis and control v Carmie, 1.

Stilesia globipunctata

Location: Small intestine, doodenum  and
upper jejunum (5= CATTLE, )

Hosts: Sheep. goat, dromedary, rarely camle
and orher ruminants

Species description: Adults are 45-60 cm long
and up to 2.5 mm wide. The scolex of the
adult worm penetrates the mucosa of the
dundenum and jejunum and causes a pro-
Iterative
embedded in the mucosa while the posre-
rior proglomids are free in the lumen,
Vieavy mfections can cause death.

Geographic distribution: Arid areas of Atrica

inflammation. The scolex s

Stilesia bepatica

Remarks: This parasice occurs in the bile ducrs
(e CATTLE, 1 amd Steee axn Gosns, B
4.2 and occasionally small intestine of
sheep and goars i ropical and southern
Africa. It 1s non-pathogenic but extremely
prevalent (in 20-100% of sheep) in many
parts of Africa. The condemnartion of a large
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proporiion of sheep livers ar mear inspec-
rion 15 the major [oss due to this parasite.
The ovoid eggs measure 16=19 x 26 pm.,
These eggs or the proglottids may appear
in the Faeces of infected ammals.

*  [Preventive measures to contral intestinal
tﬂpl‘“-'"l!'l'l'l'i

{Mowudezia spp.. Avitelling spp., Thvsaniezia
spp. and Stilesia spp.) of rominants

Therapy: Niclosanid (45-75 mg/kg, po.) and
praziquantel (3.75 mg'kg, po., sheep only)
are speciiic cestocidal drugs. In addiion the
tollowing  benmimidazoles  are  effective
against  rapeworms:  albendazole (35—
smglkg, po.l, fenbendazole {10 mgkg, po.l,
oxfendazole (5 mgkg, po.), mebendazole
(10=21 |1||.'_."l-:|.'_, po.h, netabimim {20 |11|.L.ka,
pon), febantel (3=15 medke, pou. Special
attention should be given to the control of
tapeworms in lambs to avoid losses in heavi-
lv infected populations (v Carne, 1

= MNematoda eggs found in the faeces,
adult nematades living in the gastroin-
testinal tract and first-stage larvae of
lungworms

Ceomgylonema palclheiom Guller worm or
I'i__1.'|3"..'l.,‘_'| WOrm

Remarks: This parasite occurs in the mucosae
of the ocsophagos and forestomachs of
sheep, goats, less frequently cartle (% Car-
e, 1.

G verrucosunm Rumen gullet worm

Remarks: This is an apathogenic nematode,
tound in the mucosa of the forestomachs.
This parasire may occasionally be found at
necropsy (9 CAaTTLE, 1),

Parabonema skjabini

Remarks: This SpITurid worm occurs occasion-
allv in the abomasum of small ruminanrs,
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The lite cvele includes Stomoxys spp. and
Lyperosia spp. as intermediare hoses (o
CATTLF,

e CATTLE,
INFECTIOMNS

11, Faor t|1L'r.l'|'?:|-' and pruph}'[nxitz
I: THERAPY OF WEMATODE

Haemonchus contortus Large stomach
worm, “twisted wire worm™, “barber’s pole

worm”

Location: Abomasum

Hosrs: Carttle, sheep, goat and other ruminants

Speaes description: T, contortug 15 one ot the
maost prevalent and most pathogenic para-
sites of ruminanes, particularly sheep (life
cycle and morphology v Catrie, - 1) It
can rapidly kill voung sheep. When high
numbers of mtective larvae are ingested at
once, deaths can occur suddenly while the
sheep stll appear to be in good health, This
is termed “acure prepatent disease™ when
egps are not ver found i the faeces bur high
numbers of preadult Haemonchus speci-
mens have stared tosouck blood. Inthis case
the host was killed before the parasites were
mature. Haemonchosis is always associated
with anaemia as both fourth-stage larvae
and adult worms suck blood, Chronie
mfections which result trom continuous
ngestion of third-stage larvas may produce
oedema  (“bottle  jaw™), iron-deficiency
anacmia, progressive wool  breaks  and
death. H. comtoriies usoally occurs together
with  other  pastromeestunal  nemarodes.
Sometimes, sheep infected with H. contor-
tus may cxhibir self-cure which is a sudden
loss of the worm load. This phenomenon is
rarcly seen i ammals kept under poor
nutritional and hvgienic conditions, Inges-
ted larvae may arrest their development ar
the end of the rainy season {or summer) and
survive the dr:.' season [or winter] as inhib-
ied larvae within their host. This pheno-
menan is also rermed hvpobiosis, This is an
adaptation of the parasite to adverse envi-
ronmental conditions, when the preparasit-
i development from the egg o the third-
stage larva is impossible.



Geographic distribution: World-wide, espe-
ciall:,- I WA areis

Symptoms: Anaemia, oedema (“bottle jaw™),
rough coat, weakness, weight loss or re-
tarded growth

Significance: H. comtorius is a common para-
site of sheep that may kill lambs rapidly,
Chronic mfections cause weakness, anae-
mia, making sheep raising uneconomical.

Diagnosis: Eges of strongyle-type appear in
tacces. However, in prepatent diseases,
climical signs [anaemial and death occur Fig. 3 Haemonelus comtortig; adult worms on
before the worms are mamire, Speciesiden-  the abomasal mucosa
tification only by dentificanon of adult

WOFTS 41 NECTOpsy.
Therapy and Prophylaxis: &= Carrie,  1;

THERAPY OF MEMATODE INFECTIONS
{Figures 302, 303, 304, 305}

Fig. 302 Haenronehiis combortis; male Fuge. 305 Strongyle-tvpe epg (74 =< 44 pmb [11]
(E0=20 o = 400 pm) [9]

Mecistocirrus digitatus

Remarks: This is mainly a parasite of cartle and
occurs occasionally in the abomasum of
goats and very rarely of sheep (s CATTLE,

1 ). For therapy and prophylaxis e
CATTLE,  1; THERAIMY OF NEMATODE INFEC-
THENS

Trichostrongylus axei Stomach hair worm

Remarks: This rrichostrongylid species occurs

world-wide in the abomasum of sheep and
Fig, 303 Haemanchus contartus: female Bkats, It is often found m mixed infections
{ 18=30 mm = 500 pm) [9] with other gastrointestinal nemarodes (e.g.



1 Stages in the gui and lacces

{dstertagia spp., or Haewroncihuws comnior-
tres). Adule worms pencrrate the hining of
the abomasum, cavsing iratation  and
inflammation. Warr-hke swellings may
ocour and cause diarrhoea, weight loss and
reduce apperite (= CATTLE, 1. Faor
therapy and prophylaxis v CATTLE, [,
pe A1 THERAPY OF NEMATODE INFECTIONS

Trichostrongylus spp. (T, colubnformis,
T. probolurus, T, vitrinus, T. capricola
and other Trichostrongylus species) Small
meestinal hair worm, bankrupr worm,
hlack scours worm

Location: small inrestine

Hosts: Sheep and goar

Species description: These nemarodes are small
[up te 3.5 mm long), reddish-brown and
without a specially developed head-end.
There i1s no buccal capsule. A rypical struc-
wre for all Trichostrongylus spp. 15 the

excretory pore, situated near the anterior

extrenmty. Males have bursae with large
lateral lobes and the morphology of the spi-
cules and the gubernacula is species-speci-
fic. Typical dircct nemarode life cvele,
Infection occurs by ingestion of third-stage
larvae, The preparent period 15 20-2 5 davs,

Geographic distribution: World-wide

Symproms: Weakness, progressive weight loss,
depressed apperire, digestuve troubles such
as diarrhoea or constipation

Significance: Trichostrongylus species com-
momly occur with other pastrointestinal
nematodes. Therefore losses due to Trichao-
strongylies spp. are Nor easy 0 measure.
and their effects are additive, Tf coccidiosis
accompanies trichostrongylosis, enteritis
may oocur.

Diagnosis: Strongyle-type eggs appear in the
faeces. Adult worms may be found ar
NECTOPsSY.

Therapy and Prophylaxis: s CatTir, 1:
THERAPFY OF NEMATODNE TNEEC TIDNS

iFigure 306, 3075

Fig. 306 Morphology and length of spicoles of somme Trichostromgyles species: (a) T, avel (B5=%3 and
| 14T &1k i, (hi T, |'r.l||r1.|'.l.h'.';'.l.h'm'.'! ilis=136 e, il 'R ru_j,;.].l'n.ﬁ Ma =145 ;||"|4,| |41=152 ;|rr||:l., ||J.I T, IIr..'|||,'.|r-
atwes (100 pand, (o) T, preeeees (160<170 pmb, (88 T, capricoda (130-145 pm and (g) T probolres

(126—1344 o)

.
3

154



Fig. 307 Trichastrowgyins vitrinnsy bursa copula-
ITix and :~|’!li-:.'||:|1.'.~\. {1&l=1710 |

Ostertagia (svn. Teladorsagia) circiemeincta,
Ostertagia [svn. Tr.f:i.:'.l'-r:-.rmgfa:l !rffr.rrrafa,
Osteriagia prinnata and other Ostertagia
spp. Brown stomach warms

Location: Abomasum and rarely in the small
intestine

Hosts: Sheep and goar

Species description: These species are brown-
ish, thread-like nematodes up to 1.2 mm in
lengrh. Males are smaller wich straighe,
slender spicules. All members of the genus
Olstertagia have a small cephalic vesicle,
cervical papillae and longitudinal curicular
ridges. The morphology of the bursa copu-
latrix and the spicules varies among the
partcular species, Tvpical direct nematode
life cyele; infecrion is acquired by ingestion
of infective third-stage larvae which may
dn;:w:lnp to adults withan 17 dﬂ}'.‘i.; arrested
development (hypobiosis) occurs,

Geographic  distribution:  Widespread  in
maist, temperate regions; autochthonous
infections are focal in Africa bur Osterta-

i spp. infections have repeatedly been
reported from imported sheep and goats,
Svmptoms: 'rofuse warery diarrhoca, pro-
gressive weight loss associared with hypo-
proteinaemiag death may occur.
Significance: These nematodes cause serious
losses world-wide by producing weight
loss and decreased wool production.
Diagnosis: Strongyle-tvpe eggs appear in the
Fi.'IL'I_'L'h--
Therapy and Prophylaxis: v CatTee, 1, p.
42 THERAPY OF MEMATODRE INFECTIONS

P:_eu_d_qmmsfmﬂﬂgm elongala

Remarks: This species was found in the abo-
masa ot sheep and goats in Ethiopia, [t s
similar to Ostertagia spp. For therapy and
prophylaxis e Carrie, 1 THERAFY OF

MNESLATODE INFECTIOMNS

Cooperia cnrticed, Cooperia pectinata,
Coaperia prunctata and ather Coafieria spp.

Location: Small intestine

Hosts: Sheep and goar

Specics  description:  GENFRAL FEATURES  OF
COOrERIA spp. &5 CATTLE,
spp. have a direct life evele; prepatent peri-
od is 15-20 days.

Ceographic distribution: World-wide

1; Conpreria

| 1 i

- f— RN
—7 N

“i " N ™ o | Sy |
= L)\ T BERE
£ o - | T ELE
§ . ol P
f ] s !l H -FE
| /= 1| ST | HEEE
i | : 1

-_—.\_lp'.
1%
r
Ly
._i-‘—ﬁ'
I
il
L
Y
|—"—:— i
ety
bt ttdar

T prm

Fig, 308 Cooperia sp. anterior end with enlarged
cephalic vesicle (A) and bursa copulatrix (B3]
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__1 Stages in the gut and laeces

Svmptoms: Diarrhoea, weight loss and de-
creascd wool growth

Eigniﬁc:lncl:: The effects of Cooperia spp. are
additive to those of other gastrointestinal
nematodes. Dharrhoea in lambs caused by
heavy Cooperia mfections may be fatal due
to dehydrarion,

Diagnosis: Strongvle-tvpe cggs appear i the
faeces. Adult worms may be found ar
MECIOPsY.

Therapy and Prophylaxis: o CaTTLE, [ H
THERAPY 038 NEAMATORE [NFECTIOMNS

(Figure 308)

Paracooperia dawbneyi

Locanion: Small inrestine

Hosts: Sheep only

Species description: This genus resembles Coo-
freria spp. bur differs in thar the spicules are
divided distally into three processes: one is
serrate, one 15 winged and large and the
third is slender and difficult to see. The
gubernaculum is absent.

Geographic distribution: East Africa, Cenrral
Africa

5}'mpmm.~.,!iigniﬁc.1m:¢: and D'm.gmr.'ih': e ghove
Cofrerid spp.

Therapy and Prophylaxis: e5 CaTTLE, 1;
THERAPY OF NEMATODE INFECTIONS

Nematodirus spathiger, Nematodirus
felicollis, Nematodirus battus and other
Nematodirus spp. Thread-necked strongyles

Locanon: Small intestines

Hosts: Sheep and poart

Species description: General features of this
genus ¥ CATTLE, 1. The life cycle 1s
direct and evpical for nematodes. Infection
is acquired by ingestion of chird-stape lar-
vaeg, free-living or in eggs. Larval stages are
the primary causc of discasc. They damage
the lining of the small intestine. Erosion of
the inrestinal mucosa occurs and pieces of
it may become loose and be shed in the
faeces.

Geographic distribution: N. spathiger and N.
flicallis occur world-wide including East
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and Central Africa; N. belvetianus occurs
in Europa, USA and in (Africa).

Symptoms: Loss of appetite, diarrhoea and
weight loss. Wool growth is reduced in
chronic mfections.

Significance: Nematodirus  infecoions may
cause significant mortality m lambs, when
present in high numbers,

Dhagnosis: Characterisric farge strongyle-tvpe
eges appear in the faeces.

Cave; the eges of the small ruminant hook-
worm Ceaigenia pachyscelis are similar o
those of Nematodirns spp.!

Therapy and Prophylaxis: v Carne, o 1;
THERAPY OF NEMATODE INFECTIONS

(Figures 309, 310, 311)

Frg. 30% Nerratodines sp.; anterior end wich

cephalic vesicle |32]

Fig- 310 Ega off Messabodiems hatis
[152-182 = 67=77 pm)



SEM paim

F'lg. 311 MNemarondirees A3 bursa |;u'|'||||;||;n'-: with
long spicula [32]

Impalaia tuberculata

Locarion: Abomasum and small intestine

Hosts: Dromedary, rarely sheep and catile

Species deseription: These parasites belong o
the Nemarodirinae.

Geographic distribution: Ceneral, castern and
southern Africa

Symptoms, Significance and Diagnosis:
e Newatodiris spp.

Therapy and Prophylaxis: s& CATTLE, ¥
THERAPY OF NEMATODE INFECTIONS; ¥ DRO-
MEDARIES, 1.

Impalaia nudicollis

Location: Small intestine
Hosts: Sheep
Species descriprion: The male is 5-9 mm long,
The female is 11-13 mm long.
Geographic distribution: East Africa
Symproms, Significance and Diagnosis:
v# above, Newratodirus spp.

Therapy and Prophylaxas: v CaTTLE, 1:
THERAPY OF NEMATODE INFECTIONS
{Figure 312)

L lateral veew of
| | | caudal bursa
i [ 4 of male

| | '|'| il et A

Fig. 312 Impalaia muedicollis (schemartic) | 16]

First-stage larvae of the following lungworms
may be found in the faeces of sheep and goats:

!'-i;.;. 313 “:'r.f].'r.n'dnflrx Ifr!:rrr'.r; |ir.'~|-‘.'|-|ilHL' la Fisl
(550-580 pm) [11]

DICTYOCAULIDAE Large lungworm

Dictyocaulus ﬁ!'m'fﬂ Common IIJI'IEW‘I.!II‘I‘I.‘I
(¥ SHEEF AND GoATs, B 4.5; Fig, 313)

PROTOSTROMNGYLIDAE 5mall lungwaorms

Fru-‘usfmngyfus ritfescens Red lungworm
(g5 SHEEP AND GoaTs, Il 4.3)

Muellerivs capillaris Hair lungworm
(e SHEEP axn Coars, Il 4.3)

Neostrongylus linearis
(¥ SHEEP Axp GoaTs, B4.3)
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1 Stages in the qut and faeces

Cystocanlns ocreatus

(¥ SHEEP AND GoaTs, Bl 4.3)
(Figures 314, 315, 316}

Mullenius Cystocaubis
% j :i" 10am
Protoatramngylus Mensironmylus =

Fig. 314 The morphology of the op {posterior end)
o the Tumgweorrn Bievae s relevang for the diagnoas

[33]

Fig, 31% Protostrongyles rafescons; Birst-stage
larva (320-<400 pm) [ 11]

Fig, 316 Muelleriees capaliarvis; first-stage larva
(300-320 pm) [ 15]

Oesophagostomum colvmbianum

Maodular worm

Location: Colon
Hosts: Sheep, goar, camel and antelope

Species description: The male 15 12=16.5 mm
Icmp_ and the female 15-21.5 mim and abouwr
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(1,45 mm wide. The large cervical alae pro-
duce a marked dorsal curvarure of the ante-
rior part of the body, The cuticle forms a
mouth collar which is separated from the
resr of the body by a constriction. The anre-
rior extreminies of the cervical alae are
pierced by marked cervical papillae, The
I'.I'I.'I]I'_‘ |mr.'-;:3 L'{:ll'ltﬂlll'l.‘i (WY ] EL]II:'I' H]Til.:l.l]f,“.'i.l
0, 77=0.86 mm long. The tail of the female
15 300600 pm long and ends in a fine poimt
and the vulva is situarted abour 0.8 mm
anterior to the anus. The eggs measure
T3-89 = 3445 pm, The hife cvele is direcr.
After ingestion of the third-stage larvac
they burrow into the wall of the gur
anvwhere berween the small intestine and
the rectum. Here they molr to the fourth-
stape before leaving the gur wall and migra-
ring ro the large imestine, where thev under-
go their final mole and develop to the adult
!-i-tﬂl.’.,l.'. H"fl'.ll'_'t!.]'l'l.ll.'!-i il !'!'IJI'I'I]'H.‘F I:]-I: ]‘.'I.n'ﬂl: ITIII}'
remain in the mucosa for extended rimes.
The prepatent period is abour 41 days. O
celdmrianum larvae cause extensive nod-
ule formartion in the gut wall which impairs
the ahilicy of the intestine to absorb fluid
and nutrients. Diarrhoea and wn:if__r,hr loss
may oceur. Diarrhoea usually seares on the
ath dav after a severe infection and coin-
cides with the larvae leaving the nodules.

Geographic distribution: World-wide, particu-

larly common in tropical and subtropical
areas

Symptoms: In lambs the birst sign s a persistent

diarrhoea, which results in exhavston and
death unless the animals are treated. The
facces contain much mucus and somerimes
blood. In chromic infections the amimals
show  progressive  emacianion,  general
weakness, and the skin becomes dry and
the wool is unthrifty, The chronic oesoph-
apostomosis in sheep 1s characterized by
extreme emaciation, cachexia ending in
complere prosrration and dearth.

Significance: O, columibdanum 15 a senious

pathogen of sheep, 200-300 adulr worms
constitube a severe infection for lambs,
Extensive nodule formation in the small
and large intestine seriously affects the



meouth coilfar

cervical grooe
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Fig. 318 Desopbagostornen colimbianm;
anterior end [#]

absorprion, bowel movement and diges-
rion. The nodules may rupture to the peri-
toneal surface causing peritonitis and peri-
roneal adhesions.

Diagnosis: Exammartion of diarrhoeic faeces

may show tourth-stage larvac in acure cases
or strongyle-type eges in more chronic infec-
tions. Chronic infecrions withour adulr para-
sites are difficult to recognize and autopsy of
a selected animal may be indicated.

ok

veniroveniral ray

lateromeniral ray

anderolateral ray

posterclateral ray

Fig., 317 Oesopluagostommmr coftrmebararmrm antenor end {left) and boarsa copulaorix iright) |5)

Therapy and Prophylaxis: v= Carir, 1
THERAFY OF NEMATODE INFECTIONS
(Figures 317, 318)

Oesophagostomumn venulosum
Nodular worm

Remarks: This occurs in the colon ot sheep,
goat, deer and camel. The male s 11-16
mm and the female 13=24 mm long, There
are mo lateral cervical alac and the cervical
papillae are behind the oesophagus. The
spicules of the male are 1.1-1.5 mm long.
The life cyele is similar to that of O, colum-
Biarmumm but the pathopgenic effecr is dif-
ferent. ). remwdosam s relanvely non-
pathogenic and seldom causes nodules.
Even in heavy infections the parasite does
not cause significant clinical signs, Fog diag-
nosis, therapy and prophylaxisies Carrie,

I; THERAPY OF NEMATODE INFECTIONS

(Figures 319, 320)
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I Stages in the gut and fasces

oiibh codlar

cervical groove

Fir,, 39 f_:h;',:lu'.lﬁ“:gr.h
stomeen pennlosiers
anterior end (ah and
bursa copulatrix (b) | 5]

anteralaleral
ray
anera-
Lt ray

posterlateral
ray

Chabertia ovina
Large-mouthed bowel worm

Locanon: Colan
Hosts: Sheep and goat
Species description: This nemarode belongs

Fig. 320 Oesophagostorm venlosim; anterior
el

Oesophagostomum madtifoliatum

Remarks: This is a large-intestinal parasite of
sheep and goars in eastern Africa. It has been
reported from Nigeria, Kenya, Tanzania
and Zimbabwe. The males are 12-14 mm
and the females 14=17 mm long. This spe-
cies differs trom OF, colwmbranem in thar
the cervical papillac are located just anteri-
or to the end of the oesophagus and thar the
tail of the female 15 only 250-300 pm long.
The eggs are large {130-170 = 6880 pm)
and similar 1o those of Nematodirus spp.
Mo information is available on the life cycle
and parhogenic effect of this species.
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tor the Strongylidae and closely relared to
the horse strongyles. The males are
13-14 mm long and females are 17-20)
mm long. The head end s characterized
by a large buccal capsule which makes
the identification of this parasite easy,
The spicules are 1.3=1.7 mm long and a
gubernaculum is present. The strongyle-
type eges measure 90-105 = 50-55 pm.
The life cvele is direct. The ingested third-
stage  larvae undergo an  extensive
histiorropic phase in the wall of the small
intestine prior to the third moulr. 26 days
after infection rhe larvae 4 may reach the
colon. Fourth-stage larvae develop main-
ly in the lumen of the caccum and after
the 4th moult immature adules then pass
to the colon where parency occurs abour
50 davs after infection. The adule worms
attach o the mucosa of the colon by
means of their buccal capsule and then
draw in a plug of mucosa. The worms
suck blood only accidentally when a
blood vessel 15 ruptured. The mucosa is
inflamed, congested and swollen and
covered with mucus in severe cases.



euficular
chemenis
bzl
capuule
anteralateral
ray
= spucide
g ;
g medialaleral
ray

ial

Fig. 322 Chalwrtia oira; adulos {13-20 mm long)

Geographic distribution: World-wide

Symproms: Marked diarrhoea with blood and
mucus may be seen in severely affected ani-
mals. Sheep lose condition, become anae-
mic and die following heavy infections.

Fig. 321 Chabertia
CAPTPRICE, AMIETICEC 'i.'n'd ial

and bursa copulatrix

{ht |5]

Significance: Chalrertia 1s significant only
heavily infecred animals, Weighr loss and
reduced wool growrh are the major resulrs,

Diagnosis: Srrongvle-type cpgs appear in the
facces. Diagnosis can be confirmed either
by idenufication of third-stage larvae fol-
lowing taccal culture or by demonstrating
l'I'it' .'li.‘llllt WIS il'l. tl'll." L'(]-lul] at 'I'I‘L'LT‘HI'.H‘:'}'.

Therapy: Most of the benzimidazoles com-
monly used o trear gastroinrestinal nema-
todes of ruminants are effective againse
Chabertia oving (20 CATTLE, 1 THERAPY
OF MEMATODE INFECTIONS)

Prophvlaxis: s CATTLE,
NEMATODE INFECTIONS

(Figures 321, 322, 323, 3214}

1; THERAPY OF

Ing. 323 Chabertia owina; buccal capsule attached
e the intestinal mucosa

Fig. 324 Chabertia oving attached o the colon of a
lamlb
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1 Stages in the gut and faeces

Bunostommim :IriE_unurepfm-'um
Small ruminant hookworm

Location: Small intestine

Hussts: Shttp and goat

Species  description: The male worms are
1217 mm and the females are 1926 mm
long. The large buccal capsule 1s bent in a
dorsal direcrion and bears ar its venrral
margin a pair of chitinous plates. At the
base there is a pair of subventral lancers.
There are no dorsal teeth in the buccal cap-
sule. The spicules are slender and abour 0.6
mm long. The eggs are 92 = 50 pm., Borh
the spicules and the eggs are much shorrer
than those of Gaigeria pachyscelis; direct
life cvele; infection percutancously or per
o5, Larvae migrate rhnrugh the |ung:.: and
'b'iﬂ. tht tra::]'u::a T t]'lt' {EIEMIPI'lEELL‘i WI"IEFE
they are swallowed o develop further in
the small intestine. Prepatent period s
30-60 days. This parasite occurs in warm
moist areas with a rainfall of more than
500 mm per vear. Percutaneous infection
is common, 4000 infective larvae can kill
sheep wirthour any previous clinical signs.
AL necropsy mu]tipl: haemorrh age may be
found in the lungs. Adult worms cause
anaemia  and  hyvpoalbuminaemia  with
oedema  (“botcle-jaw™). 200-300 adult
worms are fatal, In the small intestinal
M 05E IJ]'L'EI'E. E.I'IL{ I:T{flﬁi.[]rl!-i I'I'Iﬂ.}" I'.H." :F[]'Llfll'..‘l.
which bleed afrer the worms have moved
to another site of artachment, Usually the
infection  occurs  rogether  with  other
gastrointestinal nematodes, so the effect s
addirive,

Gmgmphic distribution: World-wide

Symptoms: Anaemia, bottle jaw, weight loss.
Chronic infecrions with onlv a few worms
cause unrhrifriness and thus great indirecr
livsses within infected herds.

Significance: This is a prevalent and very
pathogenic parasite of sheep in humid and
moist areas. Heavy burdens are also found
in older animals. Kraaling facilitares the
spread of this parasite.

Diagnosis: This may be suspected from the clin-
ical signs and the presence of strongvle-
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type eges but the infection must be differ-
entiated from other nematode infections
that cause anaemia, However, only the
demonstration of the adule parasites ar
NECTOPSY 15 conclusive.

Therapy and Prophylaxis: & Carne, © 1
THERAPY OF NEMATODE INFECTIONS

(Figure 325)

LLTREE

Fig. 325 Bunostomuer frigonocepdalimg anterior
end with buccal capsule containing a pair of sub-
vemtral lancets | 3]

Gaigeria pachyscelis Hookworm

Location: Small intestine

Haosts: Sheep and goar

Species deseription: This parasite resembles in
general  Bumostomum  trigonocephalum.
Males arc up to 200 mm long and females
up to 30 mm. The buccal capsule contains
a large dorsal cone, but no dorsal tooth and
a pair of subvenrral lancers which have
several cusps each, The male bursa has
small lateral lobes joined together ventral-
ly and a voluminous dorsal lobe. The spic-
ules are slender wirth recurved wnbarbed
ends. They are 1.25-1.33 mm long. The
cggs measure 105-129 = 50-35 pm (much
larger than the eggs of B. trigonocepla-
fume), The life cyele 15 direct and similar to
those of other hookworms. Infection
occurs through the skin but also by inges-
ton of infective larvae. Migration of the
larvae via blood through the lungs, tra-



chea, oesophagus and finally intestines
where they marure abour 10 weeks afrer
infection. This is a very potent anacmia-
causing pathogen. About 100 adult worms
Were 'FI:]'LI I'II'_'I {4 |:IE ElI'FﬁE:iL"I'll' Lo cause I'jﬂ.'-'ltl'l.
The worms are usually found to be ar-
tached to the mucosa of the Frst part of the
small intestine, frequently in groups of two
to three, The worms are often surrounded
by fresh blood. After primary infections
there is a good immunity which prevents
from reinfections.

Geographic  distribution:  India, Indonesia,
Africa

Symptoms: Anaemia and sudden death may
occur in heavy infections. In more chronic
infecrions the usual signs of hookworm
infecrion are seen.

Significance: The worms are portent blood-
suckers and may be of grear sipnificance in
endemic areas. The skin-penetrating larvae
were suspected to introduce the organisms
of footror into the feet of sheep.

Dhagnosis: This is made by demonsirating the
characreristic large epps in the faeces.
These eggs are ar first sight similar to
Nematodirns spp. cggs. Demonstration of
adult worms in the small intestine.

Therapy and Prophylaxis: == Carre,  1;
THERAPY OF NEMATODE INFECTIONS

{Figure 326, 327)

TR

Fig. 326 Caigeria pachyscelis; anterior end wich
buccal capsule [ 3]
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Fig, 327 Gargeria P.;n,'.l'.lj',:.rc'.l'f,s,‘ anterior end lareral
[a}, dorsal (b), tail end of a male laceral (€} and
veneral view (di, The il end shows !'u"nl'l'lirld_':lil:
dorsal lobes compared with B, trigorocepbalim

| 5]

Trichuris ovis and Trichuris globulosa

Whi pworm

Location: Caecum

Hosts: Sheep, goat, camel, cattle and other
ruminants

Species description: Nematodes with a long,
slender neck and a much thicker hind end,
giving them the appearance of a whip.
Males are 50-80 mm long and have a
curled tail, Females are 35-70 mm long,
Drirecr nematoede life cycle. Infective larvae
develop within the eggs and infecrion is ac-
quired by ingestion of cggs containing
infective  larvae  (second-stage  larvae).
These infective eggs are very resistant o
adverse conditions and may remain viable
for years. Prepatent period 15 1-3 months
and varies markedly among the various
species. Larval penetration into the intestin-
al wall may cause irntation, haemorrhage
and may be instrumental for secondary
bactenial infections. Heavy infections pro-
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duce thickening of the caecal wall and nor-
mal fluid absorpnon is impaired.

Geographic distribution: World-wide

Symptoms: Colitis, secondary infections and
diarrhoea may occur in heavy infections,

Significance: Importance in sheep is unknown,
High numbers of larvae cause haemor-
rhages and localised oedema when they
penetrate the gur, The pathogenic etfect of
adult worms is low and generally addirive
to other worms.

Diagnosis: Demonstration of the characrer-
istic, brown, barrel-shaped eggs with a
transparent plug at either pole. Discase
produced by immature stages may only be
recognised ar necropsy.

Therapy and Prophylaxis: ¥ CATTLE, 1
THERAPY OF NEMATODE INFECTIONS

{Figures 328, 329, 330

Fig. 328 Trichuris sp. (female: 35-70 mm and
male: 30-80 mm} [32]

Fig. 329 Trichuris sp. attached to the large inresoi-
mal mucosa of a sheep |4]
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Fig. 330 Trichaeris sp. of small ruminants; valva

{above) and spreulum (below) of T, globulesa (a),
T, s (h) and T, skrjalemi (c) [4]

Capillaria bovis

Remarks: This parasite occurs world-wide in
the gastroinrestinal tract of carde, sheep
and goats. The pathogenic role has not yet
been defined conclusively, but it seems o
ke non-pathogenic (s= CATTLE, ® 1),

Skrjabinema ovis and Skrjabinema alata
Small ruminant pinworms

Location: Caecum

Haosts: Sheep and goat

Specics description: These small nemarodes
h:lung to the Earnil:.r of the ﬂx}'uridae.
They are small, abour 3-8 mm in length
and have 3 large lips and 3 small interme-
diate lips. The vesophagus terminates in a
large spherical bulb. There is a single spic-
wule in the male, The life cvcle is direct. The
eggs are embryonated when they are depos-
ited by the female in the perianal region,
Eges drop off and are ingested. Larvae
hatch in the small intestine and migrate to



the large intestine where they mature in
abour 25 davs after infection,

Geographic distribution: World-wide; in Afri-
ca: Kenya, Nigena, Tchad, Réunion

Symptoms: Unknown

Significance: Strjabinenta spp. are non-parho-
genic. They may be mistaken for other dan-
gerous nemarodes such as Olesopluagosto
i columbiarnn,

Dhagnosis: Fggs contaiming larvac mav be
found on the skin surrounding the anus.
Adulr worms may be seen in the colon at
necropsy, The tvpical oesophagus of 5. oes
distinguishes it from fourth-stage larvae of
0}, colvinrianrin,

Therapy and Prophylaxis: e Carne, l:
THERAPY OF NEMATODE INFFCTIONS

(Figures 331, 332}

Fig. 332 Skrfaluinema ovis; adule female (A), ante-
riar end (B and ancerior view () | 34]

Fig. 333 Fag of Strongvloides papillosus
147=05 = 25-26 pm)

Fig, 331 Egg of Skrjabivernna awis
[(54=57 x 32=34 pm}

Strongyloides papillosus
Intestinal threadwaorm

Remarks: General descripnion o= Catmie, 1.
Transmammary infection occurs. Larvac
are present in the ewe’s milk from the Bch
to the 1%th day atter lambing, Fggs of §.
papillosus may occur in the lamb’s fagces
as early as 21 davs after birth. An mfection

dose of 11,000 larvae were found to be le-
thal to lambs and kids. Enteritis with diar-
rhoca or constipation followed by second-
ary hacterial infections were found in
heavily infected sheep and goats, Anaemia
due to the reduced absorption of prorcins
which are essential for haemaropoiesis and
low calcium, magnesium and phosphare
levels were also observed in heavy infec-
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rions. General depression and paralysis
was found just prior to death. Young ani-
mals are wsvally 51:1'1*F'|:'I5»' attecred, Intec-
rions in older animals are rare. Kraaling
facibirares the spread of Stromgyloides
prapriflosus.

Therapy and Prophylaxis: == CaTTLE, 1;
THERAPY OF NEMATODE INFECTIONS

(Figure 333)

*  Therapy of nematode infections

Gastrointestinal — helminth  infecrions  are
among the mosr importane constraings of small
ruminant rearing world-wide (¥ FurRTHER
REanmc). This is especially true in many tro-
pical and subtropical regions. The parasites are
highly adapted to the particular chimaric condi-
b {e.g. arrested 'IJI'_"'r'I.‘IIiJ'FlI'IH.'[Il during winter
or dry season) and this should be considered
for the control. As a rule sheep and goars have
their own parasites, a feeding pattern which is
different trom cartle and therctore a different
cpidemiclogy as far as gastromtesunal hel-
minths are concerned. The following basic
health prevention should be carried out in both
rradirional  and  intensified  sheep  rearing:
Vaccinations against the endemic viral and
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bacterial diseases (mainlv: Peste des Pedts
Ruminants [PPR), Pastewrellosis, Anthrax,
Blackleg (Clostriditer chauwvoei)), All the ani-
mals ot a flock should further be treated with
an anthelmintic during the rainy season either
regularly every month when stocking rates are
high or 3 wecks atter the onser of the rains and
once around 3—4 weeks before the end of the
rains. At the end of the rainy season a high pro-
portion of ingested nematode larvae rend o
remain arrested in their development. These
arrested larvae mav be responsible for “dry
season outhreaks™ and early ourbreaks in the
following rainy season. For the last treatment
of the ramy season an anthelmintic should be
used which is also effective agamst the inhibi-
ted larvae. Most modern  bendzmadazoles
(tenbendazole, albendazole, oxtendazole, etc. )
and probenzimidazoles (netobimin) and iver-
mectin are highly effective agamst inhibited
larvae., Thiabendazole, levamisole, pyrantel
tartrate are not ctfective against inhibited lar-
vae. As a rule, animals should be kept worm-
free during the rainy season so thar they can
make hest use of the food resources in order to
survive the dry season, (55 CaTTLE, 1;
THERAPY OF NEMATODE INFECTIONS and
Table 5 p. 54;
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TRYPANOSOMATIDAE

Trypanosoma congolense, Trypanosoma
rivax and Trypanosoma brucei Tserse-trans-
mitred trypanosomaosis

Remarks: T. congolense, T. vivax and T, brucei
may cause a chronic disease in sheep and
H_'i]'.'.l.t!-i.l ﬂl.']li.‘l ITI:.’I:n-' ].:I.Et fﬂ]]'ﬂ. 5'.'.'"-"1:'[';.1.'. "."."‘L"I."I"i.h {14
several months, These three species belong
te the Salivaria, The symproms are mild and
not very specific, Infected animals show
fever attacks, rnugh and dull coat. Repro-
duction may be seriously impaired. The
chronic trypanosome infection may render
animals more susceptible to other discases,
especially when the animals live under poor
nutritional conditions. The Sahelhan breeds
are very susceptible to rypanosomes but
they avoid tsctsc-infested areas. The mdige-
mows dwarf breeds inche Guinean zone seem
to be resistant to rrypanosome infecrions
and the discase is rarely detected in these
breeds. A high percentage of amimals kept in
high tsetse-challenge areas are generally
found to carry trypanosomes but these para-
sites are often of minor importance for the
anaemia, weakness and unthriftiness. Very
often these amimals carey heavy burdens of
gastrointestinal parasites and viral and bac-

diseases). Regular anthelmintic trearments
during the rainy season and prophylacric
vaccination against PPR are essential for a
successful small ruminant production. The
prophylactic use of oypanocidal drugs s
generally not indicared in indigenous small
ruminant breeds (g Catnie, ® 2) For
therapy and prophylaxises Table & p. 54,
Table 8 p. 59,

Trypanasoma melophagium

Remarks: This non-pathogenic  trvpanosome

infects sheep. Ir is 5060 pm in length and
resembles T, theders (ve CaTnie, W 2) Ie
belongs to the Stercorana and is rransmited
by the sheep ked, Melophagus ovimees, a pupi-
parous bloodsucking insect that permanently
infests sheep. Infection occurs by contamina-
ton of the skin and if a ked 15 eaten by the
sheep, the metacyclic stages penetrate the buc-
cal mucosa, T, melophagivm s widespread
and usually demonstrable only by culture
techniques bur it mav be also demonscrared
microscopically in the peripheral blood.

(Figure 334)

Fig. 334 Trypanosows melopiagium
(3050 g long) | )

BABESIIDAE

terial diseases (Peste des Perits Ruminants
(PR, Pasteurellosis and other endemic

Babesia motasi (syn. Piroplasma motasi)

European piroplasmosis of small ruminants
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Hosts: Sheep and goar

Vector: Haemaplrysalis spp. (H. prnctata; H.
sileata and H. parva) in Europe, Mediter-
ranean basin and northwestern  Africa,
Dyermacentor  spp. and  Rbipicephalus
Bursa may also be involved.

Specics description: This s a large form, mea-
suring 2.5—4 = 2 pm, the pyriform stages
resembling those of Babesia bigensing, The
angle between the parasites is acute. The
organisms occur singly or in pairs. The deve-
lopment cycle is similar to that of B. lige-
mina. Both transovarian and stage to stage
transmission occur in Rbipicephalus bursa.
Recovered amimals are immune against B.
motast but not against 8. oers nfections.

Geographic  distribution: Southern Europe,
Middle Easr, Ul5, Southeast Asia, north-
western Africa

Symptoms: In the acute form high fever, hae-
moglobinuria, severe anacmia and pro-
stracion occur. Death is common. In che

chronic form there are no characteristic
signs and death is unusual.

Significance: B. motasi is a sertous infecrion
and frequently fatal in the acute form.
Diagnosis: This is based on chinical signs and the
demonstration of the parasites in the peri-
pheral blood. Highest parasitaemia levels

are found during the tme of acure fever,

Therapy: Diminazene aceturare (3.5 mg'kg,
im.), imidocarb dipropionare (1.2-2.4
mg/ke, sc.) and quinuronium sultare {1-2
mg'ke, sc. or im.} can be used against B.
mictast infections,

Prophylaxis: The control of Babesia spp. m
sheep and goats is similar 1o thar in cartle
and depends on regular tick conrrol, the
therapeutic and prophylactic use of drogs
and attempts to immunize young animals
with blood from older infected animals fol-
lowed by a trearment with a babesiacidal
drug (s« CATTLE, W 2).

(Figures 335, 336}

Fig. 333 Belresia Spe-
cies of shoep: Babesia
s (upper fow) and

Babesrr motas (lower
row| | 3]

Babesia ovis Tropical babesiosis of small
ruminants

Hosts: Sheep and goar
ﬁ Vector: Rbipicephalus bursa (Mediterranean
basin and central-western Asia} and Rbi-
picephalus evertsi (ropical Africa) and
probably other Rbipicephalis spp.
Species deseription: 8. ovis is much smaller than
B. motasi, being 1-2.5 pm in length. The
majority of the organisms are round, occur-

Fip. 336 Babesia motasi: stained bloodsmear [ 13] ing at the margin of the red cell. Pyriform
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Fig, 337 Babesia orms; stamned bBloodsmear [ 15]

organisms are comparatively rare. B, ovis is
morphologically similar to that of Balesis
bowvis. Rbipicephalus bursa is a 2-host tick
and transovarian and stage to stage trans-
mission occurs in B, bersa, Recovered am-
mals are immune to remfection and there s
no cross-imumunicy with B, sotas:

Geographic distribution: Southern and central
Europe, northern and tropical Africa, cen-
tral-western Asia

Symptoms: Fever, jaundice, hacmoglobinuna
and anaemia may be seen in acute cases.
The effecrs are usuvally less severe than
those seen in B, sratasi infections,

Significance: B, oris mav be an imporrant
cause of anacmia and icterus of small roma-
nants in endemic areas. It is considerably
less pathogemic than B. seotasi, In tradition-
al IMHAMAECMIENT sYs0Ems in endemic zoncs
the disease passes often unnoticed.

Diagnosis: Demonstranon of the organisms in
stained blood smears and the clinical signs.
In chronic infections about 1% of the
ervthrocyres are infecred.

Therapy: Imidocarh dipropionate (1.2-2.4
rnH,u"kg, ses ) s effective apainst B. ovis infec-
tions. Diminazene aceturate (3.5 mpke,
im.) is only parnially etfective against B
LS.

Prophylaxis: The control of Babesia spp. in
sheep and goats is simalar to that in cattle
(e CATTLE, B 2 and B. motas:).

(Figure 337)

THEILERIIDAE

Theileria birei (svo. T, lestoguardi)
Malignanrt theileriosis of small rominants

Huosts: Sheep and goar

Vector: Riripicephalus Dursa and Hyalosmira
aaratordicaene and orther species to be deter-
maned

Species descriprion: This species 1s found in
l[ymphocyres and ervthrocvees of sheep and
goats, The majority of the ervthrocytic
foorms is round toooval [(0.6=2 pm in dia-
meter], about 20% are rod-shaped and a

percentage  are  Amaplasma-like.

Binary or quadreple hssion occurs in the

ervthrocyres, Schizonts occur in the lym-

'ﬁ[!'l-il”

phocytes of the spleen and lymph nodes.
They range in size from 4=10 pm and con-
tam up o 80 chromatn granules, 1-2 pm
in diameter. Both macroschizonts and
microschizonts occur. The discase may be
highly fatal, morality ranging  from
A0-100%,. The infection 1s mild in voung
lambs and kids, due to maternal immuni-
ty. An acute form is more common, but
subacure and chromc forms have been
observed. The acute form resembles ECF.

Geographic distribution: North and East Afni-
ca, southern Europe, southern UIS, Asa.

Symproms: In the acute form, high fever, list-
lessmess, nasal discharge, jaundice, pete-
chial haemorrhage in submucous, sub-
serous and  subcutaneous  tissues  may
oceur. The lymph nodes, spleen and kid-
neys are markedly enlarged. Haemoglo-
bimuria may occur.

Significance: T, birei is a very pathogenic spe-
cies causing severe losses among small
ruminant populations, mamly in the Medi-
rerrancan and North African regions,

[Hagnosis: s based on the detection of the
organisms in hlood smears or lvmph nodes
ar spleen smears,

Therapy and Prophylaxis: & Carie, ® 2 (T,
parva), parvaquone (1 x 20 mglkg, im.),
buparvagquone (2 % 2.5 mg/kg, im.) or the
coccidiostar halofuginone (1 = 1.2 mg'kg,
po.) may alse be used to reat theileriosis
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in small ruminanes. Chlorretracyeline and
oxyretracyline are relatively  ineffective,
Tick control is an essential part of the pro-
phylaxis.

{Figures 114, 115, 338)

Fig. 338 Theileria birci; ervthrocyre forms {round
forms 0.6= pm [ 15]

I-‘Jf'ffm'ﬂ ovis Benign rheileriosis of small
FUminanes

e

Hosts: Sheep and goat

Vector: Rbipicephalus bursa in the Mediterra-
nean basin and Rbipicephalus evertsi in
tropical Africa

Species description: This species 15 found
lymphocytes and ervthrocyres of sheep and
goats and is much more widely distribured
than T. burei. The ervthrocytic stages resem-
hle those of T. birei in shape and size but are
much more sparse in infected ammals, with
less than 2% of the ervthrocytes infecred.

Geographic distribution: Africa, Asia, India,
LIS, parts of Europe

Symptoms: The infection is wsually mild and
clinically mapparent.

Significance: The pathopenicity of this Theile-
rid species 1s low and there is seldom mor-
tality bur the prevalence may be very high
in endemic areas.
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Diagnosis: Demonstration of the parasites in
stained blood or lymph node smears. T, ours
is structurally indistinpuishable from the
more pathosenic T, bired, bur the small num-
ber of parasites present and their lack of
pathogenicity may help ro differentiare them,

Therapy and Prophylaxis: =& T. birci; but
therapy is generally nor indicared.

Theileria separata Mild ovine theileriosis

.

Remarks: A mild rheilleriosis has be found in
sheep. The vector is Amblyarmma variega-
tum, It is distinguished from T. ovis by the
presence of vela on some rrophozoires.
This species causes a mild and often clini-
cally inapparent theileriosis in sheep.

{Figure 339}

Fig. 339 Thealeria separata; erythrocyie forms | 13]

RICKETTSIALES

ANAPLASMATACEAE

Anaplasma spp.

——

Remarks: s CATTLE, B 2 ANAPLASMATACEAE

Anaplasma ovis Tropical anaplasmosis of
small ruminants

Remarks: It is comparable to A, marginale
with 70% locared marginally or pen-



pherally. Irs distribunion corresponds to
the most important vectors, Rivipicephalus
bursa in the Mediterranean basin and Rbi-
pieephalus evertsiin rropical Africa, Trans-
placental infecrion occurs.

Symproms: Similar to those of A, margimale
{er CATTLE, B 2)

Therapy and Prophylaxis: e Carnie, @ 2
AL marginale

{Figure 340
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Fig. 341 Eperyitrrazoon sp.; stained bloodsmear
[15]

Epervthrozoon ovis

Remarks: This  species  owvcurs  on the
erythrocyte surface, It i1s a nonpathogenic
form but it sometimes occurs frequently in
sheep (¢ CATTLE, B 2). Linognathus ovl-
fus and possibly also tcks (Hvalonmma
miargimatune and Rbipicephalus beursa) are
vectors of B, ovis.

(Figure 341)
EHRLICHIACEAE

Ebrliclia ovina Tropical ehrlichiosis of small
FUITINants

Remarks: The parasite occurs in mononuclear
cells of sheep in North and Ceneral Africa.
Vectors are Rbipicepbalus bursa in Meds-
rerranean basin and Rbipicephalus evertsi
in tropical  Africa. Despite  sometimes
heavy parasitaemia E. oving usually causes
a mild disease similar to thar of E. bovis,

Therapy and Prophylaxis; & Catmie, & 2
E. bowis.

(Figure 342)
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Fig. 342 Ebrlichia sp.; mass of elementary bodies
ileft) and mitial body (righe)
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Ehrlichia p.’mmq'fripbﬁﬂ
European ehrlichiosis

Remarks: E. phagocytopinla occurs in the neu-
traphilic and eosiniphilic granulocytes of
cattle, sheep and other domestic and wild
ruminants in Europe. Goats are nor very
susceptible. Ixodes ricinus transmits the
disease by transstadial infection. The dis-
case is characterized by fever which occurs
atter an incubation period of 4-11 days,
The animals usually recover afrer this fe-
brile phase. However, the most characteris-
ric problems are abortion in pregnant ewes
and cattle and progressive weighr loss fol-
lowing infection may occur, Ebrlichia pha-
gocytophila increases the susceptibility o
secondary infections. At necropsy hvper-
trophy of the spleen and lymph nodes may
be seen. The diagnosis is made by demon-
srranng the orgamisms in staned blood
smears. Serological weses (IFAT) may be of
value for eprdemiological studies.

Coneelria smomrinantinm Heartwater, Tyewde

Remarks: The infection caused by Cowdria
riemninantinenn 15 virulent, inoculable, and
noncontagious, It is specific to rominants
and causes grear losses in sheep, goars and
cattle. The disease can only be transmitted
by ricks. s svmptoms are characterised by
gastrocnterinis associated with exudarive
pericardins, often followed by nervous dis-

b .
& \
d "y
Fig. 343 Comwdrig remanaetiem; stained smear of a

brain capillary; masses of organisms in endothelial
cells (a) and nuclet of endothelial cells ¢h) [15]
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orders. The symptoms are almost idennical
i both cartle and small ruminants, except
that the nervous symproms are rarer in
cartle and not as disriner. Digesnve signs
are more constant in cartle than in sheep
and poats. Young calves (< 6 weeks), lambs
and kids (= 1 week) are fairly resistant and
may recover spontancously. For symp-
roms, diagnosis, therapy and prophylaxis
& CATTLE, B 2,
i Faigure 34.3)

Toxoplasma gondii and Sarcocystis spp.

Remarks: Merozoires may occur in the blood
stream during the acute phase (8 CATTLE,
.2

HELMINTHS

+ Trematoda found in the blood and
circulatory system

Schistosoma spp. Blood Nuke, Bilharzosis

Remarks: The following Schistosoma species
are found in small rumananes in Africa: 5.
bovis, 5. mattheet, and 8. curassond,
Sheep are considerably more susceptible to
schistosomosis than cattle and die in large
numbers, while carrle survive unless they
have very |.1rg-|: wiorrm burdens. The intec-
tion may go unnoticed for some months in
sheep while the animals lose mass ara pro-
gressive rate, eventually showing marked-
]':| !'ilIFI]{L'I'I I."_'!."I.'!!'i..., AN aAn H'I.ﬂl.iﬁ- l;:'!l-.'rl FJ."EE..II!'III'I..'
mtermittent diarrhoea which may contain
specks of blood, anaemia and progressive
weakness. This eventually leads to death.
In South Africa, infected sheep may die of
schistosomosis during winter time as a
result of respiratory infections. The worms
may survive for many vears in the sheep. A
chronic course and death 4 vears after the
infection occurred in sheep following 8.
mattheerl infection. The disease in sheep is
characterized by anorexia, muscle wasting,
haemorrhage and plasma-leaking into the
gastroineestinal tract and impaired diges-




tion and foed absorprion. Low serum albu-
min and haemoglobin may be  found
following heavy infection. For therapy and
prophylaxis e Catrie, B 2.

* MNematoda found in the blood and
circulatory system

Onchocerca armillata

Remarks: This filarial worm may occasionally
be found in the aorta of small rominants,
[t is non-pathogenic (s CATTLE, B 2,
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3 Stages in the urogential system

Mo pathogenic parasites have been found
so far in the urogential system of sheep
and goats.

4 Stages in

internal organs

4.1 Locomotory system
4.1.1 Muscles
PROTOZOA, .. ...............174

HELMIMTHS
Cestoda larvae found in the muscles 176

4.1.2 Tendons

HELMIMTHS
Mematoda larvae and adult
nematodes found in the tendons. . . 177

4.2 Liver

HELBIMTHS
Trematoda found in the liver, .. ... 177
Cestoda found in the liver. . ...... 179

4.3 Respiratory system

HELMIMTHS
+ (estoda found in the respiratory
301 = 1 1
* Mematoda found in the lungs and
DrACKHEE . by vvnva b ba bt mnnbans . 180

. 180

ARTHROPODS
* Insecta larvae found in the respiratory
Tt L o T | -

4.4 Abdominal cavity

HELMINTHS
* Cestoda found in the abdominal
T L W AP 154
» Mematoda found in the abdominal
cavily . ....... .. ciiiice..... 185

174

4.5 Pancreas

HELMINTHS
* Trematoda found in the pancreas . . 185

4.6 Central nervous system
PROTOZOA
HELMINTHS

» Cestoda cysts found in the central
nervous system .. .. ............ 186

4.1 Locomotory system
4.1.7T Muscles

PROTOZOA

Sarcocystis spp. Sarcosporidiosis of small
FLmLAANTS

Location: Cysts, containing the infective stage,
called bradyzoites, occur in the striated
musculature of sheep and goar.

Hosts: Sheep are intermediare hosts of four
Sarcocysiis species of which either the dog
(5. oeicanis and S. arieficanis) or the cat
(8. ovifelis) are final hosts, Goars are inter-
mediate hosts of three Sarcocystis species
in two of which the dog (S. capracanis and
5. Bireicanis) acrts as final host.The final
host of 5. monlei s probably the car.
Details of the life cycle of Sarcocytis species
are still unknown.

Species description: Cysts of several Sarcocys-
tts species are found in che muscles of sheep
and goats, {For general description and life
cycle v Carrie, B 4.1.1). 8. avifelis pro-
duces big cysrs, abour 1 cm in length which
arc macroscopically visible, This species is
non-pathogenic. Only  those species in
which the dog acts as final host are patho-
genic. 5. ovicans is highly pathogenic for
lambs and pregnant ewes. 5. capracanis is
equally pathogenic for kids and adule
Hlil':lth-.



Geographic distribution: World-wide

Symptoms: Anorexia, weakness and dearh may
occur in lambs infected with 8. ovicanis, A
high proportion of pregnant ewes aborred,
became anaemic and lost weight during
heavy infections.

Significance: Sarcocysiis spp. are common
among  small  ruminant  populations
throughout the world. Economic losses
during a fresh infection may be higher than
expected. Once muscle cysts are formed the
infecrion is usually inapparent.

Diagnaosis: At necropsy of acutely ill animals
the hearr was the most severely affected
organ, schizonts were found in epithelial  Fig, 345 Sporocyst of Sarcocystis ovicanis [4]
cells, 8. ovicanis stages have not been found
in the placenta, fetus or uterine tissues fol-
lowing abortion (== Carrie, B4.1.1).

Therapy and Prophvlaxis: &5 bovine Sarcocys-
tis spp. (e CaTTLE, B 4.1.1)

(Figures 344, 345, 346, 347, Table 13)

wilx |

Table 13 Sarcocystis species found in the
muscles of sheep and goat

Spedes.  Smomh  Pathogenidiy
IH DH IH OH
5. owileliy 5. gigontea®  sheep  cat O
5. ovicann 5. lenella sheep dog +++ D
5. arelicaris shugep dog  4+++ 0
5. medusiformis shwep  cat o+ 0
5. caprocanis qgoal dog  +++ 0
5. eicanis goat  dog 4 o Fig. .Hir Sarcocystis m,_prr.::rmnis:, schizonts with
& i goat et D 0 merozoites in endothelial cells (400} [4]

IH = intermediate hmf:-'l_:JH = definitive hast; "= macro-
scopic; 0 = non-pathogenic; + = low; ++ = moderate and
+++ = high pathogenicity

—

I cm

Fig. 344 Sarcocysts sp. HE-stamed muscalar cyse Fig. 347 Sarcocystis ovifelis (syn. 8. gigamteal; cysts
{150 pm long | on the outside of the oesophagus of a sheep

ae' | e



M 4 Stagges in mtemal organs

Toxoplasma gomdii

Remarks: T, gondii 15 an important cause of
abortion in sheep and goats and responsi-
Irle for high mortalines in lambs and voung
goats (= 10% ot mortalitics in lambs).
Transmission occurs via infective oocysts
from caes, congenitally and galactogenical-
[v. Abortion occurs mamly when pregnant
goats and sheep acguire first infecnon
during pregnancy. Animals normally do
not show any clinical signs during the
abortion. Infections are more serious in
goats than in sheep. The placenta shows
numerous vellowish-whire necrotic foci in
the villi. Tissue cysts of T, gondii may also
oCcur in ruminants as they do in pigs (&=
Swive, W 4.1). Muscle cyses are abowt
100 pm in diameter, containing merozoi-
tes which are 6=8 pm in diameter. Ence-
phalomvelins due o T, gondi infections
may occur in sheep. Atfecred sheep have
myclomalacia and schizonts appear in
ASTrOCYICS, T fection is mose often :11.'|.;|.|in_"-|.t
orally by ingestion of sporulated oocysts
from the faeces of cars.

Cave: Uncooked meat (mainly meat of pigs bur
also of sheepl is a potential source of Toxo-
plasma infection m man.

iFigure 348, 349)

Fig. 348 Toxoplasma gondii; placenta of sheep
shomwing cotvledon with numerous yellowish-whire
mecronic foci in vills [22]
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Fig. 34% Toxaplasma abortion of shecp; lesions
characteristic of Tozoplasma are found n cotvle-
dons of both lambs |22

HELMINTHS

 Cestoda larvae found in the muscles

Cysticercus ovis Larvae of the canine tape
worm Taentr ovis

Location: Cysticerc are found in the heart, dia-
p-h.r.'tgm,, IMASSEIETrS :1]11] 1}[|11."f I'IIIJ.‘iJ.'lII'Jl'lII'L‘.

Intermediate Hosts: Sheep and goat

Species description: The life ovele of Taenia
ats s similar to that of Taenia saginata (v
Carrie, B4.1.1). Larvae (oncospheres) are
disseminated with the blood and develop
in skeletal and cardiac muscularure, Ma-
ture cysticerci measure 10= 5 mm and con-
tain 1 protoscolex.

Geographic distribution: World-wide

Symptoms: Clinical signs are not usually seen.

Significance: This parasite is of importance as
a cause of financial loss to the mear indus-
try. Intecred carcasses are unaesthetic and
usually condemned ar mear imspection.

Diagnosis: Detection of cysticerci in the striat-
cd musculature at meat inspection. Cysir-
cercus ovis (possesses hooks) is macroscop-
i.|_';1i|}-' not L‘I'i.Hl‘iﬂH,ll[ﬁhthﬂ from Coysticercus
bioris {no hooks).

Therapy: This is generally not indicated in the
intermediate host, A consequent creatment of
all dogs within a population would inevitably
reduce the incidence of cysticerosis in small
ruminants, bur this is generally not feasible.



Prophylaxis: Infected mear should not be fed
to dogs. A highly protective recombinant
vaccine may soon be available. The vaca-
mation of small rominants against T, ords
will then be the prophylactic measure of
choice.

(Figure 350, 351)

Infection of dogs eating raw
meat of parasitized sheep

Fig. 351 Life cycle of Cysticercus oups [16)

4.1.2 Tendons

HELMIMNTHS

+ Nematoda larvae and adult nematodes
found in the tendons

Onchocerca gutturosa (syn. O, lemalis)

Remarks: This parasite mav somenimes be
tound in sheep (&= Catrie, B 4.1.2),

4.2 Liver

HELMINTHS

+ Trematoda found in the liver

Fasciofla pigantica Giant liver fluke

Remarks: This is the common liver tluke of
domestic stock in Africa. It also ocours in Asia,
the Pacific islands, southern USA, southem
Europe and the Middle East. In Africa the
parasite occurs in the bile ducts of catle,
sheep, poars, dromedary, horse, pigs and
many other animal species (e5 Carne, l4.2).

Fasciola hepatica Common liver tluke, liver

fluke disease, liver rot

Remarks: This parasite occurs in the bile ducts
of sheep, goat, cattle, horse, donkey, pig
and many other animal species. The fluke
is cosmopolitan in its distribution and the
cause of fasciolosis, especially in sheep and
cattle (e Catrie, B 4.2). F. bepatica is a
world-wide problem in sheep rearing
systems. Fasciolosis in sheep s character-
ized by decreased wool growth, weight loss
and liver condemnartion at slaughrer.
F. Bepatica may cause an acute form in
sheep, associated with sudden dearths.
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W 4 Stages in internal organs

Dicrocoeflinm spp, Lancet flukes

Remarks: D, frospes occurs i the bile ducrs
and gall bladder of sheep, goar, carcle and
other ruminants from Egypr to Angola,
particularly in the western half of the Afn-
can comtinent, This parasite 1s closely relar-
ed to 13, dendriticam. In heavy infecrions,
extensive hepatic cirrhosis and distension
of the bile ducts may occur. Such sheep
may be unchrifry (% Catmie, W 4.2). Fig. 352 Dicracoalinm demdriticesms adult Aukes in

(Figures 352, 353, 354, 355) bile ducts of a sheep

Fig. 353 Life cvele of
Dicracnefinne desdrii-
cren; (1 adult flukes in
the liver of sheep, (2)
epps excrered with the
faeces, (31=(8) develop-
ment i snails (first
intermediare hoss],
{91=i13) development
in ants [second inter-
mediate hoses) and (14]
ants concaiming the
infective metacercariag
in the brain amach w
herbage

Fig. 334 Egp of Dicrocoeliom dendreitican [ 3645 Fig. 3535 Dicrocoalitenms denariticion infected ants
% 25 pm) remain attached to herbage
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* (Cestoda found in the liver

Eclimacoccus granulosus (syn. E. unilocula-
ris) Hydatid tapeworm, hydatidosis

Remarks: Hvdand CysLs are often Found in the
liver and lungs of sheep where thev are
often multivesicular. Infecred sheep usual-
ly do not show any clinical signs bur con-
sLituke a major reservoir for new infections,
Infected organs shoold never be fed o
dogs, which are the principal hosts of E.
gramlosus, Sheep and goars and many
other ungulates and man may acr as inter-
mediate hosts, Infection of the intermedia-
te hosts are vsually mapparent, except in
man where hydatidosis is a severe condi-
on and rhe funcoion of the affecred organ
15 frequently impaired (70 Catie, B 4.2).

(Figure 356)

Fig. 3536 Echinococcss granulozug; hedarid cyst in
the liver of a sheep [10]

Stilesia hepatica

Location: Bile ducts and small intestine
Haosts: Sheep, goar, wild ruminants and rarely
carrle
Species descriprion: The life cycle is not known
but probably involves oribande mites. It is
Heavy  infections  are
often seen i apparently perfecely healthy
sheep. Atfected livers may sometimes show
cirrhosts and thickened walls of the hile
ducrs. Although the bile ducts may be

non-pathogenic.

almost occluded, or even form sac-like
occlusions, no icterus or chinical signs are
seen. Adults have a large scolex with pro-
minent suckers and measure 20-50 cm in
length and up o 2 mm in width.

Geographic distribution: Tropical and south-
criv Africa, Asia

Symptoms: Infections are otten clinically inap-
parent.

Significance: The condemnartion of a large pro-
portion of sheep livers at mear inspection
15 the major loss due to this parasite. The
parasite itself does not impair the raising of
sheep.

IJ-iug:ms':s-. I"nrp.h:ltridﬁ o ovoid CEES may ap-
pear in the faeces. The proglottids are short
and the eggs measure 1619 % 26 pm.

Therapy: Praziqunarel (15 mefkg, po.) can be
used for treatment.

Prophylaxis: Unknown

{Figures 37, 43, 337, 358)

-

Fig. 357 Srilesia frepatica; scolex and proglottds
[20-50 ¢im = 2 | 8]

—

| mm

Fig. 358 Stlesia bepatica; scolex |4
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W 4 Stages inintemal organs

Cysticercus temincollis

Remarks: Migrating oncospheres may oceca-
sionally be found in the liver parenchyma
and thin necked cysts mav be found on the
serosa of the liver (22 SHEEP AxD GoaTs, B
4.4

Linguatnla serrata “rongue worm”
(e CATTLE, B 4.2)

4.3 Respiratory system

HELMINTHS

= (Cestoda found in the respiratory system

Felinococcns granulosus (syn. E. unidoculiris)
Hydartid tapeworm, hvdaridosis

Remarks: Larvae (Hydand eysts) of E. gramu-
losues are often found in the lungs and liver
of cawle and orher domestic

(e Carre, 4.2

animals

= MNemaltoda found in the lungs and
trachea

SYNGAMIDAE

M.IIIiiHI!’.IHII!H'J'I'Jg.IJ'J‘JIHE !ﬁ FVYREELS

Remarks: This parasite mayv occasionally be
found i the larynx of small rummants
e Carrie, B4.3)

Mamromanogamns nasicola

Remarks: This parasite may occasionally he
found i the nasal cavinies of small rami-
reants (o CAaTTeE, W 4.3,

[HCTYOUALULIDAE

Dietvocandus filaria Large lungworm of
small ruminants, parasitic bronchiris

Lowation: Bronchi and bronchioles

180

Hosts: Sheep, goar, dromedary and some wild
LIRS

Speaies deseription: The male 15 3-8 cm long
and the female 1s 5-10cm long. The worms
have a milk-white colour and the intestine
shows as a dark hine. There are very small
hps and a very small, shallow buccal cap-
sule, The spicules of the male bursa are
stour, dark-brown, boot-shaped  and
4164 mm long. The eggs measure
112-138 = &0-90 pm. The life cvcle is
direct and similar 1o that of I, vigprares
jeo CATTLE, W 4.3). The preparent period
15 24=28 davs, In infected animals che bron-
chial mucosa and the peribronchial rissue
are  inflamed mfilerated  with
mononuclear cells. Localized pnesmonia,

and

atelectasis and compensatory emphysema
mav be seen.

Geographic distribution: World-wide, espe-
cially in warm moist areas; D, felarfa was
reported from Tehad, Sudan, Erhiopia,
kenva, Mozambique, Zimbabwe, Malawi
and South Africa

Svmptoms: Intected animals may cough and
show nasal discharge. Dyspnoea, rapid
respiration and abnormal lung sounds can
be heard on auscultation. Young animals
are mainly affected, bur the disease may
occur at all ages and is usually chronic, The
body remperatore is not elevared onless
prenmonia and secondary infection devel -
s,

Significance: Lungworm mfections mav cause
serious losses i sheep in endemic areas.
Lung damage often persists for long peri-
ods and ammals are unthrifty and suscep-
tible to secondary infecrions,

Dhagnosis: This is made by demonstrating
firse-stape larvae in fresh faeces. Epps or
larvae mav be found in the sputum or nasal
discharge, but during the prepatent period
their absence is not significant. At necrop-
sy arelectanic areas of variable size may be
seen in the lungs, The broncha in the affect-
ed parts contain the worms and large
amounts of mucus, which are mixed with
blood and desquamated epithelial cells,
letcocytes and eggs of the worms.



Therapy: & Carrie, B 4.5 Tuerary oF Dic-
TYOCALLUS VIVIPARLS

Prophylaxis: In endemic areas, yvoung sheep
must be kept off arcas where intected sheep
have been grazing, Intected animals should
be treated with anthelmintics. For further
prophylactic measures v also CATTLE, B
4.3, The prophylactic use of irradiared 1.
filarta larvae has been successhully wsed in
some countries but the vaccine is not com-
mercially available.

{Figures 313, 339}

Fig. 359 Dictvocanus filaria (lefrh and Protostron-
_1."_1'1'.!!5 Fl‘-l'llli:‘.ﬂ'f'ﬂj.' I:ri!;ht]; Fl-l1h“.'l'i|::lr end of males 4]

PROTOSTRONGYLIDAE

Protostrongyius rufescens Red lungworm;
Muellerius capillaris Hair lungworm;
MNeostrongylus linearis and Cystocanlus
oerealus

These four specics are generally referred o as

small lungworms of small ruminants.

Location: Adult worms occur in small air pas-
sages (small bronchioles, bronchioli} and in
some species even in the alveoli and the pul-
manary parenchyma and the subpleural ns-
sue (e.g. Muellerins capillaris). The eggs are
found in the bronchioli and alveoli.

Hosts: Sheep, goar and some wild ruminant
SpeCIes

Species description: The life ovcle of all small
lungworms includes an intermediate host
which may be one species of land snails ot
the gencra Helicella, Thelw, Abida, Zebrina,
Artanta, Succinea, Helix, Cepaea, Monackha,

erc. or nude slugs such as Limax, Agrioli-
wrax, Arion, erc, The first-stage larvae which
arc passed in the facces penetrate the toot of
the snail 1o develop o the infective third-
stage in abour 12-14 davs, The final host
becomes infected by swallowing the snal
with its tood, The larvae are liberated in the
put of the ruminant host and penerrate the
ntestinal wall and pass via the mesenteric
lvmphanc glands o the lungs, Further devel-
opment is similar to thar of Dictyocandis
species. Muellerivs capillaris and  Proto-
stromgyvhies rufescens are Frequently encoun-
tered in Furope but they are also found in
many parts of Africa. Differentiation can
casily be made by the examination ot the
first-stage larvae which are passed in the Fae-
ces of amimals with patent intections. As a
general rule, small lungworms cause exen-
sive alterations of the lungs bur generally lir-
tle or no clinical signs. In some arcas almost
(b0 of the adult sheep and goats are infect-
ed and show massive lung reactions. These
are not easily distinguishable between the
different lungworm species. The worms live
in the small air passages and cause inflam-
mation. The resulting exudare fills the alveo-
li and the inflammatory and allergic process
spreads 1o the penbronchial tissue. The
alveolarepithelium is desquamared and infil-
tration with round cells and proliferation of
the surrounding connecrive nissue occurs,
The result is a small tocus of lobular pnew-
momnia and the number of such foci depends
on the number of parasites present. In Meel-
lerives capillaris infections, greyish nodules
up to 2 cm in diameter may be seen on the
pleural surface. These *brood nedules™ con-
sist of necrotic masses, resulting from lew-
cocytes and pulmonary tissue and masses of
egps, and they are surrounded by a wall of
connective tissue and giant cells. These
nodules may calcify, An adenoma-like pro-
liferanion of the bronchial epithelivm and a
hypertrophy of the smooth muscles around
the alveoli and bronchioli is often seen.
Mueellerius capillaris is vsually not found in
lambs or kids under six monchs of age, There-
after the prevalence increases with age and
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may reach 109 in goats older than 3 years.
Muellerius capillaris may cavse interstitial
prieumonia and clinical signs. It seems that
this species is relatively pathogenic for goars.

Geographic distribution: Europe, Africa, Aus-
tralia. North America

Symptoms: Animals show no definiee climcal
signs, but heavy infections affect the gen-
eral health, and the weakened lungs are
susceprible to secondary infections which
may produce pneumonia.

Significance: Small lungworms are extremely
prevalent and often not associated with
clinical disease. However, if the lesions are
large and animals kepr under poor condi-
rions severe problems may result due o
secondary infections.

Dhagnosis: This 15 based on the identificanion
of first-stage larvae in the facces by means
of the Baermann apparatus. The larva of P,
rifescens 15 0.25-0.32 mm long. The tip of
its tail has a wavy outline bur no dorsal
spine. The larva of M. capillaris s 0.23-0.3
mm long. The tail of the larva has an undu-
laring rip and a dorsal spine. At necropsy
the nodules in the lungs are rvpical and may
support the diagnosis (v5° Fig. 314, p. 158).

Therapy: The therapy of the small lungworms
in sheep and goars is difficult. Most of the
modern  benzimidazoles {albendazole 3
mgtkg, po., fenbendazole 5 mgikg, po.,
febantel 5 mgkg, po., mebendazole 10-20
mg'kg, po., oxfendazole 5 mglkg, po.,
netobimin 7.5 mg/kg, po. and levamisole
50 mglkg, sc., are partially effecrive
against the adult worms. Ivermectin (204)
pe/ke, sc.) is highly effective against adults
of Protosirongylus rufescens.

Prophylaxis: This is difficult because of the
ubhiquitous presence of the intermediate
hasts, Often, regular anthelminric trear-
ment with a broad spectrum compound
controls both gastrointestinal and heavy
lungworm infestations. Snail contral on
pastures with moelluscicides 15 incffecrive
and ecologically not justifiable,

{Figures 360, jal, 362, Table 14)
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Table 14 Comparison of prepatent periods and
patency periods of different lung worm species

e —

L= T Prepatent period F_;.Frnq,r
Frotostrongylus spp. 4-5 weeks 2 vears
Neostronglus spp. 2 manths 2 years
Cystocoulus spp. T manth S-ifh years
Muelerius spp. 1 menth 5—6 years
Dictyecaulus spg. 24-28cdays  2-3 months

Fig, 360 Meueellerms capillanis; brood nodules in the
lungs {dorsal view)

Fig. 361 Muellerius capillaris; brood nodules in the

lungs [section)

Fig, 362 Mueellerins capillaris: nssue secrion show-
ing the parasites and the massive cellular mflereari-
on of the lungs (230 %)

_.I': [ TR !;-I-I.-! :
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ARTHROPODS shaking their heads continuously. Conse-
quently their ime spent with feeding is

* Insecta larvae found in the respiratory considerably reduced.
system Diagnosis: Clinical signs may help, but must be
differentiated from other conditions with
Oestrus ovis Sheep nasal flies, sheep nasal sneezing and nasal discharges. Somenimes
hot, nasal myiasis larvae may be found on the ground afeer a
I severe sneezing attack. Very often the diag-
Location: Larvae live in nasal passages and nosis can only be made ar necropsy when
trontal and nasal sinuses the skull is opened longitudinally, Nasal
Hosts: Sheep and goat myviasis often produces clinical signs which
Species description: Adulr flies are abour 12 are similar to those seen i CNS disorders
mm long. The body is grevish-brown, with [restlessmess, shaking of the head, erc.).
many small black spors on the thorax,  Therapy: lvermectin (200 pgfkg, sc.) is highly
which is covered with fine, light brown effective. Ruelene (110 mg’kg, po.) admin-
hair. The female flies produce live larvae istered as a drench should afford good con-
which are deposited around the nostrils of trol. Rafoxamide (7.5-10 mglkg, po.) as a
sheep and occasionally goars. These larvac drench or bolus, trichlorfon (75 mgfkg, po.
crawl mto the nasal passages where rhr_':.' or as a drench ) and “i”‘“"."“"]': 1 5=20) rngﬂ:g,
remain for a variable period, ranging from sc.) have been reported 1o be effecrive.
2 weeks in summer to 9 monchs during the  Prophylaxis: Fly repellents may be used burare
colder part of the vear. They artach them- not very effective,

selves with the oral hooks to the mucous  (Figures 363, 364, 363)
membranes, causing irritation, and rthen
enter the frontal sinuses where they de-
velop into second- and third-stage larvae.
The mature larvae are sneezed out by the
host and pupate on the ground for 3-9
weeks before becoming adults. The marure
tlies live for abour 2 weeks, Usually 4-135
larvac are present in infested sheep.
Geographic distribution: World-wide
Symptoms: Sncezing and nasal discharges and
fly worry are the consequences of O s
mfestations. Decreased appetite, restless- B T Ot ciibe s sl 2l
ness and poor gains are the results of nasal — go- 12 ) [19)
bor tly strikes. Respiration may be im-
paired by the larvae and the thickening of
the nmasal mucosa. Occasionally the larvae
may penetrate the bones of the skull and
enter the cerchral cavity, These sheep show
a characteristic behavior (stagger).
Significance: The larvae cause irritation and
excessive secretion. Infected sheep sneeze
frequently and secondary bacterial infec-
tions are common. Sheep try to avoid
atcacks by the adult fly by pressing their
noses between other sheep or they may run - Fig. 364 Conchae of a sheep with Olesirus ovis lar-
from place to place, stampmg their feetand  vae (20-30 mm = 710 mm] [8]
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W4 Stages in internal grgans

Fig. 365 Ohestrns ovis infestation causing nasal
discharge |15]

4.4 Abdominal cavity

HELMIMNTHS

= Cestoda found in the abdominal cavity

Cysticercus tenuicollis Larval stage of the
canime tapeworm Taenia bydatigena

Location: Cvsnicerci are found arrached to the
omentum, the intestinal mesentery and o
the serosal surface of abdominal organs,
:::-:pe-:i:ﬂl:.' the liver. Adult fapeworms occur
i the small intestine of dogs and other
Canidae.

Hosts: Sheep and orther domestc and wild her-
hivores including pig and horse, acr as
mrermediate hosts. Dog, wolf, hyaena and
other wild carnivores are the final hosts,

Species  description: Adult rapeworms are
75=-300 cm long and have two rows of 26
and 46 rostellar hooks. Gravid proglotds
measure 12 % & mm. The eggs are oval and
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36-3% x 31-35 pm. Infections of the dogs
are usually inapparent. Infections of the
intermediate hosts are acquired by in-
gestion of proglomids or egps passed in the
facces of the dog. Ingested eggs harch in
the small intestine and oncospheres reach
the liver via the porral vein. Here the
embryos break out of the portal system
and migrare through the liver parenchyma
and rowards the serosal surface for up o
30 days. They cause hacmorrhagic tracts.
The cysticerci develop subserosal from
abour 18 =28 days after infection. They
ach maturity berween 34 and 53 days
and are found attached to the greater
omentum, mesentery, liver and other sero-
sal surfaces of abdominal organs. Marure
cysticerci are up to 6 cm long and have a
thin, long neck. They contain a single sco-
lex. The life cvcle is closed, if carnivores
ingest cysticerch. The prepatent period in
the dog is 31 days and dogs may remain
infected for more than one year. The
E!l:l'1:'|.':l||:|!|-:."v|: il i:l'lfq:l.'l!l'l:ui i '-:'|1u|:_:]1- i:.; |'|'|!,;I'|. |||
some regions more than 80% of the
slavghtered  sheep  and  goars  show
cysticerci. Migration of young cysticerci
through the liver parenchyma causes
haemorrhagic and later fibrotic racts.

Geographic distribution: World-wide

Symptoms: Infecnions in intermediate hoses are
usually inapparent. Heavy infections may
cause traumatic hepatinis when large num-
bers of larvae migrate through the liver.
Death may result often due to haemor-
rhage. This may occasionally occur in
voung lambs and pigs. Animals during that
rime often show unthriftiness. Marure
cysticerct in the peritoneal cavity usually
cause no harm.

Significance: Losses occur through condemned
li".'l:'rb EIJIIJ. £l FE.'II'IH.

Diagnosis: This 1s based on finding the cysn-
cerci at slaughrer. Cyvsticerci are covered by
a layer of serosa. If this layer is broken the
rypical thin-necked organism appears. The
diagnosis antemorrem is difficulr. Serolo-
gical tests may be unspecific. Haemorrhag-
ic tracts may be seen in the liver when



masses of larvae have passed through the
parenchyma.

Therapy: This is not indicaced in intermediare
hosts. Dogs may be treared as described in
Echinococeus granmlosus (w0 Carioe, W
4.2).

Prophylaxis: Removed cysricerct ar slaughter
should not be fed to dngli. Dhogs should in
general not be allowed to feed on con-
demmed mear and organs.

(Figures 179, 180, 366)

i

Fig. 366 Cysticerens feneeieollis; thin-necked cvsis

artiached 1o the serosa [10]

= Mematoda found in the abdominal cavity

Setaria labiatopapillosa

Remarks: This parasite occurs in the peritoneal
caviry of cattle, deer, giratte and other
ruminants. Sheep and goats may occasion-
ally be abnormal hosts in which erratic
microhilariae may invade the CNS and pro-
duce nervous symprtoms, The diagnosis of

microfilariae-associated (mainly 8. digira-
ta} neurological disturbances can only be
made ar necropsy by microscopical exami-
nation of NS sections (e2 Carroe, B4.4),

4.5 Pancreas
HELMIN THS
= Trematoda found in the pancreas

Eurvivema pancrealicun
Pancreatic fluke

Location: Pancreatic ducts, bile ducts, occa-
sionally duodenum

Hoses: Sheep, poat and catle

Species description: These flukes are 8-16 mm
long and 5-8.5 mm wide. The bodies are
thick with large suckers. The eggs measure
40-50 = 23-34 pm. The lite cvele 15 indi-
rect with two inermediate hosts. Land
snails of the genera Hr;rrf}'.fmmu and Cal-
baica serve as first intermediate hosts.
Grasshoppers ot ditferent pencra act as
second intermediate hoses. Intective mera-
cercariae develop in 3 weeks after infection
of the grasshopper. Sheep and goars are
infected by eating infected grasshoppers.
After meestion the immature flukes migra-
te via the pancreatic duct into the pancreas.
The preparent period in sheep and cartle is
RO-100 days, Intection produces a catar-
rhal inflammation with destrucrion of the
duct epithelium. Epgs may penetrate into
the walls of the ducrs causing granuloma.
Occasionally fibrosis may produce atrophy
of the parenchyma.

Geographic distribution: Eastern Asia, Brazil,
Madagascar, Réunion

Symptoms: Severely infected animals may be
poor in condition, Heavily infecred sheep
show chronic wasong condiiion  and
increased morcalicy,

Significance: This parasite is not a serious
threat unless a herd is heavily infected.
Dhagnosis: There are no obvious chinical SIgns.
Dierocoelinm-like eggs appear in the fae-

ces (o Carrle, 1),
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Therapy: The therapy is is difficult. Prazi-
quantel {20 mg/kg, po. for 2 days) has been
reported to be effective.

Prophylaxis: As for Dicrocoeliom, the control
af intermediate hosts is not feasible.

iFigure 367)

(. i

Fig. 367 Enrviresa pancreaticnnr adult fluke
{8=16 = 5-K.5 mm; stained) [4]

4.6 Central nervous system

PROTOLOA

Taxoeplasma gondii

Remarks: Tissue cysts of this parasite may
occasionally be found in the brain of sheep
and cartle (¥ CATTLE, B 4.6). These cvsis
comtain merozoires (6—8 pm long) and are
imfective for the final host (car). Encepha-
lomyelitis due to T, gondii infections may
oceur in sheep. Affected sheep have myelo-
malacia and schizonts appear in astrocyres
(v S, W41

Neospora caninum
Remarks: Thick-walled tissue cysts of this
parasite may occasionally be found in the

brain of sheep and carede (pv Carrie, B
4.6).
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* Cestoda cysts found in the central
NEMDLS system

Coenures cerebralis

Larval stage of the canine tapeworm Taemnia
melticeps (syn. Multiceps multiceps) “gid”™,
“stuggers”, “sturdy™

Location: The larval stage, a coenurus, devel-
ops in the brain and spinal cord of sheep
and goars, In the goat the cysrs may also
reach maturity in other organs, intramus-
cularly and subcurancously.

Hosts: Sheep and goat; adule Taenia nlticeps
occurs in the small intestne of the dog, fox,
covore, hvaena and other Canidae.

Species description: Adulr tapeworms in dogs
are 40-100 cm in length. Eggs measure
29-37 pm in diameter. Larvae develop in
the brain into a large fluid-containing cyst,
measuring 5-6 cm in diameter. The cyst
contains  several hundred  protoscolices
invaginated in clusters on the cyst wall.
Coenurts cysts cause increased intracra-
nial pressure which is the cause of the new-
rological symproms.,

Geographic distribution: World-wide; in Afri-
ca C. cerebralis was reported from Kenya,
Ethiopia, Sudan, Angola, Tchad, Zaire,
Congo, Sencgal, northern and southern
Africa.

Symproms: Araxia, hypermerria, blindness, head
devianon, stumbling and paralvsis. In sheep,
palpatiom of the skull caudal to the horm buds
may reveal rarefaction of the skull,

Signihicance: C. cerebralis mayv account for
remarkable losses among small ruminants
n endemic areas. The disease must be dif-
ferentiated from other conditions associ-
ated with nervous signs.

Diagnosis: Clinical symptoms are not specific.
[Magnosis 1s often made at necropsy.

Therapy: The therapy s difficult. However,
surgery to remove the cysts which are loca-
ted on the surface of the brain, has a rea-
sonable chance of success and may be justi-
fied in valuable animals.



Prophylaxis: Dogs associated with livestock
should not be fed the heads of infecred ani-
mals and should be dewormed regularly.
Praziquantel (5§ mg/kg, po. or 5.7 mefkg,
se. or im.), bunamidine hyvdrochloride
(25-50 mgkg, po.), nirroscanare (50
mgfkg, po.) and the combination of fehan-
tel/prazquantel/pyrantel are sufficiently
effective against adult Taenia multiceps n
dogs. Some benzimidazoles admimistered
for a few davs mayv eliminare both nema-
todes and  cestodes:  fenbendazole (50
mg'kg, po. during 3 days) or mebendazole
(2 = 100 mglanmmal/day during 5 subse-
quent days for dogs = 2 kg body weighr),

(Figure 368)

Fiz, 368 Coerries cerebraliz; cvsr in the braim ol a

sheep
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5.2 Eyes -

5.1 5kin and coat

PROTOZOA

Besnoitia besnoiti (syn. Sarcocystis besnoiti)

—_—

Remarks: Besroitia cysts are found in the der-
mis, subcutaneous rissue and fascia and in
the laryngeal and nasal mucosae of cattle,
goat, wildebeest, impala and kudu. Sheep
may be experimental intermediate hosts.
Dcfinitive hosts are domestic and wild cats.
Besnaitia besnoitiis a protozoan disease of
the skin, subcurns, blood
mucous membranes, These Toxoplasma-

vessels  and

like organisms multiply in endothelial cells
and produce characteristic large, thick-
walled cvsts filled with bradyzoites, The
Besnaitia cysts may reach up o 600 pm in
diameter (== Carrie, B 5.1).
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HELMINTHS

= Mematoda found in the skin

Onchocerca spp.

———

Remarks: Verv lietle s known about filarial
worms of the subcutancous tissue of sheep
and poats but there is some evidence that
several species may occur, They seem to be of
lictle significance and do not require control,

ARTHROPODS

Arthropods are divided into two main groups:

Arachnida
= Ticks
= Mitirs

Insecta
- ‘..I'I:-I:I
- Fleas
= Dviprerida

o Arachnida found infon the skin
- Ticks

Sheep ricks are of grear economic impor-
rance, burt nor to rthe excene that they are in
cartle. These parasites cause tick worry,
blood loss and damage ar feeding sires.
Wounds lefr from tick bites are susceptible to
additional attack by blowflies, Infested sheep
itch, bite and scratch cauwsing self-inflicred
wool damage and skin rrauma which may
become secondarily intected. Heavy tick bur-
dens may resule in anaemia, loss of appetite
and Direcrly
Effects). Some nick species cause rick paraly-
sis (B Tick Toxicoses). Apart from the direct

'-.vuiy,ht lsss (e Moxious

|:|u.'{im|.~. L"-:I.I:'li.'[h [I.li.'k.!'r I[:I-'l!f Act as vedroars Ui ad
number of diseases in sheep such as louping
ill, ricketrsial nick-borme fever, Nairobi sheep
disease, spirochaetosis, heartwarer and Q
tever. Ticks may theretore provoke disease in
3 ditterent ways:



*  Dhrect noxious cffects

In sheep and goats ticks of the following gen-
era and species have a direct noxious effect
(¥ CATTLE, W 5.1):

IXODIDAE (“hard ticks™)
Amblyomma spp.
Beophilus spp.
Dermacentor spp.
Haemapbysaliz spp.
Hyalonmma spp.
[xodes spp.
Rbrpriceprbalus spp.

ARGASIDAE (“soft ticks™)
(iolbius megnini The spinose ear nck

*  Transmission of diseases

Some of the tick-borne parasitic infections are
as follows (¥ SHEEP AND GoaTs, B 2; general
aspects & CATTLE, B 5.1).

Babesia owis
Tropical babesiosis of small ruminants

Remarks: It is transmitted by Rlpicephalus
baersa and Rbipicephalus evertsi.

Babesia motasi (syn. Piroplasma motasi)

Anaplasma ovis Tropical anaplasmosis of
small ruminantes

Remarks: It is transmitted by Rbipicephbalies
brersa and Rbipicephalus evertsi in tropical
Africas transplacental infection ocours.

Epervibrozoon ovis

Remarks: This species occurs on the erythrocyre
surface, It is transmitted by Limognatbus
owiflns and p{:lﬂiil:l]}' also h:.' ticks 1H:|.rr.|'|rum-
nta margination and Rbipicephalus bursa),

Cowdria ruominantinm Heartwater, Tvewde

Remarks: The infection is rransmired by Am-
blvomima  bebracsm and  Amiblyonnma
variegatum (v CATTLE, W 2),

Ebrlichia ovina Tropical ehrlichiosis of small

ruminants

Remarks: The parasite is rransmitted by Rip-
ceprhalus bursa in Mediterranean basin and
Risipicepiralus evertsi in ropical Africa,

Ebrlichia phagocvtophila Furopean
chrlichiosis

European piroplasmosis of small ruminants

Remarks: It is rransmitted by Haemaplrysalis
spp. (H. punctata, H. swleata and H.
parva), Dermacentor spp. and Rbipice-
I.FIrJﬂIH'E j?!!fjl’."-

Theileria birei (syn. T, lestoquardi)
Malignant theileriosis of small ruminants

Remarks: It is transmitted by Rbipiceplalus
bursa and Hyalomma anatolicum and
other species 1o be determined.

Theileria ovis Benign theileriosis of small
FUTTITLANES

Remarks: It is transmitted by Rbipicephbalus
bursa and Rbipicephalus evertsi,

Remarks: [xodes ricinus transmats the disease
bv trans-stadial infection.

o Tick Toxicosis

Tick paralysis

Lambs and calves are particularly susceprible ro
tick paralvsis. Ixodes raficindies (the Karoo pa-
ralysis tick) mainly atfects sheep and goats anl
Rlupeceplalus evertsi causes the “spring lamb
paralysis™ in lambs but also in calves. World-
wide several species of the genera Amblyvonma,
Dermacentor and Ixodes are associated with rick
paralysis in sheep i Table 15). This condition can
be faral within several days it the parasites are not
removed, The parn]}'ﬁiﬁis caused b} EONIES 1]t
ed by fernale ticks while they suck blood. Cases
of tick paralysis are reported from most regions
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of the world. The most commen tick species
which cause tick paralysis are listed in Table 15
{e= CATTLE, H 5.1)
{Figures 369, 370}

| cm

Fig. 369 Ixades ricinns; engorged female and male
4]

Fig. 370 Haemeapirysalis prenctata; female
(3 %2 mm) 4|

Table 15 The most common tick species cau-
sing tick paralysis in sheep

'E-'Il:h species Ocourrende

dxodes maweemcs dry regians, southern Africa
{xodes ponus Wigslern Europe

tnodes pibhosis hechteranean basn
Hoermaphysehi punclola Mediterranean basin
Hoemaphnsohs soato hediterranean basin
Rhpicehoalos eventst East and ml;hem Mrica
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Sweating sickness

It is mainly a disease of young calves bur also
sheep in castern, central and southern Africa.
The causative agents are certain strains of Hya-
lomima frumcatiom which produce an epithe-
liotropic toxin. Calf mortality may reach 70%
(e Cartle, B 5.1).

General toxicosis

Toxicosis, associated with general disorders
occurs with Ornithodoros savigeyi (sand
tarmpan | in voung calves and Earnh::, espe-
cially when there are many bites. Animals
show cutancous oedema, haemorrhage,
rapidly progressing weakness and prostra-
tion. Death can occur within & hours, Toxi-
Cosis may occur in recumbent animals,
during resr (& Carrle, W 5.1).

= Descriprion of ticks affecting sheep and
goats

IXODIDAE (“hard ticks"}

A general descriprion of each genus 15 made in
Catnie, B 5.1,

Table 16 Hard tick genera which are impor-
ranc for small ruminants:

Thek speckes Geographic distribution -
Amblyomma spp. Central and southem Africa

Boophiles spp Warm climates thecaghout the world
Devracentar spp,. Morth and southem Africa
Hoemophysals spp Throughout Europe, Asia, Africa
Myoalormma spp, Southern LIS, ran, Palasarctic region
trodkes S, Morth and southem Africa
Rhimcephales spp. Africa south of the equator

ARGASIDAE (“soft ticks™)

Omithodoros moubata The eyeless tampan

Remarks: This tick causes much trouble by
feeding on sheep at their resting place in the
pastures. It lives in the native huts and in
the sand under trees where animals and
human beings frequently seek shelrer. In
huts they live in cracks in the floor or under



loose soil, from which they emerge ar nighe
to feed. In burrows they bury themselves in
the earth lining, coming out to feed when
a suitable host is available, Adule females
lay barches of abour 100 epes and brood
over the cggs in the sand. Development
includes a larval stage which remains
guiescent until it has mouleed to the nym-
phal stage. Several nymphal stages are
passed through and the nymphs, like the
adulrs, attack their host for shorr periods
tor fewd. This rampan sucks blood on s
hosts. It is extremely resistant to both star-
vation and desiccation (survival nme off
the host up o 5 years).

Significance: In sheep 0. monhbata mainly
causes irritation. It 1s also known o trans-
mir the following diseases: Borrelia drettoni
(relapsing fever of man), African swine
fever, (} fever, Borrelia amserina and
.«'I.-'_;fj'ju'i.r.lmllnr.r putlforim in fowls,

[Frgure 37 1)

Fig. 371 O, ssecmelngty dorsal view (8 mm |.:'.r|g] (5]

Ovynithodoros savignyi The sand tampan

Remarks: Its habats are simialar to those of O,
mouluata. To the naked eve it 15 indistin-
puishable from the eyeless tampan. Ir
occurs on man, camel, carrle, sheep and
goats and many other animals (including
birds). On standing cattle it feeds on the
legs, especially, just above the hoofs.

Significance: (). savignyi is a major pest of

domestic stock in areas in which it
occurs, [ts bites are extremely painful and
it secreres toxims in its saliva thar fre-
quently canse dearh especially of calves,
kids and lambs (tick roxicosis), Adulr ani-
mals may also die from these toxic
effects, especially when they have been
artacked by large numbers of ricks. The
sand tampan mayv cause severe allergic

reactions i msan.

Crtobins megnint Spinose ear nck

Remarks: Larvae and nymphae teed deep in
the external ear canal. Adults are non-
parasitic and live on the ground. The spi-
nose ear nck s a serious threat to sheep.
Damage caused by the blood-sucking lar-
vae and nymphs on the inside of the ears
mav result in marked debilisation, de-
pressed appenee, restlessness and massive
loss ot weight in sheep, Weakness and
anaerma may occur in heavy infestations,
A waxy exudate 15 found in the ears
§ = UATTLE, 5.1,

* Tick control in sheep and goat
e Carrir, B 5.1 THERAPY AND PROPHYLAXIS
OF ECTOPARASITES [arachnids and insecrs))

- Mites

Psoroptes ovis The sheep scab mite

Location: Moast arcas of the body, especially
those heavily wooled and haired such as
shoulders, sides and back are affecred.

Hosts: Sheep

Species  descriprion:  The Spp.
occurring on domesne ammals are all
maorphologically much alike (v
CATTLE, B 5.1). Mites pierce the skin to
obtain lymph and cause an inflammatory
reaction, resulting i rthe exudavon of
serum which coapulates on the skin sur-
tace. The irritanion caused by the mites
also makes the sheep bite and pull ar the
skin, thus aggravating the condition. In

Psorofies

VETY
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many countries sheep scab is a notifiable
disease and controlled by the narional
veterinary authorities,

Geographic distribution: World-wide

Symptoms: Continuous scrarching and rub-
bing occurs in affected flocks. Wool breaks
may  ocour, |:;wir|g the skmn I,‘:!ip[}!-il:'l'j.
Depression, loss of appetite, weight loss
and death can occur in heavy infestations.

Significance: Psoroptic mange is highly conta-
gious and spreads rapidly in flocks, Wool
loss, weight loss and death may cause enor-
mous losses throughout the world in sheep
rearing enterpriscs,

Diagnosis: The diagnosis 1s based on idenrifi-
cation of mires in skin scrapings.

Therapy: Ivermectin (200 pgike, sc.) is effec-
tve against psoroptic mange in sheep, al-
though 2 mjections with 7-day interval are
required 1o eliminare mites, One injection
is effective against Sarcoptes spp. and Pso-
rergates spp. A single dipping in toxaphe-
ne {0.5-0.6%) eliminates all mites that
affecr sheep excepr Psoroptes ovis. Other
approved dips effective against Psorofries
ovis and Chorfoptes ovis are coumaphos
{0,3%) and p"liﬂmt‘l‘ ((L2-0.25%), diazi-
non, fenvalerate and flumethrin, It s of
fundamental importance that the entire
flock is treated.

Prophylaxis: & Catrir, B 5.1 Psorapres bovis

tFigures 372, 373}

Fig. 372 infested with Psoroptes ovis; mitial lesions
on the back
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Fig, 373 Skin fissures cavsed by Proropdes opis;
these wounds are often complicared by mviasis

Psorofies caprae

Remarks: Some authors consider . caprae to
be a valid species of goats, Psoroptic mange
of goats {ear mange of goats) especially of
some breeds |Angora goats) in some parts
of the world is considered 1o be Psoroptes
cunicreli, which i1s known to infest the cars
of domestic rabbits. Any of the acaricides
approved for use as sheep dips will elimi-
nate ear mange of goars.

Chorioptes opis Choriopnic mange,

“leg mange™, “foot scab™

Location: Choriopric mange s most often
found on the hindlegs and between the
tocs, or on the scrotum of rams,

Hosts: Sheep

Species descriprion: This is the most frequent
tvpe in sheep, General genus description is
given in CaTmie, B 5,

Geographic distribution: World-wide

Symptoms: Infested sheep scrarch and rub
their feer. Localized scabs may be seen. The
lesions are less severe and localized than in
Psorapies ovis infections.

Significance: Foot scab i1s not a major problem
in sheep raising, bur chronic mfections of
flocks may cause considerable indirect los-
ses, due to restlessness, scratching, weight
losses and secondary skin infections.

Diagnosis: The diagnosis is based on identifi-
cation of mites in skin scrapings.

Therapy: = above Psoroprtes ovis



Prophylaxis: & above Psoroples ouvis
{Figure 374)

Fig, 374 Foot of a sheep intested with Chorropies
c'isy possteriorn view | 15]

Sarcopfes ovis Sarcoptic mange

Location: This mite occors mainly on non-
wooly skin, staring usually at the head and
face.

Hosts: Sheep

Species deseription: This species is rarely
tound. Genus description = Cartle, B 5;
Sarcoptes bovis. Female adults burrow
tunnels in skin and lay eggs. All stages of
sarcoptic mites are very susceptible to
I'_'IF'!.'I.'IIH ﬂI'I'IJ cdn sn !"n-"i Vi ’r-nr on |.'||" =l EL"“' d.ﬂ :I.'-.
off sheep.

Geographic distribution: World-wide

Fig. 375 Head of a sheep infested with Sarcoptes
s 4]

Symptoms: Affected skin is thickened and
crusts may be seen. Scratching and rubbing
followed by wool loss mav occur,

Significance: Sarcopric mange s rarely a
serious problem in wooled sheep.

Diagnosis: This is based on wdentification of
mites in skin scrapings.

Therapy: v above Praoroptes ovis

Prophylaxis: &= above Peoroptes ovis

(Figure 375)

Psorergates ovis Iich mite, “ Australian-itch”™

Location: Skin all over the body

Hosts: Sheep

Species description: This is a very minute mate,
one-third the size (189 x 189 pm) of pso-
roptic mites. The mite is spherical and has
paired claws and legs which are arranged
radiallv. Especially fine-wooled sheep are
affecred. The adule mires spread by contact
and are most often transferred between
shorn sheep.

Geographic distribution: Australia, USA, New
Fealand, South Afnica

Symproms: These mites cause severe irrtanon,
leading to rubbing and biting at the fleece
of sheep. Newly infected animals show
more signs than chronically infested am-
mals.

Significance: ltch mire is a serious problem in
Merno sheep in Australia, causing great
losses in wool production due o flecce de-
rangement and low wool quality and quan-
rity. loch mires are also of grear significance
in South Atrica.

Diagnosis: This is difficult because of the small
size of the mires. Microscopical examina-
tion of skin scrapings may reveal these
small mites. Sodiom hydroxide liqueties
debris in scrapings and may be helptul to
detect the mirtes.

Therapy: Ivermectin (200 pafke, sc.) s highly
ctfective against Psorergates ovis. A single
injection usually kills all the mites. Dipping
and spraying (v above Psoroptes owis),
especially after shearing 15 an important
control measure.

Prophylaxis: Yearly dipping after shearing for
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the control of the parasites will normally
suppress the itch mire populaton. This will
keep the infestation rate low bur eradica-
tion is difficult to be achieved.

iFigure 376)

LLITRE [ 7%

Fig, 378 . opis (schematicl; | A} dorsal view of
male with enlargement of penis and genital ope-
ming; (B veneral view of a male; () ventral view
of female [2%9]

Demodex spp. (D. ovis and D. caprrae)
Demodectic mire

Location: Hair follicles and sebaceous glands
of skin. Favoured areas are evelid, prepuce
of male and vulva of female. Often-affec-
ted areas are also skin of the neck, shoul-
der, thorax, and flank.

Hosts: Sheep and goart

Specics descriprion: The nodules produced by
this cigar-shaped mire (genus descriprion
ear Carrie, B 5.1) range in size from
pinhead to hazelnor, conrain a thick, waxy,
grevish material that can easily be expres-
sed. Numerous demodectic mites are found
in this material. There 15 some evidence
rthat Demodex are normally found in and
on l'l'EE !'Il.'illl'h:.' .rJtin .'I]'III'J tl'l.:lt tl'll."}' I'I'Iil.:r'
resume increased significance when the
host animal is immunosuppressed.,

Geographic distribution: World-wide

Symproms: Nodules occur in the skin, The
nodules of goats appear as cysts with mald
inflammation in the surrounding rissue,

Significance: Demadectic mange in goats may
cause considerable Iosses due to damage of
the hides,
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Diagnosis: NMumerous demodectic mites are
found in the contents of skin nodules.
However, there is some evidence that
Demodex may be present in normal
healthy skin withour apparent signs,

Therapy: There 15 no satisfactory treatment.
Incision of the nodules and disimfection
with tincrure of iodine was described 1o
give the best therapeutic resules in valuable
goats, Organophosphartes may also be
used.

Prophylaxis: Unknown
{Figure 377)

Fig. 377 Dewrodex caprrae in subcutaneous nodules
of a goar (0.5-1.5 cm in diameter) [4]

Raillietia spp. (R. auris and R. caprae)

Location: Middle and inner ear

Hosts: Sheep (R. awuris), goat (K. caprae) and
cartle

Species description: The mites feed on cpider-
mal cells and wax but not on blood.

Geographic distribution: North America, Aus-
tralia, East Africa, Furope,

Symptoms: Infestations are u5uai|],r inapparent
but otitts media and interna with nervous
signs, including head shaking, head rorari-
on to the affected side, circling, gencral
incoordination, can be found in a progres-
sive stage of the infestation.

Significance: Raillietia spp. infections can
cause signs similar to those found in other
CNS infections and should therefore be
excluded.



Diagnosis: It s almost impossible to diagnose
Rallietia spp. antemortem; demonstration
of the mites in the middle or inner car ar
rIEIL'T'EJ'l.'l!'i}'.

Therapy: Ivermectn may eliminare the mires
but the diagnosis is difficult. Acaricides,
applied topically, may also be eHective.

Prophylaxis: Unknown (ev Carre, B51)

* |nsecta found on the skin
- Lice
MALLOPHAGA Chewing lice

Lepikentron ovis Ovine chewing louse and
Bovicola [syn. Damalimia) caprae Caprine

chewing louse

Huosts: Sheep and goar

Location: $kin of the neck, withers and roor of
the tail

Species description: Lepikentron ovis is a small,
wingless insect, 1-2 mm long. The head s
broad and flar with mowth parrs adapred 1o
n..']'lfwirtg. Bowvicola cdprae parasitises the
common poat and Bovicola crassipes and
Bovicola limbatus are found mainly on
Angora goats,

Geographic distribution: World-wide

Symproms: Infested sheep bite, scrarch and
show a poor body condirion, Louse worry
may produce low fleece qualicy,

'Fi.f,. i7H 'l:'.l"u.'wiﬂ}; lice 11‘1.:1“u|'|h:|gﬁ!l il '..|'|g'|:|'| and
goats; {left) Borfcols caprae male [1 mm) and
female ( 1.5-2 mm) and (right) Bovicnls boeds
(1.5=2 mm) [35]

Fig, 351 F.n:';.u'.t'rﬂrrn.re opds {1=-2 mmj | 32]

S-igniﬁ-mnc:: Louse worry may cause de-
creased food mtake, reduced wool growth
and the overall profitability may signifi-
cantly be reduced.

Diagnosis: Nits and adults may be seen in
Heece and on skin.

Therapy: & CarrLe, B 5.1 THERAPY OF CHE-
WING LICE OF CATTLE

Prophylaxis: s« CarTrie, W 5.1

i Figures 378, 379, 380)

ANOPLURA Blood sucking lice of sheep
and goats

Linognathus ovillus The sheep body louse,
face louse

Remarks: Ie ocours chicfly on the face of sheep in
Australia, New Zealand and probably many
other parts of the world (% CaTrie, B 5.1).

195



W 5 Stages on the body surface

Linagnathus pedalis The sheep foot louse

Remarks: It occurs on legs, belly and feet
where no wool exists.

f-fﬂﬂ"ﬂﬂ?ﬂj africanus The African sheep
louse, the blue louse

Remarks: It occurs mainly on the face of sheep.

Linognathus stenopsgis The goar sucking
louse

Remarks: It occurs mainly on goats.
iFigure 381)

Fig. 381 Sheep lice; (A} Lepikentron ovis, (B} Lino-
gnathus pedalis and (C) Linogeathus africanus |3

» Cieneral features of blood sucking lice
of sheep and goats

Species description: These are wingless insects
with mouth parrs adapred for piercing skin
and sucking blood. The head s long and
narrow, The entire life cycle is spent on the
host. Lice may survive in warm environ-
ments for up to 25 days in the absence of
their host,

Geographic distnbution: Linognatbus spp.
occur in many pares of the world.

Symptoms: Scrartching, rubbing and biting are
seen in heavy infestations. Wool breaks
and general unthriftiness, marred, dull
Heece with tufes of loose wool may indicare
lice infestation.

Significance: Heavily infested animals have mar-
kedly reduced weight gain and wool growth.
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Diagnosis: Presence of nits on wool and adule
lice on skin.

Therapy: = B Carrie, 5.1 THERAPY OF
SUCKING LICE OF CATTLE p. 129

Prnp]'t}rlaxi.-i: This 15 difficult wherever direct
contact berween the animals of the herd is
possible, If sheep and goars are kepr in
sheds these may also be fumigated.

- Fleas

Mo fleas have been found on the body
surface of sheeps and goars.

- Dipterida
CULICIDAE Mosquitoes

Remarks: With a single pair of wings, they belong,
like tlies, vo the order Diprera. The main gene-
ra are Anoprbeles, Culex and Aedes. They are
important vectors of diseases of sheep (eg.
Rift Valley fever, Lumpy skin disease, Blue
tongue) (5« CATTLE, B 5.1).

SIMULNDAE

Simnulizem spp. Black flies, midges

Remarks: Simulids cause severe irritation to
livestock when they occur in large num-
bers and herds and flocks will stampede,
often with disastrous results. Bites are
inflicted on all parts of the body, giving
rise to vesicles which burst exposing the
underlying flesh. Skin wounds with secon-
dary infections and myiasis may result,
Black flies cause severe irmtation of live-
stock and cerrain areas of the ropics are
rendered uninhabitable by simulids, (&
Cartle, B 5.1)

CERATOPOGONIDAE

Culicoides spp. Biting midges

Remarks: Very small size (1-3 mm long).
Adulr female midges attack cartle, sheep,
poultry, horse, man and other species,



causing marked irritation by penerration of
the skin with their probosas, The bites cause
intense itching. Biting midges cause massive
irritation of livestock and rransmir the Blue
tongue virus oo sheep (& CarTee, WA 1)

TABANIDAE

Talanus spp., Haematapola spp. and
Chrysops spp. Horse flics

Remarks: Several species of horse flies amack
sheep and goars. They may cause irritation
(stampeding of flocks may result] and
transmit a number of discases to livestock
[ besnoitiosis, anaplasmosis, trypanosomao-
sis and anthrax; s B CATTLE, 5.1).

MUSCIDAE

Musca spp., Lyperosia spp. and Haematobia
spp. Muscid flies

Remarks: Musad thes annoy livesrock espe-
cially during the summer or rainy season,
They swarm around farm livestock. The
resulting irritanon is incessant and much of
the ENErgy of the ammals is lost to defend
against fly artacks. In addition 1o che
nuisance the flies often carry pathogens on
their feer and bodies, Some alsoact as inter-
mediate hosts for orther parasites. Twao
genera need to receive special artention:
Musca and Haematobia,

Musca domestica Commaon house fly

Remarks: This is a non-biting musad. [ is
arrracred ro wounds and other moist parrs
of the body, especially rthe eves where it
may provoke an uleerative dermatitis. M.
domiestica is known to transter pathogenic
bacteria mechanically from one wound ro
another (w= Carree, B 5.1).

Hiemataliia minnta and other Haemataobia
spp. Horn flies, buffalo flies

Remarks: These are biting muscids. The adules

of this fly live almost permanently on catt-
le, buffalo sheep and other amimals, They
congregate on the back where cheir bires
canse severe irritation so thar the carcle rulb
themselves raw. Haematobia spp. cause
mtense waorry and irrication to animals, the
bite being very painful, Serious blood loss
may accur when large nombers arrack and
loss of condition, reduced performance is
a commaon result, The flies cause sores ar
the basis of the horns, on the poll, ears,
neck, withers and rail roor (v CarTie,
.10

Stomoxcys calcitrans Stable fly

Remarks: 5. caleitrans also belongs to the mus-
cids, It arracks almaose all hivestock species.
It is a biting muscid and occurs woarld-
wide, Both sexes of this fly are blood-
suckers and can become extremely irrita-
ting pests of man and domestic animals.
Their salivary secretions cause roxic reac-
rions wirh an immunosuppressive effect,
rendening the host more susceprible o
diseases. 5. calcitrans acts as vector of
Trypanosoma evansi, Anthrax, Dermato-
philus congolensis, the “lumpy wool™ in
sheep and other pathogens (v I CATTLE,
5.10. Its painful bite causes intense worry
and irrication to amimals. It may produce
toxic reactions and immunosuppression.
Blood loss may be marked tollowing con-
tinuous, heavy artacks.

GLOSSINIDAE

Gilossina spp. Tsetse flies

Remarks: Tserse flies are active during the day
time and hunt by sight and smell, Both
sexes suck blood and are equally capable
of transmitting trypanosomes, Trypanoso-
masis in domestic animals is caused by T,
congolense, T, vivax, T, bruwced and T,
sdmppae (v CaTTLE, 51D,

Olestries ovis Sheep nasal bot, nasal myiasis
fer SHEEF Axn Goars, Il 4.3).
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CALLIPHORIDAE The blowflies and their
allies

They are highly important in many domestic
animal species and man. The adults are free-
living and the larvac are parasitic maggots
which develop in the nssue of their host, cau-
sing a condition called myviasis. The larvac may
be laid into preexisting wounds., Myiasis is
often a secondary skin problem, Calliphoridac
can be divided into groups: metallic and non-
metallic flies.

Metallic flies are green, blue or purplish colou-
red and belong to the genera Chrysomya, Luei-
fia and Calliphora iblowflies, bottle flies).

Lucilia euprinag and other Lucilia spp.
Green-bottle or copper-haottle fies

Remarks: L. cupring is the predominant cause
of sheep blowtly strike in South Africa and
Australia. Ir causes myiasis in sheep, It is
the most importane  primary  blowfly
initiating strikes on living sheep. Sheep are
only attacked by primary blowtlies if mois-
ture is present in the fleece with resulung
bacterial decomposition of the wool and
superficial skin layers known as “fleece-
rot”, The odour arising from such proces-
ses ateracts the primary blowflies, which
liquefy the rissue and extend the process.
The larvae of the primary blowflies, which
initiare the amack, create conditions artrac-
tive to secondary blowflies,

{Figures 382, 383)

Fig. 382 Luctlia cupriva; adule {8<10 mm) (X7
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Fug. 383 Lucilia cupring; pracpupac in a skin
wound of a sheep { 10=20 mm)

Lucilia sericata Green borrle fly

Remarks: 1. sericata is the predominant cause
of sheep blowily strike world-wide. Luci-
lta spp. lay eggs in arcas of skin with con-
stant moisture (the breech and tail). Luci-
lta spp. are the frst flies o strike living
sheep. Prolonged wer weather may cause

Fig. 384 Lucilrr sercatay adult (8= mm; left) and
pupa, larva, egas (right) [4]

Fig. 345 Lecilia sevicata; larvae (1.5-2 cm) in a
skim woumnd



Fig. 356 Laeeilia sericara: myviasas of a skin wound Fij-’..- ik ':':II-"P}'#"-"-'E}'J lelr-'rll'l!'ll':l'-&' |3-"|
11]

Lucilia to strike :i['nr_'r.,'p imn the wool of the I.":uﬂip.fmr..:: spp. Bluchottle flics
back. These flies are responsible for more
losses than any other single parasite of  Remarks: Large flies {12 mm)} metallic blue in

sheep. colour with stour bodies. Adult flies artack
{Figures 384, 385, 384 existing skin wounds, e.g. from castranon,
tail docking or wounds affected by primary
Chryzamryva chloropyga Green-tailed blowtly blowflies. They may extend these wounds
i which bacterial infections have already
Remarks: This is probably the second impor- started. They cause severe myiasis. Cailli-
tang primary blowfly of sheep in Soutch phara blowtlies may kill sheep and cause
Africa. Clrrysomrya sarginalis may also act great losses world-wide,
as a primary blowfly,
i{Figure 387) Callitroga bomtinivorax (syn, Cochlionrvia

Iropinivorax) * American screwwaorm™

Remarks: . bomimivorax has recently been
found o occur also in North Africa. Car-
tle, pigs and equines sutfer most frequently,
but other animals, including fowls and
even man may also be affected. Pathology
is essentially the same as in C. bezgiana
(g CATTLE, B 5.1).

Chrysomyia rufifacies Screwworm fly,
carrion fly

Remarks: Flies are 8-10 mm long and
bluish-green. Larvae are up o 14 mm
long with thorn-like spines. This blowtly
strikes sheep alter primary infestations

Fig. 387 Chrysomva elloropryga; adule
{10=12 mm) [10]

Chrysomya albiceps and other which are established by Lucilia spp, and
Clirgsamya spp. Calliphora spp. They may weaken and
[Figure 388} kill sheep. If sheep are struck by Chry-

samyig spp., death will usually follow,
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They mav expand the pre-existing shkin
lesions enormously. The wound is infecr-
ed by secondary bacrerial invaders and s
wsually  foul-smelling. Resistance  of
Chrysomyia to several imsecticides has
been reported.

The nom=-metallic flies are dull grey, vellow-
brown or black and belong tw the genera
Woblfartia and Sarcophaga (flesh-flies).

Sarcophaga baemorrhoidalis Red-railed
tlesh-tlv

Remarks: The fly is very common in Africa
south of the Sahara and is frequently found
around buman habitations. Flies of this
species are larviparous and may lay rheir
larvae in wounds or sores although larvae
may also be deposived on faeces, carrion or
fresh mear., Several animal species and man
may be affecred. The fly may canse myia-

sis, especially in sheep.

Woblfartia magnifica Old World flesh-fly

Remarks: It occurs in North Africa, The fy
areacks man and other ammals, The larvae
may be deposited into the external ear of
man or in sores around the eyves.

Cordylobia anthropophaga Tumbu tly or
“skin maggot flv™

Remarks: The flv is widely distribured in Afri-
ca south of the Sahara. Te produces myiasis
in man, dogs and domestic animals, Eggs
are laid around places where animals lie.
Afrer hatching the larvae penctrate the skin
of the host, producing a boil of about 1 om
across with a hole i the centre. When
marure the larvae wriggle our of the hole
and pupate on the ground. Tumbu baoils
are found commaonly on the ventral parts
of the body bur alse on any other arca of
the body.
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HIPPOBOSCIDAE The louse fthes

Melopbagus ovinus Sheep ked

Location: Skin on the neck, shoulders and belly

Huosts: Sheep

Species description: The sheep ked 15 a wingless
Hy living permanently on sheep. The legs
are stromg with claws ar the end. Adule
females deposit larvae on wool using an
adhesive matenal. Larvae remain in place
and molt to the pupal stage. Pupac last
19=23 days in summer and 36 davs in win-
ter. These pupae are resistant to freatment,
The ked 15 a bloed sucker and can cawse
anaemia if it is present in high numbers.
They cause severe irritation so thar infesred
sheep rub, bite and scrarch themselves con-
tinuously., The piercing mouth parts of
keds open wounds suscepuble to turther
bacterial and parasitic (myiasis) infections.
Tryparnosoms  melophagivem 18 a  non-
parhogenic rypanosome  which  infects
sheep. It belongs to the Stercorana and 1s
transmitted by the sheep ked, Melophagpus
ovinus. Infection occurs by contaminarion
of the skinand if a ked is eaten by the sheep,
the metacyclic stages penetrate the buceal
MLNCOsA,

Geographic distribution: World-wide

Symptoms: Intense irching from irritation cau-
ses sheep to rub, bite and seratch them-
selves and rearing the fleece. Heavy infestati-
071 MY CAUSE araeinia.

Significance: The sheep ked cavses marked irri-
eation with reduced grazing and fleece qua-
liry. It may further cause anaemia when
present in high numbers,

Diagnosis: Adules and pupae may be seen on
sheep.

Therapy: Insecticides which are also wsed ro
trear lice infesrations may be applied. Dips,
sprays, pour-on formulanions may be used.
Organophosphates and  pyrethroids ap-
plied as dips, sprays or pour on are highly
effecerve. (v Carrie, B 5.1 THERAPY AND
PROPHYLAXIS OF ECTOPARASITES, p. 141.



Prophylaxis: Shearing removes pupae and
ﬂ.l’j'l.l.ll!-i ﬂl'll'j !-iI'I[]'I.IlIJ l.'.lﬂ Eﬂfri‘l:l'j ot h::t-nrr.'
lambing. A subsequent insecticidal treat-
ment mav eliminate the remaining ked (v
CATTLE, Il 5.1 THERAPY AND PROHYLAXIS
OF ECTOPARASITES p. 141).

iFigure 389)

Fig. 389 Melophagns ovinns (3-3 mm] |32]

5.2 Eyes

Thelazia rhodesi Eveworm

{we Carrir, W 5.2)

201



Copyrighted material



Parasites of Horses
and Donkeys

CONTENTS

1 Stagesin the gut and faeces. ........... 204

© 2 Stages in the blood and
circulatory system . . . ........... .0 an 224
W 3 Stages in the urogenital system . ... ... .. 233
W 4 Stagesininternalorgans .............. 235
4.1 Locomotorysystem ................ 235
4010 Muscles. .. ......... ... .... 235
4.1.2Tendons . ..........cociviians 236
4.2 LIVEr. . oo 238
4.3 Respiratory system. ................ 239
4.4 Abdominalcavity.................. 240
4.5 Central nervous system .. ........... 241
B 5 Stages on the body surface. ............ 243
51 Skinandcoat. .................... 243



1 Stages in the guk and faeces

PROTOIOA < e b i i S s F e nll M

HELMINTHS
= Trematoda egqgs found in the faeces
and adult trematodes living in the
gastrointestinal tract ........... 204
* Cestoda eggs found in the faeces
and adult cestodes living in the
gastrointestinal tract ............206
» Mematoda eggs found in the faeces,
adult nematodes living in the gastro-
intestinal tract and first-stage larvae
of Dictyocaulus arnfieldi and

Probsmayria vivipara . . .. ... ... .. 208
ARTHROPODS
* Insectafoundinthegut ........ 22

PROTOZOA

Eimeria lenckarti (syn. Globidiem Tesckarti)
Globidiasis

Locanon: Small intestine

Hosts: Horse and donkey

Species description: E. fenckarti oocyst is one of
the largesr of the genus Eimeria (B0-88 x
535-59 pm) oval, thick wall, dark brown,
distinet micropyle. Sporulation nme s
20-22 days ar 20°C,

Geographic distribution: World-wide

Symptoms: Acute and chronic diarrhoea

Significance: Little 15 known but serious diar-
rhoeic episodes have been artribured to
massive infection with this parasice mainly
in foals,

Diagnosis: E. lereckarts is too dense to rise in
the flotanon fluid usually used in the diag-
nestic |.1hnr;|'rnr]r' and must be looked tor
by the sedimentation technigque.

Therapy: Sulfonamids such as sulfadimidine
(sulfamethazine, 220 mg'kg, po. or iv.),
sultadimethoxine (55 mgfkg, po.), sulfathi-
azole (66 mg/kg, po.) and the poorly solu-
ble sulfaguanidine can be used against
globidiosis.
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Prophylaxis: Regular change of the feeding
and holding area or disinfection of the
stable reduces the infection risk.

(Figure 390, Table 1)

Fip;,. EL ] {}'IIL'j"ﬁI ol Eimderis .I'e'rn'.r:ur!f
[80-88 x 55-59 pm) [4]

Cryptosporidivm pariam

Remarks: This species has only been found in
immunadeficient foals (e CaTTie, @ 1),

HELMINTHS

iFigure 391)

* Trematoda eggs found in the faeces and
adult trematodes living in the gastro-
intestinal tract

Crastrodiscus aegvptiacns
Equine intestinal fluke

Location: Colon and small intestine

Hosts: Equine, pig and warthog

Species description: O, aegyptiacus belongs to
the family Paramphistomaridae. Interme-
diate hosts are snails of the genus Bulings
and Cleopatra. Infection is acquired by eat-
g metacercariae with vegetarion.

Geographic distribution: Throughout Africa
and India



Symptoms: Heavy infections are accompanied
by diarrhoea, anaemia, oedema, emacia-
ton and marked weakness. Wirth the usu-
al chronic mild infection there is no appar-
ent effect on the host.

Significance: Adulis have a relarively low
level of pathogenicity. High numbers of
immarure flukes can cause severe prob-
lems. High numbers of G. aegyptiacus
were found in horses in Cenrral Africa,

Diagnosis: The diagnosis is based on the pres-
ence of cggs or immature flukes in the Huid
faeces, and history of being kepr on marshy
pastures,

Therapy: The following compounds are effec-
tive against tremarades and can be consid-
ered for treatment: oxyclozanide, diam-
phenethide, rafoxanide, nitroxynil, alben-
dazole, closantel, triclabendazole, netobi-

Fig: 391 Egps of
helminehs found in
equines [3]):

I Parascarns
EJUOFTN

2 Strongvlus spp.

3 Trichomenns spp.

4 Trindomtophorus
fennrcodlis

¥ Anaplocephala
5PP.

6 Ceastrodiscns

AeEVRHACHS

Strongvloides

piresters

W Ddetvocandis
arnfield;

B Lxvaeris e

[0 Paranoploce-
fhala mameillana

11 Hatrraneenus Spr.

12 Fasciola hepatica

min and clorsulon. Some of these are acnive
against immature Hukes: diamphenethide
(100 mefkg), nicroxvml (15 mglkel, clo-
santel {10 mg/kgl, triclabendazole (10
mg'kg) and clorsulon (7 mg/kg).

Prophvlaxis: In addition to trearment of infecr-
ed horses, wet pastures and swamps should
be avoided. Horses should be watered with
fresh water at bore holes.

(Figure 392)
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| Stages in the gut and facces

.
E .

Fig. 392 Gastrodiscns aegyptiacns; ventral
view (9—17 mm |nng:|

Selustosoma bovis and Schistosoma mattheer
Blood flukes

Location: Adult flukes in the mesentenic amd
portal veins, eggs occur in the facces.
(g HorsEs AND DONKEYS, B 2)

* Cestoda eggs found in the faeces
and adult cestodes living in the gastro-
intestinal tract

Anoplocephala magna Equine tapeoworm

Locaton: Small intestine

Hosts: Horse and donkey

Species description: A, wragna 15 the largest
tapeworm of equines. [tis up to 80cm long
and 2 cm wide and has a rvpical tapeworm
shape.

Signiﬁcnm"-;-: A, midgna in high numbers can
cause a catarrhal or haemorrhagic enter-
iris,

(Figures 393, 394, 395, 396, 397)

Fig, 393 Antenor end of equime tapeworms (sche-
matich Amoplocenbala magna (al, A. perfoliata (b
and Paramoplocepdala maamellans ¢} | 5]

Characteristics A mogno  A.perfoliate  P.mamillana

Lengih B cm gcm 0.6-5.0 cm
(laamg) (shoart) {rmirvate)

Width 2cm 0E-14cm 0L5cm

Sucker Rounad Rowmad ShE-liks

Earsshaped Alsenl Present Albsent

lappets posteriarn

ko suckers

Fig. 394 Descripoion of eguine tapewaorms | 5]

Fig. 395 .-1..!?r=-|r1fuﬂ'_f:rﬁ:uf.: g adule ta WIS

in the small intestine of a horse [15]



Fig. 396 Lifc evele of
equine tapeworms [36

Fig. 397 Epg of Anoplocephale spp. (70-80 pm}

T g reliied
2y b i digeylesd

BAVIE D% s el efh Lip Mol PoDe 305 BRpEwie T ol Tapewsoirs i 1 [Ergotsd

Lile cyele oF Lapesmmimn Aisiea AT MYigna

A Brpsbwint o dmdl stleliief

h.11|| sl sombanirg, progiolleh

Anoplocephala perfoliata
Tapeworm of the ileocaccal-valve

Location: Large intestine, tleocaecal valve
{found on either side)

Hosts: Horse and donkey

Species deseription: A. perfoliata varies rom a
few mm to 8 cm in lengeh (some authors
mdicate length up 1o 30 cm) and looks ar
first sight more like a remarode. Closer
inspecrion shows that the body is segment-
ed, but the proglomids (segments) are
crowded rogether. The scolex ot A, perfo-
Irata differs from the others in chat there are
prominent swellings (lappets) behind the
suckers {Figure 393).

Significance: A. perfoliata normally causes lir-
tle clinical effect but the site of artachment
is often mflamed and ulcerated. Parnial
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occlusion of the ileocaecal orifice may
cause colic,
i Figure 398)

Fig. 398 Anoplocephala perfoliata; adulr
tapeworms attached to the ileocaecal valve

Paranoplocephala mamillana
Dwarf equine tapeworm

Location: Small inrtestine (jejunum, ileum)
ran.'[!.r !-itL'I'ITIE.EI'.I

Hosts: Horse

Species description: It 15 the smallest of the
three equine tapeworms with a length of
only 4 cm.

Significance: P. mamillana 15 seldom respon-
sible for ill health.

(Figures 391, 393, 399)

Fig. 399 Paranoplocephala weamillana; head and
immarure proglomids [9]
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*  General features of Anophocephbala
magna, A, perfoliata and Parano-
plocephala mamillana

Species deseription: Life cvele: Oribarid mires
arc intermediate hosts of all three specics.
Infection occurs via ingestion of infected
mites. Adulr tapeworms develop within 4
ter A weeks after infecrion (Figure 396).

Geographic distribution: World-wide

Symptoms: Light infections are not apparent.
Large numbers cause haemorrhagic or ulcer-
ative enterins, seen especially with A, rag-
na, Fatal intestinal blockage may be caused
by A. perfoltata, clustering at the ileocaccal
junction. Unthriftiness, colic and diarrthoea
may be caused by heavy infections.

Diagnosis: Idenrification of square, thick-
shelled eggs containing the pyriform appa-
ratus or segments in the faeces, or the pres-
{md ) [ []E BdUIt WOrms at I'Iﬂ_"l'ﬂr.l!i.}'..

Therapy: Anoplocephalidae are known o be
relatively resistant to treatment. However,
some of the modernm anchelmintics, ar
mcreased dosage rates, are partially effee-
tve against equine tapeworms. Pyrantel
pamoat { 13.2 mg/kg, po.) ar rwice the label
dosage is effective against A. perfoliata,
Niclosamide {B8 mg/kg, po.), fenbendazole
{3 = 10 mg/kg, po.), resorantel (65 mg'ke,
po.) and dichlorphen (20 mgfkg, po.),
bithionol (7 mgkg, po.) or mebendazole
(20 mg'kg, po.) are safe and can also be
used to treat equine tapeworms.

Prophylaxis: Prophylaxis is difficult as oribar-
id mites occur everywhere with densities of
up to 20,000 per m?,

= Nematoda eggs found in the faeces,
adult nematodes living in the gastroin-
testinal tract and first-stage larvae of
Dictyocaulus arnfieldi and Probsmayria
vivipara

Gnnﬂfﬂmmﬂ pufc.‘rmm Crullet worm

Location: Mucosa of the oesophagus

Hosts: Horse, donkey and ruminants
Species deseription: (. pulchrum lies embed-



ded in the oesophageal mucosa in a zigzag
fashion and reaches 14.5 cm in length.
Eggs are passed in the faeces and harch
afrer being earen by dung beetles in which
the larvae develop to the infective stage.
Infection of the horse occurs by eating the
infected beetles (v Carrme, 1),

Ciengraphic distnbution: World-wide

Symptoms: Generally inapparent infections
although chronic irmitation of the mucosa
CHOCLITS,

Significance: G, palchrn is of hiode clinical
Importance,

Diagnosis: Fggs in the facces or adults are seen
at necropsy in longitudinal rows of circu-
lar raised thickenings on the worm’s for-
ward end.

Therapy: Not indicared

Prophylaxis: Manure removal and normal san-
itary measures are sufficient to reduce the
infection risk,

Parascaris equornm Horse roundworm

Location: Small intestine

Hosts: Horse and donkey

Species description: Tvpical direcr nemarode
life eyele. Within the egg the second-stage
larvae develop to infectivity on pasture in
6 weeks. When swallowed, larvae hatch
and penetrate the intestinal wall and are
carried by the blood 1o the lungs, where
they migrate up o the trachea. They are
then 4;u1|g|1cd up and swallowed :lE;Jin and
mature in the small intestine. P. equorin
are whitish worms up 1o 30 cm long with
3 prominent lips. The principal source of
infection tor voung foals is contamination
of pasture, paddock or stall with eggs from
foals of the previous vear,

Geographic distribution: World-wide

Symptoms: Adult worms in heavy infections
can cause bile duct and mtesunal obstruc-
nons and occasionally gur perforation.
Damage is maore pronounced in foals.
Acute parascariasis is also accompanied by
severe enterins, resulnng in alternating
constipation and toul-smelling diarthoea.
Large numbers of larvae breaking into the

Iungs cause a “summer cold™ with congh-
ing, fever and anorexia. Mature horses
rarely show clinical signs, as previous
mfecrions conter good resistance.

Significance: Highly importane, mostly in foals
vounger than & months in which parasca-
riosis causes severe debilitation, retarded
prowth and even dearh,

Diagnosis: Identficanon of round, pitced,
thick-walled eggs in the facces.

Therapy: Piperazme (88 mg'ke, po.) and thia-
bendazole (100 mgfkg, po.) are effective
against adult worms. Cambendazaole (20
m'kel, febantel (6 mg'ke), fenbendazole
(7.5 mplke), mebendazole (10 mgfke),
pyranrel pamoar (19 mg'kg) and ivermec-
rin (0.2 me/fkg) for oral administration are
effective agamnst adule and larval stages of
Pooegquorni,

Prophylaxis: As foals become infecred wich P.

hirth,
andfor prophylaxis should start when
foals are about 8 weeks old and repeared
at 6=8- week intervals, until they are vear-
lings.

i Figures 400, 401

EJROTIN KON atter treatment

- =

Fig., 404 Egge of Parascaris eqeroraeers {30=100 pm in
diameter), parmally developed
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1 Stages in the gut and faeces

Fig. 400 Parascars eqeornern adult worms (males
are 15=2K ¢m |1r1:||:,_. females are 16=50 cm ||r|1gl
fosumd i the small inrestine of a foal at necropsy

Si‘rm;gﬂnin‘es westert

Equine intestinal threadworm

Location: Small mtesnne

Hosts: Horse and donkey

Species description: 8, geesters 15 a hair-like,
4-9 mm long nematode. Only the parthen-
ogenic females are parasine, Free-living
males and females reproduce sexually our-
side the host, Infection s acquired by inges-

tion of larvae, skin penctration or via the
milk of the mare. Ingestion of larvae and
skin penetration involves migration to the
lungs. There are two possible ways of
development, a homogonic cvele involving,
adult females in the host producing eges
that do nor require fernhisation o develop,
These eggs are passed in the faeces and then
develop to infective third-stage larvae.
In the heterogonic cvcle adule thread-
worms in the intestine lay egps which
develop into a different type of larvae.
These larvae can develop 1o adult males
and females which can live ourside the
host. The fertilized eggs of this type vield
in infective larvae wich are ingested by the
host. Migrating larvae can cross the mam-
mary glands to infect nursing foals.
Geographic distribution: World-wide
Symproms: Foals with heavy burdens show
acute diarrhoea, weakness and emaciation.
Older animals may harbour large burdens
without clinical mamifestations. Migration
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of 8, westeri larvae through the lungs can
cause severe haemorrhage and respiratory
distress, Skin penetration may result inirri-
tarion and dermarinis,

Signiﬁt:m:::: E[i;_.-,th,' important in neonatal
foals. Severe diarrhoea which can be so
severe as 1o cause dearh in foals, The most
important route of rransmission is galacto-
genic.

Diagnosis: ldentification of thin-shelled eggs
{45 =« 38 um) containing a larva,

Therapy: Cambendazole (20 mghkg, po.),
thiabendazole (75 me/kg, po.), ivermectin
(0.2 mgkg), fenbendazole at increased
dosage rate (50 mg'ke, po.l, oxibendazole
{15 mg/kg, po.} and other benzimidazoles
generally at mereased dosage rates.

Prophylaxis: Reducrion of densities of the tree-
living larvae by removal of the fagces and
provision of dry gquarters. Pre-foaling treat-
ments to the mare reduce rransmammary
infection.

(Figures 402, 403, 404

Fig. 402 Strompyloides wester; adule parasitic
female (0.1-% mm long) | 3]
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Fig. 403 Egps of Stromgvioides westert
(4050 = 3040 pm) |15]
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of Rongrioates weiteri |

Frg. 404 Life cvele
Strongyloides soesters
mnfecrion may alsas be
acquired galacrogeni-
cally and percuraneous-
Iv {nor shown on chis
figure) [37]

Oxyurts equi Equine pinworm

Location: Large mtestine [caccum, colon)

Hosts: Horse and donkey

Species  descriprion:  Adule female  worms
migrate out of the anus and lay ezes on the
periaual skin, The epges are covercd with
sticky fluid. Infecrive larvae develop with-
in 3—5 davs inside the eges. The horse may
be infected accidentally by licking the eges
with the irchy fluid or by ingesting embryo-
nated eggs with teed or warter. Adule pin-
worms are of lictle significance in the intes-
tine, bur cause perineal irritation and
intense pruritus following egg laving,

Geographic distribution: World-wide

Symptoms: Loss of condition, poor appear-
ance, biring and scrarching at the perineal
region are often seen in horses infected
with €2 equi. lrritation in the perineal
region causes wounds open to secondary
mfections and myiasis, Dull hair coar and
loss of hair is known as “rat-tail ™.

Significance: Most of the clinical significance
results from the intense ih:hing caused by

the sticky fluid with which the eggs are
artached 1o the rump.

Diagnosis: Presence of masses of whinsh-yel-
low eggs around the anal region,

Therapy: Maost of the broad-specrrum drugs
recommended for the strongyles (v below)
and rtrichlorfon {35 mg'kg, po.) are effec-
FIVe AEaInsT PInworms,

Pmphylaxis: Rugular treatment will elimanate
the intestinal worms and frequent change
of bedding will restrict reinfecrion,

tFigures 405, 406, 407)

Fig, 405 Eggs of Orrynerts eqer {85=95 « 40=45 pm)
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Fig, 406 Masses of vellowish eggs of Owyierds equn
arcund the perincom of a horse

Fig. 407 Choynris equd; adules (males are (09-1.2
cm long, females are 4-12 ¢m long] |37]

Probstmayria vivipara Small pinworm

the Bacrmann apparaws. P. vivipara may
also be found at necropsy.

Therapy: Is not indicated but most benzimid-
azoles and dichlorvos are effective.

i Figure 408)

—

% i/

ﬁ‘id'.!l

Fig. 408 Probstaayrna vepara: anterior end (lefrl,
posterior (right] of an adulr female (2.2-3.8 mm)
|38]

¢«  Stomach worms

Habronema muscae,

Location: Colon

Hosts: Horse and donkey

Species description: It s a tiny pinworm only
2-3 mm long, Complere life cvele rakes
place in the host,

Geographic distribution: World-wide, except
some Western European regions

Symptoms: Inapparent infections are com-
o,

Significance: It is not clinically importane, Mil-
lions of this pinworm may be present in
infected horses with no clinical signs.

Diagnosis: First-stage larvae may be found in
the faeces. Larvae may be colleceed with
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H. majus (syn. H. microstona) and
Draschia megastoma (svn. H. megasioma)
Equine stomach worms, summer sores

Location: Adult worms of H. mmscae and H.
miajig occur on the horse stomach mucosa
under a laver of mucus, . megastoma is
in tumour-like swellings of rthe stomach
wall. Larvae may be found in non-healing
skin wounds (v¢ Horses axn Dongeys, i
3.1).

Hosts: Horse and donkey

Species description: Adult worms are found in
the stomach. Larvae or embryonated cggs
produced by rhe adult worms are passed in



the facces and ingested by the housefly
{Mutsca spp.) or stabletly (Stomoxys spp.)
maggots which develop in manure. Larval
development oceurs within the maggot and
the infecuve third-stape larvae is reached at
the time the adulre Hy emerges from the
pupa. Infective third-stage larvac are
deposited by the imntermediate hoses on pre-
existinge wounds (cutaneous habronemo-
sis) or on moisture of the genitalia or eves
tocular habronemosis) and migrate into
the host's nssoe. These irrications cause a
granulomatous reaction. Larvae are depos-
ited by the thes around the nostril, lips and
wounds of horses as the Hies teed. The cvele
is closed when larvae or infected flies are
mgested by the horse,

In temperate areas cutaneous wounds tend
o heal during the winter but often recur in
subsequent warm scasons (summer sores)
when tlies are active agam. In hot, humid
zones [ megastonsd is mamnly responsible
for both, gastric tumour-like lesions and
curaneous habronemosis,

Geographic distribution: World-wide

Symproms: Mild digestive disorders may result
from gastric habronemosis. Granuloma-
tows lesions on the skin and eyves resistant
to conservative wound treatment are char-
acteristic for curaneons habronemosis (e
Haomrses axn Doskeys, B 5.1)

Significance: Adult Habronema are of little
concern bur ocular or curancows larvae
cause annoyance and wounds with a pro-
rracred healing, open for subsequent prob-
lems (e myiasis). 1. megastoma produc-
es tumour-like swellings in the stomach (up
to 10 ¢cm in diamerer) which may rupture
and cause fatal periconitis or block the pas-
SAge,

Diagnosis: Antemortem diagnosis 1s difficult
since the thin-shelled eges or larvae are eas-
ilv missed in faccal examinanons, Worms
and eggs may be tound in gastric lavape.
The almost rransparent adult worms can
be found during postmortem examinanon.
Non-healing, reddish brown, greasy skin
granuloms that contain rice-grain-sized,
calcified marerial is indicarive for curtane-

ous habronemosis, Larvae in lesion scrap-
mgs can sometimes be tound.

Therapy: High dosages of the following ben-

zimidazoles cured gastric habronemaosis:
thiabendazole (3 = 75 mpfke), oxfendazole
i3 = 15 mg'ke), tenbendazole (1 = 30-60
mefkel and oxibendazole { 10 mg'kg, po.).
vermectin (200 pglke, po.)is highly ¢ Ffec-
tive. Two mtramuscular dosages of iver-
imecriy (200 pg-"kl_’.] cured summer sores
within § weeks.

Prophylaxis: Fly prevennon by stacking
manure and using insecticides where hors-
es are kept during the day. Skin breaks
should be avoided during the fly season
and existing wounds should be treated
with fly repellents or a combination of an
antiseptic and msecticide.

[Figures 404, 410, 411}

Fi.q. $00% Eareral views of ankkereoer :'rlll_J"- oaf (SREEIES
species of Hatrrowenia spp. and Dirasclir spp.
(schemacici: (AL DY meegastomr {males are 7-10
i, females ace: 10=13 mm), (B H, seeseae
imales are 8=14 mm, females are 1222 mm} and
(01 H. s (males are 9=16 mm, femabes ane
135=25 mum| | 3]

Fig. 4110 Epp of Halraomena spp.
(40=30 2 10=1& ami [11]
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| Stages in the gut and faeces

Fig. 411 Large fibrous granuloma in the stomach
mcissn cansed |1:¢ [rirsedara AR T, The haost-
fly larvae which are presencin the dluseration do
st comtribute vo 1he p:|lhn||::||.g,i|::|| proess | 37]

Trichostrongylus axei Stomach hair worm

Location: Lumen of the stomach glands and in
the small intestine

Hosts: Horse, donkey and ruminants
(oo CATTLE, 1)

Species description: Direct life cvele, typical for
nematodes, T, axei has an exceprionally
wide host-range and is common in many
rumimant and equinge species. The aduoles
e Elfﬂdff -'I.I'Id L'IF" tor H 1mim |[Ji'|1.'._.

Geographic distribution: World-wide

Symptoms: Ocdema, dark, foul-smelling diar-
rhoea and rapid loss of condition

Significance: T, axei is vsvally part of a mixed
infection and  theretore additive 1o the
overall *worm-damage”. Leakage of plas-
ma proteins into the gut and decreased
digestibility occurs in heavy infections,
Chronic catarrhal gaseritis is caused by lar-
vae penerrating the gaseric mucosa.

Diagnosis: It is dithiculr o rely only on faecal
examination because the epgs are similar o
strongvle eggs. The species can only be
identificd wvia  third-stage larvae  afrer
copro-culture or adult worms at necropsy.

Therapy: v below, LARGE AND SMALL STRON-
GYLES
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Prophylaxis: As T, axer is primarily a parasite
of cattle and sheep, grazing management is
imporrant. Overcrowding must be avoided
and brood mares should be rreared as foals
are very susceptible. Removal of Facces and
regular stool check is a helpful aid in stron-
gvle control,

*  Large strongyles

Strongylus valyaris, Strongylus equinus and
Strongylus edentatus Large strongvles

Location: Adult worms are found in the large
Imeestine.,

Hosts: Horse and donkey

Species descriprion: Life cycle: adules ot all 3
species live in the large intestine, Eggs devel-
op into infective third-stage larvae within 3
davs under moist and warm conditions.
Infection 15 acquired by ingeston of larvae
which drop their protective sheach in the
small intestine. After this srage the Stroogy-
fus species have different somatic migration
patterns which are mentioned under the
individual species descriptions,

Geographic distribution: World-wide

Significance: Large strongyles are the most
important parasites of equines. Of the
three species, S, vrlearss 15 the most path-
DECHIC.

(Figures 412, 413}

Fig. 412 Strongyle-type egg (72-93 x 40-34 pm)
found in equines
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Fig. 413 Third-stage larvae of equine strongyles
(B50-1000) pm |38]

Strongylus vulgaris Bloodworm, Verminous
endarteritis

Species description: S J'u.l'g.-irﬁs 15 the smallest
of the large stronpyles, reaching 2 ¢m
lengrh and has rvpically ear-shaped teeth
ser in the deep of the buccal cavity., Third-
stage larvae penetrate the intestinal muco-
Sl I'[I[J-llll i.l:l‘l“ Fli H.Il'tl'l.-!il i.'lj.'.l.' |ilr'|.'i!L" il'lllj I'lﬂ.'ll-
etrate further nearby blood vessels and
wander through the arteries for 2 wecks
hefore reaching the cranial mesenoeric
artery, where they remain for 4 momnths.,
Afrer moulting o immarure adules 5. pod-
faris returns via the arreries o the large
mtestine and burrows mto the lumen. 68
months after the infection eggs are passed
i the faeces. The colic associared with thas
parasite is not provoked by rthe aduke
worms i the gut but by the larvae during
their migration through the arteries. As the
larvae migrate they damage the endochelial
lining ot the vessels, thereby stimularing

thrombus production. These clors are
swept away to lodge in smaller vessels lead-
ing to thromboembolic colic.

Symproms: 8. erelgaris is especially importane
because of the damage the larvae do w the
cranial mesenteric arrery and its branches,
Colic of various degrees, emporary lame-

ness, gangrenous enteritis, intestinal stasis,
possibly rupture and other effects depending
on the locanon of the infarce may follow,
Diagnosis: Very difficult during the migratory,
preparent phase of the infection. Postmaor-
tem exammation is indicated and larvae
can be wsed for species idemtificanon,
Adults may be tound in the large intestine
and cggs are present in the faeces.
(Figures 414, 415, 416, 417, 418}

Frg. 414 Dorsolateral viesw of the anterior end of
various Strawgylies sppe: lal Strongyvins eqeinns, (hl
5. edewetarers and (¢) 5. evdpariz; EL = external leaf
cromwn, 1L = miternal leaf cromn, Ch = cuticular
srrianon and £L = ooch [33]

Fag. 413 Mesenreric artery with thrombosis due 1o
migrating larvae ol Strosevlis vulparis
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Fig. 416 Migratory roure of Stromgylus velgaris,
More thar the third-stage larvae migrare within the
intima and not in the lumen of blood vessels [37]

Fig. 417 Stromgvins vedgaris larvae in a thrombus
4]

Stromngylus edentatus

Species descriprion: 5, edentatus reaches 4 cm
in length. Larvac penetrate the intestine
and migrate via the portal vein to the liver,
where moulung occurs and nedule forma-
non takes place. Afrer 9 weeks the fourth-
stage larvae wander to the peritoneum,
causing the formation of nodules. Migrat-
mg to the large mtesnne, larvae form
caseous nodules in the gut wall, which they
rupture to enter the colon lumen almost a
full year after infection, Aberrant larvae or
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Fig. 418 Stromgryins veelgariz; antenor end with
buccal capsule

their migratory tracts can be found in
unexpected sites such as the plewral caviry
and resns,

Symptoms: Adulr large strongyles (8, vulgaris,

50 equinns and 5. edemtatus) are “plug-
teeders™, ingesting plugs of mucosa as they
maove about in the intestine, Heavy feeding
of this type produces intestinal damage,
blood and protein loss into the intestine,
Intestinal damage causes diarrhoea, fever,
nedema, anorexia, depression, weighr loss
and d:h}rdral;inn-

The attendamt blood loss may lead to anae-
mia, especially in 8. eguinus infections. 5.
equines and 5. edentatus larvae rarely
cause damage of clinical consequence dur-
ing their migratory phase which is in con-
rrast to 8. vrelgaris larvae which cause great
problems during migranion within  the
arteries and hardly any damage as adule
worms in the gut.

Diagnosis: Diagnosis of mixed strongyle infec-

nions is based on demonstration of eggs in
the facces (Strongylus spp.). Differential
diagnosis can be made by identifying the
infective larvae after copro-culture. Colic
due to verminous arteritis can be associat-
ed with a palpable, painful enlargement at
the root of the mesentery.

(Figures 419, 420, 421)
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Fie, 421 Stroneyins edentatns larvae from the
pa refal p-;-ril:n::lru,'urn of the flank |13]

Strongylus equinns

Species description: 5, equinns reaches 3 cmoin
length. After burrowing into the submuco-
w1 of the small intestne and moulring wo the
tourth-stage larvae 8. eqrannes forms a nod-

neyire alwh el e
carely - ule on the intestine. After that larvae wan-
drr [14] T]'IL' Ei"-"‘l.'r \’r'!'ll.'l.'l‘! tllt."'r' I:I'IEIIT'HJEI' !I"I.I.'L"Llﬂh
(e the liver parenchyma for 6=7 weeks wirh-

our nedule formation, Emerging from the
liver they moult ro immature adules and
migrate m various abdominal OrRAns {incl.
e pancreas) then return to the large intestine.
Passage to and from the liver occurs direct-
Iy across the peritoneal caviey, Prepatent
Fig. 420 Migratory pathway of Strongylus period is about 9 months. 8. equinus rarely
edentatus | 37| causes damage of clinical consequence dur-
ing its migratory phase. 8, equinus suck up
ter 10 ml of blood per day. Heavy infections
are associated with anaemia.
Symproms and Diagnosis: & above Symptoms
and diagnosis of 8. edentatus
(Figures 422, 423)

Fig. 422 Migratory parthway of Strongylis
eqeetmis [37] Fig. 423 Stromgylns equinns; anterior end [37]
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* Control of large strongyles

Therapy: Ivermectn (0.2 mglkg) is effective

against both adule and larval stages of 5
vielgaris and 85, edentatus and only against
adult 5. egreinnes worms. Fenbendazole (10
mg'kg, po. during 5 davs) and oxfendazole
(15 mg/kyg, po.) ar dosages higher than for
the adult worms are also effective against
larval infections. Most of the modern
broad-spectrum  anthelmintics  such  as
cambendazole, mebendazole, oxfendazole,
oxibendazole are effective against adulr
large and small strongyles. Pyrantel (19
mg'ke, po. s efficaciouns against adult
small and large strongyles and larvae of
most of the small strongyles. Febantel (6
mg'ke, po.) is effective against adult large
and small strongyles. Dichlorves (31-41
mg'kg, po.) is highly effective against S,
vidlgaris and 5. equinns and against small
strongyles. Haloxon (60-75 mg/kg.po.) is
only effective apainst 8. eslparis. Trichlor-
fosm (40 migkaz, por ) combined with mieben
dazole, fenbendazole, oxfendazole or
pyveantel (each ar ws regular therapeutic
dosage) is highly effective against ascarids,
pinworms, small and all the three large
strongyles.

Prophylaxis: Grazing horses are likely 1o be

infected, rtherefore a control program
attempts to minimize the level of pasture
contamination and reduce the risks asso-
ciated with the migrating larvac. All hors-
es kept in the same feeding-commumiry
should be rreared and preferably ar the
same time. Newly acquired horses should
be de-wormed before admittance to the
herd. Wharever program is used, faecal
samples should be examined periodically
to maintain survellance of the effective-
ness. Horses kept in arid areas should be
treated ar least rwice during the rains (mid-
way and end of rains} with a compound
which is effective against adults and larvae
in order to increase the utilization of feed
during thar ime. Regular dosing {general-
lv every 4-8 weeks) 15 indicated i humad
areas. Colic may be associated with the use
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of anthelmintics, especially when organo-
phosphorous  products  {trichlorfon  or
dichlorvos) are used.

* Small strongyles

Triodontoplorus spp., Trichonema spp.,
Cyathostomum spp., Cylicocyelus spp.,
Cylicastepbanns spp., Cylicodontophorss

spp.. Gvalocephalus spp., Oesopbagodontus
spp. and Craterostomim spp.

Location: Large intesnine

Hosts: Horse and donkey

Species description: More than 25 species of
small strongvles are found in the caecum
and colon. Apart from Triodontophborus
spp. which are almose as large as 5. vvlgar-
15, most of them are smaller than the large
strongyles, Trindontopharus spp. are also
known as the “non-migrarory™ large stron-
gvles. One species, Triodontophorus teni-
colfis, canses severe ulcers in the wall of the
colon, There is no extra-intestinal migra-
non of the larvae within the host, Small
stromgyles undergo a rvpical direct nema-
tode life cycle and larvae develop within the
wall of the large nfestine. Larvae may
undergo hypobiosis and remain dormant in
the intestinal wall during periods of adverse
environmental conditions (dry season, win-
ter). Small strongyvles wswally appear as
mixed infections, Damage is mainly cavsed
by the adult worms which are plug feeders,
ingesting plugs of intestinal mucosa and
blood vessels. Larvac within the gut wall
may also suck blood. Animals under three
vears of age are more susceprible particu-
larly if kept on overcrowded pastures, Sev-
eral species of small strongyles are resistane
to many of the benzimidazoles which is a
heritable trait and not reversible.

Ceographic distnbution: World-wide

Svmptoms: Loss of condition, anaemia, weak-
ness, acute o chromic diarrhoea

Significance: Small strongyles are extremely
prevalent and cause considerable econom-
ic loss and severe disease wherever horses
are raised.



Diagnosis: Species idennficanion is impossible
solely based on the egg morphology. Lar-
val identification following faecal culture is
indscared. Strongyle eggs passed by foals of
6 months or less are those of the small
strongyles as the prepatent period of Stron-
evlus spp. 1s longer.

Therapy: v above LARGE STRONGYLES. Benai-
midazole-resistant strains are suscepuble
to piperazine (88 mg'kg, po.), pyrantel-
pamuoat {19 mg'kg, po.), dichlorvos (3141
mgtka, po., ivermectn (0.2 mgkg, sc.
haloxon (60-75 mgkg, po.) and oxibenda-
zale (10 mg'ke, po.l.

Prophyvlaxis: v above LARGE STRONGYLES

Remarks: The “horse strongyles™ consist of
more than 40 SPCCICs many of which are
distributed world-wide. They are respon-
sible for a variety of clinical syndromes,
mcluding the well-known loss of condi-
rion, often associated with anaemia, thar
characterizes  the “wormy-horse™  and
acute or chronic diarchoea.

(Figures 424, 425, 426, 427, 428, 429, 430
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Fig. 424
Dorsolareral view of the antenor end of a small

seromeylid (Cylicostepharns spul; EL = excernal leaf

crown, IL = intermal beaf crown, CR = cuticular
seriation, 51" = papillae, CU = cuticula, O, = oeso-
phagus and OM = cesophageal muscle [33]

Fig. 425 Small srrongyles (females up ro 25 mm:;
males up 1o 15 mm) in the colon of 2 homse | 10]

Fig. 426 Developing small strongyle larvae in the

s ol the caecum

Fig. 427 Small seromgyvle with a well-developed Ieat
ceown and a pronounced buccal capsule
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Dictyvocantus arnfieldi Equine lungworm

Location: Adult worms in the bronchi and
bronchioles of donkevs and  horses,
embryonared eggs and larvae in fresh facc-
es (08 Horses axn Dowkeys, Il 4.3),

i(Figures 431, 432

Fig. 428 A wormy horse due to winter cvathosto-
minosis [ 15]

Fig, 431 Doryocamins arnfieldi; cog containing a
larva (74-96 = 46-3% pip) [11]

Fig. 432 Dictyocaulus arafields; first-stage larva

{420-480 pm)|

Fig. 430 Treadomtophorns sp. group of adules
forming a large ulcer in the large intestine
(17=26 mm long) [37]
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ARTHROPODS

Fig, 433 Life cycle of
haorse bogthes [16]

Lile cyvoie el teilly

s

f;:-.i‘ Nl:.::"..“_ Lareae [bals]

[ Ry st gl

Biores Bl ool hair
Syghsh By Laps

E11E G had
o hoerns

Bty Eujeyi
ahimskeasd no

heorie har

Fliaid Doirae jhujuse
in e wdl haich
anthes

Larvas crawm] ool
el iy il
LR e e i oo TR I Sy
FmGlil e i" -:*Lu .“Ejn -E"a:’*.j.'t:qi.-:u.ﬁ_ :.'!"-'-
% Tt
L 8]

82 el P
"\-E‘ -..#::}'r ,:.%'_ £ ke ;-!'ﬁj
.':..EI:.,-"._l'ri'l : -;|.+ - i LR ‘i!l o] .._h
SRR N R R

= Insecta found in the gut

f.am"emphl.l'us spp. Horse bor flies

e e —————

N e

Crasterophilus intestinalis (svin, G, equi)
Common horse bot Hy

Location: Eggs are deposited mainly on fore-
legs, between the knee and the hoot but
also in the scapular region where they are
licked by the host which stimulates hatch-
ing. Larvae are found in the cardiac por-
tion of the stomach.

CGasterophilus nasalis The throat bot fly

Location: Eggs are laid in the intermandibulary
space in numbers of up to 500 and usually
1 per hair. Larvae are found in the pylorus
repion of the stomach and duoedenum.

Fig. 434 Gasteropbilus
spat the horse bor fly
(8=18 mm) [ 19]

Lawmad ir g pes

{.asfrmpluins Ime.gnpn‘f;mrfah: The nose or

lip bt rlt or rectal bor fly

Location: Fggs are laid on hairs of the lips and
around the mouth.
Third-srage larvae artach to the stomach
but also to the hosts rectum, sometimes in
great numbers,

Gasteraphifus pecorwm The plamt bor fly

Location: Fggs are deposited on the leaves of

plants and its larvae are ingested by graz-
ing animals.
Second-stage larvae and sometimes third-
stage larvae are found in the pharynx and
the upper part of the oesophagus but third-
stage larvae is normally attached to the
fundus of the stomach.

Geographic distribution: Africa, Old World
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1 Stages in the gut and faeces

General features of the horse bot flies

Huosts: Cr. dntestinalis occurs in horses and don-

keys whereas the other three species also
parasitize other equids (e.g. zebras).

Species description: The larvae of these flies are

sastromntesnnal parasites of cquines. After
hatching the first larval instars burrow ineo
dermal lavers of the mouth cavity, from
which they move 1o either the pharyn,
stomach or rectum, where the second and
third-stages areach. The larvae feed on tis-
sue exudares and remain in the host up to
| vear before they become marture and are
excreted with the faeces to pupate in the
soil, The adulr Hhies are brown in colour
and hairy and resemble bees.

Geographic distribution: Global
Symproms: Bors cause a mild gastritis, but

large numbers can be found in the stomach
without climcal signs. The Frst-stage
instars migranng o the mowrh can cause
stomatitis and may produce pain on cating.
Adult fies cause annoyance when laying

CRgs.

Significance: 1) The adule tlies distress their

equine host markedly up o the point of
causing stampeding. 2) lerication by the
larvae during migration, e.g. dermatitis,
inflammation of the pharynx, ovesophagus,
stomach or rectum (rectum prolapse). 3)
Large numbers in the pyloric region may
interfere with the sphincter function.

Diagnosis: Specific diagnosis of Gasteropinilis

infection is difficult and can be made only
by demonstrating larvae in the faeces.
Observation of the cream-white bor eggs
(1-2 mm) on the amimal’s hair may help.

Therapy: In temperate arcas it is assumed that

muost animals are infected by the end of the
summer, A single treatment at a nme when
the adult flies have disappeared is usually
.'::Ju:qu ate. Oyral .'lT'rplin..'.'inur'l I:l:',t‘L 0f pl:! ler via
feed, solutions via stomach wbe) of -
chlorfon (10 mg'ke, po. ftor bots only;
40 mg'kg, po. for bors and nematodes),
dichlorvos {adules: 31-41 mg/kg, foals:

ing Hy season forr ot control) and ivermec-
tin (200 pe/ke, po.) is cffective against all
stages of bots and removes a high percent-
age of bors from the digestve trace. In rem-
perate climares bot medication s usually
administered | month after the onset of the
winter and repeated in midwincer. A simi-
lar schedule can be applied o subhumid
areas with rrearments at the beginning and
in the middle of the dr].' SO,

Prophylaxis: Protection of exposed horses

from attacks of the adult fhes with repel-
lents (dimerhyl phralare) 1s nor satiskacrory
but if applied on a regional basis it can
markedly reduce the fly numbers. Insecti-
cides which can be vsed against adult flies
(wr Hogrses axn Donkeys, B 5.1, Table
18}, Frequent grooming of horses is an
important bot preventive measure, Visible
eggs cemented to the hair are nor casily
removed with ]}ruw:hing; however, EpEs can
be induced to hatch by applying warm
water  (45°C) o affected areas. The
harched larvae can then be washed awaw
easily.

iFigures 433, 434, 435, 438, 437, 438, 439)

20 mp/kg for treatment of bots and ascar-
ids: 10/mg/ke ar 3—4 weeks intervals dur-

Fig. 435 Gasterapiulivs copes deposited on the skin of
the chest
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Fig, 436 Casterophilus ege attached to a hair fup
to 2 mm long) . -

Fig. 438 Casterapinhes egg with a hacching larva

Fig. 437 Gasterophilies cggs deposited on the skin Fig. 439 Gasteropldis larvae (up 1o 2 cm long)
of the forelegs attached ro the gastnc mucosa
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2 Stages in the blood and circulatory s
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HELMIMTHS
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s« Mematoda larvae and microfilariae
found inthe blood ....... % 1

PROTOZLZOA

Trypanosama spp. (Trypanosoma brucei,
Trypanasama congolense and Trypanosoma
vivaax) “Nagana®, “Sannare”, slecping
sickness

Hosts: Horse, donkey and many other domes-
tic and wild animals (== CaTTLE, W 2)
Vector: Various tserse flies of the genus Glos-

gina (v CATTLE, B 5.1)

Species  description:  Tsetse-transmatted  try-
panosomosis s one of the major con-
straints for horse breeding in Africa sourth
of the Sahara and within the tsetse belt.
Donkeys are less susceptible and suffer sig-
nificantly less from trypanosomosis than
horses, T, braced is very virulent in horses
and can cause an acute infection with death
within 15 davs after disease onset. A sub-
acute form may last for up to 3 months
after the infection. T. congelense and T,
vivax are usually chronic infections with
PrOSressive anagni and weakness.,

Geographic distribution: Africa, south of the
Sahara

Symptoms: Acute T, Drucer infections cause
hvperthermia, rapid emaciation, oedema
of the lower parts of the thorax and abdo-
men, joints and genitalia, keratvs and
nasal discharge. Locomotory ataxia may
develop to general paralysis or paresis. T.
comgolense and T, vivax infections are usu-
ally more protracted with progressive
anaemia and emaciation, irregular fever
attacks, corneal opacity and nasal dis-
charge. Oedema is rare at the beginning of
infection and “self-cure™ may occur, espe-
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cially if the animal is kept under good con-
ditions. However, when animals are over-
worked or suffer from other conditions,
the disease can become more acute or can
render the animal more susceptible to oth-
er diseases,

Significance: Tsctse-transmitted trypanosom-
osis (mainly T. bricer but also T, congo-
fense and T. vivax) 1s a major constraint for
equines, especially horses in tsetse-infesred
regions of Africa. Both the direct noxious
effect of trypanosomes on the host and
their immunosuppressive effect are of great
significance.

Diagnosis: A presumptive diagnosis is based
on finding an anaemic animal in poor con-
dition in an endemic area. Confirmation by
demonstraring  trypanosomes in stained
bloodsmears or wet mounts. The mosr sen-
sitive rapid method is a wer mount of the
buffy coar area of a PCV tube atter centri-
fugation, Other infections that cause anae-
mia and weighe loss are babesiosis, ana-
plasmosis and should be excluded by
examining a stained bloodsmear. African
Horse Sickness and Egquine Infectious
Anaemia should be excluded as underlving
viral infections,

Therapy: The most effective but often poorly
tolerared compound against T, bricer and
T. evansi (= below) is quinapyramine {5
mg'kg, s¢.). The dosage should be spht in
three portions and administered ar 6-hour
intervals. Suramin sodium {7-10 mg'kg,
im. or iv.) was highly effective bur it is no
longer commercially available. lsometa-
midium is effective apainst T, vivax (0.5
mg'ke, im.) and T, congolense and againse
T. brucei (0.5-1 mgfkg, im.}, provided that
the dosage is divided over several injection
sites. Diminazene aceturate (3.5 mglke,
un.} is highly etfective against T. braeed, T.
vivax and T. comgolense, half of the dos-
age 15 adminisrered immediately and the
other halt & hours larer.

Prophylaxis: Isometamidium (0.5-1 mg'hkg)
protects horses for 2-4 moths againse T.
pivax and T, conmgolense. The injection
must be given deeply intramuscularly and



the dosage should be split over several
INjeCtion sikes, Quinapyraming 'pl'ﬂ.ﬁﬂ.ll‘ (7.4
mgkg, sc.) may be used to prevent T. bru-
cei but also T. evansi. The pr::ph}'lac[ic
effect lasts for 3=4 months.

Insecticides, used as roxicants or as repel-
lents may reduce the artacks by rsetse flies.
Ar the rime of high insect activity the use
of insecricides may also reduce the general
Hy-annovance in the environment of hors-
es. Insecticides may be used as whole-body

Sprays Or a5 Sponge-orn, smear-on, £ic. Fig. 440 Horse infecred with Trvparosoma congo-
H"I!!',I.II:'E'S 440, 441 5 '1'433 Table 17} letese showing oedema on the lower chorax
P 1T _
e s .
W -"_-I..'__ |_-"E1':.L & ()
et AP Ty
A =

Fig. 441 Ceeographic

tramsmet lesd by Sl e ; diseribution of equine
i . - A TAF L | FH Cimlirs . Irareersflesd by 1aosisie 8 =
M.y £ ¥ trvpanosomosis [37]

Table 17 Trypanocidal drugs to be used in equines

Dase {mighg)
Genejic name _ andBoute =~ Suscetible Trypanosomes
Crusinapyramine dirnethyd 5, subcub. 7. brucei, T. congalene, T, equiperdum
sulfate or chlorde T. evaeai, T. sivtige, T, wivae
Homidium chloride or bromide 1.0 I, brucer, T, comgoiense, T wivox
diminazens acelurale 1.5-7, 1M T, brucel T congolense, T, evansi, T, vy
lometamidivm chioride 0.5-2, Ik i conpodense, T, wivas
Pyrithidium bromide 2.1M . congodense T, wivas
Suramin F=10. IV T bvwce, T, equiperdiym, T evansd

Diieringzene gocfurafe should not be adninistered o cquines if possible. If there are no other compounds
available, the daly dosage should be splivinmo 2-3 aliquors and administered 4 h apare. Suramin is no longer
commercially available |39]
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Fig. 442 Donkey with heavy Trypanosona bruged
infection

Trypanosoma evansi “Surra”™, “El Debab™,
“Dipufar”, “Thaga”, “Doukane™

Hosts: Horse and dromedary

Vector: Transmission by hiting thes such as
Tabanus spp., Stomoxys spp., Chrysozona
spp. and Lyprerasia spp.

Species deseription: T. evarsi is difficult ro dif-
ferenmiare from T, brieced. All domestic ani-
mals are susceptible bur the disease is faral
only in horses, dromedaries and dogs.
Other animal species may act as reservoirs
of infection. Surra is usually fatal to horses
if trearment is not applied, death occurs in
a few days or months depending on the vir-
ulence of the strain. The disease progress is
slower in Africa than in Asia.

Geographic distribution: Northern and Sahe-
lian Africa, Asia, Cenrral and South Amer-
e

Symproms: Progressive weakness, emaciation
and oedema are the most common clinical
signs. Oedema varying from  urticarial
plaques on the neck and the flanks 1o
extended oedema of the legs and the low-
er parts of the body. Fever attacks, difficul-
ties in walking, lacrimation, conjunctivitis,
hypertrophy of the superficial lymph nodes
and ascites may occur. Nervous signs only
occur in the termmal stage.

Significance: T, evansi is a dangerous disease
for horses and dromedaries in Africa north

of laticude 157 and many other parts of the
waorld.
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Dhagnosis: Emaciation and oedema. Trypano-
somes are found in bloodsmears bur the
eypical form is morphologically indistin-
guishable from the slender and inmermeds-
ate forms of T. bruce.

Therapy: The most effective but often poorly
tolerated compound against T. evansi is
quinapyramine {5 mg'kg, sc.). The dosage
should be spliv in three portions and
administered at 6-hour intervals, Suramin
sodium (7-10 mg/kg, im. or iv.} has also be
used successhully but this compound 1s no
longer commercially available.

Prophylaxis: Transmission by flies (buralso fly
annoyvance in general) can be reduced by
using insecticides (coumaphos, malathion,
carbaryl, dioxathion, pyrethrins, permeth-
rin, dichlorphos v Horses ann DONKEYS,
B 5.1, Table 18). Horses may be reated
with insecticides in dips, whole-body
sprays, or finc mist sprays; as toxicants or
repellents in aerosols or as sponge-on,
smear-on, or wipe-on applications for con-
rrol of biring flies, Chemoprophylaxis can
be attempted with quinapyramine prosale
i 7.4 mg'ke, sc.) which causes serious local
reactions. The prophylactic effect lasts for
3-4  months,  Suramin-quinapyramine
complex (quinapyramine sulphate 10 g
and anhydrous Suramin 8.4 g and warer ad
200 ml of solution; administered at 10
me'kg, s¢. ) protects horses against T, evan-
sf for 6 months.,

(Figure 443)
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Fig. 443 Trypanoswna evanss (1534 pm, mean:
24 pm long); stained bloodsmear



Tryfranoson L'qlliperdum “Dourine™

Species description: Dourine is venereal disease
of  horses and  donkevs, transmirted
mechanically by coirus and rarely by binng
flies. Demonstration of the rrypanosomes
from the urethral or vaginal discharges, the
skin plagues or the peripheral bloed is dif-
ficult and centrifugation of these Huids
mayv help to find the pathogens (v0 Horses
Al Doxkeys, Il 3.

carrier. Speaial artennon should be paid o
previously  non-exposed horses entering
enzootic arcas. Zebras may act as reser-
voirs. There s generally no transovarian
Lransimission,

Geographic distribution: Tropical and sub-

tropical arcas

Symproms: Around 10 davs atter the tick bate

tever may occur (up o 41°C). B, egm
arganisms start to occur at this ime in the
circulating blood. Anacmia and haemo-

| Figure 444} elobinuria may occur and there s listless-
ness, depression and inapperence. Oedema
of the head, limbs and ascites occur and
L petechial haemorrhage and icterus of the
x i - i mucous membranes of the eves are seen,
The symptoms are similar to Equine Intec-
nous  Anaemia, African Horse Sickness,
- leptospirosis and trypanosomosis. Inter-
current mfections occur and Babesia spp.
.. = superimposcd on a chronic horse sickness
’ or trypanosomosis are often seen,
r e ¥ vignificance: B, equd infections are of great
impoertance as a primary cause of disease
Fig. 444 Tryparosoma equiperdin (25 pm); bt also as secondary infections in many of
stained bloodsmear (mouse) the warmer parts of the world and all over

the African continent.
Diagnosis: This s made by the demonstration
of the parasites {Maltese cross forms) in
Babesia equi |syn. Nuttallia equi) stamed bloedsmears during the peried of
Equine babesiosis tever, Perechiae of the mucons membranes
of the eves are characteristic of babesiosis
Hosts: Horse, mule, donkey and zebra but not specific.
Vector: Vectors are Rhipicephains bursa inthe  [Figures 443, 446, 447, 4438)
Mediterranean basin and  Rbipicephals
evertst m rropicocquatorial Africa, Dernra-
centor spp. and Hyalomma spp. may also
|'l|.'t.:. a role in other pares of Africa,
Species description: B, egui 15 a small Babesia

species (2 pmin length) in horses and gen-
crally more pathogenic than B. cabaifi, It
charactensstically divides into four daugh-
ter Organisms which form a Maltese cross,
In endemic areas the course may be chron-
ic. In the peracure course of the disease
death may occur within 2 davs after the
onser of the disease and in the acute course

the disease process lasts for 8-10 days afrer
which the animal recovers and becomes a Fig, 445 lererus duc to Babesia eqed infection [4]
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Fig. 447 Various
ervthrocyvtic forms

of Batesia eqed found
in the red cells [maxa-
mum lengeh of 2.5

pm). The Maltese eross
farrow| is rypical of the
species but nor always
scen at the examina-
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Fig. 448 Babesia equi; stained bloodsmear | 36|
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Fig. 446 Geographic

. v distribution of equine
babesiosis, The crosses
mark localines where
isolated outhreaks
oeeur [37)

Babesia caballi (syn. Piroplasama caballs)

Equine piroplasmosis

Hosts: Horse, donkey and mule

Vector: Hyalomma spp. in North Africa and
the Mediterranean basin, Dermacentor
margimarus (Mediterranean macchia) and
Rfrfpfc.ep.’m.l'uf spp. Transovarian trans-
mission occurs regularly,

Species description: B, caballiis a large species,
resembling B, Digemiina. Parasites com-
monly occur as pairs, are pyriform and



measure 2,54 pm. The course of B, cabal-
li infecrions 1s characrerized by a great vari-
anon of the climcal mamtestanons, It may
be acure or chronic, mild or severe and end
in death.

Geographic distribunion: The Americas, Asia,
Europe

Symproms: Although anaemia and icterus
occur, haemoglobinuria is rare. Paralyvsis
A5 A H."Slllt Ul'- I:I'_'I'Il'rﬂ[ NMETVorls diu:rdl:n I-.‘q.
commoin. Incoordinaton, restlessness and
walking in circles may be found during
infecrion.

Significance: B. calalli 1s a widespread infec-
tion of horses and may cause significant
losses in horse populanons where it is prev-
alenr.

Diagnosis: Demonstration of the parasites,
preterably in peripheral blood (skin vessels
of the ear). The clinical signs and the pres-
ence of tick vecrors may be of additional
]11:I|1-. Serodiagnostc tests (IFAT, CFT) are
available for both equine Babesia Species.

OIS

However, the indirect luorescent ancibody
rest (IFAT, == METHODS, 5.2} is more sen-
sitive than the complement fixanon test |-
CFT, &= METHODS, 5.5).

(Figures 449, 450))

»

Fig. 449 Babesia calralliy stamed bloodsmear

LIPROC
0000

Fig. 450 Various erythroovie forms of Babestr caballi tound in the red cells {lengeh: 2.3=4 pm) | 3]
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L Thl:rap}' and prophylaxis of B. equi and
B. caballi infections

Therapy: Most of the babesiacidal drugs used
in other animal species are effective against
B. caballi bur only a few arc effective
against B, egwi and often in markedly
increased dosage rates { Care: Side effects!).
Imidocarb dipropionare (and dihydrochlo-
ride) administered once is used successhul-
ly against B, caballi (1 < 4.8 mp/kg, im. or
se.) and B, eqed (2 % 4.8 mp/kg, se. orim.).
Side effects (extreme restlessness, sweanng
and abdominal pain), especially ar 4.8
mgfkg, can be avoided by pretreannent
with arropin sulfare (1%, 1 ml 100 kg) and
dividing the dosage m rwo injections 3
howrs apart.

B, caballi is suscepnble ro diminazene acer-
urate at 5 mg/kg, given twice at 24-hour
intervals, but 6=12 a'l'LF,l'kE.r, 1% rl:quir::d Fevr
B. edquir.

The tollowing compounds are effective
against B. caballi but not against B. eqiei: try-
pan blue (2-3 megfkg, iv.), quinoronium sul-
fare {2 % 0.3 mg'kg, sc., at 6-hour intervals),
phenamidine {8=10 mghke, ) and amicar-
balide diisethoanate (5-10 mg/kg, im. ).

Prophylaxis: Immunity in horses atter infec-
tion [asts for more than one vear and hor-
ses are therefore protected in enzootic are-
as even with the seasonal fluctuation of the
tick population. Tick conerol is essenrial.
Special artention should be paid wo the ears,
to the region under the tail and berween the
hind legs. Horses introduced into endemic
areas are very suscepti ble and should there-
fore receive special attention,

Haemobartonella sp.

Hosts: Horse

Vector: Blood sucking ectoparasites  (lice,
ticks; species not known}

Species descripion: An unspecified Haemo-
Bartonella occurs in horses in tropical Afri-
ca {reported from Miger)

Geographic distmbution: Tropical Africa

Symptoms: Anacmia, cpistaxis, progressive
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weakening, locomotory  disorders  wath
painful jomnts and wasted muscles
Significance: As resurgent parasites in immu-
I'.IUE'L'IF!FFI:HHI:d :II'liITIIIl‘!-i HLI'-I'.'HH.?E-':TT.I'UFH.'HH
sp. may be of some importance.
Dhagnosis: Coccoid ((,1-1 pm) or bacilliform
(1=5 pm 2 (1.7=1.5 pm) parasites appear on
the surface of erythrocyres.
Therapy: Oxvrerracveline (5-15F mg'kg, iv.)
and diminazene (3.5 mgfkg, im.}
Prophylaxis: & THERAPY AND PROPHYLAXIS OF
ECTOPARASITES, p. 257

Ehbrlichia equi

Remarks: An infectious, non-contagiows sea-
somal disease seen in California and other
parts of the USA. This rickerrsial organism
is found in cvroplasmanc vacuoles of neu-
trophils, and occasionally eosinophils dur-
e the acure stage. The OTEANISms may b
demonstrated i1 Giemsa-stamed  blood-
smears as morulae or inclusion bodies of
1.3=5 pm in diameter. The symproms of
the disease are fever, depression, araxia,
limb oedema, perechiation and icterus, The
drapgnosis 18 based on the demonstration of
the orgamism in standard bloodsmedrs and
an indirect tluorescent antibody test s
available. 'I'rtr:u':.'i:lint (7 m}.:.l'hg, W, OTee
daily for 8 days) is highlv effecrive. Recov-
ered horses are immune for at least 2 vears
..'I.I:IIJ. are 1o ca rritr:-.-

HELMINTHS

* Trematoda found in the blood and
circulatory system

Schistosoma bovis, Schistosoma matthesi,
Schistosama indicum, Schistosoma japonicum
and Sehistosoma spindale Blood flukes

Remarks: These parasites occur in the mesen-
terie veins of cattle and sheep, horses and
donkeys. 5. bovis (Africa, Middle East,
western Asia), S malthesi (Central and
Southern Africal, N imdicum (India sub-



continent), 5. japonicwm  (East Asia),
8. spindale (India, Southeast Asia, East
Asia). The major clinical signs associated
with the intestinal and hepatic forms
develop after the onser of the cgg excretion
and consist of enteritis and intestinal aro-
ny, anaemia and progressive emaciation in
heavily infected animals.

Significance: Schistosomosis is primarily an
infection of ruminants and only causes
problems i horses when heavy burdens
are acquired,

Diagnosis: Spindle shaped eggs occur in the
faeces (s CaTrLE, 1)

Therapy: & CATTLE, ™ 2

Prophylaxis: v Catrie, B 1

Remarks: Schistosoma nasale parasitizes in the
veins of the nasal mucosa and occurs in
India and Southeast Asia. The eggs are
found in the nasal discharge.

* MNematoda larvae and microfilariae
found in the blood

Strongylus vulgaris

causing thrombosis, embolism and intesri-
nal infarction (= HORSES AND DONKEYS,
1).

Remarks: The problems (colic, intestinal
infarcts| associated with 5. vulparis are not
caused by the adult parasites in the caecum
but almost exclusively by the migrartory
activities of the larvae,

Setaria equina

Remarks: The sheathed microfilariae can be
demonstrated in peripheral blood samples,
(Figures 451, 4532)

Location: Larvae congregate during their
migration in the cranial mesenteric artery,

v
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Fig. 451 Setaria sp. microfilaria (190-256 pm};
stained bloodsmear
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= 2 Stages in the blood and circulatory system

Parafilaria multipapillosa
“summer bleeding™

Hemarks: Microhlariae can be demonstrared
in blood discharged from “summer bleed-
ing " nodules, caused by adult female para-
sites. They are less than 200 pm long and
have a rounded posterior extremiry,

Onchocerca cervicalis and Onchocerca
reficalata

Remarks: Microfilariae of these rwo nema-
todes mav be demonstrated by excising a
small picce of skin from the linea alba and
placimg it in phvsiological saline solunon,
Microfilariac vsually migrate out of the
dermis into the solution {overnight). €,
cervicalis microfilariae are slender and
207240 pm long. O reticredaia microfilar-
iae are 330-370 pm long and have a long,
whip-like tail ending in a fine poinr. The
disrance trom the genital cell ro the np of
the tail is grearer than 140 pm for CL retr-
crelata,
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3 Stages in the urogenital system

PROTOZOA

Neospora cantim

Remarks: M. canimm can be transmitted trans-
placentally in equines. Abornion and weak-
ness with paralvsis in newborn foals may
occur. Tachvzoites of N. caninum were
found in sections of lung of an cquine fetus
aborted 2 month before term. Individual
tachyroites were approximately 3=3 = 2-3
wm, divided by endodyogeny, and stamed
positively with anti-N. camtnmrm serum but
not with anti-Toxoplasma pondii serum, T,
gondis antibody was not found in the
miare's seram (2 CATTiE, Il 4.6].

Trypanosoma equiperdum Dourine

Hosts: Horse and donkey

Vector: Generally transmitted by coitus and
very rarely by biting flies

Species deseription: Dourine is a venereal dis-
ease of horses, transmitted mechanically by
coitus and rarely by biting ties. T. eqruiper-
dwm occurs in donkeys bur the disease is
asymptomatic, Oedema on the genitals are
not obvious and skin plaques only occur in
less than 10% of infected donkevs, The
sperm and the vaginal discharge are very
virulent and donkeys therefore are a con-
rinuous reservoir of the pathogen.

Geographic distribution: North {Mediterrane-
an coast) and South Africa, Middle East
and South America.

Symptoms: Clinical signs develop over weeks
or months. Early signs include mucopuru-
lent discharge from the urethra in stallions
and from the vagina in Mares, followed |'.i}'
oedema of the gentalia. Later characteris-
tic circular, raised, itching plagues 2-10cm
in diameter appear on the skin and infece-
ed horses become progressively emaciared.
Paralysis occurs in the terminal phase,
accompanied by intense emacianion and
[I-I:'I:IEI'I'I.H f}l'. [hl;' |nw::r T?i'lrl'!-i I::I'F TI'IL' hi]d}'.
Mortality in untreated cases is 30=70%.

Significance: T. equiperdum causes the most
important venereal disease in horses and is
responsible for grear losses wherever it
CROCLEITS,

Diagnosis: Demonstration of the trypano-
somes from the urethral or vaginal dis-
charges, the skin plagues or the peripheral
bload is generally not possible, although
centrifugation of these fluids may help o
find the pathogens. The clinical disease is
tvpical in endemic areas to allow diagno-
sis, Infected animals can be detected with
the complement fixation test but cross
reaction with T, eransi and T, brucer are
commaoid. In endemic areas infected horses
should be rreared.

Therapy: Quinapyramine sulfare {3-3 mg/kg,
sc.) is one of the few compounds etfecnive
against T, egriperdun. In many countries
chemotherapy is prohibited and serict bor-
der controls are required before introduc-
Mg e uines,

Prophylaxis: In endemic areas effecrive pro-
phylaxis is not feasible. Infected horses
transmit the disease during coitus. Don-
kevs act as reservoir hosts withour clinical
signs. Eradication is only possible it a sorict
control of all imported horses and breed-
ing can be carried out and stray horses can
be eliminared.

{Figures 103, 444, 453, 454, Table 6)

oedematous swelling
|

plaqgue

Fig, 453 Oedema of the genitalia and skin plaques
associated with Dourine [ Tryparasoma equiper-
dum infection) [37]
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W 3 Stages in the urogenital system

Fig. 454 Oedematous swellings of the pracputium
due to Trypanosoma equiperdum infection (don-
key) [4]

Klossiella equi

Remarks: This species occurs world-wide in
tht ]'Ei.dnf}'!i ‘I.:I:I'- I'I.E]TEi'}:!n.'1 Lllill'lkt":f'!'i H.J'III'J II:I'.ITE.'-i.
Thin-shelled oocysrs (30-100pm in diam-
eter) may incidentally be found in the epi-
thelial cells of the loop of Henle. These
cocysts contain 40-60 sporocysts (4-6
6—10 pm) with 10-15 sporozoites each.
Sporocysts are passed in the urine and may
be discovered in the sediment. K. egui are
generally regarded as nonpathogenic,

(Figure 453)

Fig. 435 Klossiella eguiz (a) infected kidney cell

1 50=10H) prn in diameter] comtaiming sporocyses
and [b) sporocyst (4=6 ¥ 6=10 pm] excreted with
the urine, NH = nucleus of host cell, N = nucleus
of parasite, E = developing sporocyvst, EZ = endo-
thelial cell, %W = wall of the sporocyse, BB = resi-
dual bod, BM = basal membrane, PV = parasito-
phorous vacuole and 5 = sorozoite 7]
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4.1 Locomotory system

4.1.7 Muscles

PROTOZOA

Sarcocystis bevtrami, 5, equicanis and 5. faveri

Locanon: Sarcocysts are found in the heart,
diaphragm and other muscles

Hosts: Horse and donkey

Species deseription: 8. Dertrami, 5. equicanis
and 8. fayeri are described as equine spe-
cies and it seems that the dog acts as final
host, The origin and general life eyele of
Sarcocystis spp. 15 imperfectly understood.
8. nenrona 15 a recently described new spe-
cies the lite cycle of which is sull unknown.

Geographic distribution: World-wide

Symptoms: Sarcocystis spp. of horses are only
mildly pathogenic. Slight fever, anaemia
may occur in the acure phase of infection
while chronic infection may cause a mulei-
tocal granulomatous myositis.

Significance: Sarcocystis spp. in horses is very
common and compared to those species
tound in cattle and small ruminants only
mildly pathogenic (== Carrie, B4.1.1).

Diagnosis: Muscle cyses {up o 10 mm in
lengeh) may  be found. These whirish
streaks are embedded in the muscles and
divided into compartments, packed with
banana-shaped parasitic cells.

Therapy: Unknown

Prophylaxis: Uncooked horse meat fed to dogs
and probably to other camivores closes the
life eycle of equine Sarcocystis spp.

Taxoplasma gondii

Remarks: T. gondii can infect virtally all
warm-blooded animals, Only Felidae can
act as definite hosts. Infection rakes place
by ingestion of sporulated oocyses. Horses
can become infected by eaung herbage con-
raminated with cat faeces or by accidental-
Iy ingesting tissues of infected rodents. The
prevalence of infecrion is usually high
{= 30%) bur clinical disease areributable to
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B 4 Slages i mlernal oroans

this parasite 15 rare. However, in the mus-
cle cells of horse tissue cysts of T. pondii
are found (&= Swixe, B4.1).

4.1.2 Tendaons

HELMIN I H5

* Mematoda larvae and adult nematodes
found in the tendons

Onchocerca cervicalis
Muchal hgament worm

Location: Ligamentum nuchae

Hosts: Horse and donkey

Species deseription: The male 15 6=7 cm long
and the female up to 30 cm. The microfi-
lariae are 200-240 pm in length and 4-3
pm in diamerer, unsheathed and with a
shore tail. Microfilariae are found in the
skin of the ventral midline. Intermediare
hosts are biting midges (Culicoides nulrec-
ulosns and other Culicoides spp.).

Geographic distribution: World-wide

Significance: Adulr C). cervicalts parasites are
non-pathopenic and cause little reaction.
Microfilariac may cause dermanitis.

(Figures 432, 456, 457
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Fig. 436 Chclocerea cerreadss anerior emd (770, tail
end of a male {78), posterior end of a female (79),
curicular srrearicn [ B mntles aee 6-7 em I‘:""P.- ared
females are up o 30 cm long [40]
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Fur. 437 Muoast dermatitis and loss of tal hair due
w0 Dnchocerca cervicalis

Onchocerca reticulata Ligament worm

Location: Connective tissue of the flexor ren-
dons and the suspensory ligament of the
fetlock, mainly the foreleg.

Huosts: Horse and donkey

Species descriprion: Microfilariae occur in the
skin on either side of the linea alba and
cause a dermatitis during the acnvity peri-
aod of the intermediate host [ Crlicoides
nubeculosius and other Culicoides spp.).
They measure 3530-370 pm and possess a

long whiplash-like tail.

Geographic distribution: World-wide

Significance: Chronic inflammanons and cal-
cifications may cause lameness. Microfilar-
iae may cause dermatitis.

(Figures 452, 454, 459

i
(]

1

Fi. 458 Cnchocerca reticielata; adult worms in the
cissue of the flexor rendons and assocated dssue
[13]



Fig. 4539 Owehocerca reticnlata; tendon of the mus-
culus mnterosseus with multiple sections of the
adule worms {hisrological section)

Onchocerca raillieti

Location: Adults occur in the cervical liga-
ment, subcutaneous cysts on the penis and
i the perimuscular connective tissue.

Hosts: Donkey

Species deseription: Very little is known about
this parasite,

Geographic distribution: Africa

Significance: Adult parasites are non-patho-
EEMIC.

*  General features of O. cervicalis, O, reti-
crlata and O, raillieti

Sigmificance: Adult parasites of O. cervicalis
and ©). raillieti are non-pathogenic and
cause few problems. However, (. reticn-
fata infections in the flexor tendons and
suspensory ligament may be associated
with lameness. A seasonal, sporadic der-
matitis 15 known to occur in many parts of
the world due ro the presence of microfi-
lariae. The reaction may be induced by
both the microfilariae (dead and dying
ones) inm the dermis and the bites of the
insects (hypersensiciviey to midge bires).
Microfilariae also accumulate in the eyes
of horses but there is still some debare
abour their role in the pathogencsis of
equine uveitis. Onchocerca infections are
often accompanied by depigmentation of

the bulbar comjunctiva. Other lesions of
onchocercosis involve the cornea and
include oedema and puncrare or streaking
types of opacities of the stroma, superficial
erosions and sclerosing keratiris,

Symproms: Adule parasites cause lietle symp-

toms. Calcifications in the connecrive tis-
sue (caused by dead parasites) may be
found without clinical symptoms. Lame-
ness due o O reficulata infections may
OCCUT,
Papular or exudative dermatiris with alo-
precia and pruritus due to microfilariae
{“summer mange”, allergic “dermaritis™)
15 a well-known entity associared with
Onchocerca infections.

Dhiagnosis: The diagnosis of Onchocerca-asso-
ciared dermariris may be based on the good
responsiveness to microfilaricidal treat-
ment. Microfilariae can be found by a full-
thickness skin biopsy = 6 mm. The tissue is
macerated in isotonic saline for several
hours. Microfilariae are concentrated and
stamed with methylene blue after removal
of skin pieces. Microfilarae can be differ-
entiated microscopically from Setaria spp.
which occur in the blood and possess a
sheath around the larvae.

Therapy: No treatment is effective against the
adults. lvermectin (200 pefkg, sc.) is effica-
cious (> 99%) agamst microfilariae and
produces marked climical improvement in
horses with onchocercal dermatitis. A sin-
EIE l:'lr'ﬂl i,‘l.[]ﬁ..."l!._’,_l'_' ﬂlf iw:rrm,':;ﬁn .‘i-I'I:[}“'L‘{L
marked clinical Improvement within 1=2
weeks after trearment and the Omchocerca
spp. microfilariae disappeared within chis
time, The presence of O ceredealis micro-
filariae in the skin of horses is not always
associated with dermatitis, but where der-
matinis occurs, it can be rreared successful-
Iv with ivermecnin, Diethvlcarbamazine
i15-8 mg/kg, sc.) for 21 days is effecrive
agamst microfilariae.

Prophvlaxis: Generally not indicated. Insecn-
cidal spravs and repellents may reduce the
attacks by biting midges.

(Figures 452, 460, 461, 462, 463)
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W 4 Stages in internal organs

Fige, 460 Oerelocerca sp.g adult convolured
parasite. The worm is up o 30 cm long and found
mleryy iI'II.'I.I ‘I'Ir'ill.l!."h |||1' LA C e |i‘1"¢|||."'¢ iIIH.I il

be solted by arcificial digestion |37

Fig. 461 Onchocerca
spe associated momst
dermarinis {horse)

Fig, 462 Onchocerca
sp. associated derm-
tigis |41
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Fig. 463 Microfilariae of Onchogerca sp, found
in the subcuraneous ossue of a horse (histological
section) |41

4.2 Liver

HELMINTHS

* Trematoda found in the liver

Fasciola gigantica v« Carrie, 4.2
Fasciola hepatica v Carrie, 4.2
Dicrocoelinm dendriticam v Catrie, B 4.2

* Cestoda found in the liver

Remarks: Larvae of the canine tapeworm Tae-
nig bydatigena occasionally also occurs in
equines (¥ CaTrie, B 4.2 and 4.4 and SHEEP
AND GoaTs, 4.2 and 4.4).

Hydarid cysts {larvae) of the canine rapeworm
Echinococcns Il;mmn'r.lsui are often Found in the
liver of horses (s# CaTroe, W4.2).

{Figure 464}

Fig. 464 Hvdand cysts of Echiwococens gramelosis
forund 1 the liver of a haorse



+« Nematoda found in the liver

Capillaria hepatica

Remarks: Occasionally the parasite is found in
the liver of horses, It deposics its eggs inthe
liver parenchyma where they produce gra-
nuloma and fibrosis. C. bepatica is com-
mon in rodents but may occur from nme
to time in a variery of other hoses includ-
ing horse and man. C. bepatica very rarely
causes discase in horses,

Parascaris equortm

Remarks: Larvae are rransient visitors in the
liver during their migration from the intes-
tine to the hearr, They may cause “whire
spots™ which are seen ar necropsy (e
Horses anp DoNgEYs, 1)

Stromgylus edentatus and Strongylus equinus

Remarks: Fourth-stage larvae of these nema-
rodes may cause nodules and tracts during
their migratory period in the liver [
HoRrSES AND DONKEYS, 1]

4.3 Respiratory system

HELMINTHS

* Cestoda found in the respiratory system

Echinococens granulosus

Remarks: Larvae (hydarid cysrs) of the canine
rapeworin E, grassloses may also be found
in the lungs of equines (v Carree, B 4.2
and e HoRsgs anp DONKEYS, B 4.2}

= Nematoda found in the respiratory
system

Dyietyocardus amfieldi Equine lungworm

Lacation: Broncht and bronchioles
Hosts: Donkey and horse

Species deseription: D). arafields has a direct
life |'_":|-'L']t'. The ingt.'.'n:rj larvae penetrate the
intestine and reach the lungs via the circu-
latory system. In the lungs they break
through the blood vessels into the bronchi
and develop to adults. The prepatent peri-
ol is 5-6 weeks. [ arnfieldi s very prev-
alent in donkevs and other equines and rel-
arively rare in horses. Donkeys are often
carriers and thus a risk for horses kepr in
the same environment.

Geographic distribution: World-wide, pareic-
ularly in areas with heavy rainfall

Symptoms: Severe coughing, loss of apperire,
chronic pneumonia, pulmonary oedema,
secondary  bacrerial  infections.  Heavy
mfections may cause death, particularly in
foals.

Significance: Donkeys are commaon hosts and
sympromless carriers who constimre a res-
ervoir of infection for horses, D, arnffelds
does no damage if onlv a few are present,
but large numbers can cause dearth,
Probhlems arise when horses and donkeys
are kept together, especially in warm,
humid areas and where hygiene 15 poor.

Diagnosis: [dennfication of embryvonared eggs
in fresh or larvae in older Faeces and tra-
cheal mucus; clinical signs in the infecred
horses.

Therapy: Levamisole {1 x 5 mg'kg, im.) twice,
3 weeks apart, mebendazole (20 mp'ke,
po.)on hive consecutive days, fenbendazole
{50 mgfkg, poob are eHective against 1), arn-
fieldi, Ivermectin oral paste (0.2 mgfke) is
highly effective against D, arnfieldi adules
and tourth-stage larvae.

Prophylaxis: Regular treatment of bath hors-
es and donkeys if they are kepr together.
The treatment scheme agamst the other
“horse strongvles™ is also effecrive against
D arnfieldi. 1f possible, horses and don-
kevs should be kepr on different pastures.
Removal of faeces ar the feeding place is
IMpartant.

(Figure 432, 465)
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Fig. 465 Dicryocanius arnfieldi; adulr parasites in
the trachea female: 3.8=8.5 cm, male: 2.6=4.3 cm

14}

Habronema spp.

Remarks: Larvae may occasionally occur in
the lungs (&= HORSES AND DONKEYS, & 1),

ARTHROPMODS

* Insecta larvae found in the respiratory
system

RIvinoestris prrpureus

Remarks: Life cvcle similar to those of the genus
Olestras. Larval stages are obligatory para-
sites of horses and mules in tropical Africa.
Larvae are deposited by the adule fly in
barches of 8B—40 into the nostrils or eves, The
larvae crawl into the nasal cavity where they
remain for several months before moving to
the sinuses where they mamre. They cause
obstrucrion, irritanon  and  sneezing (&
SHEFP ANDGOATS, © 4.3 p. 183, Figure 489],

4.4 Abdominal cavity

HELMINTHS

= Cestoda found in the abdominal cavity

E‘;p.s.rf.:erms tenwcicollis

Remarks: The larval stage of the canine ape-
warm Taemia f}j.'.i.rrﬁgﬂna May. somerimes

240

be found as long-necked cysts anached 1o
the omentum, ntestinal mesentery and
serosal surface of abdominal organs (e
SHEEP AND GoaTs, B 4.4),

« MNematoda found in the abdominal
cavity

Setaria equina Fquine abdominal worm

Location: Adult worms in the abdominal cav-
ity and very rarely as aberrant worms in
other parts of the body (lungs, eves).
Microfilariae occur in the blood.

Hosts: Horse and donkey

Species description: Microfilariae produced by
adult worms are ingested by mosquitocs
{Aedes Spp- and Culex spp.} where ‘tl‘l{:}"
develop within two weeks. When mosqui-
roes teed again on horses the infecrive lar-
vae are re-injected, Adult males reach § cm
in length and females 13 cm. The head end
shows typical peribuccal prominences.
Microfilariae are shearhed and 190-254
pm n length (Figure 452).

Geographic distribution: World-wide

Symptoms: Generally no symproms are seen
except when worms (mainly microfilariac)
are present in the eves causing blindness.

Significance: Adule Setarta equina in the
abdominal cavity are  non-pathogenic.
Very rarely larvae may migrate to the ante-
rior chamber of the eves or to the brain and
spinal cord where they cause damage.

Diagnosis: Detection of sheathed microfilariae
in the bloodsmear.

Therapy: Is generally not indicated. There 15
no therapy yver against adult Setaria, Die-
thylcarbamazine (40 mg'kg, po.) given for
1-3 days or ivermectin (0.2 mp/kg, sc.) are
partially etfecrive against microfilariae.

Prophylaxis: Setaria control is closely associar-
ed 1o mosquite control. Topical insecri-
cides may be useful 1o reduce mosquito
hites.

(Figures 466, 467, 468)



Fig. 466 Setaria sp.; coiled rail end {males reach
8 cmoam lengeh and females 13 cm)

Fig. 467 Setaria equina; adult; anterior end with
tvpical peribuccal prominences

Fig. 468 Setaria eguma; anterior end (73 and T4
and posterior end of a male (75}, posterior end of
a female (76) [40]

Strongylus edentatus and Strongylus equinus

Remarks: Fifth-stage larvae may occasionally
be found during their migration subserous
or within the abdominal cavity (v Horses
AND DONKEYS, 1).

4.5 Central nervous system

PROTOZOA

Sarcocvstiz newrona

Remarks: This is an apicomplexan parasite
which is associated with myeloencephalitis
in horses. Only asexual stages of this par-
asite presently are known, and they are
found within neuronal cells and leukocytes
of the brain and spinal cord. The parasite
is located in the host cell cyroplasm, does
not have a parasitophorous vacuole, and
divides by endopolvgeny. Schizonts are
5-35 pm = 5-20 pm and contain 440
merozoites arranged in a rosette around a
prominent residual body. Merozoites are
approximately 4 % 1 pm, have a central
nucleus, and lack rhoptries. Schizonts and
merozoites react with Sarcocystis cruzs
antiserum bur nor with Caryospora big-
enetica, Toxoplasma gondii, Hammondia
bammondi or Neospora caninam antisera
in an immunchistochemical rest.

Toxoplasma gondii

Remarks: T. gondii tissue cysts may also be
found in the brain and spinal cord of hors-
es. Infection is acquired by ingesting spor-
ulared cocysts (# HORSES AND DONKEYS,
W4.1.] and o= Swiwe, B4.1)

MNeospora canimnum

Remarks: N. caninum tissue cvsts were also
found in the central nervous system of
equines (& Horses aND DoxNkeys, B 3
and o Catrie, B 4.6)
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HELMINTHS

* (estoda cysts found in the central
nervous system

Echinococcus granulosus

—_—

Remarks: Larvae (hyvdatid cvsts) of the canine
tapeworm  E. gramulosuws may also be
found in the brain of equines (v CATTLE,
W 4.2 and vr Horses Axp DoNREYS, B4.2),

Coenurus cerebralis

Larvae of the canine tapeworm Tacmia sl ii-
cops may also be found in the bramm of euines
jE= SHEEF AND Goatrs, Il 4.6,
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5.1 5kin and coat

PROTOZ0OA

Besnoitia benmetti

Location: The cysts of this parasite ocour in
subdermal connective tissue of horses,

Hosts: Horse and donkey

Species description: The morphology and hife-
cvele is essennially the same as tor B,
fiesnoiti of cartle, although the defiminve
host is unknown,

Geographic  distribution:
Europe, South America

Symproms: General thickening of the skin, loss
of hair and scurfy appearance, The diseasc

Africa, southern

has a chronic course (7-% weeks) and pro-
gressive weakness in infected animals may
OCCU,

Signihicance: B. bewmetfi may account for a
chronic, deplening skin disease of horses in
sOME parts of Africa.

Diagnosis, Therapy and Prophylaxis: (v
Carrie, B 5.1 B, besnonis)
i Figure 469

Fig. 46% Besmoutia benneits; subcutaneans cvst jup

tea B0 o i doameter) with several thousands of

cystozoites |histological secrion)

HELMINTHS

= Nematoda found in the skin

Third-stape larvae of Draschia miegastona
isvn. Habrosema megastoma) and

Habronema spp. Larvae of equine stomach
WIOETTNSD SLIITTIMCT S0PCS, CUEAMNCGLS or ocular

habronemosis

Location: Third-stage larvae of Habronema
spp- are found in non-healing skin wounds,
Adult worms are found in the stomach
(e2 HORSES AND DONKEYS, 1)

Species descriprion: Larvae of the spiruroid
worms Habrarenea spp, which are depos-
ited imexisting wounds by infected flies
IMusca domrestica and  Stomoxys  calci-
trams) cause a granulomatous dermatits
which delavs healing. Larvae deposited in
the wounds magrate and feed, exwending
the wound and preventing healing. [Flicked
by the host the larvae mature in the stom-
ach.

Geographic distribunion: World-wide

Symptoms: Typical skin wounds (ocular and
cutancous habronemosis) which are not
healing and which contain larvae, These
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Fig. 470 Cutancous habronemosis (summer sores)

136]

wounds tend to heal spontaneously during
the period when flies are inacrive (winter,
dry season) but often recur in subsequent
seasons when fly acrivity starts again (sum-
MEr, Wel Seascn ).

Diagnosis: Adult worms mayv be tound during
postmortem examinations (#5 HORSES AND
DonkEYs, 1) Ova or larvae in the faec-
s are diagnostic but are casily overlooked.
Non-healing, reddish brown, greasy skin
granuloma that conrain rice-grain-sized,
calcified marerial is indicative for cutane-
ous habronemosis. Larvae are recognized
by their spiny knobs on their tails, in lesion
scrapings are indicative of ocular or cuta-
neous habronemosis,

Therapy: Two injections of ivermectin (200
pefke, im.) cured the cutaneous lesions
caused by third-stage larvae of Habronema
spp.. A insecnicide  (lindane)  ointment
should afterwards be applied to the wound
to prevent reinfection.

Trichlorton (25 mg/ke, iv.) administered in
I | isotonic saline solution cured summer
sores within 30 days. Premedication with
atropin was necessary. Organophosphates
tcoumaphos, dichlorvos, crotoxyphos +
dichlorvos, lindane) applied topically to
the abraded surface may kill the larvae.
Insect repellents may reduce rransmission

by tlies.
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Prophvlaxis: Fly prevennion by stacking
manure  and using  insecricides.  Skin
wounds should be treated with fly repel-
lents {cirronella oil, diethyvlroluamide and
di::t]'l}'| phtalnn:'ll. ('.}'Tn:rmr:thrin (1 2%
solunion, using 150-250 ml per amimal)
and pyrethrins (0.01% ) are highly effective
(£R] I'.'“I'II'I'UI I'-I'il:'!'i (811 ] J'l[J]'!'iE.‘i.-

(Figures 470, 471)

Fig. 471 Cutancous habronemosis; typical lesions
on the coronary border

Parafilaria multipapillosa

“eummer hlr:n:dinE“

Location: Adult worms are found in subcuta-
neous nodules, The haemorrhagic exu-
dates of these nodules contain eggs and lar-
Yac.

Species description: Subcutaneous nodules,
containing 3-7 cm long filarial worms,
which break open and ooze blood., Blood-
sucking flies (Haematobia atripalpis and
other Haematobia spp.) act as intermedi-
are hosts,

Geographic distribution: North Africa, eastern
and southern Europe, Asia and South
Aamerica

Symptoms: Subcutaneous nodules, particular-
ly on the head and upper forequarters,
which appear suddenly, break open, bleed
and then heal up during the winter or dry
season to re-appear the following season.

Significance: The nodules may interfere with
the harness of working horses but are gen-
erally of little consequence,



Diagnosis: MNodules in the skin, transient
haemorrhage with eggs and unsheathed
microfilariae in the exudate. The micro-
filariae are less than 200 pm long and have
a rounded posterior exoremiry,

Therapy: No satisfactory treatment is available.
Meerifonate (4-6 = 35 mg/kg, daily) and die-
thylcarbamazine { 10-20 = 6-8 mgke, dai-
Iyi but alse fenbendazole {5 = 30 mg'kg, po.)
anre lj'l.'hl..'!'jl'l'l'."'l'.l £k i'.l'l'_' l.'I!i.l.'ll'J I:U[' freatment |.'|l.'|T
with a moderate success.

Prophylaxis: Flyv control may reduce the ina-
dence.

(Figures 452, 472, 473, 474, 475)

Fig. 472 "Summer bleeding™ due to Parafilaria
ealtapraprillosa; bleeding wound on the withers

Fig. 473 “Summer bleeding™ due vo Parafilaria
mltipapillosa; bleeding wound

Fig. 474 Parafilaria maltipapillosa; anterior end
with vulva (val and boecal npl:'ni::g WINE

Fig. 475 Parafilaria multpapilloss; eges
(32=-58 = 24=33 pm) contaming a microfilara [9]

Onchocerca cervicalis Muchal higamen worm

Ornclrocerca reticulata Ligament worm

Remarks: The adult worms in ligaments cause
swelling, calcificarion and pain, and the
microfilariae may affect the cornea of the
eve. Microfilariae concentrare in skin of
the ventral midline, along the linea alba.
Microfilariae can be found in horses with
dermariris of the face, neck, chesr, withers,
forelegs and abdomen. These lesions often
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include areas of scale, crusts, ulceration,
alopecia and depigmentations and may be
pruricic. An immunological reaction o
dead or dving microfilariae may be
invelved in the pathogenesis of this type of
dermatitis. Treatment with microfilaric-
dal drugs usuvally dramatically improves
the condition, although the pathogenesis is
not fully understood. Allergic reactions to
the bites of small flies may produce similar
torms of dermatitis and exacerbate micro-
filaria-associated dermatitis. The diagnosis
of Onchocerca-associated dermatitis may
therefore be based on responsiveness to
microfilaricidal trearment. Large numbers
of microfilariae can also be found in hors-
es withour dermatitis,

). cervicalis has been associared with poll
evil, fistulous withers and eguine uveitis,
but because of the presence of large num-
bers of the parasite in horses without these
conditions, there is some debate abour its
role in the pathopenesis of these diseases
(o Horsis awn Dosgrys, 4,120,

Bk 2|

Fip. 476 Moist dermanns associated with the
lacrimal duce. Masses of microfilariae were
found in the wound | 58]

246

Fig. 477 Fistulous withers may be caused by
Onchocerca cervicalis |37)

Diagnosis, Therapy and Prophylaxis: == Hon-
SES AND DORNKEYS, Il 4.1.2
(Figures 432, 476, 477)

ARTHROPODS

Arthropods are divided into two main groups:

Arachnida (arachnids) including:
- Ticks
= Mites

Insecta including:
— Lice
— Fleas
- Dvipterida

* Arachnida found infon the skin

- Ticks
e CaTTiE, 5. 1)

Ticks may provoke disease in three different
Ir'llq.l.}.!'i:

»  Direct noxious effects

Heavy nck infestanions cause irritation of the
skin with subsequent ulceration and secondary
infection. The wounds are attracted by screw-
worms and other flies and myiasis may devel-
op. The presence of large numbers of ncks is
associated with anaemia and annovance and
animals become anxious and restless,

In horses nicks of the following genera have a
direct noxious effect:



IXODIDAE (“hard ticks™)

Anhlyvomma spp. (A, variegatun and

AL colraerens)

Boopbilus spp.

Dermacentor spp.

Hyalomma spp.

Ixodes spp.

Rivipicephalus spp. (R, appendiculatus,
R. evertst, R, bursa, R, parvus and
R. prelchellus)

ARGASIDAE ("soft ticks™)
(Molrius megnind Spinose ear tick

&= Transmission of discases

One of the most damaging effects of ticks is ther
abiliry to transmir diseases to their hosrs, Some
of these diseases are serious with faral conse-
guences. Transovarian transmission from one
tick generation to another via the cggs is pos-
sible and aids ro spread our the disease.

Babesia egqui Equine biliary tever

Remarks: B, egud is transmitted by Rinpicepl-
alus evertsi (South Africa), R. sangrinens
iNorth Africa)l and K. pulchellus (East
Africa), Hyalomma dromedarii and H. det-
ritien (North Africal. Otobius megnin 1s
suspecred to rransmit B. egui in Madagas-
car (= Honrse axD DoNKEYS, B 2],

(Figure 4/78)

Fig. 478 Khipicepbains prlcbellies; male |5)

Babesia caballi

Remarks: B, caballi is transmirted by REbipi-
cephalus evertsi and R, bursa (South Afri-
cal, R. sanginens, H. dromedars and H.
excarainn {Morth Africal and M. nargi-
matum rufipes { Africa south of the Sahara),

Borrelia theileri Spirochaetosis

Remarks: B. thetlert s transmirted in South
Africa by Boophilug decoloratus (the com-
mon blue nick) and Rinpicephalus everts:
{the red-legged rick) and Hyvalomena dromns-
edarii (North Africal.

#  Tick Toxicoses

Tick paralysis

43 tick species belonging o 10 genera are
known to induce tick paralysis in man and a
variety of mammals. These ticks are capable of
releasimg a toxm mto the host which cavses a
condition associated with progressive, ascend-
ing, afebrile, svmmerrical paralysis, wich hind
legs being affecred first followed by the fore-
leps. Animals may die. Paralysis is relieved if
ticks are removed i oime. Most of domestic
animals appear to be susceptible to tick paral-

VIS,

:'l.l.ul.l.l'}'um.um SPP-. Ixiades spp. and Dermacen-
tor spp. in particular are capable of causing
tick paralysis in horses.

Sweating sickness

An acute, febrile tick-borne toxicosis charac-
terized by a profuse and moist eczema hyper-
aemia of the skin and visible mucous mem-
branes. Watering of the eves and nose, saliva
nion and an exrremely sensitive skin with a sour
adour are other typical signs of sweating sick-
ness, Eventually the skin becomes cracked and
predisposed o secondary  infections  {ingl,
screwworm and myiasis). Often the course 15
acute and death mav occur within a few davs.
In less acure cases FECOVEDY IMay ocour.
Sweating sickness is mamly a disease of young
calves bur also sheep in castern, central and
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southern Africa. The causabive agent are cer-
tain strains of Hyalomsa francation which
produce an epitheliorropic toxin. Calf mortal-
ity may reach 70%.

Symptoms: Generalized hyvperacmia with sub-
seqquent desquamation of the superficial
lavers of the mucous membranes of the
upper respiratory, gastrointesninal and
external genital tracts and protuse moist
dermatins. For diagnosis it is essential to
determine the presence of the vector. Clin-
ical signs appear 4=11 days afrer the tick
bire.

Prophylaxis: Control of nick infestations is the
only effective measure, Removal of ricks,
sympromarnc rrearment and good nursing
are indicated,

General toxicosis

Tick roxicosis is a general aggravaton of the
toxic eftect of the parasite’s saliva, Certain tox-
ins have a suppressive effect on the immune
svstem of the host and occasionally this may
reactivare chronic infections (e.g. Babesia spp.
and Amaplasma spp. during Rbpeceplalus
appendiculatus (hrown ear tick) infecrions).
Toxicosis, associated with general disorders
occurs with Ormithodorus savigeyi (sand tam-
pan) ] young calves and lambs, tEFtCi.EI.l'_I.'
when there are many bites. Animals show cura-
neous oedema, haemorrhage, rapidly pro-
gressing weakness and prostratnon. Death can
occur within & hours, Toxicosis mav occur in
recumbent animals, during rest.

* Descripuion of ricks affecting equines

IXODIDAE (“hard ticks"™)

Ameblyomma spp.
Banprhilus spp.
Diermacentor spp.
Hyalomma spp.
Ixodes spp.
Riripicephalus spp.

A HE]'H.‘IE.I dl:}i.c:ri}'rtiun of each Eenus 15 made
in CATTLE, W 5.1
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¢  General features of horse tick infestations

Significance: Members of these genera arc
important tor horses, Ticks are of high eco-
nomic sigmificance for horses in tropical
and subtropical regions. Heavy intesta-
tions cause great debilication. Some species
transmit diseases one of which is equine
babesiosis which s accompanied by high
mortality, Wounds lefr from rick bires are
susceptible to addinional artacks by various
biring and calliphorine flies {myiasis).

Symptoms: Infested horses ich, bie and
scratch, causing other skin wounds (self-
trauma} which become infecred. Anaemia,
loss of apperite and  weighe loss are
observed in heavy infestanions. Tick paral-
vais caused by certain tick species (see
above) can be Fatal within several days if
the parasites are not removed.

Diagnosis: ldentification of adult ncks tound
on the host amimal.

Therapy and Prophylaxis: = below THERAPY
AND PROPHYLAXIS OF ECTOPARASITES, P
257,

ARGASIDAE (“soft ticks")

Otobius megnini Spinosc car tick

Locaton: Larvae and nymphs feed deep in the
external ear canal. Adults are non-parasit-
i and live on the ground.

Hosts: Horse, donkey, mule, carcle, sheep and
goat

Species description: One-host tick. Free-living
adult females lav eges on the ground which
hatch within 3 weeks. Larvae and nymphs
live and feed on one host for up o 7
months. Infestarions of this species usually
build up in kraals and stables, where the
host densities are high. 0. megnini can per-
sisf in empty kraals and stables for more
than 2 years.

Geographic distribution: Arid and semi-arid
areas of South Africa, and South West Af-
rica

Symptoms: Infested horses conti n|.:|n-|.|5|].' shake
their heads. Loss of appetite, debilitation



and anaemia may be present. Irritation in
the ear associated with secondary infec-
nons (incl. myiasis) may dominate the clin-
ical picture. Rarely the middle and inner
ear are also affected after perforation of the
tvmpanic membrane.

Sigmificance: Heavy infestations cause otits
externa, grear annovance and blood loss.
O mregrint 1s an important tick of horses
i some parts of Africa.

Diagnosis: Ticks may be found by swabbing
the ear or by direct inspection of heavily
infected ears.

Therapy and Prophylaxis: &5 helow THERAPY
AND PROPHYLAXIS OF ECTOPARASITES, p. 257
and v CatTir, B 5.1.

= Mites

Chorioprtes equi lechy leg mite

Location: Lower legs and feer, especially on the
hind legs: horses with long hairs on the fer-
locks are particularly susceptible.

Hosts: Horse, donkey and mule

Fig. 479 Chorioptes equi; affected leg (posterior
view) [15]

Species descriprion: Chorrofites mites puncture
the skin and suck lymph fluid. The mites
can survive off the host for abour 3 weeks.

Geographic distribution: World-wide

Symptoms: Chonopric mange mices irritare the
skin. The serum aoozes and dries o cruses
and scabs. These lesions are itching and
infested horses bite, scrarch and stamp.

Significance: Infestations are not usually severe
bur mav persist for a long nime.

Diagnosis: Demonstranon of mites in skin
scrapings taken from the edge of rhe
lesions.

Therapy and Prophylaxis: e« Cariie, B 5.1
and below THERAPY AND PROFHYLAXIS OF
ECTOPARASITES, p. 257

{Figure 479}

Psoroptes equi Scab mire, equine body mire

Location: Areas of thick hair such as neck and
base of the tail of horses are preferred by
Psoroptes equi. Although infections may
spread over the entire body surface the dis-
edse 15 N0 as serious as in sheep.

Hosts: Horse, donkey and mule

Species description: Psoropres mites puncture
the skin and suck lymph fluid and can sur-
vive off the host for about 2=3 weeks,

Geographic distribution: Waorld-wide

Symptoms: Intense itching, and scratching, fol-
lovweed by hair loss and skin erauma which may
be secondarily infecred. Severe infestations
cause anorexia, emacianon and anaemia,

Significance: Psoroptic  mange  is
observed. Heavy infestations cause severe
dehilitation.

Diagnosis: Demonsctration of mires in skin
scrapings taken from the edge of the

rarely

lesions.
Therapy and Prophylaxis: = below Turmary
AND FPROPHYLAXIES OF ECTOFMARASITES, p. 257

Psoropites bippopotis

Remarks: Psoropies Bippopotis occurs in ears
of horses and mules. Its own signiticance is
still under discussion.
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Sarcoptes equi Common mange mite,

Demaodex equi Demodectic mange

SArCOPLC mange

Location: Sarcopies mites prefer the head, the
neck and the shoulders. Unereated infesta-
tions may spread over the entire body sur-
face.

Hosts: Horse, donkey and mule

Species description: These mites can only sur-
vive a few days off the host, as they are
highly susceptible o dryness. All stages
occur in skin runnels which may be exrend-
ed over the entire skin of the host, The fecd-
ing and bu TIOWINg :JF.‘LIF::J;HEE mites cause
great arrtation and itching, producing
lesions with exudate which may become
Crusts,

Geographic distribution: World-wide

Symptoms: Infected horses bite and scrarch.
Chrome  infestarions thickened,
wrinkled skin as a resulr of progressive

cause

proliferation of subcutaneous connective
TIssye,

Significance: Sarcoptic mange in horses is the
mast severe type but not very commaon, but
it can cause much damage if allowed o
spread out within a population.

Diagnosis: Demonstration of mites in skin
scrapings collected from the damaged ar-
eas until the moist lavers of skin are
reached.

Therapy and Prophylaxis: ¥ below THERAMY
AND PROPHYLAXES OF ECTOPARASITES, p. 257

i Figure 480

Fig. 480 Sarcopres eque inlestation [4)
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Location: The mites live in the hair follicles and
the sebaceous glands

Hosrs: Horse

Species description: Desmrodex mites are cigar-
shaped organisms which are known to be
able to live on their host in harmony. Only
if the host's immune system is affecred they
may cause severe skin lesions.

Geographic distribution: World-wide

Symptroms: [, egui infestations produce pap-
ules and ulcers, particularly around the
eves and on the forchead. Subscquently the
lesions spread to the shoulders and finally
over the entire bady. The affecred body is
covered with scales. There s no pruritus.

Significance: 1. equi is seldom diagnosed in
|'|.I:]T!-il'_'.‘i..

Diagnosis: Demonstration of the mites in the
hair follicles and the sehaceous glands.
Therapy and Prophylaxis: There is no satisfac-

tory treatment. Prophylaxis is unknown.

¢ Control of mite infestations in horses

Most organophosphates are effective against
mange mite infections in horses. Acaricides are
applied by spraving, rubbing or dipping (for
application maode, see below). For groups of
animals dipping 15 the most convenient and
effective method, Permethrin spray (0.05%)
but also other pyrethroids are effective. Flu-
methrin (0.005%) 15 effective against chor-
optic mange in horses. Ivermectin (0.2 mg/kg,
sc. ) 15 highly etfective agamnst Sarcoptes mange
and to a lesser extent against Psorofrtes mange.
All the tools {e.g. curry-combs, etc.) in infest-
ed stables should also be washed with an acar-
icide to avoid transmission,

* |nsecta found on the skin
= Lice
MALLOPHAGA Chewing Lice

Werneckiella equi equi (syn. Damalinia
equi) Biting louse of horses




Werneckiella equi asimi Biting louse of
donkevs

Location: Werneckiella spp. are usvally found
on the neck and rhe base of the mil. In
heavy infestations the parasite covers the
whale body.

Hosts: Horse, donkey and mule

Species descriprion: Adulrs are 1-2 mm long,
The head is broad and flat. The body s
wingless and flartened  dorsoventrally,
Werneckiella spp. teed on skin and hair.
Development occurs exclusively on the
host, within 3—4 weeks. Fags are arrached
tor the hair, hatch to nymphs which moults
3 nmes before reaching adulthood. Wer-
neckiella spp. are specific for equines.

Geographic distribution: World-wide

Symptoms: Infested horses rub, scrarch and
hite themselves. This 15 accompanied by
rough coat, skin mfections, myiasis and
loss of hair. Unthriftiness and weight loss
are commonly seen in heavy infestanions.

Significance: Werneckiella spp. bites cause
mange-like skin irritations and itching,
Werneckiella spp. may act as vectors of the
Equine Intecrious Anacmia.

Diagnaosis: Identification of lice found on the
cont.

Therapy and Prophylaxis: = below Haema-
fnfrinns asii

iFigures 481, 452

Fig. 481 Werneekiella equi; equine chewing lice
{up to 1.8 mm long)

Fig. 482 Werneckiella sp.i head [15]
ANOPLURA Blood sucking lice

Haematopinmus asind Sucking louse of horses

Location: H. asini is predominantly found
around the head, neck, on the back and
brisket and berween the legs.

Hosts: Horse, donkey and mule

Species descripiion: H. asond 1s 3-3.5 mm long,
with 3 pairs of legs and a long narrow head
with piercing mouth parts 1o suck blood
and tissue fluids. Development occurs
exclusively on the host, within 3—4 weeks.
Eggs are artached to the hair and hatch o
nymphs which moule 3 times before reach-
ing adulcheod, H. equi 15 specihc tor
cquines,

Ceographic distribution: World-wide

Svmproms: Anaemia due to heavy blood loss,
lowered condition and weight loss and
increased susceptibility to other diseases
may occur. Heavy infestations cause loss ot
apperite and vitalicy, particularly in foals.

Significance: H. eqei 15 more dangerous than
[, equi because of irs blood sucking acniv-
iy,

Diagnosis: Identification of lice found on the
coat.

Therapy: Because lice do not leave the host,
treatment of the horse with an insecticide
is necessary, Organophosphates, carba-
mates {carbaryl}) but also pyrethrins and
prrethroids are effective againse lice.

Prophylaxis: Frequent grooming helps o
reduce the parasite numbers.

(Figures 483, 484, 483
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Fig. 483 Haematopinus asiné dorsal view
{schemarnc] [29)

-

Frg. 484 Haermatopmes dami male s up 1o
2.4 mm long; fermale is up to 3.5 mm long)

Fig. 485 Haemaraoprinus asini infestanon
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- Fleas

Fleas are not found on horses,
- Dipterida
CULICIDAE Muosguitoes

They belong, like flies, to the order Diprerida,
with a single pair of wings. The mamn genera
are Anopheles, Cilex and Aedes.

Females are capable of sucking blood which
appears to be necessary for the laving of cges.
Eggs are laid either on water or on vegetation
Hoating on the surface of water, therefore mos-
quitoes are found near stagnant pools (s Cat-
TLE, W51,

Significance: Mosquitoes can cause consider-
able distress to livestock but their main
importance 15 their ."Ihi.lit':r' to act as inter-
mediate hosts or vectors of equine enceph-
alomyelitis, African Horse Sickness (not
the main vector) and Setaria equina.

SIMULIDAE

Strrelivemn Spp- Black flies, midgi:!i

Remarks: Small size (1-5 mm), found in
BWarms near fr::::-rlmning “'tlE-Effﬂ.H."l'.!
streams. simuolids cause severe irfikation to
horses and other livestock when they occur
in large numbers. Herds and flock will
stampede, otftenn with disastrous resules,
Bites are infliceed on all parts of the body,
eiving rise ro vesicles which burst exposing
the underlving flesh. Skin wounds caused
by simulids heal very slowly. Certain areas
of the rropics are rendered uninhabirable
by simulids (& CatTie, B 5. 1).

Significance: Irritation of horses and other live-
stock. Skin wounds with .‘itl:.'l.ll'll:J.:I]':.' myia-
s15. Transmission of Onchocerca volvulus
TiRiiETR



CERATOMOGONIDAE

Culicoides spp. Biting midges, seasonal

TABANIDAE

Tabanus spp., Haematopota spp. and

dermaritis, sweer itch

Cleysops spp. Horse Hies

Remarks: Very small size (1-3 mm long).
Adulr female midges attack horse, man and
ather species (s CATTLE, B 5.1), causing
marked irritation by penctration of the
skin wirth their proboscis. The bites cause
intense itching. Only the females suck
blood mainly during the ewilight periods
and at I'L'it_*,ht. Crlicoides occur often in
large swarms a few hundred metres around
the breeding sites. These are moist areas
5-l|'|:'i| A= f“:"ih ar brﬂﬁ.’ki.lil'l water or EEEPEE-
es from decaving vegetable or dung heaps.

Significance: 1) Massive irritation of live-
stock, itching, allergic skin reacrions in
horses {(sweet-itch, seasonal dermatitis),
2} Transmission of Ownchocerca gibsoni
and other Onchocerca spp. in cattle and
horses;  African Horse  Sickness, blue
[ﬂni._’,llt U': !-i-l'l.llfl:r.l-

Therapy and Prophylaxis: It has been report-
ed that horses, stabled from one hour
before sunset until the dew has disappeared
the tollowing morning, are protected from
attacks by biring midges and thus from
transmission of African Horse Sickness.
[nsecricides to be used o THERAPY AND
PrROPHYLAXIS OF ECTOPARASITES, p. 157,
Permethein (0.05%), s Eﬁpﬂtiﬂ"‘;‘ used o
control Ciulicoides spp. on horses,

i Figure 486)

o i e
i s -
__-.,..-"..:7-;' i ""'EE: Woatt S

Fig. 486 Sweet-itch lesions {“seasonal dermatigis™)
due to Culicoides spp. [37]

Significance: Female tabanids arrack mammals
to suck blood. They cause deep, painful,
irricating bites. They generally bite several
times tor one blood meal because they are
disturbed by the host's defense. A number
of diseases (besnomtiosis, anaplasmaosis, try-
panosomosis and anthrax, equine infec-
tious anaemia) are mechanically transmie-
ted by rabanids. This is especially impoar-
tant when horseflies are numerous among
a crowded livestock populanon.

Therapy: = THERAPY AND PROPHYLAXIS OF
ECTOPARASITES, p. 257 and Carrie, B 5.1).

Prophylaxis: Insecticidal spraying also apainst
the larval stages on the ground jeg. wet
soil, vegetanion, etc.).

MUSCIDAE

Musca spp., Lyperosia spp. and Haematobia
sSpp.

Significance: Muscid flies annoy horses, espe-
cially during the summer or rainy season.
They swarm around horses and other farm
livestack. The resulting irritation is inces-
sant and much of the energy of the animals
is lost to defend against fly attacks. In addi-
tion o rhe nuisance the flies often carry
pathogens on their feet and bodies, Some

Fig. 487 “Fly worry™ due to muscid flies (eg.
Mugsea anfromalis) [37]
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also act as intermediate host for other pae-
asites, Musca domestica (non-hiting mus-
cid) b5 arrracred to wounds and moise pares
of the body, especially the eves where they
may provoke an uvleerative dermariris, M.
deamestica also act as vector of Habronmema
spp. (H. misiseae and H. megastoma), The-
fazia spp. and Haematobia spp. The harn
Hies are bitng muoscids and vectors of the
filarial worm Parafilaria madtipapillosa
{e Carrie, ® 510
{Figure 487)

Stomoxys calcitrans The stable fly

Significance: 5. caloitrans also belomges o the
muscids, I artacks a wide variety of mam-
mals including horses, Tt is a biting muscid
and occurs world-wide. Both sexes of this
fly are bloodsusckers and can become
extremely irritating pests of man and

calcitrans acts as

domesric animals. 5,

intermediate host of Habrosnema microsto-
ma which lives in the stomach of horses
and causes intense worry and irrication to
amimals, roxic reactions and immunosup-
pression (e CaTTer, W51

GLOSSINIDAE

Glossina spp. Tsetse flics

Significance: Both sexes suck blood and are
equally capable or transmirmting trypano-
somes. Tsetse flies, especially in great num-
bers can significantly contribute to the fly-
worey in horse populations | & Catmie, B
AN

CALLIPHORIDAE
The blow flies and their allies

They are highly important in many domestic
animal species and man, The adules are free-

Fig. 488 Lite cycle
of screwworm or

blowEly [36]
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living and the larvae are parasitic maggots
which develop in the tissue of their host, caus-
ing a condition called myiasis. The larvae may
be laid into pre-existing wounds, Myiasis 1s
often a secondary skin problem.

The tamilv of Calliphoridae can be divided
into X groups: mefallic- and non-metallic flies

Metallic flies are green, blue or purplish
E[]l”l..'lﬂfl'j .'lI'IIIJ. I'.ll'_'l‘l:ll'.lg (48] t]'lt' E_tl'll‘.']'il f.-}.:'il'_].".'il'.lﬂl'-
va, Lucilia and Calliphara.

Luedia and Chrysomya are the most important
genera responsible for sheep myiasis (v SHeer

AMD GOATS, 5,10

Chrysomya bezziana The cartle screwworm

Remarks: C. bezzianma infests cartle but also
horses, sheep, dogs and somenmes man. It
occurs in tropical and southern Africa, .
hezziana causes severe mviasis and roxins
produced by the larvae resule in retarded
healing of wounds, Dearh mav occur in
severe cases | = Catree, 5. 1),

(Figure 488)

Callitroga (svn. Cocliliomyia) bominivorax

The *American screwworm”™

Remarks: C. bhomiimivorax occurs since recent-
lv also in Morth Africa. Caule, pips and
equines suffer most frequently, bur other
animals, including fowls and even man
may also be affected. Pathology is essen-
tially the same as in C. bezziana (v CAT-
ree, | 50

Non=-metallic flies are dull grev, vellow-brown
or black and belong to the genera Woblfartia
and .‘inrrrn{.l.l'mg:r-

Sarcophaga haemorrhoidalis
The red-tailed flesh-fly

Remarks: 5. bacnrorehoidalis somerimes caus-
s myiasis in man and amimals { ©0 CATTLE,
[ N AR

Woblfartia magnifica
The Old World flesh fly

Remarks: W. magnifica may cause myiasis
e Carrie, B 5.1).
OESTRIDAE

Rbinoestris purpureus

Remarks: Lite cvcle similar o those of the genus
Oestrus. Larval stages are obligatory para-
sites of horses and mules in tropical Africa.
Larvae are deposited by the adule fly n
barches of B—4 into cthe nostrils or eves. The
larvae crawl into the nasal caviey where they
remain for several months before moving ro
the sinuses where they mature. They cause
Ell'!'!-fl'lll.."[ll.ll'l., irritanion  and sSeCaing (i
Hokses axD DoxNgeys, B 4.3),

iFigure 489)

Fig. 489 Riimoestons peerpuerens; aduly fly
{8-11 mm long| [33]

Hypoderma bovis Cantle grub, warble fly

Remarks: Hypodernia bovis is of minor signif-
icance in horses, except where horses are
kept within caule populations in areas
which are heavily infesred with H, bogis,
The adult thies constitute serious annoyance
tor horses, Subcutancous larvae damage the
skin and underlying tissue. Allergic reac-
tions to these prubs may occur. The back of
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B 5 Stages on the body surface

infested horses becomes irritated, thickened
and disfigured and the breathing holes are
visible in the skin (= CaTTLE, B 5.1).

i Figure 490

\
Y J|' Fig. 490 Hypaderma
Y m_y’ bovis; adult fly
: .}‘Q (15 mm long) is of
T, minar sigmficance n
_.-""; 0 e \

horses, except whers
horses are kept within

-
} \ areas with a high H.

cartle populations in
bavis densicy [19]

GASTROPHILIDAE Bor flies

Gasterophilus (syn. Gastrophilus) spp.

Horse bor flies

Remarks: The larvae of these flies are gastroin-
testinal parasites of equines. Afver hatching,
the first larval instars barrosy into dermal
lavers of the mouth caviry, from which they
move to cither the pharynx, stomach or
rectum, where the second- and third-stage
larvae artach. The larvae feed on tissue
exudares and remain in the host up o 1
year before they become marure and are
excrered with the faeces ro pupare in the
soil. The adult flies are brown in colour
and hairy and resemble bees which lay their
eggs onto the skin of their host (% HORSES
amMD DoMKEYS, 1)

Crasterophilus intestinalis (syn, G. equi)

Common horse bor fly

Remarks: G, imtestinalis occurs in horse and
donkeys global. Female flies deposit their
eggs mainly on forclegs, between the knee
and the hoof but also in the .u:apu]ar region
where they are licked by the host which
stimulates harching (83—18 mm].

(Figure 491}
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Fig. 491 Gasterophilus sp.; adule fly

Gasteroplhilus nasalis Throat bor Hy

Remarks: (. masalis eggs are laid in the inter-
mandibulary space up to 500 and usually
1 per hair,

Gastrophilus pecorum

Remarks: . pecorum eggs are laid on the
leaves of plants and its larvae are ingested
by grazing animals.

Gasterophilus haemorrboidalis
The nose or lip bot fly

Remarks: G. baemarrhoidalis eggs are laid on
hairs of the lips and around the mouth, The
third-stage larvae artach in the hosts rec-
tum, sometimes in great numbers.

»  General features of Gasterophilus spp.

Significance: 1) The adult flies distress their
equine host markedly up to the point of
causing stampeding.

2} Irritation by the larvae during migra-
tion, ¢.g. dermatitis, inflammation of the
pharynx, oesophagus, stomach or rectum
{rectum prolapse).

3) Large numbers in the pyloric region may
interfere with the sphincter function,

Therapy and Prophylaxis: = HoRSES AND
Dowkeys, 1



Fig. 492 Hippobosca equi (up to 8 mm long) [29]

HIPPOBOSCIDAE

Hippobosca spp. Louse flies
{Figure 492}
Hippobosca equina The horse louse Hy

Hosts: Horse and cattle
Geographic distribution: World-wide
{Figure 493)

Fig. 493 Hippobosea equeing (up 1o 8 mm longh
artached o the skin

Hippobosca variegata

Hosts: Horse and carele
Geographic  distribution:  Afrorropical  and
Oriental reglons

Hippobosca rufipes The caule louse fly

Haoses: Wild and domesnic Bovidae, less fre-
quent in horses

Geographic distribution: Afrorropical regions
(warm arid and semi arid areas of Africa)

Hippobosca maculata
Horse and carele louse fly

Hosts: Horse and cartle
Ceographic distriburion: Tropical and sub-
tropical arcas of Africa

*  General features of Hippobosca spp.

Location: The adult louse flies remain tor long
periods on their host and cluster in the per-
ineal region, berween the hind-legs ro the
pubic region, but may also bite on other
parts of the body.

Species description: The flies live permanently
on their host and feed on blood. Mainly
cattle and horses are aftected. They rarely
flv and usually not more than a few metres.
They spend their whole time on the host
and are strongly artached ro the hairs of
their host and therefore difficule o dis-
lodge. When disturbed they can quickly
move sidewavs.

Symptoms; Infested animals scratch and rub
and skin-rrauma is often seen as a conse-
quence of heavy infestations,

Significance: These flies are a source of grear
IFTiCaion,

Diagnosis: ldentification of flies locared under
the rail and berween the hindlegs.

Therapy: Infested animals should be rtreated
topically with insecnicides (&0 THERAPY
AND PROPHYLAXIS OF ECTOPARASITES),

Prophylaxis: Regular grooming may be help-
ful to reduce louse fly infestations.

®  Therapy and prophylaxis of ecroparasites
{arachnids and insects)

A great number of acaricides and insecricides is
used 1o control both arachmids and insects.
Methods of application include whole-body
sprays, dips, dusts and topical application to the
dermis and ears. Dips are more effective for ticks.
Thorough treatment of the infested area 15
required, especially when ticks infest the ears or
underside of the tail or when mites infest local-
wed patches on the skin., Eliminanon of parasites
or stages in the environment is difficult because
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Table 18 Acaricides or insecticides approved
for the conteol of ncks, flies and lice in hors-
es (v Table 11, Carrie, ® 5,1}

Organophosphates
Bromocyclens
Coumaphos
Crotosyphos « dichlangs
Diarinaon
Dichdorags
PAalathion
Phaoxim
Frojpowur
Srircdos

Trichlesian [metnlanal)

Carbamates
Carbaryl

Chilarinated Hydrocarbons

(TR ETE

Methosychlor

Pyrethrins and Pyrethroids
Flumethrin
Cypermethiin
Fervalerate
Parermielbiriey
Pyrethnn

Avermecting
S __ Ivermectin
many ectoparasites are capable of surviving in
the environment for prolonged periods (e
some ticks can live on the ground for mere than
300 davs withour feeding). Inareas where many
nicks exist reinfection of the host occurs contine
nously and rreatment theretore must be repeat-
ed regularly. Seme tcks are not strictly species-
specific and ticks normallv adapted o horses
can occasionally also affect cartle or other am-
mals and they must be treated, too, it arrempts
are made 1o reduce overall tick infestations.
In subhumd areas the period of highest nck
acoivines 15 the wert season and only few nicks
are found on animals during the dryv season,
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Consequently tick control is focussed on the
wet season. [n tropical areas most ticks are
active throughout the vear and must be con-
rrolled continuonsly.

5.2 Eyes
HELMINTHS
= MNematoda found in the eyes

Thelazia fﬂ:r}rmuﬁ:: Eveworm

S

- —

Locaton: Tear ducts and conjuncrival sacs

Hosts: Horse

Species description: Viviparous female sheds
larvae into the tear secretions, Larvae are
picked up by the intermediate hosts which
are several species of musad flies, Trans-
mission occurs when flies feed on the eyes
of horses,

Geographic distribution: World-wide

Symptoms: Chronic conjunctivins, lacrimation,
swallen eves, covered with exudate and pus.
Kertanins, opacity of the comnea and
severe cases ulceration of the cornea.

Significance: T, lacrymalis is very common in
some areas bur onlv heavy infections cause
clinical problems. Irritation of the eves fol-
lowed by bacterial secondary infections
TEAN OCCLT,

Dhagnosis: Detection of adult worms in the con-
juncrival sacs., Examination of the lacrimal
secretion may reveal firsr-stage larvae.

Differential Diagnosis: Infecoive  larvae of
Habronema spp. may produce ulcerarive
granulomas near the medial canthus of the
evelid. Omebocerca spp. larvae invade the
eve and may also canse conjuncrivins.
Small (= 1 mm), rased, white nodules in
the pigmented conjuncriva are pathopno-
monic for Chchocerea infections,

'I'lh.'fapyr Fenbendazole (10 ruH.I'kE.r,, o} admin-
ptered for 5 davs is efficacious agamst T,
lacrymalis. vermectin (200 pg/kg, sc.) or
levamisole {5 mglkg., po.) or directly inte
the conjunctival sac have himited effect
against T, lacrymialis. Mechamcal removal
with forceps following msullation of a local



anaesthenc mav be helpful. Concurrent use
of an antibiotic suspension against second-
ary invaders is recommended.

Prophylaxis: Fly control measures, direcred
especially against the face Hy, may help o
control thelaziosis,

(Figure 494)

Setaria equina

Remarks: Microfilariae may occasionally by
found in the eves (= Horses axp Don-
KEYS, Il 4.4).

Rhinoestrus purprireus

Remarks: Larvae are often deposited in barch-
es of B=40 at a ume into and around the eves
and may occasionally cause “ophralmom-
yiasis™. Larvae may be found in the eye exu-
dates (vv Hoksks AxD DoMNKEYS, B 4.3).

Fig. 494 Thelazia
J.;.!nj'.r.lz.aﬁs; anterior encl
with tvpical cuticular
seriarion (62 and 63},
posterior end of 2 male
(64}, posterior end of a
female (65) and tip of
the ail {66} females
are up to 18 mm long
and males are up o 11
mm fomg [40]
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* In this chapter main emphasis is given to the description of the para-
sites of the one-humped camel ( Camelus dromedarius). Some
remarks will be made to parasites which are also imporrant for the
two-humped camel {Camelnes bactrianus).



1 Stages in the gut and laeces

PROTOZOA

HELMINTHS
* Trematoda eggs found in the
faeces and adult trematodes living
in the gastrointestinal tract ....... 263
* Trematodes whose eqgs may
appearinthefaeces ............ 263
* Cestoda eggs found in the faeces
and adult cestodes living in the
gastrointestinal tract . .. ......... 264
= Mematoda eggs found in the faeces,
adult nematodes living in the gastro-
intestinal tract and first-stage larvae
of Dictyocawlus filaria . .. ......... 265

Fig. 495 Oocvst of Femerss coemell
(B0-100 = 62-94 pm) [4]

PROTOZOA

Ermerta .-;EE._E'.m:cidi{miﬁ of camels

Ermeria camelt

Location: Small intestine, rarely caccum

Hosts: Dromedary and Bacrrian camel

Species description: This is the most frequent-
ly encountered Efmeria species in camels in
MNorth Africa. The oocysts are large and
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measure B0=100 = 62-94 pm. A large
micropyle (10-27 pm wide) 15 characteris-
tic. Developmental srages occur in the
small intestine. Giant schizonts up o
350 pm in diamerer may be seen. Inflam-
matory lesions of the small intestine have
been associated with this species.
Geographic distribution: World-wide
{Figures 495, 496)

Fig. 4% Oocvst of Eimeria cameli [schemanic) [42]

Eimeria dromedarii

Location: Small imestine

Hosrs: Dromedary and Bacrrian camel

Specics description: This species is found fre-
quently, often together with E. cameli. The
oncysts are much smaller than those of E.
cameli, measuring 23-33 = 20-25 pm.

Geographic distribution: World-wide, espe-
cially Irag, Pakistan, India

*  General features of coccidiosis in camels

Symptoms: Inappetence and severe enteriris due
to Eimeria spp. have been observed. Pro-
gressive rapid weighn loss and emacianon
mav result, Warery diarrhoea sometimes
containing blood has been found in heavy
infections.  Dehydration and  secondary



infections may severely aggravare the dis-
ease and cause mortalities in voung camels,

Significance: Coccidiosis in camels may cause
high mortalities  especially i
camels.

Diagnosis: This is based on the clinical signs
and the demonstration of high numbers of
oocysts in the diarrhoeic facces. Cystic
structures L'i:ll'll.'-ilil'l.ll'lj.’, mmature OCysts
occur in che intestinal mucosa,

TJ'I.I':r:IP}' and Frnph].rlaxi.-i.: g CATTLE, 1
Cocamoss OF CATTLE, p. 24 ff.

Remarks: Young camels are much more sus-

VO

-

ceptible 1o infections. Watering devices
should be protected from faecal conrami
T,

Orther Eimeria species harboured by cam-
els {one- and rwo-humped camels) are:
Eimeria  bactrigni  (oocvsts: 21-34 =
20-28 pm, CI5), Eimeria rajastham
{34=39 = 25=27 pm, India) and Eimeria
adlleri. Two species of Isosprora occur in
camels: [sospora orlovi (27=35 x 15-20
pm) and lsospora cameli. In this genus
oocysts conrain 2 sporocysts, each of
which contains 4 sporozoites, The patho-
genic role of Isospora spp. i camels 15
unknowin.

Cryptasporidinm parvum (syn. C, bopes)

Remarks: Cryprosporidiosis may affect young
camels, Severe diarrhoea, emaciation, dehy-
dration and death may occur (52 CATTLE,
1}, This protozoan parasite 15 often super-
imposed on a primary immunosuppression,
Diagnosis is based on the demonstration of
oocysts n carbol-fuchsin stammed smears of
fresh facces (e CaTrie, 1),

Balantidium coli

e —— =

Remarks: Cases ot clinical balantidiosis have
been reported from camels. Diarrhoea and
emaciation and faeces containing 300 cysts
per gram were found. However, it is likely
that Balantidium spp. play a sccondary
rorle, M||'I:.'|‘i:|'|1|'luhr_'-;l 011 A4 maAssIve irritation
of the intestinal mucosa by other patho-

gens or following immunosuppression.
Therapy is rarelv indicated. Oxyvretracy-
cline (5-10 mg/kg, im. or iv.] may support
| p. 295).

recovery (F Swine,

HELMINTHS

* Trematoda eggs found in the faeces
and adult trematodes living in the
gastrointestinal tract

Paramphistomatidae Rumen flukes

Remarks: Various species of Paramphisto-
mum which also occur in other domesric
and wild ruminanes (& CATTLE, 1) have
been found in camels. Rumen flukes nor-
mally do nor cause clinical signs unless
masses of immarure worms atach to the
intestinal mucosa,

* Trermmatodes whose eggs may appear
in the faeces

Fasciola bepatica Liver flukes

Large liver fluke of temperate areas and
high altitude regions in East Africa. This is
one of the tremarodes most frequently
encountercd in camels in Africa and Asia
(e Carrie, 1 and W 4.2 and Drome-
akies, 4.2

Fasciola gigantica Giant liver fluke

Tropical large liver tluke; this species also
occurs in camels in Asia and Africa (e
Carree, 1 and 4.2 and DROMEDARIES,
W42,

Dicrocoelism spp. Liver flukes

Location: Adult liver tlukes in biliary ducts;
eggs in the facces

Remarks: This genus is very seldom found in
camels.
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Eurvtrema pancreaticum Pancreas fluke

Moniezia expansa and Moniezia benedeni

Location: Adule pancreas flukes in pancreanic
duces; eggs in the faeces

Remarks: Camels are rarelv attected by this
tremarode (2 CATTLE, @ 1 and 4.5; SHEEP
ANDGOoATS, 4.5 and Drosieparies, B4.3).

Schistosoma boms and Schistosoma
mattheei Blood flukes

Common tapeworms

Remarks: Moniezia expansa is a cosmopolitan
parasite which has been found in camels in
Africa and Asia. Momiezia benedeni has
been found in camels only in Africa (&
CATTLE, ™ 1).

Stilesia globipunctata

Location: Adult blood tlukes in mesenteric
veins; eggs in the intestinal wall and faeces
(e CATTLE ™ 1 and M 2 and DROMEDAR-
IFs, W 2],

* Cestoda eggs found in the faeces
and adult cestodes living in the gastro-
intestinal tract

Seven species of cestodes, all belonging ro the
tamily Anoplocephalidae, have been identitied
in the small intestine of camels.

Remarks: This 1s mainly a parasite of small
ruminants. It also occurs in camels and is
widespread in Africa. This parasire also has
been reported from Pakistan and India. (e
SHEEP AND GOATS, L)

Stilesia vittata

Remarks: This parasite is similar to 8, globi-
punctata. Ieis 18-23 cm long and < 1 mm
wide. The scolex is 0.5=0.6 mm in size and
the number of resticles is 10-14. Patholo-
gy and significance is the same as with 5.
globipunctata.

(Fig. 497, 498)

Fig. 497 Stilesia pitiatia;
details of segments:

(1) immarure segment,
(2} mature segments
and (3} details of geni-
tals [43]
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Fig, 498 Seddesra vittata; scolex [43]

Avitellina centripunctata and Avitellina

*  Therapy and prophylaxis of intestinal
tapeworms of dromedaries

Most of the drug;i wsed against tape wWorm
mfections in cattle may be used for dromedaries
(e CATTLE, 1)

* MNematoda eggs found in the faeces,
adult nematodes living in the gastro-
intestinal tract and first-stage larvae of
Dictyocaulus filaria

Gaongylonema pulchvim Gullet worm

Location: Oesophagus
Remarks: o& Carnie, |

Gongvlonema verricasim

wood faredi

Rumen guller worm

Remarks: A, cemtripunctata is widespread in
camels in Africa and Asia (e Catnie, |1
and SHEEP AND GOATS, 1. Awvitellina
rwoodlandi has only been described in
dromedaries from Africa.

(Figure 494)

Fig. 499 Tapeworms { At lling spp.l an the small
meestine of a dromedary [13]

Thvsaniezia ovifla (svn. T, giardi)

Remarks: This species has been found in drom-
edaries in Chad (e CaTTLE, 1 and SHEEP
AND Goats, 1)

Location: Rumen
Remarks: oo Catiie, |

Parabronema skrialing

Location: Abomasum

Remarks: This spirurid nematode occurs usu-
ally in small and large ruminants (& CaT-
TLE, | and SHEEP AND GOATs, 1) In
Africa it has been found in dromedaries in
MANY COUNEres,

Haemanchus longistipes

Location: Abomasum

Remarks: This species is specific to camels and
occurs in Africa and Asia. In general, H. jon-
gistipes s very similar to H. contorius (e
SHEEP AND GOATS, 1), The male is 18-28
mm long. The spicules are 534-664 pm
long. The gubernaculum is 250-380 pm
long. The female is 26=39 mm long, with a
viulva which 15 nor covered by a linguiform
flap. The eggs are 60-80 x 69-50 pm. H.
lougistipes 15 an important  parasite of
camels, causing great losses, especially in
voung ammals. Ir occurs mostly in mixed
intections with other gastrointestinal nema-
todes. (Figure 500)
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Fig. 300 Haemouchus longistipes in the abomasum
of a dromedary | 13]

Haemonchus contortus Twisted wire worm

Locaton: Abomasum

Remarks: This nematode is frequently found
in camels which have shared grazing with
sheep (&5 CATTLE, I and SHEEP AND
Goats, 1.

Camelostrongylus mentulatus

Location: Abomasum

Remarks: This trichostrongylid is commonly
found in camels in the north of the African
continent and is rare clsewhere. This genus
resembles Ostertagia excepr that the spic-

e 1

Y =
e e A
' ey H

e
e
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ules have peculiar denticular structures
extending in a longitudinal row through-
out the entire length. The male is 6.5-
7.5 mm long, with spicules 600-730 pm
|I:J]'IE- Thtguhtrnar_'um:m 15 68-82 pm Itmg.
The male bursa is composed of 2 large lat-
eral lobes and a small dorsal lobe, There is
ATl .1I:L'I:".’i-5li}f}" hur:ial mem hram:- -n'lt‘ 'FI:]TI.E'E
is B=10 mm long. The eggs are of rypical
strongyle-type and measure 75-85 x 40
=30 pm. C. meminlatus may cause great
FJI'I.IIJ]':ITIH il'l fiIITIEJ!n' il'l'll'.! []Etl:]'l LoCurs 'il'l
mixed infecrions,
(Figure 501}

Ostertagia civcumcincta and Ostertagia
trifurcata

Location: Abomasum

Remarks: These two species are cosmopaolitan
parasites and best adapted to sheep and
goat (F SHEEP AND (rDATS,
they are also found in camels.

1]. However,

Impalaia tuberculata and Impalaia

nudicollis

Location: Abomasum and somenmes small
intestine

Fig., $01 Camelostron-
gylus mertecdatus; bursa
copulatrix (Al spicule
(B, rail end of fermale
1C] and vulva region
i 9]
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Fig, 502 lopralaia
frbercaelaba; anterior
end (1}, posterior end
aof femalbe (23 male bur-
sa {3 and spicule (4}

|44
Remarks: These parasites I'It,'hmg to the a part of their ||:ng,th.* with their tip
Nematodirinae and have both been idenn- enclosed in a thin, lanceolare membrane.
fied in dromedaries throughour Africa. The females are 21-24 mm long, The eggs
{. tuberculata males are 7-9 mm long, with measure 220280 = 110 = 115 pm.

spacules abour 800 pm long and a guber-  (Figure 503)
naculum 9 pm long, The cervical cuticle is
studded with small papillae. The female is
14-15 mm long, The eggs measure 62 32 pm.
The males of [. mudicollis are 7.5-8.2 mm
long, with spicules 910-280 pm long and
a gubernaculum which is 94-100 pm long.
The female is 14.8=16.7 mm long. The eggs
are 63=74 = 3946 pm. [, aegypiaca has
been found only in Egyvpr.
{Figure 502)

NEm:.::.rmf_ll'E.rs_.'_.'Ep. (N. dromedarii,
N. spathiger, N. mauritanicus,
N. abnormalis and N. belvetianus)

Location: Small intesting

Remarks: N. spathiger 15 the most prevalent
species found in dromedaries (se AT,
| and SHEEP AND Goats, 1), The males
of N, mauritanicns are 13-15 mm long,  Fg 503 Ege of Nematodines sp.
with spicules 4.5-3.5 mm long, joined for  1220-280 = T10-115 pm)
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Mematodivella dromedarii

Locaton: Small intestine

Remarks: This genus resembles Nematodires
but differs in that the vulva is in the ante-
rior third of the body and the anterior
hT:ITI.lEh [J:I'-t]'lt' :I'-I'_'I'.I'Iillt' HI‘.‘I]itJJ .‘i':f'!'i-ttl'[l i.E atroe=
phied and sterile. The male is 10-15 mm
long, with spicules 5.0-5.4 mm long. The
temale is 10-29 mm long. The eggs mea-
sure 230=260 = 100=-120 pm.

[Figure 504)

Trichostrongylus axei

Location: Abomasam

Remarks: This species occurs m a wide range of
hosts (26 CaTrLE, 1) including camels in
Africa. High numbers cause massive irrita-
tion of the abomasal mucosa, reduced diges-
tion and absorption of nutrients.

Trichostrongylus spp. (T. colubriformis,
T. prrobalurus, T. vitrinus and other
Trichostrongylus spp.)

Location: Small intestine
Remarks: 'I'n'c.lf:l'uﬂrrmgjr.l'ns Spp. May oocur in
the small intestine of dromedaries in all

268

Frg, 304 Nemratodirella
dromedares; head end
with cephalic vesicle
{1}, tip of the spicule
{2}, male bursa (3] and
vilva (4§ [45]

parts of Africa. High numbers may cause
massive mflammation and irritation of the
duodenum, associated with  diarrhoea
which may be fatal in young camels, For
therapy and control & CATTLE, © 1 and
SHEEP anp GOATS, .

Cooperta oncoplora

Location: Small intestine

Remarks: C. omcopbora may occasionally
pccur in dromedaries. Infecrions are ofren
mixed with other rrichostrongylids. Coop-
eria spp. have an extensive geographic dis-
triburion. For therapy and control s
CarTir, o 1 and Sueer anp Goars, 1.

Lungworms whose first-stage larvac may
be found in the faeces of the dromedary

DNCTYOCAULIDAE
Dictyocaulus filaria Common lungworm

(e SHEEP AND GoaTs, 4.3 and DROMEDAR-
IEs, Il 4.3)

Dictyocaulns cameli Camel lungworm
fee Dmosieparies, W 4.3)




Bunostomum trigonocephalum Hookworm

Fag. 505 Busveesfronaeirn
trigomace phaluwr
AnTeTior -:'m,| sal and

male bursa (b) [4]

Oesophagostonmum vigintimembrum

Location: Small intestine

Remarks: This is essentially a parasite of small
rurminants (7% SHEEP AND GoATs, 9 1), bur
it has been found in dromedaries in Africa
and Assa. The male 15 12—18 mm, and the
female 22-25 mm long. It is a highly parh-
ogenic species and may cause anacmia
when present in high numbers,

[Figure 5035]

Oesaphagostontum colwmbianum
Modular worm

Location: Large imtestine

Remarks: This is essentially a parasite of sheep
and poats (=5 SHEEP AND Goats, @ 1) but
it has also been tound i dromedaries in
Africa. Extensive nodule formaton in the
ennre gastrointestinal rrace 15 the predom-
inant sign of this parasire.

Oresophbagostomum venulosim
MNaodular worm

Location: Large mtestne

Remarks: This is another nemarode which
occurs predominantly in small ruminants
(e SHEEP AMD CGoars, 1) However, it
may also be found in dromedaries in Afri-
ca and Asia.

[syn. O vennlosimn)

Location: Large itestine

Remarks: This species seems to be specific tor
dromedaries, but us frequency of occur-
rence 1s low,

Chabertia ovina * Large-mouthed bowel
worm”

Location: Colon

Remarks: This is a parasite of ruminants, par-
ticularly sheep, encountered rarely n
dromedaries {# SHEEP AND GOATS, & 1),

Trichuris ovis and Trichuris globulosa

"-."':"hip'l.'.'cJE

Location: Caccum

Remarks: 1. glolwdosa s the commonest and
most  widespread trichurid  of  camels,
reported from Africa and Asia, T, ous is a
cosmopolitan parasite of sheep, occasional-
v encountered in camels (8 SHEEP AND
GroATs,
spp. occur in camels elsewhere in the world:
T. cameli and T. raot {India), T. skriabm

L. A number of other Trichuris

(CISY, T, affiss {Asia). Trichuris spp. cause
irrtkation and inflammation of the caecum
and colon which often results in impaired
water absorption and debydration in heavy
mfbections. For therapy and control
below and SHEEP AanD Goats, © 1,
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I Stages in the gul and lasces

Stromgvloides papillosus

Location: Small intestine

Remarks: This nematode has been found fre-
quently in dromedaries in Africa. Only the
parthenogenetic females are parasitic and
infection may be acquired by percutanesus
penetration of infective larvae (v CATTLE,

1 and SHEEP AxD GOATS, < 1),
{Figure 506}
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Fig, 506 Egg of Strongyloides sp,
[47-65 = 2526 pm]

»  (eneral features of gastrointestinal
nematode infections in dromedaries

Although it seems that the environment in
which camels live is conducive to the develop-
ment and rransmission of helminths, the hel-
minth fauna is very rich and losses due to hel-
minths play an important role in camel rearing.
Under natural condinions camels are practical-
lv never infected with just a single species of
gastrointestinal helminths; multiple parasitism
15 the rule, It is practically impossible to distin-
euish the diseases produced by different hel-
minths with the exception of an acute haemon-
chosis which may cause a disninct discase ennity.
Haemonchosis caused by H. longistipes andfor
H. contorties 1s the most severe gastroimtestinal
helminth infection of camels. Heavy infections
occur more often in young camels and cause
general weakness, anaemia, oedema of the hol-
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low above the eves, the sides of the sternal cush-
ion {resulting in a characreristic swelling) and
somerimes berween the jaws. Progressive wast-
ing and death may oceur. Heavy infections are
associated with a low PCVY, albumin, calcium,
phosphate, magnesium and copper level, Path-
ological findings include emacianon, ascites,
hydrothorax and hydropericardium. The abo-
masum shows marked oedema, perechiac and
sometnmes erosions, However, chimcal signs are
often more pronounced in adult compared to
adule camels (reverse ape suscepribility), a phe-
nomenon which was also descnbed in context
Other  helminth
nfections cause retarded growth, progressive
wasting, alternanon of constipation and diar-
rhoea. Anaemia only develops in a chronic
stage of infection. Qesophagostommm spp.
cause multiple nodule formation and Trichuris
Spp- cawse a catarrhal enteritis.

with ovine haemonchosis.

Diagnosis: It is often possible 1o establish a
diagnosis from the clinical signs of severe
infections. By contrast, diagnosis can prove
difficulr in less severe cases. However, hae-
monchosis has 1o be distinguished from
acute trypanosomaosis which causes febrile
episodes and a somnolent attitude, both
normally absent from hacmonchosis and
infections with other grl.*-:rruintu::-.tiual hel-
minths, Faccal examination for worm eggs
is wsually helpful, although sometimes in
peracute nfections eggs are not present in
the faeces. During the dry season some hel-
minths undergo hypobiosis and cannot be
detected by coprological methods during
this period.

Therapy and Prophylaxis: Helminth infections
are seasonal and uwsually concentrated to
the rainy season when the preparasinic
development may take place (& CATTLE,
1). Anthelmintic rreatments during the
rains may reduce the worm load and
increase the growth rate which may be of
vital imporeance for animals to survive the
dry season. Most of the anthelmintcs used
in cattle and small ruminants for the rear-
ment of gastroimtestinal helminths may

also be vsed in camels. Thiabendazole



( 100=150 mg/kg, po.), tetramisole {10 mg/
L'.f__r,., sc.or 15 mglkg, po.), levamisole (7.5 mg/
kg, sc.), morantel tartrate (3=5 mg/kg, po.)
and pyrantel (25 mg'kg, po.) are effecrive
against adult nemarodes including Diceyvo-
carlus spp. but they are not cffecrive
against hypobiotic larvae which occur dur-
ing the dry scason. For dry season rreat-
ments the modern benzimidazoles (alben-
dazole, fenbendazole, mebendazole,
netobimin, etc., ¥ CATTLE, 1) or iver-
mectin {200 peike, sc.) mav be used n
order to eliminate also the hypobiotic lar-
vae. A monthly treatment during the rainy
season and an early drey season treatment
with a larvicidal compound may markedly
reduce the problems associated with hel-
minth intecrions. Special amention should
be paid to the weaned animals. Develop-
ment of infective larvae on the ground may
b reduced by keeping the ground around

WALEEINE PoInts as |]r:r as Pl)h'iil'rll.‘ and 113.'
using clean warer for drinking purposes.
{Figure 507)

Fig, 507 Strongyle-type egg (F0-100 = 30—45 pm]
|13
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MROTOLOA

TRYPANOSOMATIDAE

Trypanozoma evansi (syn. T, bricer evansi)
Surra, tahaga, djaffa, dbab

Hosts: Dromedary, equine, buffalo, carmivore
and many other mammal species

Vector: Blood-sucking flies such as Tabarus
spp.. Haematopota spp., Amvlotus spp.,
Philoliche spp. and occasionally Stomoxys
spp.. Lyperasia spp. and Haemarobia spp.

Species description: T. evansi is not transmit-
ted by esetse flies. Several species of blood
sucking flies act as vectors. o develop-
mental stages have been demonstrated in
the vectors which differentiare the parasite
from T. brucei. T, evansiis 15-35 pm long
and 1.5-2.5 pm wide. T. evansi is morpho-
logically identical with T. briced and oth-
er members of the subgenus Trypanozoon,
It can be distinguished from T. brucei by
isoenzyme  electrophoresis  and  DNA
probes. T. evansi is not restricted o the
bloodstream and may enter the joint fluids
and other tssue compartments. [t may
cross the blood-braim barnier, These extra-
vascular trypanosomes are less accessible
ro chemotherapy. Surra can artack camels
at anv age. There is a hig incidence of infec-
tion i juvenile camels shorely afrer wean-
Ing.

Geographic distribution: Africa north of the
Sahara deserr, Asia, CI5

Symptoms: In a cvpical case the dromedary los-
es weight, develops drooping hump, is
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unable o walk long distances and may
develop oedema of the feet, brisket, under-
belly and evelids. The coat becomes rough.
During the initial artack of fever there may
be lacrimation, shivering, reduced appertite
and mild diarrhoea. The ammal always
shows progressive anaemia and fluctuating
body temperature with initial peaks of
tever up to41°C., Later, in the chronic stage
of infection the appetite is relatively unim-
paired and the temperature may become
normal or shghtly ¢levared. The mucous
membranes are pale and the PCV {particu-
lar cellular volume} drops below 25%.,
sometimes as low as 10%, The herders may
notice a characreristic odour of the camel's
urine and may idennfy infecred animals by
this sign alone. Abortion in all stages of
pregnancy is common. Infected calves may
be born alive bur weak wirh parasitaemia.
Death of the newborn calf is common.
Reduced milk production, cases of blind-
ness and cenrral nervous lesions have been
reported. The herd eventually reaches an
endemic discase situarion. Some animals
]"I'lﬂ:l-' IL'.'I]'!'}' rhﬂ t]'!n-"[!lf:l MOSOIMes Fnr ].'i:ars,
whereas others remain free of infection.
Within such a group there are all forms and
stages of surra, from new infections to sub-
clinical and chronic conditions. Some ani-
mals live for up to 4 years with subelinical
infecrions, some animals suddenly die due
1o other, superimposed infections and
some eventually undergo self-cure. Numer-
ous environmental and host tacrors infla-
ence the course of the disease, such as oth-
er infections, nutritional constraints, age,
Pregnancy, previous ¢xposure or immuno-
suppression by other diseases and stress.

Significance: This trypanosome species causes
the most widespread and most important
disease in dromedaries. The overall pro-
ducrtivity of a camel herd regarding calves,
milk and weighr gains is greatly impaired.
Mortality may reach 20%.

Diagnosis: Trypanosomosis is diagnosed by
demonstrating  the parasite.  However,
dromedaries are usually far away from
laboratory tacilines, A rentanive diagnosis



can be reached by taking into account the
owners observations such as weighe loss,
weakness, blindness, abortions, change of
the odour of the urine and the ¢linical
examinations of camels in the field, The
predominane sign is anaemia, the mucous
membranes being pale or white. Tachyear-
dia may result. Postmortem examination
reveals no absolutely tvpical signs. The car-
cass is pale and there are signs of dehydra-
tion, hypoprotemaemia, enlarged lymph
nodes and splenomegaly, The direct meth-
ods of trypanosome detecrion urilize a wer
blood film, a stained thick drop of blood
and a thin bMoodsmear, Concentration
technigues such as the butfy coar rechnique
under dark ground illumination provide
both information about the level of anae-
mia (PCV) and rhe level of parasitaemia at
the same time. For mass screening of drom-
edarv herds there are numerows indirect
tests, An immunofluorescent antibody test
and FLISA tests have been successfully
used for fpidrmiu]uj_.}iq:al surveys. A card
apelurinaton test set has been mtroduced
tor the serodiagnosis of T, evanmsi infection
n camels.

Therapy: Two drugs are recommended for the

treatment of T, eranst infecoions i drom-
edaries: Quinapyramine as prosalt and
Cymelarsan,

Cave: Most of the drugs tor cartle rrypanosom-

osis are either not curanive (e.g. homidium
bromide = Ethidium; pyrithidium bromide
= "rothidiom) or are too toxic for camels
le.g. diminazene aceturate = Berenil). Suramin
and quinapvramine sulfare were success-
fully wsed but are no longer commercially
available. Suramin (12 mgfkg or abour § gf
adult camel, given by slow intravenous
injection) may cure infections and due o
its slow elimination it has also a prophy-
lactic effect for 6-12 weeks.

Care: Suramin may  cause }':-h]::hili:-. when

admimstered paravenously. It is well toler-
ated up to 3-rimes the recommended dos-
age,

Quinapyramine methylsultare | 3-5 mp/ke,
se.) 15 used as a curative drug, whereas

guinapyramine methylsulfate and quin-
apyramine chloride ar a rato of 3:2 (5=
8.3 mg/kg, sc.] are applied for prophylac-
tic purposes {duration 4—& monrhs), This
compouid is easier to dissolve and its sub-
cutaneous application is easier.

Cave: Severe overdosing causes salivation and
muscle tremor, Mumerous T, epansi strains
with a dual resistance to suramin and guin-
apyramine exist widely nowadays. In such
cases isometamidium chloride (Samorin or
Trypamidium, 0.5-0.7 mg/kg, iv., admin-
istered as a 2% solution) may be wsed.
Unfortunately it has only a moderate effect
agamst T, evamsi and its use showld be
restricted o emergencies where dual resis-
rance occurs, lsomeramidium is only cura-
rive in acure cases when trypanosomes are
still ineravascular but it fails when they are
extravascular. A recently developed arsen-
ical {Cymelarsan®, 0.25 mg/ke, im.) is
highly ettective against T, evansi which are
resistant o other drugs. It may be vsed for
the treatment of acute and chronic T, evan-
s intections in camels,

I"rl:}ph}'lnxisz There 15 no vacome and vector
control 1s difficult. Theretore, the control
of T. evansi in camels relies entirely on drug
therapy.

(Figures 308, 509, 510, Table a)

e

S -

Fig. 308 Trypranosoma epansi;
stained bloodsmenr (15=35 = 1.5=2.3 pm) |4]
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THEILERIDAE

Theileria camelensis

Remarks: This is a non-pathogenic Theleria
species found in ervrhrocyres of camels in
Egvpt and Ernitrea. The vector 15 Hyalom-
ma dromedarii (& CATTLE, W 2)

iFigures 311, 512

Fig. 309 Weight loss and emacianon due o a
chromic Trypanosonea evansi infection (46|

Fig, 5100 Weakness of a newbom dromedary due to
Trypranosanta eansi infecrion of the dam 46|

Tﬂppmmsmua .crmgnfrnse, Tr:vﬂ:ruusum.r:
rivax and Trypranosoma brreced
Magana, sleeping sickness

Remarks: Tsetse-transmitted 1rypanosomosis
occurs in cattle, horse, camel, sheep and
goat, and many other domestic and wild
animal species (£ CATTLE, B 2, SHEFP AND
Crooats, M 2 and Howrses axp Dosgeys, B
21, Most camels live outside the tserse bely
and their reypanosomaosis is caused by T,
evanst, Camels are also affected to a lesser

extent by rsetsestransmitted trypanosome ;
species such as T, brucei and T, congolense = —
which cause an acute discase with very high i LN

maortalities. Tsetse flies may have prevent-
ed the movement of camels into central L
Africa. Reporrs on the pathogeniciey ot T.

vivax and T. simiae in camels are contra-
dicrory. For diagnosis & Catie, B 2, For
therapy and prophylaxis v= T, evansi.
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Fig. 512 Hyalomsea dromedarii, the vector of
Theilerta camelensis; venrral view of a male,
stagmata (a0 and wesus ol leg IV () [9]



RICKET TSIALES

ANAPLASMATACEAE

Anaplasma marginale

Remarks: A, margingle may also be found i
camels. Little 15 koown abour the ]1;LT|'|4:1-
genic role in camels. It may be important
1 n11|n:1.*-.1:|ppn:lc.~u:d amimals (B CATTLE,

|2

Cowdria rminantinn Hearowater

Remarks: Amdidvomp lepiduns and A, genma
are the vectors of the disease in East Africa
{&E CATTLE, B 2 and DrosmeDparies, B5.1).

HELMINTHS

* Trematoda found in the blood and
circulatory system

Sehistosoma boris and Schistozoma matthees

Blood t.lll]i.i.':h_h]”'l'.’lrli1il:-ii!-i

Remarks: 5. bovis occurs in the portal and mes-
enteric veins of carrle, sheep and poars,
equines and dromedanes in cenrral, eastern
and western Atrica. The eggs are spindle-
shaped and parnally passed in the faeces.
The size of the eges is 132-247 by 38-50
pm. 5. mattheel occurs in the portal and
mesenteric veins and less frequently in cys-
ric and lung veins of cartle, sheep, goats,
wild ruminants, equines and dromedaries
in northern and Ceneral Africa, There are
usually no specibic clinmcal signs of infec-
tion (e Cartle, B 2 and Sheep and Goats,
W2

* MNematoda found in the blood and
circulatory system

Dipetalonema evansi

heparic, pulmonary and spermatic arteries
as well as in lymph nodes and lymph ves-
sels. It has been found in eastern and north-
ern Africa. The vectors are mosguitos of the
penus Aedes, The males are 8=11 cm long
and the females 14.5-18.5 ¢m. The micro-
filariae  are ensheathed and
200315 pm and occur in the peripheral
bBloed. Light infections are inapparent.
However, massive infections cause emacia-
(N[ET L‘IF"..‘I.!I'I'!.' iIJ'IIJ SOMTIERIITES UFL'l:]'iT'ih .'I.]'IIIJ.

MICasure

nervous  svmproms.  Filarial  nemarodes
within areeries cannot be detected clinical-
lv. Any clinical manifestation can be con-
tused with trypanosomaosis, although the
latrer 15 accompanied by febrile episodes
which are absenr from filarial infections,
Fovadin {stthophen, 0.5 mgfkg, iv.] was
eHective for both therapeunic and prophy-
lactic purposes as prevention during the
peried of activity of the mosquite’s interme-
diate hoses. Ivermectin {200 pgfkg, sc.) may
eliminate the microfilariae,

iFigure 513)
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Fig. 513 !.'-'.'_,'H'E.rllll.l.'r'rj.'d eeudieser anterior end [A)
and male posterior end (B |9

Oyerchrocerca armillata Aornc hlarnosis

[svn. Deratopharonenia evansi)

Remarks: This filarial nemarode s specific for
camels. It develops in the heart and in

Remarks: This species develops withim the aor-
ta, particularly i catele (F CATTLE, B 2).
It has been found in this location in drom-
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edaries in MNigeria. This infections is diffi-
cult to diagnose and usually does not cause
climical signs. Therapy 15 usually not indi-
cated.

urogenital system

MNo pathogenic parasites have been found
so far in the urogential system of drom-
edaries
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4 Stages in internal organs

HELMINTHS
4.1 Locomotory system - * (Cestoda cysts found in the central
nervous system ... e 283
4.1.1 Muscles
PROTOZOA ........ oo 277 41  Locomotory system
HELMINTHS 4.1.71 Muscles
* Cestoda larvae found in
themuscles . ... .............. EV- N PROTOZ0A

4.1.2 Tendons

Sarcocystis cameli

HELMIMNTHS

Remarks: This species ocours commonly in

+ Nematoda larvae and adult
nematodes found in the tendons . .

4.2 Liver

279

HELMIMTHS
= Trematoda found in the liver . ... ..
* Cestoda found intheliver ........

4.3 Respiratory system

HELMINTHS
* Cestoda found in the lungs
andtrachea ...................
* Mematoda found in the lungs
andtrachea ...................

ARTHROPODS
* Insecta larvae found in the
respiratory system . .............

4.4 Abdominal cavity

HELMINTHS
+ Cestoda found in the
abdominal cavity . . .............

4.5 Pancreas

North Africa (Egypt, Morocco, Sudan).

The parasite 15 ‘.'u-':illl.‘:-ill':ll't.'.'ld., a high percent-

age of camels investigared ar slaughrer
being intected. However, the pathogenic
rede of 8. camell is uncertain. Myocardial
lesions have been arrributed o Sarcocystis
spp. in camels. In another study almost
50% of emaciared camels killed at Cairo
abattoir showed sarcocysts, The detiniive
host is the dog. The prepatent period in
dops s 10=14 davs, the patent period
69=73 davs. The sarcocysts are up to
12 mm long and 2 mm in diameter. The
bradvzoites are banana shaped, 15-20 =
4= pm. General life eycle of Sarcocystis
spp. ## CATTLE, 4. The antemortem diag-
nosis 15 dithiculr and therapy s usually not
indicared. Infecred, raw mear of camels is
the only source of infection for dogs. 1f the
overall incidence of sarcosporidiosis is 1o
be reduced, the life cycle has 1o be intet-
rupted at the stage where the definitive host
idog) has access to infected meat of the
intermediate host (camel ).

Toxoplasma pondii

HELMINTHS
= Trematoda found in the pancreas .

4.6 Central nervous system

283

Remarks: Tissue cvses of T, pondii may also

occur in camels. A diagnosis based on clin-
ical signs is not possible. Cysts may be seen
m  histopathological examinations. The
chronic stage of infection is  usually
inapparent. The infection has recently been
detected in camels by means of serological
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B 4 Stages in internal organs

pests such as the Sabin-Feldman dye tesr,
complement fixanon, indirect immunoflu-
orescence and indirecr haemagglutination.
The prevalence ranged from 3% to 67 %,
A heavy infection with a virulent strain
!I'I'Iﬁ:l-' LalIsL SOWETE, fﬂ[-iﬂ 'i”.I]L".i:'i. []'IIIFI"N.'-
tence, lacrimation and polvpnoea may be
seen during the course of infection, For the
general life ovele of Toxoplasma gowdin e
Swine, B4, 1. Felidae act as definitive hoses
and many mammal species including man
mav be mrermediare hosts, Raw, intecred
meat of camels may also be a source of
mtection for man and certainly for cars,
Prevention is based on the interruprion of
this q:m11|11::x life 1.'_'!.'!.'|.L'.

TapnF hi e

Ew itz &irem

Fear Emiiced carcasses
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HELMINTHS

+ Cestoda larvae found in the muscles

The following two cysticerct are found in the
muscles of dromedanies,

Cysticercus dromedarii (syn. C. cameli)

Remarks: The larvae (Cysticercus dromedarii)
of a hyena tapeworm | Taenia byaenae) are
frequently found in the muscles of the drom-
edary, cattle and goars. Amelopes are the
usual intermediare hosts. They are rarely
found in sheep. C. dromedarii cvsts are twice
as large as those of € boris, measuring

e
-"-.- -
S S S —
- - T
- e
e, e, - - .
- Fig, 514 Life cwvcle of
; ™ Cysticercus dromedaris;
& .

hyena infected with the
tapeworm aesid
.r.'_\'.h:'rrJr At as '[i1'|:_||
host, Exereted cgps
cause the development
of cvsticerct in the
dromedary [16]



12-18 mm in length. They are pearly white

and the lateral invaginated protoscolex has

a double row of hooks. Although nor dan

gerous 1o man, their presence 1% repugnant,

and parasirized mear has to be condemned.
iFigure 514)

Cysticercus broawns

tissue and the nuchal ligament. It has been
reported from Sudan, Ethiopia, Kenya and
Mauritania. There is only fragmentary
knowledge of the structure of this worm.
The microfilariae are 200-2835 pm long
and 35-50 pm wide (mean 235 = 40 pm).

Omelncerca grtrosa

Remarks: This is the larval stage of Taenia
saginata, a tapeworm of man. Bovines are
the usual intermediate hosts (22 CatTir, W
4,1.11, and infections of camels are very
rare.

*  Prophylaxis of Cysticercus spp.
infecrtions in camels

Infections of muscles with cvsnicerci are usual-
Iv nor associared with anv derecrable clinical
signs. Prevention is based on the interruption
of the life cvele which is in case of C. canreli
almosr impossible. In case of C. bowis the pre-
vention of infection in camels may be achieved
by anthelminric treatments of infected human
beings. Human infection is acquired by eating
infected camel meat as well as beef. This may
be prevented by a rigourous mear inspection,
direcred to the heart, masseter, muscles and
tongue, Carcasses infected with cysticerc must
be conked sufficiently to destroy the cvsucerci.
Abarroir waste should be destroved and nor be
given o dogs or letr for wild carmivores.

4.1.2 Tendons

HELMIMN 1T HS

« NMematoda larvae and adult nematodes
found in the tendons

Twao species of filarial nematodes of the genus
Onchocerca have been identified in camels

(e CaTrir, W o310,

Onchocerca fasciala

Remarks: This nematode develops in subcuta-
neous connective rissue, the nuchal liga-
ment and other tissues, such as the scapu-
lar cartilage. It is mainly a parasite of cart
fle i CarTie, 4,1, 21, bur ic has also been
found in camels.

*  (eneral features of filanal nematode
infections

Affecred animals have skin nedules on various
parts of the body, particularly on the head and
neck. The nodules are firm, not sensitive to the
touch, and range from 0.35=4 ¢cmoin diameter.
Microfilariae may be found in the surrounding
skin or wirhin the nodules, They are rarely
tound in the peripheral blood. The nodules
have a fibrous capsule. The filaria can be seen
when a nodule is cur open, perhaps accom-
pamied by pus. The animals seem to tolerate
these infections without clinical signs. Allergic
skin reactions due to microfilariae may occur.
Therapy is usually not indicared. Allergic der-
maritis may successfully be treared with iver-
mectin (0,2 mg/kg, sc.).

4.2 Liver

HELMINTHS

+ Trematoda found in the liver

Four species of trematodes parasitize the liver
of camels,

Fasciola bepatica Common liver fluke

Remarks: This parasite is specific for camels
amd occurs in the subcutaneous connective

Remarks:  This  trematode is  frequently

epcountered in camels in Africa and Asia
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in those regions where F. fr[*ﬁ;r!e';'r.r 15 Very

prevalent in the cattle population (#

Carrr, m4.2).

Fasciola gigantica Giant liver Hluke

Remarks: This species is often found in camels
in Africa and Asia. F. gigantica is common
in cartle in many parts of Africa (e

CATTLE, W 4.20

Dicrocoelinm spp. (D, dendriticum and D,
brospes) Lancet flukes

Remarks: Lancer flukes are found very seldom
in camels. In many parts of the world this
parasite is verv prevalent among carele and
small ruminants (e& Carrie, B4.2).

Eurvtrema pancreaticum Pancreas Huke

Remarks: This cremarode normally accurs in
the pancreanc ducts and less often in the
Bile ducts of rominants (s CATTLE, W45,
Camels may also become infecred.

»  General features of trrematode infections
of the liver

Hepare infections are generally subclimcal in
camels, with the excepuion of heavy Fasciola
spp. intecrions, Chronic fasciolosis is the most

COMTITEm :F[]T[I:I in L'L’Irl]tl.‘i .'I]HJ l:l[ht]' j'll:l.‘i-t!\. | EE

Carrie, B4.2), The symptoms of chronic fas-
ciolosis are generally associated with hepatic
fibrosis and hvperplastic cholangitis. Anae-
mia, oedema (bottle jaw), digestive disturbanc-
es {constipation, diarrhoea) and cachexia
develop gradually. Acure fasciolosis 13 less
common than the chronic disease and occurs
maily i sheep (85 SHEEP AND Goats, l4.2),
It 15 basicallv a hepanns caused by rhe simul-
taneous migration of large numbers of imma-
ture flukes. Sudden death may oceur in acute
fascinlosis,

Diagnosis: The oval, operculated, golden-

brown eggs (130150 % 65-90 pm| appear
in the sediment of the faeces [/ CATTLE,
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11. The detection of the adule flukes in the
liver at necropsy or slaugheer is the mose reli-
able method vo confirm Fasciolosis.

Therapy: Treatment 15 indicared in chose rare
cases when fasciolosis s diagnosed or
expected to canse problems in camel herds,
Several fasciolicidal drugs are currently
avatlable (& Carre, B 4.2) and may be
used, although few publications refer to
their use i camels, Triclabendazole (12
mgfke, po.) is highly effective in canle,
Nitroxynil {10 mgfg, sc.) and ratoxanide
(7.5 mgfke, po.) are drugs recommended
for camels. These two anthelminncs are
also effecuve, n the same dosage, against
myiasis of the naszal caviry, particularly
Cephaloping titillator, and bloodsucking
nematades. Albendazole (10 mgikg, pooyis
also effective agamst Fasciola spp.

+ (estoda found in the liver

Stilesia hepatica

Remarks: This cestode occurs occasionally in
the bile ducrs of camels, It is common in
small rumimants in many parts of Africa (s
SHEEP anp Goars, B 4.2). Infecnions are
usually inapparent. Heavy burdens were
associated with cholangios and cirrhosis.
Therapy is nor indicared.

Echinococcus granulosus
fsyn. E. FJ{J_J)JEF.‘JH;:, E. inilocilariz)
Hydatid rapeworm, hydatidosis

Remarks: Larvae (hvdarid cysis) of E. grase-
fosus are found in the liver and the lungs of
dromedary, cantle, sheep, goar, swine,
horse, and other domesric animals and
man = intermediate hosts). Adult tape-
worms are found in the small intestine of
the dog, hvena and other related carnivores
(= final hosts). Hydands are localized
mainly m the liver and lungs, but also in
ather organs of camels (e Carree, Wl 4.2
and 4.3, and Droseparies, M4.3), The
incidence of hvdaridosis in camels is high-
est in North and East Africa. It also accurs



in Central and Wesr Africa with a rather
low incidence, although in Nigeria infec-
rion rares of 30%% have been reporred. Bath
liver and lung hvdaridosis in camels are
usually asympromatic. The diagnosis s
based on postmortem findings. Therapy is
usually nor indicared. Although infections
with hydarids do nor have serious conse-
quences tor camels, echinococcosis 15 a
major helminthosis with regard ro the pub-
lic health. It is therefore necessary o limit
the threar to human health by excluding

dogs from places where camels are slaugh-
tered and by seizure and destruction of any
organ bearing hydand cysts at slaughter.

Prophylaxis: &= CaTTie, B 4.2 and W 4.3

Cysticercus tennicollis

Remarks: This 15 the larval stage of Taenia
Irvdatigera, a tapeworm which occurs in
the small intestune of domesoc and wild
canidae. In camels these larvae develop on
the liver surface and serosal surface of the
abdominal cavity as they do in the pre-
terred hosts sheep and cartle (& CaTTLE, B
4.4 and SHEEP AND GOATS, B 4.4, C, tere-
collis may be found occasionally in camels
at the abattoir, The infection is asympto-
matic unless a large number of larvae
migrate through the liver parenchyma.
Blood loss and death may then occur (&
SHEEP axn GoaTs, B 4.4),

4.3 Respiratory system

HELMIM TS

* (Cestoda found in the lungs and trachea

Echinococcns gramulosus
Hydarid tapeworm, hydardosis

Remarks: Hydartid cysts of E. granufosus are
found in the liver and the lungs of drome-
dary and other domestic animals and man
(= intermediate hosts). Lungs harbouring
hydarid cysts near the surface show protu-

berances. Within the lung tissue they can
be felr as hard lumps, not very mobile, (s
rostenaries, 4.2 and Carroe, B 4.2,

* MNematoda found in the lungs
and trachea

Dicrvocanlus filaria Parasine bronchiris

Remarks: This lungworm is encountered maost
trequently in the respiratory tract of camels
in Africa. It is also prevalent in Asia and
Europe. Severe infections with Dictvocanlus
spp. are accompanicd by general depres-
sion, cough, and polypnoea, dyspnoea and
rapid loss of condition. Apachy and anorex-
ia may occur. The adult worms occur in the
bronchi and bronchioles. The life cycle is

direce. First-stage larvae are passed in the

faeces and their demonstranion 1s essenrial,
rogether with the respiratory signs for the
diagnosis (e SHEEP AND GoATs, B4.3), The
following anthelmintics are recommended
to treat [, fifaria infections in camels:

albendazole (2.5 mefkg, po.), febaneel (7.5

me'ke, po.), fenbendazole (10-15 mg'kg,

po.l, oxtendazole (7 mgfkg, po.), ivermec-
tin (0.2 mgfkg, sc.) tetramisole {10 mg/kg,

sc, or 15 mg/kg, po.) and levamisole (7.5

me/ke, sc. ). All of these compounds are also

cffective against the most important gas-
trointestinal nematodes of camels,

Dictvocaulus viviparus and Dictvocanlus
cameels (syn. D, viviparns)

These species may rarely occur in camels
(g CATTLE, B 4,3).

ARTHROPODS

* Insecta larvae found in the respiratory
system

{'iephﬂfnpl'ud [l:.'-:'lrmrJ:a.l'npsr's_J titillator
Camel nasal botfly

Remarks: The adult fly oceurs in subsaharan
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Africa, Middle East and Asia. The larvae
migrate into the nasal caviry, frontal sinus
and pharynx of camels. The larvae are sim-
ilar to those of Hypoderma bowris and
measure 25-35 x 8-9 mm. The larvae irri-
tare and damage the mucosa markedly.
Infestations may be associated with exten-
sive sneezing, restlessness and head shak-
ing. Severe conditions must be differentiat-
ed from central nervous disorders. [ver-
mecnn (0.2 mgdkg, sc.) has shown variable
efficacy against the larvae of C. risillator.
Ratoxanide (7.5-10 mgkg, po) as a
drench or bolus, trichlorfon (75 mefke, po.
or as a drench) and nitroxynil (10-15
mg'kge, sc.) have been reported to be etfec-
rive.
{Figures 515, 516, 517)

Fig, 517 Cephalopina titillator; larva [48]

Olestris ovis

Remarks: 2. owrs infestations in camels have
been reported from Egypr (&% SHEEP AND
Criovars, 4.3,

4.4 Abdominal cavity

Fig. 515 Coplalapina tidlator fcamel nasal ot HELMINTHS
flyv |; adulr [47)
= (Cestoda found in the abdominal cavity

Cysticercus tesmuiicollis Larval stage of the
caninge tapeworm Taema bydatigena

Remarks: Cysticerci are found artached 1o the
omentum, the intestinal mesentery and 1o
the serosal surface of abdominal organs,
especially the iver, Adule rapeworms occur
in the small intestine of dogs and other
Camdae. Infections in camels and other
intermediare hosts are usually imapparent
(e2° DROMEDARIES, Il 4.2 and SHEEP AND

Figz, 516 Masses of nasal bot fly larvae {arrows) Goats, B 4.4).

in the nasal cavity of a dromedary [13]
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4.5 Pancreas

HELMINTHS

* Trematoda found in the pancreas

Ewrytrema pancreaticun ancreas fluke

e

Remarks: This trematode normally occurs in
the pancreatic ducts and less often in the
bile ducrs of ruminants, Camels may also
become infecred (2 DrosepsriEs, B 4.2
and SHErr anp Goats, B4.5).

4.6 Central nervous system

HELMINTHS

= (Cestoda cysts found in the central
nNervous system

Coenurus cerebralis Larval stage of the

canine tapeworm Taenid multiceps
(syn. Multiceps smndticeps); “md™, “stuggers”,
sturdy™

Remarks: The intermediare stage, a coenurus,
develops in the brain and spinal cord of
sheep and goar and sometimes camel. Adule
Taenia multiceps occurs in the small intes-
tine of the dog, fox, covore, hvena and oth-
er Canidae (8 SHEFP axD GoaTs, B 4.6).
Coernrus cysts cause increased intracrani-
al pressure which is the cause of the neuro-
logical symproms. Dievelopment of coenu-
rus in the nervous system produces notice-
able changes in behaviour, with diminution
of appetite, even anorexia, depression,
unwillingness to move or dithiculey in walk-
ing. Animals mayv make circling in move-
ments. Clinical diagnosis has to be distin-
guished from myiasis of the respiratory pas-
sages caused by Cephaloping titiflator (e
Drostenaries, B4.3) and from rabics. The
larter produces excitement, sneezing, snort-
ing and sometimes abnormal behaviour.
MNo drug therapy is available. Prophylaxs
consists of destroving any cocnurus cysts at
slavghrer, although this applics mainly to

sheep, because the skull of camels is not
usually opened at slaugheer, The adulr tape-
worm in dops can be controlled by using
one of the cestadicidal anthelmingics such
as praziquantel {5 mefkg, po. or 5.7 mgdkge,
sc. or im.), bunamidine hvdrochloride
(25-50 mpgke, po). mitroscanate (50
mg'ke, po.) or the combinanon of teban-
tel/praziquantelipyrancel (g SHEEP AND
CooaTs, M 4.6].
(Figure 518)

Fig. 318 Cwst of Cowwrerns coretralis (arrow ) loca-
ted herween the cerebellum (a) and cerebrum (h)
5]
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3 tages on the body surface

5.1. Skin and coat

gens and other Culicoides spp.).
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5.1, 5kin and coat

HELMIMN 1T HS

 Nematoda found in the skin and subcutis

Onchocerca fasciata

Remarks: This parasite 1% .‘-:l'lf_'l:.'ii:ii.' for camels
..'I.I:Ill ODCCnrs j]'l t]'H.' =1 |.‘-'¢L'IJ|'H TN RLES IIHTII'IL"IL'I.'i'I.'IL‘
tissue and the nuchal ligament. Skin nod-
ules may appear but clinical signs are usu-
ally absent.

Onchocerca gibsoni

Remarks: The adult worms are found in sub
cutancous nodules on the brisket, shoul-
ders and external surfaces of the hind-
limbs of cattle (e= Carrie, B 3.1 ) and ocea-
sionally of dromedaries. Microfilariae are
found intradermally around the nodules
with a predilection to the brisket region.
Adult worms cause nodular swellings in
the skin but infected animals are not clini-
cally ill. The intermediate hosts are mem-
bers of the genus Culicoides (e.g. C. pun-
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Remarks: Stephanofilarta spp. are small filar-
ial parasites (family: Filariidae) which are
responsible for circumscribed dermatitis
(Fr CATTLE, -+ 5.1} Several genera of the

order Diprerida acr as intermediate hosrs,
(Figure 519)

Fig- 519 .‘iff’lr.l.ll.'nl.lrr.lﬁlldri.-.?
s infection, causing a

moisr dermatitis on the
leg of a camel 8]

ARTHROPMODS

Arthropods are divided into two main groups:

Arachnida (arachnids) including:
- Ticks
- Mites

Insecta including:
- Lice
- Fleas
- Diprerida

¢ Arachnida found infon the skin

-~ Ticks

The role of ticks as disease vectors {bunyavi-
ruses, rickertsiae) in camels 15 minor, Routine
prophylactic nck control s therefore not as
widely practised in camel herds as it is done in
cartle rearing systems. Nevertheless ticks suck
blood and can cause severe anaemia and dehil-



ity in camels as well as paralysis (g CaTrie, B
3.1} Tick infestations are seasonal, OCCUITING
predominantly during the wer season. Heavy
infestations should be treated with an acari-
cide. When animals bear a high number of
ticks and, ar the same time, show signs of par-
alysis or other non-specific clinical signs, acar-
eadal treatment should be applied. Cowdris
reermrdnrantieent a5 transmitted by Aselbvomma
lepidin and Amblyomna germina in East Afri-

ca, The non-pathogenic Theileria camelensis s
transmitted by Hyaloma  dromedaris (w0
DrOMEDARIES, B 1),

(Figures 520, 521,522, 523)

Fig. 322 Amblvomma gemnra; female
[2=5 mum = 4 mm) [13]

Fig. 520 Ticks affecting the evelid of a deomedary
[46]

iIF- ';2: .'1”?‘!]'_1'\1”""1.]' IL'II.ILFHHJ; "{'l‘l'l..,'ll:_'
(5 mum =< 4 munl | 13]

IXODIDAE (“hard ricks™)
Hyalarmma dromedarn
Hyalomna rufipes and other H. spp.
(H. anatolicem, H. detritim,
H. imprressam and H. plumibenm)
Anmiblvomma lepidum, A, penma,
A, variegatum

Boophilus decoloratus
Rbipicephalus pulchelins,
R. appendiculatnes, R. sangiinens

Fig. 521 Ticks affecting the vulva and perineal

:I'I."'Hi'l K1 uf H LIHI:IIH.'I:!:II"I.' I-I'!'E'I

The tollowing ticks are commonly found on A general description of each genus is made in
camels: CATTLE, W 5.1
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ARGASIDAE (“sofr ticks"”}

Ovrnithodaoros SAvIEnye The sand Earmpan

Remarks: O, saeigayiis a major pest of domes-
ric stock in areas where it oceurs. Irs bires
are painful and the saliva may cause nick
toxicosts. The sand tampan mav also cause
allergic dermarinis in man. O, saeignyi may
severely irritare camels (& Carrog, B 5.1
and SHEEP anD Goats, B 5.1

*  Tick control in camels

Infested camels mav be spraved or doused wirh
lindane (Gammarox) which has proved to be
a highly effective and well-tolerated acariade
fnr l..':'II'IIL']:'-Z- ]I‘IZI'I.".'L"l.'L'r1 TI:I.1I1:|' Ht. '[]'IL' |“liHJL'T'I1
ectoparasiticides recommended for cartle may
also be used in camels, & caTTLE 85,1 THER-
APY AN PrOPHYLAXIS  OF  ECTOPARASITES
(arachnids and msects) p. 141

=  Mites

Sarcoples scalbies var. cameli
Camel mange, “Jarab™

Location: Skin

Hosts: Dromedary and Bacterian camel

Species deseriprion: Mange has probably been
the most commaon disease of camels, 1n rhe
past when camels were important for cv-
il and milicary rransporr, mange  was
reparded as a major disease. Animals were
usually m poor condinon and fatigued by
long journevs and poor fﬁ*ding- [Insatis-
factory hvgienic condition favoured the
development and transmission of mange.
Camel mange 1s cansed by 5. scabief var,
camelt, a mute almose exclusively confined
to the genus Camrelns, However, it has
been reported that human beings mav also
he infecred by this mite. The lite cvele of
the mite lasts for 4=5 weeks, Ferrilized
females burrow into the epadermis, caus-
ing inflammation and intense prurims.
[DMireet transmission ocours bersween ani-
mals. Infestations can also be rransmieeed
indirectly via abjecrs (eg. harness, enrs,
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luggage, cie.d which have been in contact
with an infested camel or via soil (resting
place]. The mires survive off the host for a
maximum of 2 weeks, The development
and spread of camel mange may be
favoured by factors such as poor nutrition,
poor hyvgiene, stress (long journeys) and
other diseases (rypanosomosis|, Mange
may be more acore during the cold season
and durimg ramny pericds. Both very voung
and very old camels are particularly sus-
l...'-l,.'l'ITil'lI:.'.
Geographic  distribution:  Sarcopnc mange
occurs wherever camels are kepr,
Symptoms: Skin reactions start on the head,
base of the neck, mammary }',].'l]HJ, prepuce
and flank. The head s almost always
aftected since camels wse their reeth o
scratch affected areas. Firse clinical signs
such as ervthema, vesicles amd intense prur-
itus oceur 2=3 weeks afrer infection. Abour
2 weeks atter the first signs, the affecred
skin has lost s hair and becomes reddened
and momst. The lesions mayv becoime gener
alized afrer 20-30 days, Larer the skin
becomes dry and hard, with folds {hyper-
keratosis) forming n the neck region,
around jomts and on the rhighs, Trchiness
i5 less pronounced in this stage. Intense
icching, scrarching and rubbing distrace the
affected animal from eanng, and progres-
sive weight loss and emaciation resule.
Decubitus sores develop rapidly and secon-
dary infections, parncularly with pyogenic
bacreria may aggravare the condition.
Signihcance: Sarcopric mange in camels 15 ong
af the most important discases of camels,
capsing weight loss, emaciation and severe
secondary skin infections. [hrect transmis-
sion from camel o man 15 common and
causes a condition rermed psendoscabies.
Diagnosis: Mange is easyv o diagnose clinical-
Iv. Inrense itching, pruritus, depilanon and
encrusted plagues are characteristic for the
mange. These signs must be differennared
from nick-associated skin reactions, ecee-
mia (rare in camels), deprlation due to mal-
nutrition and poxvirus infections m young
camels, The chronic stage is characterized



by extensive  hyperkeratosis, showing v
thickened skin and folds around Joines,
hind limbs and neck. Laboratory diagnosis
is mot casy, Deep skin scrapings (untl the
skin starts to bleed) may reveal the nate.
Psendoscabies in man is transmitred during
milking and is therefore seen in the inrer-
digital space of the hands, the Hexor sur-
face of the wrists, the forearms, the elbows
and the axillary folds. Camel riders show
lesions berween the thighs.

Therapy: The most commonly used acaricide is
hndane (0.03'% ). However, most of the acar-
icides recommended for cattle mange (orpa-
nophosphates and pyrethroids) may also be  pig. 524 Sarcopres scabiei var, cameli (syn. came-
used for camels, excepr malathion (0L,75%)  fensizl: adult mite (female up to (L6 mm long, male
which does not seem to be very effective. The up oo 0.3 mm long) with long unjointed pedicels
acaricides are applicd by brushing the affect-  [13]
ed regions andfor as sprays. Spray treatment
must be applied thoroughly to all pares of the
body and trearment must be repeared afrer
B=13 days. Onee a herd s infected, continu-

ous reinfection of both man and camels
occurs and i is therefore essennal to trear
both. The recommended trearment for man
is hexachlorcyelohexane, Ivermectin (0.2
mg'kg, sc., twice ar 2-week-intervals) proved
to be lighly etfective against camel mange.
It 15 also ettective against the mostimportant

gastromnrestinal  nemarodes  (Haermoarclres
spp-L Fig. 5325 Dromedary with generalized sarcopric
ramge |46]

l’ruphylnxis: I'he entire herd should be treared
ar the same time, Freshly introduced ani-
mals must be treated. Atrention muse be
paid o the indirect transmission of mange
via harness and other equipment. These
should alse be treared with an acaricide.
Dictary  supplements  would  help o
improve the general condition and thus
reduce the susceptibility 1o mange,

(Figures 220, 524, 525, 526}

Figg. 526 Harrdess, rough skin due o sarcopric
mange [46]
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Choriopies spp. Chorioptic mite, foot mange,
leg mite

Remarks: Chorioptic mange occurs mainly on

the Icg.li, base of tail and upper rear surface
of the udder. Chorioptic mange has been
found repeatedly in dromedaries kepr in
zoos, For diagnosis, therapy and prophy-
laxis e above Sarcoptes scabies  and
Catne, 5.1,

(Figure 527)

Frg. 527 Hvperkeratosis, drv and hard skin doe o
Chorioptic mange [8]

* [nsecta found on the skin
— Lice

ANOPMLURA
Bload sucking lice of camels

Microthoracius cameli (syn. Haemaltopinns

camelr

Remarks: This species is closely relared to mem-
bers of the genus Linograthus (7 CATTLE,
W 5. 10 It is the only blood-sucking louse of
camels. Animals in poor conditions carry
high numbers of lice, Louse worry is char-
acrerized by licking, scrarching and rub-
bing. Heavy infestations may cause anae-
mia, particularly in young amimals. The
coat hecomes rough and secondary bacte-
rial infections may occur. Most of the insec-
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ticides recommended for cattle may be used
for louse infestanons in camels.
(Figure 528)

Fig, 328 Microtharacins cameli; female (4 mm
long) dorsal and ventral view {left]; male (2 mm
long) dorsal and ventral view {right) [9]

- Fleas
Mo fleas have been tound on the body sur-
face of dromedaries

- Dipterida

Many of the dipteran flies which atrack cartle
mav also affect camels, when rh:]; enter the
habitar of these flies. Fly worry is particularly
a problem around warering places, in oases
and along well acrated streams, For symptoms,
therapy and prophylaxis = Catroe, B 5.1,

CALLIPHORIDAE
The blowflies and their allies

They are highly important in many domestic
animal species and man, The adults are free-
living and the larvae are parasitic maggors
which develop in the nissue of their host, caus-
ing a condition called mviasis, The larvae may
be laid into pre-existing wounds. Myiasis is
often a secondary skin problem. Many of the
species found on cattle and small ruminants
mav occasionally occur in camels (g8 CATTLE,

W51 and SHEEP axD GoaTs, S



Fig, 329 Saddle wounds are often invaded by
blowflics [ 15)

In camels larvae of the tollowing tlesh flies
often cause myiasis.
(Figure 32%)

Wablfalwtia magnifica

northern part ot eastern Atrica and the
Mediterranean region. These thies are a
source of great irritation and occur i clus-
fers m |.|'II.‘ Ft.'rll“.'ill FI:HHHI, i11.'1."|'|.'1.'1.‘|'|. [I'II‘.'
hindlegs to the pubic region, but may also
bite on other pares of the body. Infested
amimals scrarch and rub and skin-trauma
15 often seenm as a CONSCOUCNCe of Iu':n':.'
mnfestarions, =& Carree, W 5.1; THERAMY
AND PROPHYLAXIS OF ECTOPARASITES, p. 141,

5.2 Eyes

Thelazia spp. ( Thelazia rbodesi and Thelazia

The Old Waorld tlesh flyv

ot

(e# Cartle, B3.1)

Wablfalrtia nuba

Remarks: This larviparous flesh fly occurs in
man and dromedaries in Sudan and Echi-
opia, Sencgal and probably in many orher
countries of Morth Africa and the Middle
East. Primary skin wounds are often infest-
ed by larvae of this fly. This myiasis (main-
lv vaginal myiasis) is currently a severe
problem in two-humped camels in Mongo-
lia.

Sarcophaga dux

Remarks: This flv lays s larvae in decompos-
ing flesh, wounds and ulcers. It has been
found in skin lesions of camels in India.

HIPPORBOSCIDAE
The louse flies

Hippobosca cameling Camel louse Hy

Remarks: This blood sucking louse fly occurs
on camel and horse and occasionally carcle
wherever camels are present, mamnly in the

leesed) Eve worms

Remarks: T. rhodesi (v Catrir, B 5.2) may
occasionally occur in camel. T. legser is spe-
cific for camels and cransmitred by Musca
Icidala. This spirurid nemarode develops
in the conjunctival sacs of camels in Africa
and Asia. One or both eves may be aftect-
ed often withour clinical signs. Heavy
infections may cause irrication and kera-
titis with marked discharges. Eggs or first-
stape larvae may be found in the lacrimal
secretions, Therapy (& Carree, B 5.2) s
only mdicated when intense lacrimal secre-
rion and secondary intecnions occur, This
condition is rather rare.
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PROTOZ0OA

Eimeria spp. and Isospora suis
Coccidiosis in pigs

Location: Jejunum and ilewm

Huoses: Mg

Species deseripion: Coccidiosis in swine is
caused by eight species of the genus Fime-
ria and one of Isospora. Coccidiosis is
caused by intracellular  parasives  that
mhabirt the intestmal tract, parncularly the
small intestine. The lite cveles of coccidia
are complex and include both sexual {gam-
etorony | and asexuval {schizogony) cvcles
within the host, Some development {spo-
rogony) also takes place outside the host.
The hose cells are destroyed by schizogony,
gametogony and the release of oocvsts,
Each oocyst that is ingested has the poten-
tal of destroyving thousands or even mil-
lions of intestinal epithelial cells since each
schizont containg numerous merozoies
and several generations ot schizonts may
be produced. Muluplication of coccidia
depends on 2 continuous ingestion  of
oocysts, The severity of coccidiosis there-
fore depends on the number of oocvsts
ingested and the pathogemcity of the par-
ticular species, Some species of cocondia are
more pathogenic (L swis, E. deblieck:s, E.
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scabra, E. polita, E. spinosa) than others
(E. neodebliecki, E. perminuta, E. porci, E.
suis), Usvally mixed coccidia intecnions
oceur. Unsporulated oocysts are passed in
rthe taeces bur infecoion is only transmarred
if the oocysts are sporulated. Coccidiosis
(especially caused by I swish as a discase
ennty occurs mainly in newborn piglers
(3-21 days of agel; however, older pigs
may act as carriers, Morbidiny is usually
high {50-75%) but the mortality varies
markedly due to differences in the patho-
genicity of a particular species, or in the
environment {poor hygene, lack of malk
supply, vic.) and the presence of orher
coexisting diseases (colibacillosis and rota-
virus infections, transmissible gastroenter-
inis, etc. ),

Geographic distnbution: World-wide

Symptoms: Diarrhoea which persists for 4-6
days, in neonatal piglets, s the predomi-
nant chinical sign. The faeces are penerally
vellow-white in colour bur rarely bloody,
In cases where the diarrhoea stops iself,
stunting and emaciation are the only clini-
cal signs.

Significance: Several cocoidia species [especial-
ly cawsed by Isaspora suis) may be impor-
tant among the pathogens causing diar-
rhoea in neonaral piglers.

Diagnosis: Oocysts may nor be shed during the
diarrhoeal phase, so faccal flotanon exam-
ination is of lire value for diagnosing
swinge coccidiosis during the acure phase.
The presence of fibrino-necrotic mem-
branes [macroscopc], shortened villi and
necrosis of epithelial cells (microscopic) in
the pejunom and ilewm are found ar necrop-
sy. The endogenous forms of coccidia
{merozoites, small schizonts) are revealed
in the villous epithelial cells by histopatho-
logical techniques or stamed impression
smiears of the jejunum and ileum. The char-
acrerisnc oocysts are most easily detected
in the tacces of recovered hirer-martes bur
generally not during the diarrhoeic period,
Postmortem examination of the mtestine of
previously ill pigs for endogenous forms is
the preterred diagnostic method,



Therapy: Cocecidia infections are often self-

limating and end spontaneously within a
few weeks unless remfection occurs, Med-
icarion usually does nor cure bur slows or
inhibits the development of stages resulting
from reinfection and thus shortens the
length of illmess, reduces discharge of
oocvsts and lessens the inoidence of secon-
dary infections. Reduction of the oocyst
excretion of climcally ill piglets can be
achieved with sulfaguanidine (0,22 mg/kg,
po.), sulfamethazine or sulfamerazine.
Amproliom (25-45 mgkg, po.) is benefi-
cial for prevention but treatment of scour-
ing piglets has minimal effect, Suppornve

treatment with antibiorics and rehydration
may alse be very important.

Prophylaxis: Good sanitation {removal of faec-

s, disinfection of farrowing facilities) is of
urmost importance if the coccidia life cyle
should be broken, since the previous litters
may be the source of infection. Amproliom
(8 davs before umil 8 davs after birch) pre-
vented cocciodiosis in piglets. Salinomycin
sedium (60 ppm for body weight < 30 kg,
25 ppm for = 50 kg) and haloluginone
hydrobromide (3 ppm) reduced Efmeria
spp. and I, suis ooCysr excrerion,

(Figures 530, 531, 332, 533, Tahle 19

Fig. 530 Life cycle of Eimeria debliecki; nocyst sporulation [a=d), isolared sporozoite (e}, schizogony with
first and second generation of merozoites (f=k |, second generaton of merozoires (land g, formanion of micro-
gametes (m—-o), microgamete (p) and formaton of macrogametes {r=s1, The cycle ends with the formarion of
a evpote [ 14]
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1 3tages in the gut and facces

Table 19 Coccidia of pigs [1]

Species Average Shape Marphology
dimensions
{micrans)
£, dehiiecki 25=17 Ellipsoical ‘Wall smooth, colourkess, asymmetrical sporocysts
E, neadebiieeki 21 = 16 Ellippanicheal Wall imoath, colourbess
E. perminuta 13=12 Spherical, subsperical Wall rough, yellow
£, palite 27 = 2 Ellipsoricieal Wl roasgh, welbow o codourless
£. porcl 22= 16 Orwvold Wall srnooth, colourbess, broad sporocysts
L. soabro 32=23 Orvenicd Wall rough with radial striations, yellow to broem
£, spiruria 20=13 Crenrich Wall rough, spind, brown
£, suls 17 =13 Ellipscidal, subsperical Wall sroath, colouress
SEEpang fuis 0=17 Spherical, subsplherical Wall srmoath, colouress, thin

Figr, 331 Sporulated
pocysts of coccidia
from the pig [14]:

1 Edfweria perminnta
(13 % 12 pm}

2 Eimeria polita
(27 = 21 pm)

1 Ermieria suis
(17 =13 pm}

4 Eimeria porci
(22 = 16 pm)

5 Eimerig seabra
(32 x 23 pm)

& Etmeria spimasa
(20 % 13)

7 Emeria
weadebliecki
(21 = 16 pm)

B Eimeria debliecki
(25 17 pm)

9 lsosprora seels
(2017 pm)



Fig. 532 Qocyst of Eimeria scabra; sporulated
132 % 23 pm) [4]

Fig. 333 Oocyst of lzospora swis; sporolaned
(20 = 17 pm) 4]

Cryprtosporidinm parvum

Remarks: Little is known abour C, paresm in
piglets. It is thought o be prevalent bur
usually of low morbidity and morealicy,
Infecrion may resule in non-haemorrhagic
diarrhoea (& Carrir, 1)

Balantidium coli (syn. B, suis)

Location: Caccum, colon

Hosts: Pig, occasionally in peccary, man, dog
and rar

Species description: The monle trophozoites
are ovoid and variable in size, 30-150 x
25-120 pm. Cilia cover the entire body.
The cyst form is spherical and measures
45—65 pm in diameter. B. colf r:prm]u-;:&ﬁ
in the lumen of the large intestine by binary
fission where it 15 a commensal. Under nor-
mal conditions B. coli cannor penetrate

meact mtestinal mucosa. If another patho-
gen mitiates a lesion, then B. coli may act
A% 3 '.'i-tﬁ."l'.ll'.ldﬂF'_l" iI'I 'I'-l'.ldt'r.

Geographic distriburion: World-wide

Symptoms: Enteritis, diarrhoea, dysentery,
colitis, anaemia, retarded growth and ema-
clation in young piglers

Significance: B. coli almost exclusively plays a
role as a secondary invader in the large
intestine of pigets. B, coli is much more
pathogenic to man than o swine. It cavses
severe colitis, with ulcers of the mucosa and
wartery diarrhoea.

Diagnosis: B, coli can be casily recognized by
MICTOSCOPIC EXAmination of intestinal con-
tents or by histologic examinatnion of intes-
tnal lesions.

Therapy: Mo treatment s necessary in pigs.
Treatment of the primary infection is indi-
li.'ﬂtl:i.{..

Prophylaxis: Prevention of B, colf infections of
swine 15 not indicared since it 15 a permanent
inhabitant. General health care and good
hygiene prevent primary infections which
are necessary for B. coli to become patho-
genic, Control of the transmission from pig
1o man depends on good saniration.

(Figures 334, 335, 536)

Fig. 534 Balamsttdinrr coll {schematic]; living tro-
phozoite [A), stained rrophozoite (B), fresh cyst (C)
and scained cyst (DY) [14]

ted g



1 Elag-h 1 Bk qul arvd laeces

Fig. 535 Balawtidinm colt; trophozoite stamed
(FO-150 pm) [4]

Frg. 536 Balarsrdiwes codiy cyst (30=100 pm in
diamerer|

Tritrichomonas suis

Remarks: This is the largest of the pig mricho-
monads and occurs in the stomach, nasal
passages, caccum and small intestine and
occasionally in the vagina; non-pathogenic.

Trichomonas (syn. Trichomitus) rotunda

Remarks: [t occurs in the caecum and colon of
swine; non-pathogenic,
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Fig. 537 Trichomonads of swine; (A Tritrichamo-
nas swis (11 % 3 pm), (B) T. rotenda (9= & pm)
angd I:l".:l T{"J'Fq”'.l"i.;"ﬂ“l"hﬂ.lj {.lur,!n"_ﬁ i k) p|11| |]4|

Tetratrichomonas buttrevi

Remarks: It is the smallest of the pig tricho-
monads. [t occurs in the caecum and colon;
non-pathogenic,

(Figure 537)

Criardia famblia

Remarks: [t occurs in the duodenum, jejunum
and ileum of man, primates (highly patho-
genic) and many other mammals including
swine where it 1s non-pathogenic (¥ SHEEP
AN CoaTs, - I

Entamoeba suis (svn. E. polecki)

Remarks: It occurs in the caccum and colon of
swine and is generally non-pathogenic,
Orccasionally enrerinis and diarrhoea may
be found bur the pathogenic role of E, surs
is in debate.



HELMINTHS

(Figure 538)

Fip. 538 Eggs of
helminths found
11 ST |1|

Ascarrs swem
Faseioda beparica
P..?r..?lﬁ!l':l””"rff 5]".
Ascaraps strompy-
liva

b Lad fad -

i

St 2 Tagerraries

denlaties

B Tricharis suis

Merastrangylus

dafri

B Desophagosta-
erenae gleriadneg

9 Hyostrongyius
Fiefrices

110 f’nr.r:l.';:r:-f:'lr.r.l':l.ﬂer::
sexalatus

11 Bractylaernus sp.

12 Macracanthbor

h]-m'ﬂ.rn.'. Bfrioriale-
MrCens
1.3 Cleboceplalng sp.
14 Schistosoma suis

* Trermatoda eqgs found in the faeces
and adult trematodes living in the
gastrointestinal tract

Ceastrodiscus aegyptiacns Intestinal fluke

Remarks: It occurs in the small and large intes-
tine of equines, pig and warthog in Africa
and India. If present in high numbers the
parasite can significantly affect pips (o
Homsgs amp DOoNKEYS, 1

(Figure 539) Fig, 339 Gastrodiscus aepypdiaons; veneral view
irightt and dorsal view [lefr)
Crastrodiscoides hominis

Remarks: This is a common trematode found
i the caccum and colon of Plgs n South
and East Asian countries.
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I Stages in the gut and facces

Postharmostonem suis

Remarks: It has been reporred from Tunisia
where it was found in the small intestine of
pigs. Imermediare hoses are land snails of
the genus Xeropbila, v is nor very partho-
genic (7 Pouctey, 1.

= Eggs of the following trematodes may
occasionally be found in the faeces of

pigs

Schistosoma bowis, 8. mattheei,
Devocoelinm spp. and Fasciola spp.
e Swve, 4.2 and Carroe, I

Eurvtrema pancreaticim
ive Soviwe, 4.5 and CaTor, I}

= Mematoda eqggs found in the faeces,
adult nermatodes living in the gastro-
intestinal tract and first-stage larvae
of lungworms {(Metastrongylus spp.)

Gomgvlorema pulclram Guller worm

Remarks: G pucdcbriom are occasionally found
at necropsy in the oesophageal mucosa of
swine but they are of lirtle or no clinical sig-
mificance (&7 CATILE, L4,

Hyostrongyvius mibidus Red stomach worm

Location: Sromach

Hosts: Pig

Species description: H. rrebidus belongs to the
trichostrongylids, is 4-10 mm long, bright
red {blood sucker) and has a direct nema-
toscde life cvcle. H. raebsids 1s found under 2
heavy catarrhal exudate and prodoces
lesions similar to those of Osferfagia spp.
in ruminants, except that hyperacmia of
the mucosa s more commaon. Inhabition of
larvae during periods of adverse environ-
mental conditions {winrer, dry season)
accurs. In osows these inhibited

resume their development prior o partur-

nan with the result thar the environment of

the piglets is contaminared.

larvae
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Ceographic distribution: World-wide

Symptoms: Variable appetite, anaemia, gas-
mriris, diarrhoea associated with weighr
lurss,

Significance: Moderate by contributing  to
mixed  worm nfections,  resulung
reduced teed utilization,

Diagnosis: Demonstration of strongyle-rype
egps in the facces which resemble those of
other strongyle worms {Oesophagosto-
menns, Globocephalus, Trichostrongylns).
Faecal culture is required o differentiare
the different egps. Muocosal scrapings for
microscopical examination is essential for
the derection of immarure Hyostrongylus
infecrion,

Remarks: Apart from the thin stomach worm,
there are also two thick nemarode species
found i the stomach: Ascarops stromngyli-
ma and Physocephalns sexalatns which
belong to the Spiruridac and are = 12 mm
long, much stouter and have copropha-
geous beetles as intermediare hoses. The
cpps are thick-shelled and contain a larva
when laid and measure 3540 = 15-20 pm.
At necropsy the adult Plrysocephalus and
Ascarops are readily seen, whereas H. rub-
fifies s more difficult o recogmze, The
stomach worms are more commaon in Efad-
IngE pigs.

Therapy: Most modern benzimidazoles and
probenzimidazoles and wvermectin {300
pefkp, sc) are highly effective agamst adule
and immature stages (including hypobiotic
larvae) of the stomach worms, Pyrantel
(12,5 mg/kg, po.) and levamisole {5 meke,
im. or s¢.) are effective against the adule
stomach worms { Table 20).

Prophylaxis: Frequent removal of facces and
provision of dry quarters effectively reduce
the infection risk.

(Figures 540, 541, 542, 543, 544, 545, 546)
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Fig. 343 Aszcarops strongylina; antenor end; males
are 10-15 mm long, females are 16-22 mm long
[3]

Fig. 540 Egg of Hyostromgylus rubidus (69=85 x
3945 pm; rypical srrongyle-rvpe egab [ 1]

Fig. 541 Hyostrongylus eabidns; anverior end {left)

and male bursa {right); males are 4-7 mm long,
females are 5-10 mm long [4]

Fig. 544 Physocephalus sexalatus; anterior end;
males are &=13 mm long, females are 13-22.5 mm
lomg | 3]

Fig. 542 Nodule formarion in the gastric

mucosa caused by Hyostrongylus ebadis |4)

Fig. 345 Physocephalns sexalatus on the gastric
mucosa [4]

- ';.e'!i..:;.'.'-.;ﬁg_:-, rial



1 Stages in the gut and facces

Fig. 546 Egg of Physaceplalus sexalatus | 34-39
% 1317 pm} [11]

Table 20 Nematodicidal drugs for swine

Compound Single dosing”  Multiple dosing'

Flubendazale 5.0 510 dayi x 30 ppm

Mebendarole - 5-10 days x 30 ppm
Parbendazole 30, po. F-10 days x 3000 ppm
Fenbendarole 5.0, po. 615 days

Febantel 5.0, pa, 5 days x 0,5-0.7 mglkyg
Metobimin 7.5, po. -

Thiabendazole 500, po. S50 days = 500 mgikg
Cribendazole 15, po, 10 days = Tgfkg/day
Chifendazole 4.5, po.

Dichlorvos 3040, po. -

Levarmisal 5=F5 pn. -

Piperazine 250-312, po. -

Pyrantel tartrate 12,5, po, -

Thiabendazale  50-100, po,

'migfkg body weight; po = orally

Grathostoma ispidum

Location: Stomach

Hosts: Pig, warthog and man (exceprionally)

Speaies description: Males are 15-25 mm and
females 22=45 mm lt}:n]_e,. The whole I'.I:'II'J}-'
15 covered with spines. The eggs measure
73 % 40 pm. Eggs develop in water to
second-stage larvae before harching. Lar-
vae develop to third-stage larvae when
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ingested by the intermediate hosts which
arc members of Cyclops spp. and related
Crustacea. Infection of pigs by ingesting
infected Cyclops or paratenic hosts (e.g.
tish, birds, small mammals). Migration of
larvae through the liver. Adults are embed-
ded deeply in the gastric mucosa, produe-
ing cavities which contain reddish fluid and
are surrounded by inflamed areas.

Geographic distribution: Europe, Asia, Africa
{Laire)

Symptoms: Inappetence, gastritis, weight loss
in heavy infecrions, Mild infections are
inapparent.

Significance: Severe infections cause gasiritis,

Diagnosis: Demonstration of eggs in the
faeces

Therapy: &= Therapy of Hvostronelus ridbidrs

Prophylaxis: Warer bodies containing the
imtermediate hosts should be avoided as a
drinking place for pigs.

(Figures 547, 548

Fig. 347 Guathostoma bispides; adult parasite
imales are up o 25 mm long, females are up ro 45
mim long) covered with cuticular xpint"b: (A and
adults embedded in cyse-like cavines (Bl L = lips,
B = bulbus, C = curucular spines, K = cvst wall,

p = r."lbrllh iIII.I.I [I:_] I Eﬂht'll: .Il_lmt'l'l |31|



Fig, 548 Guathostoma bispidun; anterior end with
cuticular spines |49

Trichostrongylus axei Sromach hair worm

Remarks: T. axe: may occasionally be found in
the stomach of pigs. It is of minor impor-
rance in pigs (# CATTLE, & 1)

Ascaris summ Large roundworm of swine

Location: Small intestine

Hosts: g

Species description: A, swwrn is a large, whire
worm, 15—40cm in length. The life cvcle is
direcr. Infective larvac develop  within
10-15 days and remain in the egg. Afrer
ingestion, the larvae are released in the
intestine and burrow into the wall of the
gut. The majority of the larvae pass to the
liver via the hepatoportal bloodstream.
Destruction of hepanc tissue and haemaor-
rhage occurs, signs of which appear as
“milk-spors™ after the healing of these
tracks. Larvae are carried in the blood to
the lungs where they penctrate the blood
vessels to enter alveoli o proceed 1o the
pharynx o be finally swallowed. Further
development to the adult stage occurs in the
small intestine, Adule females are known to
produce an enormous number of eggs (up
to 200,000/day) which are very resistant to
adverse climatic condinions and may be
infective for vears in the environment,

Geographic distribution: World-wide, wide-

spread throughout the tropics

Symptoms: Damage caused by migraning larvae
is of principal importance.  Migration
through the liver causes the white scar-like
“milk-spots™ which are the major reason for
swine hiver condemnation. Massive migra-
tion through the lungs mav cause pneumao-
nia followed by bacrerial infections. Death
may occur following heavy  infections.
Repeated infections, accompanied by lung
hacmorrhage and vedema and emphysema
may result in a chromic, asthma-like condi-
tion characterized by unthnttiness. Adult
ascarids in moderate numbers are relatively
non-pathogenic but compete with their hiost
tor food and can therefore markedly reduce
feed cfficiency. High numbers of adult
worms can sometimes “ball up™ causing
intestinal obstruction, perforation and peri-
tonitis. Obstruction of the bile ducrs and
icterus may also occur,

Significance: A, sweemr is the most important
swine endoparasite, causing heavy eco-
nomic losses due to weight loss, mortality
and condemnation of livers. A, sunnr infec-
tions can exacerbate swine influenza and
endemic pneumonia and secondary bacre-
rial infecrions,

Diagnosis: Demonstration of thick shelled eggs
{60 = 45 pm) which are uneven in cruthine
during the patent period. Young pigs often
show signs (especially respiratory) during
the prepatent period. A presumprive diag-
nosis can be made based on the history and
signs and rhe demonstration of migrating
larvae, especially in the lungs and liver ar

Adult worms are found ar

necropsy and occasionally within the faec-

MECTOPSY.

es of pigs.

Therapy: Piperazine prepararions are cheap
but effective only agamst adult worms, The
benzimidazoles and probenzimidazoles,
dichlorvos, ivermecnin,
pyrantel are effective against immature and

levamisole and
adult stages and have a broader spectrum
of activity than piperazine. Pyrantel and
ivermectin (300 pgfka, sc.) are cttecnive
ALAMSET MIEranery larvae.

Prophylaxis: Since the destruction of migraring
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immature larvae is difficult, control meas-
ures should prevent or reduce the ingestion
of eggs by pigs. Apart from a good basic
hygiene in pig quarters control is based on
anthelmintics. In intensive pig rearing
systems a simple anthelmintic program is
as tollows: treat sows 10-14 days before
breeding and again before farrowing; reat
weaners before entering clean pens; treat
bkoars ar 6-month intervals. In rraditional
pig rearing systems where pigs are kept
fr:ef:.r around the com pou nds no effective
prophylaxis is possible. Regular treatment
15 required.

(Figures 549, 550, 551, 552, Table 20)

Fig.
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549 Epg of Ascaris sunmw (5070 40-80 pm)

Fig. 550 *Milkspots™ in the liver of a pig

Figg, 551 Ascaris sieern; adult worms found in the

small intestine

Al
g i

¢

AT S s
L

:_'_":-E ;.j..—mi:uﬂd_.m-'rﬂ'ﬁﬂﬂ‘._-_; =

Fig. 532 Life cvle of a
raundworm. Adult
Asearis seenme wWorms
are found in the small
intestine. The larvae
rugrate from the
intestine via liver, heart
to the lungs |50



Globocephalus wrosubulatus and other
Globocephalus spp. Pig hookworms

Location: Small intestine

Hosts: Domestic pig and wild boar

Species description: Very little is known about
the life cycle which is probably direct.
Adults are 6-8 mm long and have a rypical
hookworm-like buccal capsule o suck
blood. Eggs are passed in the faeces and
develop o intective third-stage larvae
within 8-12 days. Infection occurs by
ingesting third-stage larvae or by transcu-
tancous penetration, Migration of larvac
through heart, lungs, erachea, oesophagus,
INLESIInNes.

Geographic distribution: World-wide

Symptoms: Anaemia, hypoproteinaemia, pro-
Eressive w:ighr loss and emaciation may
occur in heavy infections,

Significance: Globocephalus spp. infections
are generally of lirtle significance although,
if the parasite occurs within a particular
population it may cause severe losses, Pig-
lets are generally mose severely affected.

Diagnosis: Strongyle-type eggs occur in the
faeces, Adult worms are found ar necrop-
5Y.

Therapy: = Hyostromgylus rufudus

Prophylaxis: &= Hyostrongylus rabidus

(Figures 533, 554, 555)

Fig. 353 Globocephalus serosubulanes; lateral view of
anterior end (Al and dorsal view of anteror end (Bl
[34]

Fig. 534 Globocephalis urosulbndatus in the small
incestine of a pig

Fi.E. 535 F'HE ol '[_-.I'uF.lran:'lr.hl':lqus nrogifnlatug
150-56 = 26-35 pm}j [11]

Strongyloides ransomi Intestinal threadworm

Location: Small intestine

Hosrs: Pig

Specics description: The lite eyele is similar to
that of 8. papilfosws (v CATTLE, 1.
Transmission of larvac in the colostrum is
the most common route of infection of
nursing piglets. The adult worms which are
exclusively female, burrow into the intesti-
nal wall and cause irritation and inflamma-
tion. Infection of the host can occur by
both skin penerranon and ingestion of
infecoive larvae. Prepatent period is 6-9
days. Adult breeding stock may be infect-
ed wirth dormant larvae in their subcurane-
ous tat. Pregnancy and tarrowing appear
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Fig. 556 Eggs of Stromgvloides ransomi (40=55 =
20-35 pm) contain a firse-stage larva

to stimulate the re-emergence of these lar-
vae which then may infecr the piglets via
the colostrum, In only one week after birth
piglets may pass eggs in their facces thar
can develop within 24 hours to infecrive
larvae. Consequently a quick rise in worm
burdens is rypical for threadworm infec-
Ficans,

Geographic distribution: World-wide, particu-
larly common in warm climares

Symproms: light infections the animals
show no signs. In heavy infections bloody
diarrhoea, anaemia, emaciation and sudden
death {especially in piglets) may occur.
During the migrarory phase of infecrion
coughing, muscle soreness, abdominal
pain and vomitus can be observed.

Significance: Highly significant for neonatal
piglets

Diagnosis:  Demonstration
embryonared eggs in the taeces
adults in scrapings from the intestinal
mucosa 15 diagnostic. Egps must be differ-
ennated from the larger Metastrongyles
cges. At necropsy immature worms may be

of  thin-shelled,
or the

recovered from minced tissues }'tl:ii.‘!:d if
Baermann isolarion funnel.

Therapy: Infections in Hun_']-:|'mg piglets can
HI!'.Il:n-' hL' ﬂ."l’j'IJﬂ.'L'I'_‘I h:'.' |.TI'.'ﬂ|.'.!I'II.'I t]'H." SUEWWS |'|'¢L":{:I]'L'
farrowing. The benzimidazoles, febantel
and levamisole are effective against intesti-
nal infections. Ivermecnin {300 pplkg, sc.)
is effective against adulis and if adminis-
tered 1=2 weeks before farrowing, controls
the milk borne infection,
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]‘mpl‘l}l];ﬂii: Cleaning the plg’s |i'.'inE; quarkers
can reduce free-living larvae and thus the
infection risk, Wherever this is not feasible,
anthelmintic trearment of sows prior o
parturition and close observation of neo-
natal piglers {incl. trearment) is required.

[Figure 536)

Trichinella spp. (T. spivalis, T. britou,
T. nativa, T. nelsoni and T. pseudospiralis)
Trichina worm

Remarks: Adult worms occur in the small
ntestine. Encysted larvae are found in the
diaphragm and masseter, lingual and inter-
costal muscles of pig and many other mam-
mals. These cysts are found by microscap-
ical examination of infected muscles (e

Swine, 4.1

Trichuris suis Whipworm

Location: Caecum and colon

Hoses: Pig and wild boar

Species description: T, swis is 5-8 em long and
has a rvpical whip-like tail, Direcr life cycle.
Infection oceurs by ingesting infective eggs
(containing  first-stage larvae). Trichuris
epgs may remain viable for several vears.,
After being ingested T. swis larvae haich
and enter the intestinal wall and develop
further to the second-stage larvae and final-
Iv proceed ro the large intestine for final
maturation, Preparent period is & weeks.,

Ceographic distribution: World-wide

Symptoms: Heavy infections are accompanied
bv diarrhoea and unthrifuiness. Chronic
infecrions may cause anaemia.

Significance: T. siis causes cconomic losses by
producing poor growth and reduced feed
efficiency wherever pigs are reared.

Diagnosis: The typical, double operculated
epgs are diagnostic, Adult worms are easi-
ly found ar necropsy.

Therapy: Dhchlorvos, levamisole and some
benzimidazoles generally ar increased dos-
age rates are effective. Ivermectin (300

pedke, s resuleed inoa 80% reduction of

the adult worm p::lpu].'ui-:rrl {Table 211,



Prophylaxis: Removal of the faeces from the
quarters reduces the infection risk drasti-
cally. Eradication is difficult because Tri-
chueris cpggs mav be infective for 6 or more
vears on soil.

[ Figures 94, 5537, Table 21)

Fig. 357 Trichnris swis (4.5=5.5 mm long); male
left) and female {rightl; s m spacule, a2 = anues and
v =vulva [%]

Table 21 Compounds to be used against
Trichuris snis mfections

Compound  Single dosing Multiple dosing
Flubendazole 5.0, po.
Mebendazole -
Oxibencdazode 15.0, po.
Fenbendazale 300, po.
Febantel 20.0, po.
Lewamisale ES,_}L__ -
pea, = oralhy, 300 = subculansads

5-10 days = 30 ppmi

10 days x 30 ppm

10 days x 1 gf 100 kafday
a-15 days % 16-20 ppm

Oesophagostonum dentatum and other

Ue:u!ﬂmgushumlm spp- Modular worms

Location: Adult worms are found in the lumen
of the large intestine. Larvae occur in the
mucosa of the small and large intestine.

Hosts: Pig and wild boar

Species description: Adules are 83—14 mm long,
\‘.'I]i[ﬂ." i!l'll'_'l |'|..3'|.'L" | !-i]'l.'l”[]".'n-' |'!llII'_'lL':I| -L'ﬂFl!-i-ll.Il'_'.
I'he life-cvele is direct and infection resules
trom mgeston of infective third-stage lar-
vae, After ingestion the larvae moult and
burrow into the intestinal mucosa any-
where between the pylorus and the recrum,
Afrer 5=7 davs the larvae moult to fourth-
stage larvae within the nodule and emerge
inte the mtestinal lumen, where they
marure and srart 1o excrete eggs abour
40-50 days after infection. Sows ma y have
a periparturient rise in Oesophagostomnm
egg ourpur, which is an important source
af infection in newhorn piglets.

Geographic distmbution: World-wide

Symptoms: Diarrhoca, weight loss and anorex-
ia may be observed in heavy infection.

Significance: The nodular worm is highly prev-
alent and among the most significant nem-
atodes in pigs. It cavses extensive nodule
formartions associated with decreased feed
utilization, disturbed water and electrolvie
metabolism and progressive weight loss,

Diagnosis: Tyvpical strongyle eggs (75 = 40 pm)
are found in the faeces. These can be differ-
entiated from Hyostrongylus by larval cul-
ture. Adult worms are found sometimes in
great numbers at necropsy. Multiple nod-
ules, seen from the serosa side, may be found
at slangheer (s2 Carree, 1),

Therapy: The benzimidazoles, levamisole, dich-
lorvos, pyrante] tartrate and ivermectin are
effective (#%° Hyostromgylus rubidus).

Prophylaxis: Anthelmintic rrearment does not
always attect the larvae within the nodules.
Therefore,  repeated
weeks apant are necessary to reduce the nod-
ular worm incidence within a populartion,

Remarks: O gquadrspimddatim is similar o
). dentatum but does not occur in Africa.

iFigures 558, 559, 360, Table 22)

trearments  several
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1 Stages in the gut and facces

Fig. 358 Oesophagostomers demtatuer (10=14
mm); anterior end (lefr) and posterior end of a

male [right] [4]

[=o 2

phagus

()

Fig. 359 Desophagastonmm demtatiom; anterior
end [a) and female tail end (b) [ 5]

=}

Fig. Sal Oesophagostors guadrizpesalainng
anterior end (10-15 mm} (2} and female rail end
ikl [5]

Table 22 Comparison of the morphology of Oesoprhagostomen dentatum and Oesophagosto-
memn queadrisprinudation

Barccal capsule

Desophagus
Spetules
Female: posterior end
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G&thﬂgmmuw
quadrispinulatim

Oesophagostormim
dentatum

Sides not parallel, diverging
pessteriarly

Vase-shaped, swollen at anterior end

0.9-0.95 mm long

Long, tapering tail; distance
bartween vuhaa and anus and
tip of tail longer tham that of

0. dentatum

Sades papallel, not diverging

Club-shaped, not swollen at anterior end
1.15-1.3 mm long
Relatrvely short tail; distance
Bebwsen wvbea and amas and
anus and tip of tail shorter
_|:r1_a_n_l;hat_m_-:I. q.uaiﬂp_.l.r_u'ﬂi'um



Metastrongvius spp. Lungworms

Remarks: Eggs of the lungworms occur in rthe
facces (ev Swive, W4.3).
(Figures 561, 562)

Fig, 361 Exg ot Metastrommins aper (31=63 %
A3=42 pm) 11

Fii"'-' KT ]"ir-..l:1.|;:h;_|_- |,‘|r-.'i| vl .‘r!.:-!.:,:.'frr.lr:g].-llna. SPpn

ACANTHOCEIHALA

Macracantiorirynchus hirudinacens
“Thorny headed worm™

Location: Small intestine

Hosts: Domestic and wild pig

Species description: M. firndinacens belongs
to the Acanthocephala, a group of parasit-
ic worms closely allied o the nemaroda.
Adules are 10-335 em long, with reddish,
transversely wrinkled bodies. The anterior
end shows a spiny, retractable proboscis

(rostellum) which anchors each worm o
the incestinal wall. The eggs (67-110 =
40—05 pm) are ingested by the grubs of var-
ious  beetles that serve as intermediate
hosts.

Geographic distribution: World-wide, except

western Europe (common in Madagascar).

Symptoms: Signs are nor '-:|1~l-;,'if'n:;- Heavy bur-

dens may cause diarrhoea, reduced weight
gain and emaciation.

Significance: Mild infections are inapparent,

heavy infections mav cause irritation of the
intestines, .11_'|_'-:r|t:|T:-.1ni|_'-;J h}' wq:ight linss.
The site of the attachment often shows a
necrone center surrounded by a zone of
inflammaron. These lesions can usually be
seen through the serosa. Perforation of the
intestinal wall followed by peritonitis may

L8 I R

Diagnosis: Eges with four shells appear in the

tacces. They do not reliably floar in sale
solutions and should theretore be looked
for in the sediment. M. Firndimacens is
attached to the intestinal wall which is in
contrasr to Ascaris sunnm which lies treely
within the small intestine.

Therapy: Levamisole (5=7.5 mpg'ke, sc.) and

tenbendazole (5 = 20 mpkg, po.b ar daily
intervals are effecrive.

Prophylaxis: Conrrol is only feasible if the use

of contaminated h[:g lots can be avoided.

(Figures 363, 5364, 565)
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I Stages in the gut and faeces

|"i!_'|. i3 Like .._':n_'l;' st
Macracanthorirvnets
frrraecl Frncde s

Larvae of different
baretles act as anter

mediare hoses |51

o
w
Wy %
Fig. 364 Egg of Macracanthorfynclng Fig. 365 Macracanthaorbynches hirndinacens;
frirncdimacens [T0=1 10 = 40-65 pmf |=-':.|| anrerior end sath the  § pi-;,l,; l\.F"i'|'|:I.' rovstel lum |'HI|

308



2 Stages in the blood and circulatory system

PROTOZOA ... ........... e 2309

RICKETTSIALES

HELMIMNTHS
* Nematoda larvae (microfilariae)
found in the bleod and circulatory

system . ... ......... T 1 I
TRYPANOSOMATIDAE

Trypanosoma congolense sintiae
(syn, T. prorci, Naunomonas siniiae)

Hosts: Warthog, pig and camel

Vector: Glossing  brevipalpis and Glossing
PIOrsians.

Species description: This is a polymorphic
torm resembling T congolense, s natural
host is the warthog and it is highly patho-
genic for pig and camel. Glossina flies
introduce T, congolense simiiae to domes-
tic pigs bur thereafrer mechanical transmis-
sion by Stomoxys spp. and rabanids is also
possible. T. congolense simiae ditters from
T. congelense in thar it s polymorphic
instead of monomorphic. It is 12-24 pm
long. Abour 20% of s forms are long and
stout with a conspicuous undulating mem-
brane, about 7% arc long and slender with
an inconspicuous undulating membrane
and about 3% are short with an inconspic-
uous undulating membrane. A free flagel-
lum s usually absent. The discase 15 char-
acrerized bv disseminared mmrravascuolar
coagulation, haemorrhage in the heart,
lungs and meninges (v Catrie, @2 p, 55)

Geographic distribution: Tropical East and
Central Africa

Symptoms: Hyperthermia, inappetence, depres-
sion, polypnoea and death within a few hours

Significance: T, conpolense simiae is the most
important rrvpanosome of domestic swine
and causes a very acute and faral disease in

PIgs.

Diagnosis: This is based on the peracute
course, clinical signs of the disease and the
demonstration of large numbers of organ-
tsms in the peripheral blood.

Therapy: Isomethamidium chloride (12.5-35
mg'kg, im.) ar increased dosage rates or a
combination of quinapyramine (7.5 mg/ke,
sc.) and diminazene aceturare (3 mg/kg.
i) can be used to trear T, congolense sim-
jae infections.

Prophylaxis: The suramin-quinapyrimidine
complex (4 ml solution/d kg, & Hogses
AND DOoNKEYS, B 2) protects piglets against
T. congolense simiae for a period of 3
months and adules for § months. Insecti-
cide applicarion ro avoid bites by tsetse flies
may be necessary i endemic arcas, where
losses due to T, congalense simiae and oth-
er trypanosomes are high,

Trypanosoma (syn. Pycromonas) suis

Hosts: Pig
Vector:  Glossing  brevipalpis (savannah
regions | and Glossina vanhoofi {forest)
Species deseniption: This suid specific trypano-
some is poorly known. It is monomaorphic,
14-19 pm in lengeh, stout and with a short
free flagellum. T, swis causes a chromc
infection i adules and a more acute disease
with death in less than 2 months in young
pigs. [t cannot be transmitted to sheep, goat

and other domestic ammals.

Geographic  distriburion:
(Zaire, Tanzamia, Burundi)

Symptoms: Fever, apathy, progressive weak-
ness and death in suckling piglers; unthrifu-
ness in adult pigs

Significance: 1. siis may cause grear losses in
suckling pigs.

Diagnosis: Chinical signs and the demonstra-
tion of the organisms in the blood

Therapy and Prophylaxis: & T. congolense

stompgze and v CATTLE, B 2

Central — Africa

Trypranosoma congolense

Remarks: T, corgolense occurs in swine but
may regress spontaneously. Once the dis-
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5 2 Stages in the blood and circulatory system

ease sets moat d::vrtl::lp-:i a chromic course asso-
ciared with emaciation, progressive anac-
mia, weakness and ataxia (& CATTLE, M 2},

Trypanosoma brucei

Remarks: T. brucet is not very pathogenic for
pigs and develops as a chronic, usually
mild or asympromaric disease (5 CATTLE,
H2).

Trypanosoma vivax

Remarks: T. vivax i1s generally non-pathogen-
ic for pigs (% CaTTLE, B 2).

Trypanosoma etxansi

Remarks: T, evansi affects a wide range of
hosts, including pig. The most severe dis-
ease occurs in camels, horses and dogs, The
rransmission is mechanical by biting flies
(¥ HORSES AND DONKEYS, B 2}, T, evansi
infections in pig are chronic in nature and
the clinical SIENs are |]11H].'H,‘vl,.'iﬁ|f,2 ::Ip:![l‘l}',
weakness) and often overlooked.

BABESIIDALE

Babesta (syn. Piroplasna) trautmanni
Poarcine pimpl:{:«im:}ﬁis

Vector: Rbipicephalus simus, R. appendicrla-
s, B, sanguinens, Hnrrp.rifu.-: decoloratus
and Dermacenior spp.

Species deseription: The morphology of B
traeatonanni 15 similar to thar of B. bigen-
ma. It is the large porcine babesia species
(2.5=4 pm long and 1.5-2 pm wide), char-
acteristically long and narrow. It ocours
trequently in pairs, bur the intecred cells
may also contain up o é organisms. Oval,
amoeboid and ring forms may occur. Bab-
esinsis of swine is seasonal, according o
the vector. Wild boar and wart hogs may
serve as natural reservoir. Mortality may
reach 50%. Pigs of all age are affected.

Geographic  distribution: Southern Europe,
equatorial Africa
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Symptoms: Fever, anaemia, haemoglobinuria,
jaundice, ocdema and incoordination.
Abortion may occur in pregnant sows,

Significance: 8. trawtmann infections may
cause severe losses in pig farms in endemic
dAreas. TI'I.L"-l-L" I(H!-il."!-i FLE !-iﬂ.'.'l.!i-[:ll'l:ll.

Diagnosis: Clinical signs, especially  haemo-
globinuria and wrerus and demonstration
of the parasites in Giemsa-stained blood
SMEars.

Therapy: Diminazene acewurate (3.5 mgfkg,
im. ), trypan blue, ph::rta mdhimeand quinu-
rofmium are also effective. (s CaTTLE, W 2).

Prophyvlaxis: Regular rick control (7 Swive, B
5.1)

(Figure 366

2 3
¢

Fig. 566 Babesia fravtmranni (2.5=4 = 2 pm};
stained Bloodsmear [4]

Babesia pervoncitor Porcine babesiosis

Vector: Rhiripicephalus sinus, R, appendicula-
tus, R. saviguinens, Dermacenitor reticula-
tus and other tick species 1o be established.

Species description: The morphology ot 8, per-
roncitod is similar to that of B. bows, It s
the small porcine Babesia species, a small
rounded form (0.7-2 pm in diameter).
Oval to pyriform forms may oceur {1.2-2.6
pm long and 0.7 =1.9 pm wide).

Geographic  distribution:  Mediterranean
hasin, West and Central Africa

Symptoms: Comparable 1o B. trawtmanni. For
significance, diagnosis, therapy and pro-
phylaxis s B, trautmanni

(Figure 567, 568)



Fig. 567 Babesia perroncitod (0.7-1.8 pm in diame-
ter): stained bloodsmear [5]

Fig. 568 Babesiosis in pigs; emaciation and icterus
[%]

RICKETTSIALES

Eper}'ﬂ:m.:mm spp.

Epervthrozoon suis

Vector: F. swds is transmitted by parenteral
routes. Hasmatopings sms and probably
ather arthropods may transmit the intec-
tion. Mechanical rransmission by surgical
instruments (e.g, hvpodermic needles) may
also occur,

Species description: E. suis and E. parvwns (&9
below) occur in pigs on the surface of
I.,‘r:n'Tht'l!'l-l:_'!.'[l.!'.'-i- f';r_"l.-'l'."'T-L' cases E!,L'HL' r;alh_.' CCCLET
in young pigs. Transplacental transmission
may occur. E. swis is generally nor very
pathogenic but may assume increased sig-
nificance together with other concomitant
infections  (babesiosis,  rypanosomaosis,

(5 [

Geographic distribution: America, Europe,
Asia and equarorial Africa

Symptoms: Varying degrees of hacmolyric
anaemia, icterus (yellow belly), tever, ano-
rexia, weakness, Anaemia s the predomi-
nant ¢linical sign of E. suis intections in
neonatal piglets. Abortion may occur n
infected sows,

Sigmificance: E. swis 15 of grear economic sig-
nificance in suckling pigs wherever it
OCCUTS,

Diagnosis: Acute epervthrozoonosis may be
diagnosed by demonstrating large numbers
of rickettsiae in Giemsa-stained blood-
smears (8 METHODS, 3.1), The parasites
may be found free in the plasma, surround-
ing platelers, or on the surface of erythro-
cyres as rings (2-3 pm in diamerter). Sero-
logical tests, e.g. indirect haemagglurina-
tion, IFAT and ELISA are available and
most useful for epidemiological studies. E.
zeis infecrion should be differentiated from
Anaplasma infections.

Therapy: Oxyretracyeline (6.6 mg/kg, im.) and
other tetracyclines are effective in single
dosages against E. sreds. Haematinic drugs
(e.g. iron dextran) may support réecovery.
If required, oral application of oxvretracy-
ching 15 an effective herd trearment.

Prophylaxis: Control of ccroparasites (espe-
cially Haematopinus swis and Sarcoptes
suis) may reduce E. swis infections (v
SWINE, 5.1 and CATTLE, M 2}

EPEI}'IEI'HJ;IHJH frarvaim

Remarks: E. parvenr s smaller than E. smis
(0.5=008 pmoin diameter) and non-patho-
genic, It also occurs on the surface of eryth-
TOCYIes,

(Figure 369)
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B 2 Stages in the blood and circulatory system

' ‘ HELMINTHS

« Mematoda larvae (microfilariae) found in
the blood and circulatory system

Setaria congolensis

Remarks: Microfilariae occur in the peripher-
al blood and are ingested by mosguintoes (o
Swirg, 4.4 and Catree, B 2). The adule

Fig. 56% Eperythrazocn parvte (0. 4=1 pm); star- worms occur in the abdominal cavity of

ned Bloodsmear [4] pigs.
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W 3 Stages in the urogenital system

HELMINTHS

= MNematoda found in the urogenital system

Stephanarns dentatus = Kidney worm™

Locanon: Adule 85, destaties worms are found
in the kidneys, walls of the ureters and per-
irenal fat. Immarure larvae may be found
in the liver and peritoneal caviey and occa-
siomally in other rissues or organs (e.g. tho-
racic organs or spinal cord, erc.)

Hosts: Mg

Species descripnion: Adule 5, destatus worms
(2= 4 ¢m long and abour 2 mm in diame-
ter) are usually found in pairs within cysis
fup to 4 ¢cm in diamerer) in the kidney or
nearby fat, It is mainly a parasite of pigs
raised ourdoors, Eggs pass our with the
urine and hatch in 2 davs. Infective third-
stape larvae develop within 4 davs and may
mfect pigs percutancously or by being
mgested. In addinon earthworms  may
mngest and accumulare larvae. Consequent-
ly pigs may acquire heavy infections by eat-
ing earthworms. The larvac then migrare
via blood vessels to the liver, where they
wander for 3 months or more. The larvae
proceed 1o migrate through the peritone-
um o the kidney, where cysts are formed.
Eggs do not appear in the urine unol 9-146
manths after infection, Patent infections in
piglees = 5 months old were acquired pre-
natally. Female worms live as long as 3
years and produce up to 1 million eggs per
day. The principal economic loss resules
from condemnanon of organs affecred by
migrating larvae, The liver is usually most
severely affecred, showing circhosis, scar
formation, extensive thrombosis of the
portal vessels. Kidney and lung damage is
also common.

Geographic distribution: Tropical and sub-
tropical regions

Symptoms: Heavy infections result in reduced
growth, Pleunns and peritonitis are com-
man. Inappetence, emaciation, ascires due

o cirrhosis. The infection is a herd prob-
lem and lack of growth and wasnng in the
pig herd are the predominant signs,

Significance: The kidney worm causes great
lasses due 1o poor growth and condemna-
tion of damaged organs (mainly Liver) and
tissues at slaughter.

Dhagnosis: During the long prepatent period
clinical signs may be present but noeggs can
be found in the urine, Prepatent infections
are therefore very difficulr to diagnose and
a defimee diagnosis depends on the demon-
stranon of the worms ar necropsy.

Therapy: Ivermecrin (300 pg'ks, sc.l, fenben-
dazole {3 mg/kg/day for 3 days), oxfenda-
zole (3—4.5 mpke, po.) and levamisale (8
mg'kg) arc ctfective against S. dentatus.

Prophylaxis: This is largely a marter of
hvgiene. Indoor housing and nigorous our-
door samitation {provision of a concrete
plattorm under the feeding troughs) reduc-
es the kidney worm incidence drastically,
I traditional pig rearing systems control
relies on regular rreatment of voung pigs
and the elimination of old (inapparenr bur
egg-cxcreting) animals.

{Figures §70, 571, 572, 573)

Fig. 370 Stephanvrns dewtatns imake: 20=30 mm;
female; 30-451; adulr worms found inoa kidney
cvst 8]
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B 3 5tages in the wrogenital system

Dioctoplyma renale

Remarks: [, rerale occurs most commonly in
mink, dog and many other species. It may
nn:r;.mimmﬂ}' be found in PIE. The females
are the largest nematodes known (75=100
cm long and = 1 cm in diameter). The
adules live in the renal tissue and destroy
the renal parenchyma gradually as they
grow, Pirted, thick shelled eggs with bipo-
lar plugs are passed in the urine. Oligo-
chaete annelids act as intermediare hosts.
Intection 15 acquired by ingesting larvae or
transport hoses (e.g. fish, frogs) which con-

Fig. 571 Liver damage associated with Stephanu- tain encysted larvae. After ingestion larvae
raes dewtadns 15 often an wnportant canse of disease MIErare from the stomach to the ]:"'E'I.'Zi'['i."r'lt'l:'l.l
El] caviry and liver betore maturing in the kid-

neys. Diagnosis is made on demonstration
of eggs in the urine and marture parasites in
the kidneys at necropsy. D. remale infec-
tions are incidentally found at necropsy
and are something of a curiosity. Most
modern benzimidazoles are expected to be
effective. Surgical removal may often be
NECEssary.
(Figures 574, 575, 576)

Fig. 372 Stepbamnris dertasis; anterior end (A,
r\-lh1|,'ri-:'|r el of 2 male (B and el encd of 2 female

(01134

Fig. 574 [Dvactophyma renale; (A) epe (71-84 =
$6=32 pm); (B) embryonared egg and (C) larva
after harching [9]

Fi.!_r'. 73 F.p'p' r:-l‘. _";u'frll.l.n:mrr:,s .;.{r"u.l'.rhr:: (Dh=114 =
£3=T pmM appears in the urine |H|
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¥
Fig. 575 Dinctoplyma remale; male (35 cm = Fig. 376 Dioctoplma renale; male bursa
b=4 mm long) |9 [schemarich |%)
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4.1 Locomotory System

41T Muscles

PROTOZOA

Toxoplaswia gondii

Location: Oocysts are produced in the epiche-
lial cells of the small intestine of cars and
other Felidae, Toxoplasma cysts (contain-
ing merozotes) mav be tound i a wide
variery of mammals and in several organs
lincluding brain}.

Hosts: Felidae are definitive hosts, many mam-
mal species (including all domestic ani-
mals) and mam act as intermediate hosts.

Species deseniption: Infection of intermediare
hosts by ingesting sporulated oocysts or
infected meat or infecred animals. The
definitive host can also be the intermediare
host. Atrer infection parasitaemia (tropho-
zoites or tachyzoites, crescent-shaped, 4-8
» 2—4 pm) occurs and susceprible rissues all
over the body are invaded and the parasites
mulniply. The parasires finally remain in
Cysts (l‘-m-z,l}':-'.nin'al and :111|}' in the most
receptive fissucs. In general, the parasice
cysts appear in the brain, eve, lungs, liver,
skeletal and cardiac musculature. T. gondit
cysts in muscles are 100 pm i diameter,
the tachyzoites in the cysts are 6-8 pm long.
Intection of the intermediate hosts occurs
by ingestion of sporulated oocysts from the
taeces of the tinal host {cat) or Toxoglas-
mia cysts by raw meat from infected inter-
mediate hosts (horse, swine, sheep and oth-
er species). Transplacental infectnon is
common (& SHEEP AND GoaTs, l4.1.1). [n
carnivores, infection is acquired by inges-
tion of fresh, infected meat or carcasses of
a wide range of mtermediate hosts. In her-
bivores, most infecrions are thought o
result from ingestion of herbage contami-
nated by Toxoplasma oocyses derived from
car faeces. In ommivores, including man,
infection seems to result both from inges-
ton of undercooked meat and from acci-
dental ingestion of cocysts,



Cave: Raw mear of pigs 1s an important source
of infection for humans, Populanions ar
risk are serologically negative pregnant
women and immunosuppressed persons.

Geographic diseribution: World-wide

Symptoms: The majority of infections is sub-
chinical. Fever, apathy, diarrhoea, respira-
tory  distress (coughing, dyspnoea) and
CINS symproms may occur during the acute
phase. Pregnant sows may abort or Farrow
weak or stllborn pigs.

Significance: T. gondil is one of the most com-
mon parasites in animals and probably
also in man, Uncooked meat of swine is the
major source of mfection for man. Toxo-
plasmosis is an imporrant cavse of abor-
tion and stllbirths in sheep, goars and
SCHTIETIINIES 10 Pigs.

Diagnosis: Demonstration  of  Toxoplasma
cysts i stained biopsy sections or in arnh-
clallv digested nissue, The diagnosis should
be supported by immunohistochemisery
[using mono- or polyclonal antibodies),
isolation of the orgamisms and seralogical
testing. [salation may be based on intraper-
itomeal injection of suspected material into
mice free of natural Toxoplasma infections
i order to detece cysts m mouse brain after
4-h weeks, Isolation mav alse be carmed
out by inoculation of the suspecred mare-
rial onto a tissue cultore {eg. Vero cells),
Several serological teses are available (also
as kits) for the detection of Taxoplasna
antithodies (Sabin-Feldman dve test, Indi-
rect Fluorescent Antibody Test, indirect
h:!|:.'|'|'i:.!|3.-,t_'i|ul!i|1:|I'L::||11 ELISA (e M ETHons, 5,
The B1 gene-derived PCR provides a high-
lv sensitive rool for the diagnosis of T, gos-
dii in clinical material. As little as one
rachyvzoite may be detected with this meth-
od.

Therapy: Specific treatment 15 not recom-
mended for domestic animals. Sulfadiazine
(73 mg'kg, po.l acrs svnergistically with
pyrimethaming (0,44 mg/kg, po.) in labor-
atory  animals and man. Clindamycin
{1040 m/kg, po.: 25-50 mg/ke, im.) is
the drug of choice tor treatment of Toxo-
plasma infections in dogs and cats.

Prophylaxis: Raw mear of pigs is the main
source of mfection i man. Prevention is
based on the interruprion of the complex
life cyele. Cars and pigs should not be kept
together. Control of rodents is an essential
part of the prevenuon of Toxoplasn
mtection in domestic amimals, especially
pigs, since rodents attract cats but can also
be a source of infection if they are eaten by
pigs. Feeding of uncooked parbage should
be elimimared.

(Figures Y77, 378, 379, 580

4 Camogony

Hq
Thgue o & Sparulated wacyst
|
& = 'l o

el
n 2,

Fig. 577 Transmission cyele of Toxoplagens gondis
Cramaogony occurs in the final hose (cach and oocvas
are excreted which infecr domesric animals and man
where tissue cvsts are formed. T, posdii is of grear
i|'|'|pnr1:||1-.:|.- whicin sernnegalve '|1r|.'!:_|1.1|1|; WOmen
become infocred. The parasite may then affect the
fetuis | 143

Fug. 578 Toxoplasma gondin muscle cvses
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W 4 Stages in internal aogans

Fig. 379 Toxoplasma gondi; tachyzoites
(&-% pm long) |4]

- ;
o %
.71"1; o) =t
Fig. 580 Sporulated oocyst (12,4 = 10.5 pm) of
Toxaplasma gondii are excreted exclusively in the

Faeces of Felidae. Sporulared oocyst are infectious
for animals and human beings [ 10]

Sarcocystis spp.

Cysts of the following three species are found
in swine: 5. swibrominis, 5. swicanis 18¥IL 5.
miescherana) and 8. porcifelis.

Locarion: Cysts {Sarcocysts) are found in the
muscles of swine. Infective sporacyses are
passed in the faeces of the final host,

Hosts: The pig is the intermediate host of all
three species is the pig. Definitive hosts of
5. suibominis are man and primates, of §,
suicanis the dog, wolf, fox and of 8. por-
cifelis the cat.

Species description: Sarcocystis spp. develop in
a 2-host cycle consisting of an intermediate
host (prey) and the tinal host {predaror). 5.
sithominis (common), 8. ssicanis (com-
mon) and §. porcifelis (uncommaon) are the
three species found in swine. In all three
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species swine acts as intermediate host,
where the asexual part of the Sarcocystis life
eycle rakes place and cysts are formed in
striated or cardiac muscles. These cvsts con-
tain infecrive, banana-shaped merozoires
60 days after infection. The sexual cycle is
found in intestinal epithelial cells of the final
hosts where gametogony occurs. Infection
is acquired by ingestion of infective sporo-
cysts of the final host,

Geographic distribution: World-wide

Symptoms: Most infections are asymptomatic
and the parasite (cysts) is discovered only
at slaughrer. Intensity of clinical signs
depends on the number of ingested sporo-
cysts, More than 1 million is lethal, Acute
sarcocystosis  shows a  biphasal  fever
between 5-9 L‘I:I':r':-i- and 11=15 rj:L}r:i after
infection. During the second phase apathy,
dyspnoea, anaemia and cvanosis (skin,
ears, tail), muscle spasms, hyperexcitahil-
ity and prostration are predominant. Abor-

non following heavy infection is reporred
in cows and may alse occur in pregnant

SOWS,

Significance: Sarcocysfis infections are very
common and generally asymptomaric in
swine. However, when high numbers of
sporocysts are ingested rhey may cause a
severe disease condition.

Diagnosis: Generally not possible with the
naked eye. Demonstration of muscle cysts
in histological sections or following artifi-
cial digestion of infected muscles. Acute
cysticercosis in swine may be diagnosed by
Giemsa-stained bloodsmears taken from
the surface of organs at necropsy or by
stained hi.!itl:Tl[]HiE:I.] sections. Htruh:[_:;h:al
techniques may be employved to discover
chronic infections (importane is the pres-
ence of cyses).

Therapy: Therapy is generally not indicated.
Halofuginone (0.5 mgfkg, po.) may be
used.

Prophylaxis: Dogs and other carnivores should
not be allowed to ear raw mear, offal or
dead animals. Also, man should not con-
sume uncooked meart. Supplies of grain and
feed should be kept covered. Dogs and cats



should be kept away from buildings, used
to store feed or house ammals. Amprolium
(100 me'kg, po. daily tor 30 davs and Hal-
ofuginone 3 ppm) may be used for prophy-
laxis in heavily infected herds.

{Figures 581, 582, 583)

Fig, 381 Cysts of Sarcocystis suicanis in diaphragm
|lli':l I I.j 1mirm ||:1r|1:|:l

Fip. 382 Cysrs of Sareocystis sp. in the musculature

L
I 2pm

Fig. 383 Sporocyst of Sarcocysiis smicans;
excrered by the dog [4]

HELMINTHS

= Cestoda larvae found in the muscles

Cysticercus cellulosae Cyst of the human
tapeworm Taenia soliem

Location: C. celllosae cysts are found in the
skeletal and cardiac muscles of pigs and
man. Adule tapeworms (T, solium) are
tound in the small intestine of man.

Hosts: Mg is an intermediate host of the human
tapeworm 1. solinm, Man can be bath final
and intermediate host of T. solton.

Species  descriprion:  Cysis  (cvsticerct)  are
white, 518 mm in diameter and contain
one protoscolex with a hook collar, Infec-
rion of pigs oceurs by ingesting gravid pro-
glorrids or eggs which are passed n the
tacces of infecred man, These proglotids
contain  embryophores, releasing  onco-
spheres which migrare to skeletal muscle
and the hearr via Mood stream. Cysricerci
develop within 2-3 months afrer the inges-
tion of the eggs and remain infective up to
2 years. Man acquires infection by eating
intecrive pig muscle. Cysncerc are released
in the human small intestine where the sco-
lices evaginare and arrach to the intestinal
wall. The prepatent period 15 7-8 weeks.

Ul::ugraph:ic distribution: World-wide

Symptoms: Cysticercosis in swine is generally
Asympromatic.

Sipnificance: Cysticercosis in swine is not asso-
ciated with pathology or clinical disease.
Pathology in man is related to the number
and localization of cvsticerci. Neurocysti-
cercosts m humans s g serious condition
often with fatal consequences. Adult tape-
worms produce no significant pathological
changes in man.

Diagnosis: Antemortem diagnosis is based on
the detection of specific antibodies {c.g.
ELISA). Cysticercosis in swine is diagnosed
at slaughrer where macroscopic cysts may
he discovered.

Therapy: Therapy of cysticercosis in swine is
generallvy nor indicared, T, solivm can be
treated with niclosamide or praziquantel,
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W 4 Stages in intermal organs

the latrer is also effective aganst cercbral
cvsts of T, saffimr in man. Fenbendazole (3
mefke, po.) admimistered for 7 davs and
mebendazole (25 mg/kg, po.) for § days
were described o be effective againse cys-
HICETCOSIS I SWINE.

Prophylaxis: Man should not consume raw
meat of pigs. Freezing for one week destroys
the larvae that are a source of human infec-
tion. Improved sanitanon (e.g. separamon of
human excrements and pig feeding ground)
reduces the incidence of awrochthonous

infection and the mfection of swine.
{Figures 154, 584, 585

Fig. 584 Cysticercns cellnlosae in muscle tissue
[ E=2 o i diameter)

» Mematoda larvae and adult nematodes
found in the muscles

Trichinella spp. (T, spivaliz, T, britoui,

T. nativa, T. nelsani and T. psendospiralis)

Trichina worm

Locaton: Adult worms occur in the small
intestine. Encysted larvae are found in mus-
cles.

Hosts: Pig, wild boar, rat, man and many oth-
er mammals

Specics descriptions Adule trichina worms are
very small nemarodes, 24 mm long. A
temales prn-dun:r,:!i several hundreds of larvae
which penetrate the intestinal wall and
migrate via the l}'mph and blood vessels o
the muscles where they encyst and remain
viable for years. Further development only
occurs if the infected nissue is ingesred by
anather host, often a rat, man, or pig. Swine
may therefore be both intermediate and
principal host for rrichina worms, After the
ingestion of trichina cvsts the larvae are lib-
erated and marure in several days. The adule
worms copulate in the small intestine and
the females penetrate the mucosa o produce
larvae for 2 weeks,

'_h“"'-\ TReniT Hagwais
= S -
L -- ,
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'h |
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Fig. 583 Transmission cvele of Taewia
soedieem (larval stape: Cysticercus cellulosae
in swane| and Tamee saginata tlarval
stage: Cvsbicerens boms in catele) [16]



Geographic distribution: World-wide

Symptoms: Infection of the intesrines may
cause diarrhoea and fever bur is generally
not typical to allow diagnosis. Infection of
the muscles may cause myvositis, muscle
pain, stiffness, polypnoea, oedema, eosin-
ophilia and in severe cases death.

Significance: Trickinella spp. are less patho-
genic in swine than in man. The larvae
accumulate in the diaphragm and jaw mus-

cles of pigs. Adules cause few problems in el ,
swine whereas in man they cause nausea, m,
i i i ; CARCASS OF
diarrhoea and abdominal pain. 4-6 days T T L

after infection death may occur in humans
and is usually caused by paralysis of the Fig. 586 Transmission cycle of Trichinella spp. in
respiratory muscles bur also infection of  gropical Africa; the bushpig and other wild suids
the brain, are the principal source of infection for man [21]

Diagnosis: Ar necropsy, encysted larvae may
be found in muscles (diaphragm) which are
squeezed 1 a compressorium for subse-
quent microscopic examinarion. Muscles
may alse be arnficially digested to derect
trichina larvae (& MeTHoDs, 2.1 and 2.2).
Serological rests (ELISA, IFAT) are avail-
able ro derecr infecions in domestic ani-
mals and man (& MeTHODS, 5.2 and 5.3).

Therapy: Trichinella-infected pigs are general-
ly nor rreated. Their mear should be con-
demned!

Prophylaxis: To prevent infection of pigs, gar-
bage must be cooked before being fed 1o
pigs. Human infections can be controlled  Fig. 387 Muscle cyst containing a Trichimella
b}' [hu“}ugh 'CDDkiTI.E or f_['cczjng af pprk Sp.fl‘:ﬂlfj- larva (0406 = 0.25 mm)
and game animals before consumprion.

Cave: T. nativa and related species may sur-
vive freezing.

{Figures 386, 587, 588)

Fig. 388 Trichinella spivalis larva (800=1000 pm

long) obtained from a digested muscle cvst
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4.2 Liver
HELMIMNTHS
¢ Trematoda found in the liver

Fasciola gigantica and Fasciola bepatica
Large liver flukes

Remarks: Fasciola Spp. are |1:}rm.1]|:-' found in
ruminants (#& CATTLE, @ 4.2) bur many
other mammal species including pig can
also be aftected. Pigs acquire Fasciola
infections especially if they are grazing in
swampy areas where the intermediare
hosts are present. Fasciolosis in swine is
generally asympromane, Losses occur by
liver condemnanon ar slaughrer.

Dicrocoelium spp. Small l_'n_;l:r f|u|-:5.li_

Remarks: Dicrocoelium spp. are normally
found in ruminants but many other mam-
mal species including pig can also be affeer-
e (v CAaTTir, 4.2,

Enrvtrema pancreaticum Pancreanc tluke

Remarks: E. pancreaticur is a parasite of the
pancreatic ducts and occasionally of the
bile ducts of sheep, pigs and carle. There
are no obvious clinical signs and Dicrocoe-
fiir-like eggs can be demonstrated in the
faeces (8 SHEEP AND GoaTs, B 4.5),

» Cestoda found in the liver

Echinococcus granulosus Hydarid Cysts

s o s rr——— ==

Location: Larvae thydand cysis) of E, gram-
fosus are found in the liver and the lungs of
swine and other mrermediate hoses. Adule
tapeworms are found in the small intestine
of the dog and other canids.

Hosts: Canids are the final hosts of E. grann-
fogies, Intermediate hosts are herbivores,
swine, humans and many other domestic
animals,

Species description: Pigs are known to be inter-
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mediate hosts in many countries but gener-
ally there are only little data available
about the role of pigs as intermediarte hoses
in African countries, Intermediare hosts
acquire infection by eating eggs shed in the
tacces of canids. Eggs develop to hydarid
cysts which may reach the size of an orange
over the period of several months, These
cysts are infective for canids.

Geographic distribution: World-wide

Symptoms: Generally mapparent infections in
pigs. Pressure atrophy of the liver, digestive
disturbances and ascites may be found in
heavy infections, Dyspnoea and coughing
mayv be observed when lungs are greartly
atfected.

Significance: Hydand cvsts generally cause no
climical disease in swine.

Diagnosis: Demonstration of hydatid cvsts at
necropsy or at slaughter. Cyses containing
“Eetimococcns sand™ which 15 composed
of thousands of typical protoscolices with
a hook collar. Antemortem diagnosis is dif-
ficult. Serological tests are available and of
great impaortance for epidemiclogical stud-
15,

Therapy: Therapy is generally not indicared.
Most of the modern benzimidazoles applied
orally over the period of 10-20 days at dou-
bled dosage rares mav be used ro reduce the
number and size of hydand cvsrs.

Prophylaxis: In endemic areas a strict separa-
tion of dogs from pigs is necessary to reduoce
the incidence of hvdaridosis in swine.

{Figure 58%9)

Fig. 389 Hydatid cyst of Echinncoccus
pranlosns found in the liver of a pig



Cysticercus tenuicollis
Cysts of Taenia bydatigena

Remarks: Larvae of the canine cestode Tacnia
bvdatipena may also be found n swine.
Larval migration through the liver may
produce haemorrhagic racks and masses
of larvae may cause a severe condition
associared with anaemia, ftever, mappe-
tence and death (hepatitis cysticercosa).
Larvae wander under the liver capsule and
form thin-necked c¢vsrs, These cvsts are
always covered by a layer of serosa, and
therefore thev seem o be arrached o the
peritoneum. Preferred serosal sites of cvs-
ricerck are the omentum and mesenery
alchough they may also be found amrached
o the serosa of the liver. Cysticerci arc up
to 8 em in diameter and cause no patholo-
gy, Diagnosis is made at necropsy or
slanghrer (e= Carrie, 4.4,

i Faguare 590)

Fig. 5% Haemorrhagic rracks in the liver paren-
1,'|!}'::I1'I 1,‘|1||,' T |li1;|'| mmber oaf rr|i5_'|r._'||i.||!_'| I:':_'l.'sn'n,'r.r-
caes temsicallis larvae

« MNematoda found in the liver

Ascaris suum

Remarks: Migration of larvae through the liv-
er causes haemorrhage, necrosis and hibro-
sis that appears as white spors ("milk-
spots™ ) under the capsule after healing.

Condemnation of livers at slaughter is one

of the major losses due 1o A, s infec-

tions in pig farming (2 Swise, 1)
(Figure 591}

Fig. 391 Liver of swine with “milk spos”™ (arrows)

anel mpsses of adult Ascares sueerrr tonnd an the

small intescine | 10]

4.3 Respiratory system

HELMINTHS

= Mematoda found in the lungs and trachea

Metastrangvlus spp. (M. aprei, syn.
M. elomgatus, M. pudendotectus, M. salmi
and M. madagascariensis) Porcine lungworms

Location: Bronchi and bronchioles

Hoses: Pig and wild boar

Species deseription: The adulr parasites are
slender and whire, wirth males measuring
up to 25 mm in length and females up o
48 mm. Metastrongyins spp. have an indi-
rect life cyele in which most carthworms
mav serve as imtermediate hoses. Egps are
faid in the bronch, coughed up and passed
in the tacces. After the ingestion by earth-
worms the eggs hatch and within 10 days
infective third-stape larvae develop wichin
the carthworms, Pigs become infecred by
ingesting ecarthworms, The third-stage lar-
vae penerrate small intestine of the pig and
proceed via lvmph and blood vessels o the
lungs. The prepatent period 15 2-4 weeks,
M. elongatns is the most common species,
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MNatural infections may involve one or
more Metastrongylus species.

Geographic distribution: World-wide, with
the exceprion of M. madagascariensis
which has nn|}' been found in Madnga SCAT.

Symptoms: Bronchitis, coughing, pneumonia,
retarded growth in pigs kept on permanent
pasmures

Significance: Lungwaorms cause considerable
economic losses due 1o reduced weight
gain, respiratory disturbances following
secondary infections. Metastrongylus spp. Fig. 592 Metastrongyles apri in the trachea of a
were also suspected to carry the virus of  pig (males: 11-26 mm long; females: 28-60 mm
swine influenza and classical swine fever  longl [B]

(hog cholera). Lungworms primarily cause
clinical disease in young pigs, whereas old-
er pigs show very few signs.

Diagnosis: Characteristic eggs are found in the
E-'I:L"[.:L'i. .|'I|I.I H-IIIL!EI'III:[, t]'IE ﬂd“]t WIOrims can
be demonstrated. Serodiagnostic tests may
also be used o derect the infections.

Therapy: For individual therapy ivermectin
(300 pe'ke, sc.) and levamisole (7.5 mglke,
5c.) are highly effective against adult lung-
worms. The broad spectrum anthelmintics
such as fenbendazole {5 mp/kg, over 5= 15
davs), flubendazole (30 ppm, over 10 days)
arc also effective when administered oral-
Iy for several days. Febantel (20 mgike,
po.) and mebendazole {30 ppm) are effec-
tive against  Metastrongylus  spp. at
iI'ICI'EE.H-L‘d L‘II:IH-"IEE rates.

Prophylaxis: Lungworm conrrol is closely
associated with earthworm control. Pigs

kept clear of soil, especially during the
rains may reduce disease incidence, Young
pigs (< 6 monchs) should not come in con-
tact with earthworms. If swine are not
housed in clean quarters, nose rings will
prevent pigs from roonng for earchworms
({Figures 538, 561, 562, 592, 593, 594)

Fig. 394 Posterior end of female lungworms of
pigs: (a) Metagirongylus apri, (b) M, pudendotee-
fs amgd (ed M. saler [4]
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4.4 Abdominal cavity

HELMINTHS

* MNematoda found in the abdominal cavity

Setaria congolensis

Remarks: 5. cosigolensis oceurs in the perito-
neal caviry of pigs in Africa { Zaire). Micro-
filariae occur in the blood and are ingested
by mosquitoes | Aedes spp., Crlex spp. and
Anapheles spp.) which act as vectors, The
exact life cvele of 8. congolensis s

unknown. Adult worms in the abdominal

cavity are non-pathogenic, Pathogenic
effects may occur when  microfilariae
migrate into the eve or the CNS or other
organs. Little is known about Setaria infec-
tions in pigs and it seems that the worms
are occasionally discovered ar slaughrer
without pathological aleerations or previ-

Fig. 595 Xefaria
ermgralensis; temale
anterior end |Al, anie-
e end fromeal view
1B, female posterior
end (C), female postera-
or end ([, male
posterion end Lateral
tE1 amd male posterior
end venreal (Fi[34]

ous clinical signs. If therapy and prophy-

laxis are required & Setaria equina (v

Homses ann Doxgeys, B 4.4 and Setaria

labiato-papillosa (v Carie, B 4.4).
[Figure 595)

4.5 Pancreas

HELMINTHS

= Trematoda found in the pancreas

Exryirema pancreaticum Pancreatic ﬂl;kl:

Location: It occurs in the pancrearic duces and
occasionally the bile ducts (s SHEEP AND
Goats, B 4.5 and Carrie B 4.5).

Hosts: Pigs, sheep and caule

Species description: These flukes are 8-16 mm
long, & mm wide and belong to the Dicro-
cochidae. The first mtermediate hosts are
terresrrial snails | Bradybaena spp.) and the
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second mtermediate hosts are grasshop-
pers (Conocephalus spp.) where the cercar-
e encyst. Afrer the ingestion of grasshop-
pers larvae migrate to the pancreatic and
bile ducts where they mature and produce
egps 11-14 weeks afrer infections.

G:i_)graphii; distribution: Asia, South Amenca,
East Africa

Symptoms: There are no obvious climical signs.

Significance: Losses may oceur due to fibrotic,
necrotic and degenerartive lesions of the
pancreas and biliary ducts and reduced
growth in animals with heavy infections.

Diagnosis: Dicrocoelium-like eggs can be
demonstrated in the faeces, adult flukes
may be seen at slaughter or necropsy.

Therapy: The same compounds may be used
as in Dicrocoelivm infections (5 CATTLE,
W42

Prophylaxis: The control of intermediare hosts
may not be feasible, especially if pigs are
kept permanently on contaminared pas-
tures or soil.

4.6 Central nervous system

PROTOZOA

Toxoplasma gondii

the parasite in the acute phase, Chronic
infections { Toxoplasma cysts in the brain)
may be asymptomaric,

(Figure 3%6)

Sarcocystis suibominis

Remarks: Tissue cysts may ocour in the skele-
tal muscle, the heart and also in the brain,
These cysts contain merozoites. S. swibom-
miz generally does nor cause CNS symp-
toms, except during the acute phase of
heavy infections, when death may occur.
Final host is man (= Swing, B 4.1).

= (Cestoda cysts found in the central nervous
system

Cysticercus cellulosae

Remarks: Larvae (cysticerci) of the human
tapeworm Taemia sedinem are occasionally
found in the CNS of pigs (v Swing, B 4.1).

* Nematoda found in the central nervous
system

Trichinella spp.

Remarks: Toxoplasma cvsts may occur also in
the brain of pigs (@ also SwinNe, B 4.1).
Fever, weakness, and incoordinanon, asso-
ciated with a high mortalicy in neonatal
piglers may indicare the brain mvasion by

e -.F' 3

Fig. 39 Toxoplismia gosdis; ehin-walled cyvsr in

thie brpan (25 = 54 prm|
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Remarks: Larvae May Sometimes be found n
the CNS of pigs (v SwinNg, 1)

Stephanurus dentatus

Remarks: Larvae may occasionally invade the

CINS of pigs (== Swine, B 3)



5 Stages on the body surface

5.1. Skin and coat

HELMINTHS

= MNematoda found in the skin . ..... 327
ARTHROPODS

* Arachnida found infon the skin, . ., 327
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5.1 5kin and coat

HELMINTHS

« Mematoda found in the skin

Suifilaria suis

Location: Subcutaneous and intermuscular
CONNECHIVE TISSUE

Hosr: Mg

Species description: The adulr parasites are dif-
ficielt to see. Males are 17-25 mm long and
the female worms are 32—40 nun ||:|11: and
015017 mm wide. The hind end of the
male s '\E'Iil'i'IIE'_'.' ;..'||||-e:|_i ;'||l;|._| |_:-|_-';'|r\. (REA )
unequal spicules. The tail of the temale
shows a number of small tubercles, The life
cyele is not known, The female worms lay
eggs i the skin,

Ceographic distribution: Southern Africa

Symptoms: Numerous small vesicular erup-
tois on the skin

Significance: This filaroid worm produces skin
vesicles, contaiming eggs, which may burst
and become sccondarnily infecred. Apar
from producing nodules 5. swis does o
affect the healeh of pigs.

Diagnosis: Muluple, whitish nodules in the
skin and connective nssues, These nodules
contain cges which measure 51-n1 « 28-32

pm. The hard, white nodules of §. swis
should be distinguished from Cysticercns
cellulosae (larval stage of Taema soliwn)
larvae which contain fluid and a scolex.

Therapy and Prophylaxis: Unknown and gen-
erallv not indicated

ARTHROPODS

Arthropods are divided into two main Eroups:

Arachnida (arachnids) including:
= Ticks
- Mites

Insecta including:
- Lice

- Fleas

— [iprterida

* Arachnida found in/on the skin

- Ticks
(Figure 597)

Ticks are found on a wide variery of host ani-
mals and are generally nor very host-specific.
They are not considered to be common para-
sites of pigs. The economic imporrance of ncks
is considerable because of the annovance to the
host (direct noxions effects, rick worry], trans-
mission of diseases (Babesioses) and the fatal
tick toxicoses (paralysis, sweating sickness,
general toxicosis), In intensive pig production
systems, ticks are seldom a problem because
animals are raised in close confinements, If pigs
are kept in free range svstems, rick infesrations

miay assume increased significance (200 SWiNE,

14

Significance: Heavy tick infestations cause
bload loss and skin wounds. Infested pigs
itch, bite and scrarch, cavsing self-infhcred
skin rrauma, susceprnible o secondary

and Anacmia
welght loss may also occur, Ticks of poten-

inlections Myiasis., amd
tizl importance to pigs belong to two fam-
ilies: the Ixodidae (“hard ncks™) and the

Argasidac (“soft ticks™).
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Fig. 597 Life cycle of a
3-host rick [50]
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IXODIDAE (*hard ticks™)

Boophilus decoloratus The blue rick

Litw cycle of 5o tick
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the host and mok in
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Rbripicephalus spp. (R. sinus, R. appendicula-
tus and R. sanguinens)

Remarks: This 1s a ene-host tick and known 1o
be a vector of Babesia trautmanni in East
Africa. It oceurs in Afrnica south of the
Sahara.

{Figure 598)

Fig. 598 Booaphilis sp.; vector of Babesia trawt-
seaernd adult engorged female [10)
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Remarks: These species {mainly ricks of cartle)
are vecrors of Babesia trautmanmi and
Babesia perroncitoi in pigs.

Dermacentor spp.

Remarks: One-hosr or three-host ricks. Some
species of this genus are suspected o be
vectors of Babesia trawtmanni and B. per-
rontcilon in pigs. Some species are associat-
ed with rick paralvsis,

Amblvomma spp.

Remarks: This arc three-host ticks. Several spe-
cies of Arillyonima ticks are found on pigs
in central and southern Africa. Apare from
skinirritation at the site of artachment they
may also cause tick paralysis.

(Figure 599)



Fig. 599 Amilyomma sp.; adult male; members of
this genus may cause severe irritation and ock par-
alysis in pigs [ 10]

Ixodes spp.

Remarks: [xodes spp. are three-host ricks and
occur on pigs and other animals in Europe,
MNorth America and Sourh Africa and may
cause tick paralysis in domestic animals
(e Catrie, W 5.1,

ARGASIDAE (“soft ticks™)

Orithodorus moubata The eveless tampan

Remarks: This rick lives in the native huts and
in the sand under erees where animals and
human beings frequently seek shelter. In
huts they live in cracks in the floor or under
loase sail, from which they emerge at night
tor feed. In burrows they bury themselves in
the carth lining, coming out to feed when
a suitable host is available. Adult females
lay barches of abour 100 eggs and broods
over the cggs in the sand. Development
includes a larval stage which remains
quiescent until it has moulred 1o the nym-
phal stage. Several nymphal stages are
|1:.15r.|;:d l'hT[H]H]'I and the I'.I}']'Ill‘.li'l‘.i, like the
adults, artack their host for short periods
to feed. This tampan sucks blood from its
hosts, It is extremely resistant to both star-
vation and desiccanion (survival time off

the hosr up to § and more vears). O. mon-
bata constitutes the main reservoir host for
the virus of African Swine Fever. It is also
an important vector of the virus among
domestic and wild Saidae (warthogs, bush
PIES, e0C.; ¥ SHEEP AND GoaTs, B 5.1, Figu-
re 3710,

O mithodoros mroubata frorcimus

{syn. (). porcimis)

Remarks: This subspecics infests the burrows

of warthogs and acts as the reservoir and
vector of African Swine Fever, 5o does 0,
erraticns (syn, marocanns) in Spain and 0.
freertnricensis on the Caribbean islands. O,
corfacens transmits the virus of epizootic
bovine abortion, blue tongue and p::l:-i.li:ihf}r
African Swine Fever. O, tnricata and O,
talafe are vectors of Mexican and Ameri-
can Relapsing Fever.

Otolrins megnini The spinose ear tick

Remarks: Irs larval and nymphal srages are

parasites of the ears of dog, sheep, horse,
cattle, pig and many other domestic and
wild amimals. The nymphs bear numerous
spine-like processes. The body colour is
bluish-grey and the legs, mouth parts and
sines are pale yellow. Adulr ticks are not
parasitic and live in cracks and crevices in
walls and woodwork, under stones or
under the bark of trees. O, megnini may
severely affect the ears of s hosts, Animals
become restless, do not feed well and rap-
idly lose condition. The affected ears
become filled with masses of ticks, wax and
debris and are liahle to be invaded by scc-
ondary organisms. These orgamsms may
perforate the ear drum and set up infections
in the middle and inner ears and death may
pccur from meningitis (7 Carre, B350

Tick control in swine

A number of acaricides is available as spravs

or dips. Toxaphene (chlorimated hvdrocar-

bone) as a 0.5% spray protects against reinfes-
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tations for more than 2 weeks, Other effective
acaricides include coumaphaos, dioxarhion and
malathion and the pyrethrinoids. A 5% cou-
maphos dust applied ro the ears etfecrively
contrals the spimose ear tick {2 Carros, B5.1).

- Mites

Sarcoptes suis Mange mite, itch mite

Locanon: Skin of the head, ears, shoulders,
neck, legs and wail. In heavy infestanons
skin lesions may occur all over the body.

Hosts: Pig and wild boar

Species descriprion: . sris 08 a tiny mire,
0.3-0.5 mm long with a round body, blunt
mouthpares and 8 stumpy legs with an
wnsepmented pedicel. The legs end in bell-
shaped suckers (caruncles). Female mitcs
burrow tunnels in skin and lay eggs which
develop within 17 davs in a cvele of incom-
plete metamorphosis  (eggs,  nvmphs,
adult=) in adult mites, 4=5 davs atver mat-
ing the new generanon of adult mices starrs
to lay eges. The burrowing of Sarcopres
mites causes great irritanon, iching and
lesions with exudates which become crusts.
Chronic skin inflammation, accompanied
by proliteration of the subcutaneous con
mective tissue results i chackened skin chat
may crack and leave wounds which may
become secondarily infected. In remperare
FONes N, sus mires can survive for a few
weeks off the host, In dry areas the miies
die within a few davs afrer leaving the pig.
8. snis s rransmirred directly via skin con-
tact of infested pigs.

Geographic distribution: World-wide

Symptoms: Infested pigs are restless, and con-
onually scrarch and rub. The annoyance
caused by 5 suis distraces pigs from feed-
g, resulting in reduced weighr gain.

Significance: Sarcoptic mange is of great eco-
nomic importance  wherever pigs  are
raised,

Dhagnosis: Restlessness, comtinnous scrarching
and rubbing, Cruses and barks on the skin,
cspecially on rhe inside of the ears, which
are inflamed and scabby., Microscopical
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investigation of skin scrapings, raken from
the alterated skin reveals the rvpical mires.

Therapy: Infested animals can be washed with
an acaricide or treated systemically with
wermecnin {300 ppikg, sc., 2 = ar 28 days
intervall. It is recommended to rear all the
animals of a herd at the same time. The fol-
lowing acaricides are effecrive against Sar-
copric mange: Organophosphates (couma-
phos, crotoxvphos 4+ dichlorvos, mala-
thicen, trichlorfon, diazinon, phosmer and
phoxinl, chlonnared hvdrocarbons {lin-
dane), permethrin and pyrethrin, Infested
ammals first must be washed and then
rreated {spray) thoroughly owice ar 3-week-
intervals, Washing with acaricides results
i a reduction of skin lesions and symptoms
bur anmimals generally remain nfested.
Trearment with ivermectin seems o kill all
the mites and animals are free of infesta-
tion as long as no infected pig s introduced
to the treated herd.

Prophylaxis: Infested pigs should not be intro-
duced to the herd o aveid reinfection.,
Eliminanon of predisposing factors fe.g.

malnutrition, intestnal parasites and oth-
er chronic infections).

(Figures 216, 217, 220, 221, a4, 601, 602,
GIEY

Development stages of Sarcopnes juis

aclulis
female  male

#im

-y B

st eqg larva h
S

Fig. 600 Life cycle of Sarcoples shis [10]



Fig. 601 Chronic Sarcoptes seis infestation eesults
in thickened skin and cruses in the cars

Fig. 602 Crusts and barks on the skin of a pig due
[ey harcaplic mange

Fig, 603 Details of the Sarcoples znis mite; carsal
spckers have long, unjointed pedicels

Demodex suis Follicle mite

Location: Within the hair follicles and the
sebaceows glands

Hosts: Pig

Species description: The follicle mite is about
0.25 mm long, with a cigar-shaped body
and 8 stubby legs. Several Demodex spe-
cies which are morphologically identical
occur on many other host species. Devnod-
ex spp. are regarded as disniner species and
are host-specific. The entire life cycle is
spent on the host and completed in about
3 weeks.

Geographic distribution: World-wide

Symptoms: Infested pigs scrarch and rub, and
large pustules may occur. Loss of hair,
thickened and wrinkled skin may be seen.

Significance: Follicle mite in pigs cause great
irritation which may develop to large
abscesses. The exact prevalence of follicle
mite infestations 1s unknown,

Diagnosis: Mites may be demonsrrared by
microscopic examination of deep skin
SCrApIngs.

Therapy: The same treatment may be applied
ter Demodex infestations as to Sarcoples
stifs, although available treatments are less
effective for Demrodex infestations.

Prophylaxis: There is no effective prophylaxis
because InApparent carriers may transmit
the infestation.

* |nsecta found on the skin
- Lice
AMNOPLURA

Haematopinus suis Swine louse

Location: Lice may be found all over the body
surface

Hosrs: Pig

Species deseniption: The swine louse s casily
seen with the naked eve, It is 5-6 mm long,
It has a long narrow head, long mouth-
parts adapred for sucking blood, and large
claws on cach of the six legs. H. swis is the
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only lowse found on pigs. The pig louse
spends its entire life cycle on the pig. Eggs
are glued to the hairs and the development
is completed in 2-3 weeks, Lice cannot
survive off the host. Heavy infestations
may cause severe anacmia, discomfort and
annoyance. Lice are blood suckers. Self
trauma of the skin as a resulr of the exces-
sive scrarching resules in excoration,
thickening and soreness of the skin. Infest-
ed pigs are more suscepnble o other dis-
e:5es,

Geographic distribution: World-wide

Symptoms: Infested animals rub and scrarch
vigorously on any convenient object, They
have a reduced weight gain. Anaemia may
occur in heavy infestations,

Significance: Louse infestation is one of the
most imporrant diseases in pigs. H. suis
transmits the swine pox virus, Eperyvthro-
zoon sufs (& SwiNg, B 2} and probably
swine fever.

Diagnosis: Presence of these large insects on
pigs

Therapy: A number of insccnicides is recom-
mended for use as sprays to control swine
lice. Thorough applicarions are necessary
and wsually 1-2 l/mature animal are
required. The following insecricides are
effecnive against the pig louse: organo-
phosphates (coumaphos, crotoxyphos +
dichlorvas, malathion, stirofos, trichlor-
ton, diazinon, phosmet and phoxin}, chlor-
nated h}'dm-::ru rhons (lindane, I'nl'_'tl'lnx‘l.-'l_'l'l-
lor) and permethrin. Dips, overall body
treatment (dust) or spraving are the pos-
sible methods of treating infected animals.
Fenthion (3%) pour-on is a ready-to-use
formularion for lice conrrol. Insecricidal
treatment should be repeated 1 week after
the initial treatment since eggs may survive.
Ivermectin (300pgike, sc.) provides an
effective lice control.

Prophylaxis: Regular trearment is required. In
particular, sows should be reeared prior o
farrowing ro prevent lice from moving
onto the piglets.

(Figures 604, 603)
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Fig. ik H;rﬂ:r.;rrr.llrrf.lur.:.:
snits; the swine lonse
(5= mm long) [4]

Fug. 605 Haemafogamg
siisy lowse e attached
1o the hair

Fleas

SIPTHONATTER A

Remarks: Fleas are not host-specific and may

artack any convenient mammal or bird for
a blood meal, The two fleas most common-
Iy found on swine are Pulex irritans, the
human flea and Echidnophaga gallinacea,
the stickfast flea. Clenocephalides felis, the
cat flea, may occasionally be found on
voung piglets. Tunga penetrans, the jigger
or chigger flea occurs in Africa.

Fleas are wingless msects 2-=4 mm long,
have a thick brown chirinous exoskeleton
and powerful legs. Female Fleas lav cggs
which drop off the host into the animal
bedding. Larvae harch in 2-16 days and
feed on organic marerial such as drv blood,
facces, etc, Larvae mature in 1-2 weeks and
pass through a pupal stage of varying
length, depending on environmental condi-
tions. Only the adule flea is parasitic and
requires periodic blood meals. Fleas can
survive for many months ( Pulex irritans up
o 2 years) in the absence of a host,



Symptoms: Restlessness, stampeding when
masses artack animals, Allergic dermatitis
may be seen, but should be differentiated
from other similar conditions (e.g. sarcop-
tic mange).

Significance: Fleas are generally of minor sig-
nificance in pig production, bur when
masses of fleas occur in sheds they may
severcly irmitate and debilitate pigs. An
allergic dermaritis, similar o that of dogs
may occur in pigs, and s signs resemble
those of sarcoptic mange. Fleas are also
capable of transmirting Classical Swine
Fever. Masses of Tumga penetrans werce
found to produce agalactia m sows [in
Zairel and death of piglers. Ovigerous
females (chiggers) were localized in the
teats and obstrucred the ducrs,

Diagnosis: It is not easy, as adult fleas may
leave the host and egps and larvae are dif-
ficult ro find. The bites are similar to those
of mosquitocs, hoe and mires.

Therapy and Prophylaxis: These are based on
locating the flea-breeding area. Both the
surrounding and the amimals should be
sprayed with an insecticide (organophos-
phates, chlorinated hvdrocarbons  or
prrethrinoids). Intested litter, bedding and
manure should be burned and removed
trom the pig quarrers. Housing can be
sprayved with malarhion (2.5%%) and the
pigs dusted with rotenone (1% powder,
lindane (1%) or malathion (6%) powder.
Insecticidal spravs combined with growth
regulators (e.g. deflubenzuron, fenoxy-
carb, methoprene) eliminare the adult fleas
-1I'.|1I :iTI.!"I.'rrIJPI.' Iﬂr'r'ﬂ.l lllf"."l."lli]‘pﬂ'lfl.'lt HI: ﬂﬂﬂ.!-i
for several monchs,

{Figures 606, 607, 608, 609, 610}

Fig. &0& Pulex irmitans;
the human flea imale:
2=1.5 mm long, female:
2-3.3 mm long) |32]

Fig, 607 Life cycle of fleas

Adulr females (1) deposit around 100 cggs (2) afver
a blood meal, 4=12 days later spiny larvae develop
13) which develop in a pupal stage (4) from which
adule fleas {5) harch after a period varving from 3
weeks 1o several months [52]

Fig. 608 Tunga
peretrans; the jigger
flea {1 mm long) [4]

Fig. 609 Ctenocephalides felis; the car flea (male:
2=2.5 mm long, female: 2=3.2 mm long) [52]

333



W 5 Stages on the body surface

]"-ig. G110 Heads of some flea apecies which may
affect domestic ammals mcluding pigs: (ah Chewoe
cepivalides cands, (b) C. felis, (¢} Ceraropbyllis
gallinae and [d) Peelex freitans; CT = ctemidia, AU =
pmmatidium, PR = pronotum, AT = antennae and
A = caput [head) |33]

— Dipterida
CULICIDAE Muosgueroes

Aedes spp., Anopheles spp., Culex spp.
and others

Remarks: Mosquitoes mayv also artack live-
stock, causing discomtorr and irrication,
Massive attacks cavse skin lesions in form
of raised, oedematous swellings (a few mm
in diameter) on the legs and abdomen
which tend o disappear within 1-2 days
bur this can make pigs unacceprable for
markering at that nme. Control within the
pigeery is possible by using diazinon acro-
sol spray in the late evening as a regular
procedure, Mosquito screening and insect
repellants are also helptul m minimizing
mosguito troubles in piggeries. Where pos-
sible, the breeding ground of the mosqui-
taes should be climinared (e.g. draining
water bodies in the surroundings, covering
the surface, etc.) (e Catrie, B 5, 1.0,

{Figure 611
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Fig. 611 Aedes sp.n feeding positien | 5—6 mm

I )

Flics are of importance in pig production
world-wide. They may annoy animals by their
pamtul bite while others rransmir diseascs. The
larvae of some species invade pre-existing skin
wounds and cause myiasis which may cause
severe losses,

SIMULNDAE

Simselivem spp. Black flics, midges or butfalo
Hlli'll'ﬁ

Remarks: This small fly occurs world-wide and
is found in swarms near free-running well-
acrated streams, Simulids cause severe irri-
tation to livestock, including pigs when
they occur in large numbers. Bites are
inflicred on all parts of the body, giving rise
to vesicles which burst exposing the under-
lying Hesh. Skin wounds caused by simul-
ids heal very slowly. Cerrain areas of the
ropics are rendered uninhabitable by
simulids (s CATTLE, W 5.1). (Figure 612)

Fig. 12 Massive skin irntanon on the ears of 2 pg
due o Sevmardenem sp, bites |30



TABANIDAE Horse flies

Remarks: These robust thes have powerful
wings and breed on leaves of plants in the
vicinity of warer. They artack pigs and oth-
er larpe animals by biting in different plac-
s and then raking blood, trequently on the
back, head, ears and the udder of sows.
They are capable of transmitting infectious
diseases, including hog cholera (7% CaTTLE,
W5l

MUSCIDAE

Musca domestica The common house fly

Remarks: Apart from being attracted to organ-
i material this non-biting muscid fly may
also be attracted to wounds and other moist
parts of the body, M domrestica is known o
transfer pathogenic bacteria mechanically
from one wound o another. It s also
capable to spread hog cholera, eggs of nem-
atodes and cestodes, stages of protozoea and
several viruses. The preferred  breeding
place is in the faeces of animals or in decay-
ing organic marter (7% Carre, B 51).

Stomoxys calcitrans The stable fly

severely annoy and debilitate pig popula-
tions (& CATTLE, W 5.1).

CALLIPHORIDAE The blow flies and their

allies

Callitroga (syn. Cocbliomyia) bominivorax
The " American screwworm”™

Remarks: C. bomirivorax is a primary blow-
ty and has recently been found o occur
also in North Africa. Pigs and many other
domestic animals may be affected. The lar-
vae of the screwworm fly imaggors) pene-
trate into pre-existing wounds and exrend
the lesions considerably (e7 CaTTie, M50,
The lite cvele difters trom other tlies in that
brecding takes place in the wounds of the
live animal and nor in carcasses.

Chrysamya bezziana: The cartle screwoworm

in Africa and Asia

Remarks: Cartle are commonly infested (v
Carrie, M 5.1} bur also horses, sheep,
dogs, somenimes man and rarely pigs. C.
Pezziana is also a primary blowfly,

I.'.'Jﬂilrﬂmm spp.

Remarks: It s a bioing muscid and occurs
world-wide. Both sexes of this fly are
bloodsuckers and can become extremely
ircitaring pests of man and domestic am-
mals, including pigs. [ts preferred breeding
ground is in decaving vegetable matter or
in moist straw or hay, This fly prefers
strong light rather than dark srables. I can
be a carrier of hog cholera and possibly
other infectious pathogens (v Carroe, B
2.1

GLOSSINIDAE

Clossina spp. Tsetse flies

Remarks: Both sexes suck blood and are equal-
ly capable or transmitting trypanosomes.
Tserse flies, especially in great numbers can

Remarks: Blowflhies of the subfamily Calli-
frhorimae ditfer from screwworm Flies
that they are secondary blowflies which
-;Jupu!iit their EEES I TECronc wounds
which have been previously struck by
screwworms (primary blowtlies),

The disease condition commonly referred

to as “myiasis”

Most cases of mvyiasis occur in rainy weath-
er. Maggots penetrate the wound tissue,
which they hiquety and thus extend the
lesions, There is a foul-smelling exudare
and death from screwworm infections is
frequent.

Prophylaxis: To prevent myiasis, surgical
wounds should be avoided during the fly
season (e, rainy season, summer] and
atrention should be given o skin wounds
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and injuries. Wounds can be protected
from myiasis by the application of a wound
dressing conraining an insecricide (e.g.
organophosphates such as coumaphos or
chlorinated hvdrocarbons such as lindane)
and an antisepric. Afrer wounds are invad-
ed by larvae they may effectively be treat-
ed with pressurized aerosols containing
cowmaphos, lindane or ronnel {korlan}).
These are very effective in killing the larvae
in wounds bur they will nor protect the
wounds from re-invasion.

«  Control of Flies

Fly control in piggeries is a conninuing exercise
during the months of fly acrivity (summer,
rainv season ), Breeding of flies can be prevenr-
ed it dung is removed regularly or liquefied.
Manure should be removed ar least wn:t!—:|}'
jcomplete life cvcle of the housefly takes 15
davs) and spread thinly on soil so thar fly egas
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and larvae are killed by desiccanon. Destruc-
rion of flies within pig sheds can be carried our
in a number of wavs. Insecticides are applied
in form of sprays, bairs or impregnated strips.
Malathion, trichlorfon, retrachlorvinphos can
be used o sprav buildings {ceiling, wall spac-
e5, cic. ), Feed or water should be covered for
spraying to avoid contamination. Space or
aerosol spravs (foggers) used dailv with knock-
down insccricides are also effective and less
prone to resistance development than are long-
term acting pyrethronds, Baits applied o clean
concrete surfaces and pen divisions are effec-
tive and wsually conrain insecticides such as
ronnel, diazinon, malachion, trichlorfon and
dichlorvos. Fly electrocutors and adhesive
papers offer a non-chemical method of con-
rrolling fhies. Screen doors reduce the number
of flics entering the buildings where livestock
15 kept. Insect growth regulators (deflubenzu-
rom, cvromazine and others) may be used as
larvicides.
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PROTOZOA

Histomonas meleagridis
Infectious enterohepatinis or “Blackhead™

Location: Caecum and liver

Hosts: Turkey, less frequently chicken and
gunineafowl

Species deseniption: . mieleagridis is the cause
of enterohepatins or “blackhead™ in tur-
kevs but also in chicken, guineafowl and
other gallinaceous birds, Chickens appear
to act as reservoirs of the parasite for the
man 5u:1'-;:¢:pri]1-|+: hose, the turkev, The cae-
cal worm Heterakis gallinarum and s eggs
can carry M. meleagridis. Turkeys mav
therefore acquire H. meleagridis by inges-
tion of mbected Heterakis epgs. Blackhead
is not transmitted through the egg of the
tiurkey.

Geographic distribution: World-wide; in At
rica: Fast, Morth, parts of Wesr and Cen-
tral Africa

Symproms: Histomonosis s mamnly a disease
of young turkevs, The chicken 15 more
resistant to the infection, although it may
occasionally also become infected. Symp-
tomms are weakness, inappetence, listless-
ness, standing tor long periods in a dejecr-
ed atritude with cyves closed, dropped and
ruffled feathers. Especially characreristic is
the appearance of sulphur-vellow faeces.
Birds hecome progressively weaker and
death occurs within a week of first symp-

338

toms. The term “blackhead™ is derived
from the cyanotic (blue-vicler) appearance
of the comb and the wartles bur it is not a
constant or pathognomonic fearure of H.
meleagridis infection, The caeca and liver
show marked lesions, The caeca are
enlarged, thickened, intensively inflamed
and the mucosa is replaced by areas of
necrosis, Casts mav occupy the lomen of
both cacca. The liver 1s enlarged and shows
necrotc areas (0.3=2 cm in diameter), dark
brown in colour often with a yellowish
perimeter. The surface of necrornic areas is
almase  always depressed. The caecal
lesions may be confused wich those due 1o
Eimeria tenella but this infection is accom-
panied by characteristic stages of the para-
site in the casts,

Significance: The discase is known to affect pri-
marily turkeyvs, However, it also affects
chickens around 12 weeks of age. The dis-
ease in chickens involves mainly the caeca.
Mild liver lestons ocour occasiomally, Mor-
raliey in chickens is low but the morbidiy
can be high m voung animals.

Diagnosis: This s often based on necropsy
findings. Necrotic lestons of the liver ar
postmortem are pathognomonic. Derec-
rion of the parasites is ditficult, The organ-
isms are polvmorphic and the morphology
depends on the organ locanon and the
stage of the discase. Histological examina-
tion of stained sections of the liver shows
necrosis and colonies of the organisms. {In
a few cases confirmarion may be obrained
by demonstration of H. meleagrides from
direct smears of the atfected liver or caeca
Contents).

Therapy: Dimerridazole ar 000125% (100-
200 ppm} in the feed or in the drinking
water at {163 gfl and for prevention 0.315 g/l
Ammonitrothiazole at 0.5% 15 curative or
ar 0,01 % prevenuve in the feed. It should
be administered for 14 days.

Ronidazole ar 0.0043-0.006% (60=2)
ppm) in water given for 3 davs prevenrs
mortalicy,

Ipronidazele (30-83 ppm} is highly effec-
tive, For short-term therapy 0.0235% in the



feed or 0,012 5% in the drinking water. For
prevention continuous admmistration at
the dosage of 0.0062 5% in the feed 15 sug-
gested.

Prophylaxis: It 15 essential to avoid contact
berween turkeyvs and domesne chicken and
where the rwo are kepr on the same farm a
separate area should be allocated to each
of them. Regular trearment with anthel-
mintics to reduce Heterakis pallimarim
infections is of benefit to reduce the over-

Fig. 613 Histomomas meleagridis; rypical necrotic all incidence of histomonosis. Continuous

esions in the liver of a turkey [33] admimistranion of the above-mentioned

drugs in prophylactic dosages may prevent

outhreaks in populations ar risk.

Remarks: Paralistomonas wenrichi is a non-
parhogenic species resembling H. meleagri-
dis and occurs in the liver. The most impor-
tant difference is the size: P, wenrichi is
abour 1.5 rimes as large as H. meleapridis
and has four flagella instead of one or two
in the latter specics.

(Figures 613, 614, 615}

Trichomonas gallinae

!-lu. 614 Histomoras meleagridis; necrotic Ilnl-::lrlh Location: Upper digestive tract (crop, oesoph-
in the caeca of a turkey. Casts occopy parts of the

i agus, pharynx, proventriculus) and liver
caecal lumen [53]

Hosts: Pigeon, turkey and chicken

Species description: T, gallinae 15 the cause of
avian trichomonosis found particularly in
pigeons but also in markevs and chickens. Ir
is basically a disease of voung birds with
mflammarion and ulceration in the oesoph-
agus, crop and proventriculus. Contaminar-
el drinking water is the main source of infec-
ton. The incubation period is 3-14 days.

Geographic distribution: World-wide; in the
Central African Republic, Zaire and south-
ern Africa

Symptoms: Drowsiness, a pendulous crop and
a toul odour from the mouth are usually
observed in ifecred chickens. Primary
lesions in the oropharyngeal mucosa, fol-

lowwed by parasite invasion into the pharyn-
[schematic). The organism is pleomorphic, the geal glands and progressive penetration of
morphalogy depends on the argan location, stage the underlying nissue. Infection of the liver
of infection amd probably ocher factors [ 3] with multiple abscesses is considered as an
important cause of death in infected birds.

Fig, &1 % Yarons torms ol Histomonas rrreleargrradis
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In pigeons suffocation and impaired feed-
ing due to the massive lesions is often found
tor be an important cause of death.

Sgnificance: T, pallinae cavses a condition in
chicken rermed “canker”. Turkeys, chicken
and a wide variety of wild birds are parasi-
tizedd with varying degrees of pathogenicity.

Diagnosis: Ar necropsy, vellowish necrotic
lesions are evident in the mouth, crop and
ﬂﬂﬁ'l']pl'lﬂ]:’.‘l.l!i Witl'l L'I.l'l.'[l!‘i-i-l]l'l T II'IL" h[]l]t'!i [:IF
the skull, the liver and elsewhere. Parasites
are usually very numerous in the mouth
and crop contents. A smear from crop or
oesophagus lesions will vsually demon-
strate the parasite. This marerial or the car-
cass should be fresh for a successtul iden-
tification of the trichomonads,

Therapy: In chickens trearment is generally not
indicated. In pigeons metronidazole (60
me'kg, po.) and dimetridazole (530 mg'kg,
po.b in the feed or in drinking warer
(005 %, during 5-f L".'L}-'.‘i:l may e used to
suppress the disease.

Prophylaxis: Wild pigeons and other birds play
an imporrant role in introducing the infec-
tion to domestic birds. The drinking plac-
[ EI'IHIJIIJ. t!'.ll.‘fEF'i]‘fl:' h: h]"l.ll:'lllil:'LI [E%) Frl‘."r'fl“.
the introducnion ot infection.

{Figures 6lh, 617, 618

HF-' Gl Trrclrmirmgs SPECIEs ;‘|FEI;H,:'iI1F hirds; T,

pallinaraem (a), T, pallimae (hj: AX = axosty], C =
costa, S0 = recurrent flagellum, F5 = free end of

Maand F= “:.'lp-ulll.nil |.-'|-.-'|]
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Fig. 617 Trichomonas gallinae; cascous necrotic

mtterial im the crop of 3 young pigeon [4]

A

Fig. 618 Trchamomss gallnae (6=158 pm; staimed [15)

Tetratrichomonas gallinarum
{syn. Trickomoaonas gallinarum)

Location: Lower digestive tract, particularly
caecum and colon and sometimes liver
Hosts: Chicken, turkey, guineafow! and pos-
sihly other gallinaceous birds

Species descriprion: T. gallinaruwm infections
should be differentiated from the more
pathogenic Histomaonas meleagridis. Infec-
tion is acquired by ingestion of rrichomao-
nads in contaminated feed or warter,

Geographic  distribution:  World-wide, rhe
same as I _ELI'HJ:J'J'.LIE

Symptoms: Enterohepatitis with liver lesions
resembling those due o histomonosis.

Significance: This 1s a common parasite which
probably cannot cause discase by irself,
although infecred birds have been reported
to show blackhead-like lesions of the Cae-

cum and liver. Often a warery, shmy
inflammation of the cascum is observed.



Diagnosis: This is based on the demonstranon
of the organisms (up to § pm} in smears of
the large intestinal mucosa.

Therapy: g T, gallinae

Prophylaxis: & T. gallinac

Coccidiosis in Chicken

Cocoidiosis in chicken is, following bacterial
diseases, the second largest problem world-
wide, wherever poultry 15 reared in crowded
condmons, The tollowing charactenstics of
Coccidia may be responsible for their grear sig-
nificance: shore life cycle {57 days); no inter-
mediate host is required and Evreria spp. have
a very high reproductive capaciry.

In chickens six different species are important:

-

Eimeria tenella

It is very pathogenic, causes bloody caccal
coccidiosis and often moreality,

Eimeria necatrix

It 15 very pathogenic, causes bloody intestinal
coceidiosis and often mortality.

Eimteria maxima

It can be responsible for high morbidiey and
sometimes high mortality. It often causes sub
clinical coccidiosis associared with marked
weighr loss,

Eimeria acervnlinag

It iz even less pathogenic than maxima, but
recluces weight gain and feed conversion and
impairs absorption of nutrients and pigments
[subclinical cocaidiosis).

Ermerta mitis

E‘l = dit.r.iL'Ll]'l L& IIJ.I..'I (SRR o iII. T LT |.'||-]'|1.'H ¥y IIIII‘L"L'-
tions, symproms like E. aceronling,

Eimeria brunetti

It may be very pathogenic, causes weight loss
and mortality. Difficulr ro diagnose because of
the indistincr lesions in the lower inrestnal
tract. Sometimes necrosis in the lower small
mtestine and the large itestine.

»  Cieneral features of Efmeria spp.
in chicken

Species description: The life cycle of all Eime-
Fid spp. involves two or more generarions
of an ascxual development known as
schizogony, followed by a sexual phase
termed gamerogony which resulrs in the
formmaation of OOCVETS, LIOCYSIS are excrened
in the facces and become imfective o the lit-
ter only after sporulation during which
sporozoites are produced. Some Eimeria
spp. cause clinical coccidiosis (e.g. E. fenella,
E. necatrix), associared with bloody diar-

and  death  while

other species canse subclinical coccidiosis

{e.e. E. maxima, E. acerviding). The over-

all losses due o subclinical infections are

enormouws and result in markedly reduced
production (growrh and egg production).

Immunosuppressive diseases may act in

FI'IIZ'H.‘.I._ ‘.'n-'\'.'.'l.]{ eSS

concert with coccidiosis to produce a more
severe disease, Marek’s discase may inter-
tere with immunity to coccidiosis, and
infectious bursal disease may exacerbate
coccidiosis, placing a heavier burden on
anticoccidial drugs,

Geographic distribution: World-wide

Inagnosis: This is based on both chinical obser-
vations and 1;1]Har,1t:1r}' investigations. An
outhreak of coccidiosis is often associated
with the following signs: signs of illness in
the flock, abnormal faeces, birds that have
a moribund appearance with lethargy, ruf-
fled feathers and loss of skin pigmenta-
nons, Coccidiosis may be tollowed by diar-
rhowa which may be bloody in case of E.
tenella and E. secatrix or contain mucus in
case of E. acervuding or E, smaxina, Qocyst
counting may contribure additional infor-
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mation about the overall herd situation but
this cannot be used alone to identity out-
breaks or species involved in outbreaks.
Coccidiosis can best be diagnosed from
birds killed for immediare necropsy. Many
stages of Coccidia can be seen in smears
taken from suspected intestinal lesions.
Mucosal scrapings mav be diluted with
saline on a shide, covered with a covershp
and then examined with a microscope.
Oocysis or macrogameres are most easily
seen, but in many cases the lesions are
caused by maruring schizonts, The pres-
ence of clusters of large schizonts in the

(51  oooyst

(4] lermaks
gametocyle

Bty X & R
-“:I.-:-.'.:

mala gamate
(4)  male

pamatocyle

(3 merozoite I
D&Y 5

Fig. 61% Cocoidia have a very definite patrern of
development. There are rwo or more generations of
an asexual development known as schizogony, fol-
lowed by a sexual phase igametogony) which resulrs
an thee formation of oocysts, Chocysts are excreted in
the facces and become infecrive in the litrer only after

sporulation during which sporozoires are produced
| 54|
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midgur area is pathognomonic for E. mec-
atrix, while a similar finding in the caccum
indicates E. tenella.

In warm, moist areas the development of
Coccidia is even more facilitared. Coccidi-
osis in chickens is exclusively represented
by species of the genus Eimersa, For sim-
plicity reasons the Efmeria infections found
n domestic fowls are distinguished as 1)
those causing marked haemorrhage in the
intestinal trace and 1) those withour

marked haecmorrhagic lesions.
{Figures 619, 620, 621}

-Hﬁl\‘\_\\
"'.-' ,-J_ merazoite | (3)

Development stages of coccidia:s (1) sporozoices
imotle infective stages), (2] schizonts (multiplving
asexual reproductive stagel, (3) merozoires (Ist o
Jrd-generation monile infecrive stage), (41 gameroc-
vies (sexual reproduchive stages, female non-motile
macrogamerocyre and male morile microgameto-
cyte) and (5} oocyss {zygotes formed by the sexval
wiion of EAMETOCyTEs]



—r, ' Fig, 620 Unsporulated (11 and sporulated
2 —= |4 _H“x 12} oocysts of Efreria vraxien (300= 200 pm) | L5]
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Fig, 621 Differential characteristics for nine Efveeria specics of chicken | 54]
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*  Coccidiosis with marked hacmorrhage

Eimeria tenella

Location: Caccam

Significance: E. tenella is highly pathogenic.
This acute infecrion occurs most common-
lv in young chicks. Heavy infections are
characterized by the presence of blood in
the droppings and by high morbidity and
maortality.

Diagnosis: At postmortem in the acute phase,  Fig. 624 Schizonts of Eimeria tenella in caccal
the caecum are distended by blood follow-  mucaosa (arrows) (60-70 pm in diamerer) | 54]
ing erosion of the mucosa. Large second-
generation schizonts and free merozoites
can be detecred in smears from the caccum  Eimeria necatrix
mucosa. Caecal cores are composed of
necrotic debris, gamerocyees and oocvsrs  Location: Small intestine

may be found during the recovery period  Significance: F. mecatrix is a highly pathogen-

of the host. Acure deachs without the pres- ic species which may cause heavy mortal-
ence of cocysts may occur. ity. Lesions are confined to the small inees-
(Figures 622, 623, 624} tine where haemorrhage accompanies the
maturation of the deeply penetraring

schizonts,

Diagnosis: Whire spors (colonies of schizons)
arc often visible in the intestinal wall.
Oaocysts occur in the caccum where macro-
scopic lesions are absent, an important dis-
rinction berween this species and the E.
tenella, ITv may be distinguished from E.
maxinia by the presence of very large
schizonts in scrapings from the small inges-
tine,

Fig. 622 Bloody faeces 4-6 days atter infection with — (Figure 625, 626}

Eimeria tenella (right) and normal facces (lefr) | 54]

Fig. 623 Caeca of chicken, distended by blood due Fig. 623 Large schizonts (arrows) of Eimerna
tey Eiseersa fesedla imfection (left and middie) and necatriy in the scraping of small intestinal mocosa
narmal caecwm {right) [53] (&0=70 pm in diameceed [53]

~ anvriahted material
'_,!__-|_ ':.- | !'__!il =L [T et b
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Fig. 626 Ermerne necateix causes haemorrhage and
necrosis 10 the mucosa of the small incesoine 1)
normal intestine (21 |53

»  Coccidiosis without marked haemorrhage

Fimeria maxima

Location: Mid-small intestine

Significance: E. maxina can be responsible for
high morbidity and sometimes high mor-
tality. E. maxfma often causes subclinical
coccidiosis associated with marked weght
loss. Lesions occur most frequently in the
mid-small intestine although the whole of
the small intestine may be involved.

Fig. 627 Mucoid exudare and haemorrhage in the
:ninﬂ '\.rrl,l“ bt |,||_1|; tiy Frrreraa sercesieng ek hs

normal intestine {right) | 53]

Diagnosis: Typically the intestine appears thick-
encd with pink mucoid exudare. Haemaor-
rhage may be pronounced in heavy imfec-
rions, Gametocytes or large  vellowish
oocysts may be seen in smears from the
intestinal mucosa.

tFigure 627

Einreria brunetts

Location: Lower small intestine, caccum

Significance: The pathogenicity of this species
15 high. In heavy mfections numerows small
haemorrhages may occur in the mucosa
with hlond-stained exudates.

Diagnosis: This is ditficult due to the indistinet
lesions in the lower intestinal rrace. Yellow-
ish-whire caseous marerial may be found in
the lumen of the lower intestine and rec-
tum. Rounded oocysts with a variable size
occur throughour the inresrine. Stamed
smears from the mtestinal mucosa should
be made o differentiate from Clostridinm
perfringens infections.

The following species are regarded as less
pathogenic although they might cause weighe
loss in heavy or concomitant infections:

Fimeria mivab

Remarks: This species occurs i the upper
small intestine. Heavy infecrions may pro-
L

duce mortalitics of up to 10%, Light infec-
tions cause weight loss.

Eirreria acervuling

Remarks: This species occurs in the upper
small inrestine and 1s not very pathogenic
but reduces weight gam and feed conver-
sion and impairs the absorption of nutri-
ents. It generally causes a subclinical cocci-
diosis,

{Figure 628, 629)
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Fig. 628 Ermeria acerenlira mbectoion cause tvpical
striarion and thickening of the mucosa |535]

Fig, 629 Mucoid faeces due 1o Edvereria acernadina,
Eimerna wivati and E. miaxoena |54

Eimeria mitis

Remarks: This species is difficult o diagnose
and heavy infections cause lesions similar
to those of E. acervulina,

Eimeria praecox

Remarks: This species occurs in the upper third
ot the small intestine. Ir is of low pathoge-
nicity.

*  Control of Cocaidiosis

In the past chemotherapy was used to treat our-

breaks afrer signs of infecrion and losses were

apparent. Soon the concept of preventive med-

ication emerged with the realization that most
of the damage is done once signs of coccidiosis
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oceur, Today, almost all broiler flocks in inten-
sive poultry systems receive preventive medica-
tion, and treatment 15 used as a lasr resort.

It layers are kept permanently in barrery cag-
es, the replacement flocks can be raised under
permanent application. 1f
lavers are kept in systems with direct contact
to faeces, the coccidiostanica applicarion 1o the
replacement flocks should be stopped art the
1 1th-13th week of age, in order to achieve
immunization. The contact to the contaminat-
ed facces should then be maintained.

coccidiostatica

Therapy: Sulfachlorpyrazine (300 ppm in
drinking warter), sulfadimethoxine com-
bined with ormeroprine (125 and 75 ppm
in feed), sulfaquinoxaline combined with
pyrimethamine (14 ppm and 45 ppm, in
drinking water), nicarbazine (125 ppm in
feed), amprolium (125 ppm in feed or via
drinking warer}, amprolium combined wirh
ethopabate (125 and 8 ppm via drinking
water) or toltrazuril (2575 ppm via drink-
ing water during two consccutive days).
Orher combinanons may also be used.
Therapy should be contnued unnl the
symptoms have disappeared (3-6 days).

Prophylaxis: Anncoccidial drugs represent a
wide variety of chemicals including one
group of angibiones (ionophores), The
demand on control of cocoidia in broilers,
turkeys and replacement pullets is very dif-
ferent.

Different programs have been developed and
are as follows:

Comtinuons feeding
A common program with 1 drug only,
which is mainly used where coccidiosis one
does not seem to be a major problem,

Shuttle programs
One drug is used in the starter feed (2-3
weeks) and another in the grower feed, Sev-
eral shurtle programs using various drugs
are practiced throughout the world., The
drugs used should be complementary in
spectrum of acriviey.



Rotation prograns

Inn these programs the same anticoccidial is
used  for several grow  ours, and rthen
replaced by another.

There are other programs which may also
b nseful in pracrice. General rules cannor
be made for such a choice bur it is necessary
to change produces every now and then. A
wide variety of anticocadials s currently
available (Tables 23-25) Depending on the
product used, the withdrawal periods and
the indicanions should be strictlv consid-
ered. Anticocoidials should not he admims-
tered to laymg hens. Tolirazaril {7 medkg,
po.jisa mcdern anrticoccidial and not relar-
ed to any orher drog currently in vse. Ir is
effective against all the pathogenic Ermeria
spp. of chicken and may be used tor both
therapy and prophvlaxis of coccidioss,
Since tolrrazurtl does not mcertere with the
development of immunity it may be used
tor prevention of coccidiosis in replacement

during rearing will provide reliable provec-
nod. Usuallv a 2-day treatment every 3 to 4
weeks up to 18 weeks of age will be sulfi-
cient. It is well escablished that ourthreaks of
coccidiosis are often relared 1o stress (e.g.
vaccinanon, debeakimg, handling of birds,
heat stress, change of diet). I all these cas-
e+ 3 strategic admimstration of tolerazuril ac
these nmes will protect birds from coccidi-
LEL]

Mote: Even ar recommended dosage anticocad-

ials  demonstrate side  effects such  as
depressed prowth, tosicaty in layers, inter-
actons with mmerals, immunosuppression.
It is theretore cssennal 1o concentrate ant-
coccidial drugs correctly. Coccidial resis-
tance has been reported with almose all
commercially available drugs. Resistance of
Covcidia agamst drogs may be expressed by
decreasing weight gains, reduced urilization
of nurrienes and rather rarely by clinical
coccidiosis and mortalicy,

chickens. A strategic use every 3 w4 weeks  (Tables 23, 24, 25]

Table 23 Therapeutic anticoccidial drugs, applied in drinking warer

Generic names Dosage (mg kg body welghf] in d'rllr;kl-nawaler

007 2-0,024% (1) + QO07F6-0,0152% () during 5«7 days

000793 {1] + 0,00768% (2) during 3 days, 2 days break,
arnd 3 days treabment again

0000 5% (1) + 0L0045% (2} during & days or during 3 diys,
2 -I_'I.:I],'S. break, and 3 d.r:"- Erésademig il aggarn

0 0%%: for 3 -:_:I.-i:,.".I 23 -::Id]."- bireak, 3 days frealment

Amprohum (1) + Ethopakate ()
Dizverdin (1) + Sulfaquino=aling (3]

Pyrimethamin {1) + Sulfaguincxaline (2)

Sulfaclozin.natric. monohydrate
or treatment on day 1.-3.-5.-7. and 9 or 1.-2,-5.-6. and 9

Table 24 Combined prophylactic anticoccidial drugs for poultry

GEI'I_E-r'_iI: namas Desage (mg kg } in feed

250-400{1] +

20-32 (2)

100 {1} » B,35 (3

250 (1) + 200 (2}

BO (1), + &0 (2 + 5(3)

145 (1} + 5 {2)

125 (1) + 75 (2}

SO0 (1) + 100 (2)

250 (1) + 300(2) + 50(3)

Armprolivrm (1) +

Ethapabate {2)= Acetaminoethoxy-methylbenson
retichlprpindol (1}, Methylbemeooual (2]

250 Wklamide (1) = 20% Sullanittan {2

Amprolivm (1) + Sulfaguinoxaline (2} = Ethopabate (3]
Pamcoccin {11 + Pyrimethaman {2)

Sulfadimethowine (1) & Ormetaprim (2)

Bithianod (17 « Methiotriagdamin [2)

Mitrczrmide (1) + Sullanitran (2} + Roxarsone (1)
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Table 25 Prophylacric anticoccidial drugs for poultry {applied mn feed)

Creneric namas

[::l-'s.agq {mg,."hg Yin feed

Akfomide (Chlon-Mitrobenzamid) 250
Amprolium (Amino- propyl-pyriding-methyl - pecalonaome hlorid) 125-250
Arprinodid (30 2-Chlaro=a-luorotsensy | -ademnin) |
Arsanalic adid or sodwim-arsandate EliE
Beclotiamin (drug closly related to Amgprolivm) A0-125
Buginolate {A.IL':,'I-h_'g.'l:qu:-rc'r'-Jmnl‘.-ul_n:-l}'-chunl:llinq rll'bl,'.i:i}"] 225
Clogedal; beticlarpandol; Clopindal {Deehlor-dimetbiyl-pomidingly 125-250
Decaquinate {Hydrasychinelan-derivabe) i
Diclazuril (2,6 dichlore-a (4-chliorophenyl)-4-(4, 5-difydne-3,5

dinwg-1,2,4-tragin-2 (3H)-yibenrenacetonitnl 1
Diritratolmied {Dinilro=-ortb-tolusmid ) 40-250
Furazolidene {Mitrefuraldehyd-amino-oxazolidon) 55
Glycarbedamid (Imidazolcarbosamid) 30
H.ll-::-‘ll.l-:_;inl:lru' { ewbract fram (i hror h_".':-.r.i."l.l._'j'cr] 1
Lasolocid (lram Streplompres iosofalignsic) 75125
Wladurimicin {from Actinomadura WLIMAsnsis) 5
hethylbenzoquat (Methyl-banzylowy-butyl-dibwdrosychinolin carboxylat t0-3ck
danersan (rom SIepiormyce s CnmmnoTaai 100-120
Maragi (from Sregorsce aureafarieni) 607
Becartaazin (Dinkteocadbanil-hydrosi-dimsthyl-perimidi 100 200
Mlifryckrazoe (Mitraluraldehyd-acetplhydrarssn) 1
Mitrolurazcese {Mitre-fuuryhdin-semscarbazon) 35
Mitromide {Mitrobenzamid] 250
Mitraphenid (Dinitraphenyldisaixd) 125
Robenidine {Chlorehensylamino-guaniding 13
Hoxarsone {Hydroxy-nitrobenzen-arson-acid) %
Salinormycin {from Stroptomyces olbus) _30-70

Cryprtasporidiam spp. (T, baileyi and
., meleagridiz)

Location: Epithelial cells of respirarory and
gastrommtesninal trace and bursa, Predilec-
Hon sifes 4re caccum, posterior pares of
colon, and bursa,

Hosts: €. Gaileyd occurs in chicken and
mefeaeridis in fowls,

Species descnption: In chicken and rarkeys
Cryptosporidinm spp. are primary patho-
gens that can produce respiratory and
mtestinal disease resulving in morbidiey
and mortality, The hfe cycle differs from
that of Eimeria spp. in thar the intracellu-
lar stages are confined o the mcrovillus
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region of the host cell and the oocyses
which sporalare wirthin the host cell are
imfective when  released i the faeces.
Another fearure of Cryprosporidiim spp.
15 the establishment of infections m the
mucosal epithelium of a variery of organs,
For example, C. badevr can infect the cloa-
¢a, bursa of Fabricius, the upper and Tow-
er respiratory traces and the eve lids.

Cieographic distribution: World-wide
Svimproms:  [hsease associated with enteric

mbeetion is rare. By contrast, respiratory
mfcctions mayv produce a variety of clinical
signs, depending on the parnicular sites
involved. There may be inflammarion of

the air sacs, pneumonia, sinusitis or con-



junctivitis with coughing, dvspnoea, nasal
discharges and morraliry.

Significance: Cryvprosporidia are often found
in healthy birds, although reduced weight
gain and severe clinical signs were found
following infection of the respiratory teacr.
An interaction between Cryprosporidia
and viral infections {Marek, Turkey Viral
Hepartitis) has repeatedly been reporred in
the sense that one infectiion may favour the
UI'I'I!:T.

Diagnumi:.': This is done by demonstration of
oocysts i the Facces (w0 Carmie, 1) or by
histological examination of infecred tissue
at necropsy, Smears of the rracheal muco-

Ripe segments of rapewaorms {nor drawn ro scale)

|7 Araebestaenia splrenordes, 18 Hymewolepis carioca, 19 Raillieting cesticillis,
20 Choanotaemia infundibeelum, 21 single ege of C. infundibedwn, 22 Raillietinag

echimobotlrida and 23 K. retragona

sa may reveal the parasites after staining
with carbol-fuchsin, An ELISA test may be
used for epidemiological studies.

TI'.I.L'F:IF}': There is no H]‘hL‘Ci'FiC therapy, Cryptos-
poridia are unsusceptible to all tried anti-
coccidial agenes,

Prophylaxis: This i1s based on serict disinfection
ot the chicken quarters. Cryprosporidiim
(a1} H.'}“!-it:'i- Al Very I'I.'!ii!-i-t.'l!l'll' T St II]F ci‘u:m-
wcal agents, excepr ammonia, 10% formal-
in or hydrogen peroxide (v Carree, 1)

Fig. 630
Helmineh eges and sege-

ments of cestodes
Foound in chicken [3]

| Ascaridia galli

2 Hererakis galle-
Harm

3 .";u;.:-::.l'unﬂ ;}Fﬂ'ﬂlj"l'“

4 Prosthogommms sp.

Al .";Iru.li_g:ﬂur}.l'q's
ariim

& Tetramreres
AR

7 Acwaria spuralis

B Agecaria Bameelogs

% Cromgylomerng
irrglneicnla

L Symgamns frachea

11 Harteriu
gallimarm

12 Oxysfrraa
FHGTRSEART

L3 Capellarie armmelata

14 Capillario refusa

L5 Capellrrir eodnmilear

L6 Cageiliaria
feergicaliis
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1 Stages in the gut and faeces

HELMINTHS
(Figure 630, v&° p. 349

* Trematoda eggs found in the faeces
and adult trematodes living in the
gastrointestinal tract

Eclhimastoma revalutum

Location: Recrum, cagcum

Haosts: Duck, goose and other water birds and
rarely chicken and turkey

Species description: The first intermediate hose
can be one of a varicty of species of water
snails. The second intermediarte host can be
the same or another warer snail species or
tadpoles of Rana escilenta and of other
frops.

CGeographic distribution: World-wide

iFigure 631, 632)

Fig. 631 Epg of Echinostona sp.
(9T=126 = 60-T0 pm) [4)

R SwmT=s @ »

Fig. 632 Echimostoma sp., stained [10-22 % 2 mm)
[4]
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Echinoparvirbium recurvatum

Location: Small intestine, especially duode-
num

Hosts: Duck, goose, rarely chicken, pigeon and
turkey

Species description: Two intermediare hosts
similar to Echinostoma revolutum

Geographic distribution: World-wide, espe-
cially Asia, North Africa

Hyproderaeum conoideum

Location: Posterior part of the small inrestine

Hosts: Duck, goose and other warter birds,
chicken, turkey and pigeon

Species description: Two intermediate hosts
similar to Echimostoma revolutiom

Geographic distribution: World-wide

Notocotvlus attesuates

Location: Caecum, rectum

Hoses: Chicken, dock, BRI mrved weilled :|1.||:|.|.Ii|_'
birds

Species description:  Intermediate hosts are
water snails ot the genera Planorbis, Lym-
st and Breliviees,

Ceographic distribution: World-wide

(Frgures 633, 634)

Fig. 633 Epg of Notocofyles attereeatis (20 % 10 pm)
with two long, filamenes (up o 200 pm long) [11]



— o

Fig. 634 Motocotvins attennatis
{2=3 x 0LE=1.4 mm] |53]

Catatropis vrermicosa

Location: Caecum

Hosts: Chicken, duck, EO0se and wild aquartic
birds

Species  description:  Intermediare hoses are
water snails (Planoris). Cercariae leave
the snail and encysr on warter plants which
are ingested by the final host.

Geographic distribution: World-wide

{Figure 635}

Fig. 635 Catatropis verricosa (1-6 = 0L75- X mmj:
ventreal veew (AL dirrsal view 1B} ERE 1§ 1R-28 jam
long; (C] with two filaments ( 160=200 pm long)

19|

Pastharmostomum commutatum
{syn., P. gnr.!'.l':'u..?nrm]

Location: Caccum

Hosts: Chicken, pheasant, rurkey, pigeon and
guinea-fowl

Species descripnion: First intermediate hoses
are snails of the genera Endota, Sutuling,
Frehadra and Philomyens, Atter liberation
Cercariae may encyst in the same or other
species of snails,

Geographic  distnbution: Southern Europe,
Asia

*  General features of avian intestinal
trematodes

Symproms: High numbers mayv cause marked
irritation of the intestinal mucosa, enteritis,
diarrhoca, emaciation. Secondary  infec-
tions with other pﬂthngr_'n.li le.g. Ermeria
spp.) may cawse high mortalivy rares.

Significance: Infecions with rremarodes may
assume  increased significance wherever
hirds have access to habitars where the
smails live, Most of these trematodes are
primarily parasites of aquatic birds. Chickens
may also acquire infections when infected
intermediare hoses are ingested. High mor-
ralities may occasionally occur in young
ducks, geese and chickens.

Diagnosis: This s based on the demonstration
of trematode cges in the faeces (sedimenta-
ton), Adult worms may be found ar
necropsy where a catarrhal, haemorrhagic
enteritis may be seen in heavy infections,

Therapy: Niclosamade (60 mg/bird) is effective
against  Echinostomatidae.  Niclosamd
should not be used in geese. Fenbendazole
(40 mgke, po.) was effective against Eclr-
mostoma spp. in o geese,  Praziquantel
{20=25 mg/kg, po. during several days) and
Hubendazole (10-50 mg/kg, po. during 3
davs) may be used in aquaric birds.

Prophylaxis: Chickens should be kepr away
from contaminated water bodies,
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| Stages in the gut and faeces

= Cestoda eggs and proglottids found in
the faeces and adult cestodes living in
the gastrointestinal tract

Davainea proglottina

Location: Duodenum

Hosis: Chicken

Species description: This s a small rapeworm
1.5-4 mm long with only 4=7 whitish,
transparent  proglottids. The eggs  are
round and have embrvonal hooks; they
measure 55 = 36 pm. The suckers are
armed with 3-6 rows of hooks. The inter-
mediate hosts are various species of gastro-
pod molluscs (e.g. Limax, Arton, Cepaea,
Agriofimax spp.). The chicken acquires
infecrion afrer ingestion of the infecred
maollusc. This microscopic tapeworm may
be recognized in the dusdenal mucosa by
protrusion of the gravid proglotids above
the villi of the open intestine is floated in
waler.

Significance: This species is highly pathogenic.

(Figures 636, 637, 638, 639, 640)
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Fig. 636 Darainea proglotting (1.5-4 mm =
0, 4=0.6 mm) attached 1o the mtestinal mucosa [§)

Fig. 637 Eggs of Daramea proglotting
{55 = 36 pm) containing embryonal hooks

Fig, 638 Life cvele of
Davainea proglotting
adule worm (1), epps (2]
and larval stage in the
mrermediane host (3)

Lopyrignted material



Fig. 639 Davainea

roslediam
progloftim scolex and
i foataliar hooks progloids (schemaric)
scodai | Fead PJ acetabubm [sucker) |+
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Fig. &40 Deseriprion of the morphology of cestode species of pouliey | 5]
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1 Stages in the gut and faeces

Raillietina spp. (K. cesticillus,
R. echinobothrida and R. tetragona)

Location: Small intestine

Hosts: Chicken, turkey, pigeon and many oth-
er domestic and wild birds

Species descriprion: K. cesficillus: length 9-13
cm, width 1.5-3 mm and size of cggs 93 x
74 pm: R. echinobothrida length up to 25
cm, wideh 1.2-4 mm and size of eggs 93 x
74 pm; K. tetragona length 10-25 cm,
wideh 1-4 mm and size of eggs 93 = 74 pm. Fig. 642 Scolex of Raillierinag tetragona (A) and
The size of the eggs is identical whereas the  soolex of B, echimabotlrida (Bl; hook from sucker
number of cgg capsules within the gravid (1} and from roseellum (27 [3)
proglottids and the number of eggs in each

capsule may be of diagnostic value.

Anes (Hymenoprera) act as intermediare
hosts for R, echinobothrida; fies (Musca
domestica) or ants | Tetramortm spp.;
Crthophagus spp. and others) for R, tetra-
goma; beetles (Coleoptera) for R, cesticil-

[nes, B. tetragona is one of the largest of the
fowl tapeworms, the scolex is smaller than
that of R. echinobothrida and the rostel-
Tum s armed with 1-2 rows of hooks and
the suckers are oval and armed. R. echinn-
frothrida resembles R, fedragomna in size and
shape bur the rostellum is more heavily
armied (bwo rows of hooks) than in R, tet-
ragona. B, cesticillius is smaller and has a  Fig. 643 Scolex of Raillietima cesticellus | 3]
large scolex with a wide rostellum armed
with 400-300 small hooks.

Significance: The pathogenicity of R, ecbino-
lrathrida and R. tetragona is moderare o
severe, R. cesticillug 1s mild or harmless,

{Figures 641, 642, 643, 644

TIJ.',. Ad ] Raillietina S (L [0 X om Iul'l;..{ amc 4 E:I|:. fad<f I:I-'-F ot Reerlleedoona PP (‘:il,l—lﬂ * TO=75 ]3:11:|
mm wide) in the small intestine 8] [11]
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Amoehotaenmia cuneata (syn. A, sphenordes)

Location: Small intestine

Haosts: Chicken

Species description: This is a short tapeworm (<
4 mm) and may be recognized as whinsh
projections among the villi of the duode-
num. A rriangular anterior end with a poine-
ed scolex gives the entire worm a wedge-
shaped anterior. The suckers are unarmed
and the rostellum is armed with a single row
of 12=14 hooks. The epes are round and
measure 47 =42 pm. The intermediare hoses
are carthworms (several general.

Significance: Thas species 1s mildly pathogemc.

[Figures 630, 643)

[
(1]
a 1k e
i
I.n.q‘_fl_"!-'-
e
- o
il o gl
b ——

,ﬁrgwg,f-rh
i,

Fig. 643 Amwoehotaenia spp. | 2—4 mm long)
ristellar ook (ab |1|

Choanotaenia infundibulum

Location: Small meestine

Huosts: Chicken

Species deseription: The worms are up to 23
cm long and 1.5-3 mm wide. Eggs mea-
sure 54 » 47pm with a distinctive clongat-
cd hlament. The segments are markedly
wider posteriorly than anteriorly, giving
the worm a characreristic shape. The inter-
mediate hosts are the house fly (Musca
dontestica) and beetles of several genera.

Sigmificance: This species is moderarely patho-
genic,

i Figures 630, 646)

Figg, fi Scobes of Chogrtaenda infeonsdibaliemss {(up
ta 23 em long and  1.5-3 mm wide) | 5]

Hymenolepis spp. (H. canfaniana, H. cartoca)

Location: Small intestine
Haosts: Chicken
Specics description: The intermediate hoses are

stable flies or dung beetles for H. carfoca
and other beetles for H. cantaniana. H.
cantaniang 15 a shorr tapeworm with a
maximum lengeth of 2 cm. It resembles H.
carioca which is much longer. The lareer is
about 1 mm in diameter and the proglot-
tids look more like a thread than a worm,

Significance: The pathogenicity of these species

is mild.

tFigure 647, 48]

Fig. 647 Foe of Hvmenolepis spp. (76 % 62 pmi | 5]
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1 Stages in the gut and faeces

|

. o l

t -_..L-’lﬂ;ihfm'? II H'I""
'I'.:L l]'l.'_"lul'g A R

Fig. 648 Marture segments of Hymenolepis carioca
v m vaging, cp = awrrhus pouch, ov = ovary,

t = testes, rs. = receptabulum seminis, v, = vitel-
lime gland and ev.s = exrernal vesiculum seminalis

3]

Fimbriaria fasciolaris

Location: Small intestine

Hosts: Chicken

Species description: The anterior portion of the
body of this cestode forms a folded expan-
sion or “pseudoscolex™ by which the par-
asite artaches wself. The cestode is 40 cm
long  and Copepods

wide,

.5 mm

Fig. 549 Scolex and pseudoscolex of Fimbriaria
fascivdaris (up o 40 cm long and 1.5 mm wide)
[3]
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(Dyaptomus spp. and Cyclops spp.) acr as
intermediate hosts.,

Significance: The pathogenicity of this species
is mild.

(Figure 649)

*  General features of avian cestode infections

Chickens kl::]:l-t in free range systems on pas-
tures are often infected with rapeworms (Ces-
todal. In many African and Asian countries a
high percentage of chickens are infected with
tapeworms. In contrast, tapeworm infections
are very rarely encountered in intensive poul-
ITY rearing sysrems.

I}, proglotting is the most important species
and highly pathogenic. The parasite may occur
m high numbers in the dvodenum and s
known to penctrate decply within the wvilli.
Mecrosis and haemorrh agic enteritis can ocour
following heavy infections. The infecrion may
be fatal. Of the Rallicting species R. echino-
bothrida is the most pathogenic, Mulnple nod-
wles and hyperplastic enteritis at the attach-
ment Sitﬂ IZ}E tI'IE' HEHIEI AN OCCur, Il_.:lt]u‘r EFE‘-
cies are not normally harmful unless the infec-
fion is extremely heavy, which can cause sig-
nificant decrease of producnion. Infection is
acquired by ingestion of intermediate hosts in
which the cysticercoids occur.

Symptoms: Chronic infections are characrer-
ized by reduced growth rate, emaciation,
paralysis and weakness,

Diagnosis: Although proglottids are passed in
the faeces, diagnosis is usually made at
necropsy. Representative members of the
Hlock should be examined and mucosal
scrapings should be examined microscopi-
-i.‘.'l||:|.' to detect the small cestode species. It
is difficult to make a reliable diagnosis of
all the individual species and also not nee-
essary for chemotherapy.

Therapy: Praziquanrtel (1 = 10 mg/kg, po.) is
highly effective aganst adule cestodes of
chickens. Niclosamid (20 mg/kg, po. dur-
ing 2—6 davs) 15 effective against most of
the chicken tapeworms. A single applica-
ton of niclosamid (50-200 mgkg, in



drinking warer; water should be consumed
within 3—4 hours) may also be an ctficient
way of controlling cestode intections. Fen-
bendazole (100 ppm. via fewd, durin]_.’_ 4
davs), mebendazole (60 ppm via feed, dur-
ing 7 days), Hubendazole {60 ppm, during
7 davs), oxfendazole (10 mp/ke, poe.) and
tebaneel (30 mgfkg, po.) may be wsed o
control tapeworms i chickens,

Care: Niclosamid is toxic tor geese! The com-
bination of praziguantel and pyrantel tar-
trate is toxic for chickens and may cause
severe neurological problems.

Prophylaxis: Conrrol measures should  be
directed against the intermediare hosts
which is normally impossible. Insecticides
may be used For flies and ants in the chick-
en house, Beetles and earthworms are dif-
ficule to control bue alternation of ranges
may be helpful. The vse of insecncides on
the pastures is not justifiable.

* MNematoda eggs found in the faeces
and adult nematodes living in the
gastrointestinal tracl

=  MNematodes of primary importance
Ascaridia galli

Locaton: Small intesrine

Huosts: Chicken, rurkey, geese, duck

Species deseription: The males are 50-76 mm
and the females are 72-116 mm long, The
cpes are elliprical, thick-shelled and 77-94
® 43-55 pm in size. The head has 3 larpe
lips and the tail of the male shows a typi-
cal circular preanal sucker. The life cycle 1s
direcr. Earthworms can ingest the eggs and
when they are swallowed by the final host
can transmit the infecrion mechanically.
The eggs harch in the intestine of the host
and live for the first ten days in the lumen
atter which larval development continues
within the mucosa of the intestines until 17
davs atrer infection. Subsequently the lar-
vae re-enter the lumen and reach marriry
in & to B weeks, The incubation period is

3=5 days (clinical symproms following
mvasion of the larvae) and the prepatent
period 15 6-8 weeks,

Geographic distribution: World-wide

Symproms: Marked lesions may be produced
when large numbers of voung parasices
penetrate into the duodenal mucosa. They
cause haemorrhage and enteritis and the
birds become anaemic and suffer from
diarrhoea, Chickens  become  unchrifry,
emaciated and weak.

Signmificance: A, galli may be a serious nema-
tosde for voung chickens 3—dweeks old. The
ey production may seriously be impared
and vield pale ege volk.

Diagnosis: Derection of epps m the faeces
[cave: Heterakis eggs [see below | look very
simitlar!} or of the adule worms in the inres-
tine at autopsy.

Therapy: A wide varety of compounds may be
used to treat Asearidia infections in chick-
ens, These are cambendazole (70 mp/kg,
po.), febantel (60 ppm via teed over & davs
or 15 mefkg, po. over 2 days), fenbenda-
zole (60 ppm, over 3 days), flubendazole
{30 ppm, over daysl, levamisole {30
m/kg, po. or 300 ppm via feed), mehen-
dazole (60 ppm, over 7 davs), piperazine
§200-300 mg/lkg, po. ) and pyrantel tareeare
{ 10—40 mg/kg po. over 2 days).

Prophylaxis: Special attennion should be paid
o the voung birds, Eggs develop i maoise
environment. Therctore, hitter should be
removed regularly and kept dry.

(Fipures 630, 651

Fig. 6300 Ascandia palli; masses in the small

itlesleing |.‘T.T|
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1 Stages im the gukt and faeces

Diagnosis: Detection of cggs in the facces (flo-
tation). The eggs have thick, smooth shells;
they measure 65-77 = 3548 pm. The eggs
are similar to those of Ascaridia galli but
they are generally smaller than 77 pm.
Adult worms may be found in the caecum
AT NECTOpsY,

Therapy: Most of the compounds effective
against Ascaridia galli may also be used 1o
control Heterakis galltnarim (v above),
except piperazine and pyrantel rarorate
which are not effective against this para-

Sie.
Prophylaxis: Preventive control of H. gallinar-
Fig. 651 Frg of Ascaridia galli (77-94 = 43-35 et is mdicared in flocks where histomon-
pmf [11] 01515 CHCCUTS,

(Figures 652, 653, 654)

Heterakis gallinarum Caccal worm

Location: Caccum

Hosts: Chicken, turkey and guineatowl

Species description: The male 15 7=13 mm and
the female is 10-15 mm long. There are . Pl .
large lateral alae extending some disrance E k| ~ _——

o
; ! : 3 P . = SO . Ny
down the sides of the body. The life cvele T Lo 0 3 F
is direct. Earthworms may also ingest the Rt 5, Ty L._. ot
eggs of the Heteraks and may be the means o T

of causing infections in poulery. The larval
development in the egg to the infective sec-  Fr- 632 Heterakis sp. in a petri dish; males are
ond larval stage (epes are infective ! in the T—13 mm and females 10-15 mm ||::|r|5
environment depends on the temperature
and rakes 2—4 weeks ar 27°C,

G::ugraphi: distribution: World-wide

Symptoms: Primary  infections are usually
inapparent. Secondary infections are asso-
ciated with nodule formation in the muco-
sa and submucosa of the caccum. Marked
inflammarion and thickening of the intes-
tinal wall may occur in heavy infections.
Heavy imnfections in laving hens may mark-
edly reduce the egg production.

Significance: The principal economic impor-
tance of H. gallinarum lies in its role as car-

rier of Histamanas meleagridis, the causal
pathogen of enterohepanns (“blackhead™)
of turkeys. The protozoan remains viable  Fig. 653 Epg of Heterabis gallinaraen (66-79 =
in the ege of H. gallinaru, 4148 pmj [11]
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Significance: The Capillaria species of the crop
and oesophagos are highly pathogenic and
deaths may occur in heavy infections.

(Figures 630, 6535, 656, 657)

Fig. 634 Heterakis pallimareon; anterior end (A)
and posterior end (B of a female [ 3]

Capillaria anmulata (syn. Encolews anmelaties) . - . -
and Capillaria contorta (syn, Encoleus '1
cantarties | Crop capillarosis

Fig. 655 Capullana (svn. Encolews) aermalatis in

Location: Mucosa of the crop and ocsopha- the crop of a turkey; males are 14=16 mm and
pus females are 2026 mm long [5]

Hosts: Chicken, turkev, guimeafow! and wild
hirds

Species description: The intermediate hoses for
C. ammulata are earthworms, C. comforta
has a direct life cvcle alchough earchworms
may act as intermediate hoses. C. annulata
can casily be identified by a cuncular swell-
ing just back of the head. The maleis 18-26
mim long and 32-74 pm wide. The spicules
are 1.12-11.6 mm long and the spcule
sheath is covered with fine spines. The
temale is 25-60 mm long and 77-120 pm

wide. The epgs are operculated and mea-
sure 35=-66 = 25 pm. C. comtorta males are
=17 mm long amd 60=-70 pm wide, The
spicules are slender and about 800 pm long
and the spicule shearh 15 covered with fine
hair-like processes. Females are 1560 mm
lomg and 120-150 pm wide. The vulva is
prominent and circular.

Symptoms: Heavy infections are characterized
by marked thickening of the crop and
ogsophageal wall, a marked cararrhal or
croupous inflammarion and sloughing of Fig. 636 Capillaria {syn. Excolens) annedatis;
the mucosa. The birds are emaciated and amterier end (A and poseerior end (B of male with
weak. spiny spicule shearth and epg () [36]
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1 5tages in the gut and faeces

Fig. 657 Capillaria contarta {syn, Thomix
cartorta, Ercolens comtorta)y female volva (A) and
posterior end of male wirh spiny spicule  sheath
(B} [56]

Capillaria candinflata, Capillaria obsignata
and other Capillaria spp.
Small intestinal capillariosis

Location: Small intestine, sometimes caccum

Hosts: Chicken, turkey and guineafowl

Species description: Earthworms are the nter-
mediare hosts of C. cawedinflata, C, obsig-
nata has a direct life cycle. C. candinflata
females are 12-25 mm long. The vulva
shows a characreristic appendage. The
male is 9=18 pm long. C. obsignata males

Fig. 658 Capillaria candmflata; vulva with typical
appendage [36]
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are 7=1.3 mm long and the spicules are very
long (1.1-1. 3 mm) with a sheath with
transverse  folds  without  spines.  The
females are 10-18 mm long withour spe-

cial characteristics,
(Figures 630, 658, 659)

Fig. 65% Capillaria obsignata; male with spicule
sheath wathout spines but with transverse folds
|56

Caprillaria anatis Caccal capillariosis

Location: Caccum, rarelv small inrestine

Hosts: Duck, goose, chicken, rurkey and guin-
e fowl

Specics description: Males are §-15 mm and
the spicules are 0.7-1.% long. Females are
11-28 mm long. The eges measure 46—67
x 22-2% pm. This 15 commonly a parasite
of warer birds but may also occur in chick-
ens. The life cvcle 1s direct,

Symproms: The intestinal capillariosis {C. cau-
dinflata, C. obsignata and C. anatis) is seen
in birds of all ages. Older birds may act as
carriers of the infection. Disease may occur
during the prepatent period. There is ema-
ciation, diarrhoea associared with a slimy,
stringy mucous. Chronically infeceed birds
have thickened intestnal walls covered
with a cararrhal exudate.

Significance: Intestinal Capillaria infections
cause marked losses due ro reduced weight

Eams.



¢ General features of Capillaria spp.
infecrions

Diagnosis: Usuvally made ar necropsy when
large numbers of parasites can be found in
the crop or in the intestine afrer an intesa-
mal lavage. The lemon-shaped cggs may
also be detecred in large numbers in the
faeces.

Therapy: The same compounds as for Hetera-
kis gallinarienn may be used to rrear Capil-
farz intecrions (2 above).

Fnrp!‘l}'hxim Regular imvestigations of tacces
may provide mformarion about the level of
infection in intensive poultry svstems. Reg-
ular anthelmintic control may reduce dis-
ease mcidence. The control of carthworms

on the pastures is not feasible.
[Figures aail, aR1 )

Fig. 660 Capillaria spa; adule worms in a peret dish

|53]

Fig, 661 Fops of Capillaria sp. (45-05 = 20-33
pmi |53

Trichostrongylus tenuis

Location: Caecum, sometimes small intestne

Hoses: Chicken, turkey, duck and other game
birds

Species description: Excretory pore at the head
end, Males are 5.5-9 mm and females
f.5-11 mm long. The spicules are dark and
unequal in length (the longer 120-164 pm
and the shorrer 104=150 pm long) both
much rwisted and provided with an ear-like
structure on the proximal end. The eggs are
thin-shelled and measure 65=75 = 3542
pm. The hte ¢cycle s direcr and intecnive
third-stage larvae develop in 2 weeks.

Geographic distribution: World-wide

Symptoms: Heavy intections cause weight loss,
anacmia, INappetence, Progressive emacia-
non. The faeces may be slimy, liquid and
bloody.

Significance: This 15 a very pathogenic species.
Heavy mfections may cause severe losses
especially in floor-reared bivds and back
vard flocks. T, fenris may be famal for
voung goslings,

Dhagnosis: Tvpical strongvle-tvpe cggs appear
i the faeces. Adule parasites may be found
Al BECropsy.

Therapy: Febaneel (60 ppm via teed over 6
davs or 15 mglkg, po. over 2 days), fenben-
dazole (60 ppm, over 3 days), Hubendazole
(30 ppm, over 7 days) and mebendazole

Fig. ah2 Egg of Trichostromeylus fewms (03-75 =
334X pmj [11]
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1 Stacpes in the gut and faeces

(&0 ppm, over 7 days| are highly effective
against T, terms in chickens.

Prophylaxis: Contaminated pastures should be
avoided in flocks where the parasite causes
problems. Regular anthelmintic rrearments
are indicated.

| Figure 662)

»  Nematodes of secondary importance

Dispharynx spivalis (syn. [, nasnia,
Avnaria ,-:pjr.-.?f.r'sj

Location: Proventriculus

Hosts: Chicken, torkey, pigeon and guinea-
Fovwl

Species deseription: The body of this parasite
is wsually rolled in a spiral and four wavy
cuticular cordons on the anrerior end are
typical. Males are 7-8 mm and females
9-10 mm long. Embryonated eggs are pro-
duced by rthe females. Intermediate hosts
are the pillbug (Armadillidivnr vulgare)
amd the sowbug {Porceffio scalwer) and
probably  other sopods. These round-
worms are usually found with their heads
buried deep in the mucosa. [} spiralis has
been considered as the main cause of
“grouse discase™ in the USA.

Geographic  distnibution:  Africa, Asia, the
Americas

Symptoms: Deep ulcers may occur in the pro-
'l.'l.'l'“.ril:Ui'l.IE .i]]'I'IJ ll'll.' 'L"."i!“ 1ma :|-' [I].'I.rkl:dl}' hl'_'
thickened in heavy infections.  Affecred
birds rapidly loose weight and become
weak and anaemic.

Significance: This parasite mav cause severe
losses i voung birds,

Diagnosis: This is based on the demonstranion
of embrvonared eges in the faeces or the
adult parasites ar necropsy., The parasites
are often completely concealed beneath the
proliferatng rissue.

Therapy and Prophylaxis: & PREVENTION AND
COMNTROL OF INTESTINAL NEMATODRE INFEC-
TIONS, p. 306

(Figures 630, 663)
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Fig, 663 Disphbarex speralesy anterior end with
wavy cuticular cordons (A), total female parasite
(B; up o 10 mm long) and male posterior end ()
[36]

Tetrameres spp. (T, americana and
T. fissisprina)

Location: Provenrriculus, oesophagus  and
mrr.:|j|.' imtestine

Hosts: T. americana oceurs in chicken, murkey,
duck and other birds; T. fissispivia occurs
most commonly in duck and poose and
rarely in other poultry. It may occur in
chicken.

Species deseription: There s a marked sexual
dimorphism. The females of this species are
globular, blood red with four longitudinal
turrows, Females of T, americana measure
3.5-4.5 mm by 3 mm, Males are 5-5.5 mm
]utlp,. Eegs measure 4230 x 24 pm and are
embryonared when laid. Two double rows
of posteriorly  directed spines  extend
throughour the whole body length, The
spicules are unequal in length and measure
100 pm and 290-312 pm. T. fissispina is
similar in appearance to T. americana.



Females are 1.7=6 mm long and 1.3=5 mm
wide. Males are 3-6 mm long with 4 lon-
gitudinal rows of spines along the median
and lareral lines. Eggs measure 48-56 =
26-30 pm and are embryvonared when lad.
Intermediate hosts include grasshoppers,
cockroaches for T, americana and amphi-
pods, grasshoppers, carthworms and cock-
roaches tor T, fissispina,

Geographic distribution: T, americana has

been reported from USA and Sourh Africa.
T. fissispina occurs world-wide.

Symptoms: Fmaciation and anaemia may
result in heavy infections. The wall of the
proventriculus may be thickened so thar
Fhf.' ||.i|]'|'l|."!'| |'1 .'lJI'I'EE'I!'-.[ []I'!ll.l.tl‘_']'iltl'_'li.l-

Significance: Heavy infections may  cause
severe digestive disturbances, weighr loss
and dearth,

Diagnosis: Embryonated eggs appear in the
faeces and adult worms mav be found a
necropsy as black or red spots in the open-
mg of the glands.

Therapy and Prophylaxis: & PREVENTION AND
CONTROL OF INTESTINAL
THONS, po 306

tFigures a6d, 665, ok, 667)
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Fig, et Anterior ends of Teframeres americana
{Aband T, fessispoma (B [56]

Fig. 665 Tetrameres fissisprinag females (2,54 mm
|1|:|1|; and up o 2 oamm wide) 4]
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Fig. 666 Epg of Tetramneres fissispina (45-57 x
25-32 pm) [ 11]

anterior end
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Tetrameres

Fig. 667 Details of Terrameres sp. | La]

Acuaria (syn, Chedospirura) bamulosa

Location: Gizzard
Hosts: Chicken, turkey and game birds
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1 5tages in the qut and faeces

Species  description:  Intermediare hosts are
grasshoppers and beetles, Males are 10-14
mm and females 16-29 mm long, with two
large triangular lareral lips. The cuticle of
the anterior part of the body is ornament-
ed with four “cordons™ which are epau-
lette-like thickenings and extending at least
213 of the lengeh of the body. The male has
tour pairs of pre-cloacal and 6 pairs of
post-cloacal papillac. The egps measure
4043 = 24-27 pm and are embryonated
when passed i the faeces.

Geographic distribution: World-wide

Symptoms: Light infecnons are inapparent,
Heavy infections cause mappetence, weak-
ness, progressive emacitaton and anaemia.

Significance: Low numbers of these worms are
relatively non-pathogenic, Heavy infections
cause massive alterations of the gizzard.

I'J"L::ignu.-.i..li: ]".i11|'.urg.'cm.1l;1:|.| CEs AT ]’!l.i‘-i.‘it,‘vl,i m the
faeces. Several species of Spiruridae mav
occur in the facces and the eggs are very
similar and difficult o differentiate. The
worms may be fownd afrer the horoy lining
of the grezard has been removed. They may
be found in sofr, vellowish-red nodules in
the thinner parts of the wall {(Figure 6301,

Therapy and Prophvlaxis: e Previsonon asp
CONTROL OF INTESTINAL REMATODE INFEC-
nows, po 366 (Figures 630, 668)

Fig. 668 Acoaria bamidosa; anterior end (A and
temabe posterior end (B [36]
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Hartertia gallinarim

Locarion: Small intestine

Hosts: Chicken

Species  deseription: This worm  resembles
closely Ascaridia galli. The male 15 28—40
mm long and the female is 60-100 mm
lomg. The eggs are thick shelled and mea-
sure 45-33 x 27-33 pm and contain a tful-
ly developed embryo when laid. Intermedi-
are hosts are termites and chickens become
infected when cating infected termites.

Geographic distribution: South and Wese Afri-
cat, Asia

Symptoms:  Diarchoea,  weight  loss  and
decreased cgp production, emaciation and
weakness,

Significance: This parasite may cause losses of
chickens kept in free range svstems in Afri-
il

Diagnosis: This can be made by finding the
egps in the faeces but it is often difficult to
distinguish them from eggs of other nema-
l'l.IlI.L'h uf -..'|1.'I|_"lu:|l.~|.. [-.:i.'l.i.:hl'li VRS *-.|::|u|.|'|q_| llwrl._'-
tore be confirmed by autopsy of sclecred
cases [Figure 630},

Therapy: v Ascaridia gally, p. 357

Prophylaxis: Chickens should be kepr away
from termintes when losses due 1o H. I:;;..;.I'J'm-
Arims ocur, O PREVENTION AND CONTROI
OF INTESTIMNAL BMEMATODE INFECTIONS, .
iRk

(Figures 630, 669, 6710

D

Fig. 669 Hartertia gallinaren, anterior end [3]



Fig, 70 Hartertia gallinarem; male posterior end,

lareral view | 3]

Subulura brumpti

Location: Caecum

Hosts: Chicken, turkey, duck, guineatow! and
other birds

Species description: This is a small nematode
with anterior end curved dorsally and an
oesophagus dilatated posteriorly, followed
by a bulb. The males are 6.9-10 mm long
and rthe females 9-17.5 mm. The egps
measure $2-64 x 41-49 pm and have a
smooth shell. The epgs contain a fully
developed embryo when laid. The interme
diate hosts are various beetles and cock-
roaches.

Geographic distribution: Africa, the Americas,
Asia

Symproms: There are generally no marked
clinmical signs.

Significance: This parasite seems 1o be relarive-
lv non-pathogenic.

Diagnosis: This is based on the demonstrarion
of the EEES In the faeces and the identifica-
tion of adult worms at necropsy,

Therapy: Levamisole {30 mgfkg, po.) has been
used for therapy.

Prophylaxis: This s difficult since the inrerme-
diate hosts are difficult to remove or
destrov in the environment of chickens.
Modern confinement rearing of poultry

may greatly reduce the incidence of para-
sitic mfections where this tvpe of ground
living intermediare host occurs,

iFigures 630, 671

Fig. 671 Srbielnora Dresviapta; anterior end (A} and

miahe posterior end, lateral view (B | 3]

Subulvra suctoria and Subwlura differens

Remarks: 8. sictoria occurs in the caecum of
chickens, turkevs, guinea fowls in Africa
and South America. It is larger than S
broumpti; males are 11.8-13.8 mm and
females 20-33 mm long. The eggs measure
31=70 = 43=64 pm. Intermediate hosts are
beetles. The pathogenicity seems to be low
although heavy intections may cause loss-
es due to reduced performance, 8. differens
is similar to N, frgnnpri and occuars in chick-
ens and guinea-fowls in southern Europe,
Atrica and Brazil. For therapy and prophy-
laxis & PREVENTION COMTROL 01
IMTES TINAL MEMATODE INFECTIONS, [ Jiais,

Al

Strongyloides avium

Locaton: Caccum, sometimes small intestine

Haosts: Chicken, tirkey and goose

Species description: Only the temales are par-
asitic, Parasinc adults are 2.2 mm long and
the size of the eges 15 52-36 = 3640 pm.
Direct life cvele; percutaneous infections
May oCcur,
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1 Stages in the gut and feces

Geographic distribution: World-wide

Symptoms:  Acute  heavy  infections  cause
weakness, emacianon and bloody, shmy
diarrhoea. Young birds suffer more from
mfections,

Significance: This may be a serious pathogen
especially for floor-reared young birds.
Diagnosis: The small embryvonated eggs may
be found in the facces. Adule parasices may
b demonstrated m mucosa scrapings tak-
en from the caecal mucosa ar necropsy

{Figure 130).

Therapy and Prophylaxis: e below Prives-
PIOE AR COMTROL OF INTESTIMNAL SNEMA-
FODE IMFECTHOMNS

{Figures &30, 672)

Abb. 672 Strongvliddes avinm parasine female (A)
and head of female (15 |36]

*  Prevention and control of intestinal
nematode infections

Modern poultry management practices, cspe-
cially confinement-rearing of chickens have
greatly reduced the prevalence and spectrum
of nematode infections i poultry, Many nem-
atodes thar caused extensive problems in
“backvard” flocks are seldom seen in commer-
cial pouleey systems. However, nematode
mfectioms  are snll of grear  sigmficance
wherever chickens are reared on pens or on
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pastures. For most nemarodes control mea-
sures consist of sanitation and breaking the life
cvele rather than chemaotherapy. Confinement-
rearmg on litter prevents infections with nem-
atodes wsing outdoor intermediate hosts such
as carthworms or grasshoppers, Conversely,
nematodes with direct ife cyeles or those thar
utihize indoor intermediate hoses such as bee-
tles and  cockroaches develop
indoors, Treamment of the soil or hitter with
msecticides (stirofos, ronnel, carbaryl) in order
to kill the intermediate been
described to be beneficial but it is no longer jus-

mav  also

hosts has

tihable, Extreme care should be taken to insure
that feed and warer are not contaminared, To
control beetles, the Hoor may be spraved with
permethrin after the old  licter has  been
removed. Raising different bird species andfor
different ages rogether or in close proximity is
a dangerous procedure as regards parasitism.
In many situations nematodes can only be con-
trolled effectively by means of chemotherapy.
A wide variery of drugs s available and the
|1-|.:||||I:r1.' '|'rr|:|1.|.|.:||_'-r.'r:-. should anly vse drugs which
are approved for birds thar will produce cggs
or meat for human consumprion. The with-
drawal periods should strictly be respecred.
Anthelmintics may be admimistered via feed or
drinking warter. The drugs listed under thera-
pv of Ascaridir galli (p. 357V intections may be
used o control the most important nematode
infections in pouliry, Tetramisole may be used
to control Sweblura Breonpei and Strongvloides
avam, Tetramisole 1s not eftective agamst Dis-
prbarymx spiralis which can partially be con-
trodled with mebendazole. Apart from the
moddern benzimidazoles piperazine may also be
used to trear Tetraneres spp. infections. [ver-
mectin (0.2-0.4 mg/kg, po.) has been reported
to be hghlv etfective against Ascaridia and
Capaliaria and probably other mtestinal nem-
atodes.
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PROTOZOA

Trypanasoma spp. Avian [rypanosemaosis

Remarks: Several species of trypanosomes
accur in avian hoses. They are usually not
a problem in commercial Hocks bur wide-
spread in wild birds. Avian rrypanosomo-
sis is reported o be seasonal in remperate
romes, being discovered only during sum
mer  times.  Bloodsucking  arthropods,
imcluding mosquitoes, simuliids, red mites
and hippoboscids are the vecrors, Bird try-
PANOSOIMES  Persist periods  of
environmental (e,

winrer), are more or less reseeicted o the

during
adverse condinions
bone marrow, and reappear in the periph-
eral blood in spring. Avian trypanosomes
are presumably non-pathogenic. T. ardinm
occurs in Europe and T, gallinaries has
been described from the chicken in central
Africa. Avian rrypanosomes are very poly-
morphic, sometimes atCainIng grear size.
I'hey may be 26=69 pm long or even long-
er, There is a free tlagellum and the body
often appears to be striared.

Toxopfasma pomndi

Remarks: Chickens kept on pastures, pens or
in free range systems are often infecned
with T, gowdii because of their continuous
ill;.{L':-HH:Il'l ol OV SLS 1.1.'|||'| :|1'|r'{'|,_ [1‘4_| r',l,u.._';'a |'||'
cats., The infection in adule hirds is often
inapparent although free merozoites may
be seen in bloodsmears or in leucocyies.
These meroeoites are 6-7 pm long, Young
chickens may seriously be affecred during
these acure stape of infection, showing
weakness, emacianion, diarrhoea, aracric
gait and even death (e Poorey, 84,1 and
Swiwe, 41

Sarcocvstis spp. Fi-.lru.'nv.puridin:.ili
indestosion? il g

Remarks: Chickens kept in free range systems
often harbour cysts of Sarcocystis spp. in
their muscles. The examination of blood
within 14 days after infection mav reveal
free merozoites which are about 9 pm long
(e PovrTey, W 410, These merozoites
develop within the epithelial cells of the
blood vessels.

Plaswrodinm spp. Avian malana

Location: Gamaonts are found i the ervthro
cyres and endothehal cells of birds.

Hosts: A wide variety of birds may be aftect-
ed, mcluding chicken, turkev, pumeatowl
and wild bards,

Vector: Mosquitoes (mamly Crlfex and Aedes)

Species  deseripion: The
caused by several species of Plasmadin,

avian malaria s

Species with round or irregular gamonts
which displace the nucleus of the host
erythrocyees are P, gallinacesns and P jux-
tanicleare.
Species with elongate gamonts which do
not usually displace the nucleus of the host
ervthrocvees are P, dwrae, P. fallax and P,
fopdrrae. The pathologic effeces in avian
hiisrs Fange from no dpparent sigrs 1o
SUVETS Anacmia. Loo Penguins are very sus-
ceprible and suceumb very gquickly. Infect-
ed MRS LTS improduce \'|'|1:-|-::-.-'||i|_.."~1 TNLES
the host.

Ceographic distribution: World-wide

Symproms: Affected birds are droopy and
weak, Severely atfecred birds have a pro-
rruding abdomen and the liver and spleen
are enlarged and discoloured (dark-brown
1o black), Birds become progressively weak
and apatheric. Coma and death mav occur
in heavy infections after a short period.
Ocular haemorrhage may occur. Severe
anacmia may also be observed. Ceneral
nervous  dysfunction may  result from
blockage of capillaries by exoervehrocvtic
stages of P gallinacenns.

Significance: Intections ocour world-wide with
high frequencies. P, gallinacenim, P. fruxta-
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Stages in the blood and circulatory system

mucleare and P, durae are the most patho-
genic species for chickens and may cause
maortalities of up to H0%.

Dhagnosis: Giemsa-stained bloodsmears usual-

lv reveal numerous organisms (gamonts
and meronts) in the ervthrocvees. Infected
cells also have dark pigment granules
{digested hacmoglobin), As hiquid blood
samples  cool, microgamonts  produce
|11'[|:rnp.:|m|:tc5 lh..'lf CNLer [1'H.' FIIEIEJTI:E.
Microgametes of Plasmodium spp. and
related Haematozoa can be mistaken for
Borrelia spirochaetes, when moving in wet
RITICATS,

Therapy: Affected ammals or flocks may be

treated with chlorogquine (1 mgfkg. im.,
daily during 5 days; 250 mg/120 ml of
dri:nki]'lg water) can be wsed. Girape or
orange juice may be vsed o disguise the
drug's bitterness. Quinacrine (1.6 mglkg,
im., daily during 5 days) and primaquine
(100 mg'kg, po.) and sulfonamids com-
bined with trimethoprime may be used. In
penguins, 5 mgfkg daily in tish may be used
for prevention. Pyrimethamine, chlorgua-
nil or imethoprime may also be used.
Pyrimethamine is reported to be the best
suppressive drug. Any antimalarial drug
may be tried, but strain differences in drug
susceptibility are found.

Prophylaxis: Mosquito sereening of the chick-

en houses may prevent transmission by the
Ve,

Haemaoprotens spp. |H. columbae and

H. damilewrskii)

Remarks: Over 120 species of Haemopraoteus

have been reported mostly from  wald
1.\.'.1H:rr-nw|.. F.l:-i.‘.il‘.']'i.ﬂ!.' hEI'IJIH .'I.I'Il] SO M {:ItI'IET
orders of birds, Chickens are nor atfecred
by this parasite. Vecrors are hippoboscid
ties and biting midges ( Culicoides spp.) tor
some species. Gamonts may be demon-
strated o sraimed  bloodsmears  and
schizonts in the endothelial cells of the
blood vessels of the lungs, Schizonts may
be found in the liver, spleen and kidneys.
Antimalarial drugs may be used for wreat-
ments (& above Plasmodient spp. ).

(Figure 674)
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Fig. 674 Haswoprotens sp. gamonts (arrows);
stained bloodsmear { 1000 =} |4]

{Figure 673)
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Fig. 673 Plagmodios gallinacennr; schizont and
macrogametocyie; stained bloodsmear (100 =)

|13]
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Lewcocytozoon spp. (L. canflervi and
[.. sabrazesi)

Locatnon: Gamonts occur in the red blood cells
and white blood cells which are otten dis-
torted by the large size of the organism.

Hosts: Many wild and domestc birds are
affecred by these parasires,

Species description: Parasites of this genus
undergo schizogony in the endothelial cells
and parenchymatous cells of the liver,
hearr, kidnev and other organs of avian
hosts. Large schizonts are produced. The
gamonts occur in the circulating blood, and
the infected host cells become grossly dis-
torted and assume a spindle-shape. The



vectors are black flies (Simdinest spp.) or
biting midges {Culicoides spp.), OF the
numerous Lepcocytozoon species many
are restricted to a certaim group or order of
birds.

Geographic distribution: Lewcocyvfozoon spp.
occur world-wide, 1. canlleryi and L. sal-
razesi were reported from chickens and
guinea fowls in Asia.

Symproms: Some strains of L, canllervi are
non-pathogenic and others are  highly
pathogenic, killing a high percentage of
chickens in a flock. Atfecred chickens are
anaemic, listless, diarrhoeic, have pallid
combs and warnles and have marked hae-
morrhage in their lungs, livers and kidneys.
There may be gross hasmaorrhage from the
kidney lesions into the peritoneal caviey, L.
sabrazesi causes a disease in chickens char-
acterized by anaemia, pyrexia, diarrhoca,
paralysis of the legs and a ropy discharge
from the mouth.

Significance: Lewcocytozoon spp. may cause
considerable losses i infected flocks.

Diagnosis: In stained bloodsmears (Giemsa or
Brilliant-cresyl blue) gamonts may be seen.
The shape of the gamonr varies wirh the
species, some are elongated while others
are rounded, There are no pigment gran-
wles. Haemorrhages, splenomegaly and
hepatomegaly are seen at necropsy. Gross-
lv visible white dots in many organs are the
Meronrs.

Therapy: Treatment vsually is not effective.
Pyrimethamine (1 ppm) and sulfadimerth-
oxine (10 ppm) administered simulranc-
ously may prevent but not cure infections
af L. camlleryi. Pyrimethamine (25 ppm)
was recommended for therapy, Furazol-
done (130 ppm, po.) may be used to avoid
clinical svmproms.,

Prophylaxis: Control requires eliminanng the
arthropod vector from the environment of
the host. Insecricidal spravs and repellents
spraved within houses may be used 1o
reduce the insect populanions,

(Figure 6735)
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cell iMNH is peripheral; stained bloodsmear [4]

RICKE L T5IALES

Aegvptianella spp. (A. pullorum npd
A. moshkovskii)

Location: The pathogens occur as initial bod-
ies followed by development forms and
marginal bodics in the cytoplasm of eryth-
rocyres (“signer-ring” |,

Hosts: Chicken, turkey, duck, goose and oth-
er birds

Species description: The organisms are trans-
mitted by Argas persicns and probably oth-
er tick species. Transmission by blood inoc
ularion is possible. The incubation period
is 12-15 davs. The early trophozoites or
initial bodies occur i ervthrocyies, are
small {0.5=-1.00 pm} and round o owval,
Spherical bodies up o 4 pm mav occur,
containing up o 25 small granules, The
clinical condition is often complicared by
fowl spirochactosis which is also transmir
ted byv Arpas persicus,

Geographic distribution: North
Africa, Asia, southern Europe, ULS

and Sowth

Symptoms: Ruttled tearhers, anorexia, droopi-
ness, diarrhoea and hyperthermia may be
found. Anaemia, jaundice, enlargement of
the liver and the spleen, vellow-green kid-
nevs and puncritorm haemorrhage of the
serosa mav be seen at necropsy.
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W 2 Stages in the blood and circulatory system

Significance: Indigenous poultry rarely suffer
the acute discase, but freshly introduced
stock may die within a few dayﬁ-

Dhagnosis: This is based on the demonstration
of organisms in Giemsa-stained blood-
smears. Intracrythrocync forms (marginal
boadies) and extraerythrocytic forms may
be seen in leucocyees, lvmphocytes, mono-
cvees but also in the plasma.

Therapy:  Tetracychnes  (oxyterracycline,
chlortetracycline, 1530 mg/kg, po.) are
effective.

Prophylaxis: #= PourTey, B 5.1 TiCK conTROL

{Figure 676)

. 6

!

i N
-
> :
o Nvad
r - K A E!_._. e
a ¥ - .5

Fig. 676 Aegyptianella pullaruns; the organism
torms a margimal bosdy o the cytoplasm of
ervrhrocytes [arrow) (100D =) [ 13]
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3 Stages in the urogenital system

HELMINTHS

* Trematoda found in the urogenital
system

Prosthagonimus spp. (I pellucidus
{syn. cuncatus), P, ovatus and other
Prosthogomimus sp.) Oviduct fluke

Location: Bursa of Fabricius, oviduct, poste-
rior intestine

Hosts: Chicken, duck, goose and many species
of wild birds

Species descriprion: The adule flukes are 8-12
mm long and bear two suckers. The eggps
measure 22-37 x 13-18 pm, are operculat
ed and bear a small spine opposite to the
operculum, They are passed in the facces.
The first intermediate hosts are aquatic
smails and the second are the nymphal stage
of various species of draponflies. Metacer-
caria¢ may persist in the insect until the
final host is infected by eanng either the
adult dragonfly or the nymphal stage. In
the final host the liberated immature trem-
atodes migrate to the cloaca and the bursa
ol Fabricius where they become adulr. In
the marture chicken the parasites enter the
oviduct.

Geographic distribution: World-wide

Symproms: The disease usually occurs season-
ally (spring and summer in temperate are-
as), Several hens l'l-::y,irt to lay eggs with sof
shells or no shells ar all. There s marked
discharge from the cloaca, consisting chief-
Iy oof lime and the feachers around che cloa-
ca are soiled with albumen which may con-
tain the parasites. The birds become list-
less, the abdomen s pendulous and the legs
are held widely apart during walking, Lay-
ing is suspended and the birds are obvious-
Iy ill. If peritonitis develops, the comb and
wartles become cvanotic and the birds dic,
The trematodes may also occur within the
deposited epps,

Significance: Prosthogosinims spp. are among
the most pathogenic trematodes of poulory.

Chickens are mainly atfected bur occasion-
ally also ducks. The fluke causes marked
inflammation of the oviduce, the produc-
ton of abnormal eggs and discharges of
albumen from the cloaca. Peritonitis often
develops by retroperistaliic movements of
the oviduct,

Diagnosis: Large numbers of parasite eggs mav
be found in the discharges from the cloaca.
Sometimes the parasites may be tound in
the abdominal caviry at necropsy.

Therapy: Praziquantel (310 mg/kg, po.) and
mebendazole (10-530 mgfkg, po.) may be
used ro control Prostirogonimis infections.

Prophylaxis: Attecred flocks should be kep
away of the intermediate hosts. Fencing in
chicken flocks prevents access 1o lake
shores where chickens may acquire infec-
ton by eating dragontly naiads.

iFigures 630, 677, 678, 679

Fig, 877 Progihogominms cureatins
isyn. P, pelliecedis); stoned [4)
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4 Stages in internal organs
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4.1 Locomolory system

4.7.1 Muscles

PROTOLOA

Toxoplasma gowdii

ens include anorexia, paleness, emaciation,
recduced egg production, diarchoea, incoaor-
dinarion, araxia, trembling, opisthotonus,
torticells and blindness. Mortality may be
as hgh as 30%.
Significance: In chickens only sporadic out-
breaks of T. gordit have been reporred.
Diagnosis: This is usually ditficult and based
on finding the cvsts in the muoscle vsing the
artificial digestion merhod. Ivis also pos-
sible to employ serological tests (comple
ment fixaton, haemagglutinanon or indi
rect immunatluorescent antihody tests) but
the most convineimg diagnosis is the isola
tion of the parasite by inocalation of sus-
pect marer jal ineo mice, Impression smears
ot peritoncal Huids or nissues stained with
Ciiemsa, or tissue sections of bram, liver,
spleen, lungs and lvmph nodes mayv reveal
the orgamisms by direct microscopic exam-
P TRONT,

Therapy: This 1s generally not indicated.

Prophylaxis: Prevention of avian roxoplasmo-

that

climinate the source of infected tachyzoires

515 FCQLUINSS MEAMNAZECEMEnD  Pracrices
ill1|.] I:I‘I:ll.,'} TS, |:'||. |'II'|."'. 1_'II|'II11.’_ l._'\:pl. FRTC DO CA0sS

and The

destruction of oocyvars which are dissemi-

1.'l.'l|'-'rl2||.‘l|']..l|.'.L'l.ZILI'1 a F[IIT* P wls,

nated throughout the Premises s mpaos-

sible.

Sarcocvstis spp. (5. boveathi, Sarcocvstis sp.

Location: Intracellular cvsts with a diameter
of 50 pm occur in muscles and several oth-
cr tissucs of chickens.

Hosts: Cars and other members of the Felidae
are  defimtive Manv  mammals
including all domestic amimals act as mter-
mediate hosts (o5 Swine, B4,

Species description: Infection is acquired oral-
Iy by ingestion of sporulated oocysts from
faeces of the final hose (e Swine, B4.1),

Geographic distribution: World-wide

Symptoms: Narural infections are otten clini-
cally imapparent. The chicken is quire
resistant to T, gondii bur disease has been
observed from both nawral and experi-
mental infections. Climical signs in chick-

hisrs,

and &, ;ﬂm':l f';.1r|_'w.]1nri{lichi.~.

Locarion: Muscles of the breast, thigh, neck
and oesophagus

Hosts: Chicken, duck and many other domes-
tic and wild birds

Species  description: Two  specics occur in
chickens: 8. borvathi and Sarcocvslis sp.
8. rilevi mainly occurs in ducks bur ir has
alse been reported from chickens. Sarco
cvsts of 8. rifevi are elongare, with chen
long axis parallel to the muscle fibres, They
are whitish and appear spindle-shaped
when removed from the muscularure, Sar-
COCVSts ane divided into compartments,
each of which contains numerous banana-
shaped cvstozoites (bradvzoires), Cysro-
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W 4 Stages in internal organs

poites are 8=15 pm long and 2-3 pm wide.
The life eycle is nor complerely known bur
dogs and cats may act as fimal hosts, Chick-
ens are infected by ingesting oocysts or
sporocysts via faeces of the linal hosts (cars
or dops).

Sarcocvstis spp. found im chickens: 5.
borpathe: sarcocyst: 1-10 mm, cystozoites:
9-12 = 2 5-3 pm oand final host: unknown:
Sarcocvelis sp. sarcocvat: 1=10 nun, cysto
poites: 14=17.5 = 2=2.5 pm and final hose:
dog and cat; b, rlevi sarcocyst: 3-5 mm,
cystoroites: 8=15 » 2-3 pm and final hose:
unknown.

Ceographic distribunon: World-wide

Symptoms: Infections with Sarcocysiis spp. in
chickens are gencrally imapparent. Muscu-
lar dystrophy may occasionally occur.

Significance: Sarcosporidiosis may be preva-
lent in traditienal poultry rearing systems.
The pathogemicity and significance of this
parasite scems to be low,

Dsagnosis: This is based on demonstranng the
SArcoCcvsrs or Cvstozoites i arctiticially
digested muscles and other organs ar
NECropsy.

Therapy: Unknown and not imdicared

Prophylaxis: This is ditticult in extensive hus-
bandry systems with free ranging. Intensive
poultry rearing avoids the ingestion of
oocysts and sporocysts of the Fnal hoses
[possibly dogs, cats and other carnivores).

4.2 Liver

PROTOZOA

Histomonas meleagridiz * Blackhead™

Remarks: Extensive liver lesions may ocour,
These are circular, vellowish green, and
characterisncally  depressed. In turkeys
they may be up to 4 cm i diameter. The
iver and  caecal leswons  together  are

pathognomenic. However, the liver lesions

must be differentiared from those of tuber
culosis, leukosis, avian trichomonosis and
mycosis, which are raised and grevish or

grev-vellow (o= Poucimy, 1L
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4.3 Respiratory system

PROYTOLOA

Remarks: The tollowing parasites may also be
found in the tissue of the lungs:
Trichomonas gallinge (v PoULTRY, T 1)
Toxoplasma pondin (7= Swise, B 4)
Cryptosporidism spp. (&% PouLTrY, 7 1)
Schizones of the following Protozoa:
Sarcocystiz spp. (g PourTry, B4.1)
Haemopraotews spp. (o8 PoulTry, B 2)
[escocytozoon spp. (6= POULTRY, W 2)
Plasmodim spp. (7 Pourmiy, B 2)

HELMINTHS

« MNematoda found in the respiratory system

Svmganes traichea "G peworm”

Location: Trachen and lungs

Hosts: Chicken and many orher domestic and
wild bards

HI‘H.‘Ei.l:H t{Ehl:j'ip[ilhllz The [rara RiLe 1% |1ri|._'|||.l: reng] I
colour and found permanently in copula-
rion, The male is 2-6 mm long and the
temale 5-20 mm. The mouth opening is
wide, without leaf-crowns, and the buceal
capsule is cup-shaped. The epgs measure
FO=100 = 43=46 pm and have a thickened
operculum ar either pole, Infecrion may
occur directly by ingesnon of infective epges
or larvae, However, it 1s well established
that severe feld infections are associared
with the mgestion ot transport hosts such
as earthworms, snails, slugs, and arthro-
podds (e, flies), Gapeworm larvae may
encvst and survive for vears within an inver-
rebrate host. Range mtections ocour season-
allv, eg. when grear numbers of earth-
worims appear on the surface by rains
spring or at the onsce of the rany season,
cec. Cyvathostoma brosechiale is the causa-
tive apent of the disease in geese and ducks.

Geographic distribution: World-wide

Symproms: Sudden death and verminous pnen-
monia characterize carly outhreaks, Signs of
pasping, choking, shaking of the head, inani-
tion, emaciation and suffocation may follow,



Significance: This may be of great economic
significance in range-reared  chickens. A
Young birds are affected most severely.
Capewaorms are not a problem in confine-
ment-reared poulery but cause serious loss-
es in range-reared chickens, turkevs and
ather birds.

Diagnosis: This s based on the demonstration
of the typical eges in the faeces and the clin-
wal signs. Ar necropsy adulr gapeworms
may be found to abseruct the lumima of the
trachea and bronchi. The blood-red female
|:L1|T“’L:flﬂ is 1I'-.ljz1.“!|' FI:H_I.I'Il_l in 1;|1'|_'|-|_r|;'|l:i|.1|1
with a much smaller, paler male with s
head embedded deep in the host tissue. The
joined pair has a *Y"-shaped appearance.

Therapy: Febaneel (60 ppm wvia feed over 6
days or 15 mglkg, po. over 2 davs), fenben- P 681 Syrgames trachea; male and female
dazole (100 ppm, over 4 davs), flubenda- waorms in permaneint copulation (Al coes (B) |56
zole (30 ppm, over 7 davs) and mebenda-
zole (60 ppm, over 7 davs) are cffective
against papeworms in chickens, Ivermecrin
may be used orally ar a dosage of 200
pe/kg. Thiabendazole (300 mgikg, po., | =)

i5 also eHecnive.

Prophylaxis: The control of gapeworm infec-
nons in range-reared chickens is almuost
impossible since the transport hosts are dif-
ficult to be eliminared. To prevent wild
birds from introducing infection, pens
should be isolared by overhead and laceral

screeming. The control of the transport
hosts by soil trearments with chemicals is
unsafe and not justifiable.

(Figures 680, 651, 682, 683)

J"i;u.'.. Gl ."l.'r.l.'_'..'.l.'n'ru.'- fratelrea; o il!ﬂiI'IL'\'I.I '|1:Ii|' witha Y-
~:h.||1m| appearange EH|

A TUR

Fig. 680 Svipamies trachea; adule parasites in the Fig. 683 Eggs of Svgamis frachea
trachea, Males are 2=6 mm and females are 15-30 [74=95 = 34%=44 pm|
mim lesng |53

375




W 4 Stages in intermal organs

ARTHROPODS

= Arachnida found in the respiratory system

Cytodites mudus The *“air sac mite”™

Location: Respiratory passages (air sacs)

Huosts: Chicken, pigeon and other birds

Species description: The “air sac mite™ lives in
the respiratory passages and ar sacs and
sometimes also in other organs (abdominal
caviey, ¢.g. serosa side of hiver and kidneys).
The males are 430-375 pm long and
280=340 pm wide, and the females are
480=600 pm long and 315-400 pm wide.
Little is known abour the hife evele bur lar-
vae (not egps!) are produced by the female.
Parasites are spread by respiratory mucus.
The parasite has a moderare parhogeniciry,
It occurs mainly in range-reared small
holder poultry svstems and does not occur
in intensive rearing systems. The mires are
easily rransmitred berween the birds,

Cieowraphic distnbution: World-wide

Symptoms: Light mbections are often inappar-
ent. Heavy infections are accompanied by
cough, dyspnoea (open beak), pnenmonia,
hranchitis, periconitis.

Significance: The significance of this parasice
1s still in debare. Heavy infestations may
predispose to secondary respiratory disor-
ders.

Dhiagmosis: This is based on the demonstranon
of the mirtes on smears taken from the res-
piratory svstem at necropsy. The mites may
be seen macroscopicallv as hittle white dors
an the surtace of the air bags.

Therapy: The climination of affected or
exposed birds has been the recommended
method of contral, Ivermectin was effec-
tive in golden pheasanes only ar very high
doses (30 mg/kg, sc.).

Prophylaxis: Unknown

iFigures 684, 685, 68A])
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Fig, 684 Cwtoadires sndeesy adult mites {4 50=a141
pml found in the air sacs farrows) | 53]

Fig, 685 Cytodites weedus; adule moce [53]

Frg, 686 Cytodites mudns: ventral view of adult
femabe (A and male (B} |29
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5.1 5kin and feathers

HELMINTHS

# Trematoda found in the subcutaneous
tissue

Collyriclum faba

Location: These trematodes appear anywhere
on the body as subcutaneous cysts.

Hosts: Chicken, rurkey and other bird species

Species description: The subcutaneous cvses
are 46 mm m diameter, usually contain-
ing two adults and occur most frequently
near the vent of the host. The worms mea-
sure 3-5 * 4, 5-5.5 mm. They are flattened
1.'L'|11r:i|i].', COMVEex Jurﬁ,:l“:r and have a spiny
tegument. The epes measure 19=21 x 9=11
pm. The cysrs ooze exudare which artraces
thes and predisposes o bacterial infec-
tioms. The life cvele is unknown but prob-
ably involves snails and insccts such as
dragonflies and mavflies as intermediare

hosts, Only birds with access to marshy
p|.u_'r.'-. become mmfected.

Geographic distribution: Asia, Furope, rthe
Americas, Africa

Symptoms: Young birds show locomorory dif-
ficulties, inappetence, anacmia, emaciation
and even death.

Significance: Infections with this rematode
mav be frequent in flocks which have
access o marshy places. The presence of
the cysts decreases the value of the carcass.

Dhnagnosis: Tvpical cvsrs are found around the
cloacal opening and also along the abdo-
men and thorax. Each cvst has a central
opening and contams a pair of worms, The
cvsts also contain a black fluid and cthe epgs
which are discharged through the pore,

Therapy: Chemaotherapy is unknown, The par-
asites should be removed surgically fol-
lowed by an annseptic treatment of the
wound.

Prophvlaxis: Prevention reguoires restricring
birds from areas frequented by aguance
INSECrs,

ARTHROPODS

The ecroparasites {Arthropods) are divided
INCo TWO Main groups:

Arachnida (arachnids) including:
- Ticks
— Mites

Insecta including:
= Lice

— Heterafrtera

- Fleas

— Daprrersda
* Arachnida found infon the skin

— Ticks

Losses caused by ricks are threefold: 1) loss of
blood (anacmia), 2) ransmission of other dis-
eases (avian spirochacrosis, rickertsial discases,
viruses, etc.) and 3) tick roxicosis (eg. paraly-

sishier CATTLE, ).

Ly



M 5 Stages on the body surface

IXODIDAE (“hard ticks™)

Hard ticks are not a primary problem i chick-
ens. Birds are preferred hoses of larvae and
nymphs of some species of Hyalomma and
Amblyomuma ticks that are commen i the
adulr stage on mammals, Haemaplvaalis cin-
nabarinag, H. leporispalustris, H. chordeilis,
Aneblyvomema baebraewm and other hard ticks
of many specics will feed on pouliry as well as
wild ground birds. Hard ricks are likely to be
found onlv on birds that have access o range
ibushy pastures and pens are preferred sites of
hard nck stages). Mainly voung birds are
affected.  Extreme  emaciation, progressive
weakness, restlessness and swollen evelids mav
be seen in voung chickens, Control is based on
the use of contact-acaricides, (7 Argas persi-
cies, below) and  preventingchickens  from
entering breeding areas of the ticks.

ARGASIDAE (“soft-ticks™)

Arvas persicus, A, walkerae, A reflexus
Bermanii and other Argas spp. Fowl ricks

Locaton: Skin

Hosts: Chicken, rurkey, pigeon, duck, goose
and many other domesric and wild hirds;
man may alse be affecred,

Species description: Argas persicus 1s the most
mportant poultry ectoparasite i many
rropical and subtropical countries, being a
limuting tactor i successtul reaning of stan-
dard breeds of poulrey.

Unted ticks are relatively easilv recopmized
by their Hlattened ovoid shape and the red-
dish-brown colour,

The towl tick s capable of rransmitcing
Borrelia anserina, Aegyptianella pulloram,
fowl cholera {Pastenrella misdiogcida) and
possibly other diseases. These ricks are par-
ncularly active in pouliry houses during
warm and dev weather, All stages may be
found hiding in cracks and crevices during
the dav. Larvae can be found on che birds
since they remain artached and feed tor 2-7
days. Nyvmphs and adults feed ar mghr n
| 3=30 min. Nymphs feed and moult sever-

78

al oimes before I'L‘.'Ll.'J'Ii!I'.I!.', the adule stape,
Adulrs feed repeatedly and the females lay
F0=100 gpps after each feedimg. Adul
females may live for more than 4 vears
without a blood meal. A persicns and A
reflexres hermanar are found in chickens in
West Africa. A. reflexus bermanni in Egypu
15 suspected of rransmirming Wesr Mile and
Chenuda virns and the Owaranfil virus
Eroup.

Geographic distribution: A, persicns ocours
world-wide in rropical and subtropical
countries. A, swalkerae occurs in sub-5aha-
ran Africa,

Symptoms: In addivon to transnmmg avian
spirochaetosis, aegypriancllosis and fowl
cholera, Argas spp. produce anacmia (mosr
impaortant). Loss of blood may reach pro-
portions of fatal anaemia. Low numbers
may  cause emaciation, weakness, slow
growth and lowered producnion. Since the
ricks are nocrarnal, the birds may show
some uneasimess when roosting, A, persr-
cees and A, realkeras may cavse rick paral-
Vals, a flaccid, afebrile moror p;'lr..ll‘_-'hi}i. A
specific paralyne toxin is suspected 1o be
transmitted by the sucking tick.

Sigmificance: Soft-bodied ricks of the genos
Argas are the moso imporrant ncks of poul-
try.

Inagnosis: Hed spots mav be seen on the skin
where the ticks have fed. Larvae may be
found in the feathers, The adule parasires
mayv be found in cracks of the woodwork
or in the walls of the fowl house,

Therapy and Prophylaxis: This requires reat-
ment of premises becavse adulr and nym-
phal ticks are on their hosts for only a short
vme and then hide in the surroundings.
After houses are cleaned, walls, ceilings,
cracks, and crevices should be rreared
thoroughly  with  carbaryl, coumaphos,
malathion, stirofos or a mixture of stirofos
and dichlorves, The efficiency may be
mereased by using high pressure sprayer
{r# Table 27, p. 384).

iFigures 6R7, ARE, ARY, K30}



Fig. 687 Arpas spa
. B, M, darsal (leteh, lateral
(middle} and venrreal

wiew (righe) [24]
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Fig, 538 Argas reflexos; adult temale (3.5-01 mom

fongh and cogs (4] Frag. 690 Argas persicns; larva | 3]

Omithodoros moubata The eveless tampan of
Africa

Remarks: € mondata is widely distribured
throughout East Africa and northern South
Africa, extending into drier pares of Cen-
tral Africa. Oh mromebata and O, saeigeny
have become associated with man and his
domestic ammals, These ticks hve in the
native hots and in the sand under rees
where amimals and human beings frequent-
lv seek shelrer. The sigmbcance is based on
the trmication ot the host and transmission

Fig. 6539 Arpas persiowsy dorsal view (males are

of Borrelia anserima and Aegviprtianella pui-
faarn to fowl, O, wmiowiata 1s also the vec-
tor of Borrelia duttom {relapsing fever of

4=5 v and bemales are 7=10 mm long) | 5]

man) and African Swine Fever (8¢ SHEEP
AasD Goats, Il 51
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B 5 Stages on the body wrface

Ovrnithodoros savigryi The eved tampan,
the sand tampan

Remarks: It buries itself in sandy and loose
clavey soils, under wrees, near wells and
shady spors frequented by domesnc stock,
particularly camels, catrde, mules, chickens
and man on which it feeds, It does not
occur in hurs, The numbers of O, saefgny
m infested localities reach plague propor-
rions. The biology 1s verv similar to thar of
O, monthata, but is has a much wider geo-
graphic distribution occurning in the arid
parts of Africa, the MNear East, India and
Ceylon. O. savigayi s not known to rrans-
mit any pathogen but camels and cartle sut-
fer greatly and may even be killed by the
volume of blood lost,

- Mites

Dermanyssus gallinae Red mite, roost mite,
poultry or chicken mite

Location: Mites may be found in the chicken
houses during the day, particularly in
cracks or where roost poles touch suppores
or on birds during the nighr.

Hosrs: Chicken, rurkey and other domesnic
and wild birds

Species description: The nymphs and adules
periodically visit the host to suck blood
[preferably during the nighr) and between
the meals hide in cracks and crevices in the
quarters of the birds. Under favourable
conditions the mires reproduce rapidly and
may brcome a serious pest causing irrira-
tion and anaemia due o loss of blood. A
house may remain infested for & months
atter birds are removed. Mites may be
transmitted by mite dispersion ey fHats,
crates, persons going from farm ro farm)
or by direct bird contact. The chicken mite
can be identified by the shape of the dorsal
plate and by the long whip-like chelicerac
that appear to be stvlets. The adult females
measure (0,7 x 0.4 mm, varving in colour
from gray to deep red, depending on their
blood content.

380

Gu{:gr:lphii: distribution: World-wide
Symproms: Birds become listless, egg produc-

tion decreases and  deaths may  occur
because of loss of bload. I3, gallinge may
occur as a temporary parasite on homans,
causing skin lesions,

Signiﬁcanc::: Chicken mares may be found ar

pest level in craditional, small farm flocks
.'i]'HJ A Fare ir| ]'I'I[Jl'.lnL'l']'I 1.'(]111H1l‘rl_"i.'lj li.'il!.'lr_'-
layer systems, Populations may build up
very quickly in warm areas. Losses may be
enormans due to irrication, anasmia and
'I'I'I.:!F]-IL"II“}' rl"l'_‘i lI-L'II'I'_‘I pr_'rﬁ WM nge.

L'Iinglmsi.*.: This is based on t'iridirlt_: the mites in

the environment of the birds (nest, lirter,
crevices], The mites can be scen with the
naked eve, especially when they are red
afrer a recent blood meal. Masses of mires
may be found in the naso-pharvngeal
system of dead hirds,

Therapy and Prophylaxis: = Costror or

CHICKES MITES ANEF TROPHCAL=FOWE METES

INFESTATIONS, p. 382
(Figures 6%1, 692, 693, 694}

Fig. 691 Dermanyisis gallinae; masses of
mites are obten found in the naso-pharyngeal
svsrem of dead birds |arrows) [33]



Ownithomyssus (syn. Bdellonvssus,

B .:_'.-“:" .I:lrll'.l'uu}'.':ziusl- bursa Tropical fow] mire
8y oo

o S Location: ). bursa oceurs either on the bird

--‘L l'! .__':. A O 1M 15 Mest.
,,.'-,,';-"_—f S Hosts: Chicken, rurkey, duck, pigeon and oth-
e 5 | My Species description: | t'll'_'-‘tr{JT'IIH.".’Il foowe] muntes are
T SRS o . found on the fluff of the feathers, especial-
Y Aghd o Iv on those around the venr. These mites
g can pass their entire life cvele on chickens.
They tend to be present on few feathers,
Fig, 692 Dermanyvssns pallinae; dorsal view (A) giving them a dirty appearance. The life

cvcle is not ver completely known. O brer-
sa can also affect man but only temporari-
lv because it is unable to survive away from
its bird host. Only the adults, the prowo-
nvmphs and the deuronymphs feed on the
hosts blaod, O, bursa replaces O, syleiar-
wm (northern fowl mite] in warmer parts
' of the world.
Geographic distribution: Tropical and sub-
tropical regions
Symptoms: Irritanion, loss of weight, reduction
in egg production, anaemia and death
Significance: Apart from ieritaning the birds
and causing anaemia these two mites may
transmir infections (e.g. fowlpox, Newcas-
tle discase, Pastewrella spp., ew.). This
might be of fundamental importance in

ntensified poultry rearing sysrems.

Frg. 693 Derranyssus gallmae; adolo mute
(R0 1000 pm long | [4]

Fig. 694 Anaemia due o heavy Dernunvasns gallinae Fig. 695 Oyritlhronyssis bursa; dorsal view (Al and
infestation (AL not-ifested control anmal (B [54] ventral view (B | 56|
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Fig, 696 Oreethonyssies bursa; aduly
(450-650 pm long) [53]

Diagnosis: This is determined by finding them
on the feathers of affected birds. The dis-
tribution of the mires on the birds may be
patchy, hundreds being found in small
Areas.

Therapy and Prophylaxis: s CoNTROL OF
CHICEES AMITES AND TROPICAL-FONT. MMITES
[MFESTATIOMS,

(Figures 693, 696

* Control of chicken mites and tropical-fowl
mites infestations

Conrrol of chickens infested with the tropical
fowl mire {and also with Ormitironyssus syl
arten, the northern fowl mite) may be achieved
by spraying the hirds and liner with an acari-
cide such as carbaryl, coumaphos, malathion,
stirofos or a pyrethroid compound. The acar-
icide spray treatments must b ;.1|'.|]1-|ir_'d with
sufficient force to penetrate the feathers in the
vent area. For chicken mire conrrol, in addi-
tion 1o rreating the birds, the inside of the
house and all hiding places for the mire, such
as roosts, behind the nest boxes, cracks and
crevices must be treated thoroughly vsing a
high-pressure sprayer. imethoate and fen-
thion, permethrine, Hlumethrine and amitraz
may be used as residual house sprays when
poulcry 15 nor present (7 Table 27, p. 389),
[Figure 697)
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Fig. 897 Heavy infestation with unfed

Dermanyssws gallimae

Cnemidocoptes mutans Scaly leg mites

Location: These mites are usually found under
the scales of the legs.

Hosts: Chicken and rurkey

Species description: C, miwtans is a small spher-
ical, sarcoptic mite that usually burrows
into the tissue under the scales of the legs.
It is rare in modern pouleey enterprises, It
usually occurs on older birds on which the
irritation and exudation cause the legs o

thickened, encrusted and
deformed. This is the result of a massive
hypertrophy of the strarum corneum {der-
matitis hypertrophicans). The mites reach
the feer of the hirds from the ground. The
lesions  usually develop from the toes
upwards. The parasites pierce the skin
underneath the scales, causing an inflam-
mation with exudare that hardens on the
surface and displaces the scales. The entire
life cvele 1s spent on the skin and mites are
transmitted by direct contact.

Geographic distnibunon: World-wide

Symproms: Thickened scaly skin leading ro
lameness and malformation of the feet

become

Significance: This may be a serious problem in
traditionally reared chickens.

Diagnosis: This s based on the typical detor-
matnion of the legs (scaly legs) and the dem-
onstration of mites in skin scrapings.

Therapy: If individual birds are 1o be treared,
the affected legs may be dipped owice (10-



day interval) in kerosene, mineral oil or lin-
or coated with vaseline.
important thar the cruses are carefully
removed or soaked with a detergent prior

seed oil, It 15

to acaricidal treatment. The legs may also
be dipped in acaricides,

Prophylaxis: Affecred birds should be culled or
isolared and houses cleaned and sprayved as
recommended for chicken mite infesta-
tions.

(Fipures 678, 693}

Fig. 698 Detormed legs due to Crenrdocoples
mieetans inbestation [53]

P T ™ Y
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Fig. il !'.-.lrr'.l:r.u.ll-:l.;'lrp.'-'s piddad FH L, e m.':ll:r |1.';.'.
mitte; males are 170-250 pm and temales are
70495 pm long [4]

(. !!L'ur:rducup.rr.'f F{t"mm:‘ {syn. Mesocnentido
coptes laevis gallinae) Depluming mite or
depluming irch

The mites burrow mto the skin
alongside the shafs of the teathers on the
back, head, neck. around the vent and on
the brease and righes.

Location:

Hosts: Chicken, pheasane, pigeon and goose

Species deseription: These mites resemble the

scaly leg mire in general strucrure although
they are smaller, the adult females measur-
ing aboutr 0.3 mm n diameter. The mites
occur more frequently in summer when
intestanons are spread rapidly by contact.
Infestations cavse inflammation and atch-
ing. The fteathers break off and chey are
pulled our by the hirds.

Geographic distribution: World-wide

Symptoms: The intense irritation nduces the
host to pull our body fearhers. Intesved
birds show reduced weight gains and low-
ered production.

Significance: Heavy intestanions are associated
with grear irritation and reduced perfor
mance of affecoed flocks, This infection is
rare in modern poultry-rearing sysrems.

Diagnosis: Demonstration of the mites ar the
base of the feathers. This can be made by
pulling ourt a few tearhers at the edge of the
lesions and searchime for mes. (10%
kK OH-solunon). The legs and pedicels are
stumpy. All legs of the male possess suck-
ers, while none of the female do so.

Therapy and Prophylaxis: Atfecred  birds
should be isolared and dipped in an acari-
cide (malathion, carbarvl, permethrin, sti-
rivties . Dhsinfecnion of hooses as recom-
mended for chicken mates 1s imporrane (@
Table 27, p. 389},

Laminosioptes cysticola Cysr mite,
subcurancows mite

Location: Subcutaneous tissue

Hosts: Chicken and turkey

Species description: The parasites are found in
the subcuraneous tissue where they cause
calcified nodules around dead parasices.
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The lite cycle 15 unknown.

Geographic distribution: World-wide

Symptoms: Infestarions are vsually inappar-
en.

Si[;ni'ﬁc:mcl:: These mites are n:m-parhug:nir_‘
but large numbers of nodules may reduce
the value of the carcass.

Diagnosis: Examinarion of the skin and sub-
curis under a dissecting microscope usual-
ly reveals the mites.

Therapy and Prophylaxis: This is unknown.
Destroying affected birds is indicated o
reduce the infestations within the flocks.

{Figures 700, 701}

Fug, 700 Lamprosiapies cysticoda; caleified nodoles
in the subcutancous ossuee {arrows) [53]

|"i|.‘,. il | f..]iirf.lér.l.ir'lrph':- |:.'|'.'.-.H'r-ml.|l; LY b1 r;|| 1.'i;'w |r|: hl
female (250-270 pm long) [29)
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Fig. 702 Epideraopies bilobaties; skin mite
{160=270 pm longl | 56]

Epidermoptes bilobatus Skin mite

Locaton: These mites are found on the skin
surface. Predilection sites are head, neck,
breast, back and sometimes the whole body

surface.
Haosts: Chicken

Species description: These mites are very small,
the females measuring 0, 17=0.22 mm. This
15 a common skin parasite of chicken and
can cause a scaly skin disease, It has been
described as a cause of pitvriasis, It may
produce lesions such as a fine scaly derma-
titis, followed by a formation of thick,
brownish, sharply edged scabs. Concomi-
tant fungus infection by Lophophyton gal-
limae may aggravate the disease, Birds with
E. bilohatus intection often have deplum-
ing mites at the same time. Bacterial infec-
nons may develop after the primary skin
lesions.

Geographic distribution: World-wide

Svmproms: Pruritus, featherlessness, emacia-
non, ¢ven death

Significance: Losses in heavily infested flocks
may be grear.

Diagnosis: This s based on the demonstration
of mites in skin scrapings.

Therapy: The following acaricides may be used
o dip or spray infested chickens: Pyreth-
roids (fenvalerate, flumethrine, permeth-
rine), organophosphates (rrichlorfon, cyth-



onate) and carbamates (carbaryl, propox-
ur) (= Table 27, p. 389).

Prophylaxis: All the amimals of a flock must be
treated at the same time and the chicken
quarters should also be disinfecred.

{Figure 702}

Hypodectes projpus Nest-inhabiting mures

Remarks: This is a free living nest-inhabinng
mite which produces eges which develop
directly into hypopodes. These stages
mvade 1‘T.Il1liit‘rli|'!.' the subcutancows fissne
of birds and grow markedly in size. By the
nme the hypopodes leave the host they
have increased renfold inlengrh. Afrer leav-
ing the host the hypopaodes moule directly
into the adule stage.

Symptoms: lrching, feather loss, restlessness

Diagnosis: By finding the adults in the nest or
the nvmphes [T in aleerared rissue

Therapy and Prophylaxis: Mests should be
rreated with acaricides and infested birds
should be eliminared,

iFigure 703)

-
“ﬂ - .

Figr. 703 Hypodectes profms: environmental scage

of nest-inhabiring mices

* |nsecla found on the skin
- Lice
MALLOPHAGA Chewing lice, chicken lice

Location: Skin and feathers
Hosts: Chicken

Species desenipion: All chicken lice belong w
the order ."-.I:i|||:;'l|1.ig.1, the chewmg lice.
More than 40 species of Mallophaga have
been reported from  domestic chickens.
Chewing lice are characterized by posses-
siom of broad, chewingavpe mandibles
located ventrally on the head, incomplete
meramorphosis, no wings, dorsoventrally
Hatrened body and short antennae with 3-3
segments. Birds frequently harbour several
species at the same nme. All the various hice
species are controlled by the same methods,
Cross contamination 1s p:w:ihh', ez lice
trom guinea fowl may eccur on chicken and
turkevs if these birds have physical contacr.
Pigeon lice are frequently found on domes-
tic fowl if the pigeons nest above the fowl.
Lice spend the entire life cvele on the birds.
Eggs are arrached ro the feathers, often in
clusters, and require 4-7 days to hatch, The
more common louse species of chickens are
listed in Table 26. Lice normally eat feath-
er products bur Eomenacantbus straminens
may consume blood and is regarded as the
most common angd maost destructive loose
oof birds, world-wide. It is up to 3.5 mm lomg
and deposirs its eggs in masses ar the base
ot teathers, especially around the vent. Asa
rule, hce are not very pathogenic to mature
hirds but lowse-infested chicks may die.
Lousiness frequently accompanies manifes-
tarions of poor healch such as internal par-
asitism, infections disease, malnutrition as
well as poor sanitation,

Cieographic distribution: World-wide

Svmproms: Hestlessness, emaciation, feather
damage, anaemia, markedly reduced per-
formance

Significance: Lice imfestation in chickens 15 a
very important cause of production losses
in tradinonal and intensive poultry rearing
SVSIEIMS.

Diagnosis: Lousiness | pediculosis) is diagnosed
by finding the straw-coloured lice on skin
or feathers of birds. Lice ot domestic birds
vary in size trom less than 1 mm o over 6
mm. Masses of epes may be found artached
to the bases of the feathers.

Therapy: Lice are best controlled by spraving with
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pvrethroids, carbaryl, coumaphos, dichlor-
vos, malathion and stirofos (& Table 27, p.

thorough clean-up of all the facilities and
the environment should be carried our.

389, {Figures 704, 705)
Prophylaxis: To avoid cross-contamination,
lice must be controlled on all the birds in
the environment of chickens ar the same
ome. Wild 5.1Hi|:nrm or birds should never
be allowed to comact poultry flocks. If
treatment is required, the birds should be
treated 2 oimes on a 10-day interval, Only
the mature forms will be controlled as most
of the available insecricides do not kill the
eggs. Spraving of the birds is g,cn:mﬂ}' the
muost efficient way of controlling lice, Dip-
ping is also possible when the tlocks are
small. Egg-laden feathers will remain a
source of reinfestanon and  rtherefore

Fig. 705 Eggs of Fontenagcantbns straminens an the
base of teathers (arrows) |53

Fig, 704 Chewing lice (Mallophaga) of chicken: Menapon gallinae (A}, Eomewacanthus stramimens (B,
Coontdonles sy I:.'l‘n.rr.u'l‘:'pf.'i] ﬂ'fﬁflrrffl's, tlie brown q.'hi-:.'ln,-ﬂ bemase 10, Creamrocodies g.J.rIilr..rr -II'.II:II| ﬂulrr‘n.;!'r;
(svm, Stewoertaflng ) ghges (Eh Lipears capormis (Fpand Cuclotogaseer beterograpbus (G and H) [35]
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Table 26 Mallophaga of chickens, guinea
towls and pigeons

Scientific name Commaon name _I-in»:_.l L]
Menoponidae B
Evrienocamit Body louse Chickens

R R T T I
Menopon golinge  Shafi louse Chickens
Lipaiorrs copons Wineg bouse Chickens

Murmidilipeurus Tropical wing louse Chickens
tropdoats

Philopteridae
Cuckagauter Head louse Chickens

fiet eragraing
Gonocodes gaffinae  Fluff louse Chickens
Gorniodes dissimilis  Brown chicken lowse  Chickens
Gartioges gl Tropical brovwn chicken Louss
Gamioges mmidee  Feather bouse G Toowed
Lipeurnds mwnige Slender bouse Cinlinea lowd
Compariofes Small pigeon louse Pigeons

Biglerbalirs
Cofumbicaln Slender pigeon louse  Pigeans
. LI

|'i',;. TS Mlamses of s of .'l.-f:'ur.lj'm.lr g,iHm.;.g' i
(Figures 706, 707, 708, 709, 710, 711, 712y the basc of feathers
AN

Fig, 700 Eomeracanthes straminers, the bods Fig. T0% Menapon gallirae, the shatt louse
louse (2,9=3.2 mm long) [4] (1.5=1.9 mm long) |8]
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Fig, 710 Liprewerres caponis, the wing lowse (2.0-2.5

mm long) |8]

Fig. 711 Cuelotogaster beterograpins, the head
louse (2.4=2.5 mm long | 56]

Fig, 712 Codwmbicola columbae, the slender pige-

ooit losise (2,028 mm long] | 56|
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Heteroptera

Cimex lectularins Common bedbug

Remarks: The bedbug is a common blood-

sucking parasite m temperate and subtrop-
wal climates that artacks pouliry, most
mammals, including man. Feeding usually
occurs at might, The bugs become engorged
within 10 minutes, then hide in cracks and
crevices, If artacked by large numbers of
bugs, birds may become anaemic and per-
formance is severely reduced (decreased
ege production, high feed consumprion).
Heavily infested nests are abandoned. Bires
are L|:i1J:I|[}' Foal o edd h}' .*.wr”ing and itch-
ing. Bedbugs are rare in modern laving
operations, but rraditional poultry svsrems
are often heavily attected. Control is based
on thorough cleaning of the houses and
quarters and the reduction of hiding plac-
es for the bugs. A thorough high-pressure
spraying of the houses as for the control of
fowl] rticks is effecrive. Pyrethroids, orga-
nophosphartes, carbamares and combina-
rions are highly effective against Heterop-
tera (#¢ Table 27 p. 389).

(Figure 713)

Fig. 713 Crmex lectilarins,
the common bed-bug (3=6 % 3 mm| [4]



Table 27 Some insecricides for external para-
site control on poultry

Lice, mites, Neas

Drusts

Malathion {4-5%] Ry Newe s
Permsathinn (0.25%) Ready-to-wse
Rabon Ready-to-wse

Carbaryl [5%) Requchy-Romnrs =

Sprays
bdalathion 0.5% spray
Permethren i0L05%, Spray

Tetrachlordnphos®

Stirofos (2 3%) and

0,5% spray

dichlareos [5.7%) {.5% spray
Fowd ticks, bedbugs

Sprays

helalatkiion 0, 3% spray
letrachlonanphos® 1.0% spray
Corbaryl 0.2% spray

* noat cirectly on |'_|r_||.||1r_!.'
- Fleas
SIPHOMNAFTER A

Fleas are parasites in the adulr srage bur free-
hiving as larvae. Adults vary in size from 1.5=3
mim, and possess a tough, laterally compressed
body, piercmg-sucking mouthpares and long
legs for leaping. They are cosmopaolitan i dis-
rribunion bur more abundant in remperate and
warm chmates. Females develop several eggs

Fig. 714 Cerataphylles pallinae in situ

per day which roll off the host into surround-
ing lirter where they incubare. Dampness and
warmth 15 essential tor turther development.
Larvae develop within 1-2 weeks which feed
on orgamic matter, The larvae then pupate and
the inactive pupal stage varies trom | week to
several months,

(Figure 714 and p. 332 fL.)

Echidnaophaga gallinacea Stickright flea

Remarks: The snckrighr flea is common on
chickens and many other bird and mammal
species in rropical and subtropical areas of
the world, Adults usually attach to the skin
of the head for dayvs or weeks. The sessile
adulets often occur i clusters of 100 or
more. The adules forcibly eject their eggs so
thar they reach surrounding litter, The lar-
vae best develop in sandy, well-drained hir-
ter. Irrwation and blood loss cause anae
mia, reduced pertormance and dearh, par-
ticularly in voung birds.

(Figure 715)

Fig, 715 Echiduaplirga gallinacea, the stckoghe
flea (about 1 mm long) |56]
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Ceratophyllus gallinae Common chicken
flea, Furopean chicken flea

=

_—

Remarks: This s the common chicken flea
with a world-wide disembution. It occurs
on chickens, manv other bird species,
rovdenes, dng and man. It breeds in nests
.'I.I'.IIJ. |i.ﬂ:l.'f.. .'ll]d. HFI]::-' F{Jﬂh L]0 ] l'I'II'_' I'lirl'_‘l.‘-i (€]
feed.

iFigure 7161

Fig. 7la Ceratoplbvilus gallisae, rhe common
chicken Aea (2.0-3.5 mm long) [56]

Ceratoplnllus columbae

—

Remarks: This Hea occurs on domestic pigecn
and chickens,

Crenocephalides felis

Remarks: It has been found in poulery houses
at pest levels. Most of these houses are
using cats as rodent control and it appears
thar the caws introduce the fleas i the
house and these then move to the birds,
Pulex irritans, the human flea, mav occa-
swmally also artack chickens,

¢« Control of fleas

The most important control measures are
removing infested licrer and dusting the litrer
surface with carbarvl, coumaphos or mala-
thion o kill immature fleas.

390

- Dipterida

The order Dhpterida includes several families
whose members annoyv or suck blood from

hirds {Table 285,
CULICIDAE Mosquitoes

Aedes spp.. ﬂ.ugﬁffefes spp- and Culex spp.

Hemarks: A great number of mosquitoes is
known to teed on poultrv. Only females
suck blood. Adults are most active towards
the evening and ar night, Poulery produc-
tion facilities thart utilize lagoons can have
prablems with mosquitoes breeding in the
lagoon, Masses of mosquiroes may attack
poultry and numerows deaths within a
Hock may occur, Several viruses are known
ter be rransmitted by mosquitoes, ez, fowl
pox virus by Aedes spp. The best conteol is
prevention of mosquito development in the
environment of the chicken. Mosquitoes
breed in swamps, ponds, stagnang pools
and warer-filled containers of all types.
Such breeding prounds should be covered
or ehminated (e.g. draining swampy areas).
For housed poultry residual wall spravs
and fogging within poultry houses may
reduce the mosquitoes markedly, Screening
o prevent mosquino entey may aid in con-
trol, Poultry in open houses or on range are
most dithicult to protect from mosguitoes
(ea CATTLE, I 5.1; Table 28),

SIMULIIDAE

Sirmuelivemn spp. Blacktlies, buffalo gnats

Remarks: Blackflics are bloodsuckers and
transimit leucoeytozoonosis to duck, turkey
and other birds, Many species occur in
tropical areas. They are similar in size to
masguitoes but are dark, short, and hump-
backed with shore legs. They often atack
in swarms and cavse great irritation, anae-
mia and death of birds either directly or
through  disease  transmission.  Blacktly
contral is extremely difficult since imma-



rure stages are restricted to running, well-
aerared warer, which is often some distance
from the poultry farm. Screening mav aid
to control artacks, Measures recommend-
ed for mosquite control are applicable to
blackfly conerol (v Catroe, B30 Table 28).

CERATOPOGENIDAE

Culicoides spp. Biting midges

Remarks: Many species of Culicoides ammack
chickens, These are extremely  small
althnugh ‘tl‘l-l.‘_'!.' can castly e seen as small
blackish specks moving on the skin. Their
hites cawse marked irmitation and inrense
iching. Some species transmit diseases
{e.g. avian infecrious synovins, Haemiopro-
tews nettionis o duck, possibly also fowl
pox). Control is exeremely diffieulr sinee
the midges will pass through ordinary
screen mesh, bur screens treated with mal-
athton (6% solunon have climinared
midges for 3 weeks, Fogging with mosqui-
to or fly spravs and residual deposits
applied for fly control will help ro reduce
the problem. Since the habitats where these
species develop are so variable, i is diffi-
cult to deserow the midges on the breeding
ground (s Catrie, B 5.1; Table 28),

MUSCIDAE

Remarks: These non-biting thes are readily
produced on poultry farms and are a
health and sanitation problem for both
the poultry producers and neighbours,
These Hies do not bite or attack birds
directly, but their significance 15 associar-
ed wirh the transmission of diseases,
Many species may be involved. So-called
filth flies are a world-wide problem on
poultry farms with many other species of
Musca and mdigenous blowtlies (Calli-
phoridae) and flesh flies (Sarcophagidae)
involved., Filth flies lay their eggs in
manure {some sarcophagids deposit liv-

mg larvael, in moist spilled feed or on
dead bird carcasses. Larvae of the house-
flv mav develop in manure and then move
to drier areas tor puparion. Flies are sus-
pected to be vectors of many mammalian
as well as avian gastrointestinal diseases.
Mewcastle disease viros was found in
thies. Housetlies and maggors mav acr as
intermediare hosts tor the rapeworm
Choanotaema  infundibulum,. Common
houseflies and blowflies are capable of
carrving eggs of the caecal worm Hetera-
kis gallimae, which may contain the pro-
TOZ0AN agent of histomonosis of turkevs,
Certain fly larvae feed on decomposing
cadavers and may ingest the toxin of the
bacterium  Clostridisnm  botwlinenr,  1f
poulery ear  such  magegors,  botulism
(*Limberneck ™ | may occur. Prompt buri-
al, burning or the use of disposal pits for
amimal cadavers will prevent botulism
tromm such sources. Houseflies may also
rransmit foewl  cholera,  teberculosis
(Mycobacterium avinm) when ingested
by chickens and turkeys. Myiasis is not as
commaon as m mammals, The black blow-
tly {Plorstia regina) can deposit eggs in
wounds in chickens, wrkeys and peese
and the maggors mayv destrov living ris-
suc. Fly control is based on preventing
breeding of flies in manure. Flies cannat
breed in dey manure (moisture = 60%).
Sutticient air flow should be provided
over the manwre, Warer leaks may sup-
port v breeding and should therefore be
avorded. Insecticides may be used in sev-
eral wavs: as space sprays, togs and mists
{Temporary control of pdalt tlies), surface
sprays [residual ettect of insecricides on
surtaces], baits (imsecticide granules com-
bined with fly arractanes, e.g. musca-
mone are placed i protecred areas and
are highly effective), The use of larvicidal
insecticides on manure 15 unsafe and der-
rnimental to predators and other organ-
isms in the manure. Insecr growth regula-
tors (cyromazine) are highly effective and
may circumvent this problem (s CATTLE,
W 5.1; Table 28),
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Stomoxys calcitrans Stable ty

Remarks: The stable fly arracks mammals and
hirds. This fly is similar in size and appear-
ance to the commaon housefly, bur possess-
gs a prercing beak. Borh sexes suck blood
amd cause mtense irotation and anacnna
when present in high numbers. e develops
m manure with hagh fibre content or in wet
crop refuse such as straw lefr in the hield or
other crop residues, Control 15 by the same
measurces used against houseflies. Preven-
non requires clean-up of crop residoes and
proper manare  management oo prevent
mixing of moist manure with spilled feed.
The stable Hy acts as intermediare host of
Hymenolepis carioca (2 Carrie, WAL

Table 28 Flv control in poulery facilinies

Fesidunl and bait sprays

Pesmsedrin 0.25% spray
Stircdos i M spray
Tetrachlorvinphios® 114 spray
Contact sprays

Dhilyroms i.25%

Pyrethnin (0.5 5%} and

pip:—run:,.'lhl_ltmid{' {0.5-3.75%) Ready-1o=use oil spray

Dichloraas 5% spray

Diry suggiar baits

Diksrom Ready-to-use basl
Trichlgrlion {1%) Ready-to-use badt
Dichlorens {1%) Ready-to-use hail

Methormd (Golden malnn, 1%
Boryd (Trwe Gt Blue, 1%)
* not directly on poultny

Heady-to-use bait
Ready-to-use bait

HIMPOROSCIDAE

Psewdolynchia canariensis The pigeon tly

Remarks: This 18 an important parasite of
plgeons in owarm or fropical arcas. [t may
rransmit Haenroprotens columbae, which
capses  pigeon malana, Larvae mature
mside the female and pupate immediarely
upon being ejected. The adule Fly is dark
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brown and about & mm in lengeh. The adule
v moves rapidly through the feather and
sucks blood. The flv mav also bite humans,
inflicting a painful skin wound thar persists
tor several davs, Intested birds sutfer from
blood loss and irritation.

(Figure 717)

Fig. 717 Paendolvnchia carariensis, the pigeon fly
{up w0 & mim Jong) [3]

5.2 Eyes
HELMINTHS
* MNematoda found in the eyes

Oxvspirura spp. (O, mansoni, 0, parvorum
amid O, petrowi) Manson's cyveworm

Location: This worm occurs under the mon-
rating membrane and i the conjunctival
sacs and nasolacrimal duces.,

Hosts: Chicken and guineafiowl

Species description: This slender nematode 15
12-18 mm long, The eggs pass down the
lacrimal ducts and our in the faeces of the
birds. The intermediate stapes develop in
the cockroach (Phyenoscelus surinamen-
sish. The fowls acquire the parasite by
ingesting  infected Larvae
migrate along the ocsophagus, pharvx,

cockroaches.

and lacrimal ducts to the eye.

Geographic distribution: Tropical and sub-
tropical regions

Symproms: Infected birds show a peculiar oph-



thalmia. They appear uneasy and conrinu-
ously scratch at the eves, which are usual-
Iv watery and show severe inflammartion,
The nicurating membrane becomes swol-
len, projects slightly beyond the eyelids ar
the corners of the eyes. It is usually kept in
continual motion, The evelids are some-
rimes stocked together and a whire cheesy
material collects beneath them., Severe oph-
thalmia may develop and the eveball may
be destroyed. The worms are seldom found
in severely affected eves.

Significance: Oxyspirnra mansond s rarely
found bur may severely affect mdividual

birds.

Fig, 718 Olxvapirira
MMSONE, ANICTIOT L'|'|d
(A, posterior end (B
af r||,||-c:, |1-:|\.h.'ri|r| eind
of female () and cges
(| 56]

Diagnosis: Embrvonared eggs (30-65 245 pm)
are passed in the droppings. Adult worms
may be found under the nictitating mem-
brane and in the conjunctival sacs.

Therapy: Some drops of a 10% solution of
levamisole {applied topically) kill the para-
sites as does levamisole (30 mg'kg, po.).
Topical application of ivermectin (0,03
mgfki) may also be effective apainst the
[ArASIes.

Prophylaxis: Strict sanitary measures, includ
ing the use of msecticides on cockroach-
intested premises, provide efficient contral,

(hngure 718)
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cigar-shaped mire 124
Cimmtey foctalarins 388
Cionella 94

cirthosis 94, 313

cirehsis, hepatic . 1278

406

classical swine fever 324, 333
Cleopatea 104

clindamyeime 103

clovaca iR T
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g |||.-r|.-l|,;'.,|'5.|'|:'r .|I.I|:'|'|:'r'||gl'|JII'.IJ:'n§ WHiaTT.
Crfer 102, 109, 1290, 240, 325, 354, 390
culickdae 1291,
Crilieordes 108, 131, 194, 235, 253, 364 34]
Crilicoides nubecndpens 236
Cridienides puangens 108
cuticular ridge 153
eetienlar \.]1i|||.' A
Cvathostone ronckiale 374
f::1.'..|:|'_l.-|:i.'u.l:rra.ln 2%
Cyclops 300, 356
cviluthrin 142
Cyhcoevles 218
Cylicodumtoplborms 218
Cylicostephamys 118
Cymelarsan™ 359, 273

142, 144
136, 391

138, 198

140, 20}

71 756F., TH. 114, 172,

ik |'|:'r| |1:'r11ri.| 1

Cy roamazine

&l LS, 185
cyst in the musele 323

cwsl muge 383

cvst, subcutangous 377

cvst, thin-iecked 82

| 88, 176, 184, 279, 319,323
Cysticercws 229
Cysticerens Boass

CYERIICETC]
(LA R N L

BRE, L0, |56, 279 320
Cysticercis cameli B9, 2751
Cvsticercns celfidozae 319, 3261
Cysticerens dromedarn 39, 278
Caspicprens, larvae 323
Cysticercus oris 1781
i ::I.';-.'J. ey !r.l.'ru':'l.-.ll.ll.'.-!
IElE, 3123
Cystocanius 182
Cvstocanlis oervates

S, 10, TH4F, 2400,

158, 181

cvatngEiles 373
Cytodites miedns 306

(]

Dayamealerig bagrs L2z

Damalinga caprae . 194

Domalnia eque 230

dark ;Tn:'n,llnl.l'r:h.nl.' CONTrasL |:1|.||.r_1. coar method
1 2fF., 102

Ihrpainea proglotting

dbaly 272

3521, 336

24,27, 148, 345
333, 336

deformuarion of the legs 382

debvdration  Lis, 26l,

delamethrin 142

demoedectic mange 230

demesdectic more 25, 194

Dheneewlexy B9, 122, 125, 194, 351

Demedex bovis 128

Demodex cafperae 194

Drenacedex egd 2300

Denpodex, mitestation 331

Dhesigagdese oing =4

Demodex s 111

depigmentation 237

1_||.'|_‘.=||Jrl'|i|'|F ir|.|'| .}_"'L.z

decoquinare
deflubenznron

depluming mine ind

depressed growth 347

depression 3208

Dergivphoronema epans: 228

L19, 1176, 227, 247, 310, 328

Dierpacenfor RIarginalns

Dlermmacendor 14,

[18, 228

Dermrrcentor reficlatns 310

Dhermraryssus wallmae FEOL

dermariris 107, 10%, 115, 1238, 2376, 24316, 136,
I84f, 33y

dermmatitis !I'l'i'\ll.':l'llil]'ll'lil\.'il.ll'ﬁ ARt

dermantis, micrefilaria-assoaaed e
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W Inddex

dermanitis, seasonal
Dermarophilus congolensis
desiccation Ale

denrony I'|'|'|"l|1 341
diampdine dervative 4
Diamond's Trichomonad Medium 853
diamphenethide 92

diaphragm 311

f-.l'r'.;lr.lj'll.l:rrr,:- ﬁl'_'l.

24,49, 1556, 204, 210, 216, 219,

131, 253
134, 122

diairrhaoes
Jaz 351
diarrhoga, bloody
digverdin 347
diaginon 124, 142, 330
dichlorvos 129, 141, 300, 335
diclazuril 27, 348
Divorcoelinm 322, 178
Diierneneling doudritician
334380
Dicrocoelme hospes 31, 93E, 149, 178, 180
Iicroe oo faneralatene 94
Diieroemedine-like g Alh
Dicrol® 93
dictvocauhdae it
Dictyocanles 182, 181

Ji4, 341

31, 93f, 149, 178

b,

Dictvocanlus aenfreldi 205, 220, 23916
I_'h.;'r_'r-'l._'.,rra.l'us i .J.liw.llj 2h E, 2H1

J']J.;'r_ﬁ'-'.l:_'.rr:.l'us jln'.-err.r E 1501, 241

Dictvocardns viviparns 35, 46, 97, 1E]

diethylcarbamazme 21, 102, 108, 237, 240

Diff-COuick™ 11,

84, 338, 340

diminagene aceturate 57, 39 641, 1681, 225,
273, 391,

dinitrorolmid 348

Dipctophyma renale 314E

“Ihcufar™ 224

dicxathion 139, 147

Dipetalonema dermicola 109

Dipetalonema cvanst 273

Dipretalonemad randae 109

dippang 57, 74, 129, 141

diptera ZL

dipterida, catle 129§,

dipterida, dromedanes  2RR{E

diprerida, horses and donkeys

dipterida, poultry 3908,

|,|i'|'|l:q'r'||,|;|, \'l:u,'{'p aned gosirs | ST,

diprerida, swine 334

direct smear method i,

Displaryny sasmta 362

Displarymy spiralis 362, 366

djaffa 272

doramectin La2

r.'l-u:r_:.'flr;-: g3

"ukane™ 116

"Dowring” 227, 133

dimerridazake

25211

408

dr,m-:1r||‘|.:¢ 371 N 37T
Deaschia 213

Draschia megastoma 2120, 243
"dry season ourbreak” Laé
dry thorn-bush species . LA5
ductus choledoches 23

dull e |96

dust lonse 34

duttonella  i&

I.I“'.ﬂ rf {'I.ll.li'l'll.' 1i|FH"I.'i'|.:lr|'|'| M
dysentery 24, 293

dyspuneea 180, 281, 376

E

ear canker 120

L, i|'|!|F:-r~|.'H_:|!:lI!q.'|.| 141

garthworm 313, 323, 357, 36, 363, 374

[ | ribwcierin -;.:-:1r|||.'|.:-| llj_

East coast fever (ECF) a5, 67, 114, 120, 169

Echiduwophaga pallinaceas 331, 389

echinococoosis 281

Fe i e s :I,:J'.JJ!!TIIJI.SJES
2R, 322

"Echimoenccns sand™ 322

Eehinopoccns weilocnlaris 94, 97, 1749

Eclinoparyprbivn recurvatien 350

Echimastoma 3504,

Echinosporng repolninnes S50

echinostemanidaes 331

94ff., 179, 2381, 242,

ectoparasite 137
ectoparasite, comerol of - 257
eceema, monst 11556, 131, 247
cpe volk 337

Egvpoan fever G2

Ebrlachaa s 72, TS5 114
Etrelichia equi 130

Ebelichia ondivi 76, 115

Fdrrlichig cpems 171, 129

Efrrlichia phagocyvtophila 72,76, 114, 172, 189
chrlichiaceae 72,28

chriichiosis 75, 114, 171f,

Eargrea 24, 146, 148, 2a2f,. 3411
Epemreria acoreniing . 341, 343, 3451
Famrerea albsata 1461,

Eisporia alabamensis 25

Edmeerig arloangy 147

Eimerta aeelwerensis 15

Eimeria bactriam 263

Eimeria bakuensss 1461,

Eimeria bopis 241,

FErwrrrag brasiremsis 25

Eiweria brunetts 3 At 345
Frmeria bubiduonenges 25

Eimeria cameli 263

Eiseria christenseni 47

Eimernr crandalis L&Z

Ermeria debliceli 1924,



Etmeria dromedary 262 Eperythrozoon wenyons 72, 74, 114

il N
Edmeria in chicken 341, 343, 347 epery throzmomosis 3110
Eimmariag infricats 147 I_lrl.l||l|'l'.l.lr|rl|'.l||.|'j feileateriris 184
f':.;rrj.:'rf.? .I'e'rn'.[".-:'n'l' IJH |_'|,_'||.|i|1|.' ..1|1|:!|:-|11:|r|:|| wWiirn lﬂ_ﬂ
Eimeria maxima 341, 343, 34514 cquine babesiosis  227F, 130
Eimereg mplis 3410, 343, 346 eauine body mie 248
Eisreria mivati - 343, 3451, equine chewing louse  15]
Eimeria mecatric 241, 3441 Equine Infecrious Anaemma 227, 251
Edmeria mendehlhiecks 292, 294 cquine inresonal uke 204
Foamreria sisababfvalmorae | 461f. eguine mtesomal threadwornm 210
Eireria willeri 203 couine lungworm 200, 239
Foerrarid i 146 COuIng pi1:|wnr|11 ML
Eimreria aeinoidalis 146, 148 crythema 131
Fimeria previnuta 282, 294 |_'||‘||||1.|'|1:|.|:u 3461,
Eimreria polita 292, 294 Eercodones annulates 3539
Eimeeria porgg 292, 194 Eercolers couforfs 359
Einreria praecox 3db Feelvadra 351
Eimeria rajasthams 163 Felita 331
Fimeeria sealwa 292, 2944, European chicken flea 390
Eimeria spinosgy 292, 294 Fatrytramd pancreaticnie ILE., 102, [45, 185,
Eieria speis 1821, 184 280y, 283, 322, 32%
FEimersa testella 338, 3410ff, 344 excoriatien 147
Fiweria Ie'.'rl'”.-:', iI'|fr.'|.'fI||I'| .H-:I: q"-ch.'r|1.:|| F.i.lril'h.ill.'. conral 1||- Iﬂ-_l
Ermeria temella, schizonts ol 344 eveworm 143, 158
P-r..lﬂzl:"rl-ul .:r]ﬂ'?f”. l'l r
"El Debab™  Lta F
= f.r;'r;frf.'rmr ,I'Irll.'ll.l 811, face louse 15
elementacy body 72, 73, 171 tamphur L2
"elephant hide disease™ Lihy Fascrofa R0, 22
elephane skin disease 103 Fasciola gigantica 30,90, T49F., 177, 238, 2811,
emaciation 2126, IT4E, 286, 303 i1
embolism 2131 Fasciola bepatica  30f, 211, 14%9E, 177, 205,
embryonal hook 352 238 274 297 322
cmbryophore 312 Faseinloides magna 50
|,'|'||.'|,'|'|||.:L||||:|I|}'|:|i[i.~\. 129 176, 1 5A, 252 tascilosis gj r'., 127
cndodyogeny B8 feather damage 383
Entanroeta 149 feather louse 387
Fartameoeba bovis 28 featherlessness 3R
Emtameiretsa delimane 142 febanmel 35,49, 52, 54, 132, 300, 305, 3537
Foaetamreceetae Destolvtica iz t';-h..1|1'rq_'||'pr,E|rml;:'ll'|1 vrangel 95, 18T, 283
Entamioeha owrs 149 feeding 340
Entamoeha polecks 296 felidae 373
Entommogly sgs 298 fenbendazole 35, 49, 33, 54, 94, 107, 151,
Fatasmeegebg wewvond 149 1hp, 300, 305, 351, 357
Enteritis & Ida, 154, 165 215, .:.'I'."l.'i., 348, 15 1, 'Ig'nu:-.;}'-;ilrh- EXE]

ERTA tenthion 137, 142
enterohepatitis 338, 358 fenvalerate 129, 142
enzyvire hinked irnmunosorbent assay [ELIsAG festoon UI_'PLTF::I.

146, 217 ferus 317
Foamremacaniing straminens 385 fibrosis 323
ecosinophilia 321 fibrosis, heparic 280
Eperytlsrnzonn 74f., 171 fibrowes copenle Lias
Eperythrogzoom mers 71, 159 filariosis, aormc 321
I':Ir.lclr_pr.l'.'rn-:urm prarpuiy 3116 filariosas, hovioe absdominal 101
Eperytbrozoon swis 74, 311, 332 fuleks Fly a4]
Eperythrozoon teganodes 72,7 Fivthwiaria fasciolarizs 336

Eperythrogoo et 71, 74 flea, hife cyele of 333
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B Incies

|.|-L':I1 conrral of SUh
flea-breeding area 233
fleas, varele 12961,

fleas, dromedarics  2H8fT,
fleas, horses and donkevs  2520F,
fleas, poultry 3891,

flegs, \.h{':'p and goats | 90,
fleas, swine  332E
"Hleece-roe” 198

Flesh fly - 20dk, 289, 391
Hexsar tendon 236

floraron method — &f
flubemdarale  3HL 305, 351, 357
ekt lowser 387

flumerheine 124, 142

flv conerol 259 336, 391

fly prevention 144

flv repellent 183, 213, 244
fly worry 2334, 288

foal, neonatal 210

fogging 3

fellicular mite 125, 331

foor mange 121, 288

“foor sealy™ )

Formmcg S

r-l.bl.l'_'ld:lﬂ ::.'i

fomel cholera 378, 349

fowl pox 129, 381, 390F,
fowl gk iZ8

furaealicone 348, 3649

o

Crafgeria 52

Coafperia pachyvscelts 45, 150, 156, 1621
gallsickness 73, 114

gametogony L4 292, 318, 3414,
i:_.1|!|:|r||-|||.a-x lﬂ_ﬁ_

gamogony 317, 36TE

{1',,111.“:.13; i

"gaprwaoarm”™ 3741,

Crasteraphilus 2216, 236

Crasterophilus egeer 221, 256
Crasterophiifus baemoreboidalis 221, 256
Crasterophilies imtestimalrs 2211, 256
Crasteraphilis larpae 213
If-n'.uj'q'rr.llrr.ll.m'rr.:- wpaaals &1 Iﬁ_&
Crasieropdilies pecoron 221

gastogs 223, 29E, 300

Crastroedizcondes oz 2497
Crastrodisens aegyptiaons 204, 197
gastrocntenns 172, 293

pastrointestinal nemarode 43,45, 57, 154, 155

gastrointestinal nemarode infection m catele

gastrointesinal nemarode infection in dromedaries

270
Crastroaplilus 256
f:'.r.'pf.rr.l_f.l.ll.'hlu.'i Pecormn Lib

410

gastropod molluse il
gastrothvlacidae 30, 149

giant liver fluke 20, 177
Guarda 142

Coiaradia bowds 28

Cafardia boaas cyst 149

Lotardia caprae 148

Cafardia duodenalis 148
Coiardia lamblia 296

Cerrdion opis 148

Cotaprdiar qpenrlry 148

Tpid™ B4, 186, 283
plobidiosis 204

Celosbgifiomer feveckarts 204
Colobvacephalus 297, 303

I .'.'r.-l'm._'q'frh.:.l'us rrrassfealarug 303
Crlossingg 1344, 197, 254, 138
Cilossing brevipalpes . 136, 309
Celossima fusea 35, 1356
Celossing wrorsitans - 35, 1354, 208
Celossima pallidipes L34
Colossina palpralis 55, 105, 1354,
Celossema fachmondes 134
Celassiemg panbooft 309
|.,"]|.:-uiI'|:||.|:1|.' Lid

glvcarbylamid 348
Caathostoma bisprdwsms 300,
Cromgvlomemia taglepicola 349
Cromtgylomersr pudlcheeen 356, 150, 152, 208
Ciongylonema verrwcoseems 3, 152
Cromiocotes gallinge 3861
Cromiodes dissimelis 38AfF,
Cromgondes gigas 3861,

Cromiades mmidae 387
poshng  A6d

grasshopper 183, 316, 3631
"green-bortle™ fh— 138, 198
grecn-tailed blowily 1[99
Crrosspiceelagia lyrata A2
"provse disease™ 162

promer feed 346

provwth, depressed 347

growwth regofaror 333, 336
|,1'r|:w.'l,h, refarded 270
'r:_1:||!'-|.':r|I:|.|.'u]|.||'|'| 0.

puller worm 35

Cyalocephale: 218

H

Habrmmeraa 132, 205, 213, 243 f. 254 258
Habrowienia mraing 213

Habromema megastooma 212, 243, 154
Habromema srierostoma 134, 212, 254
Hahronemg mscge 212, 2544
habronemaosis, catanecns 215 2481,

ha bronemaosis, gaseric 213

habronemasis, ocular 203, 243




haemagglurination, indiregt 2728
Haemaplbysalis 62, 76, 10, 1141, 118, 1a8
Haemaplbysalis chordeilis 378
Haemaplrvsalis comnabaria 31238
Haemapbyvealis leparispalusiris 378
Haemaphyzalis parea |88
Haemiaplysalis prenctata 63, 114, 119, 168
Haemaplysalis swlvara 168, 190
haematinic drug 311
Hacmatobie 1326, 197, 255, 272
Hacmatobia atripaiin: 244
Haematabia irvitans 104, 133
Harmuidadig mapmaia 133, 187
Haenmuptoims LK
Haemaropimes asini - 2511
Haematopings cameli 1HE
Havnatofines swrvsterin 1271,
Haematapines guadripertuses 128
Harmatopines sigs 311, 3311
Haeneatogaiies tehercalams 12H
Haesrataopora 60, 132, 157, 253,272
Hagwmratozng Iak
Hagmeohartonella 75, 2340
Haemobartonella bovis 72, 75
hasmoglobinuna &3, 69, 168f, 1X° 310
hagmaolyric svndeome &3
hasmonchosis 132
Hagmoopmeines A0, 53, 287
Haewonchus comtorties 3700, 55, 37, 150,
1324F., 270
Haewromchus longstipes 265, 250
H.Ju'.'rr4||l'.n|:1.':-_-.'||r'5 Jreevedata 149
HJJ'.‘FHIPFI.-H‘-'H.'; digH, 374
Haewroprotens columbae 368, 197
Haewroprofens davilereshy 108
Hagwmoprotens mettionis 3491
haemorrhape 11, 245, 248, 309
haemorrhage, ocular 367
haemorrhage, petechial  ARF, 227
hasmorrhagc track 323
hagmoragic rec 14
hair follicle 194, 351k 331
hair lungworm 157, 181
hair worm 41
halatugmone 67, 169, 3181, 348
halofuginone hydsobromide 28913
halofuginone laceare 25
Hamemond iy basmemewdy 240
Harrertia pallinarems 349, 3641,
head deviation ]88
head lowse 257
|'|L':l|.|. '1|'|;.'| |nu|1_|.{ 1 lM-.. IR?
heartwater 76, 78, 114, 172
heel fly  Lia
Helicella 181
Helix 1581
hepatomegaly 364

hepatoportal Blosdsieeam 3401
herbivore 3227

Hetevakis 334, 358

Hterakes, CEEs 357

fﬁ'h'n].ll."f.h Il.;'.?llllj'.l.'.Jr' .-':-l-"';'._ ﬂ]
Heterakis pallinarens  338f, 358F, 18]
heterogomic ovele 32, 210
I'H_"i_'T'::'F:'“.'rql M
hesyehlorcyelohexane  2ET
high-pressure spraying 383
Hippodiogca 1400, 2561,
Hippobosea cameling 141, 289
Hippodosea equi 2527
Hippoboged eguime 237
Hippobosea wacwlata 141, 287
Hippobosea quing 140
Hipprobosea refipes 1404, 257
Hipprobosea variegata 140, 257
hippehoscdas L0
Histomeomaas meleagridis 3380, 358, 174
histoamenosis 3386, 354, 391
hog cholera 132, 324, 335
II':IEI:Ii'iI'iI.IIII |1r|r|11i.|.|-e' i ﬂl l_.]
homidium chloride 5%, 125
homogonic cycle 52, 210

hook collar 319, 322

hook, embeyonal 3352
hookwornm 48, 162F

haen iy it

horse bot flv - 221F, 236

horse fly 132, 253, 335

horse logss I-|1..' I'“l: 25T

harse roundworm A

I-hose nick L2

2ehosrock 119,

3-hosrrick 1S

howse flv - 132, 3917

lworman fHex 332

humped rharax LAt
.H'j.'.:.l'r.-rrmr.a G, TS5, L1 11, DI 227, 247,

17y
Hyvalowea anatolicwss 69,74, 114, 1649, 285
Hyvalowma detrifiom 69, 114, 247, 185
Hyalowpma drowedarii 67, 114, 247, 274, 285
Hyvaloma excavatwm 07, 114, 247

Hyalomine imipressionn 185

Hvalowmma marginaim 121

Hyalowwa margmatoe rfipes . 242

Hvalomng plssbenny 283

Hyvalomima rifipes 285

||II:'|'|JI|'.IFH.II?.;I Frdedtcaf g L |"|_'5, | l-”l-.. ﬂ %
244

hvcanthone &0

bvdarid oyt 9440, 179 250, 322

“hydand sand” 23

hvdarnid capeworm S, 97

hvdartidesis 94§, 97, 179, 2E0f,

g IS I TN R
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I I

hydropericardium  77F
hyvdrothorax 22

Hymenolepis 333

Hymenolepis cantamana . 333
Hymenolepis carioca 349, 3ssf, 392
hymenoprera 334
Hyostromgyles 193
Hyostromgylies ruadviglies
ll:n-'FJ-l.'T:!L'I'I'IiL'I 248
hyperkeratosis 28611,
h}'r\-l_'r:llu_ﬂri.'l 1§
hvperplastic cholangios 280
hvperthernua 2089

hypoalbuminaemia 47

297, 298I

47, let
hvpobiosis 42, 132, 155, 218, 270, 298
Hypodectes prrofees . 385
Hypoderaemmr comaider 330
Hyvpodermia 1361
Hypoderma boes 90, 1368, 2851,
|| f?.'PraI:'rm.J Teereafiaien ﬁ | .:|-!'rr-.
hypodermic needle 311
hypopode 385
hypoprotemaenia
hypostome 110

29, 42, 94, 1335, 173, 313

I

icrerns G, TR XXT 230, 311

teocaccal orittce 2418

leccaecal valve 218

imindocacks d:lprll]'-i.lrl'u.'l'lt adf., 1, tasf., 250
immareee fluke 2045

immunization &5, 77

i|11||||,|11|::-|'r||::||!1i|'|;.;_ {wespern blot) L 5Ff.
immunodepression 35
immunshistochemmstry 317

134, 224, 254, 317, 347

T IR S L PIfIrEs510 0
fmpalaia A3
Fospalaia qegyptiaca 167

Tertpralaia wudicollis 157, 2661,
J'"rlr.l.:f.u'.J fahereridoia -lil ]E, Yaif.
63,292, 373

I PRS0 SImear

imanition 374

nnnrdimetion 136, 229 316 AT73

mdirect Muoreseent ."||'|Ti|'ll::ld!. test HIFAT) 1 3#f.,
27

indaor housing 313

infarcr 213

infection, respiratory 348

:il:l.FL'\-L'Iiuli ri.x.la .ﬂ

infection, rotavirus 293

infection, secondary 130, 327
infection, rransmammary 165, 210

infection, transplacental 22, 23
infection, trans-seadial - 76, 172
mbertliny 70, 43

inflammarion, CrOL s s H_"'I

nirtal |1|:'||:|:|' T TE 171, 169

412

insect growth regularor 391

insect repellent 244, 334
insecricide 141, 258, 339

insccocideimpregnating sereen 37

msecticide, knock-down 136

insecoicide, larvicidal 391

intesoimal blockage 208

intestimal damape 116

intesrimal fule 297

intestimal itaretion 131

i|1:{'~:l:i1:|:|.| o BsEFUCT T ﬂ l[ﬁ

inpesoimal stasis 214

intestinal threadworm 516, 165, 210, 303

inpesrinal weorm, thin-necked 48

intracranial pressure 283

intradermal nodule LS

mrramuscolar nodule 07

i1|:|!||.:-|'|-]!||.:-|'-|.' AdR

ipronidazole 34, 138

vroas dewbramne L fi_.ll 1

IFFLEION 110k, 1410, 354, 392

irritation, perineal 2111

irritation, skin - 131, 334

isoenzyme clectrophoresis 1723

isometamidium 57, 224

psirpnid Jal

Isospora 292

{aospora cameli 263

Isospora orloes 163

fsr.-::lr.l-ur.a SP0LS & 2044,

irch mire 123, 124, 193, 330

irchiness 186

iching 123, 117, 131

iechy leg mine 2149

vermectin - 50, 32, 54, B1, 90, 98, Lo0, 102,
TOTH., LX0, 12300, 126, 129 137, 1426, 1ab,
192, 179, 287, 1)

Ivendes 100, 119, 247, 329

ﬂ.t'-'.lullr.'t- ll.,‘_H"-h”FH.‘ Lﬂl

{veades eiciens 2, Tk,

II.'|.'I'.II.||i'ﬁ FH'J!.HI:'JIJ?IJ'JI.\ I. i.._ J.I.q_.l I ‘.'-.r-.

ixesdiddae 110

=
5
=
—
[=
£
=
=

|

"January disease™ &3
"Jarah™  IRE&

jaamdice &Y% 1a% 114, 3s%
i."lw :I“I.Ih-..'il.' _.ll]

pgaer flea 332F,

K
karoo paralysis 115, 189
keraritis 143, 258, 289

keraoins, sclerosing 237
keratocomjuncovins 132
“k i.|.||1|.-:.' worm”™ 113
k.:il:l.-l.'illr'lil.ht if



Klossiella eqer 234
Kaoch™s Bblue hodies

korlan ids

66, b

L

lacomal duect 1de
lacrimanon 143, 238, 272
lameness 2366, 382

{_aminosioptes cvstiooda 383,
lancer fluke 94, 178

lamd sl L]

laypper 207

large cattle roundworm 49

farge liver fuke 30, 327
large lungworm 157, 180

Large-muonarhed Pl worm Léxlh
large roundworm of swine 301
large stomach worm 37, 152
large strongyle 214

large strongyle, control of 218
larviparous L34, 1549

lasalocid 24, 27, 148, 348
Losnes 94

leaf croam 2019
“leg mange™ 1892
Lepikentron ovis
leprospirosis
Lteraeytozonn

AT S
63, 217
368f., 374
FLewcocytogoon canllerys 3681,
Fewcocviozoon sabrazesi 363F
lewcocytoraonosis 390
lewkosis 374
levamisole 20 49 51 54 95 108, 143, &b

—_— et e D

UMY, 305
lice, cartle  1274f.,
hice, dromedaries 2881,
live, horses and donkeys 1 3(HT,
lice, pouliey 383
lice, sheep and goats 19541,
loce, =wine 130,
licking 124
ligament worm 236, 248

|:||:,::|1:||.|.'1!|I!u|:l| .'||'ll.:l|1'|;3~|l:.l-|1|.‘l'|'.’||l.‘ ﬂ
|:|F.:|1:|t|.'11|:u|:r| e B El&
Ligrax 131, 331

"Limberneck™ 391

lintve-sulfur Lis

Limicolaria 93

limwlane 142 XHa [, 334

limea alba 236, 245

Livgriatula serrafe 92
Linogmatbus 188

Linogmatbus africawns 194

128, 171, 195

Ivcagercibenes ovillis
FLinoguathus pedali= 198
inowmatlbng sdemgfisis R
Linograthus vindi 127, 128

lip bor fly - 221, 2356

Lipewrs capontis 3 warf,
Lipesersis soemiiaae 387
Liponyssies fersa 3R]

liver condemnation Al

lwer Auke 9400, 92

liver fluke discase 122

livers lesion 374

lives ront |

logcomotory ataxia 224
lncomotory difficulies 377
long-nosed cartle sucking lowse 125
Lopkaphbyton paliieee 184
lewss o Bloesd KL

louse, control of 156

lowse epg 332

Iouse fly  140f, 156, 189

lopse mfestation 332

lovse worry 129, 195, T8
lousiness 333

liscathone ||.:|'|.||1||.|'||l:.ll:'ll.1l.' il
Lewcilia 138, 198

Leecilia cupeina 138, 198
Lecilia sevicata 1981,

I1Ir|||'"|' hl\il‘l I.Ii"'ll'.'ilhl.' -“'-I

lwmpy wool 134, 197
lungworm 46, 97, 220, 239, 313
lianggweosrm conte sl 324
lungweorm infection LE0

larg o Lievae L8
Lymaea #1, 350

Lymeraea anwricwlaria 21
Lymaea natalensis 21
Lymeaea fruncatula 42
Iymph node 223
Iymph node smear 120
Iymph node swelling 67, 68

Laprerosne 36, L31, 152, 197, 216, 283 372

(0]

Macracanthorbynchus birndivacens 197, M7L
macrogamete 293, 342
Irl.l-i.'r('llln.'rlh"'."ill.' E

e ross hadoat -&nr:’., l '|-|-_b Lad
madpramicin 348

magget  L38, 335

mhalari L4

malachion (29 142, 287, 334
malbformarion of the feer 382
mallophaga |27, 194, 38541,

Maltese cross 2275
Mamemericiagames laryneens 31, 991,

Mareramronogamg asfcodd L.
mange D21, 192, 230, 256, 380
mange-fike skinormtaon 151
mange moke 330

Manson™s eveworm 392
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manure L35 mites, poulory 3S(HE,

TIVRINLN ;'.“inp_ beetle E.: |||i||.'-n. ~.|!|.|.'L'|:“~ and fLILS R L"Lll-f.
Marek s discase 241 muites, swine 300,

marginal groove 11L& mellusgicidal plang 20
mavily 377 mvllwsgicides B, B2
Mav-Gronwaldfiemsa staming | Mg b 181

Wehlasrer mechod  TiE menensin 24, 27, [48 348
FEHE IS eI LS Momgolia TR

mebendazole 33, 4%, 32, 34, 132, 3040, 305, Moriezia L0, 13041,

E, j_hﬁ .'-Ir.lrrj'e';J'.J |r-|-'lh:'|.|'¢'m' 11[., Lath
mechanical transmission 55, 3049 Morezia expansa 325, 150
Mecistocirres . 23 miorante] tartrage 34
Megigtocirras digitates 31, 39, 153 Maoraxella bowds 132
Mediterranean coast fever &8 mosguieg 39, 253, 334
mclamimophenylarsine dihy drochloride 549 mescuitao serecmng 334, 368
Mylopinrgns ooimes LaT, 200 moxidecrin 54
meningiris | 303 mucoid feeces 2edi
Menapon gallinge 386, 387 micosa, abomasal 39
TNk Kk [ARLFRRESS | IIH.':IIIIFI.'II'IL'.. |'|:!|'||: .ﬁ
meroeoite  GLE, 103, 178, 293, 316t 342, 367 mucosa of forestomach 33
mcsenteric arrery 13 mucesa of oesophages 313
mesenteric vein 30 mueosa, oropharvngeal 339
eIy LRkt ol I.'I.'l'ill'lL'Iillﬂl 348
Mescomemidocoptes bicets gallinge 383 mucosal scraping 342
metacercariae 29, 21, 931, 175, 183, 204 Muelleries 182
ety lig toorm A% Mrselleraes capillarss 157F. 141
metacyclic stage 162 Meidticeps minlticeps 184
metallic fy L35, 198 mltiple skin mesdule L2135
."rl.;'r.J;.Inr.uJ,;_'r.l'éu 304, 307, 3231, Nlerepa LT, 10, 132, |97, 218, 155
Metastrongyins apei - 297, 307, 333 Meesca amiica 143
Metastromgylns clongates 113 Mresca aetommralis 1320,
Metastrongylns madagascanionsis ERETS Meisea dommestica LAZE, 197, 2438 315 154,
Metastromgylns pudendorectns 323, 91
Metastrongylus salmi 32310, Musca larmipara 143
methistrazianun 347 Mleesag feeciclals RS
methoprene 333 mwiscid Hy 132, 255
methoxychlor 129, 143 miscidae 1321,
et g.'||'||:|'|.|'.||-'.'|l.|rl[ 3471, il cisl [ 751, 218
metichlorpindol  347F. musculus interosseus 137
Mt 41 |11:|.'r|1||,'|1|;|.'|1||:t|.ill\. 41
mertromidazole  £4, 344 mvelomalacia Th, | A&
microfilariae B, 90, 102, 1066, 231E, 236, Myiasis L5, 118, 120, L3O, 13860, 19811,

134, 245 275, 31038 2466, 254, 283, I48E, 327, 334, 335, 39]
microfilanicdal drug 2444 Muyabacterivm arinm 391
micropamere 293, 367 myvasitis 103, 32
micrain et B3
mCromeroensite Gl M
microschizone  &eff,, 71, 19 Magana  53ff., 224, 174
Microtboracing camell Iuk NI A T
midge 130, 334 MNawwomonas simidae 309
migratory phase 216 narasin 348
"milk-spor™ 3 If., 223 nasal boa vy 281
miracidiom 74, 94 nasal bot fv larvae 22
mite infestation 280 nasal bot Hy stmke ]
mires, cartle  12THE masal caviey 253
mites, dromedaries  2REE, nasal discharge  LEO
|!|Iir|.'~., |!||.:lr"w~\. :I|I|.| dul1 |-'.|."[. 3 14'4‘?.!.. |1,1-.,1| MyLIss Ih.'j_
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nasalacrimal ducr 393
paso-pharyngeal system 380

nausca i1

Mg AT,

necronc lesion e the liver 3139

necrobg wound 338

nematode infecnoen, contrisl of | 5, ity
nematode infection, Bilarial - 2749
|'|I.'||'|.'|1||':!|.|.'il.|.i|| drl.l:l.',_ :'I.LHJ

MNematodiellad dromedare lo8

nematihemae 162

Mematodivws 41,45 53, 1561, Liad, lel, 2T

Nematodirns abmormalis 267
Memaloedivns bates 450, 15a
Mematodiens dropredarny 267
MWematodirus filicollis 450, 156
Mematndivns befeerianns 451, 136, 267
Nematodirus, infecnion 43
MWewmafodirnis wranritanicns 18T

Mo fondiroes 5|Ir..'r|r=r_|;q'.r 450, 1ALk |.‘-\I1"\-:I a7

?"n..l'lﬂ.r."-l Wil ﬂ

Mespora 87, 103

Neospora camerger 103, 186, 233, 251
Mopeagprow, -like organism 1035
Meastrongylus  1&2

."'.'|"r1_=r:r1rjl|,:_'|'.ll1r£ fimaris 157, 181
mervous disorden 172

M TVORES SYTTNRTOm :!It

nest-inhabinng mire 385

netebimin 35, 30, 54, 93, 94, 95, 152, 166,

LT, \'\1 |I.\.|' Te Lky i"i .iIE

pevromuscular disorder  TU3
Mewcastle disgase 381

Meweastle disegse virus 391
nicarbazine  Adn, 348

mclosamide 29 35 149, L5235, 356
nictitating membrane  392F
mibydrazen 3ds

mitrofurazone A4, 27 148, 34K
migraside 3471,

niccophenid 348

mitroscanate  LAT, 183

piccoessm] 22, 100, 0T, 280, 2R3
nadular leswen 1]

nodular worm 47, 158F,, 305

nodole A7, [0aIE, 125, 15LE, 353,
nodule fermanon L[58, 170, 299, 305
b il

non-healing skin wound 212, 243
nom-meerallic fly LARF,, L5E, i
"Mopel™ IS

northern fowl nite AK1
nose bor flv - 221, 256
"q..'n.hl.;'ul.r].'n'ns Arrerenel i
Hll\'il.lill'l:l. H

nuchal hgamen 81,279

nuchal ligament worm 2136, 2458

ad
i

Manriddipeuries feogpicalis 387
Mrrtallir eque 127

nymph LA L2

0

Olebrocerca deker ¥
aeddeina 153, 326, 2, 3 1il
ardema, cetaneons dE

oedema of the geniralin 253

ocdema, pulmonary 67, 239
ocdematows swelling 334
ocsophagal mng, A6
Cresopbagodonins . 21E
ocsophagostomoss 138
Crezopbagostomeem 47, 533,

70, A0S
[ h-_;..-lrl.l'.'..l::yJ;-'ruu.'.'rrl.' ceilermplnaneem

158IE, s

Cresofrhagostomem destainnr 297, 30SE

Ohzopbasrostoment prltifoliateen 48, 160

s |_|'|.I'l.,|:|_5| VAR .I|'u.JJ.-'.';lr.u.'rrJI.a.'u.'rr TINAL,

Orezaplagostomeent radiatn 31,47
Cresophayostomam vemdosems 1391
Oresoprhagostonnen pigintimembeanr 1o
oesophiags lesion 3400

esrridae 16
Oesfrus 253

Olesfrms opes 183, 197, 252

CHd Woorld Hlesh I‘|:-' & :.'M. 254

CHd Woorld sereanvorm ik

oligochacre annelid 314

LEIR RIS RN 1:'_:;.

{ Jaeelascersa ﬂ ]ﬂ L.:_L. &i’t
Owchocerca aromllara 81, 123
Cinclocerca corvdeales 2300, 23610, 2451
Onchocerca dermata L0F

Owclocerca onfer 39, 107E.
Onchocerca fasclata 279, 184
Chacliocerea gilesani Ly, 121, =4
Chchocerca geetinross BL 90, 77, 179
Clachiocerca lenalis 910, 127
COnchocerca ocbengs 81, 108
Cnchaocerca mainedl LE T

Crmclocerca retiondota 2VIE, 236, 45
b acgce, sprCies ol cartle 24t.
Chchrocerca volvules 130
onchocercosis 107, 237

o hocercosts, igamentary 90

o hoscereosis, muoscolar Ln”
oncosphere 58, 95, 176, 319

RIS Lds, 2aer 541

OCysE excrenion 293

pieyst, sporulated 1460, 316, 345, 3
oocyst, unsporulated dib, 291 343
open beak 312

operculuim 374

ophthalmia, pecular 290

ophtalmomylsis 159

'
¥

48, 130
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5= 4,

|:1Pi'\||‘|-ll1lhl'lllh a5y

archiris 273

organophosphate 109, 142, 258, 187, 330
aribard mire 31, 34, 179, 204
ommeroprim 546,

Crrastlrobailiarzia ferbestanicm 31
Cyemithodoros conoeens . 129
Oremithadoros errafiens 339
Oyesitiodoros mowbata 190f, 379
Oenithodoros monbala porcinns 119
Ornithodoros porcinns . 3128
Ovrwethodoros peerforicensis 319

Orvitligdoros SR 116, L1, 140, :'l:ﬂlf‘l,

2810
Ornithiodoros falare 329
Cirmppthondarn: et 324
{Jr.lrrﬂ:'r:q.llurlr,:: sacsihata i_:'_.“:!
Clenithodories savigeryi 148
Crenithorysss bursa 381L
Chemibhorryssns svlviaren 33 1.
Crethophages 134
Cistertagea 40, 421, 33, 1555, 195
Crsfertagia circameincta 32f, a0, 155
Orstertapia lveata 42
Clstertagia ostertags 421
If.l_tr:'rr.all;J'.J ,r.-r'rm.mr 41, 155
Chatertagia freifiercata 43, 188
pateriagiosis 22
oliris exgerna 120, 2449
otitis media 126, 194

Ovolius wrepnind 113, 1208, 191, 2475, 324

Chelocrepis dissimilis 186
ovidoer 371

oviduct fluke 371
ovine chewing louse 193

oxfendazole 35, 49, 32, 54, 38, 153, 166, 300,

- ——

'
oxibendazole 304, 305
oxvelozanide 29, 93, 149
Chxysfariora a7
Choyspririerad mansony 349, 393,
i .?T_'p:-'lr.l.l.rerr,-.: JRArpraee 3492
Chcysporarg petrowd 391
oxvierracvehne &7, 68, T4t 16%, 230, 331
L% :-'IIT'iI.IIII.'
Cocyeeis egud 205, 21TF.

F
packed cell volume (PCY) 37, 270, 2724,
pallid comb 365

palpe 118

pancoccin 540

pancreanc fluke 31, 102, 183
pantropical blue tick 1L
|'|:I'|'||.||q.' l.m
Parabromerma A3
Parabeanema rbadesiense

e

416

Paralromennt skrnabing 36, 152
Paracooperia dalmevi 1368
Parafilaria bovicols 106f, 132

Parafilaria multipapillosa 135, 251, 2441, 254

Paraponimns 297
Paralusfomeonds wenricld 339

paralvsis 115, 11%, 186, 224, 229, 233, 247,

85

paralyais of the respiratory muscles 321
paralysis, spring lamb 1135, 189
paralysis, symmetrical 247
paralvsis ek L12
paramphistomaridae 296, 149, 204
paramphistome 80
paramphistomidae 22
paramphistoodosis 19
P.;r.mrpl'ua..!-mrnm Igf.
F'.J.r.J.l:r_rr.I'.uﬂ-mrrn.IH CErrE Lk
Parampdristormom infecton . 142
P.Jr.J'J':Il'.l_r.l'.lllul:'q'iﬂ'J.IJ‘.llJ segenillama 205F., 208
parascariasis 209

Parascaris equorsen 205, 2091,
parasicaemia 172

parasitic bronchins 97f,, 180, Z81
paratenic host 3400

|'|.1'r'|'l|_'11n|.:|..-'1|||.' TN

paresis 114

Parorantry e 28

parthenogenic female  31f, 210, 270
parugeringe organ 34

parvaquens  67F, (&2

passerine bird 368

‘astewrella 381

Yasrewrclla moltocida 378
pasreurellosis  1haf

pasture managemens 52

pedicel 121

'|'l|,'-i_‘|:i|,'||'||.:-\.ih IHS

pendulows crop 1319

percutaneous imfechion 363
percuraneous penctration 2710
perianal skin 211

peribuceal prommimence 240
pericardinis, exudative 150
p;'rine.nl r{'ginrl 211,257, 285, 189
petiparturient rise 303

perirenal far 313

Fﬂ'rl!l:'lrl-l.'.'ll ill.l.l‘li'h‘ll"‘l S4

peritoneal caviey . 323

periconinis 189, 307, 371
permethein 129 142, 130

Peste des Petits Baomanants [ PPE] lankl.
petechiae 55, 63, 227

petechiaton ﬁ

phenamidine &4

I"I'II."I'II:I|hi-||I'||:|.|.' ﬂ

Phlodiche 272




Phifonryens 351

Plrorweia regina 3491

phosmet 124, 125, 1537, 142
p'hr:.t.::.phl::.l'l-i._q 1%

p|'||::-1:i|:| |_='|-_l

IIII?_'L'L'.'fl'ilj{'('r]lj LA PR Pl A P R ili_:l
Plrysocephbals 194
Plysocepbalus sexalatus
pig howokweorm 303
pigeon fly - 343

paglet, neonatal 23X
piglet, newhorn 292
pillbug 36l
Tpankeye” 132
pimworm 211E
pipl.-r;l.rlrlg' ﬂﬂ 1MH ., 166k
Piroplasma bigemimaon (2
Piroplasera caballi 228

Pirpdasong meajor - B3

Pircplaswra meotasi 162

FPeropdaswrs Fravteanet 310
piroplasmosis &2, 114, 167, 125, 310
piroplasmiosis, bovine &3
p-ir\vnr!l;l'-.|11|::-'-.i~\.1 I.'\'I_'|llil'lt' 2218
piroplasmosis, porcine 310
prioplasmosis, small ruminanes L2
piryriasis 344

placenrins 83

Flamorpes 29, 3501,

plant bor fly - 221

Flasmeogdrem: 3GTE, 374

Plasmodivm durae 367

Mlasmeogliem fallax 367

FPlasneodivem gallinacewm 3671,
Plasmodivemn fuxtanwcleare 367
i“f.a,:..l:rlr:{el:r.!:lz |'|||I'.'J.rn.rdr iﬁ-_.__
"plug-freder™ 216

prewmonia 180, 239, 30, 324, 376
Prewmeania, lobular 18]
PREWmania, verminous 374
poll evil 244

polvmerase chain reaction [PCRS
polypnoea 321
polvradiculoneunns L3
Porcellio scaber 362

poercing lungworm 323
porocephalida %7

'FII:!-FI:;_I] \.'l_'i11 Eﬂ
Postharmostomeern commeetabons 351
Prrstlbarmecesfrmeem __g:dn!llr'.ddnrm 351
Postharmostommm suls 295
poultey mite 380
pour-on application
poxvirus 288
pracpupas |95
praziquantel 35, 80, %41, 151, 1R7, 283, 31%,

35l

L 350

297

37, 129

pre-foaling rreatment 210
predatoer 318, 391
preputial cavity . 23
preputial feid 83

prey ALY
|1T:||:r|a'|-|.||:|i.||£' .‘iﬁ-ﬂ
primary blowfly
primate 318
probenzimidadole 166, 301
proboscis 130, 1344, 207
Profatmayria vivipara 212
proglotond 341, 35, 122
progressive entciaton 153

Lis, 198f, 335

progressive weight loss 155, 286
promacyl  Ld2
Prosthogonimes 349, 371

Prosthogonims coomeatns 121

Prosthogonimes macroorchis 122

Prosthogorimes ovarns 371
Prosthogormes peflecides 3271
prostration 248

prochidiom 223
prumn:.:crnrlh ikl
pl'ill'1|"il.'lrll."':‘h:

By, 94, LD, 1EG. 319, 512

protostrongyvldas 18]
Protospromrlug =3
Protastrowgyins rifescens
proventriculus 339, 362
pruritus, inwnse 286
petudocyst LG
Psendolyretia camariensis 3497

157F., 1815,

Psendomarshallapta elomgara LiS

"preundoscolex” Ik
peocid 34

Pearepates L0
Psaregates bos 26
Psorergates owis 193f
Psorofrtis LELHT,
Psaropies caprae 122
Psorepies commmeers var, boids
Psoraptes casicalt 192
Psoropies equr 249
i“,s-!l:rnlru'rs i.rr'lrJ'!‘.‘r:-J'.lr.-ra;: 9
Psoraptes ovis 124, 1911
psoroptic mange 124, 192
Pasrapic it 14

Prolex teeitiies 33210,
pulmenary exudare  £7
pupag L33

pupal stage 332

pustule 331

Pycromonas 56
Pyewomonas seis 309
pvloric region 256
progenic bacteria 186
PYEmErTa Hd

pyrangel 449

417
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|11.'r.1|1!:'] tarteare A, Lok, SO0
pyrethein 142, 258, 35100

pyrechrod 142, 258, 287, 336
pvriforim apparatus 33, 208
pyrimethamine  10& 317, 34if., 3aSL

pyrithidiem bromide 225, 273

= =

Q

Q) fever  118f, 191

QBCY method 126, 83

Overanfil virus 378

quinacring  I68

gquinapyraming 224, 236, 173, 319
guinapyramine chlonde 223
guinapyramine dimethvl chloride 213
QUINAPY TN dimethyl sulfae 223
quinapyvraming methyvlsultare 273

quinapyramine prosale 39, 225f
guinapyramine sulfare 37, 54, 233, 17%
guinoline derivanve 64
quinuronivm Gd

LM ETATER LA sulfare 63, [63

R

rafoxamide 92, 149, 180, 281
Raillieria 126, 1941,

Raillietia anris 126, 194

Railleriea caprae 126, 194
Railligtinag 154

Raillictimg cosficilles 149, 354
Raillietiva echinpborbrida 349, 354

Railleesina tetragona - 349, 354
Rena escedenta, tadpoles of 350
Tpar-tadl™ 211

raw meas A6

recombinant antigens A1
rectal bor fly - 221

rectum prolapse 156

red louse 2T
red lungworm
red mite  3BD
red-legeed ek 120
red-soomach worm

red-tailed fleshtly 139, 200
rehyilrarion &5, 293
relapsing fever of mian
'r;'r|;|| 1i~.\.||l' .]_I_il:
repellent 225
resorante] 29, (49
Tespiratory disteess 317
respiratory passage 376

137, 181

17, 198

191, 179

restlessness 282, 333

Ririnoestrus perpuerens 2400, 235, 239

Bivpicephales 02,67, 75, 114, 114, 113, 165,
218 318

Rbripicephatus appendiculatns 62,67, 110, 114,
116, [159, 247F, 285, 310, 328

418

R.l'.l.ilfu'.;w-ph._r.'r._-: berese &lf,, 114, 16860, 227, 247

_I'{.r.'.'lru.;'|-'l|'.lI.',.'|'rr;_~ ..’rrl'.'-:l.l.'.' L ] L—'I:

Rbsepricepbalies evertsi 02, 110, TH4E, 110,
Wi, 18%, 227, 247

Fbiprrcepdralees pariws Lo, 247

Rbipicephales pelchefins 110, 247, 285

fhipicepbalus sanmpimens 110, 247, 285, 310,
128

Rhapicepbalis sives 11O, 310, 378

Rhipicephalus zombegiensis B2

Rhodesian tick fever 67

rackerrsiae 284

fickermsial disease 3127

rickettsial orgamism 130

mckettsiale 72X

Fite valley fever Ly

rabenidine 548

roditetracvelme 20

ramtnd azole 33k

romne]l 336

raost e 2810

rostellum 307

rotation program 347

ratavirus 28

roagh ot Lii

routd worm - 3

rosarsone 3471,

rubbing  LX4%

ruffled feather 321

2a, 30E, 2Lf., 149

rumen guller worm A4

. 5
r

FLITIEN i I I:IIC L

5

Sabin-Feldman dye tess 87, 278, 317

saddle wound  1E9

salimimycin 348

salinomyein sedium X293

salivarian rrypanosome 38

Salmomells 122

samerin . 59, 273

sand rampan  Lla, 121, 190F, 380

sanication 134, 366

"Rannare” 124

sarcocyst  B6, 277, 118, 37AE

Sarcocystis B, 17X, 1746, 235, 318F, 367,
I7IE

Sarcocystis artericanis 1745,

Sarcocystis bertrami 233

Sarcocystis beseodty 105

Sarcocystis bovicanis  B5HE, 47

Rarcocystis bovifelis B

Sarcocvstis bovifoming B3

Rarcocystis cameli 177

Sarcocystis capracaonss 174E

Sarcocystis crezr BSE, 241

Sarcocystis equrcanes 238

Narlvinaria




Sarcocystis fovers 138 SUTCVWWERCIT 10 bechion L5, 335

Sarcocysiis prpdanded I3 scotmm LG, Els

KelPeea WaITE T IrcTeaenis | 7ht, sibcns !_'.|.III-,_‘| | "-|-|, 1A, 341
Sarcorvsins Iirsnia 851 seconadary Blow iy e

STRE _'.'.-CJ'r"- Dcariaiiis KAk e el reng r

Sarcocystis boreathi 123 sedimenranion methoed &L
Sarcocysins medesifornns 123 sedimentation technigqoe 204
Savcocystis mivscherianag . 21a self-cure (52,273, 234
harcocystis mivnden | 74, selfstrouma 248

Sevcocystis meproerg 235, 241 el s, 250, 241

_'-.'..-r.-“.-:r_:r.-y ppicanis BT, 174, Sedario comind 240

Sarcocystis oiifelis 1748 Sedarny compalensiy 312, 315

oy T L l|'.l-'.l.'|'J,I'|'.||':-! Jls Kelaria digivara K1Y

Narcocyvenis eilevi 33 Setaria equing 129, 231, 2400, 252, 159
Sarcocysiis smcarms 57, 3181 Sedarrra falaadogaeifiogs ]_{L“ Jaise, 129
Saroncyatis :-'m.f'-eu.'.'rll.i 318, 326 sexual dimoephism .‘-ﬁ_"
Sarcocystis fewells 125 shafr lpnse 387

RAFCOCYSIOSEE, Acule 3]A sheep boady loise 1955
Sarcoplags 152, 200 sheep foor louse 126

Sarcupiragd ATE" kil shaep masal bar |53

Sarcoplaga hagwrorrbordals 139, 20 sheep scab 182

sarcophagidaes 391 sheep scab mire 121

'ﬁ.u'.;':llr.l.'-':: LELH. .'h"ryn-.rnl..' it

Sarcoples bowps 123 short-nosed cattle leose 1271
Sarcofaes egee X510 w.|'||,|'|'|;'||, PEERLEa 34dn

Sareopres ovis 83 "k ner- ||n-" al, 369

Sarcopies soalaer var, cameli 2861, simulindae L, 5, 130

Sarcopies swis 310, 330f Sawvrralgienn |||'_, 1306, 196, 334, 309, 390
sarcoptic mange 195, 250, 286, 287, 3304, 333 Simeficen laevae ]31
sarcosporidiosis RS, 174, 277, 367, 3731 siphonaptera 332, 389
\._1n'rhl.p-:1r|.|,|i-:1h|.'-.. howime 23 skin |1|.n|1'q..1.' i1}

gy e :ﬂ Ak i Cointact m

"u.'ii]:n-' ||.';.'. e ﬂi_l sk lesion M

scaly skin 382 “skin magget v 140, 200

sealy skin disease 354 skam ke 3Hd

Sehistosoma Ak, T8 S TUH, AR I skin nodole 106, 1k
Rohistasoma Jrn.! a0 311, THIA., [49, |72, 230 skin-penctranng larvie [F%]
Sohistosomad cirassomr 32, 79, 149, 172 skim penerration A8, 516, 210, 303
Rohistosoma sndicose 31, 2300 skin plague 233

Selspoaoma, intecnon 28 skin reaction, tick-assecated THir
Selyzposomg prfercalatienr 79 skin ECTAPINE 1301, HL 121, 123
kelisg dnsoasing G R AR |.. Jal '\.Lin, thuiwbeined & i.u_
Sohistosom matthes :'r_ T 149 172, 250 shin rrawema [0 249 287 TR 3127
vehisiosorrnr nagale X3 =21 skin vesicle 127

Sehisfosom nasalis 31 shin wounmd  J10, 335
Sehistosorng spiwdale 310, 230 Skrialrinagia 41

Selfstosoma swis 297 Skrialinagia lyrata 42
schistosomosis 79, 172, 231 Skrjabinema 168

schizogony  #3, 2921, 1-HI! Skrpatunema alata Lod

schizone B2, Bé, 169 1756, 2ol 192, 341 368 Skrabrnenna os L0, ad.
scolex 35, 179 slecping sickness 55, 224

scorch tape method 10 slender louse 387

seratching | 27, 1149 530k Slovw Release Bolus 5

screen door 116 slug 374

screening 175, 390 sinall invesginal hair worm 154
serewworm |10, 138, 2468, 254 small liver fluke 31

serewwnrm |y 1a9 simall lungworm lat

419



W Irnsdes

small pigeon lenpse Ny

small pinworm 212

small rwminant hookworm 162

small reminane pinworm Lad

small stromgyle 2185,

small stromgyle larvae 219

small stromgylid 219

simail 374

sneezing 183, 240, 155, 282

sogdipm acerare formaldehvde (SAF) method
[, 142

sodiwm-arsamilate 348

Solemopotes capillates 118

sore 197

south African bonr ek LLT

sowbug 262

spermanc artery 275

spicula 411

spinal eord 241

spindle-shape 368

spinise ear nick 103, 1206, 12], 238

sparcchactosis 369

spiruridae 36, 298, 364

_L.p-l-:ml:ml_';'_:llg.' 6l 77, 275, g4

sporocyst 25, 254, 374

sporogony 292

HFHITH,HI'iﬂ{' B, ﬂ 3411,

\Flllrlllilllill:l. _Iiil.

spray building 336

spraving, 57

"squash™ smear ZZ

srable v 133, |97, 392

stARE T STAEE 1 NSMission laaf.

stagger  1E3

stamning Cryfprosporidia spp. in faecal smears
O,

starter feed 146

srearorrhoca 49

Stewocrotaplagus pigas 3E6

Stephanofilaria 109, 184

Sreptramofilaria assamenns 109

Stepaerofilaria stilesi 1=, 1335

Stepbanopharvex compactns 30

Stephanurns dewtatus 197, 3136, 326

=t n;l:-r:lri.l & E, __U_[!

stibophen 31, 275

stickfast flea 332

sticknight flea 389

srift I\'.'|.1 I8

Stilesra 33, 152

Stilesia gplobipanciata 35, 151

Stilesia bepratica 96, 131, 179, 280

Stilesia vittata  2A4f,

stllbirth 317

'\.'l;ir\-:1:|.1|~. ﬁ,_ Lar

stocking rae 33

stomniach hair worm 40, 153
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stvmach worm 212
spematne 122

Stomoxys 36, 72 |32, 215, 226, 272, 309
Stomoxys calertrans 133, 197, 243, 254, 3535,

aa2
Stomaxys migra i3
CEFAR LI COIFNeIm ARz
stray dog 23
H[T-;'p‘h:-|11}'|._'i|1-Fw|:|iq,'||.|i|'| :,i
sprip, impregnaced 336
serongyle 215
serompyle egp 303
stromgyle, thread-necked 45, 186
steonpyle-tvpe eges 31, 37, 39 4104, 4T, 130,
1536, 1596, 114, 271, 298f., 303, 3nl
stromgvhidae  Lel
Strongvloides 220
Strongyloides avines 349, 3651,
Stromgyloides papillosws 516, 150, 165t 270
Strongylvides ransomy - ME
Stromeyiloades westerr 203, L0,
Strangvilus 205, 2141,
Stromgvius edentatns 2146,
Stvompviis padenratis, migratory pathway of 217
Stromgylus equmus 2141, 2170
.Ej'rru;l_gj.']'arj r.;_rrrr'r:llr;:. |11iH|':II1|T1_.' ]"ﬂ:l!l'n'l.';.'l v ::lf 2]._:
Steomgyles vedparis 2146E, 231
Stromgylis vrdgaris, migratory route of 116
“\:uﬁ:‘{'r" 14, 1856, 253
TPy form LT3
subcutaneous mite 583
subcutaneous nodule 106, 108
Sehalima 331
Stetnalera brwnrpri - 349, 365
Swluilera differens 363
Sutenloera sctora 64
subsvenneral lamcer 44
Specimea | E]
sucking lowse 74, 128, 196, 151
sudden dearh 177, 34
suffocanon 344, 374
Swifilarig saes 327
sultachiorpyrazine  1da
sultadiazine 317
sultadimethoxine EETS f.. A4
sulfadimidine 24
sulfaguanidine 24, 27, 148, 293
sulfamersame 148, 293
sulfamerhazine 24, 27, 293
sulfamitran 347
subfagqumoxaline 24, 27 148, 346k
sulfonamide 24, 27, 103, 145, 368
sulfonilamide 106
“surmmier bleeding™ 230, 2440,
“summer cold™ 209
Taammer mange” 137
summer sore 213, 243E




suranmim 59, 2354 373

suramin sodiom - 124
sUramin-gquimapyraniune 2M5
suramin-guinapyrimiding comples
surface coat 55

surface coar glycoprotein 53
surbace spray 341

surgical wound 333

Surra Bl 273 X6

surveillance 21K

suspensory ligament  Lig
swarm L]

sweating sickness 1186, 119, 190,
yweet irch ﬁ:ﬁ
sweet jreh lesion 233

swine fever 332

swine influenza 300, 324
swine louse 33]

swine pox virus 132
Symeerus caffer A3
."f:.'u_i;.J'.r.I!lr.'. 100

Svngamns trachea 349, 374,

T

tabanid flv &l

tabanidae 57, 72, 132, 309, 338
Tabanes 60, 132, 157, 226, 253
tachveome  BE, 103, 316

Taeia  HE, 45

Tawiia byaenae B9, 278

Taenid byvdatipena 101, 184, 238, 2400, 18], 313

Terersieet r.rurlll'n'a*p.h 104, 1860, 283
Taenia ovis 1761

309

247

Taenia sagimata 88, 107, 176, 320

Tieenma sofneer 3196, 326

Tarnia solfiem, cerebral ovstof 320

tahaga 272

tail bouse  L1E

pail posor 197

rampan, cyed 180

tampan, eviless i, 319
tapeworm B8, 2061, 152
tapeworm, control of 132
tarsl sucker Lt
Teladorsaga cireemcimeta . L33
Teladorsaga prefurearae 135
rempaorary lameness X115
wnacity 50

termiite  Sf6d

perrestrial snail A28

tertiary blowfly 192
tetrachlorvinphoes 142, 336
teteacyeline 70, 746, 230, 311
Tetrameres  362f., 166
Tetrameres aeericams 349, 362f,
Tetrameres fissisping  362E
tetramisnle 366

Teteawroraenr 354
Tetratrichomonas butirewe 2956
Terrarrictommomas palfinagraen 340

"Tewas fever™ 62, 114

"Thaga™ Xl&

Thebig 131

Therdorra -Ih'"., ﬁ T4

Thederia annedata 65, 697, 114
Theileria bowis &7

Thefleria camelensis 2741
Therleria e 1691, 1589
Theideria lawrencer BT

Theileria lestoguards  LeSY
Theerta naelans 65, TOF, 114
Thederta orentalis 634,
Thelere nurs 17, 1849

Thederia parva 63, 671, 71, 114
Thedlersa parea, distribution ol hY
Theileria parva lawrencel B3
Theilerta separata 120

Theplersa dauratragr 65, 721
Theileria velifera 65, 71L
theileriidae &5

thellerioss 37, 65, 74, 169
theileriosis, benign bovine 20
theileriosis, bovine 67

theileriosis, mild ovne . 150
thietlerioss of small remmane: L0
Thelazia 132, 143, 254, 289
Thelazice .I'.J'-'r.'.'.lrrn'llr'.\ TSHE.

Threlazig leesey 2HY

Thelazra rlbodess 21, 143, 289
thelazioss X}

thisbendazele 52, 54, 94, a6, 00
thiophanate 24

Thomx cortorta 3640
"thorny headed worm®™ 307
threadworm 210

throat bar fly -~ 221, 256
thramboembolic colic . 215
thrombosis 215, 230, 313
thrommbus 215G

Thysaniezia 35, 1AL
FMhysaniezia gardt 131
Thysanivgia ovilla 34, 1506,
ok comerol  2AR

tick comerod in camels  2H&
tick contral in caetle 1214
tick contral i *:]'ll.'{'rl argd poats 15
tick contral in swine 329
tick fever &2

tick, indentificarion of  LL1
tick infestarion 1140

vick paralvsis 113, [ 15, 119, 19, 247, 328,

175
rick spirochacrosis 114
tick toxicessis 114
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tin;L' WOrry L] b'
ricks, cattle 109

ncks, dromedaries REEETS

ricks, horses and donkeys  2d6#,
ticks, poultry 377

ficks, sheep and Biniils L B SIF,
vicks, swine 327

nssue cultore 312

tissoe gval 176, 1E6

T -:lll'.u'..-:iirl.r .l,:I!.lnlu'llll.]. il 21

paleeazond 24, 27, 148, 34616
Tpongue worm”™ 22

ortcollis 323

114, 142

foxicosis, general 116, 120 2458
roxicosis, fok-borme 1151

113, 148

tiaxa |1]:|.'|1|.'

[T, 1"|'||.r]I||.'| TRIRIFTRITS

oxin, paralytic 378

.r.-ll_'l,'l':ll'|lr|]' ﬂ

Tovvespara vatdorem al, 44, Al

Toxoplasma cyst 3166

Toxoplasma gondie 103, 172, 176, 188, i)
3alf., 326, 167, 373E

Tovoplasma gomdi, tssoe ovstof 2227

Toxopiaema intection LG

-|r|'I_1.'|'.-lr|'.|'|,.|'3'}.lJ|J-|i.|l: & OFEAmism LiEs

r-:1'-:|r|1]:|h||:||nih ._:I-_l__'

roxoplasimosis of avian 5373

transcutaneous peneiration 303

pransmission of discases 9]

rransmission, transplacental 103, 311
rransmission, trans-stadial - a7, 74

[rATIA0 VAT | 251,
[rANSOVATTAT TTaTSMISSIon
it4, 374
rravmaric hepations |84
rrichina cyse 320
trichina worim ﬂl 320
Treclarclla A2 I: e
Trichinella brifopr 304, 320

Trichinella smatie 104, 3204,

Trichinella welsoni 304, 330

Trichimella psiwdosperalis 304, 320
Trichanella spivalis 304, 320f,

Trictimella spivalis, larvae 321

trichlorben By 137, 142, 282, 336
Trichamities ratunda 296

rrichomonad K3k, lagf,

Trichomemeas 340

Trichomonas foerws B3

Trichoweomas gallimae 339, 374
Trichomonas gallivarnm 340
Trichomonas roteemda 296
irchomonass 374

trichomonasis, avian REL

Trichonema 205, 218

trichostrongylid 35, 43, 50, 150, 153, 198

alff., 113, 2271, 247

Lransport hinat
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Trichostrongvlus 41,33, 150, [54

I.l'.l;.l'_lu |::.'|'.-|.l.'l|_;':|.'|'rr_- dxer -H]I'., 15 ;I!.., lﬂ.. _'1':]_[
Trichostrongylus capricola 134
Frichastrongvlis colnberformys 410, 130, 154
Frichostromgyles flvalales 154
Trichostrongvles profoleens 154
Trachastromgvlos rugains . 124

kT (B
'I'r.ll'.ll.ln::.'|'-|.l.'_,¢.1.'||rr.:- IR A TETTES | 34,

Tricluiris .'-|“|'.. l% ﬂ, Al

Trichers camell 2049

Frichueris diseodor 50

Trichuris, epps 203

Trichuriz plobwlosa 30, 150, 163, 269
Trichuris vers 500, 1631, 268

Trichuns raer 269

Trichostrongyles feneds

Trichuriz shrjalvmi 31, 164, 208
Trichuriz sifs 297, 3044,

triclabendazole 29, 92, IE0

triethoprime 24, 105, 145, 368

Triodentophores 218, 220

Triodentopborns temneodlis 203

Trirrichomiomnes .I'-l wtns HAE

Treitrichomaonas suis 1%

rrophozme 10E, 149, 170, 295, 316

tropical bone tick 11T

|:1-.:1|-_|i._-:|| bsraoviarn 4.'|'|||.' li.L'l'l lesiise i

rropical carcle tick 118

tropical fowl onte 3811

tropical fowl mire, infestation 3421

rrapical large liver fluke 30

rropical wing lowse 387

ey pamitdiam 39, 275

rypan blue 64

trypanocidal drog 371, 225

lr:.'p.'||1-:1|.'i-:!|.' 549

Trypanosoma 74, 234, 367

'I'.l'_l.'p!..i:rn FETR PR a7

Trvpanosoma bracei 550, 136,

224, 274, 310

Tryparcsone bracel eianss

Trvparosmna congrlesse
197, 2246, 274, 309

Trypancssanig « oerelensr gimige 309

Tryfuanecsonig cregr &3

rl'_'|'||'J|:IJf|'.IF|IJIf.|I r.;_rzfrlrJ.:':'..l'm:r A, 5B, 227, X33f.

36, 591, 134, 197, 226,

L
a7, 15T,

al, 272
55, 38, 60, 136, 167,

.rlj';.lﬁ.l?l'ﬂ'ﬁl”??ll CLATHED
I72rF., 210

'f'r_'rlr.l.J.lrr.-;-'n.l:m g.i,ﬁ'ru.:nu:r AhT

Trypanosmna melophagien 167, 2

Tieyhahosoni prorci 504

Trypanosmma simgae 5h, | 36, 127

Trvpnanosinitg 2 6, 309

Trypanosema theiferi 536, 38, 60f,, 141, 167

Trypanosmna vivax 535f, 38, 136, 167, 197,
134, 174, 110 T
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b, 45, 254

55,57, 132, 136, 167, 19

Lry Parsorms
[Py DA IROTIOA1S
2258, 201
[ry panosomesis, avian 36T
Ty panosomasis, equine 113

"Iy I.".".'II'Il:l[liI]L'r.'l noe ﬁ__
Trypanoooon Yo, 60, 177
psetse belt A2

tactse fly 55, 1346, 197, 254, 274

rsetse frap Lin

Esersetransmited trvpanasomoss
214, 274

tubsercnlosis 374, 391

tularemia JLE

fumba benl 140

140, 200

rumoer-like swelling 213

Tunga penctrans 3325

torica media - Bl

Turkey Viral Hepanins 349

urkey 3138

pwisted wire worm 37, 152

tutn H:f

tyewde 7T, [7X
LN
wloer 218, 295

wleeration, abomasal 70
ulceranon of the cornea 258
wleerarive dermatins 87, 154
windularing membrane 36, &l
ungulare  Z2

wierine discharge  £3

1:|1.'|:i|i.\. I;I-_IE:

v

vaccme  LZT

vagmal discharge 2133
l.:ll;i||;|| flusd 23
vaginal myiasis  IES
vagimitis B3

wela Lk
venercal disease 227, 233
vent i8S

vernons arterits 2la

verminous endarterits 218

“yerminous haemorrhage dermaritis™ LG
"verminons nodules™ 106,
Vero cell 317

vilva 2HS

1.'|||'.':L ﬂ:ll'!l L Er

W
warble fly 90, 136f., 255
warthog 297, 30, 30%, 329

warerfow] 368
weahk-born calf 103

weaning 14

5§, 57, 167,

weight loss [56, 16l 272, 174, 3005
Wermeckiella 251
Werneckrella eoeer asing 15
Werneckrella coqur egni 250
West Abmcan Shorthorn A7
Whest Mile ﬁ

WL RS0 141

W |'|'|r\-'.l.'nr|1'| S 13, 304
white spor 344

whiter, fistulons  2di
whole-body spray 141

wild soneds 321

wing louse 387

winter cvathostommosis 120
wite worm 37

woithaer, Bseuilos 246
withdrawal  Aao
Woddfartia  139f, 204
Weattl fartaar wrragenifica
Wil fartia b 259
weodn] break Lot 19
wiri] production, decreased L33
WA, r.:ll.trl:-i-l_l k9.
"'a"a 1|r11|:|'-|'||.:lr\|."' :‘I q‘

woennd dressing 236

—

b4, 2041, TR

X
Xeraphbila 238

¥
¥ shaped 3Z8

i
Jebring 94, 181
Febu 53

Zichl-Neelsen's carbol-fuchsine, modified 28
Fhrzae worm i3

o penguin 36T

FOHIIOLIS 15

evpote 193
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of Domestic Animals

A Diagnostic Manual

This unique manual is intended as a tool for the
identification and control of the wide spectrum of
parasites affecting domestic animals throughout
the world.

Systematic, impressively comprehensive and
beautifully illustrated, the book allows the user to
steer swifthy through a vast amount of information,
Mare than 300 color and 400 black and white
ilustrations show the pathogens and the clinical
symptoms caused by parasites, facilitating a rapid
and accurate diagnosis of the species involved in
any particular case. Furthermore, the profile of each
and every affliction includes a list of adequate
measures of therapy and prophylaxis.

Parasitic Infections of Domestic Animals is of great
| value for personned in field laboratories, veterinanans
and technicians, as well as for teachers and students,
On another practical level, it is relevant for meat
B inspectors and other public health officials to identify
parasites in domestic animals which are potentially
harmiful to humans,
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