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Foreword

It is a great pleasure for me to introduce this
manual for the diagnosis of parasites of domes-
tic animals. It is a unique publication in many
respects. Books concerning parasitic animal
diseases — comprehensive textbooks, but also
field manuals — abound. These generally deal
with aetiology, clinical signs and pathology, as
well as control and treatment. However, while
methods for diagnosis are often mentioned,
these are rarely sufficiently practical and spe-
cific to allow the personnel in field laborato-
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 these shortcomings.

That such a work ever came to fruition at
all is to the credit of its principal author Dr.
Johannes Kaufmann, head of the Diagnostic
Section of the Institute of Parasitology at the
University of Berne, Switzerland. In the late
1980s Dr. Kaufmann worked in a field labor-
atory of the International Trypanotolerance
Centre in Gambia. While there he became
acutely aware of the need for practical litera-
ture on parasite diagnosis. After returning to
Switzerland he took on the gargantuan task
of compiling such a work himself. Supple-
menting the material gleaned from his field
work, Dr. Kaufmann has brought together a

great deal of information from various insti-
tutes and universities.

The result is an impressively comprehen-
sive, beautifully illustrated and, above all high-
ly serviceable manual. It is easy to consult. Its
systematic and colour-coded layout allows the
user to steer swiftly and surely through a vast
amount of information. Clinical pictures and
figures show the parasite stage of diagnostic
interest, facilitating a rapid and accurate diag-
nosis. The book has been designed to be used
by veterinarians and technicians, by teachers
and students - in fact, by anyone dealing with
the diagnosis of diseases in domestic animals.
On another practical level, it will enable meat
inspectors and other public health officials to
identify parasites of animals which may infect
humans. While originally meant for use pri-
marily in Africa, the book’s relevance is by no
means limited to this continent, since most of
the economically important parasites consid-
ered in detail (e.g. coccidia of poultry, gas-
trointestinal nematodes of ruminants, stron-
gyles of horses, Ascaris and trichinellosis of
swine etc.) occur 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 expense of publishing a work of this type,

XV



W Foreword

accompanied as it is by approximately 320
color and 400 black and white illustrations is
close to prohibitive. That the price has none-
theless been set at a very reasonable level is
only possible thanks to generous financial aid
from ciba Basle, Switzerland, the Swiss Devel-

XVi

opment Cooperation, Berne, Switzerland and
the University of Berne, Switzerland. This is
the final factor to assuring that Parasitic Infec-
tions of Domestic Animals will become a well-
thumbed bench book in many laboratories
world-wide.

Gerrit Uilenberg
Cargese, September 1995



Introduction

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

Laboratories dealing with the diagnosis of
parasitic diseases need to rely on well-fur-
nished libraries in order to cover the vast spec-
trum of parasites causing disease. Neverthe-
less, many laboratories, especially those in
developing countries, do not have access to
such resources.

It is for such situations — when technical
information is needed but 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 infections of domestic animals.

Disease may be initiated either by adult
parasites or by their immature stages and very
often the identification of a particular parasite

is based on morphological details, to which
special attention has been paid in this manual.
Histopathological sections have been included
where pathological alterations need to be elu-
cidated. Indirect diagnosis by immunological
techniques is indicated where it plays a practi-
cal role. These techniques are described in the
initial chapter, METHODS.

Molecular biological techniques have
gained an increased significance in the detec-
tion of parasitic infections even under field
conditions because of their high diagnostic
specificity and sensitivity. Furthermore, sam-
ples may be collected in the field (e.g. squash
blots on to filter papers) and transported eas-
ily (often without refrigeration) over long dis-
tances to laboratories, where the analysis can
be carried out. A special section in the METH-
ops chapter has been devoted to this highly
important and fascinating technology.

Sometimes the species diagnosis is relevant
for the control, but very often a genus diagno-
sis is sufficient. This manual is not intended to
serve as a textbook. It is meant to be a techni-
cal tool and located on the laboratory bench.
The Standard Nomenclature of Animal Para-
sitic Diseases (SNOAPAD) taxonomy is used
in order to allow access to specific literature,



B Introduction

species-specific are described in the chapter of
that particular livestock species in which they
play the most important role and a cross-ref-
erence (%) is made to other animal species or
organ systems in which they may also occur.

If a genus is described as a group (e.g. Tri-
chostrongylus spp.) essential information is
provided under “e General features”. If sever-
al parasite species or genera can be controlled
in a similar manner, therapy and prophylaxis
may then be indicated for these species or gen-
era collectively. If infections are arthropod-
borne, information will be given on the biol-
ogy of the respective vector.

Rickettsiaceae (Ebrlichia spp., Anaplasma
spp., Cowdria ruminantium, Eperythrozoon
spp. and others) form an important group of
“parasite-like” pathogens and are often found
in blood or tissue smears made for the detec-
tion of blood parasites. Some important spe-
cies of Rickettsia are described in the present
manual for differential diagnosis.

This manual is presented in the hope that
it may assist all those colleagues struggling in
their daily work with the diagnosis and con-
trol of livestock diseases all over the world.
The manual wells from a great sympathy for
those people “fighting at the front” under dif-
ficult field conditions, in regions where human
survival is linked to the health of livestock
often perilously endangered by a variety of del-
eterious conditions, among which parasitic
infestation may be highly significant.
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1 Examination of faecal specimens

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

Table 1 Methods for the detection of parasite stages in faeces

Method

Detection

Sedimentation
* in water

¢ in 0.85% saline

Flotation
¢ with ZnCl, solution

¢ with NaCl solution

Baermann apparatus

Eggs of Fasciola spp.; Paramphistomum spp.; Dicrocoelium spp.;

oocysts of Eimeria leuckarti (equines)

Eggs of Schistosoma spp.

Eggs of cestodes and nematodes; ZnSo,, (*SG=1.30) oocysts and sporocysts
of protozoa except Eimeria leuckarti (equines)

Eggs of Strongyloides spp.; strongyles, (*SG=1.20) Ascaris spp., Toxocara spp.,
Oxyuris spp., Anoplocephala spp., Moniezia spp., oocysts of protozoa,
Trichuris spp. and Capillaria spp.

Larvae of lungworms, hatched larvae of strongyles and Strongyloides

(in older samples)

*SG = specific gravity; concentrations of ZnCl,- and NaCl solutions = Table 2

General rule for the selection of solution for concentrating parasite stages

* saturated NaCl for floating strongyle eggs

* sedimentation in H,O for trematode eggs

e saturated NaCl (5§G=1.204) is a general purpose solution

Table 2: Flotation solutions

Chemical g to be disolved in SG* at 20°C
1000 ml of water

NaCl 360 1.2

NaNO, 350 1.2

Zndl, 436 1.3

ZnSO, 7 x H,0O 703 1.3

Sugar 550 1.3

*SG= specific gravity

-
1
=
]
=




1.2 Collection and examination of faeces

Faeces intended for parasitological examina-
tion should be collected from the rectum, using
disposable plastic gloves. The sample is collect-
ed into the hand of the glove which is turned
inside out, air is expressed and the glove is tied
at the wrist. Freshly expelled faeces can also be
used for examination as long as it is not con-
taminated with soil and dirt. This is especially
important since many free living nematode lar-
vae may occur in the environment, making a
proper diagnosis difficult or impossible. Eggs
may develop rapidly to a stage in which it is
difficult to identify them.

The detection of parasite stages in faeces from
animals suffering from diarrhoea may be mark-
edly impaired. The diagnosis of parasitism by
microscopic techniques is more reliable when
repeated examinations are made. For example,
negative results are sometimes obtained from
faecal examinations if the parasites are not
mature enough to deposit eggs. This might also
occur during the encysted stage of certain par-
asites, such as strongyles or oesophagostomes.
Tapeworm segments often leave the digestive
tract without disintegrating, and negative
results may be obtained unless segments are
detected.

1.3 Direct smear method

It is possible to demonstrate the presence of
parasite stages (eggs or larvae of helminths,
oocysts of coccidia) by the examination of a
thin smear of emulsified faeces. A small quan-
tity of faeces is placed on a slide, mixed with
some droplets of water and a cover slip is
placed on the fluid. The slide is investigated
using a magnification of 50 and 250x. This
method, however, suffers from the drawbacks
that (a) it is effective only where the concen-
tration of parasite stages is high, (b) it is fre-
quently difficult to identify them since they are
partially covered by detritus and (c) quantita-
tive results cannot be obtained.

Parasites found with the direct smear method:
e coccidia species and helminth eggs

(only when high numbers of oocysts or
eggs are present);
® cestode and trematode eggs (mainly in

birds)
1.4 Flotation method

Separating the eggs from faecal debris by float-
ing them on a variety of solutions. When faec-
es are emulsified in liquids of high specific
gravity and either centrifuged or allowed to
stand, the worm eggs and many protozoan
cysts float to the top while the heavy coarse
debris settles to the bottom. The top film can
then be removed and examined. Nematode
and cestode eggs float in a liquid with a specif-
ic gravity of between 1.10 and 1.20. Trema-
tode eggs, which are much heavier, require a
specific gravity of 1.30-1.35.

Procedure

1. Place a lump of faeces about the size of a
walnut (5-10 g or a few faecal pellets of sheep
or goats) in a shell vial, cup or glass.

2. Add approximately 50-100 ml of tap water
and mix thoroughly with a spatula until all the
faecal material is broken down.

3. The mixture is poured through a wire mesh
screen with an aperture of 500-800 pm to
remove large lumps. The strained fluid is
caught in a bowl. The screen is rinsed with
water and the debris left on the screen is dis-

carded.

4. Transfer the suspension to a conical meas-
ure and fill with tap water to the top allow to
settle for 30 min.

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

6. The sediment is stirred and a sample of 2 ml
is poured into a centrifuge tube.

7. The tube is placed in the centrifuge. With a
pipette, saturated NaCl is added until a con-
vex meniscus stands above the top of the tube.



8. A thick 19 x 19 mm square cover glass is
placed on the tube, ensuring that no bubble is
trapped under it. The cover glass may addi-
tionally be coated with a solution of egg white
/ glycerol (1: 1) to improve adherence of the
eggs.

9. The tube is centrifuged at 2000 rpm for 2-3
min. (In the absence of a centrifuge let the sam-
ple stand for 30 to 60 min.)

10. Pick off the cover glass and place the sam-
ple on a slide and examine under a microscope
by using a magnification of 32-100x.

Parasite stages found with the flotation meth-
od: eggs of cestodes and nematodes; larvae of
lungworms; oocysts of coccidia (except Eime-
ria leuckarti). Trematode eggs are not satisfac-
torily detected with the flotation method (=
Sedimentation method).

1.5 Sedimentation method

Heavy parasite eggs sink to the bottom of solu-
tions used in the flotation techniques.

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

6. Add water to a point a little below the top
of the measure and allow to settle again for 3
min.

7. After sedimentation the supernatant is again
drawn off, a few drops of methylene blue (5%)
added and the sediment screened in aliquots of
5 ml, using a low power stereomicroscope.
Any trematode eggs are readily visible (brown
or yellow colored) against the pale blue back-
ground.

Parasite stages detected with the sedimentation

method:

* eggs of Fasciola spp., Dicrocoelium spp.,
Paramphistomum spp., Schistosoma spp.,
Gastrodiscus sp.;

¢ larvae of lungworms;

¢ oocysts of Eimeria leuckarti (equines)

1.6 McMaster method

This technique is used where the number of
eggs or larvae per gram of faeces should be
counted.

Procedure
1. Weigh 3 g of faeces and add 42 ml tap water.

2. Homogenize and pour suspension through a
250 um aperture sieve, collecting the filtrate.

3. Collect the filtrate, agitate and fill a test tube
of 15 ml volume.

4. Centrifuge at 2000 rpm for 2 min.

5. Pour off the supernatant, agitate sediment
and fill tube to previous level ‘with flotation
solution.

6. Invert tube 6 times and remove fluid with
pipette to fill both chambers of McMaster slide
quickly.

7. Examine one chamber and multiply number
of eggs or larvae under one etched area by 100,
or two chambers and multiply by 50 to arrive
at the number of eggs per gram (epg) of faeces.

Remark: It is impossible to calculate from the
epg the actual worm population of the host.
Nevertheless, egg counts in excess of 1000 are
generally considered indicative of heavy infec-
tions. However, a low epg is not necessarily
indicative of very low infections, since one part
of the worm population may just have started
to reach patency but may already cause dis-
ease. Alternatively, the epg may be affected by
developing immunity. The eggs of some spe-
cies, such as certain ascarids, Strongyloides,
Oxyuris, Trichuris and Capillaria, can be eas-
ily recognized morphologically. However,
with the exception of Nematodirus spp., the
common trichostrongyle eggs require more
detailed analysis (measurements) for differen-
tiation. The diagnosis “strongyle egg” is usu-
ally sufficient for practical purposes.

(Figure 1)




Fig. 1
McMaster chamber for the quantification of para-
site eggs in faeces

Fig. 2

The Baermann apparatus consists of a funnel held in
a retort stand. A rubber tube attached to the bottom
of the funnel is constricted by a clip. Faeces are wrap-
ped in gauze and attached with a clothes-peg to the
funnel. The larvae leave the faeces, migrate through
the gauze to the sediment

1.7 Baermann method

Larvae of lungworms (third-stage larvae of gas-
trointestinal nematodes) migrate actively into
the aqueous phase of the Baermann apparatus.
This consists of a glass or plastic funnel held in
aretort stand. A rubber tube attached to the bot-
tom of the funnel is constricted by a clip. A sieve
(aperture 250 pm) is placed on top of the funnel,
which has been partially filled with water. A dou-
ble layer of gauze is placed on top of the sieve.

Faeces are placed on the gauze, and the funnel is
slowly filled with water until the faeces are
immersed. The apparatus is placed over night at
room terperature, during which the 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 water in the
neck of the funnel collected in a small beaker for
microscopic examination in a Petri dish.
(Figure 2)

A simple adaptation of the above method is to
suspend the faeces enclosed in gauze in a urine
glass filled with water and leave over night.
The larvae will leave the faeces, migrate
through the gauze and settle at the bottom of
the glass. The sediment is examined under the
low power microscope as above.

Parasite stages detected with the Baermann
method:

e Larvae of lungworms (Dictyocaulus spp.,
Muellerius spp., Cystocaulus spp.,
Protostrongylus sp., Metastrongylus spp.,
Crenosoma spp.)

* larvae of strongyles

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

1.8 Culture and recovery of third-stage
larvae

Faecal culture provides an environment suitable
for the hatching of helminth eggs and for their
development to the infective stage. The general
method described below is suitable for the cul-
ture of trichostrongylid or strongylid eggs in the
faeces of ruminants, pigs and horses.

Procedure

The faeces should be moist and crumbly but
not really wet. 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 correct consistency is obtained.



1. Faeces are broken up finely using a spatula.

2. Wide-mouthed glass or plastic jars are filled
with the mixture, closed with the lid and incu-
bated at 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
growth of fungi can be reduced by stirring the
culture each day.

3. Larvae are best recovered using the Baer-
mann apparatus. The culture is removed from
the incubator and the faeces are tipped out of
the culture dish onto the double layer of gauze
of the Baermann apparatus (+ above), distrib-
uting it as evenly as possible over the whole
area.

4. The culture vessel (lid, jar, dish, etc.) is
washed with a small quantity of water. The
water is then tipped into the Baermann appa-
ratus.

5. The Baermann apparatus is allowed to stand
for 24 hours, or at least over night, during which
time the larvae will have migrated through the
screen into the bottom of the funnel from where
they may be drawn for examination.

1.9 Identification of third-stage larvae of
nematodes

Procedure

1. Larvae are killed by the addition of Lugol’s
iodine to the larval suspension on a microscope
slide. Iodine kills the larvae and stains the free-
living nematodes yellow while parasitic third-
stage larvae remain unstained. A coverslip is
placed on the prepared suspension before
examination.

2. Microscopic examination at a magnification
of 60-80 x. Some details may only be seen at
a magnification of 250 x.

3. Parasitic larvae appear translucent and
almost colourless while free-living nematodes
are stained yellow with the iodine. Parasitic
larvae show a well defined cuticular sheath

(with few exceptions). Characteristics which
permit differentiation of the different larvae
are shape and internal structure of the head
region, number and shape of the intestinal
cells, relative size of the sheath tail and shape
of the larvae’s tail. Lungworm larvae, espe-
cially Dictyocaulus viviparus, are usually
coiled.

1.10 Staining Cryptosporidia spp. in faecal
smears

Procedure
1. Air-dry thin faecal smears and pass quickly
through a flame.

2. Stain with Ziehl-Neelsen’s carbol-fuchsin
solution (Merck Diagnostica no. 9215) for 2
min.

3. Rinse with tap water.

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

5. Rinse again with tap water.

6. Counter stain with Brilliant Green (0.5%;
Sigma no. B-6756) for 2 min.

7. Rinse again with tap water.

8. Air-dry the slide. Microscopic examination
at 1000x, using immersion oil. Cryptosporid-
ia appear as bright red granules on a blue-green
background (855 CATTLE, ™ 1).

Alternative 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 oocysts measure 4-5 pm in diameter
and appear as thick-walled, red granules.




W Methods

1.11 Scotch tape method

Procedure

1. A transparent scotch tape, approximately 4 cm
in length is pressed onto the skin of the anus
and then placed on a microscopic slide.

2. Microscopic examination at a magnification
of 32-100 x.

Remark: This method is widely used to detect
eggs of oxyurids (Enterobius vermicularis,
Oxyuris equi etc.) in animals and man.

1.12 Sodium Acetate Formaldehyde
(SAF) method

Procedure

1. Fixation of 2-5 g faeces 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 and pass suspension
through a gauze (placed in a funnel) into a
tube.

3. Centrifuge at 2000 rpm for 1 min.

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

5. Resuspend the sediment with 7 ml of NaCl
phys.

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

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

scopic slide. Place a coverslip onto the sample.

9. Microscopic examination at a magnification
of 400 x.

Remark: This method is widely used to detect
protozoan parasites (Entamoeba spp., Giardia
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spp., Balantidium spp., Eimeria spp.) in the
faeces.

2 Examination of material for Trichinella spiralis

2.1 Demonstration of encysted larvae of
T. spiralis in muscle fibre (Compressorium
method)

Procedure

0.5-1.0 g muscle, usually pillars of the dia-
phragm, are subdivided into small pieces
approximately 3 X 10 mm and crushed firmly
between 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 at a magnification of 50 x with a dissect-
ing microscope. Larvae of T. spiralis are infec-
tive to man. Great care must be taken in han-
dling infected or suspect material.

(Figure 3)

Fig. 3

Compressorium method: Samples of muscles are cut
into small pieces and crushed between two glass
plates. The samples are compressed heavily with
thumb screws until 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-
per/blender or cut manually into small pieces.



2. Transfer the chopped material to a 3 | beak-
er. Add 10 g of pepsin, dissolved in 2 | of tap
water, to give an activity of 2000 FIP (=
Fédération Internationale Pharmacie); 30,000
units FB (British Pharmacopoeia) or 10,000
NF (US Nat. Formula).

3. Add 16 ml hydrochloric acid (25%) and
place a magnetic stirrer rod in the beaker.

4. Place the beaker on a heated magnetic stir-
rer which has been pre-set to maintain a tem-
perature of the solution at 44-46°C.

5. After 30 min digestion transfer the contents
of the beaker through a mesh screen (aperture
of 180 pm) into a 2-l separating funnel. The
debris in the screen is gently washed with a fine
spray of water in order to remove larvae which
may have been trapped on the screen.

6. Sediment for 30 min and run off 40 ml of
the sediment into a 50 ml measuring cylinder.
Allow to settle for 10 min, then siphon off 30
ml of the supernatant fluid. The sediment is
resuspended with a further 30 ml of water and
allowed to sediment for 10 min before 30 ml
of the supernatant fluid is siphoned off.

7. Pour the remaining 10 ml into a ruled Petri
dish (parallel lines 5 mm apart). Dilute the sus-
pension with tap water if it contains a lot of
undigested particles.

8. Examine the sediment using a dissecting
microscope at a magnification of 20-50 x.

Remar: Predilection sites are tongue, masseter,
intercostal and diaphragm muscles. 10 g sam-
ples of each animal are collected and digested.
When many animals need to be examined, it is
recommended to take 10 g sample of dia-
phragm pillar tissue from each animal and
bulk these to form composite samples with a
maximum of 100 g.

Alternative method (for digestion if there is no
heatable magnetic stirrer available):

The digested fluid and the tissue are placed in
a 31 Erlenmeyer (conical) flask which is main-
tained at 37°C in a water bath or in an incuba-
tor. In this case the flask is shaken every 30 min
for 4-5 h.

Remark: The use of pre-prepared and pre-
heated pepsin-HCl solution may be easier and
reduce the digestion period markedly.

3 Haematology

3.1 Bloodsmear and Giemsa-stain

Procedure

1. Apply a small drop of blood from a micro-
haematocrit capillary tube or a pipette to the
slide approximately 20 mm from one end.

2. Place a spreader on the slide at an angle of
20--30°C. Draw it back to make contact with
the blood.

3. Allow the blood to run to each end of the
spreader. Spread the blood along the slide in a
fairly rapid but smooth motion.

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

S. Fix the thin smear for 1 min in methyl alco-
hol.

6. Place it in an inverted position in Giemsa-
stain (1.5 ml in 15 ml distilled water buffered
to pH 7.2) for 30 min.

7. Wash the slide with water and drain in an
upright position to dryness.

8. Examine with a microscope at a magnifica-
tion of 100 and 1000 X, using immersion oil.
(Figure 4)

3.2 Diff-Quick®

This is a rapid staining method for blood

smears.
The Diff-Quick® (Baxter Dade AG, 3186 Dii-
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Fig. 4

Preparation of a bloodsmear. A small drop of blood
is applied to the slide approximately 20 mm from
one end. A spreader (or another clean slide) is placed
on the slide at an angle of 20-30° and drawn back
to make contact with the blood. The blood is
allowed to run to each end of the spreader. The
blood is spread along the slide in a fairly rapid but
smooth motion [57].

Fig. 5

A good quality high power microscope is an impor-
tant tool in every diagnostic laboratory. A standard
equipment should contain the following magnifica-
tions: 32 x 100 %, 400 X and for the investigation of
blood smears 1000 x with oil immersion.

Rapid staining methods for bloodsmears are of great
practical use in the routine diagnostic laboratory.
The previously air-dried smears are fixed and stai-
ned in only 15 s by three consecutive brief immersi-
ons in the pre-prepared staining solutions.
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dingen, Switzerland) staining set contains solu-
tions for rapid staining of blood smears, yield-
ing results comparable to the Pappenheim
technique (Giemsa-May-Griinwald). By con-
secutive brief immersions in the Dade Diff-
Quick Solutions, the previously air-dried
smears are fixed and stained in only 15 s. As
samples, freshly collected EDTA blood, but
also smears from biopsies and other material
may easily and quickly be stained with this
method.

(Figure 5)

3.3 QBC®

A screening method for rapid detection of
blood parasites (Babesia spp., Trypanosoma
spp., microfilariae etc.)

Originally developed for the diagnosis of
malaria, the QBC® (Becton Dickinson, One
Becton Drive, Franklin Lakes, N.J. 07417) is
also a highly sensitive and rapid method for the
diagnosis of blood parasites in animals. The
QBC method concentrates the parasitized cells
into a narrow zone of the micro blood tube
that is examined under a fluorescence micro-
scope. The test capillaries are internally coat-
ed with acridine orange and anticoagulants.
Expansion of the centrifugally separated cell
layers is achieved with a plastic float. With the
QBC method, blood parasites may be detect-
ed and identified within a few minutes. The
method is dependent on a micro capillary cen-
trifuge and a fluorescence microscope.

3.4 Dark ground / phase contrast buffy
coat method

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

2. Cut the microhaematocrit tube with a dia-
mond tipped pencil one mm below the buffy
coat to include the top layer of red cells.

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



4. Examine the preparation using phase con-
trast or darkground microscopy at a magnifi-
cation of 100-400x.

Remark: A number of 10-20 fields should be
examined. Trypanosoma spp. species may be
identified using characteristics listed in Table
7. Giemsa-stained smears can be prepared
from buffy coat. Microfilariae are commonly
found with the dark ground buffy coat meth-
od.

4 Entomology

4.1 Skin scraping

Procedure

1. Scrapings are taken from the affected area
by means of a scalpel or a “sharp-edged
spoon”. The area selected for scraping should
be at the edge of a visible lesion and the hair
over this area should be clipped away. It is use-
ful to moisten the skin with liquid paraffin so
that scrapings adhere to the scalpel. Scraping
should be continued until a slight amount
blood oozes from the surface.

2. The material is transferred to a slide and a
drop of oil is added.

3. A coverslip should then be applied and the
sample examined under a low magnification
(100 x).

Remark: If during this initial examination no
mites are detected a further sample may be
heated on a slide with a drop of 10% KOH.
After allowing this preparation to clear for
5-10 min it should be re-examined.

5 Immunological methods

5.1 Introduction

Many parasites of veterinary importance stim-
ulate the production of antibodies in the blood
of the host which can be detected, using appro-

priate serological techniques. The sero-diagno-
sis is dependent on a specific antigen-antibody
response.

A number of serological techniques are avail-
able for diagnosis of parasitic infections for
routine diagnosis. The indirect fluorescent
antibody test (IFAT) is among the most impor-
tant and most simple techniques for the indi-
rect detection of Babesia equi, B. caballi, B.
divergens, B. bovis, Toxoplasma gondii and
Neospora spp. infections. The IFAT will be
described in detail below.

5.2 Indirect Fluorescent Antibody Test
(IFAT)

The test depends upon a reaction between a par-
ticulate antigen and immune serum. The globu-
lins of the latter are made visible under ultra-vio-
let light after reaction with fluorescein-labelled
anti-species serum (conjugate). The test may be
carried out on sera from a variety of hosts for
which suitable conjugates are available.
(Figure 6)

Fig. 6

Antigen is fixed onto defined areas of commercially
available IFAT slides. For each individual test a posi-
tive and a negative control should be included. In
addition, a PBS control may be used to indicate reac-
tion of the conjugate with the antigen directly. Dilu-
ted test sera are applied in 10 pl spots onto the slide.

Preparation of antigen slides for Babesia spp.:
1. Blood from a highly parasitaemic animal

(between 5-20% of the erythrocytes should be
infected) is collected into heparinised tubes.
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2. The blood is washed 3 times in phosphate
buffered saline solution* (PBS; pH 7.2), cen-
trifuging for 10 min at 1000 rpm between each
wash. The supernatant and white cell layer are
removed.

3. Two volumes of PBS are added to the packed
red cells; the mixture is agitated.

4. If special IFAT slides are available 10 pl of
erythrocyte suspension is applied to each hole.
If normal slides are used smears are to be made
which evenly cover the whole slide.

5. The smears are air-dried** and then
wrapped carefully in aluminum foil, sealed in
an airtight plastic bag and stored at -20°C
(storage up to 1 year) or=80°C (storage for 2-3
years).

* Phosphate buffered saline solution (PBS) pH
7.2: 87.8 g NaCl, 10.91 g Na,HPO, anhy-
drous, 2.77 g NaH,PO,. Make this up to 1]
with distilled water. Dilute 1/10 with distilled
water before use.

** Some antigens such as Toxoplasma gondii
and Neospora spp. tachyzoites should be fixed
in acetone for 5 min before freezing.

Procedure (IFAT)
1. Allow antigen slides to reach room temper-
ature.

2. Mark out the slides (if necessary), using a
diamond pencil.

3. Prepare serum dilutions (1/20 up to 1/2560)
in PBS (pH 7.2).

4. Apply 10 pl spots to the slide, including a
positive, a negative and a PBS control.

5. Incubate in a moist chamber at 37°C for 30
min.

6. Rinse with PBS and wash twice with PBS, 5
min each. Allow to dry.
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7. Apply fluorescein-labelled conjugate at cor-
rect dilution* (1/100 —1/1000). Incubate (in
dark) in a moist chamber at 37°C for 30 min.

8. Rinse with PBS and wash twice with PBS, 5
min each. Allow to dry.

9. Mount in 90% glycerol in PBS.

10. Examine under UV illumination at a mag-
nification of 400 x. Sera dilutes at 1/80
{(depending on the particular antigen) and
above showing strong fluorescence of the par-
asites are usually considered to be positive.
Special attention should be paid to the pattern
of fluorescence in the test sera compared with
the controls. This demands experience of the
observer!

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

e Horse: anti-horse immunoglobulin
¢ Cattle: anti-bovine immunoglobulin

Individual batches of antigen and conjugate
should be titrated against each other using con-
trol sera to optimise the conjugate dilution.

5.3 Enzyme linked immunosorbent assay
(ELISA)

The antigen is attached to the plastic wells. The
antibodies in the test serum when present
attach to the antigen. The retained antibody is
detected by an anti-species serum conjugated
to an enzyme (mostly alkaline phosphatase)
which in the presence of a suitable substrate
produces a colour reaction, the intensity of
which is proportional to the antibody titer.
The ELISA is one of the most commonly used
serological tests today. The test is dependent
on well defined antigens 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 parasitology the ELISA technique is
used for Trichinella spiralis, Hypoderma bovis
and Toxoplasma gondii.



5.4 Immunoblotting (Western blot)

Antigen samples are separated in an analytical
gel, for example an SDS polyacrylamid gel.
The resolved molecules are transferred electro-
phoretically to a nitrocellulose membrane in a
blotting tank. The blot is then treated sequen-
tially with an antibody to the specific antigen,
and washed, and then a radiolabelled conju-
gate to detect antibodies is bound to the blot.
The principle is similar to that of ELISA. After
washing again, the blot is placed in contact
with an X-ray film in a cassette. The autora-
diograph is developed and the antigen bands
which have bound the antibody are visible.

The technique can be modified for use with an
enzyme coupled conjugate, and the bound
material can be detected by treatment with a
chromogen which deposits an insoluble
reagent directly onto the blot.

(Figure 7)

5.5 Complement Fixation Test (CFT)

Complement is fixed during the reaction
between some antigens and antibodies. By con-
ducting this reaction in the presence of meas-
ured amounts of complement and then detect-
ing the remaining unfixed amount with a separ-
ate antigen-antibody reaction, a quantification

Fig. 7
Immunoblotting:
schematic procedure
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of the complement fixing activity of the original
serum is obtained. The CFT is required by many
national authorities as an import control of
horses with regard to Babesia equi, Babesia
caballi and  Trypanosoma  equiperdum,
although it is less sensitive than the IFAT. More
and more, the CFT is replaced by IFAT and
ELISA.

6 Molecular biological techniques

By Dirk Dobbelaere* and Isabel Roditi* *
*Institute of Animal Pathology and " Institute
of General Microbiology, University of Berne,
Switzerland

6.1 Introduction

A microscope, a well-trained eye and the appli-
cation of immunodiagnostic tools adapted 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 tech-
niques fulfill diagnostic requirements, then
there is indeed every reason to avoid more
sophisticated technology. Fieldworkers have
established valuable connections to local
authorities and animal owners and are well
aware of the factors that influence parasite
infection and transmission in this area. In this
capacity, they 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-
cially in this area that molecular biology tech-
niques have started to find widespread appli-
cations. For this acquiring an
elementary insight into recent developments in

reason,

molecular diagnostics is of interest to all who
deal with the diagnosis of parasitic infections.

Sensitivity and specificity are the two most
important criteria that define the quality of a
diagnostic technique. We are faced with sever-
al situations where parasite detection 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 invasive manip-
ulations; the number of parasites in circulation
can therefore be extremely low. In eradication
programs or epidemiology studies, it is impor-
tant to monitor carrier-status, the presence of
reservoirs and the infection rates of transmit-
ting vectors. This requires the direct demon-
stration of parasites, since the presence of anti-
bodies does not allow a distinction between
past and current infections. New DNA tech-
nologies now provide valuable tools for solv-
ing these problems since they can both detect
and identify parasites.

Specificity becomes crucial whenever a distinc-
tion needs to be made between pathogenic and
non-pathogenic parasites that are closely relat-
ed. Cross-reactivity in diagnostic tests with
antigens of unrelated parasites can also occur.
Considerable efforts have gone into develop-
ing new techniques that allow the problems of
sensitivity and specificity to be addressed. The
rapid spread of hybridoma technology over the
last two decades has allowed considerable
progress in fine-tuning serological techniques
and monoclonal antibodies have become the
cornerstone of many diagnostic kits. Over the
last decade, molecular biology has also become
a routine technology and its application has
stimulated rapid progress in the development
of reagents that are capable of identifying a sin-
gle unicellular parasite.

6.2 Recombinant antigens

In many diagnostic tests, the detection of anti-
parasite antibodies in the serum of infected or
immune animals depends on the availability of
specific antigens that have to be purified from
the organism. The parasite from which the anti-
gen is to be purified must be available in large
quantities, which is often difficult to achieve,
and expensive in vitro culture or large numbers
of experimental animals are often required to
generate sufficient starting material. In addi-
tion, significant differences in yield, purity and
quality can arise from batch to batch. Using the
technique of gene cloning, it is now possible to
isolate parasite genes encoding a single antigen
and to introduce these genes into bacteria, yeast



or mammalian cells, where they can be
expressed in large quantities as a recombinant
antigen. It is also possible to “engineer” these
antigens and remove those parts that are
responsible for cross-reactivity with other
organisms. This way, a continuous and reliable
source of diagnostic antigens is guaranteed and
increased specificity can also be achieved.
Importantly, this technique also applies for
antigens of parasites which can never be main-
tained in vitro or collected in large enough
quantities for antigen production.

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

The use of immunodiagnostic methods for the
detection of parasites has certain limitations.
Demonstrating antibodies against a parasite
provides little information on whether the par-
asite is still present in the animal’s body and in
primary infections, disease will mostly devel-
op well before antibodies become detectable.
For this reason there is a need to be able to
detect parasites directly. Several highly sensi-
tive and specific techniques have been devel-
oped that rely on the demonstration of para-
site nucleic acid sequences. These techniques
depend either on the use of DNA probes or on
the polymerase chain reaction (PCR). Both will
be discussed below.

6.3.1 Techniques based on DNA probes

The genetic material (genome) of parasites that
are considered distinct 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 identifica-
tion of such specific sequences, resulting 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 to as little as 20 or 30 nucleotides,
also called oligonucleotides.

A deciding factor contributing to sensitivity is
the number of times that the target sequence
occurs in the genome. Ribosomal genes are

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

In order to allow detection, parasite DNA
needs to be immobilised on a nitrocellulose or
nylon membrane. Alkaline denaturation caus-
es 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 hybridisation. Binding of the
probe to parasite sequences can be demon-
strated by labelling it prior to hybridisation.
In past years, the detection of nucleic acids
used to depend almost entirely on the use of
radioactively labelled probes. More recent
developments, however, have led to the
appearance of a wide range of labelling kits in
which colour reactions or chemiluminescence
are used to demonstrate specific hybridisation.
This new technology offers many advantages.
The expensive laboratory set-up required for
the safe handling, storage and disposal of
radioactive substances has become unneces-
sary. Importantly, the problem of radioactive
decay of probes is now eliminated and specif-
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 used under the
most primitive field-laboratory conditions.
There are several easy ways in which parasite
nucleic acids can be transferred to membranes.
Droplets of fluid to be tested for the presence
of parasites (such as blood, lymph, spinal fluid
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
to expose the DNA. Parasites that are sur-
rounded by a strong cyst wall, however, will
require processing prior to application to a
membrane. Parasite-containing vectors, such
as infected tsetse 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-
mania infection, where parasite strain-identifi-
cation is important for deciding on the strate-
gy of treatment which is often associated with
severe side-effects. Using recombinant DNA
technology, probes have now been developed
which also allow different Leishmania strains
or geographical isolates to be distinguished
from each other.

Membranes on which material has been blot-
ted can be dried and stored for a long time
before analysis. This makes it possible to col-
lect many samples during separate field trips
and then to process them all together upon
return to the laboratory. Figure 8 shows a
squash blot prepared from snails in which dif-
ferent larval stages of Fasciola hepatica could
be detected using a DNA probe which hybrid-
ises to repetitive DNA fragments present in the
genome of F. hepatica. This example illustrates
another advantage of using techniques that
depend on detecting genomic sequences.
Whereas the morphology and the antigenic
repertoire of the different life-cycle stages of a
parasite can vary extensively, the parasite
genome is very stable. Morphological identifi-
cation, especially when mixed infections occur
or when many samples need to be examined,

A B C D E
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Fig. 8

Detection of isolated larvae of Fasciola bepatica and
of larval stages in snail ‘squash blots’. In position A,
two F. hepatica rediae, collected from an infected
snail, were deposited onto the filter; in position B, an
uninfected snail was squashed onto the filter (no sig-
nal detectable) and in C to E, whole snails infected
with F. hepatica were crushed onto the filter. The fil-
ter was hybridised with a 32P-labelled DNA probe
(Fhr-IV) which hybridises to repetitive DNA frag-
ments present in the genome of F. hepatica. The fil-
ter was exposed overnight to X-ray film.
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Fig. 9
Specific detection of Eimeria magna DNA by ‘dot
blot analysis’. DNA was isolated from different
Limeria species and spotted in duplicate onto two fil-
ters. Each dot contains approximately 10 nanograms
of genomic DNA. One filter was hybridised with the
32P-labelled DNA probe, Cran 5, which detects
repetitive sequences of all Eimeria species. The sec-
ond filter was hybridised with the probe, Mall,
which hybridises exclusively with E. magna. The E.
tenella isolate labelled with (*) also contained E.
acervulina.

can be difficult and time-consuming and may
require expertise which isnot always available.
Species-specific probes can thus often help to
circumvent problems associated with the iden-
tification of parasites by light microscopy. An
example for the use of a species-specific DNA
probe which is capable of distinguishing Einze-
ria magna from several other Eimeria species
by ‘dot blot” analysis is shown in Figure 9.

When treated with a minimum of care, parasite
nucleic acids are more stable than most anti-
gens on which immunodiagnostic techniques
depend. For a more detailed analysis of field
samples and the characterisation of new
strains, especially within the context of epidem-
iological surveys, it is often necessary to collect
and store parasites. Most samples can be stored
indefinitely in 70% ethanol/tmM EDTA and
intact DNA can easily be analysed at a later
point. Such analysis involves the extraction of
DNA from samples, digestion with a number
of empirically chosen restriction enzymes, sep-
aration of the DNA fragments by electropho-
resis, transfer by capillary blotting to a mem-
brane and hybridisation with specific probes (-
called southern blot hybridisation). Figure 10
summarizes this procedure and Figure 11 dem-
onstrates how a specific probe is capable of dis-



Fig. 10

The principle of Southern blot analysis. Genomic
DNA is extracted from an organism (here shown as
a collection of cells) and digested with a restriction
enzyme that cuts the genomic DNA into many frag-
ments of different sizes. These DNA fragments can
be separated, based on their different sizes, by elec-
trophoresis in an agarose gel. The separated frag-
ments are then blotted onto a nylon or nitrocellulose
filter by a procedure called southern blotting. The
DNA is fixed onto the filter by baking the filter or
by UV-cross-linking. The filter is subsequently incu-
bated with a radioactively labelled DNA probe, spe-

cific for the sequence of interest, which will hybrid-
ise to homologous sequences present on the filter.
Unbound probe is washed away and only specifical-
ly bound probe remains on the filter. Specific hybrid-
isation of the radioactive probe can be visualised by
exposing an X-ray film to the filter (autoradiogra-
phy). Black bands will appear where the probe
hybridised to the filter.

Remark: Probes can now also be labelled enzymati-
cally; incubation with the enzyme’s substrate then
results in the generation of either a colour reaction
on the filter or chemiluminescence, which can be
detected by X-ray film.
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Fig. 11
Southern blot analysis of DNA isolated from two
Neospora and two Toxoplasma isolates. Genomic
DNA was extracted from two different Neospora
isolates (Neo 1 and Neo 2) and two different Toxo-
plasma strains (Toxo 1 and Toxo 2). Each DNA
sample was digested with four different restriction
enzymes, BamHI, HindIIl, Haelll and Pstl. As a con-
trol, DNA was also isolated from the Vero cell line
in which the parasites were propagated in culture.
The DNA fragments were separated by agarose gel
electrophoresis and blotted onto a filter. The filter
was hybridised first with a DNA probe which detects
both Neospora and Toxoplasma DNA sequences
and exposed to an X-ray film (Panel A). The simi-
larity in the pattern of hybridisation demonstrates
the close relationship between the two organisms.
The probe was then removed from the filter by pro-
cess called ‘stripping’ and the filter subsequently
rehybridised with a Neospora-specific probe (Panel
B). The specificity of this probe is demonstrated by
the fact that no hybridisation can be observed where
the Toxoplasma DNA was blotted onto the filter.
Note that none of the probes hybridises to the DNA
isolated from the Vero cells.
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tinguishing Neospora from the morphological-
ly virtually 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 repeated sequences in the
genome, the limits of detection are still in the
nanogram range (for Eimeria spp., this would
correspond to approximately 103-104 oocysts).
The development of the polymerase chain reac-
tion (PCR), however, has opened up extensive
possibilities for the detection of parasites and
pathogens in general. This technique was origi-
nally made possible by the discovery of a tem-
perature-resistant DNA polymerase (Taq poly-
merase) which was isolated from Thermus
aquaticus, an organism found in hot springs.
The PCR requires a special piece of equipment
known as a “thermocycler”. A PCR reaction
mixture consists of the DNA sample to be test-
ed, two specific oligonucleotides, called prim-
ers, a temperature resistant DNA polymerase
and a mixture of nucleotides which form the
building blocks for DNA synthesis. The oligo-
nucleotide primers are designed to match and
bind at two well-defined sites of a known para-
site DNA sequence. The distance between the
oligonucleotide binding sites is exactly known
(e.g. 800 bases), The principle of a PCR reac-
tion 1s summarised in Figure 12. The double-
stranded DNA in the sample is first made single
stranded (melted) by incubation at high temper-
ature (about 95°C). The reaction is then cooled
down to a lower temperature (e.g. 55°C) at
which the primers can bind to the specific tar-
get sequences in the DNA sample. The temper-
ature is then raised again to 72°C at which the
polymerase synthesizes two new strands of
DNA using the specific primers as the starting
point and the specific target DNA fragment as
a template. These three events, melting, primer
annealing and DNA synthesis constitute one
cycle. By continuously repeating this cycle, the
polymerase synthesizes increasing numbers of
copies of the target sequence and the fragment
isthus “amplified” so that it can easily be detect-
ed by agarose gel electrophoresis. Starting with



Fig. 12
The principles of PCR

Fig. 13

Detection of Eimeria tenella oocysts by PCR.

DNA was extracted from decreasing numbers of E.
tenella oocysts ranging from 20,000 oocysts to 2
oocysts. Sequences corresponding to the intergenic
region between the 5S ribosomal genes were ampli-
fied by PCR. The amplification reactions were loa-
ded onto an agarose gel. After electrophoresis, the
amplified DNA fragments (expected size: 560 base
pairs) were visualised by ethidium bromide stai-
ning. No amplification product can be observed
when PCR was performed on a sample without
DNA (negative control) (reproduced from Stucki
et. al. Experimental Parasitology Vol. 76: 68-75).

one molecule, 10° molecules can theoretically be
generated in 30 cycles. This way, using a mini-
mal amount of parasite DNA as starting mate-
rial, specific parasite DNA fragments can be
amplified and little as 10 picograms of parasite
DNA are now sulfficient to detect the parasite
(in the case of Eimeria this would be less than
10 oocysts). Figure 13 shows how an E. tenel-
la-specific DNA fragment can be amplified from
as few as two oocysts.

6.3.3 Random amplification of polymorphic
DNA (RAPD)-PCR

A further method which is presently being
developed in several parasite systems and
which also depends on PCR is known as RAPD
analysis (random amplification of polymor-
phic DNA). In this procedure, a single oligo-
nucleotide primer with an arbitrary sequence
can be used to amplify a set of characteristic
fragments from genomic DNA by PCR. The
principle of this method is that the oligonu-
cleotide will, by chance, bind to the DNA tem-
plate. If a second binding site also occurs on
the complementary DNA strand within a rea-
sonable distance (usually not more than 2-3
kilobase pairs) the stretch of DNA between
them will be amplified. To increase the chanc-
es of obtaining amplification products, the
PCR is performed under conditions which
allow imperfect matches between the primer
and the template DNA. Because there is no bias
towards repetitive sequences, this method
requires considerably more genomic DNA
(approximately 50 ng) than when repetitive
sequences are the target, but it has the advan-
tage of being able to detect and distinguish
between different strains of a particular para-
site as well as different species.

Certain precautions are essential, however,
when PCR technology is applied. Because of
its extreme sensitivity, the risk of contamina-
tion and generating false positives are extreme-
ly high. For this reason the use of PCR for diag-
nostic purposes requires a special infrastruc-
ture, the implementation of strict rules and the
continuous monitoring of possible contamina-
tion by including controls in all experiments.
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6.4 Concluding remarks

Molecular biology has contributed consider-
ably to the development of new diagnostic
tools, often bringing sensitivity to a level where
a single parasite can be detected. Molecular
cloning and the production of recombinant
proteins has led to an expansion of the range
of parasites for which diagnostic antigens can
be produced. As is the ease for all diagnostic
tests, however, it is important to realise that the
use of specific probes or specific primers for
PCR implies that they only provide a positive
identification of the parasite for which the
probes or the primers were designed. They pro-
vide no information on the presence of other
parasites, whether related or not, which could
be present in the sample. RAPD-PCR meets this
requirement to some extent in that it allows the
detection 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
used, all results need to be interpreted with care
and considered in the right context.

6.5 Glossary of terms

Cloning

Insertion of a DNA sequence into a plasmid or
viral DNA vector and propagation of the
recombinant DNA in a bacterial host.

Genomic DNA
The combined genetic material of an organism
composed of DNA.

Hybridisation
Binding of labelled DNA (probe) to target DNA
or RNA because of homology in sequence.

Polymerase chain reaction (PCR)

A process that rapidly amplifies DNA sequenc-
es; the technique relies on the separation of the
DNA strands at 95°C, the annealing of specif-
ic primers to the DNA at lower temperature
and the synthesis of new strands by a temper-
ature sensitive DNA polymerase; this cycle is
repeated 20 to 30 times.

22

Primer

A short stretch of nucleotides (also called oli-
gonucleotide) which is capable of binding to

a sequence containing matching complemen-
tary bases.

Probe

Radio- or chemically labelled DNA fragments
that hybridise to homologous target DNA
sequences and permit their visualisation.

Restriction enzyme

Endonuclease that reproducibly cleaves dou-
ble-stranded DNA at specific, well-defined rec-
ognition sites.

Southern blot analysis

A procedure (developed by E. Southern)
whereby target DNA fragments are analysed.
DNA is transferred from an electrophoresis gel
to a membrane by capillary action and visual-
ised by hybridisation with a labelled DNA
fragment (probe). The same technique per-
formed with RNA is called Northern blotting.
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1 Stages in the gut and faeces

PROTOZOA
* Protozoa oocysts found in the faeces

Eimeria spp. Bovine coccidiosis

Location: Terminal ileum, caecum, colon

Hosts: Cattle

Species description: Of the 21 species of
Eimeria that infect cattle, E. bovis and
E. zuerni are most often associated with
clinical disease. Coccidiosis is commonly
a disease of young cattle and occurs espe-
cially in management systems (night
holding place, limited water source, pad-
docks) which concentrate the hosts and
the parasites within a restricted area.
Bloody diarrhoea, progressive weight
loss and death, especially in animals after
weaning can result from heavy infections.
Ruminants do normally excrete a few
Eimeria spp. oocysts. The condition
called coccidiosis includes both severe
dysentery and excretion of a high number
of oocysts.

Geographic distribution: World-wide

Symptoms: Diarrhoea lasting for a few hours,
followed by a self cure or development of
severe dysentery accompanied by a haemor-
rhagic and viscous diarrhoea, dehydration
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and paralysis. Death can occur rapidly,
mainly in calves. Another form of coccidio-
sis is characterized by persisting, non-haem-
orrhagic diarrhoea with continuous weight
loss until cachexia. This condition may last
for several weeks. Animals that survive
severe illness can have significant weight
loss that is not quickly regained, or can
remain permanently stunted.

Significance: F. bovis and E. zuerni are most

commonly involved in clinical coccidiosis
of cattle.

Diagnosis: Clinical signs and extremely high

numbers of oocysts per gram of faeces
(50,000-500,000).

Therapy: The drugs that are commonly used

to treat clinical coccidiosis in ruminants are
listed in Table 1. These include sulfo-
namids, nitrofurazone, amprolium (10 mg/kg
po. > 10 days), monensin (1 mg/kg po. for
10-30 days) and lasalocid (0.5-1 mg/kg
po. for up to 6 weeks). Sulfadimidine
(33% solution for intravenous injection),
sulfamethazine (50-100 mg/kg, po. daily
for 4 days), sulfaquinoxaline (15 mg/kg, po.
for 3 days) may be used to treat sick ani-
mals. Sulfaguanidine is less effective than
the soluble sulfonamides which can be
administered orally or parenterally. Sul-
fonamides, combined with trimethoprime
can also be used to treat clinical coccidio-
sis. Toltrazuril (1 x 20 mg/kg) is highly
effective to treat clinical coccidiosis in
ruminants.

Prophylaxis: Young animals should be kept in

clean and dry quarters, and watering devic-
es should be protected from faecal contam-
ination. Decoquinate, amprolium and
ionophorous antibiotics can be used in cat-
tle for prophylaxis (Table 3). Neonates
should receive colostrum within 6 hours
after birth and stress (e.g. weaning, sudden
change in feed, etc.) should be minimized.

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



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

Fig. 15 Oocysts of Eimeria zuerni
(16-20 x 15-18 pm)

Fig. 16 Oocyst of Eimeria brasiliensis
(33-42 x 23-30 pm)

Fig. 17 Oocyst of Eimeria alabamensis
(16-24 x 12-16)

Fig. 18 Oocyst of Eimeria auburnensis
(36-42 x 19-26 pm)

Fig. 19 Oocyst of Eimeria bukidnonensis
(44 x 32 pm)
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1 Stages in the gut and faeces

Fig. 20 Coccidia found in cattle [1]

Fig. 22 Rumen flukes found in the rumen of
N’Dama cattle

Fig. 23 Haemorrhage in the small intestine of a
Fig. 21 Bull with an acute coccidiosis calf with an acute coccidiosis (Eimeria bovis)
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Table 3 Recommended use, dosage and dosage form of anticoccidial drugs used in cattle,
goats, sheep, and swine

Drug' Use Animal Dosage Dosage forms
Amprolium Therapeutic Cattle 10 mg/kg daily for 5 days 20 % soluble powder
Sheep 50 mg/kg daily for 5 days 9.6 % solution
Goats 100 mg/kg daily for 5 days Feed additive
crumbles
Swine 25-65 mg/kg once or

twice daily for 3-4 days
Prophylactic Cattle, sheep, 5-10 mg/kg daily for
goats 21 days
Swine 25 mg/kg in piglets for
first 3-4 days of life

Sulfonamides

Sulfamethazine Therapeutic Cattle, sheep, 50-100 mg/kg daily for Soluble powder

goats 4 days or bolus
Sulfaquinoxaline Therapeutic Cattle, sheep, 15 mg/kg, po.? daily for 9.6 % liquid
goats 4 days soluble powder
and feed additive
Sulfaguanidine  Prophylactic Sheep 0.5-3 g per lamb per day
for 20 days
Swine 60 mg/kg for 7-10 days

lonophorous antibiotics

Monensin Prophylactic ~ Cattle, sheep & 1 mg/kg for 30 days Feed additive
goats

Lasalocid Prophylactic Cattle, sheep &  0.5-1 mg/kg per day for Feed additive
goats up to 6 weeks

Other compounds

Nitrofurazone  Therapeutic All 10-20 mg/kg daily for 88.9 % m/m
5 days
Decoquinate Prophylactic Cattle 0.5 mg/kg in feed for at 6 % premix for
least 28 days addition to feed
Toltrazuril Therapeutic Sheep 20 mg/kg, single treatment 25 % liquid
Diclazuril Therapeutic Sheep, goats 20 mg/kg, po. 2.5 % suspension

! Several trade names, 2 po. = orally; {2]
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1 Stages in the gut and faeces

Cryptosporidium parvum (syn. C. bovis)

Location: Small and large intestine

Hosts: All domestic animals

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

Geographic distribution: World-wide

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

Significance: Cryptosporidium parvum is
pathogenic for calves, sheep, pig, rat and
man. Bovine cryptosporidiosis is a zoono-
sis. Diarrhoea due to Cryptosporidium
parvum alone is often mild and self-limit-
ing, although the severity may be related to
the general strength of the calf and the den-
sity of the pathogen in the environment and
the intensity of the exposure to the organ-
ism. Combination of the infection with
rota- and/or coronavirus are common and
result in persistent diarrhoea, emaciation
and death.

Diagnosis: Qocysts may be demonstrated in
Ziehl-Neelsen’s  carbol-fuchsin  stained
smears of diarrhoeic faeces (= METHODS,
1.10).

Therapy: No effective specific treatment
known. Supportive therapy, such as rehy-
dration and antibiotics may help in mild
cases. Chemoprophylaxis of bovine cryp-
tosporidiosis can be made experimentally
with halofuginone lactate (60-120 pg/kg/
day, po. for 7 days) or by paromomycin
(100 mg/kg/day for 11 days).

Prophylaxis: Animals with a massive oocyst
excretion should be separated from other ani-
mals and man. Contamination with faeces
should be avoided. Oocysts are resistant to
many disinfectants (exception 5% formalin}.
Empbhasis should therefore be on regular
removal of contaminated faecal material.
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Note: Trophozoites of Giardia bovis (small
intestine) and Entamoeba bovis (rumen,
intestines) occur world-wide in the faeces
of cattle, but are considered to be non-
pathogenic.

(Figures 24, 25)

Fig. 24 Oocysts of Cryptosporidium parvum
(4.5-5 pum) stained with carbol-fuchsine (#
METHODS 1.10)

Fig. 25 Qocysts of Cryptosporidium parvum
(4.5-5 pm) stained with the modified Ziehl-
Neelsen’s carbol-fuchsine (¥ METHODS, 1.10)

Buxtonella spp.

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

(Figure 26)



Fig. 26 Cyst of Buxtonella sp. (50-131 pm)

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

PARAMPHISTOMATIDAE

Location: Adult flukes in the rumen; immature
flukes in the small intestine

Hosts: Domestic and wild ruminants

Species description: A great number of species
of this family has been described in Africa.
Indirect life cycle with development in
freshwater snails (Bulinus spp.; Planorbis
spp.). The cercariae encyst on herbage
which is in contact with water and devel-
op into the infective stages {metacercariae).
Infection is acquired by ingestion of herb-
age contaminated with metacercariae,
especially around water holes. The adult
flukes are generally non-pathogenic (>80%
of adult cattle are infected in endemic
areas). Disease occurs when masses of
immature worms attach to the intestinal
mucosa after excystment, causing destruc-
tion and inflammation. Peaks usually at the
end of the dry season. Game animals, using
the same water holes, may be a source of
reinfection. Standing water, troughs and
other water bodies are preferred habitats
of the intermediate hosts.

Geographic distribution: World-wide

Symptoms: Enteritis with extensive diarrhoea,
hypoproteinaemia, weakness during the
intestinal phase, when immature worms
irritate the small intestinal mucosa. Severe
symptoms mainly in young stock. Irregu-
lar rumination and progressive degenera-
tion of the animal’s condition may be
found. Infections with adult rumen flukes
are generally inapparent, despite the high
numbers of adult parasites in the rumen.
Rumenitis may occur due to adult flukes,
especially if Carmyerius spp. are involved.
Adult flukes are generally non-pathogenic.

Significance: Severe diarrhoea and weakness,
generally caused by the immature intesti-
nal flukes, may lead to death.

Diagnosis: This is based on the demonstration of
immature flukes in the diarrhoeic faeces and
the presence of previous cases in the area.

Cave: In acute paramphistomidosis the large,
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 indicate
paramphistomidosis.

Therapy: Niclosamide (90 mg/kg po.), reso-
rantel (65 mg/kg po.) and closantel are
active against immature forms. Triclaben-
dazole (12 mg/kg) and albendazole (10
mg/kg) may also be used against immature
flukes. Resorantel is active only against
mature flukes (8=5° Table 4).

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

Table 4 Recommended drugs against
Paramphistomum spp. infections in cattle

Drug Dosage Immat. Mature
(mg/kg) flukes flukes
Niclosamide 160.0* +
Oxyclozanide 18.7
and Levamisole 19.4* +
Oxyclozanide 15 +
Resorantel 65 +

*at 3-day intervals
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1 Stages in the gut and faeces

Remarks: Rumen flukes in Africa belong to the
families of Paramphistomatidae (Bothri-
ophoron  bothriophoron; Stephanopha-
rynx compactus; Cotylophoron cotyloph-
orum and other Cotylophoron spp.; Par-
amphistomum spp. |8 species] and
Cotylophoron spp.; [C. daubneyi and C.
microbothrium are the most frequent spe-
cies|) and Gastrothylacidae (Carmyerius
spp. | C. spatiosus; C. papillatus; C. dollfu-
si |Zebu only in Madagascar}).

(Figures 27, 28, 29)

Fig. 27 Rumen flukes found in the rumen of
N’Dama cattle

Fig. 28 Paramphistomum sp. attached to the
rumen mucosa
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Fig. 29 Egg of a rumen fluke (Paramphistomati-
dae)

F. giganticca Tropical large liver tluke

(555" CATTLE, H 4.2)

F. bepatica Large liver fluke of temperate
areas and high altitude regions in East Africa

Location: Adult flukes in biliary ducts; eggs in
CATTLE, W 4.2)

the faeces (5=

(Figures 30, 31)

Dicrocoelium hospes African small liver fluke

(85 CATTLE, N 4.2)

Fig. 30 Egg of Fasciola hepatica
(130-150 x 63-90 pm)



D. dentriticum Small liver fluke

Location: Adult flukes in biliary ducts; eggs in
the faeces (#5° CarTTiE, 1 4.2)
(Figures 32, 33)

Fig. 32 Egg of Dicrocoelium dendriticum
(36-45 x 25 pm)

Fig. 31 Eggs of helminth
parasites of cattle (not
drawn completely to
scale) [3]

(1) Schistosoma bouis,
(2) Eurytrema pancreati-
cum, (3) Schistosoma
spindale, (4) Schistoso-
ma japonicum, (5) Schis-
tosoma indicum, (6)
Ornithobilharzia turke-
stanicum, (7) Thelazia
rhodesi, (8) Schistosoma
nasalis, (9) Oesophagos-
tomum radiatum™, (10)
Mammomonogamus
laryngeus, (11) Mecisto-
cirrus digitatus, (12)
Bunostomum phleboto-
mum*, (13) Carmyerius
spatiosus, (14) Cooperia
pectinata®, (15) Toxoca-
ra vitulorum and (16)
Fasciola hepatica.

* Strongyle-type eggs are
difficult to differentiate
in routine examinations

Fig. 33 Egg of Fasciola hepatica (a) and Dicrocoe-
lium dendriticum (b) [4]

Eurytrema pancreaticum Pancreas fluke

Location: Adult flukes in pancreatic ducts;
eggs in the faeces (85" SHEEP AND GOATS,
4.5)

(Figure 34)
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1 Stages in the gut and faeces

Fig. 34 Egg of Eurytrema pancreaticum
(40-50 x 23-34 pm)

Schistosoma spp. (S. bovis, S. mattheei,

S. curassoni) Blood flukes

Location: Adult flukes in mesenteric veins;

eggs in the intestinal wall and faeces (65
CATTLE, 2)

(Figures 335, 36)

Fig. 35 Egg of Schistosoma bovis (180 x 60 pm)

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

(Figure 37)

Mouniezia expansa and Moniezia benedeni
Common tapeworms

Location: Small intestine

Hosts: Cattle, sheep, goat and many other
ruminants

Species description: Worms are up to 6 m long
and 1.6 cm wide (M. expansa). M. benede-
ni which occurs more often in cattle is
broader (up to 2.6 cm). The life cycle of
Moniezia is indirect, including many spe-
cies of oribatid mites as intermediate hosts.
Ruminants are infected by ingestion of the

Characteristics Moniezia Moniezia Avetellina spp.  Thysaniezia Stilesia
expansa benedini giardi hepatica

Length 1-6 m 26 mm 3m 2m 20-50 cm
Width 16 mm 26 mm 3mm 12 mm 2mm
Egg Semi-triangle  Diamond-shaped Oval Oval Round
Genitalia Double Double Single Single Single
Interproglottid glands Follicular Compact - - -
Paruterine organs - - One: lemon- Numerous: Two:

in gravid segment shaped onion-shaped  round

Fig. 37 Morphological identification of common cestodes in ruminants [5]
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infected mites with herbage. The prepatent
period is 35-40 days. Infections with
Moniezia spp. may be found in more than
50% of a particular population. M. expan-
sa eggs are triangular, contain a pyriform
apparatus and measure 56 x 67 pm. M.
benedeni eggs are cuboid, with a thick,
ornamented shell and measure 75 pm in
diameter.

Geographic distribution: World-wide

(Figures 38, 39, 40, 41, 42)
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Fig. 40 Moniezia sp.; segments with double
genitalia [4]

Fig. 38 Moniezia sp.

Fig. 41 Egg of Moniezia sp. (60-80 pym in

diameter)
1 Mite on grass eaten by cattle, 2 Mite eats tapeworm egg, 3 Tapeworm egg
in proglottid, 4 Dung pat containing proglottids
Fig. 39 Life cycle of Moniezia spp. [6] Fig. 42 Moniezia sp. in the small intestine of a calf
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Avitellina centripunctata

Location: Small intestine

Hosts: Sheep, goat, dromedary and rarely cattle

Species description: Adults reach 3 m in length
and are about 3 mm wide. Proglottids
appear not segmented. The uterus and the
paruterine organs show an opaque line in the
medial portion of the proglottids. The eggs
measure 21-45 pm. This genus is non-path-
ogenic. Oribatid mites but also bark lice and
dust 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 cattle, dromedary and
wild ruminants

Species description: Adults reach 2 m in length
and are 12 mm wide. The side of the seg-
ment bulges out, giving the margin of the
worm an irregular appearance. Eggs are
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Fig. 43 Morphology
(schematic) of proglot-
tids of different tape-
worms found in rumi-
nants; EL, EQ = excre-
tion pores, GP = genital
pore, HO = testicular
vesicles, OB, OV =
ovary, PA = paruterine
organ with eggs, PR =
internal proglottis, TP
= terminal proglottis,
UPA = uterus with
paruterine organ and
VI = vitellarium [7]

found in groups of 10-15 in elongated
paruterine organs (about 100 pm long),
with a thick gray shell and a protuberance
at one end. Oribatid mites and psocids
(bark lice, dust lice) are the intermediate
hosts. This species is not clinically impor-
tant but frequently encountered, especially
in southern parts of Africa.

Geographic distribution: Arid areas of Africa

(Figures 37, 43, 44)

Fig. 44 Thysaniezia ovilla; segments with single
genitalia which alternate irregularly [8]



Stilesia globipunctata

Remarks: This tapeworm occurs in the small
intestine mainly of sheep, goat, dromedary
and rarely of cattle and other ruminants in
Europe, Africa and Asia (85 Sheep and

Goats, B 1).

(Figures 45, 46)

Fig. 45 Stilesia sp.; proglottids (a) and scolex (b);
PA = paruterine organ [4]

Fig. 46 Stilesia globipunctata; immature segments

(8]

® General features of intestinal tapeworms
(Moniezia spp., Thysaniezia spp.,
Avitellina spp. and Stilesia spp.) of
ruminants

Symptoms: Generally inapparent infections;
heavy infections are found only in young
animals and can cause reduced weight

gain. Masses of Moniezia can cause
obstruction of the intestine.

Cave: Because of the large size of the tape-
worms their presence is obvious 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: Proglottids which look like cooked
rice grains, containing typical thick-shelled
or imperfectly rounded eggs, appear in the
faeces. Eggs may also appear isolated in the
faeces. The presence of tapeworms in the
small intestine at slaughter is conclusive.

Therapy: Niclosamide (75-90 mg/kg) and
praziquantel (5 mg/kg, sheep only) are spe-
cific cestodicidal drugs. In addition the fol-
lowing benzimidazoles are effective against
tapeworms: albendazole (7.5 mg/kg), fen-
bendazole (5-10 mg/kg), oxfendazole (5 mg/
kg), mebendazole (15-20 mg/kg, po.),
netobimin (7.5-20 mg/kg, po.), febantel
(5-7.5 mg/kg, po.). Special attention
should be given to the control of tape-
worms in lambs to avoid losses in heavily
infected populations.

Prophylaxis: Reduction of the mite population
is not feasible and emphasis should be
given to anthelmintic treatments when
losses due to tapeworms occur.

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

Gongylonema pulchrum
Gullet worm, zigzag worm

Location: Mucosa of oesophagus and fore-
stomachs

Hosts: Sheep, goat and less frequently cattle

Species description: Eggs laid by adult worms
are passed in faeces and hatch into larvae
when swallowed by manure-eating beetles
or cockroaches. Larvae in cattle may be lib-
erated in the stomach and migrate towards
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the oesophagus. Adult worms are 6 to 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 zigzag
pattern.

Geographic distribution: World-wide

Symptoms: Rarely observed

Significance: This is a harmless parasite and
mainly found at autopsy. Irritation of the
oesophageal and gastric mucosae may
occur in infected animals.

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

Therapy: Generally not indicated

Prophylaxis: Keeping the animals on dry, well-
drained grounds or concrete floors has
been described to be effective in controlling
infection.

(Figures 47, 48, 49)

Fig. 47 Gongylonema pulchrum; typical zigzag
pattern |4]

Fig. 48 Gongylonema pulchrum; anterior end with
cuticular plaques [8]
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Fig. 49 Gongylonema pulchrum; anterior end with
cuticular plaques [5]

Gongylonema verrucosum
Rumen gullet worm

Location: Mucosa of rumen, reticulum, oma-
sum

Hosts: Cattle, sheep and goat

Species description: Not well known; dung
beetles 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 typical.

Geographic distribution: South Africa, India,
USA

Symptoms: Inapparent

Significance: Non-pathogenic

Diagnosis: Casually at necropsy

Therapy: Unknown

Prophylaxis: 15° above G. pulchrum

Parabronema skrjabini

Location: Abomasum

Hosts: Cattle, sheep, goat and dromedary

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



Fig. 50 Parabronema rhodesiense; anterior end (a),
lateral view of the tail end of a male (b), ventral
view of the tail of a male (c) [9]

worms are > 36 mm long and the vulva is
situated at 5 mm distance to the hind end.
The anterior end is characterised by pseu-
do-lips, which are wound around the buc-
cal opening. Four papillae 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 terminal papillae
is present as it is in all the spirurids.

Geographic distribution: Asia, Central and
East Africa

Symptoms: Unspecific; abomasitis may be
found.

Significance: Unknown; P. skrjabini may play
a role together with other gastrointestinal
nematodes

Diagnosis: At necropsy, adult worms may be
found in abomasal scrapings.

Therapy and Prophylaxis: A specific therapy
and prophylaxis is not described and prob-
ably also not necessary. For further infor-
mation & below THERAPY OF NEMATODE
INFECTIONS, p. 53

(Figure 50)

Haemonchus contortus Large stomach worm,
twisted wire worm, barber’s pole worm

Location: Abomasum
Hosts: Cattle, sheep, goat and other ruminants
Species description: H. contortus is known as

the “red stomach-worm” or “wire worm”
of ruminants and one of their most preva-
lent and most pathogenic parasites. Adults
are 10 to 30 mm long. Males are shorter
than females and have a reddish colour and
a bursa with an asymmetrical dorsal lobe
and barbed spicules. Females are identified
as “barber’s pole worms” because their
white uteri are wound around their red
blood-filled intestine. The vulva flap is
prominent in female worms. The life cycle
is direct and typical for the strongyle nem-
atodes. The prepatent period is 19-21 days
but it can be shortened by immunosuppres-
sive pathogens such as concomitant try-
panosome infections and stress factors. In
arid areas, the parasite survives the dry sea-
son as inhibited fourth-stage larvae within
the abomasal mucosa of the host. The
inhibited larvae resume their development
a few weeks before the onset of the new
rainy season. This phenomenon is accom-
panied by a drastic increase of the egg out-
put of infected animals before the wet sea-
son starts (“rains rise”).

Geographic distribution: World-wide

Symptoms: Anaemia, oedema (“bottle jaw”),
rough coat, weight loss or retarded growth

Significance: H. contortus is a very common
parasite and one of the most pathogenic
nematodes of ruminants. Heavy infections
cause death in young animals, whereas
chronic infections cause anaemia, hypo-
proteinaemia, progressive emaciation.
These effects are generally compensated
during the rainy season and only appear
progressively during the following dry sea-
son when previously heavily infected ani-
mals may die.

Diagnosis: Eggs of strongyle-type appear in the
faeces. In acute infections anaemia and
death may occur before the worms reach
maturity. No eggs are found in this case in
the faeces and only the examination of the
abomasum at necropsy allows an exact
diagnosis.

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

(Figures 51, 52, 53, 54, 55, 56, 57, 58, 59, 60)
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Fig. 51 Haemonchus contortus; adult parasites

Fig. 52 Haemonchus contortus; twisted unteri and
mtesine [10]

Fig. 53 Haemonchus contortus; prominent cervical
papillae (50x)
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Fig. 54 Haemonchus contortus; bursa copulatrix
(schematic) with barbed spicules (490-540 pm
long) and asymmetrical dorsal lobe |3]

Fig. 55 Haemonchus contortus; vulva flap

Fig. 56 N°'Dama calf showing emaciation and “bot-
tle jaw” due to a chronic haemonchosis



Fig. 57 Pale mucosa membranes following a heavy
Haemonchus contortus infection

Fig. 58 Oedematous abomasal mucosa due to
hypoproteinaemia [10]

Mecistocirrus digitatus

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

Hosts: Cattle, buffalo, sheep, goat, pig and
very rarely man

Species description: This nematode resembles
Haemonchus contortus. The females also
have the ovaries wound spirally around the
intestine but they differ from the latter by
the position of the vulva which is situated
about 0.6-0.9 mm from the tip of the tail
and the absence of a vulvar flap. The male
bursa has a symmetrical dorsal lobe, which
is very small. The spicules are long (3.8-7
mm) and united together for almost their
whole length. The eggs measure
95-120 X 56-60 pm. This nematode is a
blood sucker.

Geographic distribution: Widespread in Cen-
tral and South America, Asia, Africa
(including island of Mauritius)

Fig. 59 Haemonchus contort on the abomasal
mucosa of a calf

Fig. 60 Strongyle-type egg [11]

Symptoms: Acute infections are associated
with anaemia, weakness, poor growth and
sometimes death. Chronic infections are
associated with oedema, bottle jaw and
progressive weight loss.

Significance: M. digitatus is an important par-
asite in endemic areas and young animals
are particularly at risk. The effects are sim-
ilar to those of Haemonchus contortus.
This parasite generally occurs together
with other gastrointestinal nematodes.

Diagnosis: Strongyle-type eggs appear in the
faeces. Adult worms may be identified at
necropsy.

Therapy and Prophylaxis: 15 below THERAPY
OF NEMATODE INFECTIONS, p. 53
(Figures 61, 62, 63)
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Fig. 61 Mecistocirrus digitatus; anterior end [8]

Fig. 62 Mecistocirrus digitatus; bursa copulatrix [3]

Fig. 63 Mecistocirrus digitatus; female worm
(19-43 mm long; 470 pm in diameter) [9]
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Trichostrongylus axei Stomach hair worm

Location: Abomasum and occasionally small
intestine

Hosts: T. axei occurs in the abomasum of
sheep, goat, cattle, wild ruminants and in
the stomach of pig, horse donkey and man.

Species description: Direct nematode life cycle;
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 gubernaculum length is
50-61 pm. The eggs measure 79-92 x
31-41 pm.

Geographic distribution: World-wide

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

Significance: Serious weight loss and poor
growth occur when animals are heavily
infected especially in mixed infections with
Haemonchus, Ostertagia and heavy Coop-
eria burdens.

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

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

(Figures 64, 65, 66)

Fig. 64 Trichostrongylus axei, spicula (74-98pm
and 96-128 pm) and gubernaculum (50-61 pm)



Fig. 65 (Berlin) Cooperia spp.; (a), Trichostrongy-
lus spp. (b) and Nematodirus sp. (c); anterior ends
(above) and bursa copulatrix (below) [4]

Fig. 66 Trichostrongylus axei; spicula (74-98 pm
and 96-128 ym) and gubernaculum (50-61 pm) [5]

Trichostrongylus colubriformis and other

Trichostrongylus spp. Hair worms, black
scours worms

Location: Small intestine

Hosts: Cattle

Species description: & above T. axei; the male
worms are 4—4.5 mm and the females 5-7
mm long. The spicules of T. colubriformis
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 into the crypts of the
intestinal cells.

Geographic distribution: World-wide

Symptoms: Trichostrongylus spp. infections
may be difficult to diagnose. The symp-
toms they produce are similar to those of
other trichostrongylid infections. Weak-
ness, diarrhoea or constipation and in
chronic infections anaemia due to emacia-
tion and malnutrition may be seen.

Significance: T. colubriformis and other small
intestinal Trichostrongylus spp. are com-
monly present in mixed-species infections,
so their effect is additive.

Diagnosis: Strongyle-type eggs appear in the
faeces. Adult worms can be identified at
necropsy.

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

(Figures 67, 68)

Fig. 67 Trichostrongylus colubriformis; bursa
copulatrix with spicula (135-156 pm)
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Fig. 68 Trichostrongylus colubriformis; spicula
(135-156 pm) and gubernaculum (65-75 pm) [5]

Ostertagia spp. (O. ostertagi, O. |syn. Skrjab-
inagia] lyrata and other species)

Brown stomach worms

Location: Abomasum, upper small intestine
Hosts: Cattle, sheep and goat
Species description: O. ostertagi is the most
important trichostrongylid of cattle world-
wide. In Africa it plays a role in imported
cattle and autochthonous infections are
reported from East Africa. O. circumcincta
was reported from sheep and goats in East
Africa (Kenya, Ethiopia, Uganda, Zambia)
and South Africa, and O. pinnata was only
reported from sheep in Kenya. O. lyrata
(syn. Skrjabinagia lyrata or Grosspiculagia
lyrata) occurs in cattle in Africa. It is very
similar to O. ostertagi which accounts for
enormous losses world-wide in cattle
rasing areas. Adult worms of the genus
Ostertagia are brownish, thread-like, and
grow to 9 mm in length. They all have a
restricted and small cephalic vesicle, small
cervical papillae projected from the body
surface and pronounced longitudinal,
cuticular ridges. The life cycle is direct and
typical for roundworms. Environmental
conditions of cold or excessive dryness may
trigger a condition known as hypobiosis,
in which larval development in the abom-
asal mucosa is arrested and maturation is
resumed several months later. Ingested
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larvae enter the glands of the abomasum,
causing erosion of the cells, maldigestion,
protein losses with the consequence of
weight loss, diarrhoea and hypoprotei-
naemia.

Geographic distribution: World-wide

Symptoms: Severe diarrhoea, oedema (bottle
jaw or ascites), weight loss leading to
emaciation.

Significance: Ostertagia spp. are widespread
parasites of cattle. Affected cattle not only
lose weight but often die of clinical oster-
tagiosis. Ostertagia spp. infections are
generally accompanied by other gastroin-
testinal nematodes.

Diagnosis: Strongyle-type eggs appear in the
faeces. Eggs per gramm > 1000 in calves
indicate a harmful condition. It should be
controlled with an anthelmintic treament.

Therapy and Prophylaxis: Avoid overstock-
ing, use pasture management to avoid
accumulation of infective larvae on herb-
age and soil; regular or strategic use of
anthelmintics & below THERAPY OF NEM-
ATODE INFECTIONS, p. 53

(Figures 69, 70, 71, 72)

Fig. 69 Ostertagia ostertagi; bursa copulatrix with
spiculum (200 — 280 pm) [12]



Fig. 70 Spicules of: (a) Ostertagia circumcincta (up
to 450 pm long), (b) Ostertagia trifurcata
(150-180 pm long) and (c) Ostertagia ostertagi
(200-280 pm long) [3]

Cooperia spp. (C. pectinata, C. punctata,
C. spatulata and other species)
Cattle bankrupt worms

Location: Small intestine

Hosts: Cattle

Species description: Direct life cycle; infective
larvae develop within 4 days after faecal
deposition. Typical for all Cooperia spp.
the “swollen” head because of a pro-
nounced cephalic vesicle. The body cuti-
cle bears 14-16 longitudinal ridges which
appear punctuated. There are no cervical
papillae. The spicules are stout, pigment-
ed brown and usually 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
trichostrongylids.

Fig. 71 Ostertagia ostertagi; nodules in abomasal
mucosa (2—-4 mm in diameter)

Fig. 72 Ostertagia sp.; anterior end with cephalic
vesicle

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

Symptoms: Reduced weight gain, especially in
calves; diarrhoea can occur, causing dehy-
dration which can severely affect young
stock.

Significance: Heavy burdens with Cooperia
spp. result in poor utilization of feed,
weight loss and transient diarrhoea. Espe-
cially in calves they can significantly con-
tribute to the overall damage of gastroin-
testinal nematode infections.

Diagnosis: Strongyle-type eggs occur in the
faeces. Species diagnosis only with adult
specimens at necropsy.

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

(Figures 73, 74, 75, 76, 77, 78)
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Fig. 73 Cooperia spp.; adult parasites [10]

Fig. 76 Cooperia punctata; anterior end with
enlarged cephalic vesicle

Fig. 74 Cooperia punctata; bursa copulatrix with
spicules (123-145 pm)

Fig. 75 Cooperia pectinata; anterior end with Fig. 77 Cooperia pectinata; spicules (240-390 pm)
enlarged cephalic vesicle
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Fig. 78 Spicules of (a) Cooperia curticei (135-145
pm long), (b) Cooperia punctata (123-145 pm long)
and (c) Cooperia pectinata (240-390 pm) [3]

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

Location: Small intestine

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

Species description: Nematodirus species have
an inflated cuticle (bell-glass) around their
anterior end. The anterior end is clearly thin-
ner than the posterior part. The bursa of the
males has elongate lateral lobes and the spic-
ules are long and slender and their tips are
fused together. The tail of the females is short
with a slender terminal appendage. The eggs
are large (150-260x 65-110 pm) and can be
distinguished from those of other tricho-
strongylids by their large size. The life cycle
is direct. Infective third-stage larvae develop
within the eggs which are resistant to adverse
environmental conditions. Infection occurs
when infective larvae are ingested. The pre-
patent period is 15-28 days.

Geographic distribution: World-wide; 5-6
Nematodirus species are known to occur in
North Africa (Maghreb) and certain
regions of South Africa. Little is known
about the tropical regions of Africa but it

seems that N. spathiger, N. belvetianus and
N. filicollis occur in tropical areas.

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

Significance: Heavy infections together with
other gastrointestinal nematodes may cause
poor growth, emaciation and death. The
host is harmed mainly by the larvae which
may cause significant destruction of the
intestinal epithelial cells.

Diagnosis: Typical eggs which are larger than
most strongyle eggs appear in the faeces.

Cave: The eggs of the small ruminant hook-
worm Gaigeria pachyscelis are also large
and should be differentiated from those of
Nematodirus spp. During the prepatent
period damage and symptoms of infection
may be seen without the typical eggs being
excreted in the faeces. Mucosal scrapings
may demonstrate the immature worms in
the mucosa.

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

(Figures 79, 80, 81, 82)

Fig. 79 Eggs of Nematodirus spp. (150-260 x
65-110 pm)
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Fig. 80 Posterior end of spicules of: (a) Nemato-
dirus helvetianus, (b) N. filicollis, (c) N. spathiger
and (d) N. battus [5]

Fig. 81 Nematodirus spathiger; bursa copulatrix
with spicules (950 pm long; tips fused together) [5]
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Fig. 82 Nematodirus
belvetianus;

anterior end with
enlarged cephalic
vesicle (schematic)

Impalaia tuberculata

Remarks: This is mainly a parasite of the
dromedary, rarely of zebu, cattle and sheep
in many parts of Africa. It occurs in the
abomasum and upper small
(855" DROMEDARIES, & 1).

intestine

Dictyocaulus viviparus Cattle lungworm

Remarks: The first-stage larvae of Dictyocaulus
viviparus (v Cartle, M 4.3) is found in the
faeces of infected animals. The larvae are
recovered from the faeces by means of the
Baermann technique (85 METHODS, 1.7).

(Figure 83)

Fig. 83 First-stage larvae of Dictyocaulus vivipar-
us (390-490 x 25 pm) [4]



Oesophagostomum radiatum Nodular worm

Location: Adult worms are found in the large
intestine (caecum and colon ascendens).
Larvae occur in nodules between small
intestine and rectum.

Hosts: Cattle

Species description: Direct life cycle; ingested
larvae penetrate the intestinal wall, form-
ing nodules anywhere between the small
intestine and the rectum. The head end of
the adult worms is characterised by a large
cephalic vesicle which is constricted behind
its middle. Eggs appear in the faeces about
40 days after ingestion of the third-stage
larvae.

Geographic distribution: World-wide

Significance: 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 infections.

Symptoms: Heavy infections are accompanied
by anaemia, oedema (hypoalbuminaemia)
and diarrhoea (reduced fluid absorption).
Oesophagostomum infections occur gen-
erally with other gastrointestinal nema-
todes.

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

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

(Figures 84, 85, 86, 87)

Fig. 84 Oesophagostomum spp.; adult parasites

Fig. 85 Oesophagostomum radiatum; anterior end
with large, constricted cephalic vesicle

Fig. 86 Multiple nodules caused by Oesophagos-
tomum radiatum in the caecal mucosa of a calf

Fig. 87 Multiple nodules in the wall of the large
intestine caused by Oesophagostomum radiatum;
view from the serosa side
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Oesophagostomum multifoliatum

Remarks: This is mainly a large intestinal par-
asite of sheep, goats but also zebu. Its
occurrence has been reported from Nige-
ria, Kenya, Tanzania and Zimbabwe
(55" SHEEP AND GOATS, M 1).

Oesophagostomum columbianum

Remarks: This parasite occurs in the colon of
sheep, goats, camel, a number of antelopes
and occasionally of zebu. It occurs world-
wide and is particularly reported from
tropical Africa (855° SHEEP AND GOATS, ™ 1).

Bunostomum phlebotomum
Cattle hookworm

Location: Small intestine

Hosts: Cattle

Species description: Adults are 10-28 mm long.
There is a prominent buccal capsule with
two pairs of subventral 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 pathogenic helminths of cattle in
warm and humid areas. Especially for
suckling and freshly weaned calves, during

Fig. 88 Bunostomum
phlebotomum; anterior
end (a) and bursa copu-
latrix (b) [5]

48

the rainy season it can be a major patho-
gen causing severe anaemia. Only 50 adult
specimens in the small intestine can cause
severe anaemia In calves. This parasite is
generally accompanied by other gastroin-
testinal nematodes. Bunostomum was
found to occur focally only in certain herds
of a region.

Geographic distribution: World-wide, espe-
cially in warm, humid zones

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

Significance: B. phlebotomum may be a seri-
ous threat to cattle, especially to calves.
Because of its skin-penetrating infection
mode, it can also affect suckling calves, kill-
ing them within a few days. Heavy infec-
tions cause acute anaemia and death.
Chronic infections result in poor growth.

Diagnosis: Strongyle-type eggs in the faeces
and severe anaemia especially in young
calves during the rainy season may suggest
hookworm infection.

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

(Figures 88, 89)



Fig. 89 Bunostomum phlebotomum; adult male
(10-18 mm) and female (25-28 mm)

Toxocara (syn. Neoascaris) vitulorum
Large cattle roundworm

Location: Small intestine

Hosts: Cattle

Species description: Large white worms with
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 therefore have a soft,
translucent appearance. Adults are almost
exclusively found in young calves. Adult
females produce enormous numbers of
eggs (8 x 106 eggs per day).
The patency is low and 4-6 months after
birth no adults remain in calves. Eggs
become infective within 15 days and may
survive for extended periods. Infection is
acquired by ingestion of embryonated eggs
(containing second-stage larvae). The lar-
vae hatch in the intestine of the host and
penetrate the intestinal wall and either
migrate via liver, lungs, trachea, oesopha-
gus to the intestines where they develop to
adults or they migrate to several tissues,
including mammary glands. These larvae
may remain dormant until they are mobi-
lized during the late pregnancy to pass via
the milk to the calves. These larvae may
reach maturity about three weeks after the
calf is born. Toxocara larvae can also cross
the placenta. T. vitulorum is found almost
exclusively in calves and prenatal and
trans-mammary infections constitute the
major sources of infection of young calves.

Geographic distribution: World-wide
Symptoms: Unspecific; intermittent diarrhoea,

steatorrhoea, colic due to intestinal
obstruction, weight loss and death.

Significance: In tropical and subtropical

regions of Africa T. vitulorum is consid-
ered as a serious parasite with high mortal-
ity rates among neonatal calves. In temper-
ate areas this parasite occurs without pro-
ducing great losses.

Diagnosis: Eggs with thick, pitted shells

(75-95 x 60-75 pm) appear in the faeces
of calves which are around 4-6 weeks old.
Sometimes adult, almost transparent
worms appear on the faeces. An increased
antibody titer of the pregnant cow close to
birth may indicate a risk of prenatal infec-
tion of the foetus.

Therapy: Several of the anthelmintics com-

monly used for trichostrongyle infections
in cattle are also effective against T. vitul-
orum in calves. These include albendazole,
fenbendazole, oxfendazole, febantel,
mebendazole and levamisole. Piperazine
(70-150 mg, po.) also eliminates T. vitul-
orum (= below THERAPY OF NEMATODE
INFECTIONS).

Prophylaxis: In endemic areas pregnant cows

and neonatal calves should be treated with
compounds which are effective especially
against immature stages such as levamisole
(7.5 mg/kg po. or pour on), pyrantel
(10-20 mg/kg po.) or fenbendazole (7.5

mg/kg po.).

(Figures 90, 91)

Fig. 90 Toxocara vitulorum; adult worms
(up to 30 cm long) found in the small intestine at
slaughter [8]
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Fig.

91 Egg of Toxocara vitulorum

(69-95 x 60-77 pm) [11]

Trichuris ovis, Trichuris globulosa and

Trichuris discolor Whipworms

Location: Caecum and colon
Hosts: Cattle, sheep, goat and many other

ruminant species

Species description: Whip worms are 3-8 cm

long and easily identified by their long fil-
amentous anterior portion and a thick
shorter posterior portion. The male poste-
rior end is usually tightly coiled and there
is a single spicule. Direct roundworm life
cycle. Infective larvae (second-stage larvae)
develop within the eggs after at least 3
weeks on pasture. Eggs may remain infec-
tive for several years. Animals become
infected by ingesting embryonated eggs,
and the larvae penetrate the anterior small
intestine for 2-10 days before they move to
the caecum where they develop to adults.
Prepatent period is 50-84 days and varies
markedly among the species. High num-
bers of preadult and adult worms cause
irritation and inflammation of the caecum
and colon.

Geographic distribution: World-wide
Symptoms: Mild infections (up to 50 adult Tri-
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churis spp. in cattle or small ruminants) do
not cause symptoms. Heavy infections
(> 500 adult Trichuris spp.) may cause col-
itis, diarrhoea, progressive weight loss.
Oedema may occur in the neck and thorac-
IC region.

Significance: Whipworms are widespread but

the naturally acquired infections in cattle,
sheep and goats usually do not cause clinical
disease. Sheep older than 8 months show an
age resistance, resulting in a resistance to
reinfection 2-3 weeks after a primary infec-
tion. However, animals kept in poor condi-
tion and carrying multiple infections (e.g.
trypanosomes and trichostrongylids) are
often heavily parasitised by Trichuris spp.

Diagnosis: Demonstration of the characteris-

tic, brown, barrel-shaped eggs with a trans-
parent plug at either pole.

Therapy: Some of the modern benzimidazoles

(at increased dose rates) may be used to
treat Trichuris spp. and Capillaria spp.
infections in ruminants. These include
albendazole, fenbendazole, netobimin and
oxfendazole. [vermectin (200 pg/kg, sc.) is
effective.

Prophylaxis: Difficult because of the tenacity

of the infective eggs. Regular removal of
faeces in the surroundings of the animals
may drastically reduce the infection risk.

(Figures 92, 93, 94)

Fig. 92 Trichuris spp.; adult parasites

Fig. 93 Trichuris spp.; masses of worms in the
large intestine of a calf



Fig. 94 Egg of Trichuris spp. (70-80 x 25-40 pm)
(4]

Trichuris skrjabini

Remarks: This parasite occurs in dromedaries
and may occasionally be found in cattle
(v DROMEDARIES, ¥ 1).

Capillaria bovis

Location: Small intestine

Hosts: Cattle, sheep, goat and other ruminants

Species description: C. bovis occurs in the gas-
trointestinal tract of cattle, sheep and
goats. The males are 8-13 mm and the
females are 12-20 mm in length. The eggs
measure 45-50 pm X 22-25 pm. The life
cycle is direct.

Geographic distribution: Temperate climates
but via imports also in Africa

Symptoms: Low or no pathogenic effect in
ruminants

Significance: Little is known about Capillaria
spp. except that they occur frequently.

Diagnosis: Detection of Capillaria eggs by the
flotation or sedimentation method.

Therapy and Prophylaxis: = Trichuris spp.

(Figures 95, 96)

Fig. 95 Capillaria bovis; adult parasite containing
eggs

Fig. 96 Egg of Capillaria bovis
(40-50 % 22-25 pm)

Strongyloides papillosus

Intestinal threadworm

Location: Small intestine

Hosts: Cattle, sheep, goat, dromedary and
other ruminants

Species description: S. papillosus is a hair-like
nematode which is 3.5-6 mm long and only
0.05-0.06 mm wide. Only the parthenoge-
netic females are parasitic. They are embed-
ded in the mucosa of the upper small intes-
tine. Free-living males and females repro-
duce sexually outside the host. Infection is
acquired by ingestion of infective third-
stage larvae and skin penetration.
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1 Stages in the gut and faeces

S. papillosus can cross the placenta and
infect calves before birth. This parasite
can also pass via the colostrum to new-
born calves.

After ingestion or skin penetration of infec-
tive larvae they migrate via blood to the
lungs. After penetration of the alveoli they
are coughed up and swallowed, and devel-
op within 9 days into adults. There are two
possible ways of development; one is a
homogonic cycle involving adult females in
the host producing eggs that do not require
fertilisation to develop. These eggs are
passed in the faeces and then develop to
infective third-stage larvae.

In the heterogonic cycle adult threadworms
in the intestine lay eggs which develop into
a different type of larvae. These larvae can
develop to adult males and females which
can live outside the host. The fertilised eggs
of this population produce infective larvae
that are ingested by the host. The prepatent
period is about 10 days!

Geographic distribution: World-wide

Symptoms: The migratory phase is associated
with coughing, fever and pneumonia
which may be followed by secondary infec-
tions, especially in calves kept under poor
conditions. Adult parasites cause irritation
and severe inflammation of the small intes-
tine. Catarrhal enteritis, digestive distur-
bances and intermittent 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
young calves.

Diagnosis: Small, embryonated, thin-shelled
eggs appear in the faeces. The adult, para-
sitic females are difficult to recognise at
necropsy. Microscopical examination of
mucosa scrapings is necessary to discover
them.

Therapy: Not all the anthelmintics are effec-
tive against the intestinal threadworms.
Albendazole, febantel and fenbendazole,
oxfendazole are effective and proven
against S. papillosus. Most of the modern
benzimidazoles are effective against
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S. papillosus (Table 5). Thiabendazole (75
mg/kg, po.) is very effective. Ivermectin
(200 pg/kg, sc.) is effective against the adult
worms. Levamisole and mebendazole are
insufficiently effective against intestinal
threadworm infections.

Prophylaxis: Special attention must be paid to

pasture management. The night 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
anthelmintic to avoid transplacental infec-
tion of the unborn calf. Treatments must
be repeated more frequently than with
other nematodes because of the extremely
short prepatent period.

(Figures 97, 98)

Fig. 97 Strongyloides papillosus; free living male
(a) and parthenogenetic parasitic female (3.5-6
mm long) with elongated oesophagus (b) [5]



Fig. 98 Embryonated egg of Strongyloides papillo-
sus (45-65 x 25 ym)

e Therapy of nematode infections

Species of Haemonchus, Mecistocirrus, Para-
bronema, Trichostrongylus, Ostertagia, Coop-
eria, Impalaia, Nematodirus, Bunostomum,
and Oesophagostomum

Gastrointestinal nematodes occur wherever
ruminants are raised. Attempts to control nem-
atode infections should concentrate on a
reduction of the worm load rather than on an
eradication of these parasites. The risk to
acquire a harmful infection is high where the
stocking rate is high (fenced paddocks, corre-
os, night holding places, etc.) or when the daily
grazing time is short at the time when animals
should put on body weight (e.g. rainy season
in mixed farming-systems of sub-Saharan
regions). Priority should be given to strategic
control rather than to a regular dosing of
anthelmintics. Animals at risk (weaned calves)
should be treated repeatedly during the first
grazing season. Strategic control programs of
first season grazing animals in temperate areas
are described extensively (2= FURTHER READ-
ING). In semiarid areas first season calves
should be treated at least twice during the rainy
season, 4 weeks after the onset of the rains and
at the end of the rains with an anthelmintic list-
ed below, in order to make animals use the
great food resources of the wet season. An
additional treatment at the culmination of the

wet season may markedly increase the growth
rate. Regular rotation of the heavily contami-
nated pastures or night holding places and long
daily grazing periods during the rainy season
are effectively reducing the risk of nematode
infections. Rainy season treatment is more
effective than dry season treatment.

(Figures 99, 100, 101, Table 5)

Fig. 99 N°Dama cattle tethered on a “correo”.
The night holding areas may represent an impor-
tant source of infections with gastrointestinal
nematodes

1 L3 Larvae in grass, 2 L2 Larvae in dung, 3 L1 Larvae in dung pat, 4 Nematode
egg in dung pat

Fig. 100 Direct life cycle of a typical round worm
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Table 5 Anthelmintics recommended for cattle and sheep

Anthelmintics Spectrum Dosage (mg/kg)

Cattle Sheep AM
Albendazole Nematodes, cestodes, trematodes 7.5 5.0 po.
Coumaphos Trichostrongylid spp. 2 (6x) po.
Febantel Nematodes 7.5 5 po.
Fenbendazole Nematodes, cestodes 7.5 5.0 po.
lvermectin Nematodes, arthropods 0.2 0.2 po. or sc.
Ivermectin and Nematodes, trematodes, arthropods 0.2/7 po.

Clorsulon

Ivermectin Nematodes, trematodes, arthropods 0.5 pour on
Levamisole Nematodes 50 5.0 sc. or im.
Levamisole Nematodes 7.5 7.5 po.
Levamisole Nematodes 10 10 pour on
Mebendazole Nematodes 20 po.
Netobimin Nematodes, cestodes 7.5 7.5 po.
Morantel tartrate Nematodes 10 10 po.
Morantel tartrate Nematodes SRB* ir.
Oxfendazole Nematodes, cestodes 4.5 5 po.
Phenothiazine Nematodes 220! po.
Pyrantel tartrate Nematodes 12.5 25 po.
Thiabendazole Nematodes 44-75 po.
Moxidectin Nematodes, arthropods 0.2 0.2 po.

*Slow Release Bolus (rumen retention device releases about 200 mg/day for 60 days)

! safety index very low (= 1); AM = application method, po. = orally, sc. = subcutaneously, im. = intramuscularly and

ir. = intraruminal
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PROTOZOA

TRYPANOSOMATIDAE

Trypanosoma congolense, Trypanosoma vivax,
Trypanosoma brucei Tsetse-transmitted
trypanosomosis, Nagana, sleeping sickness

Hosts: Cattle, sheep, goat and many other
domestic and wild animal species

Vector: Several species of tsetse flies: Glossina
morsitans (savanna areas), Glossina pal-
palis (areas around rivers and lakes) and
Glossina fusca (high forest areas). All three
species transmit trypanosomosis and feed
on a wide spectrum of mammals.

Species description: The most important try-
panosomes affecting cattle, sheep and
goats are as follows (in order of impor-
tance): T. congolense, T. vivax and T. bru-
cei. These three species belong to the Sali-
varia (Table 6). The differentiation and
the morphological characteristics of these
pathogenic trypanosomes are listed in
Table 7. All three species are transmitted
by tsetse flies. Most tsetse-transmission 1s
cyclic and begins when blood from a try-
panosome infected animal is ingested by
the fly. The trypanosomes lose their sur-
face coat, multiply in the fly, re-acquire a
new surface coat and become infective.
The life cycle within the tsetse fly varies
among the different trypanosome species.
The infective form for animals in the tsetse
fly is referred to as the metacyclic form.
The development in the tsetse flies may be

as short as 1 week with T. vivax or extend
to a few weeks for T. brucei. Mechanical
transmission requires blood containing
trypanosomes being transferred from one
animal to another. Tsetse flies inoculate
metacyclic trypanosomes into the skin of
animals, where the trypanosomes multiply
and cause swellings (chancres). They enter
the blood stream either directly or through
the lymph nodes, then the bloodstream
where they divide rapidly by binary fis-
sion. T. congolense attach to endothelial
cells and localize in capillaries. T. brucei
and T. vivax invade tissues and cause tis-
sue damage in several organs. The necrop-
sy findings vary and are not specific.
Extensive petechiae of the serosal mem-
branes, especially in the peritoneal cavity
may occur in acute, fatal cases. The lymph
nodes and the spleen are usually swollen.
Chronic cases are associated with atrophy
of body and organ fat, severe anaemia and
swollen lymph nodes.

The immune response of infected animals is
vigorous, and immune complexes cause
inflammation, which contributes to the
clinical signs and lesions of trypanosomo-
sis. Trypanosomes have multiple genes that
code for different surface-coat glycopro-
teins. The number of different antigenic
types of glycoprotein that can be made is
unknown but exceeds several hundred. The
antigenic variation results in persistence of
the organisms in the host and is a way of
the parasite to evade the host’s immune
system. Antigenic variation has prevented
the development of a vaccine and permits
reinfections when animals are exposed to a
new antigenic type of the same trypano-
some species. Animals infected with trypa-
nosomes show some degree of immunode-
pression and are more susceptible to a.o.
gastrointestinal helminth infections. Hae-
monchus contortus shows a reduced pre-
patent period and causes a markedly
increased mortality in animals that are
chronically infected with trypanosomes.
Some bos indicus (Zebu) are very sensitive
to trypanosomosis and they are generally
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Table 6 Pathogenicity! of salivarian trypanosomes in livestock
g y yp

Trypanosome Trypanosome Cattle Sheep and  Pigs Camels Equines
subgenus species Goats
Trypanozoon T. brucer* ++ + +++ +++

T. evansi® ++ ++ 44 PR

T. equiperdum* - - PR
Nannomonas T. congolense ++ + + + + ++ + 4+

T. simiae - +++ +4++ -
Duttonella T. vivax +++ ++ - ++ ++
Pycnomonas T. suis® - ++ - -

- = not pathogenic; + = mildly pathogenic; + + = moderately pathogenic; + + + = severely pathogenic;

under usual field conditions, but which is modified by many factors; 2T. brucei gambiense and T. brucei rhodesiense cause

human sleeping sickness in West and East Africa, respectively, and have animal reservoirs, in which pathogenicity is low;

T. brucei brucei is not infective to humans; 3mechanical transmission by biting flies other than tsetse; “venereal transmis-

sion; Srarely encountered

Table 7 Morphological characteristics of trypanosomes

Species Free flagellum  Kinetoplast Undulating size in  Size and motility
membrane um in dark ground
T. vivax present large, terminal not prominent 20-26  large,extremely active,
transverses the whole
field quickly
T. brucei present in all small, subterminal prominent 12-35* large, rapid move-
but stumpy ments in confined
forms central areas
I. congolense absent medium, subter- not prominent  9-18  small, adheres to

minal, marginal

red blood cells by
anterior end

* polymorphic: slender, intermediate and stumpy forms; T. theileri is frequently found in cattle and may be distinguis-

hed by its large size; T. theileri is more than twice the size of the pathogenic African trypanosomes
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not raised within the tsetse-belt. The most
pathogenic species for cattle is T. congo-
lense, which causes an acute, lethal disease
in zebu cattle. Some pure taurine cattle
breeds are less susceptible and succumb
less to the disease. T. vivax causes a less

acute disease than T. congolense. In East
Africa, however, T. vivax can cause an
acute hemorrhagic syndrome. Develop-
ment of clinical symptoms is slower but
remissions are frequent. T. brucei causes a
chronic infection without distinct symptoms.



A number of indigenous African taurine
cattle breeds (e.g. N’Dama, Baoulé, West
African Shorthorn and many others) are
less susceptible to trypanosomosis (often
referred to as “trypanotolerance”). These
breeds are adapted to a certain environ-
ment and tsetse-challenge and may be an
alternative way to control losses due to try-
panosomosis. However, “trypanotoler-
ance” is not an absolute trait and refers to
a lower susceptibility of an indigenous
breed to its innate environment. If such ani-
mals are kept under heavy trypanosomosis
challenge they may equally succumb like
other non-tolerant breeds. Many indige-
nous breeds of sheep and goats from west-
ern and Central Africa are also resistant to
trypanosome infections.

Geographic distribution: T. congolense and T.

brucei occur mainly within the tsetse-belt
(area from latitude 15°N to 29°S) of Afri-
ca. T. vivax occurs in Africa within the
tsetse-belt where it is transmitted by tsetse
flies but also in non-tsetse areas (Central
and South America, West India, Mauriti-
us) where it may be transmitted by Taban-
ids and biting flies.

Symptoms: The primary clinical signs are

intermittent fever, anaemia and weight
loss. Cattle usually have a chronic course
with a high mortality, especially if there are
other stress factors such as poor nutrition
or other diseases. Mortality rates are
increased if concomitant infections with
gastrointestinal helminths are present.
Blood sucking nematodes (e.g. Haemon-
chus contortus, Bunostomum spp. and
Gaigeria spp.) may severely aggravate the
anaemia. Ruminants generally recover
gradually if the number of infected tsetse
flies is low. However, stress results in
relapse.

Significance: Tsetse-transmitted trypanosom-

osis is one of the major constraints for cat-
tle rearing within the tsetse-belt of Africa.
Trypanosomes render their host more sus-
ceptible to other diseases (e.g. worm infec-
tions) which then may contribute to the
high mortality.

Diagnosis: A presumptive diagnosis is based

on finding an animal in poor condition in
an endemic area. Confirmation depends on
demonstrating trypanosomes in a wet
mount of the buffy coat area of a PCV tube
after centrifugation (1552 METHODS, 3.4).
Other infections that cause anaemia and
weight loss, such as gastrointestinal nema-
todes, babesiosis, anaplasmosis and theile-
riosis should be eliminated by further
examinations. Various serological tests are
suitable for herd and area screening rather
than for individual diagnosis. Tests for the
detection of circulating trypanosome spe-
cies-specific antigens in peripheral blood
may be useful for both individual and herd
diagnosis.
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Fig. 101 Trypanosoma vivax (20-26 pm);
Giemsa-stained bloodsmear [4]
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tors. Control measures should also include
these factors. The prophylactic use of try-
panocidal drugs requires a regular applica-
tion of the drug and includes the risk of
creating resistance. It should therefore be
limited to emergencies, such as cattle trek-
king through infested areas and herds sea-
sonally exposed to high trypanosomosis
risk. Isometamidium (1-2 mg/kg, im.) pro-
tects cattle for 2 to 6 months. Prophylactic
use of trypanocidal drugs should be avoid-
ed in cattle prior to slaughtering, since drug

Fig. 102 Trypanosoma brucei (12-35 pm);
Giemsa-stained bloodsmear; this species is poly-
morphic: slender form (left), stumpy form (right)
113]

Fig. 103 Important
Trypanosoma species
of livestock:
(a) Trypanosoma thei-
leri (60~70 pm),
(b) T. cruzi,

) T. congolense
9-18 pm),

) T. vivax (20-26 pm),

25 pm) and
) T. brucei (12-35 ym,
polymorphic) [14]

{c
(
(d)
(e) T. equiperdum
{
(f

residues may be detrimental to human
health. Proper nutrition is essential in all
cases and the strategic application of crop
residues at the late dry 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)
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2 Stages in the blood and circulatory system

Fig. 104 Trypanosoma congolense (9-18 pm);
Giemsa-stained bloodsmear [15]

Trypanosoma evansi (syn. T. brucei evansi)

Surra
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Fig. 105 Comparison of a trypano-tolerant
N’Dama cattle (left) and susceptible zebu (right)
after 15 weeks” exposure to a middle-grade tsetse
challenge. Both animals were chronically infected
with Trypanosoma congolense [36]

the subgenus Trypanozoon (85 DROMER-
DARIES, W 2),

Trypanosoma theileri

Hosts: Cattle

Vector: Tabanid flies (Tabanus spp. and Hae-
matopota spp.)

Species description: This is a large species
(60-70 pm, sometimes up to 120 pm in
length=twice the size of the pathogenic try-
panosomes) and belongs to the Stercorar-
ia. The undulating 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 conditions arise or when
concurrent infections with other pathogens
are present.



Geographic distribution: World-wide Affected animals may die. The strains vary
Symptoms: Infections are often asymptomatic. in virulence. In some regions B. bovis is
Significance: This species may be very preva- more virulent than B. bigemina.

lent but it seems to be nonpathogenic. (Figures 107, 108)
Diagnosis: == above T. congolense, T. vivax,

T. brucei
Therapy and Prophylaxis: Generally not indi-

cated
(Figure 106)

Fig. 106 T. .theileri (60-70 pm, sometimes up to Fig. 107 Morphology of bovine Babesia spp.
120 pm); Giemsa-stained bloodsmear [4] 1 Babesia bigemina , 2 Babesia bovis , 3 Babesia
major and 4 Babesia divergens [16]

BABESIIDAE

Babesia bovis
Redwater, tropical bovine babesiosis

Hosts: Cattle

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

Species description: This is a small form,
2.4 x 1.5 pm and slightly larger than B.
divergens. The organisms {merozoites) are
usually found in the centre of the erythro-
cytes. Vacuolated “signet-ring” forms are
especially common. Transovarian trans-
mission occurs in the ticks.

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

Significance: The disease caused by B. bovis is
similar to that caused by B. bigemina.

Fig. 108 Babesia bovis (2.4 x 1.5 pm, “small
form”); Giemsa-stained bloodsmear [4]
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Babesia divergens

Babesia bigemina (syn. Piroplasma

European bovine babesiosis

bigeminum), Redwater, tropical bovine

Hosts: Cattle
Vector: Ixodes ricinus and possibly other ticks
Species description: This species is smaller

than B. bovis. The merozoites usually
occur as paired, club-shaped organisms
about 1.5 x 0.4 ym. The angle between
the pair is relatively large, so that they
diverge more from each other than those
of B. bovis. The organisms tend to lie
along the circumference of the host eryth-
rocyte. Other forms may be stout and
pyriform, measuring 2 X 1 pm; some may
be circular and others may be vacuolated
and up to 2 pm in diameter. Transovar-
ian transmission occurs in the vector.
Highest parasitaemia levels are found
during the period of high fever.

Geographic distribution: Northwestern Africa

in woodlands at altitudes above 1000 m. It
also occurs in northern and central Europe.

Significance: The disease entity produced by B.

divergens is less severe than that caused by
B. bigemina. In severe infections death may
occur.

(Figure 109)

Fig.

109 Babesia divergens (1.5 x 0.4 pm); Giemsa-

stained bloodsmear [4]
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piroplasmosis, tick fever, “Texas fever”

Hosts: Cattle

Vector: Boophilus spp. (B. microplus, B.
decoloratus, B. calcaratus), Rhipicephalus
spp. (R. evertsi, R. bursa and R. appendi-
culatus), and Haemaphysalis spp. { H.
punctata)

Species description: This is a large form, 4-5
pm by 2 pm wide. Round forms are 2-3
pum in diameter. The organisms are charac-
teristically pear-shaped and lie 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 ticks. B. bigemina is one of
the most pathogenic Babesia species
known.

Geographic distribution: Tropical Africa,
Madagascar, Mediterranean basin and
many other parts of the world

Significance: B. bigemina is one of the most
important diseases of cattle in some tropi-
cal and subtropical areas.

(Figure 110)

Fig. 110 Babesia bigemina (4-5 x 2 ym, “large
form”); Giemsa-stained bloodsmear [4]



Babesia major (syn. Piroplasma major)

European bovine piroplasmosis

Hosts: Cattle
Vector: Haemaphysalis punctata
Species description: This species resembles

Geographic

B. bigemina except that it lies in the centre
of the erythrocyte. The pyriform bodies are
2.6 x 1.5 pm and the angle formed by the
organisms is less than 90°. Round forms
are about 1.8 ym in diameter. Transovar-
lan transmission may occur in the tick vec-
tor.

distribution: North  Africa,
Europe, UIS, South America

Significance: B. major is less pathogenic than

B. bovis. Clinical signs are moderate and
sometimes infections are inapparent.

(Figure 111)

Fig. 111 Babesia major (2.6 x 1.5 pm); Giemsa-
stained bloodsmear [15]

General features of bovine babesiosis

Symptoms: Infections with B. bigemina, B.

major and B. divergens are characterised
by a haemolytic syndrome (haemolytic
babesiosis), including continuous fever
(40-41°C), high parasitaemia (2.5-10%),
anaemia, icterus (intense yellow-brownish
ocular, gingival and vaginal mucosae) and
haemoglobinuria (dark brown, frothy

urine) and general depression. Abortion
and agalactia in dairy cows are early signs.
The symptoms are less pronounced in the
subacute form. B. bovis infections are
dominated by a shock syndrome, leading
to death following a steep rise in tempera-
ture in the peracute form. Acute disease is
accompanied by fever, ataxia, pedalling
movements and overt agressivity (attacks).
Haemolysis, icterus and haemoglobinuria
are less apparent than in other babesioses.

Significance: Widespread throughout the trop-

ics, causing heavy losses in non-resistant
(often imported) livestock. Without treat-
ment mortality rates are very high (30%
for B. bigemina, 70-80% for B. bouis).
B. bigemina is one of the most important
diseases of cattle in some tropical and sub-
tropical areas.

Diagnosis: Clinical diagnosis is difficult and

can be confused with leptospirosis (per-
acute disease), anaplasmosis (chronic in
nature) or cowdriosis (no movements).
Splenomegaly, icterus and haemoglobinu-
ria and thickened bile in the gall bladder
are characteristics of haemolytic babesio-
sis. Petechiae and microinfarcts suggest
infections with B. bovis. The presence of
Babesia parasites in the blood smears of
animals without clinical symptoms does
not necessarily support the diagnosis of
babesiosis. It can be a resurgence of a
chronic infection following an immuno-
suppression due to another disease. In
B. bigemina infections the severity of the
disease can be deducted from the percentage
of parasitized red blood cells (< 0.1% mild,
0.5-1% subacute, 5-10% severe infec-
tion), whereas in B. bovis infections the
presence of parasites indicates babesiosis,
because parasite concentration in the
peripheral blood is considerably lower
than in the organs. In acute B. bovis infec-
tions impression smears of congested
organs show punctiform babesial bodies in
agglutinated  erythrocytes.  Serological
techniques (IFAT, == METHODS, 5.1) are
available and should be used especially in
epidemiological studies. For the individual
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Table 9 Drugs used in the treatment of babesiosis in cattle

Drug Dosage AM Parasite Remark
Trypan blue* 2-3 mg/kg v B. bigemina Not effective against small
babesias; discouloration of
animal’s flesh; can cause
severe tissue sloughing if
not given IV
Acridine derivatives
Euflavine!” 4-8 ml/100 kgas IV B. bigemina Highly irritant if not given IV
5% solution B. bovis
B. divergens
Diamidine derivatives
Amicarbalide 5-10 mg/kg IM B. bigemina
Diampron1 B. divergens
B. bovis
Diminazene 3-5 mg/kg IM B. bigemina
Berenil2 B. bovis
B. divergens
Imidocarb 1-3 mg/kg SCorlM  B. bigemina Prophylactic activity up to 8
Imizol3 B. bovis weeks depending on dose
B. divergens and Babesia spp. involved;
nephrotoxic; cholinesterase
inhibitor; slowly metabolized
and eliminated-tissue
Phenamidine 8-13.5 mg/kg SCorIM B bigemina Cholinesterase inhibition
Lomadine' B. bovis
Quinoline derivatives
Quinuronium 1 mg/kg sC B. bigemina Low therapeutic index
Babesan® B. bovis Slow effect against B. bovis
B. divergens Side effects associated with

the stimulation of the para-
sympathetic nervous system

Many of these preparations are sold under a variety of trade names; * no longer commercially available;

IM = intramuscular; IV = intravenous; SC = subcutaneous; AM = application method;

1 May & Baker Ltd., Dagenham, England. 2 Hoechst AG, Frankfurt, Germany. 3 Burroughs Wellcome & Co., London, England.

4 ICI-, Macclesfield, Cheshire, England
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diagnosis the demonstration of the parasite

in the bloodsmear or with the QBC method

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

quate.

Therapy: Diminazene aceturate (3.5 mg/kg,

im.), Imidocarb dipropionate (1.2-2.4
mg/kg, sc.), quinuronium sulfate (1-2
mg/kg, sc. or im.) and amicarbalide diiseth-
ionate (5-10 mg/kg, im.) can be used
against the pathogenic Babesia species of
cattle (== Table 9).
Two points should be considered: 1) For
serious clinical attacks the dose should be
split to avoid shock due to massive destruc-
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 is preferable to support
immunity within the population, as such
animals can withstand repeated infections.
The aim of therapy is therefore to reduce
but not to eradicate the parasite concentra-
tion within the host. In severely affected
animals emphasis should also be given to
supportive treatment (electrolytes, rehy-
dration, iron-dextran, etc.) and rich nutri-
tion during the convalescence.

Prophylaxis: Several methods are used in
endemic areas to control or prevent babe-
S10S1S.
¢ Controlled immunisation, using babe

sicidal-drugs:

Application of a babesicidal drug (e.g.
diminazene aceturate, 3.5 mg/kg, im.)
following inoculation of a non-atten-
uated Babesia strain.

e Imidocarb (2 mg/kg) is administered to
an animal prior to the introduction
onto an infected pasture. The delayed
action of imidocarb controls clinical
infection (up to 60 days for B. bigemina
and up to 21 days for B. divergens and
B. bovis) without blocking the immune
response.

* Immunization with attenuated B. bovis
and B. bigemina strains:

Inoculation of a attenuated Babesia strains.
Several research teams are presently

Fig. 112 Icterus and hydropericardium caused by
Babesia bigemina infection [8]

THEILERIIDAE

Theileriosis is caused by protozoan parasites
of the genus Theileria. In cattle, there are two
highly pathogenic species. Theileria parva is
the cause of East Coast Fever in East and Cen-
tral Africa. A variant regarded as either a sub-
species, T. parva lawrencei, or a type, T. parva
(lawrencei type), is a common benign parasite
of the African buffalo (Syncerus caffer),
which, when transmitted to cattle, causes a
condition called corridor disease. T. parva
(bovis type) causes the “January disease” in
Zimbabwe. Theileria annulata causes tropical
theileriosis, which is widespread through the
Mediterranean basin, the Middle East and
Asia. Other species that infect cattle in Africa
are T. mutans, T. taurotragi and T. velifera.
They are usually benign, although T. mutans
may be pathogenic under some circumstanc-
es. T. orientalis is a generally benign species
found in the Mediterranean basin, the Middle
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East, Asia and Australia which may cause dis-

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

Fig. 115 Life cycle of Theileria
parva [17]

(1) Merogony, (2) Merozoites
(3)

(4) Macromete, (5) Syngamy,
(6) Microgamete, (7) Zygote in
gut lumen, (8) Gut epithelial
cells, (9) Kinete, (10) Moult,
(11) Sporogony, (12) Sporozoi-
tes, {13) Sporozoite in saliva,
(14) Sporozoite enters lympho-
cyte, (15) Schizont in lympho-
blast, (16) Clonal expansion,
(17) Schizont

Piroplasm in erythrocyte,
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Fig. 113 Theileria orientalis; Giemsa-stained blood
smear; this species occurs outside of Africa and
is lowly pathogenic [4]

Fig. 114 Morphology of Theileria spp. stages in
mammals; stages found in the lymph nodes:

(1) Macroschizont with medium-sized nuclei
(0.4-2 pm; Koch’s blue bodies), (2) Microschizont
with small nuclei (0.3-0.8 pm) and (3) Merozoites
{0.7-1 pm); stages found in the erythrocytes: intra-
erythrocytic stages may be (4) circular, oval or
piriform (0.8 x1.5 um; 80%) or (5) comma-shaped
(0.5 x 2 pm; 20%); (6) some parasites appear to
have a velum [16]



Theileria parva (syn. T. bovis, T. lawrencei)
East Coast Fever, bovine theileriosis,
Corridor Disease, Rhodesian tick fever

Hosts: Cattle, water buffalo, African buffalo

Vector: Rbipicephalus appendiculatus (equa-
torial East Africa and southern Africa
above 1200 m) and Rbipicephalus duttoni
(Angola plateau). Other vectors are Rbip-
icephalus zambeziensis, Hyalomma exca-
vatum, H. dromedarii, H. truncatum and
some other Rhipicephalus spp.

Species description: T. parva causes a disease
called East Coast Fever (ECF), which is
responsible for high mortality among sus-
ceptible and imported stock. The zebu in
endemic areas has a high natural resist-
ance, but animals imported into endemic
areas are highly susceptible. Transmission
of the parasite in all is on a stage to stage
basis (trans-stadial transmission). There is
no transovarial transmission in the tick
vector as in Babesia spp. The organisms
occur both in erythrocytes and in lympho-
cytes. The forms in the red blood cells are
mainly rod-shaped, 1.5-2 x 0.5-1 pm, but
round, oval, comma- and ring-shaped
forms may also occur (Fig. 114, 4-6). Sev-
eral parasites may occur in individual
erythrocytes but there is no multiplication
in the red cells. The multiplying forms of
the parasite occur in the cytoplasm of lym-
phocytes and occasionally in the endo-
thelial cells of the lymphatic glands and the
spleen. These are schizonts, being circular
or irregularly shaped structures about
8 ym in diameter. Two forms of schizonts
are recognized. Those which contain large
chromatin granules, 0.4-2 um in diameter,
are termed macroschizonts and produce
macromerozoites, 2-2.5 pm in diameter
(Fig. 114, 1). The other forms contain
smaller chromatin granules, 0.3-0.8 pm in
diameter, and are referred to as micro-
schizonts and produce micromerozoites
(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, merozoites are

liberated and differentiate into sexual stag-
es. There is a sexual development of T.
parva in the tick vector which results in
infective sporozoites. Cattle are infected
when vector ticks engorge on an animal
and these infective particles (sporozoites)
are transmitted. Most recovered animals
remain carriers of infection.

Geographic distribution: East, Central and

South Africa according to the distribution
of the main vector Rhipicephalus appendi-
culatus.

Symptoms: High fever, swelling of the lymph

nodes, dyspnoea and death. Fever occurs
7-10 days after the tick bite and continues
throughout the course of the disease and
may reach > 42°C. Lymph node swelling
becomes pronounced and generalized.
Anorexia, loss of condition, lacrimation
and nasal discharge may occur. Terminal-
ly, dyspnoea is common. Just before death,
a sharp fall in temperature occurs and pul-
monary exsudate pours from the nostrils.
Anaemia is not a major diagnostic sign as
it is in babesiosis.

Significance: ECF is a serious disease with high

mortality in susceptible stock.

Diagnosis: Lymphoblasts in Giemsa-stained

lymph node biopsy smears (25" METHODS,
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-
faces of many organs.

Therapy: Cattle with clinical ECF may be

treated with parvaquone (2 x 10-20 mg/
kg, im. at 48 h intervals),buparvaquone
(2 x 2.5 mg/kg, im. at 48 h intervals) or
with the coccidiostat halofuginone (2 x 1.2
mg/kg, po. at 48 h intervals). Chlortetra-
cycline and oxytetracyline are relatively
ineffective. None of these drugs will steril-
ize infections, and recovered animals may
be carriers.

Prophylaxis: Immunization of cattle using an

infection-and-treatment procedure is prac-
tical and relatively effective. The compo-
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Fig. 118 Lymph node swelling in a Theileria parva
infected cattle [4]

Fig. 116 Theileria parva; erythrocyte forms [4] Fig. 119 Lacrimation and nasal discharges in a

Theileria parva infected cattle [8]

Fig. 117 Theileria sp.; macroschizonts (“Koch’s

blue bodies”and microschizonts in lymph node Fig. 120 Theileria parva; petechial haemorrhage on
smears [4] the intestinal serosa [8]
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Fig. 121 Theileria parva; petechial haemorrhage on
the surface (epicard) of the heart [8]

Fig. 122 The reported distribution of Theileria
parva [17]

Theileria annulata Mediterranean Coast

Fever, Tropical theileriosis, Egyptian ever

Hosts: Cattle, water buffalo

Vector: Hyalomma spp. (H. detritum, H. trun-
catum, H. anatolicum and other Hyalom-
ma spp.)

Species description: T. annulata produces a
highly fatal disease of cattle in North Afri-
ca. Mortality rates may be up to 90% in
some regions. This species occurs com-
monly in the lymphocytes and erythro-
cytes of bovine species. The organisms in the

Fig. 123 Theileria parva; petechial haemorrhage on
the kidneys [15]

red blood cells are more or less indistin-
guishable from those of T. parva. They
occur more commonly as round, oval- or
ring-shaped (0.5-1.5 pm) forms. Rod
shapes, commas (1.6 pm) and anaplasma-
like organisms may also occur. Macro-
schizonts and microschizonts are found in
the lymphocytes of the spleen and lymph
nodes. T. annulata is transmissible by
blood passage, and schizonts are numerous
in the circulating blood. The development
cycle in the vertebrate host is comparable
to that of T. parva. The disease may be
acute (duration: 3—4 days) or more chron-
ic (duration: 2-3 weeks) in nature. The
incubation period is 9-25 days. Animals
that recover from T. annulata infections
are resistant to reinfection. There is no
cross-immunity between T. annulata, T.
parva and T. mutans. The multiplication of
Demodex sp. and Besnoitia besnoiti cysts
in the subcutis is favoured by the immuno-
suppression produced by Theileria infec-
tions.

Geographic distribution: North Africa, Sudan,

Mauretania, Ethiopia, southern Europe,
southern UIS and Asia.

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

lacrimation, nasal discharge and swelling
of the superficial lymph nodes; emaciation
rapidly occurs. A few days after the initial
symptoms marked anaemia, jaundice (bili-
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 heteroge-
neous complex of symptoms may develop
over the period of 2 months until the ani-
mal recovers. Decreased milk production,
digestive disturbances (cessation of rumi-
nation, diarrhoea or constipation) and
infertility (abortion) may be seen. The
severity of the disease does not necessarily
correspond to the level of parasitaemia.
Similarities with babesiosis may occur and
must be differentiated.

Significance: T. annulata may cause mortal-

ities of up to 90% in certain areas. It caus-
es one of the most important diseases of
cattle in endemic regions.

Diagnosis: This is based on the demonstration

of parasites in the red blood cells or in
stained smears (= METHODS, 3.1) taken
from lymph node or spleen biopsies. The
differentiation between T. parva and T.
annulata organisms is difficult but the geo-
graphic spread of these two diseases is
quite different. T. annulata often occurs
together with Babesia spp. and/or 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 petechiae may be found
on the epi- and endocardium. The spleen,
liver and lymph nodes are markedly
enlarged.

Therapy: Tetracyclines have both prophylac-

tic and therapeutic activity against T.
annulata. Rolitetracycline (4 mg/kg, im.)
administered daily during 4 days moderat-
ed the clinical signs markedly. Similar
results were achieved by a single injection
of a long-acting oxytetracycline formula-
tion (20 mg/kg).

Prophylaxis: Immunization of cattle using an

70

infection- and -treatment procedure is very
effective and widely used. The application
of 2 x 10 parasitised lymphoblasts
obtained from subcultured T. annulata
strains were inoculated into animals prior
to exposure. No clinical signs developed
and the animals were able to withstand
heavy natural challenge. Another possibil-

Fig. 124 Theileria annulata; erythrocyte forms
(experimental infection) [4]

Fig. 125 Abomasal ulcerations caused by Theileria
parva and Theileria annulata [15]

Theileria mutans Benign bovine theileriosis

Hosts: Cattle

Vector: Amblyomma variegatum and Ambly-
omma hebraeum

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



able from the pathogenic T. parva and T.
annulata. The forms in the erythrocytes are
round, oval, piriform, comma-shaped or
Anaplasma-like. The round forms are 1-2 pm
in diameter and the oval forms measure
1.5 x 0.6 pm. Binary fission occurs in the
erythrocytes. The incubation period is 10-20
days.

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

Symptoms: Similar to a mild form of T. annu-
lata infection. Anaemia is the major clini-
cal sign. Icterus and lymph node swellings
may occur.

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

Diagnosis: Same as for other Theileria species

Therapy: Unknown; the same drugs as for the
pathogenic Theileria species may be used.

Prophylaxis: Tick control and immunisation
as for the pathogenic Theileria species.

(Figures 126, 127, 128)

Fig. 126 Theileria mutans; erythrocyte forms [4]

Fig. 127 Theileria mutans; macroschizont (rarely
encountered) [15]

Fig. 128 Theileria mutans; microschizonts (rarely
encountered) [15]

Theileria velifera

Remarks: This is another mild Theileria species
of cattle in Africa and in the Caribbean. Its
distribution coincides with that of the vec-
tor Amblyomma variegatum (Africa and
Madagascar) and Amblyomma lepidum
and Amblyomma hebraeum elsewhere. The
parasites occur as pleomorphic or rod-
shaped bodies in the erythrocytes and pre-
sumably lymphocytes. Most are 1-2 pm
long. The great majority have a rectangular
“veil” 1.0-3.5 pm long, extending out from
the side. This species is nonpathogenic.

(Figure 129)
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Fig. 129 Theileria velifera; erythrocyte forms [4]

Theileria taurotragi

Remarks: This species is found in African ante-
lopes and can occasionally be found in cat-
tle. It can also develop in the vector of
T. parva. It is of low epidemiological
importance.

RICKETTSIALES

ANAPLASMATACEAE

Anaplasma spp.

Anaplasmoses are infectious diseases, virulent,
inoculable and not directly transmitted, that
affect domestic and wild ungulates. The caus-
ative agent is a Rickettsia of the genus Anaplas-
ma, usually transmitted by ticks, but which
may also be transmitted mechanically by bit-
ing Diptera (Tabanidae, Stomoxys). The path-
ological signs are progressive anaemia (acute
or slow) ending in cachexia and death. Ana-
plasma are exclusively found within erythroc-
ytes. They are located intracellularly and sur-
rounded by a vacuolar invagination of the host
cell. The infection starts with an initial body
that grows to become an elementary body. This
multiplies by doubling or binary fission to pro-
duce new initial bodies. After several binary fis-
sions, initial bodies accumulate in the vacuole
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to leave the host cell in order to parasitize other
erythrocytes. The different Anaplasma species
are morphologically indistinguishable. The cri-
terion used is the location of the organism in
the erythrocyte (marginal or central).

(Figure 130)

Fig. 130 Morphology (schematic) of various Rick-
ettsiales found in ruminants;

Anaplasmataceae: (1) Anaplasma marginale
(80-90% parasites marginal or peripheral); (2)
Anaplasma centrale (80-90% of parasites central);
(3) Eperythrozoon wenyoni, (on the erythrocyte
surface); (4) Eperythrozoon teganodes (on the sur-
face and near the erythrocyte); (5) Eperythrozoon
tuomii (on the thrombocyte surface) and (6) Hae-
mobartonella bovis;

Ehrlichiaceae: (7) Ebrlichia bovis (in monocytes);
(8) Ehrlichia phagocytophila (in granulocyte) and
(9) Cowdpria ruminantium (in the vascular endothe-
lium);

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



Anaplasma marginale The malignant
anaplasmosis of cattle, Gallsickness

Remarks: 80-90% of the organisms are
peripheral. A. marginale is distributed
throughout the tropics corresponding to
the distribution area of Boophilus decolor-
atus and Boophilus microplus usually con-
sidered as the main vectors. Transplacen-
tal infection occurs.

(Figures 130, 131)

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

Anaplasma centrale Mild anaplasmosis of
cattle, Gallsickness

Remarks: A. centrale is predominantly located
in the centre of the erythrocytes. 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 Anaplasma centrale; Giemsa-stained
bloodsmear [4]

Fig. 133 Icterus associated with anaplasmosis
(vellow abdominal fat) [15]

¢ General features of bovine anaplasmosis

Symptoms: Calves undergo mild infections,
with little or no mortality. In yearlings the
disease is more severe but* most animals
recovér. In adult cattle, the disease is more
severe, anaemia is marked and mortality
may reach 50%. The disease starts with
general depression, indolence, fever
(40-41°C). Milk production falls rapidly.
Weight loss and progressive anaemia,
dehydration and icterus occurs. Affected
animals often succumb to hypoxia when
moved or handled for treatment. Recov-
ered animals often remain carriers for life.

Significance: Amnaplasma marginale causes
severe losses in endemic areas.
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Diagnosis: In endemic areas, anaplasmosis
should be suspected in adult cattle show-
ing chronic anaemia without haemoglo-
binuria, leading to cachexia. Icterus is an
important sign. Anaplasmosis 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-
tion and the IFAT and DNA probes are
useful tools for diagnostic purposes. Anae-
mia due to helminth infections should be
excluded by coprological examination.

Therapy: Acute anaplasmosis is most effective-
ly treated with tetracyclines (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 oxytetracycline formulations
may give sustained blood levels. Imidocarb
dipropionate (1.2-2.4 mg/kg., sc.) may also
be used for Anaplasma infections. Sympto-
matic and supportive 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
stronger. Oral and parenteral rehydration
with isotonic 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 kept in shade with
free access to fresh water.

Prophylaxis: Regular dipping, spraying of ani-
mals during the vector season drastically
reduces the incidence of the disease. Sever-
al methods exist to immunize animals in
endemic areas. Inoculation of blood con-
taining A. centrale which gives rise to a
mild infection that protects against a sub-
sequent infection with the virulent and very
pathogenic A. marginale. The use of viru-
lent and attenuated A. marginale isolates
to induce immunity or a chronic carrier
status in calves is a widely accepted tech-
nique throughout the tropics where ana-
plasmosis is endemic. The use of virulent
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organisms in adult cattle is hazardous, and
treatment at the onset of the patent infec-
tion with tetracyclines is recommended to
temper the course of infection.

Eperythrozoon spp.

Organisms found on the surface of erythrocytes
or near thrombocytes, occasionally they are
located near erythrocytes. They multiply by
binary fission. In general the size of Eperythro-
zoon is 0.4-1 pm. The most important vectors
of Eperythrozoon spp. are sucking lice, infected
through trans-stadial transmission. Hyalomma
anatolicum possibly transmits E. wenyoni. Epe-
rythrozoon spp. are generally not very path-
ogenic in spite of sometimes high infection
levels. They may assume increased significance
together with other protistan infections
(Babesia spp., Theileria spp., Anaplasma spp.
or Trypanosoma spp.). The only pathogenic
Eperythrozoon species which produces a disease
entity is E. suis. The disease is characterised by
a slow development of anaemia, comparable to
anaplasmosis. Oxytetracyclines (5-10 mg/kg,
im. or iv.) are effective against all Eperyth-
rozoon spp. Prophylaxis requires lice and tick
control.

In cattle the following species are present in
tropical Africa: Eperythrozoon wenyoni occurs
on the erythrocyte surface; Eperythrozoon
teganodes occurs on the erythrocyte surface or
near to it and Eperythrozoon tuomii occurs on
the thrombocyte surface.

(Figures 130, 134)

Fig. 134 Eperythrozoon wenyoni; Giemsa-stained
bloodsmear [13]



Haemobartonella spp.

These are organisms found on the surface of
erythrocytes which form branched chains and
multiply by binary fission. The organisms are
coccoid (0.1-1 pm) or bacilliform (1-5 x 0.7-
1.5 pm). They cause a defined disease entity in
dogs and cats and rats. Haemobartonella spp.
are often detected as resurgent parasites during
concomitant infections or following splenecto-
my. Tetracyclines are the drugs of choice for
treating Haemobartonella infections, but
therapy is rarely indicated (= also above
ANPLASMATACAE, Fig. 130).

Haemobartonella bovis

Remarks: It occurs on the erythrocyte surface.
These coccoid or bacilliform organisms
occur on the erythrocyte surface of cattle
in Mediterranean regions. Vectors are
sucking lice and ticks (species unknown).
Haemobartonella bovis is relatively non-
pathogenic. In rare cases the parasite may
be associated with slow anaemia and
symptoms similar to anaplasmosis. Hae-
mobartonella spp. and Eperythrozoon
spp. are difficult to distinguish reliably by
light microscopy (= above ANPLASMATACAE,
Fig. 130).

EHRLICHIACEAE

Ebrlichia bovis Tropical bovine ehrlichiosis,
“Nofel” or “Nopel”

Hosts: Cattle

Vector: Ticks of the genera Amblyomma, Hya-
lomma and Rhipicephalus

Species description: Ebrlichia bovis occurs in
mononuclear cells of cattle. The syndrome
corresponds to the disease called “Nofel”
(Fulani/Peule in West Africa; ear = nopi in
peul) or “Nopel” (Bororos in Central Afri-
ca), because of the ears being kept low at
the beginning of an acute infection. The
clinical signs vary greatly ranging from
inapparent forms to serious fatal forms,
dominated by nervous signs, ataxic gait,

stiff legs, walking in circles, phases of
excitement followed by somnolence, epi-
leptic crisis with falls, rolling eyes and sal-
ivation. Death may occur in an epileptic
attack. The disease is always serious in
imported cattle. The nervous signs are sim-
ilar to those of cowdriosis.

Geographic distribution: North and Central
Africa, Middle East, Ceylon

Symptoms: Anorexia, fever, incoordination
and enlargement of lymph nodes

Significance: Ebrlichia bovis is of low signifi-
cance for indigenous cattle. However, it is
a serious problem for imported or newly
introduced cattle in many tropical areas.

Diagnosis: Microscopic examination of
peripheral blood smears demonstrates
E. bovis in monocytes or macrophages. For
differential diagnosis infections with Cow-
dria ruminantium have to be excluded.
C. ruminantium is located exclusively in
the endothelial cells (brain and other tis-
sues) and not in the peripheral blood
leucocytes, whereas E. bovis is found in
monocytes and macrophages.

Therapy: Oxytetracyclines (5 mg/kg, im., for
4 days) or streptomycin-penicillin (3 g and
3 mio. units per day, im.); other tetracy-
clines may be used in emergencies.

Prophylaxis: This consists of regular tick con-
trol. There are no immunization proce-
dures described.

(Figures 130, 135)

Fig. 135 Ebrlichia bovis; mass of elementary bod-
ies in a monocyte [15]
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Ebrlichia phagocytophila

European ehrlichiosis

Remarks: E. phagocytophila occurs in the neu-

trophilic and eosinophilic granulocytes of
cattle, sheep and other domestic and wild
ruminants in Europe. Goats are not very
susceptible. Ixodes ricinus transmits the
disease by trans-stadial infection. The dis-
ease 1s characterized by fever which occurs
after an incubation period of 4-11 days.
The infection causes a state of immunosup-
pression and is therefore a predisposing fac-
tor to a variety of secondary infections. The
animals usually recover after this febrile
phase. However, the most characteristic
problems are abortion in pregnant ewes
and cattle, and progressive weight loss fol-
lowing infection may occur. At necropsy
hypertrophy of the spleen and lymph nodes
may be seen. The diagnosis is made by dem-
onstrating the organisms in stained blood
smears (% METHODS, 3.1). Serological tests
such as [FAT (= METHODS, 5.1) may be
used for epidemiological studies.

Therapy: Long acting oxytetracyclines (5

mg/kg, im.) have a certain curative effect.

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

Fig. 136 Ebrlichia phagocytophila; mass of ele-
mentary bodies in a granulocyte [4]

Ebrlichia ondiri

Remarks: This parasite occurs in granulocytes
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of cattle in high-altitude grassland regions
of East Africa. Members of the genus Hae-

maphysalis and other genera are suspected
to be vectors of the disease. The incubation
period is 1-2 weeks. The disease starts with
a fever attack which is accompanied by a
petechial exanthema of the mucosae of the
mouth, nose, vulva, eyes (poached egg eye),
digestive tract, urinary bladder, pericardi-
um and endocardium. 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: e above Ehrlichia
bovis

Cowdpria ruminantium Heartwater, Tyewde

Hosts: Cattle, sheep, goat and other ruminants

Vector: Several species of the tick genus
Amblyomma  transmit  the disease:
Amblyomma variegatum in open savannas
from equatorial Africa to Madagascar;
Amblyomma gemma in East Africa (Mas-
sai and Somalian steppes); Amblyomma
pomposum has limited geographic distri-
bution and occurs in the Angolan plateau,
Zambia, southwestern Tanzania;
Amblyomma lepidum in East Africa (Mas-
sai steppes, Sahelian steppes of the Nile in
Sudan) and Amblyomma tholloni in the
Zambezi region. C. ruminantium is also
present on the Caribbean islands.

Species description: Cowdriosis is specific to
ruminants of the family Bovidae and is
most severe in sheep and goats but also
causes great losses in cattle. Imported
ruminants are much more susceptible to
cowdriosis than indigenous breeds. They
may suffer heavy losses. But also indige-
nous ruminants are affected especially
when they are in poor general condition
(endoparasitism, malnutrition, chronic
infections, etc.) or with weakened defence
(lactation, gestation). This applies especial-
ly to 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 is a drastic



proliferation of the Amblyomma ticks.
Cowdriosis can then become a great prob-
lem. The incubation period is 8-15 days.
Endothelial cells are the preferred sites of
the proliferation of this pathogen, especial-
ly of the nervous system, kidney, spleen,
lymph 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

heartwater corresponds to that of all its
vectors.

Symptoms: The symptoms are almost identical

in both cattle and small ruminants, except
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 are more
constant in cattle than in sheep and goats.
Diarrhoea may occasionally be seen. Sev-
eral forms of cowdriosis can occur, rang-
ing from a peracute form (death within 2-3
hours; tyewde of the Fulani) to inapparent
infections. There are no pathognomonic
signs. In the peracute form an animal may
abruptly drop to the ground, struggle, start
to pedal, indicating serious nervous disor-
ders. Death follows rapidly. The acute
form can last for up to 5 days and is accom-
panied by initial hyperthermia, breathless-
ness and dyspnoea. Nervous signs may
occur, often at the end of the disease, sug-
gesting tetanus or poisoning. Fluttering of
the eyelids and acute gastroenteritis may
also occur. The subacute form is rare
(12-15 days), developing sometimes pul-
monary complications. Attenuated forms
are frequent. Animals recover after a short
febrile phase. Sometimes, hyperthermia is
the only clinical sign.

Significance: Cowdriosis is a serious problem

in areas infested by the ticks Amblyomma
spp-

Diagnosis: In acute forms diagnosis can be

based on clinical signs. Demonstration of
colonies of the organisms in the cytoplasm
of capillary endothelial cells is necessary
for definitive diagnosis. This is done with

Giemsa-stained “squash” smears of cerebral
gray matter. An indirect [FAT (v METH-
0DS, 5.1) test may be used to detect antibod-
ies of animals that have recovered from
infection. In sheep and goats these anti-
bodies persist for several years, and their
presence correlates well with their resistance
to reinfections. Seropositive cattle are resist-
ant to challenge, although antibodies disap-
pear within 12 months after infection.

At necropsy hydropericardium is the pre-
dominant sign. The exudate is clear, usual-
ly amber or yellow. It is a consistent sign
of heartwater. It may be as much as 700 ml
in small ruminants. Hydrothorax, ascites
and splenomegaly are often found. The gall
bladder is usually distended. Extensive
congestion of the viscera and petechiae on
the serous membranes and mucosae of the
digestive tract may be seen. Microscopical-
ly the deformation of endothelial cells by
rickettsial masses is the most striking find-
ing. Smears are made either with material
scraped from the internal wall of a major
artery, or with a fragment of cerebral cor-
tex crushed between two slides. May-
Grinwald/Giemsa staining usually reveals
masses of elementary bodies, appearing as
blue granules in the cytoplasm of endothe-
lial cells. The initial bodies are dark blue.

Therapy: Oxytetracycline (5-10 mg/kg, im. or

iv.) usually effects a cure if administered
early. Later in the febrile phase, when clin-
ical signs appear, a higher dose level
(10-20 mg/kg) is required.

Prophylaxis: There is no vaccine yet. Several

immunization schedules have been applied
successfully (“controlled immunization”:
infection with a laboratory-maintained
strain followed by antibiotic treatment)
but they require a very careful monitoring
of the infected animals and laboratory
maintenance of parasite strains.

These methods are expensive and should
therefore be reserved for valuable animals
(e.g. breeding stock, drought animals, etc.).
Tick control is a substantial part of heart-
water prophylaxis.

Remarks: Merozoites of Toxoplasma gondii
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and Sarcocystis spp. may occur in the blood
stream during the acute phase.
(Figures 130, 137, 138, 139, 140)

Fig. 137 Nervous symptoms associated with Cow-
dria ruminantium |15]

Fig. 138 Hydropericardium (heart water) caused
by Cowdria ruminantium [15]

Fig. 139 Cowdria ruminantium organisms in the
capillary endothelial cells |4]
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Fig. 140 The known distribution of the known
vectors of heartwater in the African region [13]

HELMINTHS

* Trematoda found in the blood and
circulatory system

Schistosoma bovis Blood fluke, Bilharziosis

Location: Mesenteric veins

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

Species description: S. bovis occurs in the por-
tal and mesenteric veins of cattle, sheep,
goats, equines, camels and rarely in man.
The males of S. 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 faeces. The size of the eggs is
132-247 pm x 38-60 pm.

Geographic distribution: Central, East and
West Africa

(Figures 141, 142)



Fig. 141 Schistosoma bovis

Fig. 142 Schistosoma bovis; male (thick) and
female (slender)

Schistosoma mattheei

Location: Portal and mesenteric veins and less
frequently cystic and lung veins

Hosts: Cattle, sheep, goat, wild ruminants,
equine and man

Species description: Females measure 18-25
mm and males 9-14 mm. The eggs measure
170-280 x 70-85 pm and have a terminal
spine. The prepatent period is 7 weeks. The
life cycle is similar to Schistosoma bovis.
Intermediate hosts are Bulinus africanus,
Bulinus globosus and other Bulinus spp.

Geographic distribution: Southern Africa,
Mozambique, 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. S.
intercalatum is found in the portal and
mesenteric veins. The eggs
140-240 pm x 50-85 pm.

measure

Schistosoma curassoni

Location: Portal and mesenteric veins

Hosts: Cattle, sheep and goat

Species description: Intermediate hosts are
snails of the genus Bulinus. Eggs are simi-
lar to those of S. mattheei.

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

* General features of Schistosoma spp.
infections

Life cycle: Aquatic snails (Bulinus spp.) act as
intermediate hosts in the life cycle of
Schistosoma spp. In the case of S. bouvis,
S. mattheei and S. 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 water bodies (pools,
backwaters, ponds, lakes and marshy pas-
tures). To become infected, the final host
needs the contact with water. This might
occure during drinking in these areas, pass-
ing through water 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 diarrhoea which may contain specks
of blood, anaemia and progressive weak-
ness may occur. Both diarrhoea and con-
stipation can be seen and blood and mucus
are sometimes found in the faeces together
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with the eggs. A chronic hepatic syndrome
has been described with neurological signs
like ataxia, hypermetria, disorientation,
leaning against walls, coprophagy, etc.
Sheep are more susceptible than cattle and
can die in large numbers while cattle sur-
vive, unless they have very heavy burdens.

Significance: Although specific clinical signs

are often overlooked, blood flukes may
constitute a serious problem in endemic
areas.

Diagnosis: This is made by faecal examination.

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

Therapy: The therapy of schistosomosis is not

easy. Highly efficient anthelmintics may
have fatal consequences because dead
worms may cause massive thrombus for-
mation in the liver. Therapy should aim to
kill the worms over a long period of time
rather than risk the massive damage caused
by the simultaneous death of all worms. In
general treatment of schistosomosis is
uneconomical since a large number of
repeated doses at intervals of 2-3 days is
required. Praziquantel at 25 mg/kg body
weight is effective, although two treat-
ments, 3-5 weeks apart are required. Other
drugs which have some schistosomicidal
properties are stibophen (7.5mg/kg, im.
6 x), lucathone hydrochloride (50 mg/kg
for sheep and 30 mg/kg for cattle; both
every other day until three treatments have
been given), hycanthone (6 mg/kg, im.) and
trichlorfon (10-12 mg/kg, im. 11 x at inter-
vals of 3-5 days).

Prophylaxis: In areas where schistosomosis is
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of great importance, grazing in swamps,
rice fields, ponds (habitat of the intermedi-
ate host) should be avoided. Water from
bore holes should be used for drinking pur-
poses. Infection can be reduced by fencing
off contaminated bodies of water and pro-
viding clean drinking water. These mea-

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

(Figures 31, 385, 36, 143, 144)

Fig. 143 Schistosoma bovis in the mesenteric veins

Fig. 144 Schistosoma bovis in the portal vein of
the liver



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

Onchocerca armillata Aortic filariosis

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

Hosts: Cattle, rarely small ruminants and
camel

Species description: Adults are found in the
aorta. Males are about 7 cm long and
females up to 70 cm. The microfilariae are
unsheathed, measure 346-382 ym x §5.5-
6.8 pm and are mainly found in and under
the skin on the dorsal parts of the animal
(hump, wither, neck, rarely dewlap and
lower parts). In chronic infections the
aortic wall is thickened and the intima
shows tortuous tunnels and there are
numerous nodules containing yellow
caseous fluid and coiled worms. Infection
is transmitted by bites of insects of the fam-
ilies Simuliidae and Ceratopogonidae. The
infection is very common (up to 90%) in
some areas.

Geographic distribution: Throughout Africa

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

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

Diagnosis: 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. Diethylcar-
bamazine is microfilaricid (5-8 mg/kg
daily for 21 days). Ivermectin (200 pg/kg)
was found to be highly effective against the
microfilariae of many Onchocerca spp.

(Figures 145, 146, 159)

Fig. 145 Onchocerca armillata; typical striated
cuticula

Fig. 146 Onchocerca armillata; aortic nodules
containing the coiled adult worms (arrow)

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

Elaeophora poeli Large aortic filaria

Location: Thoracic portion of the aorta

Hosts: Cattle, water buffalo

Species description: Males are 45-70 mm long
and females 40-300 mm. The microfilari-
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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 extremity
and the rest of its body hangs free in the
lumen of the vessel. The females are 350
pm wide in the intranodular part of the
body and 1.5-1.8 mm wide in the free parts
of the body. The life cycle is unknown.
Affected vessels are swollen and less elas-
tic. The intima is uneven and rised by nod-
ules which are 8—-13 mm in diameter.

Geographic distribution: Central and East
Africa, South East Asia, Philippines

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

Significance: Unknown

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

Therapy and Prophylaxis: Not indicated

(Figure 147)

Fig. 147 Elaeophora poeli; anterior end of a
female (1); anterior end (2}, cuticular structure (3)
and tail end (4) of a male [18]
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Setaria labiatopapillosa

Location: Adult worms occur in the abdomi-
nal cavity (= CATTLE, Hll 4.4).
Microfilariae are sheathed, 140-230 pm
long and appear in the peripheral blood.

(Figure 148)

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



3 Stages in the urogenital system

PROTOZOA

Tritrichomonas foetus (syn. Trichomonas
foetus) Bovine trichomonad abortion

Location: In the bull the parsites are found in
the preputial cavity. In cows trichomonads
are found in the vagina and uterus.

Hosts: Cattle

Species description: This is a venereal proto-
zoal disease of cattle characterized by early
foetal death and infertility, associated with
greatly extended calving intervals. It is
reported from many tropical countries.
The organism is ordinarily 10-15 x 5-10
pm, but there is considerable pleomor-
phism. At the anterior end there are three
flagella about the same size as the parasite.
An undulating membrane runs the full
length of the body and is bordered by a fil-
ament which continues beyond the mem-
brane as a posterior flagellum. Multiplica-
tion is by longitudinal binary fission.
Under natural conditions the infection is
transmitted during coitus from the bull to
the cow or vice versa. It may also be trans-
mitted mechanically, e.g. by gynaecologi-
cal examination of cows with contami-
nated tools. 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-
ally the source of initial and continuous
infection within a herd. Infected cows usu-
ally recover spontaneously after mean
durations of 20 weeks (primary exposure)
and 10 weeks (secondary exposure). Cows
can remain infected throughout pregnancy
and discharge trichomonads from the geni-
tal tract following calving.

Geographic distribution: World-wide

Symptoms: Purulent vaginitis, metritis, placen-
titis and abortion are commonly found in
infected cows and can cause enormous
losses. Prolonged sterility and extended
calving intervals are predominant features

(cave: differential diagnosis: Brucella abor-
tus!). There is a persistent uterine discharge
containing large numbers of the parasites.
Bulls are usually carrier of the parasite
without clinical symptoms.

Significance: Venereal disease of cattle charac-

terised by abortion and infertility in cows.
T. foetus can cause considerable losses in
infected herds. In many countries the inci-
dence has greatly been reduced by the arti-
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 foetus
(mainly stomach). In bulls the organisms
are in the prepuce, frequently in small
numbers. Microscopical examination 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 (e.g. Al pipette)
which is introduced into the prepuce, and
smegma is collected with a combination
of scraping and aspiring via an attached
rubber bulb or syringe. The same proce-
dure may be used to collect vaginal fluid.
It is important to avoid contamination
with faecal material, as such material con-
tains masses of protozoa similar in
appearance to T. foetus. The organisms
may not be numerous and careful, system-
atic examination is necessary. Diagnosis
is based on the size and shape of the
organisms as well as the characteristic
aimless, jerky motion on a warmed slide.
Only living organisms are useful for diag-
nostic purposes. Confirmation depends
on finding the organisms in at least one
animal in a suspected herd. The organisms
may be cultured in special media (e.g.
Diamond’s Trichomonad Medium). The
diagnosis can be confirmed by the Poly-
merase Chain Reaction (PCR) which is
the most sensitive and specific diagnostic
method nowadays. Serological examina-
tions on a herd level may be used for epi-
demiological purposes but are of little
value for individual animals.
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M 3 Stages in the urogenital system

Therapy: This is extremely difficult and does
not eliminate the parasites. Compounds
which have been reported to be effective
against trichomonads are dimetridazole,
ipronidazole and metronidazole. Thorough
rinsing out of affected genital organs with
acridine and iodine preparations may
reduce the number of parasites but it does
not clear the infection. The only effective
and sustainable way to control bovine tri-
chomonosis is strict prevention.
Prophylaxis: Control measures are based on
the assumption that transmission occurs
only during coitus and that infected cows
that undergo 3 months of sexual rest after
calving with normal uterine involution are
free of infection. Animals with pyometra or
genital abnormalities should be culled.  Fig. 149 Tritrichomonas foetus
Artificial insemination (AI) with semen  (12-18 x 6-10 pm); Giemsa-stained bloodsmear [4]
free of trichomoads is the most effective
way of controlling the disease. However, if
Al is not possible, the exposed animals
should be treated repeatedly for recogniz-
able uterine disease and allowed 3 months
of sexual rest. For breeding, a young, not
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 mating. This is based on the rela-
tive lack of susceptibility of young bulls to
trichomonad infection. Slaughter, rather
than treatment, of bulls is generally recom-
mended.
(Figures 149, 150)
Fig. 150 Morphology of Tritrichomonas foetus
(schematic) [19]
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4 Stages in internal organs

4.1 Locomotory system

4.1.1 Muscles

PROTOZOA

Sarcocystis bovicanis (syn. S. cruzi), Sarco-
cystis bovifelis (syn. S. hirsuta) and
Sarcocystis bovibominis (syn. S. hominis)
Bovine Sarcosporidiosis

Location: Cysts, containing the infective stage,
called bradyzoites, occur in the striated
musculature of cattle.

Hosts: Cattle are intermediate hosts of three
Sarcocystis species of which the dog
(S. bovicanis), the cat (S. bovifelis) or man
(S. bovibhominis) are final hosts.

Species description: Cysts of several Sarcocys-
tis species are found in the muscles of cat-
tle. Cattle always act as intermediate hosts.
S. bovicanis is the most pathogenic species
for cattle. Infection is acquired orally by
ingestion of sporocysts from the faeces of
infected hosts. Tissue cysts in cattle are
infectious for at least 1 year. The life cycle
of Sarcocystis spp. is as follows: infective
sporocysts, excreted by the final host (cat,
dog, man) are ingested, sporozoites are
released in the intestine and invade many
tissues via blood stream. Schizogony
occurs 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 in the brain. Cysts vary in size,
depending on the species, from a few mil-
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M 4 Stages in internal organs

Table 10 Sarcocystis species found in muscles of cattle

Species Synonym Definite host Pathogenicity
IH* DH**
S. bovicanis S.cruzi Dog, coyote, wolf +++ 0
S. bovifelis S. hirsuta Cat 0
S. bovihominis S. hominis Man, rhesus monkey, 0

baboon, chimpanzee

*IH = Intermediate Host; **DH = Definitive Host; 0 = non-pathogenic; + = mildly pathogenic; +++ = severely pathogenic

limetres to several centimetres in length.
The peripheral region of a cyst contains
globular forms (metrocytes), which pro-
duce two daughter cells by endodyogeny

throughout the world. Economic losses
during a fresh infection may be higher than
expected. Once muscle cysts are formed the
infection is inapparent.

and these after further replication give rise ~ Diagnosis: This is very difficult in the acute

to banana-shaped bradyzoites. Infection of
the final host is by ingestion of muscle
cysts, containing bradyzoites. S. bovifelis is
nonpathogenic for cattle and produces
microscopic cysts of 12 X 1 pm. S. bovi-
hominis has man and some primates as
definitive hosts and the sarcocysts are com-
partmented, with a wall of about 6 pm tick
that appears radially striated by light
microscopy. The pathogenicity of S. bovi-
hominis for cattle is still in debate. The fol-
lowing description refers to this species.
Following ingestion of sporulated oocysts
or sporocysts by cattle {excreted by dogs,
wolves, coyotes, raccoons, foxes, hyenas)

phase (1 month post infection). During this
period schizonts may be demonstrated in
vascular endothelial cells by means of
stained-scrapings taken from the blood
vessels or by histopathological examina-
tion. Detection of meronts in Giemsa-
stained blood smears (= METHODS, 3.1) or
biopsy for detection of schizonts. At
necropsy artificial digestion of affected
muscles might reveal the muscle cysts. Ser-
ological tests (IFAT, ELISA; v METHODS,
5.1 and 5.2) are indicated after the acute
phase. The PCR (rs METHODS, 6.3.2) may
be used as a highly sensitive method to
detect Sarcocystis infections.

several generations of schizonts occur in Therapy: This is extremely difficult in cattle

the endothelial cells of blood vessels and
metrocytes are found in the striated mus-
culature about 1 month after infection.
Fully developed muscle cysts, containing
the infective bradyzoites occur 2-3 months
after infection.

Geographic distribution: World-wide

Symptoms: Anorexia, intermittent fever at-

and rarely indicated. Amprolium (100
mg/kg, po., daily during 30 days) was effec-
tive to avoid clinical signs in cattle (endo-
thelial schizogony) during experimental
infections. Amprolium and halofuginone
(0.66 mg/kg, po., 2 x on consecutive days)
may be used in sheep and goats to avoid
clinical disease after infection.

tacks, anaemia, weight loss were observed ~ Prophylaxis: The contamination of cattle food

after experimental infection of calves. Deaths
occurred about 30 days after a heavy infec-
tion with 10°-10¢ sporocysts. Reduced

with faeces of dogs, cats and man as well
as the feeding of raw cattle meat to dogs
should be avoided.

milk yield, loss of condition, dyspnoea and  (Figures 151, 152, 153, Table 10)

abortion were observed in adult cattle.
Significance: Sarcocystis infection occurs
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Fig. 151 Life cycle of
Sarcocystis bovicanis

(3]

Fig. 152 Sporozoites of Sarcocystis suicanis (left), Fig. 153 Sarcocystis bovicanis (syn. S. cruzi); tissue
Sarcocystis ovicanis (middle) and Sarcocystis cyst (70 pm in diameter) [10]
bovicanis (right) [4]

Toxoplasma gondii will thus provide an important epidemi-
ological tool. Tissue cysts of T. gondii in
cattle may constitute an infection risk of
minor importance for man.

Neospora sp.

Remarks: Cysts of Neospora sp. are found in
the muscles of cattle. The entire life cycle is
still unknown. Until 1988 the parasite was
diagnosed as T. gondii. N. caninum caus-
es neuromuscular disorders in dogs and is
the main cause of abortion in cattle in the
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USA. Tachyzoites and tissue cysts are the
only stages so far known. For diagnosis and
treatment ¥ CATTLE, ll 4.6.

* Cestoda larvae found in the muscles

Cysticercus bovis arvae of the human
tapeworm Taenia saginata cysticercosis,
“beef measles”

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

Intermediate hosts: Cattle

Species description: The final host of this par-
asite is man. Cattle serve as intermediate
hosts. In cattle the parasite appears as
small, fluid-filled cysts (10 mm x 4.5 mm)
which give a spotty 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 proglottids are
passed in the faeces. Infection of cattle
occurs by ingestion of proglottids or eggs.
The larvae (oncospheres) hatch in the intes-
tine and penetrate the intestinal wall and
are carried via blood stream to muscles
where they become bladder worms 8-20
weeks after ingestion. Some of the cysticer-
ci may become calcified and are no longer
infective. Man is infected by eating
uncooked measly meat of cattle containing
viable cysticerci. Adult tapeworm develop
in man in 3-5 weeks.

Geographic distribution: World-wide

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

Significance: Carcasses containing beef mea-
sles are condemned at meat inspection.
Consumption of infected, inadequately
cooked meat may infect man. Therefore
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consequent inspection of cattle carcasses
needs to be done. This is time-consuming
and expensive.

Diagnosis: Demonstration of cysticerci in mus-
cles of cattle at meat inspection. Serologi-
cal tests may be used to detect infections
antemortem but some are relatively unspe-
cific.

Therapy: Not indicated

Prophylaxis: Animals should not be exposed to
human faeces. Water used for livestock
purposes (e.g. drinking, irrigation) should
be free of faecal contamination. The disease
is spread because pastures are irrigated
with human sewage.

(Figures 154, 155, 156, 157)

Fig. 154 Taenia sp. eggs (34-39 x 31-38 pm) con-
taining oncospheres [4]

Fig. 155 Cysts of Cysticercus bovis (10 x 4-5 mm)
in the heart of a cattle [4]



of hooks. Although they are not dangerous
to man, their presence is repugnant, and
parasitized meat should be condemned
and not fed to dogs or other caniidae.
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Onchocerca dukei Muscular and subcuta-
neous onchocercosis of cattle

Fig. 156 Calcified tissue cyst of Cysticercus bovis
in the masseter muscle of a cattle

Fig. 157 Life cycle of Taenia saginata/Cysticercus
bovis

Cysticercus dromedarii (syn. C. cameli)

Fig. 158 Sites of occurrence of some Onchocerca
species found in cattle in Africa [20]
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M 4 Stages in internal organs

Fig. 159 Key for the identification of Onchocerca
species of cattle in Africa [20]

ARTHROPODS

* [Insecta larvae found in the muscles

Hypoderma bovis and Hypoderma lineatum
Larvae of the warble flies

Remarks: Larvae of the warble flies may some-
times occur in the muscles during their
migratory period. Hypoderma lineatum
migrates through the wall of the oesopha-
gus (v CATTLE, M 5.1).

4.1.2 Tendons

* Nematoda larvae and adult nematodes
found in the tendons

Onchocerca gutturosa
Ligamentary onchocercosis

Location: Adult worms of this species occur in
the ligamentum nuchae and also in the lig-
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aments of the hip, elbow, stifle, knee joints
and the external side of the scapular cartil-
age. Microfilariae are found in the skin of
the hump and back, sometimes ears and
neck of cattle.

Hosts: Cattle

Species description: Males are 2-3 cm long and
females are up to 60 cm long or more. The
microfialriae are unsheathed and 249-263
pm long and 3.4-4.4 pm wide. The inter-
mediate hosts are members of the family
Simuliidae.

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

Symptoms: Usually inapparent infections.
Microfilariae may cause a slightly itching
dermatitis, resembling a mild mange.

Significance: Allergic skin reactions against the
microfialriae and massive nodule forma-
tion may reduce the quality of the skin.

Diagnosis: This is based on the identification
of microfilariae in skin biopsies or adult
worms at slaughter.

Therapy and Prophylaxis: This is usually not
indicated. If allergic dermatitis due to
microfilariae are suspected treatment with
wvermectin (200 pg/kg, sc.) may be indi-
cated.

Onchocerca lienalis

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

4.2 Liver

HELMINTHS

* Trematoda found in the liver

Fasciola gigantica Giant liver fluke

Location: Bile ducts

Hosts: Cattle, sheep, goat, dromedary, horse,
pig and many other animal species

Species description: F. gigantica is the common
liver fluke of livestock in Africa and South



Asian countries. F. gigantica resembles F.
hepatica. Its size is larger, being 25-75 mm
in length and up to 12 mm in breadth. The
size of theeggs is 156-197 ym x 90-104 pm.
The most frequently involved intermediate
hosts are Lymnaea auricularia and L. nata-
lensis. These are aquatic snails living in fairly
large permanent bodies of water. The snail
vectors can survive an amphibious existence
but can only aestivate for very short periods.
Metacercariae (the cyst stage of cercariae
formed after the tail is cast off) encyst on
plants under water such as rice plants, etc.
Metacercariae may survive for up to 4
months on stored plants and thus infection
may be transmitted by feeding rice straw. F.
gigantica adults reach the bile ducts 12
weeks after infection. The immature stages
migrate through the liver parenchyma.
Infections with F. gigantica can occur
extremely focal, revealing high prevalences
in some regions and low prevalences in
others. Infection is acquired by eating herb-
age which is contaminated with metacercar-
1ae. The prepatent period is 9-12 weeks.

Geographic distribution: Throughout Africa
and Asia

Symptoms: In 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. hepatica.

Significance: F. gigantica causes mainly a
chronic fasciolosis in cattle and an acute,
often fatal, syndrome in sheep.

Diagnosis: Detection of typical operculated
eggs with the sedimentation method.
Cave: F. gigantica eggs are similar to the
eggs of some rumen fluke species! F.
gigantica eggs only appear 15 weeks after
infection! Adult flukes are found in the
bile ducts at necropsy.

Therapy: = E. hepatica

Prophylaxis: = F. hepaticain many parts of Afri-
ca it is not possible to avoid grazing around
lakes, swamps especially if these places are
used for watering. The use of bore holes for
watering cattle is an effective means to
reduce infections with F. gigantica.

(Figure 160)

Fig. 160 Fasciola gigantica; the giant liver fluke

Fasciola hepatica Common liver fluke

Location: Bile ducts of the liver, sometimes gall
bladder

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

Species description: F. hepatica is occurs
world-wide — except in Africa and South
Asia where it is replaced by F. gigantica -
and affects especially cattle and sheep. Its
size is 30 by 15 mm. The eggs measure
130-150 x 65-90 pm. F. hepatica eggs
hatch within 10-12 days after deposition
and the miracidium, the first larval stage,
penetrates actively into the intermediate
host which is generally an amphibious
snail of the genus Lymmnaea. Cercariae
leave the snail 4-7 weeks after infection
and settle on plants just below water level.
After casting off the tail they form a cyst
about 0.2 mm in diameter (metacercariae).
The metacercariae are infective. Ingested
metacercariae penetrate the small intesti-
nal wall and reach the liver via abdominal
cavity. The duration of the migration with-
in the liver parenchyma is 6-8 weeks after
which the young flukes reach maturity in
the bile ducts. Infection occurs orally by
ingestion of metacercariae on herbage. The
incubation period is 2-4 weeks. First
symptoms may be seen 5-7 days after
infection in acute fasciolosis.
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Geographic distribution: Temperate areas

world-wide and high altitude regions in
East and South Africa.

Symptoms: F. hepatica causes a wide range of

clinical symptoms, depending on the num-
ber of metacercariae ingested but none of
the symptoms is pathognomonic. Chronic
fasciolosis is the most common form in cat-
tle, sheep and other hosts. The symptoms of
chronic fasciolosis are generally associated
with hepatic fibrosis and hyperplastic chol-
angitis. Anaemia, oedema (bottle jaw),
digestive disturbances (constipation, diar-
rhoea) and cachexia develop gradually.
Acute fasciolosis is less common than the
chronic disease and occurs mainly in sheep.
It is basically a hepatitis caused by the
simultaneous migration of large numbers
of immature flukes. Sudden death may
occur in acute fasciolosis.

Significance: F. hepatica is the most important

trematode of domestic ruminants and the
most common cause of liver fluke disease
in temperate areas.

Diagnosis: The oval, operculated, golden-

brown eggs (130-150 x 65-90 pm) appear
in the faeces 10 weeks after infection. The
sedimentation is the most reliable method
for the detection of Fasciola spp. eggs (=
METHODS, 1.5). Eggs are expelled intermit-
tently, depending on the evacuation of the
gall bladder. Fasciola spp. eggs are very
similar to eggs 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 Fasciola spp.
eggs and eggs of Paramphistomidae is not
easy. The detection of the adult flukes in
the liver at necropsy or slaughter is the
most reliable method to confirm fasciolo-
sis. Prevalence studies should be based on
abattoir surveys rather than on coproscop-
ic investigations.

Therapy: A number of compounds is available

to treat fasciolosis in cattle. These are oxy-
clozanide (10 mg/kg, po.), rafoxanide (7.5 mg/
kg, po.), nitroxynil (10 mg/kg, sc.), alben-
dazole (10 mg/kg, po.), closantel (5 mg/kg,

po.), triclabendazole (12 mg/kg, po.),
netobimin (20 mg/kg, po.) and clorsulon (7
mg/kg, po.). Some of these diamphene-
thide (100 mg/kg, po.), nitroxynil (15 mg/
kg, sc.), closantel (10 mg/kg, po.), tricla-
bendazole (12 mg/kg, po.) and clorsulon
(7 mg/kg, po.) are active against immature
flukes. The treatment interval for strategic
control should be chosen according to the
local epidemiological situation.

Prophylaxis: The snail intermediate host may

be controlled by drainage of land, fencing
off water pools to exclude animals from
the snail habitats. The use of plant mollus-
cicides offers new prospects for future snail
control.

(Figures 30, 31, 32, 161, 162, 163, 164, 165)

Fig. 161 Fasciola hepatica; the common liver fluke
(30 x 15 mm)

Fig. 162 Lymnaea truncatula; the intermediate
host of Fasciola hepatica [10]



Fig. 163 Life cycle of
Fasciola hepatica 6]
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1 Egg hatches in water
to free-swimming larva

2 Larva enters snail

3 Swimming cercaria
leaves snail

Fig. 164 Fasciola hepatica infection; cholangitis Fig. 165 Fasciola hepatica infection causing

and calcification of the bile ducts [4] cholangitis and calcification of the bile ducts

Dicrocoelium hospes African lancet fluke to D. dendriticum. Infection is acquired by

ingestion of infected ants (containing met-

Location: Bile ducts and gall bladder acercariae) via herbage. Migration of

Hosts: Sheep, goat, cattle and other ruminants immature flukes from the intestine via duc-

Species description: D. hospes is 6~10 mm long tus choledochus into the biliary system.
and 0.8-1 mm wide. The eggs measure The prepatent period is up to 97 days.
36-45 pm x 25 pm. The life cycle involves  Geographic distribution: North, Central and
two intermediate hosts. The first is a land West Africa
snail (Limicolaria spp., Achatina spp. and ~ Symptoms: Generally clinically inapparent;
probably others) and the second an ant heavy infections cause diarrhoea, cholan-
(Dorylus spp., Cematogaster spp. and gitis and weight loss.

other genera). D. hospes is closely related  Significance: In some regions a high percent-
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age of animals is infected. Losses occur due
to poor growth and condemnation of
infected livers at slaughter.

Diagnosis: Adult D. hospes in the bile at
necropsy; detection of parasite eggs in the
sediment of faeces.

Therapy: = below D. dendriticum

Prophylaxis: s+ below D. dendriticum

Dicrocoelium dendriticum (syn. D. lanceola-
tum) Common lancet fluke

Location: Bile ducts or gall bladder

Hosts: D. dendriticum occurs mainly in sheep,
goat, cattle but also in pig, dog, donkey,
rabbit and rarely in man.

Species description: The fluke is 6-10 mm long
and 1.5-2.5 mm wide. The eggs measure
36-45 x 20-30 pm. The life cycle involves
two intermediate hosts, a land snail as the
first (Zebrina spp., Cionella spp. and 29
other species are described) and ants of the
genus Formica and Lasius as the second
intermediate hosts. Ants infected with
metacercariae attach to herbage overnight
and are available to grazing animals in the
early morning. Infection occurs by inges-
tion of infected ants (containing metacer-
cariae) via herbage. Migration of immature
flukes from the intestine via ductus choled-
ochus into the biliary system. The prepatent
period is 47-54 days. Cirrhosis of the liver
and thickening of the bile ducts may occur
in heavy infections.

Geographic distribution: Europe, Asia, the
Americas, North Africa, occasionally in
imported ruminants in other parts of Afri-
ca; autochthonous infections seem not to
occur in Africa.

Symptoms: Often without clinical symptoms.
Heavy infections may produce weight loss,
anaemia and hypoproteinaemia.

Significance: Lancet flukes may cause exten-
sive liver damage, causing the host to “do
poorly”. Condemnation of livers at slaugh-
ter may cause severe economic losses
among cattle herds.

Diagnosis: Demonstration of typical eggs in
the sediment of faeces. The eggs are small
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(40 x 25 pm), thick walled, yellowish-
brown and contain a miracidium. Adult
parasites may be found in the bile ducts at
necropsy.

Therapy: Albendazole (20 mg/kg, po.), fen-
bendazole (50 mg/kg, po.), netobimin (20 mg
/kg, po.) thiophanate (50 mg/kg, po.),
thiabendazole (200 mg/kg, po.) and prazi-
quantel (50 mg/kg, po.) are effective against
the lancet fluke.

Prophylaxis: Elimination of the intermediate
hosts is not feasible.

(Figures 32, 33, 166, 353)

Fig. 166 Dicrocoelium dendriticum found in the
bile ducts

Schistosoma spp.

Remarks: Schistosomes may often be found at
necropsy in the portal veins of the liver

e CATTLE, 2

* (Cestoda found in the liver

Echinococcus granulosus (syn. E. unilocula-
ris) Hydatid tapeworm, hydatidosis

Location: Larvae (hydatid cysts) of E. granu-
losus are found in the liver and the lungs of
cattle, sheep, goats, swine, horse, drome-
dary and other domestic animals and man
(= intermediate hosts). Adult tapeworms
are found in the small intestine of the dog
and other related carnivores (= final hosts).

Hosts: Canids are the final hosts of E. granu-
losus. Intermediate hosts are ungulates and
man.



Species description: E. granulosus is a small

tapeworm with 3—4 proglottids and a total
length of 2-6 mm. It occurs in the small
intestine of the dog and other canids (hyae-
na, coyote, fox, etc.). Adult tapeworms in
the dogs pass proglottids or eggs in the
faces. When ingested by cattle or other
intermediate hosts, these eggs hatch in the
intestine. The oncospheres (hexacanths)
penetrate the gut wall, enter the portal vein
and reach the liver, which is the first capil-
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 hydatid cysts (bladder worms)
develop. These are large cysts filled with
fluid and tapeworm heads (protoscolices).
The hydatid cysts develop slowly over sev-
eral months. They are commonly 5-10 cm
in diameter and contain a liquid. The hyda-
tid cyst is composed 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 detached and float free in the cyst
fluid, being termed “hydatid sand”. At this
time the cyst is infective for the definitive
host. The life cycle is completed when a dog
ingests protoscolices. Hydatid cysts are usu-
ally found in the lungs of sheep and cattle,
but primarily in the livers of horses. In pigs,
hydatid cysts are found in both the liver and
the lungs. The hydatid cysts may be multi-
locular (sheep, cattle, pigs) or unilocular
(horse). In man hydatid cysts may be found
in many organs. The significance of the
hydatid cyst depends on the severity of the
infection and the organ in which it is situat-
ed. In domestic animals clinical signs are not
commonly seen despite heavy infections.
Human hydatidosis is often associated with
clinical signs and the function of the affect-
ed organ is often impaired. This is especial-
ly true if the heart or the brain are involved.
Adult tapeworms are harmless to the dogs
and seldom cause clinical symptoms.

Geographic distribution: World-wide

Symptoms: Hydatid cysts do not usually cause
clinical symptoms unless the cysts are
numerous or become very large.

Significance: Hydatidosis in cattle is not usu-
ally a problem, but infected organs are con-
demned at slaughter. In man hydatidosis is
a serious problem. Infected dogs are a res-
ervoir for both infection of domestic ani-
mals and man.

Diagnosis: Usually the diagnosis of hydatido-
sis is made at slaughter or necropsy. Infect-
ed dogs pass eggs in the faeces which can-
not be differentiated 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 studies. E. granulosus eggs, excreted by
dogs are very similar to those of Taenia
spp- The differentiation may be carried out
by means of monoclonal antibodies.

Therapy: Treatment of hydatidosis in cattle
and other intermediate hosts is rarely indi-
cated. Control of hydatidosis is based on
prophylaxis.

Prophylaxis: Dogs should not be fed with
uncooked meat in general and infected
organs in particular. In endemic areas
where human hydatidosis is of great
importance special attention should be
paid to the safe destruction of affected
organs, the reduction of stray dogs and the
anthelmintic treatment of domestic dogs.
Praziquantel (5§ mg/kg, po. or 5.7 mg/kg,
sc. or im.), bunamidine hydrochloride
(25-50 mg/kg, po.) and the combination of
febantel/praziquantel/pyrantel are suffi-
ciently effective against adult E. granulo-
sus tapeworms in dogs.

(Figures 167, 168, 169, 170)
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Fig. 167 Echinococcus granulosus; hydatid cyst in Fig. 169 Echinococcus granulosus; hydatid cyst
the lungs of a cattle [4] [42] opened [4]

Fig. 170 Echinococcus granulosus; protoscolex
(100 x 160 in diameter) with typical hook collar

Stilesia bepatica

Fig. 168 Life cycle of Echinococcus granulosus in
sub-Saharan Africa [21]
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Cysticercus tenuicollis

Remarks: Migrating post-oncospheral stages
may occasionally be found in the liver
parenchyma and thin-necked cysts may be
found on the serosa of the liver (¥ CATTLE,
W 4.4 and SHEEP AND GOATS, W 4.4).

POROCEPHALIDA

Linguatula serrata “tongue worm”
g

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, goat and sheep.
The parasite is tongue-shaped and the cuticle
is transversely striated. Males are 1.8-2 cm,
females are 3-13 cm long. The eggs meas-
ure about 90-70 nm. The eggs are ingest-
ed by a herbivorous intermediate host
(horse, sheep, goat, cattle, rodents, rabbit,
etc.) and hatch in the alimentary canal and
the larvae migrate to the mesenteric lymph
nodes, in which they develop to the infec-
tive nymphal stage. The larva is up to 500
pm long and undergoes about six to 9
moults. It usually lies in a cyst 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
infective by eating the infective viscera,
especially of sheep and cattle. Infected dogs
show sneezing and discharge from the nos-
trils. The infection in cattle is clinically
inapparent.

(Figures 171, 172)

Fig. 171 Linguatula serrata; embryonated egg
(90 x 70 pm); [47 1; ES = egg shell; KL = claw;
LA =larva [7]

Fig. 172 Linguatula serrata; adult female (up to 13
cm long); M = mouth opening; HK = hooks;
D = intestine [7]

4.3 Respiratory system

HELMINTHS

¢ Cestoda found in the lungs and trachea

Echinococcus granulosus (syn. E. unilocula-
ris) Hydatid tapeworm, hydatidosis

Remarks: Larvae (hydatid cysts) of E. granu-
losus are often found in the lungs and liver
of cattle and other domestic animals (=
CATTLE, W 4.2).

¢ Nematoda found in the lungs and
trachea

Dictyocaulus viviparus Cattle lungworm,
parasitic bronchitis

Location: Trachea, bronchi and bronchioles

Hosts: Cattle, camel and some deer species

Species description: Males are 4-5 cm long
and the females 6-8 cm. The eggs measure
82-88 x 33-38 pm. The adult worms live
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in the airways and produce eggs which
contain larvae. These eggs are moved with
respiratory secretions towards the larynx.
They are then coughed up and swallowed.
Hatching occurs in the intestine and first-
stage larvae are passed in the faeces. On the
pasture the larvae moult twice to reach the
third stage which is infective for cattle.
When swallowed the infective larvae pen-
etrate the gut wall and move to the local
lymph nodes, where they moult to become
fourth-stage larvae. Then they migrate via
the thoracic duct to the jugular vein, after
that to the right side of the heart and then
to the lungs where they are arrested in the
capillaries and break through to the air
passages. Development to maturity in the
bronchi of the host takes about 4 weeks.
Larval stages remain inhibited for several
months. Irritation of the respiratory muco-
sa by larvae and adult worms cause
increased respiratory secretions and lung
congestion with blockage of air passages.
Aspiration of eggs and larvae into the
alveoli leads to consolidation of lobules.
Severe epithelialization and peribronchial
fibrosis usually occur a few weeks after the
infection has started. These chronic lung
alterations may be the cause of the
unthriftiness, commonly observed in ani-
mals after a heavy infection. Immunity is
built up as quickly as 10 days after an
initial infection but it wanes in the absence
of reinfection.

Geographic distribution: World-wide
Symptoms: Parasitic bronchitis is character-

ized by severe coughing, rapid breathing,
dyspnoea and rapid loss of condition.
Severe cases lead to emphysema and pneu-
monia. Death may occur in heavy infec-
tions.

Significance: Parasitic bronchitis due to D.
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viviparus may cause great losses in endem-
ic areas. Even animals after a moderate
initial infection show retarded growth for
prolonged periods of time. In Africa D.
viviparus has been frequently found in
imported animals. Autochthonous infec-
tions occur sporadically.

Therapy: Levamisole (5 mg/kg, sc. or 7.5

mg/kg, po.), the benzimidazoles (fenbenda-
zole, 7.5 mg/kg, po.; oxfendazole, 4.5-5
mg/kg, po.; albendazole, 7.5 mg/kg, po.;
febantel, 7.5 mg/kg, po.) netobimin (12.5
mg/kg, po.) and ivermectin (200 pg/kg, sc.)
are highly effective against all stages of D.
viviparus. These drugs are also effective
against lungworms in sheep, horses and
pigs. In calves, aggravated coughing a few
minutes after treatment (especially with
levamisole, sc.) is characteristic for the
infection and often regarded as a confirma-
tion of the diagnosis. Heavily affected
calves should be moved inside and suppor-
tive treatment should be administered.

Prophylaxis: Pastures with a recent history of

lungworm infection are highly dangerous
for young calves. Lungworm infections
may be controlled in several ways. Calves
may be vaccinated with X-radiated Dictyo-
caulus larvae (Dictol®), in countries where
the vaccine is available, twice (4 weeks
apart) prior to exposure. The animals
should be housed during the vaccination
period and for another 2 weeks after the
second dose to allow time to build up an
adequate level of immunity before release
on pasture. Another approach is the stra-
tegic control of infections. In first-season
cattle, a first treatment is applied 2-3
weeks after turn-out and, depending on the
infection risk and the duration of the drug,
repeated treatments are required during
the period of high challenge (benzimida-
zoles monthly, ivermectin 3 and 10 weeks
after turn-out). A sustained release device
(anthelmintic with a prolonged activity)



may also be applied about 2-3 weeks after
turn-out or prior to the period with the
highest infection risk.

(Figures 83, 173, 174)

Fig. 174 Dictyocaulus viviparus; adult worms in
trachea

Fig. 173 Life cycle of
Dictyocaulus viviparus;
the third-stage larvae
penetrate the intestinal
mucosa and not the
mucosa of the stomach
[6]

Mammomonogamus laryngeus

Location: Larynx

Hosts: Cattle, water buffalo, occasionally
sheep, goat and rarely man

Species description: M. laryngeus is not very
pathogenic for cattle. The worms are
attached to the mucosa of the larynx. The
males and females are found in permanent
copulation. The life cycle is unknown.

Geographic distribution: Caribbean Islands,
South America, Asia, Central Africa
(Cameroon)

Symptoms: Affected animals may cough and
sometimes lose condition. Calves may
develop bronchitis. Pneumonia due to res-
piratory secretions which are aspirated,
causing pulmonary reactions have been
observed.
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M 4 Stages in internal organs

Significance: Heavy infections in endemic
areas may cause losses due to massive irri-
tation of the larynx by the parasites. Bron-

chitis and pneumonia may occur.

Diagnosis: This is made by finding the eggs in

the faeces or adult worms at necropsy.

Therapy: Unknown. Nitroxynil (10mg/keg,
sc.), which is used against Syngamus spp.
of poultry may also be used against Mam-
momonogamus laryngeus. Modern benzi-
midazoles and ivermectin (200 pg/kg. sc.)

may be used in heavily infected cattle.
Prophylaxis: Unknown
(Figures 175, 176, 177)

Fig. 175 Mammomonogamus laryngeus (males are

3-3.5 mm long, females are 8.5-10 mm long) |8|
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Fig. 176 Egg of Mammomonogamus laryngeus
(323 x 50 pm) [8]

Fig. 177 Mammonogamus laryngeus; head end [8]

Mammomonogamus nasicola

Location: Nasal cavities

Hosts: Cattle, 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 option-
al reservoir host (e.g. earthworm or snail)
is being suspected. After oral ingestion of
infective larvae the parasite reaches the res-
piratory tract through the blood stream.
The parasites suck blood and are bright red
in fresh samples.



Geographic distribution: Central and South
America, West Indies, Central Africa.
Symptoms: Heavy infections cause irritation of
the nasal mucosa, sneezing and nasal dis-
charges. M. nasicola may be differentiated
from Schistosoma infection of nasal pas-
sages.

Significance: = above M. laryngeus

Diagnosis: = above M. laryngeus

Therapy: Unknown

Prophylaxis: Unknown

(Figure 178)

Fig. 178 Mammomonogamus nasicola [18]

4.4 Abdominal cavity

* Cestoda found in the abdominal cavity

Cysticercus tenuicollis Larval stage of the
canine tapeworm Taenia hydatigena

Remarks: The thin-necked larvae (Cysticercus
tenuicollis) of Taenia hydatigena are often
found attached to the omentum, the intes-
tinal mesentery and to the serosal surface
of abdominal organs, especially the liver of
cattle, sheep and other herbivores. Cysti-
cerci are often found at meat inspection
without any previous clinical signs. The
feeding of condemned material to dogs

should be avoided (¥ SHEEP AND GOATS,
W4.4).
(Figures 179, 180)

Fig. 179 Cysticercus tenuicollis; thin-necked cyst
attached to the liver of a sheep. The protoscolex
can be seen through the cyst wall

Fig. 180 Cysticercus tenuicollis; thin-necked stage
found in cysts

« Nematoda found in the abdominal
cavity

Setaria labiatopapillosa Bovine abdominal
filariosis

Location: Peritoneal cavity

Hosts: Cattle, deer, giraffe and other rumi-
nants

Species description: Males are up to 4-6 cm
long and females 6-12 cm. There is a dis-
tinct peribuccal ring with dorsal and ven-
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M 4 Stages in internal organs

tral prominences. The tail of the female ter-
minates in a marked button which is divid-
ed into a number of papillae. The microfi-
lariae are sheathed, measure 240-260 pm
and appear in the peripheral blood (=
CATTLE,
toes act as vectors (Aedes spp., Culex spp.
and Anopbheles gambiae and other Anoph-
eles spp.). Infective larvae are produced in
the vector in 12-16 days. Adult worms in
the peritoneal cavity are non-pathogenic.

2). Several species of mosqui-

The major pathogenic effect occurs when
immature stages migrate erratically in the
central nervous system of abnormal hosts
(e.g. Setaria digitata or S. labiatopapillosa
microfilariae introduced by vectors in
horses, sheep and goats). The affected ani-
mals suffer from an acute, focal encepha-
lomyelomalacia. The lesions are usually
single tracks left by migrating larvae and
may be found in any part of the CNS.

Geographic distribution: World-wide

Symptoms: Adult worms in the peritoneal cav-
ity do not cause clinical signs. Erratic larvae
in the CNS may cause nervous signs,
depending on the location of the lesions.
Muscular weakness, ataxia, paralysis and
death may occur.

Significance: Adult worms in the peritoneal
cavity are non-pathogenic. Erratic larvae in
the CNS of an abnormal host may cause
nervous symptoms and even death.

Diagnosis: This is made by demonstrating the
microfilariae in stained blood smears or
with the dark ground/buffy coat method
(v METHODS, 3.1 and 3.4) or by finding
the adult worms in the abdominal cavity.
The antemortem diagnosis of immature
worm-associated CNS disturbances under
field conditions is impossiblé. Histopatho-
logical examination of stained brain sec-
tions may result in an aetiological diagno-
s1s.

Therapy: Chemotherapy is difficult because
adult worms are very resistant to most
drugs. Ivermectin (200-500 pg/kg, sc.) and
diethylcarbamazine (25-100 mg/kg/day
during several days, sc.) are effective
against the microfilariae.
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Prophylaxis: Unknown
(Figures 148, 181, 182)

Fig. 181 Setaria labiatopapillosa; adult worm on
the intestinal serosa; males are 4-6 ¢m long and
and females are 6-12 cm long

Fig. 182 Setaria labiatopapillosa; anterior end

4.5 Pancreas

* Trematoda found in the pancreas

Eurytrema pancreaticum Pancreatic fluke

Remarks: This parasite occurs in the pancreat-

ic ducts, bile ducts, occasionally duodenum
SHEEP AND GoATs, H
4.5) and occasionally carttle in Asia, Brazil,

of sheep, goats (&=



Madagascar and Réunion. There are no
obvious clinical signs unless heavy infec-
tions are present. However, recent reports
suggest that in areas with a high prevalence
and intensity of infection, Eurytrema pan-
creaticum may be responsible for chronic
wasting and mortality, especially in sheep.

Neospora sp.

Remarks: Neospora caninum is a recently rec-

ognized new parasite species. It resembles
T. gondii and causes neuromuscular disor-
ders (polyradiculoneuritis, myositis, paral-
ysis) in dogs and abortion in cattle. Neo-

(Figures 34, 183) spora sp. is suspected to be responsible for
up to 20% of cattle abortion in some parts
of the USA. The entire life cycle is
unknown. No final host has been found so
far in which the sexual development occurs.
The only stages of this parasite are tachy-
zoites and tissue cysts. These are thick-
walled (1-4 pm) as compared to T. gondii
which produces thin-walled (< 0.5 pm)
cysts. Neospora-like organisms were found
in the central nervous system of dogs, cats,
lambs, calves and foals. Transplacental
transmission has been demonstrated in all
these cases. The diagnosis is based on the
demonstration of parasites in stained tissue
sections or isolation from freshly aborted
foetuses. Positive IFAT titres (=5 METHODS,
5.1) in neonatal calves prior to colostrum
application is a strong indication of a pre-
natal infection. The main location of tissue
cysts in cattle is the central nervous system.
Sulfonamids combined with trimetho-
prime, pyrimethamine (1mg/kg, daily po.
for 4 weeks) and clindamyzine (13.5 mg/kg,
3 x daily po. during 10 days) are used in
dogs for treatment. No specific treatment is
yet available for ruminants.

(Figures 184, 185)

Fig. 183 Eurytrema pancreaticum; (8—16 mm long
and 5-8. 5 mm wide) {8]

4.6 Central nervous system

PROTOZOA

Toxoplasma gondii

Remarks: Tissue cysts of this parasite may
occasionally be found in the brain of sheep
and cattle. These cysts contain merozoites
(6-8 pm long) and are infective for the final
host (cat) (= also Swing, B 4.1 and 4.6).

Fig. 184 A weak-born calf with neuromuscular dis-
orders due to a congenital Neospora caninum
infection [22]
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Fig. 185 Neospora caninums thick walled cyst (1-4
pm thick; 70-120 pm in diameter) in the brain of a
calf [22]

HELMINTHS

¢ Cestoda cysts found in the central
nervous system

Coenurus cerebralis Larval stage of the
canine tapeworm Taenia multiceps (syn.
Mudlticeps multiceps) “gid”, “stuggers”,
“sturdy”

Remarks: The intermediate stage of the canine
tapeworm Taenia multiceps, a coenurus,
develops in the brain and spinal cord main-
ly of sheep and goats and less commonly
in cattle (s SHEEP AND GOATS, l 4.6).
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5 Stages on the body surface

5.1. Skin and coat

PROTOZOA

Besnoitia besnoiti (syn. Sarcocystis besnoiti)
Elephant skin disease

Location: Besnoitia cysts are found in the der-
mis, subcutaneous tissue, fasciae, laryn-
geal, nasal and other mucosae.

Hosts: Domestic and wild cats act as definitive
hosts. Intermediate hosts are cattle, goat,
wildebeest, impala and kudu. Sheep, rab-
bit and some rodents may be experimental
intermediate hosts.

Species description: This is a protozoan disease
of the skin, subcutis, blood vessels and
mucous membranes. These Toxoplasma-
like organisms multiply in endothelia, his-
tiocytic and other cells and produce char-
acteristic large, thick-walled cysts filled
with bradyzoites. The Besnoitia cysts may
reach up to 600 pm in diameter. They are
usually spherical and packed with crescen-
tic trophozoites (bradyzoites) each 2-7 pm

in length. Parenteral application of blood,
taken from an infected animal may trans-
mit the disease to other animals. Unsporu-
lated oocysts (15 x 13 pm) are shed in the
faeces of the final host (Felidae). The mode
of transmission is not completely known.
In particular the transmission from infect-
ed cattle to cats remains to be substantiat-
ed. Biting flies (e.g. Glosssina palpalis and
other biting flies) and ticks may transmit
B. besnoiti mechanically to cats. Needle
inoculation of tissues that contain cysts can
transmit some Besnoitia spp. to other hosts.
It has also been suggested that contami-
nated water troughs may be an important
source of infection. The mortality is usual-
ly below 10% although animals may lose
condition. Pregnant animals may abort.
Bulls may become sterile and hides are of
little value for leather-making purposes.
Animals of all ages, from 6 months
upwards may be infected.

Geographic distribution: Southern Europe,
Africa, Asia, South America

Symptoms: The initial stage of the disease
starts with fever after an incubation period
of 6-10 days. Cyst formation in the skin
starts 1-4 weeks after the start of the tem-
perature rise. Inappetence, photophobia,
enlargement of the lymph nodes and
oedematous swellings on the limbs and the
lower parts of the body, orchitis 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 this stage. In the sec-
ond stage of the disease, the skin becomes
hard, thick and wrinkled and develops
cracks that allow secondary bacterial infec-
tions and myiasis to develop. Movement is
painful. A serosanguineous fluid oozes
from the cracks. The skin is scurfy and
folded and the whole appearance is one of
extensive mange. There is hair loss over the
swollen skin. Severe infections cause ema-
ciation and death may occur. Cysts may
appear in the scleral conjunctiva and nasal
mucosa. Although mortality is low, conva-
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lescence is slow in severe cases. Severely
affected bulls may remain permanently
sterile. Previously infected 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 mortal-
ity is low, affected animals may be emaci-
ated and sick for months.

Diagnosis: This is based on the clinical signs
with the typical skin lesions following a
febrile phase. Microscopical examination
of affected skin by means of stained biop-
sies may reveal the typical cysts, containing
the bradyzoites. Spherical, encapsulated
pseudocysts are pathognomonic. The best
method of diagnosis is the examination of
the scleral conjunctiva. The cysts can be
seen in the scleral conjunctiva with the
naked eye, revealing many chronic cases
without signs.

Therapy: There is no satisfactory treatment.
Affected animals should be separated and
treated  symptomatically  (antibiotics,
insect-repellants, etc.).  Sulfonilamide
application prevented cyst development in
experimental studies. Antimony (1%, 0.6
ml/kg, po.) cured besnoitiosis in a goat.

Prophylaxis: This is difficult until the exact
mode of transmission is known. In some
countries, a tissue-cultured vaccine is avail-
able and quite effective. Separation of cat-
tle from cats, and of domestic cattle from
wild ruminants, and the elimination or iso-
lation of infected animals should help to
prevent transmission of this parasite.

(Figures 186, 187, 188)

Fig. 186 Thickened skin (“elephant hide disease™)
following a Besnoitia besnoiti infection |4]
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Fig. 187 Besnoitia besnoiti; cysts can be seen in the
scleral conjunctiva with the naked eye [4]

Fig. 188 Besnoitia besnoiti; thick-walled cyst
found in the subcutaneous tissue, the cysts may be
up to 600 pm in diameter [4]

* Nematoda found in the skin

Parafilaria bovicola “Verminous nodules”,
“yerminous haemorrhagic dermatitis”

Location: Adults are found in subcutaneous
nodules on the upper side of the body.
Microfilariae are found in the bloody
excretions of the skin nodules.

Hosts: Cattle

Species description: Males are 2-3 c¢cm and
females are 4-5 cm in length. The eggs
measure 45 X 30 pm and contain 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 transmit the
microfilariae to the next definitive host.
The verminous nodules are likely to break
and ooze blood, causing a haemorrhagic
dermatitis.

Geographic distribution: World-wide, espe-
cially many parts of Africa

Symptoms: Subcutaneous nodules on the
upper side of the body; these nodules are
painful and contain the worms. Nodules
are likely to break when the gravid female
starts with the excretion of eggs. These
haemorrhages and nodules are typical
signs of the infection with P. bovicola.

Significance: Nodules are painful and irritat-
ing, and the carcasses at slaughter are
downgraded.

Diagnosis: Verminous nodules, haemorrhage,
microfilariae in the exudate

Therapy: Ivermectin (0.2 mg/kg, sc.) is fully
effective against adults. Nitroxynil (20
mg/kg, sc.) is also effective but must be
repeated 3 days later. High doses of levam-
isole and fenbendazole (50 mg/kg, po.)
daily for 5 days were effective.

Prophylaxis: Fly (and tick) control may reduce
the entrance points of infective larvae.

(Figure 189)

Fig. 189 Parafilaria bovicola causing “bleeding
spots” and nodules on the skin of cattle; “bleeding
spots” are markedly seasonally

Onchocerca dukei Muscular onchocercosis

Location: Adult worms of this species are
found in the subcutaneous, perimuscular
and muscular tissue of cattle in Africa.

Hosts: Cattle

Species description: The nodules are found in
the ventral thorax region, abdomen, dia-
phragm and thighs. These nodules may be
confused with the cysts of Cysticercus
bovis (Taenia saginata). Microfilariae are
240-217 pm long and 4.8-6.7 pm wide
and their predilection site is the subcutis of
the lower thorax and the umbilical region.
The parasite is transmitted by species of the
genus Simulium.

Geographic distribution: Tropical Africa and
also in sub-Saharan West Africa

Symptoms: Infections are usually clinically
inapparent.

Significance: Losses occur mainly by condem-
nation of carcasses when a lot of subcuta-
neous and intramuscular nodules are seen
during meat inspection. Such meat is
repugnant.

Onchocerca gibsoni

Location: The adult worms are found in sub-
cutaneous nodules on the brisket, shoulders
and external surfaces of the hind-limbs.
Microfilariae are found intradermally
around the nodules with a predilection to
the brisket region.

Hosts: Cattle

Species description: Adult worms cause nodu-
lar swellings in the skin but infected ani-
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mals are not clinically ill. Infected carcass-
es must be trimmed to remove the nodules.
The adults lie in groups or “worm nests”
in the subcutaneous tissue and a nodule is
formed around them. The worm nests may
be upto 5 cm in diameter. There is a fibrous
capsule around the nodules which becomes
thicker as the nodule ages. This capsule
may eventually become calcified. The
males are 30-53 mm and the females
140-190 mm long (sometimes up to 500
mm). The tail of the male is curved and it
bears lateral alae and 6-9 papillae on either
side. The spicules are unequal in size and
measure 0.14-0.22 and 0.047-0.094 mm,
respectively. The microfilariae are not
sheathed and 240-280 pm long. The inter-
mediate hosts are members of the genus
Culicoides (e.g. Culicoides pungens and
probably others).
Geographic distribution:
southern Africa

Asia, Australia,

Symptoms: The infections do not usually cause
clinical signs. Nodules may be found at the
predilection sites.

Significance: Infected may be
trimmed or even condemned at slaughter.

Diagnosis: This is based on finding the adult

carcasses

worms in subcutaneous nodules or micro-
filariae in the skin of the brisket. Microfi-
lariae are not evenly distributed in the skin,
but occur in irregularly distributed
“nests”. A number of small skin biopsies
(2mm in diameter) may be placed in a drop
of physiological saline solution for 1-2
hours. Microfilariae then migrate into the
solution and can be examined.

Therapy: = below Onchocerca ochengi

Prophylaxis: Unknown; insect repellents may
reduce the attacks by the vectors.

Onchocerca ochengi (syn. Onchocerca der-
mata) “Intradermal onchocercosis of cattle”

Location: This species is found in subcutane-
ous and intradermal nodules on the ventral
regions and flanks, primarily the udder and
scrotum.

Hosts: Cattle
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Species description: In endemic areas up to
50% of the cattle are infected. The inter-
mediate host has not been identified yet but
a biting insect is suspected. Small nodules
occur deep in the hide. Microfilariae occur
intradermally around the nodules. The
microfilariae of O. dukei and O. ochengi
are concentrated in the skin of the posteri-
or and anterior belly.

Geographic distribution: East and West Africa

Symptoms: Intradermal may be
formed mainly in the abdominal region, on
the udder and scrotum and sometimes in
other parts of the body. Microfilariae can
cause allergic reactions and local hyperke-
ratosis.

Significance: The value of leather, which is
often perforated by these nodules, is mark-
edly decreased by this parasite.

Diagnosis: Intradermal nodules can be detect-
ed by palpation. At slaughter they are vis-
ible on the internal surface of the hide.

Therapy: This is generally not indicated. How-
ever, the microfilariae may be killed by die-
thylcarbamazine (5-8 mg/kg, po. during 3
weeks), ivermectin (200 pg/kg, sc.), but
also levamisole at increased dosage rates.

Prophylaxis: Unknown; insect repellents may
reduce the attacks by the vectors.

(Figures 159, 190)

nodules

Fig. 190 Onchocerca ochengis skin nodules [23]



Dipetalonema dermicola and Dipetalonema
ruandae

Remarks: These filarild worms are rarely
found in cattle. The former occurs in the
skin and the latter in the connective tissue
of the oesophagus. They are non-patho-
genic and the life cycle is unknown.

Setaria labiatopapillosa Bovine abdominal
filariosis

Stephanofilaria spp. (S. stilesi, S. assamensis
and other Stephanofilaria spp.)

Remarks: Stephanofilaria spp. are small filarial
parasites responsible for circumscribed der-
matitis. S. stilesi causes a dermatitis along
the ventral midline (between the brisket and
the navel) of cattle. Adult worms are 3-6
mm long and usually found in the dermis,
just beneath the epidermal layer. Microfilar-
iae are 50 pm long and are enclosed in a
spherical, semi-rigid vitelline membrane.
The intermediate host for S. stilesi is the
female horn fly Haematobia irritans and a
Musca sp. for S. assamensis. The infective
larvae are introduced into the skin as the
horn fly feeds. For diagnosis, deep skin
scrapings are macerated in isotonic saline
and examined microscopically for adults
and microfilariae must be differentiated
from the microfilariae of Onchocerca spp.
and Setaria spp. which are much larger
(200-250 pm). No effective treatment is
known yet for S. stilesi, but topical applica-
tion of organophosphates (trichlorfon,
6-10%, daily for 7 days) have proved effec-
tive against other species of Stephanofilaria.

Ivermectin (200 pg/kg, sc.) is effective
against adult worms of S. assamensis.
(Figure 191)

Fig. 191 Stephanofilaria sp., circumscribed derma-
titis on the udder [15]

ARTHROPODS

Arthropods are divided into two main groups:

Arachnida
— Ticks
— Mites

Insecta
— Lice
— Fleas
- Dipterida
* Arachnida found in/on the skin

— Ticks
(Figure 192)

Fig. 192 Principle differences in the morphology
of arachnids and insects [6]
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Ticks may impair cattle health in 3 different
ways:

e Direct noxious effects

Attachment to the host causes irritation of the
skin with subsequent ulceration and secondary
infections. The wounds are attracted by screw-
worms and other flies and myiasis may devel-
op. Heavy infestations are associated with
anaemia, since adult female ticks imbibe up to
10 ml of blood. Furthermore the presence of
large numbers causes annoyance and animals
become anxious and restless which may be a
cause of loss of weight and condition. The life
cycle of ticks may involve one, two or three
hosts (Figures 193, 194, 195, 196).

In cattle the following ticks have a direct nox-
ious effect:

Fig. 194 Characteristics of hard ticks (Ixodidae) [24]
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Fig. 193 Skin wounds: noxious effects of tick
infestation

IXODIDAE (“hard ticks™)

Amblyomma spp. (A. variegatum,
A. hebraeum)

Boophilus spp. (B. decoloratus,
B. microplus)

Dermacentor spp.

Haemaphysalis spp.

Hyalowma spp.

Ixodes spp.

Rhbipicephalus spp. (R. appendiculatus,
R. sanguineus, R. evertsi, R. parvus,
R. pulchellus, R. sinus)



Fig. 195 Key for the identification of tick genera |25]
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Fig. 196

Life cycle of a three-host tick (Ixodes ricinus)

1.1 and 1.2: Eyeless adults on their hosts; fed
females (1.2) reach a length of up to 1.5 cm. Their
scutum (SC) then appears small. Copulation occurs
while the females feed; they then drop down to the
soil;

2: Over a period of 1 month females lay about
2000 spherical to ovoid eggs, which become
attached to each other and thus appear as clusters
on the soil;

3 and 4: Larvae hatch from the eggs after 3-36
weeks (depending on the temperature) and creep
onto the tops of grass, from where they attach to
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passing hosts (mostly small mammals, but also
humans);

5 and 6: Fed larvae drop to the soil, and moult
within 5-7 weeks (sometimes up to § months) to
become eight-legged nymphs;

7 and 8: The nymphs attack larger mammals, suck
blood for 2-7 days and drop to the soil, where
they moult within 2-8 months and become sexual-
ly mature adults (1.1 and 1.2);

9: Mostly in spring the adults attack larger mam-
mals including a variety of domestic animals and
man, where especially females suck for 5~14 days.
The whole development is temperature-dependent
and in Europe needs about 3 years [26]



ARGASIDAE (“soft ticks”) The following pathogens are transmitted by
— Otobius megnini Spinose ear tick ticks:
(Figures 197, 198)
Babesia bovis Redwater, tropical bovine
¢ Transmission of diseases babesiosis
One of the most damaging effects of ticks is
their ability to transmit diseases to their hosts. ~ Remarks: This is transmitted by Boophilus
Some of these are serious with fatal conse- microplus, the pantropical blue tick
quences. Transovarian transmission from one (s CATTLE, H 2).
tick generation to another via the eggs is pos-
sible and contributes to spreading the disease.
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Fig. 197 Characteristics of soft ticks (Argasidae,
Argas sp.) [26]

Fig. 198 Example of

a typical argasid life
cycle; development
stages of Argas sp.,
which need about 3-36
months to mature
(depending on the
temperature); except
for larvae, which suck
blood for 3-10 days,
all stages feed several
times but only for a
few minutes each time
[24]
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Babesia divergens

Theileria annulata Mediterranean Coast

European bovine babesiosis

Fever, Tropical theileriosis, Egyptian Fever

Remarks: B. divergensis transmitted by Ixodes
ricinus (v CATTLE, W 2).

Babesia bigemina (syn. Piroplasma bigemi-
num) Redwater, tropical bovine piroplasmo

Remarks: This parasite is transmitted by
Hyalomma detritum, H. truncatum and
H. anatolicum (v CATTLE, W 2).

Theileria mutans Benign bovine theileriosis,

sis, tick fever, “Texas fever”

mild gallsickness

Remarks: This parasite is transmitted by
Boophilus microplus; B. decoloratus (the
common blue tick), B. calcaratus, Rbip-
icephalus spp. (Rb. evertsi, Rbh. bursa,
Rb. appendiculatus) and Haemaphysalis
spp. (H. punctata) (v= CATTLE, B 2).

Babesia major (syn. Piroplasma major)
European bovine piroplasmosis

Remarks: B. majoris transmitted by Haema-
physalis punctata (v CATTLE, W 2).

Cowdria ruminantinm

Remarks: This parasite is transmitted by
Amblyomma variegatum, A. hebraeum and
possibly also by Rhipicephalus appendicu-
latus and R. evertsi (== CATTLE, M 2).

Anaplasma marginale Malignant
anaplasmosis of cattle, gallsickness

Remarks: This parasite is transmitted by

Boophilus decoloratus and B. microplus
(= CATTLE, H 2).

Anaplasma centrale Mild anaplasmosis of
cattle, gallsickness

Heartwater, Tyewde

Hosts: Cattle, sheep, goat and other rumi-
nants

Theileria parva (syn. T. bovis, T. lawrencei)
East Coast Fever, bovine theileriosis, Corri-
dor disease, Rhodesian tick fever
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Remarks: This parasite is transmitted by
Boophilus decoloratus (v CATTLE, M 2).

Eperythrozoon wenyoni

Remarks: This parasite is transmitted by
Hyalomma anatolicum. The pathogen
occurs on the erythrocyte surface (=&
CATTLE, W 2).

Ebrlichia bovis Tropical bovine ehrlichiosis,
“Nofel” or “Nopel”

Remarks: This parasite is transmitted by
tick species of the genera Amblyomma,
Hyalomma and Rhipicephalus (v CATTLE,
2)

Ebrlichia phagocytophila
European ehrlichiosis

Remarks: This parasite is transmitted by
Ixodes ricinus (v CATTLE, M 2).



Ebrlichia ondiri

Remarks: This parasite occurs in granulocytes
of cattle in high altitude grassland areas of
East Africa. The exact vector is unknown
but ticks of the genus Haemaphysalis are

suspected (v CATTLE, H 2).

Borrelia theileri Tick Spirochaetosis

Remarks: This is transmitted by Boophilus
decoloratus and Rbipicephalus evertsi.
Tick spirochaetosis occurs in cattle, sheep,
goats and horses.

o Tick toxicosis

Tick paralysis

43 tick species belonging to 10 genera are
known to induce tick paralysis in man and a
variety of mammals. These ticks are capable of
releasing a toxin into the host which causes a
condition associated with progressive, ascend-
ing, afebrile, symmetrical paralysis, with hind
legs being affected first followed by the forelegs.

Fig. 199 Rhipicephalus evertsi; the red-legged tick,
an important cause of tick paralysis [10]

Animals may die. Paralysis is relieved if ticks are
removed in time. Most domestic animal species
appear to be susceptible to tick paralysis.
Lambs and calves and to a lesser extent adult
cattle are susceptible to tick paralysis. Ixodes
rubicundus (the karoo paralysis tick) mainly
affects sheep and goats in South Africa and
Rbhipicephalus evertsi causes the “spring lamb
paralysis” in lambs but also in calves.

(Figure 199)

Sweating sickness

An acute, febrile tick-borne toxicosis charac-
terised by a profuse, moist eczema and hyper-
aemia of the skin and visible mucous mem-
branes. Watering of the eyes and nose, saliva-
tion and a extremely sensitive skin with a sour
odour are other typical signs. Eventually the
skin becomes cracked and predisposed to sec-
ondary infections (incl. screw-worm infec-
tions and myiasis). Often the course is acute
and death may occur within a few days. In
less acute cases recovery may occur.

It is mainly a disease of young calves but also
sheep in eastern, central and southern Africa.
The causative agents are certain strains of
Hyalomma truncatum which produce an epi-
theliotropic toxin. Calf mortality may reach
70%.

Symptoms: Generalized hyperaemia with sub-
sequent desquamation of the superficial
layers of the mucous membranes of the
upper respiratory, gastrointestinal and
external genital tracts and profuse moist
dermatitis. For diagnosis it is essential to
determine the presence of the vector. Clin-
ical signs appear 4-11 days after the tick
bite.

Therapy: Ticks must be removed quickly.
Antibiotics and anti-inflammatory agents
are useful to combat secondary infections.
Immune serum may be used.

Prophylaxis: Control of tick infestations is the
only effective measure. Removal of ticks,
symptomatic treatment and good nursing
are indicated.

(Figures 200, 201)
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Fig. 200 Hyalomma truncatums; an important
cause of sweating sickness; (1) marginal groove,
(2) scutum and (3) pronounced punctuation [4]

Fig. 201 Sweating sickness, an acute, febrile tick-
borne toxicosis characterised by a profuse, moist
eczema and hyperaemia of the skin. This condition
is often caused by Hyalomma truncatum [4]
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General toxicosis

Tick toxicosis is 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 reactivate chronic infec-
tions. Infections with Babesia spp. and Ana-
plasma spp. may occur during massive Rhipi-
cephalus appendiculatus infestations. Toxico-
sis, associated with general disorders, occurs
with Ornithodoros savignyi (sand tampan) in
young calves and lambs, especially when there
are many bites. Animals show cutaneous oede-
ma, haemorrhage, rapidly progressing weak-
ness and prostration. Death can occur within
6 hours. Toxicosis may occur in recumbent
animals, during rest.

(Figure 202)

Fig. 202 Rbipicephalus appendiculatus (the brown
ear tick); an important cause of tick toxicosis [10]

¢ Description of ticks affecting cattle
IXODIDAE (“hard ticks”)

Amblyomma spp.

Hosts: All domestic livestock species
Species description: 3-host ticks. Amblyomma



spp. are large ticks and have ornate (pat-
terned) upper body surfaces. Festoons (=
rectangular division of the rear body edge)
are present. Amblyomma ticks have long,
prominent mouth parts, easily distin-
guished from the short mouth parts of
Dermacentor. Amblyomma variegatum
(the tropical bont tick) is the vector of
heartwater and produces skin wounds
with its large mouth parts. These wounds

develop into abscesses. Tick paralysis may
also occur due to the bont tick. The bont
tick occurs mainly on the perineum, udder
and in the axillae and inguinal areas. Some
Amblyomma species, notably Amblyom-
ma hebraeum (the South African bont tick)
are often resistant to chemicals now in use.

Geographic distribution: Amblyomma spp.

occur in central and southern Africa and
many other parts of the world.
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may become secondarily infected and may  (Figures 203, 204, 205, 206, 207)

Fig. 203 Amblyomma variegatum; female [13] Fig. 205 Amblyomma variegatum; male [13]

Fig. 204 Amblyomma hebraeum; female [13] Fig. 206 Amblyomma hebraeum; male with bright

festoons [13]
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Fig. 207
Amblyomma variegatum; chelicera and palpes

Boopbilus spp. Cattle fever tick, tropical

cattle tick

Hosts: Horse and cattle

Species description: 1-host ticks. Boophilus
spp. are plain brown in colour. They are
inornate with eyes. Males are small (3—4
mm) and fully engorged females may be up
to 12 mm in length. Members of Boophi-
lus transmit several diseases and cause skin
irritation which leads to licking and
scratching and to secondary bacterial
infections. Large numbers may cause anae-
mia. 1-host ticks such as Boopbhilus spp.
are often the first to develop resistance to
chemicals. Therefore control measures

Fig. 208 Boophilus sp.; engorged female (up to
2 cm in diameter) [10]
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have to be changed frequently. Boophilus
decoloratus (the blue tick) is one of the
most important species of this genus and is
found mainly on the neck, thorax, back
and udder.

Geographic distribution:
world in warm climates

(Figure 208)

Throughout the

Dermacentor spp.

Hosts: Many wild and domestic mammals

Species description: Some species are 1-host
ticks while others are 3-host ticks. Derma-
centor ticks have ornate (patterned) upper
body surfaces. Festoons are present. The
mouth parts are short.

Geographic distribution: Asia, Europe, North
and South America and some parts of Afri-
ca; Dermacentor may damage their hosts
by transmitting diseases (e.g. Q fever, tula-
remia), causing tick worry and anaemia.

(Figure 209)

Fig. 209 Dermacentor marginatus; male |4]

Haemaphysalis spp.

Hosts: Dogs, birds and in Africa to a lesser
extent cattle
Species description: 3-host ticks which are



small, inornate without eyes. Festoons are
present. They may be found on the skin on
all parts of the body. In addition to annoy-
ing cattle they may transmit cattle tick
fever, anaplasmosis, and Q fever. They
may also produce paralysis and anaemia in
heavy infestations.

Geographic distribution: World-wide

(Figure 210)

Fig. 210 Haemaphysalis punctata; female [4]

Hyalomma spp. The bont-legged tick

Hosts: Horse, domestic ruminants and camel

Species description: Usually 2-host ticks,
although three hosts may be used by some
species. Inornate (sometimes ornate) eyes
are present and festoons may be absent or
present. Hypostome and palps are long.
Hyalomma truncatum causes sweating
sickness. Predilection sites are the distal
parts of the legs, udder, tip of the tail and
perianal region.

Geographic distribution: Hyalomma spp.
occur in many parts of Africa, depending
on the particular species.

(Figure 200)

Ixodes spp. Paralysis ticks

Hosts: Cattle, horse and many other animal
species
Species description: 3-host tick. Ixodes ticks

are plain brown in colour and the only eye-
less species. The paralysis tick (Ixodes rubi-
cundus) has a 2-year life cycle with specif-
ic requirements of temperature and humid-
ity. Ixodes spp. are found anywhere on the
skin of their host. I. rubicundus prefers
lower parts of legs and abdomen. Ixodes
spp. are a primary cause of tick paralysis
in sheep and goats but they may also trans-
mit diseases.
Geographic  distribution:
America, South Africa
(Figures 211, 212)

Europe, North

Fig. 211 Ixodes ricinus; mouth parts [4]

Fig. 212 Ixodes ricinus; female (large) and male
(small) [4]

Rbipicephalus spp.

Hosts: Cattle, sheep and goat and many other
animal species

Species description: 2- or 3-host ticks; festoons
are present. Rhipicephalus appendicula-
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tus (the brown ear tick) is a 3-host tick,
plain brown in colour and occurs in the
ears of the host. It is the chief vector of
ECF and other diseases. Brown ear ticks
are impossible to control by pasture rotation
because they can survive up to 2 years on
the pasture without feeding and they can
feed on a large number of different spe-
cies of wild and domestic animals.

Rhipicephalus evertsi (the red-legged tick)
isa 2-host tick and has red legs. The adults
typically occur around the anus and the
nymphae are found deep in the ears. The
red-legged tick is known to develop resis-
tance to acaricidal drugs very quickly. It
transmits ECF and other diseases.

Geographic distribution: Africa south of the

equator

(Figures 199, 202, 213)

Fig. 213 Rbhipicephalus appendiculatus; male
(small) and egg excreting female (1 cm in diameter)

8]
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ARGASIDAE (“soft ticks”)

Otobius megnini Spinose ear tick

Location: Larvae and nymphae feed deep in
the external ear canal. Adults are non-par-
asitic and live on the ground.

Hosts: Horse, donkey, mule, cattle, sheep, goat

Species description: 1-host tick. 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 to 7
months. Infestations of this species usually
build up in kraals and stables, where the
host densities are high. O. megnini 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 their
heads. Loss of appetite, debilitation and
anaemia may be present. Irritation in the
ear associated with secondary infections
(incl. myiasis) may dominate the clinical
picture. Ulceration (ear canker) may
occur and ticks may clog the ears, causing
deafness. Waxy and oily material is dis-
charged from the ear. Larvae and nymphs
may sometimes be seen in masses. Infest-
ed animals hold their head to one side and
feeding is impaired. Weight loss may

occur.

Significance: Heavy infestations cause otitis
externa, great annoyance and blood loss.
O. megnini may cause severe problems in
livestock 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 to find as they breed in hidden cracks
of barns, fences and trees.

(Figures 214, 215)



Fig. 214 Otobius megnini (the spinose ear tick);
nymph (3-8 mm long): (1) integument covered
with short, sharp spines and (2) posterior part of
the body constricted [27]

Fig. 215 Otobius megnini; nymphs (up to 8§ mm
long) [6]

Ornithodoros savignyi The sand tampan

Remarks: This tick may be a serious pest of
cattle. It may cause death in calves and tick
toxicosis in adult cartle (¥ SHEEP AND
GOATs, W 5.1).

¢ Tick control in cattle
5 THERAPY AND PROPHYLAXIS OF ECTOPA-
RASITES, p. 141

— Mites
(Figures 216, 217)

Chorioptes bovis Chorioptic mite, foot
mange, leg mite

Location: On the legs, base of tail and upper
rear surface of the udder

Hosts: Cattle

Species description: The tarsal suckers have
unjointed and short pedicels. Typical mite
life cycle. Chorioptic mange feed on skin
debris and lymph.

Geographic distribution: World-wide

Symptoms: Scabs or scales develop on the skin
of the lower parts of the body. There is
some exudation and crust formation on the
lower body and legs, but this does not
spread over a wide area. Cattle may stamp
and scratch infected areas.

Significance: The disease is not as serious as
sarcoptic or psoroptic mange but it is very
prevalent.

Diagnosis: Demonstration of mites in skin
scrapings taken from the edge of the lesions
(== METHODS, 4.1).

Therapy: These mites are superficial and are
therefore not very sensitive to Ivermectin
(200 pg/kg, sc.) but it may be an aid in con-
trolling the foot mange. Dips and sprays
may be used (= below Psoroptes ovis).
Ivermectin applied topically (500 pg/kg)

Fig. 216 Chorioptes, Sarcoptes and Psoroptes
mites with genus-specific morphology of pedicels
and tarsal suckers (schematic)
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Fig. 217 Developmental stages in the life cycle of
important groups of mites. All stages live on/in the
skin of their hosts. Larvae have only three pairs of
legs. Feeding larvae and nymphs increase in size
and moult. In some species there is clear sexual
dimorphism; (1) Psoroptes spp. feed (as piercing
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mites) on the lymph fluid and occasionally on the
blood of their hosts, (2) Chorioptes spp. feed (as
chewing mites) on the epidermal products, (3) Sar-
coptes spp. penetrate the epidermis, forming canals
and (4) Demodex spp. feed on hair follicles or on
sebaceous glands [26]



is effective against chorioptic mange.
Crotoxyphos (0.25%) applied as a spray
can also be used against the leg mite.
Prophylaxis: == below Psoroptes ovis
(Figures 218, 219)

Fig. 218 Chorioptes bovis, adult female (max.
650 pm long) with short, unjointed pedicels [4]

Fig. 219 Chorioptes bovis infestation [4]

Sarcoptes bovis Itch mite, mange mite

Location: Neck, the back in front of the tail,
inner surface of the thighs and the udder
and sometimes the whole body surface

Hosts: Cattle

Geographic distribution: World-wide

Symptoms: Intense itching is caused by irrita-
tion. Animals scratch which may result in
dermatitis, accompanied by an exudate
that coagulates and dries to form crusts.
The skin is thickened, wrinkled and hair is
lost.

Significance: Irritation to 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 to
other diseases.

Diagnosis: Demonstration of mites of deep
skin scrapings taken from the edge of the
lesions (s METHODS, 4.1). Sarcoptes mites
are usually found deep in the skin whereas
Psoroptes mites are more superficial.

Therapy: This mite is very sensitive to Ivermec-
tin (200 pg/kg, sc.). After one treatment no
living mites were recovered. Dips and
sprays may also be used to reduce the clin-
ical effects (#= below Psoroptes ovis).

Prophylaxis: == below Psoroptes ovis
(Figures 220, 221)
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Fig. 220 Sarcoptes sp.;
mite with unjointed,
long pedicels (30-35
pm long) [4]

Fig. 221 Sarcoptes sp. infestation of a cattle [4|

Psorpotes ovis (syn. Psoroptes communis var.
bovis) Psoroptic mite

Location: Any part of the body, especially
areas of dense hair such as withers, back
and root of tail

Hosts: Cattle, sheep

Species description: The mites are oval in shape
and the tarsal suckers have long, jointed
pedicels. Typical mite life cycle, taking 9
days. This is a notifiable and quarantinable
disease in many parts of the world.

Geographic distribution: World-wide

Symptoms: Affected skin is covered with exu-
date. This dries to form a scab. Massive loss
of hair usually occurs. Lesions may cover
the entire body. Deaths in untreated calves
are not uncommon. The course may be
acute in young calves and chronic nature
may also be found. The prognosis is usual-
ly favourable following early treatment.

Significance: Psoroptic mange is a widespread
and serious disease of cattle. Infested ani-
mals lose weight and the skins are of lower
quality.
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Diagnosis: Demonstration of mites in skin
scrapings taken from the edge of the lesions
(= METHODS, 4.1).

Therapy: Infested cattle should be dipped, not
sprayed. The following compounds may be
used for dips: toxaphene (0.5-0.6%), cou-
maphos (0.3%), phosmet (0.2-0.25%),
diazinon (0.025%), flumethrine (1 1 of a
6% solution in 1500 1 of water) and many
other compounds. Depending on the prod-
uct, repeated treatments are required {label
instructions should be checked). Ivermec-
tin (200 pgrkg, sc.) is effective against Pso-
roptes ovis. One treatment resulted in clin-
ical healing, but a second treatment is indi-
cated in eradication programs.

Prophylaxis: Newly introduced animals are
the main source of infection for a herd.
These animals must be checked carefully
and possibly treated before being intro-
duced into the new herd. A quarantine may
be indicated.

(Figures 222, 223, 224)

Fig. 222 Psoroptes sp. female mite (max. 800 pm
long) with egg [4]



Fig. 223 Psoroptes sp.;
mite, jointed, long ped-
icels (68 pm long) [4]

Fig. 224 Psoroptes sp. infestation of a cattle [4]

Demodex bovis
Demodectic or follicular mite

Location: Neck, brisket, shoulder, face

Hosts: Cattle

Species description: Demodex mites are cigar-
shaped, elongated mites, about 0.25 mm
long. The thorax bears 4 pairs of stout,
short legs and the abdomen is 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 to hides.
Lesions 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

Symptoms: Small papules and nodules may be
seen. They are red and thick and a waxy,

them. This material contains numerous
mites. Nodules may also be filled with pus
and abscesses covered with small scales
may be seen. The course of bovine demod-
ectic mite infection is usually mild but may
extend over many months.

Significance: Damage to skin may affect the

production of leather. Demodectic mange
is not considered to be a major parasite of
cattle but it may open the skin for secon-
dary problems (bacterial and fungal infec-
tions, myiasis, etc.).

Diagnosis: Microscopical examination of the

cheesy, waxy fluid from the nodules which
may contain many mites. Long-standing
nodules of the skin are characteristic.

Therapy: There is no satisfactory treatment.

Systemic and topical applications of chem-
ical compounds have given some relief.

Prophylaxis: Unknown
(Figures 225, 226)

Fig. 225 Cigar-shaped Demodex bovis mite,
(250-400 x 70 pm)

white material can be expressed from

Fig. 226 Demodex bovis causing multiple skin
nodules [8]
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Psoregates bos ltch mites of cattle,
“Australian itch”

Remarks: Itch mites occur in Canada, Austra-
lia and South Africa. These mites are mi-
nuscule (189 x 189 pm) and difficult to col-
lect. They are spherical and have paired
claws and legs which are arranged radial-
ly. Alopecia and desquamation occur, but
the lesions lack the scab formation asso-
ciated with mange mite infestations. Lime-
sulfur spray or dip applied twice, with a 2-
week interval, is indicated to be the acari-
cide of choice.

(Figure 227)

Fig. 227 Psoregates sp.; female mite [28]

Raillietia spp. (R. auris and R. caprae)

Location: Middle and inner ear

Hosts: Cattle, sheep (R. auris) and goat
(R. caprae)

Species description: The mites feed on epider-
mal cells and wax but not on blood.

Geographic distribution: North America, Aus-
tralia, East Africa, Europe.
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Symptoms: Infestations are usually inapparent
but otitis media and interna with nervous
signs, including head shaking, head rota-
tion to the affected side, circling, and
general incoordination, can be found in a
progressive stage of the infestation.

Significance: Raillietia spp. infections can cause
signs similar to those of other CNS infec-
tions and should therefore be excluded.

Diagnosis: It is almost impossible to diagnose
Raillietia spp. antemortem. Demonstra-
tion of the mites in the middle or inner ear
at necropsy.

Therapy: Ivermectin may eliminate the mites.
Acaricides, applied topically may also be
effective.

Prophylaxis: Unknown

(Figures 228, 229)

Fig. 228 Raillietia auris causing otitis media and
interna

Fig. 229 Raillietia auris; dorsal view (A) and
ventral view (B) [29]



* |nsecta found on the skin

- Lice
(Figure 230)

Fig. 230 Cattle lice: Bovicola bovis (A), Haematopi-
nus eurysternus (B) and Linognathus vituli (C) [3]

MALLOPHAGA Chewing lice

Bovicola bovis (syn. Damalinia bovis)
Red louse, “chewing louse”

Location: Skin surface, especially the neck,
withers and root of tail

Hosts: Cattle

Species description: These lice belong to the
Mallophaga and are 1-2 mm long and
wingless. They have a broad head with
mouth parts adapted for chewing. The
entire life is spent on the host. The infesta-
tions are heaviest in winter when the coats
are dense.

Geographic distribution: World-wide, primarily
in cooler areas

Symptoms: Intense itching associated with
these lice may be observed. Animals show
typical parasite worry (not feeding, not
sleeping). Scratching may produce skin
wounds or bruises and the coat becomes

rough.
Significance: Biting lice are widespread and
important parasites. Losses such as

reduced growth and secondary skin infec-

tions due to intense itching may occur.
Diagnosis: Lice may be seen on skin. The eggs

occur as white specks attached to the hairs.

Therapy: = below THERAPY AND PROPHYLAX-
IS OF ECTOPARASITES

Prophylaxis: = below THERAPY AND PROPHY-
LAXIS OF ECTOPARASITES, p. 141

(Figure 231)

Fig. 231 Bovicola bovis
(1.5-2 mm long); the
cattle chewing louse [4]

ANOPLURA Blood sucking lice of cattle

Haematopinus eurysternus
Short-nosed cattle louse

Remarks: This species occurs world-wide. It is
3.4-4.8 mm long. The louse is fairly broad
and the head is short.

(Figures 232, 233, 234)

Fig. 232 Haematopinus eurysternus; eggs attached
to the hair of a cattle

127



W 5 Stages on the body surface

Fig. 233 Haematopinus eurysternus (3.4—4.8 mm
long); the short-nosed cattle louse

Fig. 234 Haematopinus sp.; on the skin of a cattle
[15]

Haematopinus quadripertusus
Tail louse of cattle

Remarks: This species occurs on cattle in
North America, Queensland, Papua-New
Guinea and tropical Africa.

Haematopinus tuberculatus Buffalo louse

Remarks: This is a large species (up to 5.5 mm
long) and occurs in Asia and the Pacific
area. It also occurs on camels in Australia.

Linognathus vituli
Long-nosed cattle sucking louse

Remarks: This species has a long narrow head
and a slender body. It is 2.5 mm in length.
(Figure 235)
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Fig. 235 Linognathus vituli (up to 2.5 mm long);
the long-nosed cattle sucking louse [4]

Solenopotes capillatus

Remarks: This is the smallest of the sucking lice
of cattle and occurs in conspicuous clusters
on the neck, head, shoulders, dewlap, back
and tail.

(Figure 236)

Fig. 236 (A) Linognathus ovillus (2.0~ 2.5 mm)
and (B) Solenopotes capillatus (1.3-1.7 mm) [29]



* General features of blood sucking lice of
cattle

Location: These lice are often found on pro-
tected areas of the skin such as side of the
neck, brisket, back, head and between the
legs.

Hosts: Cattle

Species description: Wingless insects with long
mouthparts adapted for sucking. The life
cycle takes 1 month. Heavy infestations
may occur in immunosuppressed animals
(e.g. calves following trypanosome infec-
tions).

Geographic distribution: World-wide. Some
species are restricted to certain regions.
Symptoms: Louse worry is characterized by
licking, scratching and rubbing. The coat
becomes rough and secondary infections
may occur. Heavy infestations may cause
anaemia. Such animals may be more sus-
ceptible to other infectious diseases and

environmental stress.

Significance: These are common parasites of
cattle which can cause severe problems if
present in large numbers.

Diagnosis: Lice and their eggs may be found
on the skin.

Therapy: A wide variety of insecticides and
application modi may be employed. Dip-
ping is being replaced by delivery systems
such as “pour-on” and “low-volume
spray” for pyrethroid insecticides. Low tol-
erance for insecticides in milk limits the
insecticides that may be used on dairy cat-
tle and goats. Effective compounds include
crotoxyphos, crotoxyphos combined with
dichlorvos, coumaphos, fenvalerate, stiro-
fos, coumaphos, dioxathion, malathion,
methoxychlor, phosmet and permethrin.
Label instructions should be considered.
Dipping and spraying provides excellent
coverage, and usually two treatments 2
weeks apart will effectively control lice.
Ivermectin (200 pg/kg, sc.) is effective
against sucking lice.

Prophylaxis: This is difficult wherever direct
contact between the animals of the herd is
possible.

- Fleas

No fleas have been found on the body surface
of cattle.

- Dipterida

CULICIDAE Mosquitoes

Aedes spp., Anopbeles spp. and Culex spp.

Remarks: They belong like flies to the order

Dipterida, with a single pair of wings. The
main genera are Anopheles, Culex and
Aedes.
They are slender with small spherical heads
and large eyes. Both sexes live on fluids
which are derived from organic sources,
such asjus of fruits and vegetables. Females
are capable to suck blood which appears to
be necessary for the laying of eggs. Eggs are
laid either on water or on vegetation float-
ing on the surface of water. Therefore mos-
quitoes are found near stagnant pools.
Because of their dependence on water their
numbers generally become less during the
dry season.

Significance: Mosquitoes can cause consider-
able distress to livestock but their main
importance is their ability to act as inter-
mediate hosts or vectors of viral (Rift Val-
ley Fever, Equine encephalomyelitis, Afri-
can Horse Sickness, Fowl pox, Blue
tongue, Lumpy skin disease), bacterial
{avian spirochaetosis), protozoan (Avian
and human malaria) and filarial (Setaria
equina, Setaria labiatopapillosa) and prob-
ably other diseases.

(Figures 237, 238, 239)

Fig. 237 Culex sp. larva (a) and Anopbheles sp.
larva (b) showing their feeding position in water

129



W 5 Stages on the body surface

Fig. 238 Culicidae (schematic): adult mosquito
with antennae and proboscis long (1), small head
with large eyes (2), thorax (3), wings long and nar-
row (4}, abdomen elongate (5) and legs long and
slender (6) [27]

Fig. 239 Culex sp.; female in feeding position

SIMULIIDAE

Simulium 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 results. Man, ani-
mals and poultry are liable to attack. Bites
are inflicted on all parts of the body, giv-
ing rise to vesicles which burst exposing
the underlying flesh. Skin wounds caused
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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
myiasis; transmission of Onchocerca vol-
vulus in man

(Figures 240, 241, 242, 243, 244, 245)

Fig. 240 Simulium sp. (blackfly) adult; (1) antennae
short and horn-like, (2) humped thorax, (3) wings
broad and clear and (4) legs short [27]

Fig. 241 Simulium sp., female (5 mm) [4]



Fig. 242 Simulium larvae develop in free-running,
well-aerated streams [30]

Fig. 243 Simulium sp. larva with typical mouth
brushes [30]

CERATOPOGONIDAE

Culicoides spp. Biting midges, seasonal

dermatitis, sweet itch

Fig. 244 Erythema and massive skin irritation on
the udder due to Simulium bites [30]

Fig. 245 Moist eczema-like skin alterations on the
ear of a cattle following Simulium bites [30]

of Onchocerca gibsoni and other Oncho-

cerca spp. in cattle and horses, African

Horse Sickness, Blue tongue of sheep.
(Figure 246)

Fig. 246 Culicoides sp. (biting midge); adult
(1-3mm long); (1) antennae long, (2) humped
thorax and (3) mottled wings [20]

131

=
=
¥
-
.
-
=
-
=
e




M 5 Stages on the body surface

TABANIDAE

Tabanus spp. Haematopota spp. and

Chrysops spp. Horse flies

Remarks: These robust flies have powerful
wings and breed on leaves of plants in the
vicinity of water. Female tabanids attack
mammals to suck blood. They cause deep,
painful, irritating bites. They generally bite
several times for one blood meal because
they are disturbed by the host’s defense. A
number of diseases (besnoitiosis, anaplas-
mosis, trypanosomosis and anthrax, hog
cholera, equine infectious anaemia) are
mechanically transmitted by tabanids. This
is of special importance especially when
horseflies are numerous among a crowded
livestock population.

(Figures 247, 248, 249)

Fig. 247 Tabanus sp.;
adult (17-25 mm) [13]

Fig. 248 Haematopota
sp.; adult (8-13 mm)

Fig. 249 Chrysops sp.;
adult (9-12 mm)
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MUSCIDAE

Musca spp., Lyperosia spp. and Haematobia
spp. Muscid flies

Remarks: Muscid flies are annoying livestock
especially during the summer or rainy sea-
son. They are swarming around farm live-
stock. The resulting irritation is incessant
and much of the energy of the animals is
lost to defend against fly attacks. In ad-
dition to the nuisance the flies often carry
pathogens on their feet and bodies. Some
also act as intermediate hosts for other
parasites. Two genera need to receive
special attention: Musca and Haematobia.

Musca domestica (the common house fly) and
other Musca spp. are non-biting muscid.
Musca autumnalis is attracted to wounds and
other moist parts of the body, especially the
eyes. It may provoke conjunctivitis and an
ulcerative dermatitis. The infectious kerato-
conjunctivitis (“pinkeye”) mainly caused by
Moraxella bovis may be transmitted by mus-
cid flies, especially M. autumnalis. M. domes-
tica 1s known to transfer pathogenic bacteria
mechanically from one wound to another. It is
also capable of transmitting numerous patho-
genic agents of medical and veterinary impor-
tance (Salmonella, Shigella, Entamoeba histo-
Iytica, cestodes of poultry, Habronema spp.,
Thelazia spp., Parafilaria bovicola and others).
The preferred breeding place is in the faeces of
animals or in decaying organic matter.
(Figures 250, 251, 252)

Fig. 250 Musca
domestica; adult
(6~7 mm) [12]



Fig. 251 Musca domestica; larvae [4]

Fig. 252 Musca
autumnalis; adult flies
in situ

Haematobia minuta and other Haematobia
spp. (the horn flies, buffalo flies) are biting
muscids and act as vectors of Stephanofilaria
stilesi in cattle and Parafilaria multipapillosa
in horses. The adults of this fly live almost per-
manently on cattle, buffalo, sheep and other
animals. They congregate along the backs
where their bites cause severe irritation so that
the cattle rub themselves raw. The female only
leaves her host briefly to lay her eggs in fresh
cattle or buffalo dung. The larval development
requires a high relative humidity of nearly
100%. The fly is therefore widely distributed
in Central, East and southern Africa. The horn
flies are obligatory parasites of cattle and a
serious pest wherever they occur. Haematobia
spp. cause intense worry and irritation to ani-
mals, the bite being very painful. Serious blood
loss may occur when large numbers attack and
loss of condition, reduced performance is a
common result. The flies cause sores at the
base of the horns, on the poll, ears, neck, with-
ers and tail root.

(Figures 253, 254, 255)

Fig. 253 Haematobia sp.; adult flies on the back of
a cattle

Fig. 254 Haematobia irritans; adult flies (5-6 mm)
[10]

Stomoxys calcitrans and Stomoxys nigra
Stable fly

Remarks: S. calcitrans also belongs to the mus-
cids. It attacks almost all livestock species.
Stomoxys breeds in manure (preferably
horse manure) or in decaying organic mat-
ter. They require a very damp situation
(heaped-up decaying vegetable matter). It
is a biting muscid and occurs world-wide.
Both sexes of this fly are bloodsuckers and
can become extremely irritating pests of
man and domestic animals. On cattle the
flies prefer to feed on the legs while on dogs
the ears may be so bitten that they become
sore and scabby. Their salivary secretions
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Control: Sanitation is the most important con-

trol measure in stable fly control. Manure,
straw and decaying 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 is less
likely to be needed. Without sanitation
chemical control measures are likely to fail.

(Figures 255, 256, 257)

Fig. 257 Stomoxys calcitrans; adult flies in situ

Fig. 256 Stomoxys
calcitrans; adult fly
(4-6 mm) with promi-
nent biting mouthparts
(arrow) [10]
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Fig. 255 Stomoxys
calcitrans (the stable
fly); adult fly (4-6 mm)
with a prominent and
rigid proboscis; the
maxillary palps are
shorter than the pro-
boscis and the thorax
has longitudinal stripes

[27]

GLOSSINIDAE

Glossina spp. Tsetse flies, “flies that are
destructive of cattle” from Sechuana

Remarks: Most tsetse flies are active during the
daytime and hunt by sight and smell and
feed every 2 to 3 days. Both sexes suck
blood and are equally capable of transmit-
ting trypanosomes. The female is larvipar-
ous, producing one larva at a time and an
estimated total of 8-12 larvae during her
life. Apart from two species in south-west-
ern Arabia, tsetse flies are confined to the
African continent, where they infest
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 livestock.

(Figures 258, 259)



Fig. 258 Glossina sp. (tsetse fly); adult flies are robust
insects, ranging in size from 6-16 mm and can be
distinguished from other flies by their wing venation;
the head shows prominent eyes (1), charactersitic
antennae (2) and a prominent piercing proboscis [27]

Fig. 259 Pupae (6-7 mm long) of tsetse flies
(Glossina spp.) [13]

Some 31 species of tsetse flies are known which
can be divided into three groups, each with dif-
ferent habits and requirements: 1. Flies of the
Glossina palpalis group are riverine species
and feed on reptiles and ungulates. 2. Flies of
the Glossina morsitans group are savannah

Fig. 260 Glossina
palpalis; adult [13]

Fig. 261 Glossina palpalis; adult in feeding posi-
tion [4]

Fig. 262 Riverine habitat of Glossina palpalis [13]

and dry thorn-bush species which feed mainly
on large animals. 3. Members of the Glossina
fusca group occur in the rainforest and have
require-ments between the first 2 groups, pre-
ferring dense shade and riverine thickets.

Fig. 263 Glossina morsitans with a prominent
piercing proboscis [13]
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Fig. 264 Glossina
morsitans; adult
(8-11 mm) [13]

Fig. 265 Glossina
fusca; adule [13]

Fig. 266 Glossina
tachinoides; adult
[13]

Fig. 267 Biconical tsetse trap [4]
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OESTRIDAE

Hypoderma spp. Warble fly, cattle grubs,
heel flies

Location: Adult flies lay eggs on hairs of legs
and occasionally of the body. Larvae
migrate through several tissues of the host’s
body and appear in the subcutaneous tis-
sue of the back.

Hosts: Cattle

Species description: Adult warble flies are
hairy insects like bumble-bees. They do not
feed and only live for a few days. The
females lay their eggs on the hind legs of
cattle and occasionally horses. The eggs of
Hypoderma bovis are attached singly to an
individual hair and the hatched larvae pen-
etrate the skin and migrate along nerves to
the spinal cord and then through the dor-
sal muscles till they come to lie below the
skin on the back. H. lineatum eggs are
attached in rows of 7-20 eggs per hair.
Larvae penetrate the skin, migrate first to
the oesophageal region and thence to the
back. In spring the larvae leave through the
holes, drop to the ground and burrow into
soil to pupate.

Geographic distribution: Many countries of
the northern hemisphere. Warble flies are
reported from northern and southern Afri-
ca and are not widespread in tropical areas.

Symptoms: Clinical symptoms are rarely seen
during the migratory phase, except if lar-
vae are killed during their passage through
the spinal cord. Paralysis may then occur.
Nodules with an opening are usually seen
in the skin of the back. These cysts contain
a larva. When the adult flies attack cattle,
stampeding may occur.

Significance: The adult flies severely disturb
cattle which become apprehensive and
attempt to escape by running away, often
aimlessly. Consequently feeding and per-
formance is reduced. In addition, warble
flies cause extensive damage to the skin of
cattle and the commercial value of the hides
is markedly reduced. H. bovis larvae may
cause paralysis when dying or being killed



during their migration through the spinal
canal. Severe oedema may occur when lar-
vae of H. lineatum are killed during their
migration through the oesophageal region.

Diagnosis: Larvae in cysts or lumps under the

skin of the back indicate warble infesta-
tion. Eggs may be found on hair of the
animal’s legs.

Therapy: Cattle, especially calves, in areas

where grub numbers are high, should be
treated as soon as possible after the end of
the warble fly season. They should not be
treated later than 8-12 weeks before the
anticipated first appearance of grubs in the
backs, since adverse reactions may occur

phos, famphur, fenthion, phosmet, tri-
chlorfon or ivermectin may be used and
poured evenly along the midline of the
back. Sprays containing coumaphos or
phosmet also control cattle grubs. The
entire surface of the skin should be wet for
sufficient absorption. Coumaphos and
phosmet may also be used as dips. Ivermec-
tin (200 pg/kg, sc.) is highly effective
against cattle grub. Oral application is also
effective.

Prophylaxis: Attacks by adult warble flies are

difficult to avoid and entail excessive use
of insecticides. Early treatment in endemic
areas is indicated.

when migratory larvae are killed in the spi-
nal cord. Pour-on treatments of couma-

(Figures 268, 269, 270, 271)

Fig. 268 Hyporderma
bovis (warble fly);
adult (15 mm long) [4]

Fig. 269 Life cycle of
Hyporderma spp. [6]

Fig. 270 Hyporderma bovis larvae causing nodules
on the back

Fig. 271 Hypoderma bovis; section through a skin
nodule containing a larva
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CALLIPHORIDAE The blowflies and their
allies

Remarks: They are highly important 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 is often a secon-
dary skin problem.

(Figure 272)

Fig. 272 Callipho-
ra sp.; adult (12
mm long) [4]

The family of Calliphoridae can be divided into
two groups, the metallic flies and the non-
metallic flies.

The metallic flies are green, blue or purplish
coloured and belong to the genera Lucilia,
Chrysomyia and Callitroga

Lucilia cuprina and other Lucilia spp.
“Green-bottle” or “copper-bottle” flies

Fig. 273 Lucilia sericata
(the green-bottle flies);
adult (8-9 mm)

138

Chrysomya bezziana Cattle screwworm,

the Old World screwworm, blow fly strike
of cattle

Remarks: C. bezziana infests cattle but also
horses, sheep, dogs and sometimes man. It
occurs in tropical and southern Africa and
oriental regions. C. bezziana causes severe
myiasis and toxins produced by the larvae
resultin retarded healing of wounds. Death
may occur in severe cases.

(Figure 274)

Fig. 274 Chrysomya
bezziana (the cattle
screwworm); adult
(8-10 mm) [20]

Callitroga hominivorax (syn. Cochliomyia
hominivorax) “American screwworm”

Remarks: C. hominivorax has recently been
found to occur also in North Africa. Cattle,
pigs and equines suffer most frequently,
but other animals, including fowls and
even man may also be affected. Pathology
is essentially the same as in C. bezziana.

(Figures 275, 276)

Fig. 275 Callitroga
hominivorax (syn.
Cochliomyia hominivo-
rax) the ”screwworm”™;
adult (8-10 mm long)
[19]



The non-metallic flies are dull grey, yellow-
brown or black and belong to the genera
Woblfartia, Sarcophaga and Cordylobia

Sarcophaga haemorrhoidalis
Red-tailed fleshfly

Remarks: The fly is very common in Africa
south of the Sahara and is frequently found
around human habitations. Flies of this
species are larviparous and may lay their
larvae in wounds or sores although larvae
may also be deposited on faeces, carrion or
fresh meat. Several animal species and man
may be affected. The fly may cause myia-
sis, especially in sheep in some parts of the
world.

(Figures 277, 278)

Fig. 276 Life cycle of
Callitroga hominivorax
[31]

Fig. 277 Sarcophaga sp.; adult fly depositing its
larvae on the skin of a cattle [8]

Fig. 278 Sarcophaga
sp.; adult fly (13-15mm
long) [4]
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Woblfartia magnifica

Old World fleshfly

Remarks: This species occurs in North Africa.
The fly attacks man and other animals. The
larvae may be deposited into the external
ear of man or in sores around the eyes.

(Figure 279)

Fig. 279 Woblfartia sp.;
adult fly (8-14 mm long)
(4]

Cordylobia anthropophaga

Tumbu fly or “skin maggot fly”

Remarks: The fly is widely distributed in Afri-
ca south of the Sahara. It produces myiasis
in man, dogs and other domestic animals.
Eggs are laid around places where animals
lie. After hatching the larvae penetrate the
skin of the host, producing a boil of about
1 cm across with a hole in the centre. When
mature the larvae wriggle out of the hole
and pupate on the ground. Tumbu boils are
found commonly on the ventral parts of the
body but also on any other area of the
body.

(Figures 280, 281)

Fig. 280 Cordylobia
anthropophaga
(Tumbu fly); stout fly
with two black marks
on the thorax; the face

and legs are yellow
(8-12 mm long) [27]

Fig. 281 Cordylobia
anthropophaga; third-
stage larva (12-28 mm
long) [27]
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HIPPOBOSCIDAE
The louse flies

Hippobosca equina Horse louse fly

Hosts: Horse and cartle
Geographic distribution: World-wide
(e HORSES AND DONKEYS, ™ 5.1

(Figures 282, 283)

Fig. 282 Hippobosca
equina (horse louse fly;
7-9 mm long)

Fig. 283 Hippobosca sp.; adult louse flies on a
cattle [4]

Hippobosca variegata

Hosts: Horse and cattle
Geographic distribution: Tropical Africa and
oriental regions

Hippobosca rufipes Cattle louse fly

Hosts: Mainly wild and domestic Bovidae, less
frequently horses

Geographic distribution: Tropical Africa (arid
and semi-arid areas of Africa)

(Figure 284)



Fig. 284 Hippobosca
rufipes (cattle louse
fly); this fly is very
hard-bodied and diffi-
cult to squash. It has
well-developed wings
and strong legs ending
in well-developed claws
(8-11 mm long) [27]

Hippobosca maculata

Hosts: Horse and cattle

Geographic distribution: Tropical and sub-
tropical areas of Africa

(Figure 285)

Fig. 285 Hippobosca maculata; adults (8 mm long)
attached to the jugular vein region of a cattle [8]

Hippobosca camelina Camel louse fly

Hosts: Camel, horse and occasionally cattle
Geographic distribution: Northern Africa and
Middle East

* General features of Hippobosca spp.

Location: The adult louse flies remain for long
periods on their host and cluster in the per-
ineal region, between the hindlegs to the
pubic region, but may also bite on other
parts of the body.

Species description: The flies live permanent-
ly on their host and feed on blood. Main-
ly cattle and horses are affected. They rare-

ly fly and then usually not more than a few
metres. They spend their whole time on the
host and are strongly attached to their host
and therefore difficult to dislodge. When
disturbed they can quickly move sideways.

Symptoms: Infested animals scratch and rub,
and skin-trauma are often seen as a conse-
quence of heavy infestations.

Significance: These flies are a source of great
irritation. They transmit the non-patho-
genic Trypanosoma theileri, anthrax and
other bacterial infections to cattle.

Diagnosis: Identification of flies located under
the tail and between the hindlegs.

Therapy: == below, THERAPY AND PROPHYLAX-
IS OF ECTOPARASITES, p. 141

Prophylaxis: Regular grooming may be help-
ful to reduce louse fly infestations.

¢ Therapy and prophylaxis of ectoparasites
{for arachnids and insects)

A great number of insecticides is used to con-
trol both arachnids and insects (Table 11).
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
is required, especially when ticks infest the ears
or underside of the tail or mites infest localized
patches on the skin. Impregnated ear tags, con-
taining pyrethroids or organophosphates, are
of increasing importance in fly control. Elimi-
nation of parasites or stages in the environ-
ment is difficult because many ectoprasites are
capable of surviving in the environment for
prolonged periods (e.g. some ticks can live on
the ground up to 300 days without feeding).
In areas where many ticks exist reinfection of
the host occurs continuously and treatment
therefore must be repeated regularly. Some
ticks are not strictly species-specific and ticks
normally adapted to horses can occasionally
also affect cattle or other animals and they
must be treated, too, if attempts are made to
reduce tick infestations.

In subhumid areas the period of highest tick
activity is the wet season and only few ticks are
found on animals during the dry season. Con-
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sequently tick control is focussed to the wet

season. In tropical areas most ticks are active  continuously.

Table 11 Some common compounds to control external parasites of cattle

Compound Pest
Organophosphates
Chlorpyrifos Lice, horn flies
Coumaphos Horn flies, lice, ticks, grubs, screw worms, mites

Crotoxyphos and dichlorvos
Dichlorvos

Dichlorvos and tetrachlorvinphos
Diazinon

Dioxathion

Fenthion

Malathion

Phoxim

Phosmet

Stirofos
Tetrachlorvinphos
Trichlorfon (metrifonat)

Carbamates
Carbary!
Promacyl

Chlorinated Hydrocarbons*
Lindane
Methoxychlor
Toxaphen

Pyrethrins and Pyrethroids
Cyfluthrin
Cypermethrin
Deltamethrin
Fenvalerate
Flumethrin
Permethrin
Pyrethrin

Avermectins
Doramectin
lvermectin

Horn flies, face flies, stable flies, house flies,lice, ticks

Horn flies, face flies, stable flies, house flies

Horn flies, face flies, lice, ticks

Horn flies (including pyrethroid-resistant flies),
spinose ear ticks, lice, mites, Hypobosca spp.

Horn flies, lice, mites

Horn flies, lice, Hypoderma spp.

Lice, keds, mites

Mites, lice, flies, myiasis, ticks

Grubs, lice, horn flies, ticks, mites

Horn flies, face flies, house flies, stable flies

Horn flies, lice, ticks

Grubs, lice, mites

Mites, lice, ticks, flies
Mites, lice, ticks, flies

Screwworm larvae, mites, lice, ticks, flies
Mites, lice, ticks, flies
Mites, lice, ticks, flies

Horn flies, horse flies

Horn and face flies, ticks

Flies, including tsetse flies

Horn and face flies, spinose ear ticks
Flies, including tsetse flies, ticks
Horn flies, face flies, mites, ticks, lice
Horn flies, face flies, mites, lice

Mites, lice, ticks, Hypoderma spp.
Mites, lice, Hypoderma spp.

* some are no longer approved by some governments
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throughout the year and must be controlled



5.2 Eyes

Thelazia rhodesi Cattle eyeworm

Location: Conjunctival sac

Hosts: Cattle, rarely sheep and goat

Species description: Milky-white worms,
males 8-12 mm long and females 12-18
mm. The cuticle is transversely striated.
The spicules are 0.75-0.85 and 0.115-0.13
mm long. Intermediate hosts are Musca
larvipara and Musca amica. Infected flies
transmit the infective larvae via saliva to
calves. Adult Thelazia appeared 20-25
days after infection. In some regions a high
percentage of calves is infected but lesions
are often absent.

Geographic distribution: World-wide

Symptoms: Conjunctivitis, clouded cornea,
marked lacrimation. The affected eyes may
be swollen and covered with exsudate and
pus. Without treatment progressive kera-
titis and ulceration of the cornea may
occur.

Significance: Infections with eyeworms may be
very prevalent in some regions. Heavy
infections may cause marked irritation,
keratitis and weight loss of affected 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 (5 mg/kg, sc.) and iver-
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
rhodesi (eyeworm);
anterior end with
typical cuticular
striation

Fig. 287 Thelazia rbodesi in the eyes of a cattle

Fig. 288 N’Dama cattle with lacrimation due to
Thealzia rhodesi infection
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1 Stages in the gut and faeces

PROTOZOA

¢ Coccidiosis in sheep and goats

Sheep and goats have their own species of Coc-
cidia. Cross-transmission is not possible. Out
of a spectrum of more than 10 species which
occur world-wide in sheep and goats, general-
ly only a few are highly pathogenic and only if
predisposing factors increase the susceptibility
of the host animal (stress at weaning, malnu-
trition, other diseases, etc.) or if the manage-
ment conditions are such that animals are
exposed to a very high infection risk (using
highly contaminated feedlot confinements).
All the Eimeria spp. produce unsporulated
oocysts which are passed in the faeces. Within
1—4 days sporulation occurs {(oocysts with four
sporocysts each containing two sporozoites).
The sporulated oocyst represents the infective
stage of Eimeria spp. The further development
occurs in the epithelial cells and the cells of the
lamina propria at species specific sites within
the intestines. Qocysts occur 6-35 days after
infection. Disease due to Eimeria spp. mainly
occurs in young animals.
(Figures 289, 290)
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Fig. 289 Eimeria spp.; intestinal tissue section
(sheep); heavy infection showing (a) oocysts
(approx. 20 pm) and (b) gametocytes

Fig. 290 Eimeria spp.; intestinal tissue section
(sheep); macroschizont {100 pm in diameter)

Eimeria ovinoidalis (syn. E. ninakohlyaki-
movae), Eimeria abhsata, Eimeria bakuensis
{(syn. E. ovina) and other Eimeria spp.
Coccidiosis of sheep

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. ovinoidalis is the most
pathogenic species. It affects the caecum
and colon, causing severe enteritis, which
may become haemorrhagic. Suckling
lambs 4-7 weeks old are most commonly



affected. E. ahsata is also highly patho-
genic for sheep. The intestines of infected
lambs are thickened and oedematous and
the Peyer’s patches and lower parts of the
small intestine are inflated. Deaths may
occur. Other Eimeria oocysts (e.g. E. cran-
dalis) are often produced in large numbers
by lambs without causing disease. E. baku-
ensis causes white patches on the mucosa
and sometimes polyps but its pathogenic
role is in debate.
(Figures 291, 292, 293)
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Fig. 291 OQocyst of Eimeria intricata

292 Eimeria species
found in sheep
(schematic) [1]

Eimeria arloingi, Eimeria christenseni,
Eimeria ninakoblyakimovae and other
Eimeria spp. Coccidiosis of goats

Remarks: Young goats commonly harbour a
number of species of Coccidia and fre-
quently produce oocysts at the rate of
105-10° per g of faeces without showing
any clinical symptoms. Disease may occur
following stress such as weaning, changes
in diet, weather stress or regrouping, etc.
Eimeria arloingi, Eimeria christenseni and
Eimeria ninakohlyakimovae are the most
pathogenic species in goats world-wide.

Fig. 293 Oocyst of Eimeria ahsata (39 x 25 pm) |[15] (Figures 294, 295)

147




1 Stages in the gut and faeces

Fig. 294 Eimeria spp. found in goats [1]

Fig. 295 Sporulated oocyst of Eimeria ninakohlya-
kimovae (24 x 19 pm) [15]

¢  General features of coccidiosis in sheep
and goats

Symptoms: Diarrhoea (not always), dysentery,
tenesm, exsiccosis; heavy infections cause
fever, general depression, muscular
spasms, CNS symptoms and finally death
may occur. Secondary bacterial infections
often aggravate the disease.
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Cryptosporidium parvum

Remarks: Diarrhoea in neonatal lambs and
goat kids may occur due to C. parvum
infections. Appropriate colostrum supply
Is of great importance to avoid cryptospo-
ridial diarrhoea. (s CATTLE, W 1).

Giardia duodenalis (syn. G. caprae, G. ovis
and G. quadrii)

Remarks: This parasite occurs in sheep and
goats and has been associated with diar-
rhoeic episodes in lambs and goat kids.



Cysts measure 14 X 8 pm and may be

demonstrated in faeces by the flotation or

SAF method (= METHODS, 1.4 and 1.12).

Vegetative forms (trophozoites) may be

found in fresh faeces of diarrhoeic animals.
(Figure 296)

Fig. 296 (A) Giardia sp. trophozoite and (B) Giar-
dia bovis cyst (16 X 10 pm) [14]

Entamoeba spp. (E. ovis, E. dilimani and

Table 12 Recommended drugs against
Paramphistomum spp. infections in sheep

Drug Dosage (mg/kg) Immature Mature
sheep flukes flukes

Niclosamide 90 +

Rafoxanide 15 +

Resorantel 65 +

Oxyclozanide 17 +

F. gigantica Tropical large liver fluke
(v CATTLE, B 1 and B 4.2)

E. bepatica Large liver fluke of temperate

E. wenyoni)

Remarks: Several Entamoeba species are com-
mon in the intestine of sheep, goats and
other ruminants. Little is known about
their significance. They seem to be of low
pathogenicity.

HELMINTHS

* Trematoda eggs found in the faeces
and adult trematodes living in the
gastrointestinal tract

areas and high altitude regions in East Africa

Location: Adulr flukes in biliary ducts; eggs in
the faeces (% CATTLE, ™1 and W 4.2)

Dicrocoelium bospes African small liver fluke
and Dicrocoelium dendriticum Small liver

fluke

Location: Adult flukes in biliary ducts; eggs in
the faeces (¥ CATTLE, ™ 1 and l4.2)

Eurytrema pancreaticum Pancreas fluke

Location: Adult flukes in pancreartic ducts;
eggs in the faeces (= CATTLE, ™ 1 and
SHEEP AND GOATs, B 4.5)

Schistosoma spp. (S. bovis, S. mattheei and
S. curassoni) Blood flukes

Location: Adult flukes in mesenteric veins;
eggs in the intestinal wall and faeces (&
CATTLE, ® 1 and SHEEP AND GOATsS, B 2).
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1 Stages in the gut and faeces

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

Moniezia expansa and Moniezia benedeni

Common tapeworms

Remarks: Moniezia spp. infections in sheep are
prevalent but are of relatively low patho-
genicity. Heavy infections may result in
unthriftiness and gastrointestinal disturb-
ances. Moniezia spp. are easily seen at
necropsy because of their size, but often the
much smaller and much more pathogenic
trichostrongylids (e.g. Trichostrongylus
colubriformis) can not be seen with the
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Fig. 297 Helminth eggs
of sheep (schematic, not
drawn to scale),

(1) Fasciola bepatica,
(2) Paramphistomum
cervi, (3) Thysanicezia
ovilla, (4) Moniezia
expansa, (5} M. benede-
ni, (6) Dicrocoelium
dendriticum, (7) Stron-
gyloides papillosus, (8)
Gongylonema
pulchrum, (9) Trichuris
globulosa, (10) Fasciola
gigantica, (11) Nemato-
dirus spathiger, (12)
Gaigeria pachyscelis,
(13) Trichostrongylus
sp.*, (14) Skrjabinema
ovis, (15) Avitellina
centripunctata, (16)
Chabertia ovina*, (17)
Haemonchus contor-
tus™, (18) Bunostomum
trigonocephalum*, (19)
Oesophagostomum
columbianum*, (20)
Cotylophoron cotylo-
phorum, (21) Fascioloi-
des magna and (22)
Ostertagia circumcine-
ta*; * Strongyle-type
eggs are difficult to dif-
ferentiate in routine
examinations | 3]

Fig. 298 Egg of Moniezia sp. (60-80 pm in diameter)

naked eye. Therefore, many earlier observa-
tions which associated tapeworm infections
with diarrhoea, emaciation and weight loss



did not accurately consider the underlying
infections with nematodes (¥ CATTLE, B
1). For diagnosis, therapy and prophylaxis
s CATTLE, W 1,

(Figures 298, 299, 300)

Fig. 299 Moniezia sp.; tapeworm with pronounced
segments [32]

Fig. 300 Moniezia sp. found in the small intestine
of a sheep [11]

Avitellina centripunctata

Fig. 301 Stained segments of Thysaniezia ovilla
(left) and Avitellina centripunctata (right) [4]

Thysaniezia ovilla (syn. T. giardi)

Stilesia globipunctata

Stilesia bepatica
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1 Stages in the gut and faeces

proportion of sheep livers at meat inspec-
tion is the major loss due to this parasite.
The ovoid eggs measure 16-19 x 26 pum.
These eggs or the proglottids may appear
in the faeces of infected animals.

e Preventive measures to control intestinal
tapeworms

(Moniezia spp., Avitellina spp., Thysaniezia
spp. and Stilesia spp.) of ruminants

* Nematoda eggs found in the faeces,
adult nematodes living in the gastroin-
testinal tract and first-stage larvae of
lungworms

Gongylonema pulchrum Gullet worm or
zigzag worm

Remarks: This parasite occurs in the mucosae
of the oesophagus and forestomachs of
sheep, goats, less frequently cattle (= CaT-
TLE, M 1).

G. verrucosum Rumen gullet worm

Remarks: This is an apathogenic nematode,
found in the mucosa of the forestomachs.
This parasite may occasionally be found at
necropsy (& CATTLE, ™ 1).

Parabronema skrjabini

Remarks: This spirurid worm occurs occasion-
ally in the abomasum of small ruminants.
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The life cycle includes Stomoxys spp. and
Lyperosia spp. as intermediate hosts (=
CATTLE,

w CATTLE,
INFECTIONS

1). For therapy and prophylaxis
1; THERAPY OF NEMATODI

Haemonchus contortus Large stomach
worm, “twisted wire worm”, “barber’s pole
worm”




Fig. 302 Haemonchus contortus; male
(10-20 mm x 400 pm) [9]

Fig. 303 Haemonchus contortus; female
(18-30 mm x 500 pm) [9]

Fig. 304 Haemonchus contortus; adult worms on
the abomasal mucosa

Fig. 305 Strongyle-type egg (74 x 44 pm) [11]

Mecistocirrus digitatus

Remarks: This is mainly a parasite of cartle and
occurs occasionally in the abomasum of
goats and very rarely of sheep (¥ CATTLE,

1 ). For therapy and prophylaxis s
CATTLE, ™ 1; THERAPY OF NEMATODE INFEC-
TIONS

Trichostrongylus axei Stomach hair worm

Remarks: This trichostrongylid species occurs
world-wide in the abomasum of sheep and
goats. It is often found in mixed infections
with other gastrointestinal nematodes (e.g.
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1 Stages in the gut and faeces

Trichostrongylus spp. (T. colubriformis,
T. probolurus, T. vitrinus, T. capricola
and other Trichostrongylus species) Small
intestinal hair worm, bankrupt worm,
black scours worm

Location: Small intestine

Hosts: Sheep and goat

Species description: These nematodes are small
(up to 5.5 mm long), reddish-brown and
without a specially developed head-end.
There is no buccal capsule. A typical struc-
ture for all Trichostrongylus spp. is the
excretory pore, situated near the anterior

Fig. 306 Morphology and length of spicules of some Trichostrongylus species: (a) T. axei (85-95 and
110-150 pm), (b) T. colubriformis (135156 pym), (c) T. rugatus (137-145 and 141-152 pm), (d) T. falcu-
latus (100 pm), (e} T. vitrinus (160-170 pm), (f) T. capricola (130-145 pm) and (g) T. probolurus
(126-134 pm) [3]
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Fig. 307 Trichostrongylus vitrinus; bursa copula-
trix and spicules (160-170 pm)

Ostertagia (syn. Teladorsagia) circumcincta,
Ostertagia (syn. Teladorsagia) trifurcata,
Ostertagia pinnata and other Ostertagia
spp. Brown stomach worms

Location: Abomasum and rarely in the small
intestine

Hosts: Sheep and goat

Species description: These species are brown-
ish, thread-like nematodes up to 12 mm in
length. Males are smaller with straight,
slender spicules. All members of the genus
Ostertagia have a small cephalic vesicle,
cervical papillae and longitudinal cuticular
ridges. The morphology of the bursa copu-
latrix and the spicules varies among the
particular species. Typical direct nematode
life cycle; infection is acquired by ingestion
of infective third-stage larvae which may
develop to adults within 17 days; arrested
development (hypobiosis) occurs.

Geographic  distribution: Widespread in
moist, temperate regions; autochthonous
infections are focal in Africa but Osterta-

Pseudomarshallagia elongata

Remarks: This species was found in the abo-
masa of sheep and goats in Ethiopia. It is
similar to Ostertagia spp. For therapy and
prophylaxis & CATTLE, ™ 1 THERAPY OF
NEMATODE INFECTIONS

Cooperia curticei, Cooperia pectinata,
Cooperia punctata and other Cooperia spp.

Fig. 308 Cooperia sp.; anterior end with enlarged
cephalic vesicle (A) and bursa copulatrix (B) [3]
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1 Stages in the gut and faeces

Paracooperia daubneyi

Nematodirus spathiger, Nematodirus
filicollis, Nematodirus battus and other
Nematodirus spp. Thread-necked strongyles

Fig. 309 Nematodirus sp.; anterior end with
cephalic vesicle [32]

Fig. 310 Egg of Nematodirus battus
(152-182 x 67-77 pm)
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Fig. 311 Nematodirus sp.; bursa copulatrix with
long spicula [32]

Impalaia tuberculata

Impalaia nudicollis

Location: Small intestine
Hosts: Sheep
Species description: The male is 5-9 mm long.
The female is 11-13 mm long.
Geographic distribution: East Africa
Symptoms, Significance and Diagnosis:
= above, Nematodirus spp.

Therapy and Prophylaxis: & CATTLE, & 13
THERAPY OF NEMATODE INFECTIONS
(Figure 312)

Fig. 312 Impalaia nudicollis (schematic) [16]

First-stage larvae of the following lungworms
may be found in the faeces of sheep and goats:

Fig. 313 Dictyocaulus filaria; first-stage larva
(550-580 pm) [11]

DICTYOCAULIDAE Large lungworm

Dictyocaulus filaria Common lungworm
(¥ SHEEP AND GOATS, M 4.3; Fig. 313)

PROTOSTRONGYLIDAE Small lungworms

Protostrongylus rufescens Red lungworm
(= SHEEP AND GOATS, Il 4.3)

Muellerius capillaris Hair lungworm
(=% SHEEP AND GOATS, Il 4.3)

Neostrongy!us linearis
(= SHEEP AND GOATs, l 4.3)
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1 Stages in the gut and faeces

Cystocaulus ocreatus

(e SHEEP AND GOATS, Il 4.3)

(Figures 314, 315, 316)

Fig. 314 The morphology of the tip (posterior end)
of the lungworm larvac is relevant for the diagnosis

[33]

Fig. 315 Protostrongylus rufescens; first-stage
larva (320-400 pm) |11]

Fig. 316 Muellerius capillaris; first-stage larva
(300-320 pm) [15]

Oesophagostomum columbianum

Nodular worm

Location: Colon
Hosts: Sheep, goat, camel and antelope

Species description: The male is 12-16.5 mm
long and the female 15-21.5 mm and about
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0.45 mm wide. The large cervical alae pro-
duce a marked dorsal curvature of the ante-
rior part of the body. The cuticle forms a
mouth collar which is separated from the
rest of the body by a constriction. The ante-
rior extremities of the cervical alae are
pierced by marked cervical papillae. The
male bursa contains two equal spicules,
0.77-0.86 mm long. The tail of the female
is 5§00-600 pm long and ends in a fine point
and the vulva is situated about 0.8 mm
anterior to the anus. The eggs measure
73-89 x 34-45 pm. The life cycle is direct.
After ingestion of the third-stage larvae
they burrow into the wall of the gut
anywhere between the small intestine and
the rectum. Here they molt to the fourth-
stage before leaving the gut wall and migra-
ting to the large intestine, where they under-
go their final molt and develop to the adult
stage. Sometimes a number of larvae may
remain in the mucosa for extended times.
The prepatent period is about 41 days. O.
columbianum larvae cause extensive nod-
ule formation in the gut wall which impairs
the ability of the intestine to absorb fluid
and nutrients. Diarrhoea and weight loss
may occur. Diarrhoea usually starts on the
6th day 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 first sign is a persistent

diarrhoea, which results in exhaustion and
death unless the animals are treated. The
faeces contain much mucus and sometimes
blood. In chronic infections the animals
show progressive emaciation, general
weakness, and the skin becomes dry and
the wool is unthrifty. The chronic oesoph-
agostomosis in sheep is characterized by
extreme emaciation, cachexia ending in
complete prostration and death.

Significance: O. columbianum is a serious

pathogen of sheep. 200-300 adult worms
constitute a severe infection for lambs.
Extensive nodule formation in the small
and large intestine seriously affects the



Fig. 317 Oesophagostomum columbianum; anterior end (left) and bursa copulatrix (right) [5]

Fig. 318 Oesophagostomum columbianum;
anterior end [8]

absorption, bowel movement and diges-
tion. The nodules may rupture to the peri-
toneal surface causing peritonitis and peri-
toneal adhesions.

Diagnosis: Examination of diarrhoeic faeces
may show fourth-stage larvae in acute cases
or strongyle-type eggs in more chronic infec-
tions. Chronic infections without adult para-
sites are difficult to recognize and autopsy of
a selected animal may be indicated.

Therapy and Prophylaxis: == CATTLE, & I3
THERAPY OF NEMATODE INFECTIONS
(Figures 317, 318)

Oesophagostomum venulosum
Nodular worm
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1 Stages in the gut and faeces

Fig. 319 Oesophago-
stomum venulosum;
anterior end (a) and
bursa copulatrix (b) [5]

Chabertia ovina
Large-mouthed bowel worm

Location: Colon
Hosts: Sheep and goat
Species description: This nematode belongs

Fig. 320 Oesophagostomum venulosum; anterior
end

Oesophagostomum multifoliatum

Remarks: This is a large-intestinal parasite of
sheep and goatsin 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 from O. columbianum in that
the cervical papillae are located just anteri-
or to the end of the oesophagus and that the
tail of the female is only 250-300 pm long.
The eggs are large (150-170 X 68-80 pm)
and similar to those of Nematodirus spp.
No information is available on the life cycle
and pathogenic effect of this species.
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to the Strongylidae and closely related to
the horse strongyles. The males are
13-14 mm long and females are 17-20
mm long. The head end is 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 eggs measure 90-105 x 50-55 pm.
The life cycle is direct. The ingested third-
stage larvae undergo an extensive
histiotropic phase in the wall of the small
intestine prior to the third moult. 26 days
after infection the larvae 4 may reach the
colon. Fourth-stage larvae develop main-
ly in the lumen of the caecum and after
the 4th moult immature adults then pass
to the colon where patency occurs about
50 days after infection. The adult worms
attach to 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 is ruptured. The mucosa is
inflamed, congested and swollen and
covered with mucus in severe cases.



Fig. 322 Chabertia ovina; adults (13-20 mm long)

Geographic distribution: World-wide

Symptoms: 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. 323 Chabertia ovina; buccal capsule attached
to the intestinal mucosa

Fig. 321 Chabertia

ovina; anterior e

nd (a)

and bursa copulatrix

(b) [5]

Fig. 324 Chabertia ovina attached to the co
lamb

lon of a
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1 Stages in the gut and faeces

Bunostomum trigonocephalum
Small ruminant hookworm

Location: Small intestine

Hosts: Sheep and goat

Species description: The male worms are
12-17 mm and the females are 19-26 mm
long. The large buccal capsule is bent in a
dorsal direction and bears at its ventral
margin a pair of chitinous plates. At the
base there is a pair of subventral lancets.
There are no dorsal teeth in the buccal cap-
sule. The spicules are slender and about 0.6
mm long. The eggs are 92 x 50 pm. Both
the spicules and the eggs are much shorter
than those of Gaigeria pachyscelis; direct
life cycle; infection percutaneously or per
os. Larvae migrate through the lungs and
via the trachea to the oesophagus where
they are swallowed to develop further in
the small intestine. Prepatent period is
30-60 days. This parasite occurs in warm
moist areas with a rainfall of more than
500 mm per year. Percutaneous infection
is common. 4000 infective larvae can kill
sheep without any previous clinical signs.
At necropsy multiple haemorrhage may be
found in the lungs. Adult worms cause
anaemia and hypoalbuminaemia with
oedema (“bottle-jaw”). 200-300 adult
worms are fatal. In the small intestinal
mucosa ulcers and erosions may be found
which bleed after the worms have moved
to another site of attachment. Usually the

together with other
gastrointestinal nematodes, so the effect is
additive.

Geographic distribution: World-wide

Symptoms: Anaemia, bottle jaw, weight loss.
Chronic infections with only a few worms
cause unthriftiness and thus great indirect
losses 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 facilitates the
spread of this parasite.

Diagnosis: This may be suspected from the clin-
ical signs and the presence of strongyle-

infection occurs
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Fig. 325 Bunostomum trigonocephalum; anterior
end with buccal capsule containing a pair of sub-
ventral lancets |3]

Gaigeria pachyscelis Hookworm

Location: Small intestine

Hosts: Sheep and goat

Species description: This parasite resembles in
general Bunostomum trigonocephalum.
Males are up to 20 mm long and females
up to 30 mm. The buccal capsule contains
a large dorsal cone, but no dorsal tooth and
a pair of subventral lancets 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 with recurved unbarbed
ends. They are 1.25-1.33 mm long. The
eggs measure 105-129 x 50-55 pm (much
larger than the eggs of B. trigonocepha-
lum). The life cycle is direct and similar to
those of other hookworms.
occurs through the skin but also by inges-
tion of infective larvae. Migration of the
larvae via blood through the lungs, tra-

Infection



Fig. 326 Gaigeria pachyscelis; anterior end with
buccal capsule [3]

Fig. 327 Gaigeria pachyscelis; anterior end lateral
(a), dorsal (b), tail end of a male lateral (c) and
ventral view (d). The tail end shows prominent
dorsal lobes compared with B. trigonocephalum
N

Trichuris ovis and Trichuris globulosa
Whipworm

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.
Direct nematode life cycle. Infective larvae
develop within the eggs and infection is ac-
quired by ingestion of eggs containing
infective larvae (second-stage larvae).
These infective eggs are very resistant to
adverse conditions and may remain viable
for years. Prepatent period is 1-3 months
and varies markedly among the various
species. Larval penetration into the intestin-
al wall may cause irritation, haemorrhage
and may be instrumental for secondary
bacterial infections. Heavy infections pro-
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1 Stages in the gut and faeces

Fig. 328 Trichuris sp. (female: 35-70 mm and
male: 50-80 mm) [32]

Fig. 329 Trichuris sp. attached to the large intesti-
nal mucosa of a sheep [4]
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Fig. 330 Trichuris sp. of small ruminants; vulva
(above) and spiculum (below) of T. globulosa (a),
T. ovis (b) and T. skrjabini (c) |4]

Capillaria bovis

Remarks: This parasite occurs world-wide in
the gastrointestinal tract of cattle, sheep
and goats. The pathogenic role has not vet
been defined conclusively, but it seems to

be non-pathogenic (s CATTLE, ™ 1).

Skrjabinema ovis and Skrjabinema alata
Small ruminant pinworms

Location: Caecum

Hosts: Sheep and goat

Species description: These small nematodes
belong to the family of the Oxyuridae.
They are small, about 3-8 mm in length
and have 3 large lips and 3 small interme-
diate lips. The oesophagus terminates in a
large spherical bulb. There is a single spic-
ule in the male. The life cycle is direct. The
eggs are embryonated when they are depos-
ited by the female in the perianal region.
Eggs drop off and are ingested. Larvae
hatch in the small intestine and migrate to
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Fig. 332 Skrjabinema ovis; adult female (A), ante-
rior end (B) and anterior view (C) [34]

Fig. 331 Egg of Skrjabinema ovis Fig. 333 Egg of Strongyloides papillosus
(54-57 % 32-34 pm) (4765 X 25-26 pm)
Strongyloides papillosus dose of 11,000 larvae were found to be le-
Intestinal threadworm thal to lambs and kids. Enteritis with diar-
rhoea or constipation followed by second-
Remarks: General description & CATTLE, ¥ 1. ary bacterial infections were found in
Transmammary infection occurs. Larvae heavily infected sheep and goats. Anaemia
are present in the ewe’s milk from the 8th due to the reduced absorption of proteins
to the 19th day after lambing. Eggs of . which are essential for haematopoiesis and
papillosus may occur in the lamb’s faeces low calcium, magnesium and phosphate
as early as 21 days after birth. An infection levels were also observed in heavy infec-
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1 Stages in the gut and faeces

¢ Therapy of nematode infections

Gastrointestinal  helminth  infections are
among the most important constraints of small
ruminant rearing world-wide (¥ FURTHER
READING). This is especially true in many tro-
pical and subtropical regions. The parasites are
highly adapted to the particular climatic condi-
tions (e.g. arrested development during winter
or dry season) and this should be considered
for the control. As a rule sheep and goats have
their own parasites, a feeding pattern which is
different from cattle and therefore a different
epidemiology as far as gastrointestinal hel-
minths are concerned. The following basic
health prevention should be carried out in both
traditional and intensified sheep rearing:
Vaccinations against the endemic viral and
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Trypanosoma melophagium

PROTOZOA

TRYPANOSOMATIDAE

Trypanosoma congolense, Trypanosoma
vivax and Trypanosoma brucei Tsetse-trans-
mitted trypanosomosis

Remarks: T. congolense, T. vivax and T. brucei
may cause a chronic disease in sheep and
goats, and may last from several weeks to
several months. These three species belong
to the Salivaria. The symptoms are mild and
not very specific. Infected animals show
fever attacks, rough and dull coat. Repro-
duction may be seriously impaired. The
chronic trypanosome infection may render
animals more susceptible to other diseases,
especially when the animals live under poor
nutritional conditions. The Sahelian breeds
are very susceptible to trypanosomes but
they avoid tsetse-infested areas. The indige-
nous dwarf breeds in the Guinean zone seem
to be resistant to trypanosome infections
and the disease is rarely detected in these
breeds. A high percentage of animals kept in
high tsetse-challenge areas are generally  Fig. 334 Trypanosoma melophagium
found to carry trypanosomes but these para-  (50-60 pm long) [8]
sites are often of minor importance for the
anaemia, weakness and unthriftiness. Very
often these animals carry heavy burdens of =~ BABESIIDAE
gastrointestinal parasites and viral and bac-
terial diseases (Peste des Petits Ruminants  Babesia motasi (syn. Piroplasma motasi)
(PPR), Pasteurellosis and other endemic  European piroplasmosis of small ruminants
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2 Stages in the blood and circulatory system

Hosts: Sheep and goat

Vector: Haemaphysalis spp. (H. punctata; H.
sulcata and H. parva) in Europe, Mediter-
ranean basin and northwestern Africa,
Dermacentor spp. and Rbipicephalus
bursa may also be involved.

Species description: This is a large form, mea-
suring 2.5-4 x 2 pm, the pyriform stages
resembling those of Babesia bigemina. The
angle between the parasites is acute. The
organisms occur singly or in pairs. The deve-
lopment cycle is similar to that of B. bige-
mina. Both transovarian and stage to stage
transmission occur in Rbipicephalus bursa.
Recovered animals are immune against B.
motasi but not against B. ovis infections.

Geographic distribution: Southern Europe,
Middle East, UIS, Southeast Asia, north-
western Africa

Symptoms: In the acute form high fever, hae-
moglobinuria, severe anaemia and pro-
stration occur. Death is common. In the

Fig. 336 Babesia motasi; stained bloodsmear [13]
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Fig. 335 Babesia spe-

cies of sheep; Babesia
ovis (upper row) and

Babesia motasi (lower
row) |3]

Babesia ovis Tropical babesiosis of small
ruminants

Hosts: Sheep and goat

Vector: Rhipicephalus bursa (Mediterranean
basin and central-western Asia) and Rbi-
picephalus evertsi (tropical Africa) and
probably other Rbipicephalus spp.

Species description: B. ovis is much smaller than
B. motasi, being 1-2.5 pm in length. The
majority of the organisms are round, occur-
ing at the margin of the red cell. Pyriform



Fig. 337 Babesia ovis; stained bloodsmear [15]

organisms are comparatively rare. B. ovis is
morphologically similar to that of Babesia
bovis. Rhipicephalus bursa is a 2-host tick
and transovarian and stage to stage trans-
mission occurs in R. bursa. Recovered ani-
mals are immune to reinfection and there is
no cross-immunity with B. motasi

Geographic distribution: Southern and central
Europe, northern and tropical Africa, cen-
tral-western Asia

Symptoms: Fever, jaundice, haemoglobinuria
and anaemia may be seen in acute cases.
The effects are usually less severe than
those seen in B. motasi infections.

Significance: B. ovis may be an important
cause of anaemia and icterus of small rumi-
nants in endemic areas. It is considerably
less pathogenic than B. motasi. In tradition-
al management systems in endemic zones
the disease passes often unnoticed.

Diagnosis: Demonstration of the organisms in
stained blood smears and the clinical signs.
In chronic infections about 1% of the
erythrocytes are infected.

Therapy: Imidocarb dipropionate (1.2-2.4
mg/kg, sc.) is effective against B. ovis infec-
tions. Diminazene aceturate (3.5 mg/kg,
im.) is only partially effective against B.
ovis.

Prophylaxis: The control of Babesia spp. in
sheep and goats is similar to that in carttle
(v CATTLE, @ 2 and B. motasi).

(Figure 337)

THEILERIIDAE

Theileria birci (syn. T. lestoquardi)
Malignant theileriosis of small ruminants

Hosts: Sheep and goat

Vector: Rhipicephalus bursa and Hyalomma
anatolicum and other species to be deter-
mined

Species description: This species is found in
lymphocytes and erythrocytes of sheep and
goats. The majority of the erythrocytic
forms is round to oval (0.6-2 pm in dia-
meter), about 20% are rod-shaped and a
small percentage are Anaplasma-like.
Binary or quadruple fission occurs in the
erythrocytes. Schizonts occur in the lym-
phocytes of the spleen and lymph nodes.
They range in size from 4-10 pm and con-
tain up to 80 chromatin granules, 1-2 pm
in diameter. Both macroschizonts and
microschizonts occur. The disease may be
highly fatal, mortality ranging from
50-100%. The infection is mild in young
lambs and kids, due to maternal immuni-
ty. An acute form is more common, but
subacute and chronic forms have been
observed. The acute form resembles ECF.

Geographic distribution: North and East Afri-
ca, southern Europe, southern UIS, Asia.

Symptoms: In the acute form, high fever, list-
lessness, nasal discharge, jaundice, pete-
chial haemorrhage in submucous, sub-
serous and subcutaneous tissues may
occur. The lymph nodes, spleen and kid-
neys are markedly enlarged. Haemoglo-
binuria may occur.

Significance: T. hirci is a very pathogenic spe-
cies causing severe losses among small
ruminant populations, mainly in the Medi-
terranean and North African regions.

Diagnosis: Is based on the detection of the
organisms in blood smears or lymph nodes
or spleen smears.

Therapy and Prophylaxis: &= CATTLE, M 2 (T.
parva), parvaquone (1 x 20 mg/kg, im.),
buparvaquone (2 x 2.5 mg/kg, im.) or the
coccidiostat halofuginone (1 x 1.2 mg/kg,
po.) may also be used to treat theileriosis
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2 Stages in the blood and circulatory system

in small ruminants. Chlortetracycline and
oxytetracyline are relatively ineffective.
Tick control is an essential part of the pro-
phylaxis.

(Figures 114, 115, 338)

Fig. 338 Theileria hirci; erythrocyte forms (round
forms 0.6-2 pm) [15]

Theileria ovis Benign theileriosis of small
ruminants

Hosts: Sheep and goat

Vector: Rhipicephalus bursa in the Mediterra-
nean basin and Rbipicephalus evertsi in
tropical Africa

Species description: This species is found in
lymphocytes and erythrocytes of sheep and
goats and is much more widely distributed
than T. hirci. The erythrocytic stages resem-
ble those of T. hirci in shape and size but are
much more sparse in infected animals, with
less than 2% of the erythrocytes infected.

Geographic distribution: Africa, Asia, India,
UIS, parts of Europe

Symptoms: The infection is usually mild and
clinically inapparent.

Significance: The pathogenicity of this Theile-
ria species is low and there is seldom mor-
tality but 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. ovis
is structurally indistinguishable from the
more pathogenic T. hirci, but the small num-
ber of parasites present and their lack of
pathogenicity may help to differentiate them.

Therapy and Prophylaxis: = T. hirci; but
therapy is generally not indicated.

Theileria separata Mild ovine theileriosis

Remarks: A mild theileriosis has be found in
sheep. The vector is Amblyomma variega-
tum. It is distinguished from T. ovis by the
presence of vela on some trophozoites.
This species causes a mild and often clini-
cally inapparent theileriosis in sheep.

(Figure 339)

Fig. 339 Theileria separata; erythrocyte forms [13]

RICKETTSIALES

ANAPLASMATACEAE

Anaplasma spp.

Remarks: s CATTLE, M 2 ANAPLASMATACEAL
Anaplasma ovis Tropical anaplasmosis of

small ruminants

Remarks: It is comparable to A. marginale
with 70% located marginally or peri-



Eperythrozoon ovis

L
~

EHRLICHIACEAE

Ebrlichia ovina Tropical ehrlichiosis of small
ruminants

Fig. 340 Anaplasma ovis; stained bloodsmear [15]

Fig. 342 Ebrlichia sp.; mass of elementary bodies
(left) and initial body (right)

Fig. 341 Eperythrozoon sp.; stained bloodsmear
[15]
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2 Stages in the blood and circulatory system

Ebrlichia phagocytophila

European ehrlichiosis

Remarks: E. phagocytophila occurs in the neu-

trophilic and eosiniphilic granulocytes of
cattle, sheep and other domestic and wild
ruminants in Europe. Goats are not very
susceptible. Ixodes ricinus transmits the
disease by transstadial infection. The dis-
ease is characterized by fever which occurs
after an incubation period of 4-11 days.
The animals usually recover after this fe-
brile phase. However, the most characteris-
tic problems are abortion in pregnant ewes
and cattle and progressive weight loss fol-
lowing infection may occur. Ebrlichia pha-
gocytophila increases the susceptibility to
secondary infections. At necropsy hyper-
trophy of the spleen and lymph nodes may
be seen. The diagnosis is made by demon-
strating the organisms in stained blood
smears. Serological tests (IFAT) may be of
value for epidemiological studies.

Cowdria ruminantium Heartwater, Tyewde

Remarks: The infection caused by Cowdria

ruminantium is virulent, inoculable, and
noncontagious. It is specific to ruminants
and causes great losses in sheep, goats and
cattle. The disease can only be transmitted
by ticks. Its symptoms are characterised by
gastroenteritis associated with exudative
pericarditis, often followed by nervous dis-

Fig. 343 Cowdria ruminantium; stained smear of a
brain capillary; masses of organisms in endothelial
cells (a) and nuclei of endothelial cells (b) [15]
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Toxoplasma gondii and Sarcocystis spp.

Remarks: Merozoites may occur in the blood

stream during the acute phase (¥ CATTLE,

2).

HELMINTHS

* Trematoda found in the blood and
circulatory system

Schistosoma spp. Blood fluke, Bilharziosis

Remarks: The following Schistosoma species
are found in small ruminants in Africa: S.
bouvis, S. mattheei, and S. curassoni.
Sheep are considerably more susceptible to
schistosomosis than cattle and die in large
numbers, while cattle survive unless they
have very large worm burdens. The infec-
tion may go unnoticed for some months in
sheep while the animals lose mass at a pro-
gressive rate, eventually showing marked-
ly sunken eyes, an anxious expression,
intermittent 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 years in the sheep. A
chronic course and death 4 years after the
infection occurred in sheep following S.
mattheei infection. The disease in sheep is
characterized by anorexia, muscle wasting,
haemorrhage and plasma-leaking into the
gastrointestinal tract and impaired diges-



tion and food absorption. Low serum albu-
min and haemoglobin may be found
following heavy infection. For therapy and
prophylaxis &= CATTLE, M 2.

Onchocerca armillata

Remarks: This filarial worm may occasionally
be found in the aorta of small ruminants,
It is non-pathogenic («& CATTLE, W 2).
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M Stages in the urogential system and B 4 Stages in internal organs

3 Stages in the urogential system

No 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

Sarcocystis spp. Sarcosporidiosis of small
ruminants

Location: Cysts, containing the infective stage,
called bradyzoites, occur in the striated
musculature of sheep and goat.

Hosts: Sheep are intermediate hosts of four
Sarcocystis species of which either the dog
(S. ovicanis and S. arieticanis) or the cat
(S. ovifelis) are final hosts. Goats are inter-
mediate hosts of three Sarcocystis species
in two of which the dog (S. capracanis and
S. hircicanis) acts as final host.The final
host of S. moulei is probably the cat.
Details of the life cycle of Sarcocytis species
are still unknown.
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Fig. 345 Sporocyst of Sarcocystis ovicanis [4]

Table 13 Sarcocystis species found in the
muscles of sheep and goat

Species Synonym Pathogenicity
IH DH IH DH
S. ovifelis S. gigantea* sheep cat 0O
§. ovicanis S. tenella sheep dog +++ O
S. arieticanis sheep dog +++ O
S. medusiformis sheep cat + 0
S. capracanis goat dog +++ O
S. hircicanis goat dog + 0 Fig. 34§ Sai.‘cocystis mPracanis; schizonts with
S moulei goat cat 0 0 merozoites in endothelial cells (400x) [4]

IH = intermediate host; DH = definitive host; *= macro-
scopic; 0 = non-pathogenic; + = low; ++ = moderate and
+++ = high pathogenicity

Fig. 344 Sarcocystis sp. HE-stained muscular cyst Fig. 347 Sarcocystis ovifelis (syn. S. gigantea); cysts
(150 pm long) on the outside of the oesophagus of a sheep
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M 4 Stages in internal organs

Toxoplasma gondii

Fig. 348 Toxoplasma gondii; placenta of sheep
showing cotyledon with numerous yellowish-white
necrotic foci in villi [22]
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Fig. 349 Toxoplasma abortion of sheep; lesions
characteristic of Toxoplasma are found in cotyle-
dons of both lambs |22]

HELMINTHS

* Cestoda larvae found in the muscles

Cysticercus ovis Larvae of the canine tape
worm Taenia ovis

Location: Cysticerci are found in the heart, dia-
phragm, masseters and other musculature.

Intermediate Hosts: Sheep and goat

Species description: The life cycle of Taenia
ovis is similar to that of Taenia saginata (v
CATTLE,4.1.1). Larvae (oncospheres) are
disseminated with the blood and develop
in skeleral and cardiac musculature. Ma-
ture cysticerci measure 10 x 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 meat indus-
try. Infected carcasses are unaesthetic and
usually condemned at meat inspection.

Diagnosis: Detection of cysticerci in the striat-
ed musculature at meat inspection. Cysti-
cercus ovis (possesses hooks) is macroscop-
ically not distinguishable from Cysticercus
bovis (no hooks).

Therapy: This is generally not indicated in the
intermediate host. A consequent treatment of
all dogs within a population would inevitably
reduce the incidence of cysticerosis in small
ruminants, but this is generally not feasible.



Prophylaxis: Infected meat should not be fed
to dogs. A highly protective recombinant
vaccine may soon be available. The vacci-
nation of small ruminants against T. ovis
will then be the prophylactic measure of
choice.

(Figure 350, 351)

Fig. 350 Cysticercus ovis; heart muscle with cysts [10]

Fig. 351 Life cycle of Cysticercus ovis [16]

4.1.2 Tendons

HELMINTHS

* Nematoda larvae and adult nematodes
found in the tendons

Onchocerca gutturosa (syn. O. lienalis)

Remarks: This parasite may sometimes be
found in sheep (¥ CATTLE, @ 4.1.2).

4.2 Liver

HELMINTHS

* Trematoda found in the liver

Fasciola gigantica Giant liver fluke

Fasciola bepatica Common liver fluke, liver
fluke disease, liver rot
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M 4 Stages in internal organs

Dicrocoelium spp. Lancet flukes

Fig. 352 Dicrocoelium dendriticum; adult flukes in
bile ducts of a sheep

Fig. 353 Life cycle of
Dicrocoelium dendriti-
cum; (1) adult flukes in
the liver of sheep, (2)
eggs excreted with the
faeces, (3)-(8) develop-
ment in snails (first
intermediate hosts),
(9)-(13) development
in ants (second inter-
mediate hosts) and (14)
ants containing the
infective metacercariae
in the brain attach to
herbage

Fig. 354 Egg of Dicrocoelium dendriticum (3645 Fig. 355 Dicrocoelium dendriticum infected ants
x 25 pm) remain attached to herbage
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* Cestoda found in the liver

Echinococcus granulosus (syn. E. unilocula-
ris) Hydatid tapeworm, hydatidosis

Fig. 356 Echinococcus granulosus; hydatid cyst in
the liver of a sheep [10]

Stilesia bepatica

Location: Bile ducts and small intestine

Hosts: Sheep, goat, wild ruminants and rarely
cattle

Species description: The life cycle is not known
but probably involves oribatide mites. It is
non-pathogenic. Heavy infections are
often seen in apparently perfectly healthy
sheep. Affected livers may sometimes show
cirrhosis and thickened walls of the bile
ducts. Although the bile ducts may be

almost occluded, or even form sac-like
occlusions, no icterus or clinical signs are
seen. Adults have a large scolex with pro-
minent suckers and measure 20-50 c¢m in
length and up to 2 mm in width.

Geographic distribution: Tropical and south-
ern Africa, Asia

Symptoms: Infections are often clinically inap-
parent.

Significance: The condemnation of a large pro-
portion of sheep livers at meat inspection
is the major loss due to this parasite. The
parasite itself does not impair the raising of
sheep.

Diagnosis: Proglottids or ovoid eggs may ap-
pear in the faeces. The proglottids are short
and the eggs measure 16-19 x 26 pm.

Therapy: Praziqunatel (15 mg/kg, po.) can be
used for treatment.

Prophylaxis: Unknown

(Figures 37, 43, 357, 358)

Fig. 357 Stilesia hepatica; scolex and proglottids
(20-50 cm X 2 mm) [8]

Fig. 358 Stilesia bepatica; scolex [4]
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M 4 Stages in internal organs

Cysticercus tenuicollis

Remarks: Migrating oncospheres may occa
sionally be found in the liver parenchyma
and thin necked cysts may be found on the
serosa of the liver (#= SHEEP AND GOATS,
4.4).

Linguatula serrata “tongue worm™
(= CATTLE, B 4.2)

4.3 Respiratory system

HELMINTHS

¢ Cestoda found in the respiratory system

Echinococcus granulosus (syn. E. unilocularis)
Hydatid tapeworm, hydatidosis

Remarks: Larvae (Hydarid cysts) of E. granu-
losus are often found in the lungs and liver
other domestic animals

of carttle and

(e CATTLE, B 4.2).

* Nematoda found in the lungs and
trachea

SYNGAMIDAE

Mammomonogamus laryngeus

Remarks: This parasite may occasionally be
found in the larynx of small ruminants

(e CATTLE, H 4.3).

Mammomonogamus nasicola

Remarks: This parasite may occasionally be
found in the nasal cavities of small rumi-
nants (¥ CATTLE, H 4.3).

DICTYOCAULIDAE

Dictyocaulus filaria Large lungworm of
small ruminants, parasitic bronchitis

Location: Bronchi and bronchioles

180

Hosts: Sheep, goat, dromedary and some wild
ruminants

Species description: The male is 3-8 cm long
and the female is 5-10 cm long. The worms
have a milk-white colour and the intestine
shows as a dark line. There are very small
lips and a very small, shallow buccal cap-
sule. The spicules of the male bursa are
stout, dark-brown, boot-shaped and
0.4-0.64 mm long. The eggs measure
112-138 x 60-90 pm. The life cycle is
direct and similar to that of D. viviparus
(v CATTLE, M 4.3). The prepatent period
is 24-28 days. In infected animals the bron-
chial mucosa and the peribronchial tissue
are inflamed and infiltrated with
mononuclear cells. Localized pneumonia,
atelectasis and compensatory emphysema
may be seen.

Geographic distribution: World-wide, espe-
cially in warm moist areas; D. filaria was
reported from Tchad, Sudan, Ethiopia,
Kenya, Mozambique, Zimbabwe, Malawi
and South Africa

Symptoms: Infected animals may cough and
show nasal discharge. Dyspnoea, rapid
respiration and abnormal lung sounds can
be heard on auscultation. Young animals
are mainly affected, but the disease may
occur at all ages and is usually chronic. The
body temperature is not elevated unless
pneumonia and secondary infection devel-
ops.

Significance: Lungworm infections may cause
serious losses in sheep in endemic areas.
Lung damage often persists for long peri-
ods and animals are unthrifty and suscep-
tible to secondary infections.

Diagnosis: This is made by demonstrating
first-stage larvae in fresh faeces. Eggs or
larvae may be found in the sputum or nasal
discharge, but during the prepatent period
their absence is not significant. At necrop-
sy atelectatic areas of variable size may be
seen in the lungs. The bronchi in the affect-
ed parts contain the worms and large
amounts of mucus, which are mixed with
blood and desquamated epithelial cells,
leucocytes and eggs of the worms.



Therapy: & CaTTLE, B 4.3 THERAPY OF DIC-
TYOCAULUS VIVIPARUS

Prophylaxis: In endemic areas, young sheep
must be kept off areas where infected sheep
have been grazing. Infected animals should
be treated with anthelmintics. For further
prophylactic measures ¥ also CATTLE, I
4.3. The prophylactic use of irradiated D.
filaria larvae has been successfully used in
some countries but the vaccine is not com-
mercially available.

(Figures 313, 359)

Fig. 359 Dictyocaulus filaria (left) and Protostron-
gylus rufescens (right); posterior end of males [4]

PROTOSTRONGYLIDAE

Protostrongylus rufescens Red lungworm;
Muellerius capillaris Hair lungworm;
Neostrongylus linearis and Cystocaulus
ocreatus

These four species are generally referred to 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-
monary parenchyma and the subpleural tis-
sue (e.g. Muellerius capillaris). The eggs are
found in the bronchioli and alveoli.

Hosts: Sheep, goat and some wild ruminant
species

Species description: The life cycle of all small
lungworms includes an intermediate host
which may be one species of land snails of
the genera Helicella, Theba, Abida, Zebrina,
Arianta, Succinea, Helix, Cepaea, Monacha,

etc. or nude slugs such as Limax, Agrioli-
max, Arion, etc. The first-stage larvae which
are passed in the faeces penetrate the foot of
the snail to develop to the infective third-
stage in about 12-14 days. The final host
becomes infected by swallowing the snail
with its food. The larvae are liberated in the
gut of the ruminant host and penetrate the
intestinal wall and pass via the mesenteric
lymphatic glands to the lungs. Further devel-
opment is similar to that of Dictyocaulus
species. Muellerius capillaris and Proto-
strongylus rufescens are frequently encoun-
tered in Europe but they are also found in
many parts of Africa. Differentiation can
easily be made by the examination of the
first-stage larvae which are passed in the fae-
ces of animals with patent infections. As a
general rule, small lungworms cause exten-
sive alterations of the lungs but generally lit-
tle or no clinical signs. In some areas almost
100% 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 exudate fills the alveo-
li and the inflammatory and allergic process
spreads to the peribronchial tissue. The
alveolar epithelium is desquamated and infil-
tration with round cells and proliferation of
the surrounding connective tissue occurs.
The result is a small focus of lobular pneu-
monia and the number of such foci depends
on the number of parasites present. In Muel-
lerius capillaris infections, greyish nodules
up to 2 cm in diameter may be seen on the
pleural surface. These “brood nodules” con-
sist of necrotic masses, resulting from leu-
cocytes and pulmonary tissue and masses of
eggs, and they are surrounded by a wall of
connective tissue and giant cells. These
nodules may calcify. An adenoma-like pro-
liferation of the bronchial epithelium and a
hypertrophy of the smooth muscles around
the alveoli and bronchioli is often seen.
Muellerius capillaris is usually not found in
lambs or kids under six months of age. There-
after the prevalence increases with age and
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M 4 Stages in internal organs

may reach 100% in goats older than 3 years.
Muellerius capillaris may cause interstitial
pneumonia and clinical signs. It seems that
this species is relatively pathogenic for goats.

Geographic distribution: Europe, Africa, Aus-
tralia, North America

Symptoms: Animals show no definite clinical
signs, but heavy infections affect the gen-
eral health, and the weakened lungs are
susceptible 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 kept under poor condi-
tions severe problems may result due to
secondary infections.

Diagnosis: This is based on the identification
of first-stage larvae in the faeces by means
of the Baermann apparatus. The larva of P.
rufescens is 0.25~0.32 mm long. The tip of
its tail has a wavy outline but no dorsal
spine. The larva of M. capillaris is 0.23-0.3
mm long. The tail of the larva has an undu-
lating tip and a dorsal spine. At necropsy
the nodules in the lungs are typical and may
support the diagnosis (v Fig. 314, p. 158).

Therapy: The therapy of the small lungworms
in sheep and goats is difficult. Most of the
modern benzimidazoles (albendazole 35
mg/kg, po., fenbendazole 5 mg/kg, po.,
febantel 5 mg/kg, po., mebendazole 10-20
mg/kg, po., oxfendazole 5 mg/kg, po.,
netobimin 7.5 mg/kg, po. and levamisole
5.0 mglkg, sc., are partially effective
against the adult worms. Ivermectin (200
pg/ke, sc.) is highly effective against adults
of Protostrongylus rufescens.

Prophylaxis: This is difficult because of the
ubiquitous presence of the intermediate
hosts. Often, regular anthelmintic treat-
ment with a broad spectrum compound
controls both gastrointestinal and heavy
lungworm infestations. Snail control on
pastures with molluscicides is ineffective
and ecologically not justifiable.

(Figures 360, 361, 362, Table 14)
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Table 14 Comparison of prepatent periods and
patency periods of different lung worm species

Genus Prepatent period Patency
Protostrongylus spp.  4-5 weeks 2 years
Neostrongylus spp. 2 months 2 years
Cystocaulus spp. 1 month 5-6 years
Muellerius spp. 1 month 5-6 years
Dictyocaulus spp. 24-28 days 2-3 months

Fig. 360 Muellerius capillaris; brood nodules in the
lungs (dorsal view)

Fig. 361 Muellerius capillaris; brood nodules in the
lungs (section)

Fig. 362 Muellerius capillaris; tissue section show-
ing the parasites and the massive cellular infiltrati-
on of the lungs (250 x)



ARTHROPODS

* Insecta larvae found in the respiratory
system

Oestrus ovis Sheep nasal flies, sheep nasal
bot, nasal myiasis

Location: Larvae live in nasal passages and
frontal and nasal sinuses

Hosts: Sheep and goat

Species description: Adult flies are about 12
mm long. The body is greyish-brown, with
many small black spots on the thorax,
which is covered with fine, light brown
hair. The female flies produce live larvae
which are deposited around the nostrils of
sheep and occasionally goats. These larvae
crawl into the nasal passages where they
remain for a variable period, ranging from
2 weeks in summer to 9 months during the
colder part of the year. They attach them-
selves with the oral hooks to the mucous
membranes, causing irritation, and then
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 mature
flies live for about 2 weeks. Usually 4-15
larvae are present in infested sheep.

Geographic distribution: World-wide

Symptoms: Sneezing and nasal discharges and
fly worry are the consequences of O. ovis
infestations. Decreased appetite, restless-
ness and poor gains are the results of nasal
bot fly strikes. Respiration may be im-
paired by the larvae and the thickening of
the nasal mucosa. Occasionally the larvae
may penetrate the bones of the skull and
enter the cerebral 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
attacks by the adult fly by pressing their
noses between other sheep or they may run
from place to place, stamping their feet and

shaking their heads continuously. Conse-
quently their time spent with feeding is
considerably reduced.

Diagnosis: Clinical signs may help, but must be
differentiated from other conditions with
sneezing and nasal discharges. Sometimes
larvae may be found on the ground after a
severe sneezing attack. Very often the diag-
nosis can only be made at necropsy when
the skull is opened longitudinally. Nasal
myiasis often produces clinical signs which
are similar to those seen in CNS disorders
(restlessness, shaking of the head, etc.).

Therapy: Ivermectin (200 pg/kg, sc.) is highly
effective. Ruelene (110 mg/kg, po.) admin-
istered as a drench should afford good con-
trol. Rafoxanide (7.5-10 mg/kg, po.) as a
drench or bolus, trichlorfon (75 mg/kg, po.
orasadrench) and nitroxynil (15-20 mg/kg,
sc.) have been reported to be effective.

Prophylaxis: Fly repellents may be used but are
not very effective.

(Figures 363, 364, 365)

Fig. 363 Oestrus ovis; the sheep nasal fly
(10-12 mm) [19]

Fig. 364 Conchae of a sheep with Oestrus ovis lar-
vae (20-30 mm x 7-10 mm) [8]
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M 4 Stages in internal organs

Fig. 365 Oestrus ovis infestation causing nasal
discharge |15]

4.4 Abdominal cavity

HELMINTHS

* (Cestoda found in the abdominal cavity

Cysticercus tenuicollis Larval stage of the
canine tapeworm Taenia hydatigena

Location: Cysticerci are found attached to the
omentum, the intestinal mesentery and to
the serosal surface of abdominal organs,
especially the liver. Adult tapeworms occur
in the small intestine of dogs and other
Canidae.

Hosts: Sheep and other domestic and wild her-
bivores including pig and horse, act as
intermediate hosts. Dog, wolf, hyaena and
other wild carnivores are the final hosts.

Species description: Adult tapeworms are
75-500 cm long and have two rows of 26
and 46 rostellar hooks. Gravid proglottids
measure 12 x 6 mm. The eggs are oval and
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36-39 x 31-35 pm. Infections of the dogs
are usually inapparent. Infections of the
intermediate hosts are acquired by in-
gestion of proglottids or eggs passed in the
faeces of the dog. Ingested eggs hatch in
the small intestine and oncospheres reach
the liver via the portal vein. Here the
embryos break out of the portal system
and migrate through the liver parenchyma
and towards the serosal surface for up to
30 days. They cause haemorrhagic tracts.
The cysticerci develop subserosal from
about 18 —-28 days after infection. They
reach maturity between 34 and 53 days
and are found attached to the greater
omentum, mesentery, liver and other sero-
sal surfaces of abdominal organs. Mature
cysticerci are up to 6 ¢cm long and have a
thin, long neck. They contain a single sco-
lex. The life cycle is closed, if carnivores
ingest cysticerci. The prepatent period in
the dog is 51 days and dogs may remain
infected for more than one year. The
prevalence of infection in sheep is high. In
some regions more than 80% of the
slaughtered sheep and goats show
cysticerci. Migration of young cysticerci
through the liver parenchyma causes
haemorrhagic and later fibrotic tracts.

Geographic distribution: World-wide

Symptoms: Infections in intermediate hosts are
usually inapparent. Heavy infections may
cause traumatic hepatitis when large num-
bers of larvae migrate through the liver.
Death may result often due to haemor-
rhage. This may occasionally occur in
young lambs and pigs. Animals during that
time often show unthriftiness. Mature
cysticerci in the peritoneal cavity usually
cause no harm.

Significance: Losses occur through condemned
livers and organs.

Diagnosis: This is based on finding the cysti-
cerci at slaughter. Cysticerci are covered by
a layer of serosa. If this layer is broken the
typical thin-necked organism appears. The
diagnosis antemortem is difficult. 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 indicated in intermediate
hosts. Dogs may be treated as described in
Echinococcus granulosus (= CATTLE, B
4.2).

Prophylaxis: Removed cysticerci ar slaughter
should not be fed to dogs. Dogs should in
general not be allowed to feed on con-
demned meat and organs.

(Figures 179, 180, 366)

Fig. 366 Cysticercus tenuicollis; thin-necked cysts
attached to the serosa [10]

* Nematoda found in the abdominal cavity

Setaria labiatopapillosa

Remarks: This parasite occurs in the peritoneal
cavity of cattle, deer, giraffe and other
ruminants. Sheep and goats may occasion-
ally be abnormal hosts in which erratic
microfilariae may invade the CNS and pro-
duce nervous symptoms. The diagnosis of

microfilariae-associated (mainly S. digita-
ta) neurological disturbances can only be
made at necropsy by microscopical exami-
nation of CNS sections (& CATTLE, ll 4.4).

4.5 Pancreas

HELMINTHS

* Trematoda found in the pancreas

Eurytrema pancreaticum
Pancreatic fluke

Location: Pancreatic ducts, bile ducts, occa-
sionally duodenum

Hosts: Sheep, goat and cattle

Species description: These flukes are 816 mm
long and 5-8.5 mm wide. The bodies are
thick with large suckers. The eggs measure
40-50 x 23-34 um. The life cycle is indi-
rect with two intermediate hosts. Land
snails of the genera Bradybaena and Cat-
haica serve as first intermediate hosts.
Grasshoppers of different genera act as
second intermediate hosts. Infective meta-
cercariae develop in 3 weeks after infection
of the grasshopper. Sheep and goats are
infected by eating infected grasshoppers.
After ingestion the immature flukes migra-
te via the pancreatic duct into the pancreas.
The prepatent period in sheep and cattle is
80-100 days. Infection produces a catar-
rhal inflammation with destruction of the
duct epithelium. Eggs may penetrate into
the walls of the ducts 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 infected sheep
show chronic wasting condition and
increased mortality.

Significance: This parasite is not a serious
threat unless a herd is heavily infected.
Diagnosis: There are no obvious clinical signs.
Dicrocoelium-like eggs appear in the fae-

ces (o= Cattle, © 1).
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M 4 Stages in internal organs

Therapy: The therapy is is difficult. Prazi-
quantel (20 mg/kg, po. for 2 days) has been
reported to be effective.

Prophylaxis: As for Dicrocoelium, the control
of intermediate hosts is not feasible.

(Figure 367)

Fig. 367 Eurytrema pancreaticum; adult fluke
(8-16 x 5-8.5 mm; stained) [4]

4.6 Central nervous system

HELMINTHS

Toxoplasma gondii

Remarks: Tissue cysts of this parasite may
occasionally be found in the brain of sheep
and cattle (v CATTLE, @ 4.6). These cysts
contain merozoites (6—8 pm long) and are
infective for the final host (cat). Encepha-
lomyelitis due to T. gondii infections may
occur in sheep. Affected sheep have myelo-
malacia and schizonts appear in astrocytes
(v SWINE, M 4.1).

Neospora caninum

Remarks: Thick-walled tissue cysts of this
parasite may occasionally be found in the
brain of sheep and cattle (=& CaTTLe, W
4.6).
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PROTOZOA

* Cestoda cysts found in the central
nervous system

Coenurus cerebralis
Larval stage of the canine tapeworm Taenia
multiceps (syn. Multiceps multiceps) “gid”,

“stuggers”, “sturdy”

Location: The larval stage, a coenurus, devel-
ops in the brain and spinal cord of sheep
and goats. In the goat the cysts may also
reach maturity in other organs, intramus-
cularly and subcutaneously.

Hosts: Sheep and goat; adult Taenia multiceps
occurs in the small intestine of the dog, fox,
coyote, hyaena and other Canidae.

Species description: Adult tapeworms in dogs
are 40-100 cm in length. Eggs measure
29-37 um 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.
Coenurus cysts cause increased intracra-
nial pressure which is the cause of the neu-
rological symptoms.

Geographic distribution: World-wide; in Afri-
ca C. cerebralis was reported from Kenya,
Ethiopia, Sudan, Angola, Tchad, Zaire,
Congo, Senegal, northern and southern
Africa.

Symptoms: Ataxia, hypermetria, blindness, head
deviation, stumbling and paralysis. In sheep,
palpation of the skull caudal to the horn buds
may reveal rarefaction of the skull.

Significance: C. cerebralis may account for
remarkable losses among small ruminants
in endemic areas. The disease must be dif-
ferentiated from other conditions associ-
ated with nervous signs.

Diagnosis: Clinical symptoms are not specific.
Diagnosis is often made at necropsy.

Therapy: The therapy is 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 infected ani-
mals and should be dewormed regularly.
Praziquantel (5 mg/kg, po. or 5.7 mg/kg,
sc. or im.), bunamidine hydrochloride
(25-50 mg/kg, po.), nitroscanate (50
mg/kg, po.) and the combination of feban-
tel/praziquantel/pyrantel are sufficiently
effective against adult Taenia multiceps in
dogs. Some benzimidazoles administered
for a few days may eliminate both nema-
todes and cestodes: fenbendazole (50
mg/kg, po. during 3 days) or mebendazole
(2 x 100 mg/animal/day during 5 subse-
quent days for dogs > 2 kg body weight).

(Figure 368)
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Fig. 368 Coenurus cerebralis; cyst in the brain of a
sheep
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5 Stages on the body surface

5.1 Skin and coat
PROTOZOA

Besnoitia besnoiti (syn. Sarcocystis besnoiti)

Remarks: Besnoitia cysts are found in the der-
mis, subcutaneous tissue and fascia and in
the laryngeal and nasal mucosae of cattle,
goat, wildebeest, impala and kudu. Sheep
may be experimental intermediate hosts.
Definitive hosts are domestic and wild cats.
Besnoitia besnoiti is a protozoan disease of
the skin, subcutis, blood vessels and
mucous membranes. These Toxoplasma-
like organisms multiply in endothelial cells
and produce characteristic large, thick-
walled cysts filled with bradyzoites. The
Besnoitia cysts may reach up to 600 pm in
diameter (s CATTLE, M 5.1).
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HELMINTHS

* Nematoda found in the skin

Onchocerca spp.

Remarks: Very little is known about filarial
worms of the subcutaneous tissue of sheep
and goats but there is some evidence that
several species may occur. They seem to be of
little significance and do not require control.

ARTHROPODS

Arthropods are divided into two main groups:

Arachnida
— Ticks
— Mites

Insecta
— Lice
— Fleas
- Dipterida

* Arachnida found in/on the skin
— Ticks

Sheep ticks are of great economic impor-
tance, but not to the extent that they are in
cattle. These parasites cause tick worry,
blood loss and damage at feeding sites.
Wounds left from tick bites are susceptible to
additional attack by blowflies. Infested sheep
itch, bite and scratch causing self-inflicted
wool damage and skin trauma which may
become secondarily infected. Heavy tick bur-
dens may result in anaemia, loss of appetite
and weight loss (= Directly Noxious
Effects). Some tick species cause tick paraly-
sis (e Tick Toxicoses). Apart from the direct
noxious effects ticks may act as vectors of a
number of diseases in sheep such as louping
ill, rickettsial tick-borne fever, Nairobi sheep
disease, spirochaetosis, heartwater and Q
fever. Ticks may therefore provoke disease in
3 different ways:



¢ Direct noxious effects

In sheep and goats ticks of the following gen-
era and species have a direct noxious effect
(v CATTLE, ® 5.1):

IXODIDAE (“hard ticks”)
Amblyomma spp.
Boophilus spp.
Dermacentor spp.
Haemaphysalis spp.
Hyalomma spp.
Ixodes spp.
Rbipicephalus spp.

ARGASIDAE (“soft ticks”)
Otobius megnini The spinose ear tick

¢ Transmission of diseases

Some of the tick-borne parasitic infections are
as follows (== SHEEP AND GOATS, M 2; general
aspects == CATTLE, M 5.1).

Babesia ovis
Tropical babesiosis of small ruminants

Remarks: It is transmitted by Rhipicephalus
bursa and Rhipicephalus evertsi.

Babesia motasi (syn. Piroplasma motasi)

Anaplasma ovis Tropical anaplasmosis of
small ruminants

Remarks: It is transmitted by Rhipicephalus
bursa and Rhipicephalus evertsi in tropical
Africa; transplacental infection occurs.

Eperythrozoon ovis

Remarks: This species occurs on the erythrocyte
surface. It is transmitted by Linognathus
ovillus and possibly also by ticks (Hyalom-
ma marginatum and Rhbipicephalus bursa).

Cowdria ruminantium Heartwater, Tyewde

Remarks: The infection is transmitted by Am-
blyomma hebraewm and Amblyomma
variegatum (v CATTLE, ™ 2).

Ebrlichia ovina Tropical ehrlichiosis of small
ruminants

Remarks: The parasite is transmitted by Rbipi-
cephalus bursa in Mediterranean basin and
Rhipicephalus evertsi in tropical Africa.

Ebrlichia phagocytophila European
ehrlichiosis

European piroplasmosis of small ruminants

Remarks: It is transmitted by Haemaphysalis
spp. (H. punctata, H. sulcata and H.
parva), Dermacentor spp. and Rbipice-
phalus bursa.

Theileria birci (syn. T. lestoquardi)
Malignant theileriosis of small ruminants

Remarks: It is transmitted by Rhbipicephalus
bursa and Hyalomma anatolicurm and
other species to be determined.

Theileria ovis Benign theileriosis of small
ruminants

Remarks: It is transmitted by Rbipicephalus
bursa and Rhipicephalus evertsi.

Remarks: Ixodes ricinus transmits the disease
by trans-stadial infection.

¢ Tick Toxicosis

Tick paralysis

Lambs and calves are particularly susceptible to
tick paralysis. Ixodes rubicundus (the Karoo pa-
ralysis tick) mainly affects sheep and goats and
Rbipecephalus evertsi causes the “spring lamb
paralysis” in lambs but also in calves. World-
wide several species of the genera Amblyomma,
Dermacentor and Ixodes are associated with tick
paralysis in sheep (Table 15). This condition can
be fatal within several days if the parasites are not
removed. The paralysis is caused by toxins inject-
ed by female ticks while they suck blood. Cases
of tick paralysis are reported from most regions

189

-
-
-
=]
v
=
E
=
§
=
i
-
-]
-
]
-
=
~
=
o
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of the world. The most common tick species
which cause tick paralysis are listed in Table 15
(v» CATTLE, @ 5.1)
(Figures 369, 370)

Fig. 369 Ixodes ricinus; engorged female and male
4]

Fig. 370 Haemaphysalis punctata; female
(3 x 2 mm) [4]

Table 15 The most common tick species cau-
sing tick paralysis in sheep

Tick species Occurrence

Ixodes rubicundus dry regions,southern Africa

Ixodes ricinus Western Europe
Ixodes gibbosus Mediterranean basin
Haemaphysalis punctata Mediterranean basin
Haemaphysalis sulcata Mediterranean basin

Rhipicehalus evertsi East and southern Africa
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Sweating sickness

It is mainly a disease of young calves but also
sheep in eastern, central and southern Africa.
The causative agents are certain strains of Hya-
lomma truncatum which produce an epithe-
liotropic toxin. Calf mortality may reach 70%
(= Cattle, ® 5.1).

General toxicosis

Toxicosis, associated with general disorders
occurs with Ornithodoros savignyi (sand
tampan) in young calves and lambs, espe-
cially when there are many bites. Animals
show cutaneous oedema, haemorrhage,
rapidly progressing weakness and prostra-
tion. Death can occur within 6 hours. Toxi-
cosis may occur in recumbent animals,
during rest (= Cattle, W 5.1).

* Description of ticks affecting sheep and
goats

IXODIDAE (“hard ticks”)

A general description of each genus is made in
CATTLE, ® 5.1.

Table 16 Hard tick genera which are impor-
tant for small ruminants:

Tick species Geographic distribution
Amblyomma spp. Central and southern Africa

Boophilus spp. Warm climates throughout the world
Dermacentor spp. North and southern Africa
Haemaphysalis spp  Throughout Europe, Asia, Africa
Hyalomma spp. Southern UIS, Iran, Palaearctic region
Ixodes spp. North and southern Africa
Rhipicephalus spp.  Africa south of the equator

ARGASIDAE (“soft ticks™)

Ornithodoros 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 shelter. In
huts they live in cracks in the floor or under



loose soil, from which they emerge at night
to feed. In burrows they bury themselves in
the earth lining, coming out to feed when
a suitable host is available. Adult females
lay batches of about 100 eggs and brood
over the eggs in the sand. Development
includes a larval stage which remains
quiescent until it has moulted to the nym-
phal stage. Several nymphal stages are
passed through and the nymphs, like the
adults, attack their host for short periods
to feed. This tampan sucks blood on its
hosts. It is extremely resistant to both star-
vation and desiccation (survival time off
the host up to 5 years).

Significance: In sheep O. moubata mainly

causes irritation. It is also known to trans-
mit the following diseases: Borrelia duttoni
(relapsing fever of man), African swine
fever, Q fever, Borrelia anserina and
Aegyptianella pullorum in fowls.

(Figure 371)

Fig. 371 O. moubata; dorsal view (8 mm long) [8]

Ornithodoros savignyi The sand tampan

Remarks: Its habits are similar to those of O.

moubata. To the naked eye it is indistin-
guishable from the eyeless tampan. It
occurs on man, camel, cattle, sheep and
goats and many other animals (including
birds). On standing cattle it feeds on the
legs, especially, just above the hoofs.

Significance: O. savignyi is a major pest of
domestic stock in areas in which it
occurs. Its bites are extremely painful and
it secretes toxins in its saliva that fre-
quently cause death especially of calves,
kids and lambs (tick toxicosis). Adult ani-
mals may also die from these toxic
effects, especially when they have been
attacked by large numbers of ticks. The
sand tampan may cause severe allergic
reactions in man.

Otobius megnini Spinose ear tick

Remarks: Larvae and nymphae feed deep in
the external ear canal. Adults are non-
parasitic and live on the ground. The spi-
nose ear tick is a serious threat to sheep.
Damage caused by the blood-sucking lar-
vae and nymphs on the inside of the ears
may result in marked debilitation, de-
pressed appetite, restlessness and massive
loss of weight in sheep. Weakness and
anaemia may occur in heavy infestations.
A waxy exudate is found in the ears
(= CATTLE, @ 5.1).

* Tick control in sheep and goat
(s= CATTLE, M 5.1 THERAPY AND PROPHYLAXIS
OF ECTOPARASITES |arachnids and insects])

- Mites

Psoroptes ovis The sheep scab mite

Location: Most areas of the body, especially
those heavily wooled and haired such as
shoulders, sides and back are affected.

Hosts: Sheep

Species description: The Psoroptes spp.
occurring on domestic animals are all
morphologically very much alike (=
CATTLE, M 5.1). Mites pierce the skin to
obtain lymph and cause an inflammatory
reaction, resulting in the exudation of
serum which coagulates on the skin sur-
face. The irritation caused by the mites
also makes the sheep bite and pull at the
skin, thus aggravating the condition. In
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many countries sheep scab is a notifiable
disease and controlled by the national
veterinary authorities.

Geographic distribution: World-wide

Symptoms: Continuous scratching and rub-
bing occurs in affected flocks. Wool breaks
may occur, leaving the skin exposed.
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 enterprises.

Diagnosis: The diagnosis is based on identifi-
cation of mites in skin scrapings.

Therapy: Ivermectin (200 pg/kg, sc.) is effec-
tive against psoroptic mange in sheep, al-
though 2 injections with 7-day interval are
required to eliminate 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
affect sheep except Psoroptes ovis. Other
approved dips effective against Psoroptes
ovis and Chorioptes ovis are coumaphos
(0.3%) and phosmet (0.2-0.25%), diazi-
non, fenvalerate and flumethrin. It is of
fundamental importance that the entire
flock is treated.

Prophylaxis: == CATTLE, M 5.1 Psoroptes bovis

(Figures 372, 373)

Fig. 372 infested with Psoroptes ovis; initial lesions
on the back
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Fig. 373 Skin fissures caused by Psoroptes ovis;
these wounds are often complicated by myiasis

Psoroptes caprae

Remarks: Some authors consider P. 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 to be Psoropies
cuniculi, which is known to infest the ears
of domestic rabbits. Any of the acaricides
approved for use as sheep dips will elimi-
nate ear mange of goats.

Chorioptes ovis Chorioptic mange,
“leg mange”, “foot scab”

Location: Chorioptic mange is most often
found on the hindlegs and between the
toes, or on the scrotum of rams.

Hosts: Sheep

Species description: This is the most frequent
type in sheep. General genus description is
given in CATTLE, W 5.

Geographic distribution: World-wide

Symptoms: Infested sheep scratch and rub
their feet. Localized scabs may be seen. The
lesions are less severe and localized than in
Psoroptes ovis infections.

Significance: Foot scab is not a major problem
in sheep raising, but chronic infections 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 Psoroptes ovis



Prophylaxis: == above Psoroptes ovis
(Figure 374)

Fig. 374 Foot of a sheep infested with Chorioptes
ovis; posterior view [15]

Sarcoptes ovis Sarcoptic mange

Location: This mite occurs mainly on non-
wooly skin, starting usually at the head and
face.

Hosts: Sheep

Species description: This species is rarely
found. Genus description = Cattle, ® §;
Sarcoptes bovis. Female adults burrow
tunnels in skin and lay eggs. All stages of
sarcoptic mites are very susceptible to
drying and can survive for only a few days
off sheep.

Geographic distribution: World-wide

Fig. 375 Head of a sheep infested with Sarcoptes
ovis |4]

Symptoms: Affected skin is thickened and
crusts may be seen. Scratching and rubbing
followed by wool loss may occur.

Significance: Sarcoptic mange is rarely a
serious problem in wooled sheep.

Diagnosis: This is based on identification of
mites in skin scrapings.

Therapy: = above Psoroptes ovis

Prophylaxis: &= above Psoroptes ovis

(Figure 375)

Psorergates ovis Itch mite, “Australian-itch”

Location: Skin all over the body

Hosts: Sheep

Species description: This is a very minute mite,
one-third the size (189 x 189 um) of pso-
roptic mites. The mite is spherical and has
paired claws and legs which are arranged
radially. Especially fine-wooled sheep are
affected. The adult mites spread by contact
and are most often transferred between
shorn sheep.

Geographic distribution: Australia, USA, New
Zealand, South Africa

Symptoms: These mites cause severe irritation,
leading to rubbing and biting at the fleece
of sheep. Newly infected animals show
more signs than chronically infested ani-
mals.

Significance: Itch mite is a serious problem in
Merino sheep in Australia, causing great
losses in wool production due to fleece de-
rangement and low wool quality and quan-
tity. Itch mites are also of great significance
in South Africa.

Diagnosis: This is difficult because of the small
size of the mites. Microscopical examina-
tion of skin scrapings may reveal these
small mites. Sodium hydroxide liquefies
debris in scrapings and may be helpful to
detect the mites.

Therapy: Ivermectin (200 pg/kg, sc.) is highly
effective against Psorergates ovis. A single
injection usually kills all the mites. Dipping
and spraying (= above Psoroptes ovis),
especially after shearing is an important
control measure.

Prophylaxis: Yearly dipping after shearing for
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M 5 Stages on the body surface

the control of the parasites will normally
suppress the itch mite population. This will
keep the infestation rate low but eradica-
tion is difficult to be achieved.

(Figure 376)

Fig. 376 P. ovis (schematic); (A) dorsal view of
male with enlargement of penis and genital ope-
ning; (B) ventral view of a male; (C) ventral view
of female |29]

Demodex spp. (D. ovis and D. caprae)
Demodectic mite

Location; Hair follicles and sebaceous glands
of skin. Favoured areas are eyelid, 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 goat

Species description: The nodules produced by
this cigar-shaped mite (genus description
5= CATTLE, B 5.1) range in size from
pinhead to hazelnut, contain a thick, waxy,
greyish material that can easily be expres-
sed. Numerous demodectic mites are found
in this material. There is some evidence
that Demodex are normally found in and
on the healthy skin and that they may
resume increased significance when the
host animal is immunosuppressed.

Geographic distribution: World-wide

Symptoms: Nodules occur in the skin. The
nodules of goats appear as cysts with mild
inflammation in the surrounding tissue.

Significance: Demodectic mange in goats may
cause considerable losses due to damage of

the hides.
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Diagnosis: Numerous demodectic mites are
found in the contents of skin nodules.
However, there is some evidence that
Demodex may be present in normal
healthy skin without apparent signs.

Therapy: There is no satisfactory treatment.
Incision of the nodules and disinfection
with tincture of iodine was described to
give the best therapeutic results in valuable
goats. Organophosphates may also be
used.

Prophylaxis: Unknown

(Figure 377)

Fig. 377 Demodex caprae in subcutaneous nodules
of a goat (0.5-1.5 cm in diameter) [4]

Raillietia spp. (R. auris and R. caprae)

Location: Middle and inner ear

Hosts: Sheep (R. auris), goat (R. caprae) and
cattle

Species description: The mites feed on epider-
mal cells and wax but not on blood.

Geographic distribution: North America, Aus-
tralia, East Africa, Europe.

Symptoms: Infestations are usually inapparent
but otitis media and interna with nervous
signs, including head shaking, head rotati-
on to the affected side, circling, general
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 is almost impossible to diagnose
Raillietia spp. antemortem; demonstration
of the mites in the middle or inner ear at
necropsy.

Therapy: Ivermectin may eliminate the mites
but the diagnosis is difficult. Acaricides,
applied topically, may also be effective.

Prophylaxis: Unknown (v CATTLE, W 5.1)

* Insecta found on the skin
- Lice

MALLOPHAGA Chewing lice
Lepikentron ovis Ovine chewing louse and

Bovicola (syn. Damalinia) caprae Caprine
chewing louse

Hosts: Sheep and goat

Location: Skin of the neck, withers and root of
the tail

Species description: Lepikentron ovis is a small,
wingless insect, 1-2 mm long. The head is
broad and flat with mouth parts adapted to
chewing. Bovicola caprae parasitises the
common goat and Bovicola crassipes and
Bovicola limbatus are found mainly on
Angora goats.

Geographic distribution: World-wide

Symptoms: Infested sheep bite, scratch and
show a poor body condition. Louse worry
may produce low fleece quality.

Fig. 378 Chewing lice (Mallophaga) of sheep and
goats; (left) Bovicola caprae male (1 mm) and
female (1.5-2 mm) and (right) Bovicola bovis
(1.5-2 mm) [35]

Fig. 379 Bovicola caprae (1-2mm) [4]

Fig. 380 Lepikentron ovis (1-2 mm) |32]

Significance: Louse worry may cause de-
creased food intake, reduced wool growth
and the overall profitability may signifi-
cantly be reduced.

Diagnosis: Nits and adults may be seen in
fleece and on skin.

Therapy: == CATTLE, M 5.1 THERAPY OF CHE-
WING LICE OF CATTLE

Prophylaxis: == CATTLE, W 5.1

(Figures 378, 379, 380)

ANOPLURA Blood sucking lice of sheep
and goats

Linognathus ovillus The sheep body louse,
face louse

Remarks: It occurs chiefly on the face of sheep in
Australia, New Zealand and probably many
other parts of the world (= CATTLE, M 5.1).
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M 5 Stages on the body surface

Linognathus pedalis The sheep foot louse

Remarks: It occurs on legs, belly and feet
where no wool exists.

Linognathus africanus The African sheep
louse, the blue louse

Remarks: It occurs mainly on the face of sheep.

Linognathus stenopsis The goat sucking
louse

Remarks: It occurs mainly on goats.
(Figure 381)

Fig. 381 Sheep lice; (A) Lepikentron ovis, (B) Lino-
gnathus pedalis and (C) Linognathus africanus 3]

¢ General features of blood sucking lice
of sheep and goats

Species description: These are wingless insects
with mouth parts adapted for piercing skin
and sucking blood. The head is 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 distribution: Linognathus spp.
occur in many parts of the world.

Symptoms: Scratching, rubbing and biting are
seen in heavy infestations. Wool breaks
and general unthriftiness, matted, dull
fleece with tufts of loose wool may indicate
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 adult
lice on skin.

Therapy: o= M CATTLE, 5.1 THERAPY OF
SUCKING LICE OF CATTLE p. 129

Prophylaxis: This is difficult wherever direct
contact between the animals of the herd is
possible. If sheep and goats are kept in
sheds these may also be fumigated.

— Fleas

No fleas have been found on the body
surface of sheeps and goats.

— Dipterida

CULICIDAE Mosquitoes

Remarks: With a single pair of wings, they belong,
like flies, to the order Diptera. The main gene-
ra are Anopheles, Culex and Aedes. They are
important vectors of diseases of sheep (e.g.
Rift Valley fever, Lumpy skin disease, Blue
tongue) (== CATTLE, M 5.1).

SIMULIIDAE

Simulium 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 irritation of live-
stock and certain areas of the tropics are
rendered uninhabitable by simulids. (=
Cattle, ®m 5.1)

CERATOPOGONIDAE

Culicoides spp. Biting midges

Remarks: Very small size (1-3 mm long).
Adult female midges attack cattle, sheep,
poultry, horse, man and other species,



causing marked irritation by penetration of
the skin with their proboscis. The bites cause
intense itching. Biting midges cause massive
irritation of livestock and transmit the Blue
tongue virus to sheep (/= CATTLE, B 5.1).

TABANIDAE

Tabanus spp., Haematopota spp. and
Chrysops spp. Horse flies

Remarks: Several species of horse flies attack
sheep and goats. They may cause irritation
(stampeding of flocks may result) and
transmit a number of diseases to livestock
(besnoitiosis, anaplasmosis, trypanosomo-
sis and anthrax; == M CATTLE, 5.1).

MUSCIDAE

Musca spp., Lyperosia spp. and Haematobia
spp. Muscid flies

Remarks: Muscid flies annoy livestock espe-
cially during the summer or rainy season.
They swarm around farm livestock. The
resulting irritation is incessant and much of
the energy of the animals is lost to defend
against fly attacks. In addition to the
nuisance the flies often carry pathogens on
their feet and bodies. Some also act as inter-
mediate hosts for other parasites. Two
genera need to receive special attention:
Musca and Haematobia.

Musca domestica Common house fly

Remarks: This is a non-biting muscid. It is
attracted to wounds and other moist parts
of the body, especially the eyes where it
may provoke an ulcerative dermatitis. M.
domestica is known to transfer pathogenic
bacteria mechanically from one wound to
another (= CATTLE, ® 5.1).

Haematobia minuta and other Haematobia

spp. Horn flies, buffalo flies

Remarks: These are biting muscids. The adults

of this fly live almost permanently on catt-
le, buffalo sheep and other animals. They
congregate on the back where their bites
cause severe irritation so that the cattle rub
themselves raw. Haematobia spp. cause
intense worry and irritation to animals, the
bite being very painful. Serious blood loss
may occur when large numbers attack and
loss of condition, reduced performance is
a common result. The flies cause sores at
the basis of the horns, on the poll, ears,
neck, withers and tail root (= CATTLE, B
5.1).

Stomoxys calcitrans Stable fly

Remarks: S. calcitrans also belongs to the mus-
cids. It attacks almost all livestock species.
It is a biting muscid and occurs world-
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 toxic reac-
tions with an immunosuppressive effect,
rendering the host more susceptible to
diseases. S. calcitrans acts as vector of
Trypanosoma evansi, Anthrax, Dermato-
philus congolensis, the “lumpy wool” in
sheep and other pathogens (== B CATTLE,
5.1). Its painful bite causes intense worry
and irritation to animals. It may produce
toxic reactions and immunosuppression.
Blood loss may be marked following con-
tinuous, heavy attacks.

GLOSSINIDAE

Glossina spp. Tsetse flies

Remarks: Tsetse 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-
mosis in domestic animals is caused by T.
congolense, T. vivax, T. brucei and T.
simiae (v CATTLE, M 5.1).

Oestrus ovis Sheep nasal bot, nasal myiasis
(== SHEEP AND GOATS, l4.3).
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M 5 Stages on the body surface

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 maggots
which develop in the tissue of their host, cau-
sing a condition called myiasis. The larvae may
be laid into preexisting wounds. Myiasis is
often a secondary skin problem. Calliphoridae
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, Luci-
lia and Calliphora (blowflies, bottle flies).

Lucilia cuprina and other Lucilia spp.
Green-bottle or copper-bottle flies

Remarks: L. cuprina is the predominant cause
of sheep blowfly strike in South Africa and
Australia. It causes myiasis in sheep. It is
the most important primary blowfly
initiating strikes on living sheep. Sheep are
only attacked by primary blowflies if mois-
ture is present in the fleece with resulting
bacterial decomposition of the wool and
superficial skin layers known as “fleece-
rot”. The odour arising from such proces-
ses attracts the primary blowflies, which
liquefy the tissue and extend the process.
The larvae of the primary blowflies, which
initiate the attack, create conditions attrac-
tive to secondary blowflies.

(Figures 382, 383)

Fig. 382 Lucilia cuprina; adult (8-10 mm) [27]
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Fig. 383 Lucilia cuprina; pracpupae in a skin
wound of a sheep (10-20 mm)

Lucilia sericata Green bottle fly

Remarks: L. sericata is the predominant cause
of sheep blowfly strike world-wide. Luci-
lia spp. lay eggs in areas of skin with con-
stant moisture (the breech and tail). Luci-
lia spp. are the first flies to strike living
sheep. Prolonged wet weather may cause

Fig. 384 Lucilia sericata; adult (8—9 mm; left) and
pupa, larva, eggs (right) [4]

Fig. 385 Lucilia sericata; larvae (1.5-2 ¢m) in a
skin wound



Fig. 386 Lucilia sericata; myiasis of a skin wound
(11]

Lucilia to strike sheep in the wool of the
back. These flies are responsible for more
losses than any other single parasite of
sheep.

(Figures 384, 385, 386)

Chrysomya chloropyga Green-tailed blowfly

Remarks: This is probably the second impor-
tant primary blowfly of sheep in South
Africa. Chrysomya marginalis may also act
as a primary blowfly.

(Figure 387)

Fig. 387 Chrysomya chloropyga; adult
(10-12 mm) [10]

Chrysomya albiceps and other
Chrysomya spp.
(Figure 388)

Fig. 388 Chrysomya albiceps [27]

Calliphora spp. Bluebottle flies

Remarks: Large flies (12 mm) metallic blue in
colour with stout bodies. Adult flies attack
existing skin wounds, e.g. from castration,
tail docking or wounds affected by primary
blowflies. They may extend these wounds
in which bacterial infections have already
started. They cause severe myiasis. Calli-
phora blowflies may kill sheep and cause
great losses world-wide.

Callitroga hominivorax (syn. Cochliomyia
hominivorax) “American screwworm”

Remarks: C. hominivorax has recently been
found to occur also in North Africa. Cat-
tle, pigs and equines suffer most frequently,
but other animals, including fowls and
even man may also be affected. Pathology
is essentially the same as in C. bezziana
(= CATTLE, M 5.1).

Chrysomyia rufifacies Screwworm fly,
carrion fly

Remarks: Flies are 8-10 mm long and
bluish-green. Larvae are up to 14 mm
long with thorn-like spines. This blowfly
strikes sheep after primary infestations
which are established by Lucilia spp. and
Calliphora spp. They may weaken and
kill sheep. If sheep are struck by Chry-
somyia spp., death will usually follow.
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M 5 Stages on the body surface

They may expand the pre-existing skin
lesions enormously. The wound is infect-
ed by secondary bacterial invaders and is
usually foul-smelling. Resistance of
Chrysomyia to several insecticides has
been reported.

The non-metallic flies are dull grey, yellow-
brown or black and belong to the genera
Woblfartia and Sarcophaga (flesh-flies).

Sarcophaga haemorrhoidalis Red-tailed
flesh-fly

Remarks: The fly is very common in Africa
south of the Sahara and is frequently found
around human habitations. Flies of this
species are larviparous and may lay their
larvae in wounds or sores although larvae
may also be deposited on faeces, carrion or
fresh meat. Several animal species and man
may be affected. The fly may cause myia-
sis, especially in sheep.

Woblfartia magnifica Old World flesh-fly

Remarks: It occurs in North Africa. The fly
attacks man and other animals. The larvae
may be deposited into the external ear of
man or in sores around the eyes.

Cordylobia anthropophaga Tumbu fly or
“skin maggot fly”

Remarks: The fly is widely distributed in Afri-
ca south of the Sahara. It produces myiasis
in man, dogs and domestic animals. Eggs
are laid around places where animals lie.
After hatching the larvae penetrate the skin
of the host, producing a boil of about 1 cm
across with a hole in the centre. When
mature the larvae wriggle out of the hole
and pupate on the ground. Tumbu boils
are found commonly on the ventral parts
of the body but also on any other area of
the body.
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HIPPOBOSCIDAE The louse flies

Melophagus ovinus Sheep ked

Location: Skin on the neck, shoulders and belly

Hosts: Sheep

Species description: The sheep ked is a wingless
fly living permanently on sheep. The legs
are strong with claws at the end. Adult
females deposit larvae on wool using an
adhesive material. Larvae remain in place
and molt to the pupal stage. Pupae last
19-23 days in summer and 36 days in win-
ter. These pupae are resistant to treatment.
The ked is a blood sucker and can cause
anaemia if it is present in high numbers.
They cause severe irritation so that infested
sheep rub, bite and scratch themselves con-
tinuously. The piercing mouth parts of
keds open wounds susceptible to further
bacterial and parasitic (myiasis) infections.
Trypanosoma melophagium is a non-
pathogenic trypanosome which infects
sheep. It belongs to the Stercoraria and is
transmitted by the sheep ked, Melophagus
ovinus. Infection occurs by contamination
of the skin and if a ked is eaten by the sheep,
the metacyclic stages penetrate the buccal
mucosa.

Geographic distribution: World-wide

Symptoms: Intense itching from irritation cau-
ses sheep to rub, bite and scratch them-
selves and tearing the fleece. Heavy infestati-
on may cause anaemia.

Significance: The sheep ked causes marked irri-
tation with reduced grazing and fleece qua-
lity. It may further cause anaemia when
present in high numbers.

Diagnosis: Adults and pupae may be seen on
sheep.

Therapy: Insecticides which are also used to
treat lice infestations may be applied. Dips,
sprays, pour-on formulations may be used.
Organophosphates and pyrethroids ap-
plied as dips, sprays or pour on are highly
effective. (= CATTLE, M 5.1 THERAPY AND
PROPHYLAXIS OF ECTOPARASITES, p. 141.



Prophylaxis: Shearing removes pupae and
adults and should be carried out before
lambing. A subsequent insecticidal treat-
ment may eliminate the remaining ked (=
CATTLE, ® 5.1 THERAPY AND PROHYLAXIS
OF ECTOPARASITES p. 141).

(Figure 389)

L
-
~

Fig. 389 Melophagus ovinus (3-5 mm) [32]

5.2 Eyes

Thelazia rhodesi Eyeworm
(= CATTLE, @ 5.2)
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1 Stages in the gut and faeces

PROTOZOA

Eimeria leuckarti (syn. Globidium leuckarti)
Globidiosis

Location: Small intestine

Hosts: Horse and donkey

Species description: E. leuckarti oocyst is one of
the largest of the genus Eimeria (80-88 x
55-59 pm) oval, thick wall, dark brown,
distinct micropyle. Sporulation time is
20-22 days at 20°C.

Geographic distribution: World-wide

Symptoms: Acute and chronic diarrhoea

Significance: Little is known but serious diar-
rhoeic episodes have been attributed to
massive infection with this parasite mainly
in foals.

Diagnosis: E. leuckarti is too dense to rise in
the flotation fluid usually used in the diag-
nostic laboratory and must be looked for
by the sedimentation technique.

Therapy: Sulfonamids such as sulfadimidine
(sulfamethazine, 220 mg/kg, po. or iv.),
sulfadimethoxine (55 mg/kg, 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)

Fig. 390 Oocyst of Eimeria leuckarti
(80-88 x 55-59 pm) [4]

Cryptosporidium parvum

Remarks: This species has only been found in
immunodeficient foals (== CATTLE, = 1).

HELMINTHS

(Figure 391)

* Trematoda eggs found in the faeces and
adult trematodes living in the gastro-
intestinal tract

Gastrodiscus aegyptiacus
Equine intestinal fluke

Location: Colon and small intestine

Hosts: Equine, pig and warthog

Species description: G. aegyptiacus belongs to
the family Paramphistomatidae. Interme-
diate hosts are snails of the genus Bulinus
and Cleopatra. Infection is acquired by eat-
ing metacercariae with vegetation.

Geographic distribution: Throughout Africa
and India



Symptoms: Heavy infections are accompanied
by diarrhoea, anaemia, oedema, emacia-
tion and marked weakness. With the usu-
al chronic mild infection there is no appar-
ent effect on the host.

Significance: Adults have a relatively low
level of pathogenicity. High numbers of
immature flukes can cause severe prob-
lems. High numbers of G. aegyptiacus
were found in horses in Central Africa.

Diagnosis: The diagnosis is based on the pres-
ence of eggs or immature flukes in the fluid
faeces, and history of being kept on marshy
pastures.

Therapy: The following compounds are effec-
tive against trematodes and can be consid-
ered for treatment: oxyclozanide, diam-
phenethide, rafoxanide, nitroxynil, alben-
dazole, closantel, triclabendazole, netobi-

Fig. 391 Eggs of
helminths found in
equines [3]:

1 Parascaris
equorum

2 Strongylus spp.

Trichonema spp.

4 Triodontophorus
tenuicollis

S Anoplocephala
Spp.

6 Gastrodiscus
aegyptiacus

7 Strongyloides
westeri

8 Dictyocaulus
arnfieldi

9 Oxyuris equi

10 Paranoploce-
phala mamillana

11 Habronema spp.

12 Fasciola hepatica

w

min and clorsulon. Some of these are active
against immature flukes: diamphenethide
(100 mg/kg), nitroxynil (15 mg/kg), clo-
santel (10 mg/kg), triclabendazole (10
mg/kg) and clorsulon (7 mg/kg).

Prophylaxis: In addition to treatment of infect-
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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1 Stages in the gut and faeces

Fig. 392 Gastrodiscus aegyptiacus; ventral
view (9-17 mm long)

Schistosoma bovis and Schistosoma mattheei

Blood flukes

Location: Adult flukes in the mesenteric and
portal veins, eggs occur in the faeces.
(w& HORSES AND DONKEYS, M 2)

¢ Cestoda eggs found in the faeces
and adult cestodes living in the gastro-
intestinal tract

Anoplocephala magna Equine tapeworm

Location: Small intestine

Hosts: Horse and donkey

Species description: A. magna is the largest
tapeworm of equines. It is up to 80 cm long
and 2 cm wide and has a typical tapeworm
shape.

Significance: A. magna in high numbers can
cause a catarrhal or haemorrhagic enter-
itis.

(Figures 393, 394, 395, 396, 397)
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Fig. 393 Anterior end of equine tapeworms (sche-
matic): Anoplocephala magna (a), A. perfoliata (b)
and Paranoplocephala mamillana (c) |5]

Characteristics A. magna A.perfoliata P.mamillana

Length 80 cm 8cm 0.6-5.0cm
(long) (short) (minute)
Width 2cm 0.8-14cm 0.5cm
Sucker Round Round Slit-like
Ear-shaped Absent Present Absent

lappets posterior
to suckers

Fig. 394 Description of equine tapeworms [5]

Fig. 395 Anoplocephala magna; adult tapeworms
in the small intestine of a horse |15]
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Fig. 396 Life cycle of
equine tapeworms [36]

Anoplocephala perfoliata
Tapeworm of the ileocaecal-valve

Location: Large intestine, ileocaecal valve
(found on either side)
Hosts: Horse and donkey
Species description: A. perfoliata varies from a
few mm to 8 cm in length (some authors
indicate length up to 30 cm) and looks at
first sight more like a trematode. Closer
inspection shows that the body is segment-
ed, but the proglottids (segments) are
crowded together. The scolex of A. perfo-
liata differs from the others in that there are
prominent swellings (lappets) behind the
suckers (Figure 393).
Significance: A. perfoliata normally causes lit-
tle clinical effect but the site of attachment
Fig. 397 Egg of Anoplocephala spp. (70-80 pm) is often inflamed and ulcerated. Partial
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1 Stages in the gut and faeces

occlusion of the ileocaecal orifice may
cause colic.
(Figure 398)

Fig. 398 Anoplocephala perfoliata; adult
tapeworms attached to the ileocaecal valve

Paranoplocephala mamillana
Dwarf equine tapeworm

Location: Small intestine (jejunum, ileum)
rarely stomach

Hosts: Horse

Species description: It is the smallest of the
three equine tapeworms with a length of
only 4 cm.

Significance: P. mamillana is seldom respon-
sible for ill health.

(Figures 391, 393, 399)

Fig. 399 Paranoplocephala mamillana; head and
immature proglottids [9]
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¢ General features of Anophocephala
magna, A. perfoliata and Parano-
plocephala mamillana

Species description: Life cycle: Oribatid mites
are intermediate hosts of all three species.
Infection occurs via ingestion of infected
mites. Adult tapeworms develop within 4
to 6 weeks after infection (Figure 396).

Geographic distribution: World-wide

Symptoms: Light infections are not apparent.
Large numbers cause haemorrhagic or ulcer-
ative enteritis, seen especially with A. mag-
na. Fatal intestinal blockage may be caused
by A. perfoliata, clustering at the ileocaecal
junction. Unthriftiness, colic and diarrhoea
may be caused by heavy infections.

Diagnosis: Identification of square, thick-
shelled eggs containing the pyriform appa-
ratus or segments in the faeces, or the pres-
ence of adult worms at necropsy.

Therapy: Anoplocephalidae are known to be
relatively resistant to treatment. However,
some of the modern anthelmintics, at
increased dosage rates, are partially effec-
tive against equine tapeworms. Pyrantel
pamoat (13.2 mg/kg, po.) at twice the label
dosage is effective against A. perfoliata.
Niclosamide (88 mg/kg, po.), fenbendazole
{3 x 10 mg/kg, po.), resorantel (65 mg/kg,
po.) and dichlorphen (20 mg/kg, po.),
bithionol (7 mg/kg, po.) or mebendazole
{20 mg/kg, po.) are safe and can also be
used to treat equine tapeworms.

Prophylaxis: Prophylaxis is difficult as oribat-
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

Gongylonema pulchrum Gullet worm

Location: Mucosa of the oesophagus
Hosts: Horse, donkey and ruminants
Species description: G. 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 hatch
after being eaten by dung beetles in which
the larvae develop to the infective stage.
Infection of the horse occurs by eating the
infected beetles (== CATTLE, = 1).

Geographic distribution: World-wide

Symptoms: Generally inapparent infections
although chronic irritation of the mucosa
occurs.

Significance: G. pulchrum is of little clinical
importance.

Diagnosis: Eggs in the faeces or adults are seen
at necropsy in longitudinal rows of circu-
lar raised thickenings on the worm’s for-
ward end.

Therapy: Not indicated

Prophylaxis: Manure removal and normal san-
itary measures are sufficient to reduce the
infection risk.

Parascaris equorum Horse roundworm

Location: Small intestine

Hosts: Horse and donkey

Species description: Typical direct nematode
life cycle. 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 to the lungs, where
they migrate up to the trachea. They are
then coughed up and swallowed again and
mature in the small intestine. P. equorum
are whitish worms up to 30 c¢m long with
3 prominent lips. The principal source of
infection for young foals is contamination
of pasture, paddock or stall with eggs from
foals of the previous year.

Geographic distribution: World-wide

Symptoms: Adult worms in heavy infections
can cause bile duct and intestinal obstruc-
tions and occasionally gut perforation.
Damage is more pronounced in foals.
Acute parascariasis is also accompanied by
severe enteritis, resulting in alternating
constipation and foul-smelling diarrhoea.
Large numbers of larvae breaking into the

lungs cause a “summer cold” with cough-
ing, fever and anorexia. Mature horses
rarely show clinical signs, as previous
infections confer good resistance.

Significance: Highly important, mostly in foals
younger than 6 months in which parasca-
riosis causes severe debilitation, retarded
growth and even death.

Diagnosis: Identification of round, pitted,
thick-walled eggs in the faeces.

Therapy: Piperazine (88 mg/kg, po.) and thia-
bendazole (100 mg/kg, po.) are effective
against adult worms. Cambendazole (20
mg/kg), febantel (6 mg/kg), fenbendazole
(7.5 mg/kg), mebendazole (10 mg/kg),
pyrantel pamoat (19 mg/kg) and ivermec-
tin (0.2 mg/kg) for oral administration are
effective against adult and larval stages of
P. equorum.

Prophylaxis: As foals become infected with P.
equorum soon after birth, treatment
and/or prophylaxis should start when
foals are about 8 weeks old and repeated
at 6-8- week intervals, until they are year-
lings.

(Figures 400, 401)

Fig. 400 Egg of Parascaris equorum (90-100 pm in
diameter), partially developed

209

&
-
=
-3
(=]
°
-
L
-
2
s
-]
- =
pr
]
-
o
&
=
2
-
[
2




1 Stages in the gut and faeces

Fig. 401 Parascaris equorum; adult worms (males
are 15-28 cm long, females are 16-50 ¢m long)
found in the small intestine of a foal at necropsy

Strongyloides westeri

Equine intestinal threadworm

Location: Small intestine

Hosts: Horse and donkey

Species description: S. westeri is a hair-like,
8-9 mm long nematode. Only the parthen-
ogenic females are parasitic. Free-living
males and females reproduce sexually out-
side the host. Infection is acquired by inges-
tion of larvae, skin penetration 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 cycle involving
adult females in the host producing eggs
that do not require fertilisation to develop.
These eggs are passed in the faeces and then
develop to infective third-stage larvae.
In the heterogonic cycle adult thread-
worms in the intestine lay eggs which
develop into a different type of larvae.
These larvae can develop to adult males
and females which can live outside the
host. The fertilized eggs of this type yield
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

Symptoms: Foals with heavy burdens show
acute diarrhoea, weakness and emaciation.

Older animals may harbour large burdens
without clinical manifestations. Migration
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of S. westeri larvae through the lungs can
cause severe haemorrhage and respiratory
distress. Skin penetration may result in irri-
tation and dermatitis.

Significance: Highly important in neonatal
foals. Severe diarrhoea which can be so
severe as to cause death in foals. The most
important route of transmission is galacto-
genic.

Diagnosis: Identification of thin-shelled eggs
(45 x 38 ym) containing a larva.

Therapy: Cambendazole (20 mg/kg, po.),
thiabendazole (75 mg/kg, po.), ivermectin
(0.2 mg/kg), fenbendazole at increased
dosage rate (50 mg/kg, po.), oxibendazole
(15 mg/kg, po.) and other benzimidazoles
generally at increased dosage rates.

Prophylaxis: Reduction of densities of the free-
living larvae by removal of the faeces and
provision of dry quarters. Pre-foaling treat-
ments to the mare reduce transmammary
infection.

(Figures 402, 403, 404)

Fig. 402 Strongyloides westeri; adult parasitic
female (0.1-9 mm long) [3]

Fig. 403 Eggs of Strongyloides westeri
(40-50 x 30-40 pm) [15]



Oxyuris equi Equine pinworm

Location: Large intestine (caecum, colon)

Hosts: Horse and donkey

Species description: Adult female worms
migrate out of the anus and lay eggs on the
perianal skin. The eggs are covered with
sticky fluid. Infective larvae develop with-
in 3-5 days inside the eggs. The horse may
be infected accidentally by licking the eggs
with the itchy fluid or by ingesting embryo-
nated eggs with feed or water. Adult pin-
worms are of little significance in the intes-
tine, but cause perineal irritation and
intense pruritus following egg laying.

Geographic distribution: World-wide

Symptoms: Loss of condition, poor appear-
ance, biting and scratching at the perineal
region are often seen in horses infected
with O. equi. Irritation in the perineal
region causes wounds open to secondary
infections and myiasis. Dull hair coat and
loss of hair is known as “rat-tail”.

Significance: Most of the clinical significance
results from the intense itching caused by

Fig. 404 Life cycle
Strongyloides westeri;
infection may also be
acquired galactogeni-
cally and percutaneous-
ly (not shown on this
figure) [37]

the sticky fluid with which the eggs are
attached to the rump.

Diagnosis: Presence of masses of whitish-yel-
low eggs around the anal region.

Therapy: Most of the broad-spectrum drugs
recommended for the strongyles (= below)
and trichlorfon (35 mg/kg, po.) are effec-
tive against pinworms.

Prophylaxis: Regular treatment will eliminate
the intestinal worms and frequent change
of bedding will restrict reinfection.

(Figures 405, 406, 407)

Fig. 405 Eggs of Oxyuris equi (85-95 x 40-45 yum)
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1 Stages in the gut and faeces

Fig. 406 Masses of yellowish eggs of Oxyuris equi

around the perineum of a horse

Fig. 407 Oxyuris equi; adults (males are 0.9-1.2
cm long, females are 4-12 c¢cm long) [37]

Probstmayria vivipara Small pinworm

the Baermann apparatus. P. vivipara may
also be found at necropsy.
Therapy: [s not indicated but most benzimid-
azoles and dichlorvos are effective.
(Figure 408)

Fig. 408 Probstmayria vivipara; anterior end (left),
posterior (right) of an adult female (2.2-3.8 mm)
[38]

e Stomach worms

Habronema muscae,

Location: Colon

Hosts: Horse and donkey

Species description: It is a tiny pinworm only
2-3 mm long. Complete life cycle takes
place in the host.

Geographic distribution: World-wide, except
some Western European regions

Symptoms: Inapparent infections are com-
mon.

Significance: It is not clinically important. 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 collected with
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H. majus (syn. H. microstoma) and
Draschia megastoma (syn. H. megastomay)
Equine stomach worms, summer sores

Location: Adult worms of H. muscae and H.
majus occur on the horse stomach mucosa
under a layer of mucus. D. megastoma is
in tumour-like swellings of the stomach
wall. Larvae may be found in non-healing
skin wounds (#5 HORSES AND DONKEYS, M
5.1).

Hosts: Horse and donkey

Species description: Adult worms are found in
the stomach. Larvae or embryonated eggs
produced by the adult worms are passed in



the faeces and ingested by the housefly
(Musca spp.) or stablefly (Stomoxys spp.)
maggots which develop in manure. Larval
development occurs within the maggot and
the infective third-stage larvae is reached at
the time the adult fly emerges from the
pupa. Infective third-stage larvae are
deposited by the intermediate hosts on pre-
existing wounds (cutaneous habronemo-
sis) or on moisture of the genitalia or eyes
(ocular habronemosis) and migrate into
the host’s tissue. These irritations cause a
granulomatous reaction. Larvae are depos-
ited by the flies around the nostril, lips and
wounds of horses as the flies feed. The cycle
is closed when larvae or infected flies are
ingested by the horse.

In temperate areas cutaneous wounds tend
to heal during the winter but often recur in
subsequent warm seasons (summer sores)
when flies are active again. In hot, humid
zones D. megastoma is mainly responsible
for both, gastric tumour-like lesions and
cutaneous habronemosis.

Geographic distribution: World-wide
Symptoms: Mild digestive disorders may result

from gastric habronemosis. Granuloma-
tous lesions on the skin and eyes resistant
to conservative wound treatment are char-
acteristic for cutaneous habronemosis (1=
HORSES AND DONKEYS, M 5.1)

Significance: Adult Habronema are of little

concern but ocular or cutaneous larvae
cause annoyance and wounds with a pro-
tracted healing, open for subsequent prob-
lems (e.g. myiasis). D. megastoma produc-
es tumour-like swellings in the stomach (up
to 10 cm in diameter) which may rupture
and cause fatal peritonitis or block the pas-
sage.

Diagnosis: Antemortem diagnosis is difficult

since the thin-shelled eggs or larvae are eas-
ily missed in faecal examinations. Worms
and eggs may be found in gastric lavage.
The almost transparent adult worms can
be found during postmortem examination.
Non-healing, reddish brown, greasy skin
granuloms that contain rice-grain-sized,
calcified material is indicative for cutane-

ous habronemosis. Larvae in lesion scrap-
ings can sometimes be found.

Therapy: High dosages of the following ben-
zimidazoles cured gastric habronemosis:
thiabendazole (3 x 75 mg/kg), oxfendazole
(3 x 15 mg/kg), fenbendazole (1 x 30-60
mg/kg) and oxibendazole (10 mg/kg, po.).
Ivermectin (200 pg/kg, po.) is highly effec-
tive. Two intramuscular dosages of iver-
mectin (200 pg/kg) cured summer sores
within 5 weeks.

Prophylaxis: Fly prevention 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 insecticide.

(Figures 409, 410, 411)

Fig. 409 Lateral views of anterior ends of equine
species of Habronema spp. and Draschia spp.
(schematic): (A) D. megastoma (males are 7-10
mm, females are: 10-13 mm), (B) H. muscae
(males are 8—14 mm, females are 12-22 mm) and
(C) H. majus (males are 9-16 mm, females are
15-25 mm) 3]

Fig. 410 Egg of Habronema spp.
(40-50 x 10-16 pm) [11]
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1 Stages in the gut and faeces

Fig. 411 Large fibrous granuloma in the stomach
mucosa caused by Draschia meagastoma. The bot-
fly larvae which are present in the illustration do
not contribute to the pathological process [37]

Trichostrongylus axei Stomach hair worm

Location: Lumen of the stomach glands and in
the small intestine

Hosts: Horse, donkey and ruminants
(== CATTLE, = 1)

Species description: Direct life cycle, typical for
nematodes. T. axei has an exceptionally
wide host-range and is common in many
ruminant and equine species. The adults
are slender and up to 8 mm long.

Geographic distribution: World-wide

Symptoms: Oedema, dark, foul-smelling diar-
rhoea and rapid loss of condition

Significance: T. axei is usually part of a mixed
infection and therefore additive to the
overall “worm-damage”. Leakage of plas-
ma proteins into the gut and decreased
digestibility occurs in heavy infections.
Chronic catarrhal gastritis is caused by lar-
vae penetrating the gastric mucosa.

Diagnosis: It is difficult to rely only on faecal
examination because the eggs are similar to
strongyle eggs. The species can only be
identified via third-stage larvae after
copro-culture or adult worms at necropsy.

Therapy: #=* below, LARGE AND SMALL STRON-
GYLES
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Prophylaxis: As T. axei is primarily a parasite
of cattle and sheep, grazing management is
important. Overcrowding must be avoided
and brood mares should be treated as foals
are very susceptible. Removal of faeces and
regular stool check is a helpful aid in stron-
gyle control.

e Large strongyles

Strongylus vulgaris, Strongylus equinus and
Strongylus edentatus Large strongyles

Location: Adult worms are found in the large
intestine.

Hosts: Horse and donkey

Species description: Life cycle: adults of all 3
species live in the large intestine. Eggs devel-
op into infective third-stage larvae within 3
days under moist and warm conditions.
Infection is acquired by ingestion of larvae
which drop their protective sheath in the
small intestine. After this stage the Strongy-
lus 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. vulgaris is the most path-
ogenic.

(Figures 412, 413)

Fig. 412 Strongyle-type egg (72-93 x 40-54 pm)
found in equines



thrombus production. These clots are
swept away to lodge in smaller vessels lead-
ing to thromboembolic colic.

Symptoms: S. vulgaris is especially important
because of the damage the larvae do to the
cranial mesenteric artery and its branches.
Colic of various degrees, temporary lame-
ness, gangrenous enteritis, intestinal stasis,
possibly rupture and other effects depending
on the location of the infarct may follow.

Diagnosis: Very difficult during the migratory,
prepatent phase of the infection. Postmor-
tem examination is indicated and larvae
can be used for species identification.
Adults may be found in the large intestine
and eggs are present in the faeces.

(Figures 414, 415, 416,417, 418)
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Fig. 413 Third-stage larvae of equine strongyles
(850-1000) pm [38]

Strongylus vulgaris Bloodworm, Verminous
endarteritis

Species description: S. vulgaris is the smallest
of the large StrongyleS, reaching 2 cm in Fig. 414 Dorsolateral view of the anterior end of
length and has typically ear-shaped teeth  various Strongylus spp.: (a) Strongylus equinus, (b)
set in the deep of the buccal cavity. Third-  S. edentatus and (c) S. vulgaris; EL = external leaf
stage larvae penetrate the intestinal muco-  crown, IL = internal leaf crown, CS = cuticular
sa, moult into fourth-stage larvae and pen-  striation and ZL = tooth {33
etrate further nearby blood vessels and
wander through the arteries for 2 weeks
before reaching the cranial mesenteric
artery, where they remain for 4 months.
After moulting to immature adults S. vul-
garis returns via the arteries to the large
intestine and burrows into the lumen. 6-8
months after the infection eggs are passed
in the faeces. The colic associated with this
parasite is not provoked by the adult
worms in the gut but by the larvae during
their migration through the arteries. As the
larvae migrate they damage the endothelial ~ Fig. 415 Mesenteric artery with thrombosis due to
lining of the vessels, thereby stimulating  migrating larvae of Strongylus vulgaris
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Fig. 416 Migratory route of Strongylus vulgaris.
Note that the third-stage larvae migrate within the
mntima and not in the lumen of blood vessels [37]

Fig. 417 Strongylus vulgaris larvae in a thrombus
[4]

Strongylus edentatus

Species description: S. edentatus reaches 4 cm
in length. Larvae penetrate the intestine
and migrate via the portal vein to the liver,
where moulting occurs and nodule forma-
tion takes place. After 9 weeks the fourth-
stage larvae wander to the peritoneum,
causing the formation of nodules. Migrat-
ing to the large intestine, 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 Strongylus vulgaris; anterior end with
buccal capsule

their migratory tracts can be found in
unexpected sites such as the pleural cavity
and testis.

Symptoms: Adult large strongyles (S. vulgaris,

S. equinus and S. edentatus) are “plug-
feeders”, ingesting plugs of mucosa as they
move about in the intestine. Heavy feeding
of this type produces intestinal damage,
blood and protein loss into the intestine.
Intestinal damage causes diarrhoea, fever,
oedema, anorexia, depression, weight loss
and dehydration.

The attendant blood loss may lead to anae-
mia, especially in S. equinus infections. S.
equinus and S. edentatus larvae rarely
cause damage of clinical consequence dur-
ing their migratory phase which is in con-
trast to S. vulgaris larvae which cause great
problems during migration within the
arteries and hardly any damage as adult
worms in the gut.

Diagnosis: Diagnosis of mixed strongyle infec-

tions is based on demonstration of eggs in
the faeces (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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Fig. 419 Strongylus edentatus; anterior end [37] Fig. 421 Strongylus edentatus larvae from the
parietal peritoneum of the flank [15]

Strongylus equinus

Species description: S. equinus reaches 5 cm in
length. After burrowing into the submuco-
sa of the small intestine and moulting to the
fourth-stage larvae S. equinus forms a nod-
ule on the intestine. After that larvae wan-
der to the liver where they meander through
the liver parenchyma for 6-7 weeks with-
out nodule formation. Emerging from the
liver they moult to immature adults and
migrate in various abdominal organs (incl.
pancreas) then return to the large intestine.
Passage to and from the liver occurs direct-
ly across the peritoneal cavity. Prepatent

Fig. 420 Migratory pathway of Strongylus period is about 9 months. S. equinus rarely

edentatus [37] causes damage of clinical consequence dur-
ing its migratory phase. S. equinus suck up
to 10 ml of blood per day. Heavy infections
are associated with anaemia.

Symptoms and Diagnosis: = above Symptoms
and diagnosis of S. edentatus

(Figures 422, 423)

Fig. 422 Migratory pathway of Strongylus
equinus [37) Fig. 423 Strongylus equinus; anterior end [37]
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¢ Control of large strongyles

Therapy: Ivermectin (0.2 mg/kg) is effective

against both adult and larval stages of S.
vulgaris and S. edentatus and only against
adult S. equinus worms. Fenbendazole (10
mg/kg, po. during 5 days) and oxfendazole
(15 mg/kg, po.) at 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 adult
large and small strongyles. Pyrantel (19
mg/kg, po.) is efficacious against adult
small and large strongyles and larvae of
most of the small strongyles. Febantel (6
mg/kg, po.) is effective against adult large
and small strongyles. Dichlorvos (31-41
mg/kg, po.) is highly effective against S.
vulgaris and S. equinus and against small
strongyles. Haloxon (60-75 mg/kg,po.) is
only effective against S. vulgaris. Trichlor-
fon (40 mg/kg, po.) combined with meben-
dazole, fenbendazole, oxfendazole or
pyrantel (each at its regular therapeutic
dosage) is highly effective against ascarids,
pinworms, small and all the three large
strongyles.

Prophylaxis: Grazing horses are likely to be

infected, therefore a control program
attempts to minimize the level of pasture
contamination and reduce the risks asso-
ciated with the migrating larvae. All hors-
es kept in the same feeding-community
should be treated and preferably at the
same time. Newly acquired horses should
be de-wormed before admittance to the
herd. Whatever program is used, faecal
samples should be examined periodically
to maintain surveillance of the effective-
ness. Horses kept in arid areas should be
treated at least twice 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 that time. Regular dosing (general-
ly every 4-8 weeks) is indicated in humid
areas. Colic may be associated with the use
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of anthelmintics, especially when organo-
phosphorous products (trichlorfon or
dichlorvos) are used.

e Small strongyles

Triodontophorus spp., Trichonema spp.,
Cyathostomum spp., Cylicocyclus spp.,
Cylicostephanus spp., Cylicodontophorus
spp., Gyalocephalus spp., Oesophagodontus
spp. and Craterostomum spp.

Location: Large intestine

Hosts: Horse and donkey

Species description: More than 25 species of
small strongyles are found in the caecum
and colon. Apart from Triodontophorus
spp. which are almost as large as S. vulgar-
is, most of them are smaller than the large
strongyles. Triodontophorus spp. are also
known as the “non-migratory” large stron-
gyles. One species, Triodontophorus tenui-
collis, causes severe ulcers in the wall of the
colon. There is no extra-intestinal migra-
tion of the larvae within the host. Small
strongyles undergo a typical direct nema-
tode life cycle and larvae develop within the
wall of the large intestine. Larvae may
undergo hypobiosis and remain dormant in
the intestinal wall during periods of adverse
environmental conditions (dry season, win-
ter). Small strongyles usually appear as
mixed infections. Damage is mainly caused
by the adult worms which are plug feeders,
ingesting plugs of intestinal mucosa and
blood vessels. Larvae within the gut wall
may also suck blood. Animals under three
years of age are more susceptible particu-
larly if kept on overcrowded pastures. Sev-
eral species of small strongyles are resistant
to many of the benzimidazoles which is a
heritable trait and not reversible.

Geographic distribution: World-wide

Symptoms: Loss of condition, anaemia, weak-
ness, acute or chronic diarrhoea

Significance: Small strongyles are extremely
prevalent and cause considerable econom-
ic loss and severe disease wherever horses
are raised.



Diagnosis: Species identification is impossible
solely based on the egg morphology. Lar-
val identification following faecal culture is
indicated. Strongyle eggs passed by foals of
6 months or less are those of the small
strongyles as the prepatent period of Stron-
gylus spp. is longer.

Therapy: »= above LARGE STRONGYLES. Benzi-
midazole-resistant strains are susceptible
to piperazine (88 mg/kg, po.), pyrantel-
pamoat (19 mg/kg, po.}, dichlorvos (31-41
mg/kg, po.), ivermectin (0.2 mg/kg, sc.)
haloxon (60-75 mg/kg, po.) and oxibenda-
zole (10 mg/kg, po.).

Prophylaxis: = above LARGE STRONGYLES

Remarks: The “horse strongyles” consist of
more than 40 species many of which are
distributed world-wide. They are respon-
sible for a variety of clinical syndromes,
including the well-known loss of condi-
tion, often associated with anaemia, that
characterizes the “wormy-horse” and
acute or chronic diarrhoea.

(Figures 424, 425, 426, 427, 428, 429, 430)

Fig. 424

Dorsolateral view of the anterior end of a small
strongylid (Cylicostephanus sp.); EL = external leaf
crown, IL = internal leaf crown, CR = cuticular
striation, SP = papillae, CU = cuticula, OL = oeso-
phagus and OM = oesophageal muscle [33]

Fig. 425 Small strongyles (females up to 25 mmy;
males up to 15 mm) in the colon of a horse [10]

Fig. 426 Developing small strongyle larvae in the
mucosa of the caecum

Fig. 427 Small strongyle with a well-developed leaf
crown and a pronounced buccal capsule
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1 Stages in the gut and faeces

Fig. 428 A wormy horse due to winter cyathosto-
minosis [15]

Fig. 429 Triodontophorus sp.; anterior end [37]

Fig. 430 Triodontophorus sp. group of adults
forming a large ulcer in the large intestine
(17-26 mm long) [37]
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Dictyocaulus arnfieldi Equine lungworm

Location: Adult worms in the bronchi and
bronchioles of donkeys and horses,
embryonated eggs and larvae in fresh faec-
es (= HORSES AND DONKEYS, Il 4.3),

(Figures 431, 432)

Fig. 431 Dictyocaulus arnfieldi; egg containing a
larva (74-96 x 46-58 nm) |11]

Fig. 432 Dictyocaulus arnfields; first-stage larva
(420-480 pm)



ARTHROPODS

* Insecta found in the gut

Gasteropbilus spp. Horse bot flies

Gasterophilus intestinalis (syn. G. equi)
Common horse bot fly

Location: Eggs are deposited mainly on fore-
legs, between the knee and the hoof 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.

Gasterophilus 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
region of the stomach and duodenum.

Fig. 433 Life cycle of
horse botflies [36]

Fig. 434 Gasterophilus
sp.; the horse bot fly
(8-18 mm) [19]

Gasterophilus haemorrhoidalis The nose or
lip bot fly or rectal bot fly

Location: Eggs are laid on hairs of the lips and
around the mouth.
Third-stage larvae attach to the stomach
but also to the hosts rectum, sometimes in
great numbers.

Gasterophilus pecorum The plant bot fly

Location: Eggs 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

Hosts: G. intestinalis 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

gastrointestinal parasites of equines. After
hatching the first larval instars burrow into
dermal layers of the mouth cavity, from
which they move to either the pharynx,
stomach or rectum, where the second and
third-stages attach. The larvae feed on tis-
sue exudates and remain in the host up to
1 year before they become mature and are
excreted with the faeces to pupate in the
soil. The adult flies are brown in colour
and hairy and resemble bees.

Geographic distribution: Global
Symptoms: Bots cause a mild gastritis, but

large numbers can be found in the stomach
without clinical signs. The first-stage
instars migrating to the mouth can cause
stomatitis and may produce pain on eating.
Adult flies cause annoyance when laying

eggs.

Significance: 1) The adult flies distress their

equine host markedly up to the point of
causing stampeding. 2) Irritation by the
larvae during migration, e.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.

Diagnosis: Specific diagnosis of Gasterophilus

infection is difficult and can be made only
by demonstrating larvae in the faeces.
Observation of the cream-white bot eggs
(1-2 mm) on the animal’s hair may help.

Therapy: In temperate areas it is assumed that

most animals are infected by the end of the
summer. A single treatment at a time when
the adult flies have disappeared is usually
adequate. Oral application (gel or pellet via
feed, solutions via stomach tube) of tri-
chlorfon (10 mg/kg, po. for bots only;
40 mg/kg, po. for bots and nematodes),
dichlorvos (adults: 31-41 mg/kg, foals:

ing fly season for bot control) and ivermec-
tin (200 pg/kg, po.) is effective against all
stages of bots and removes a high percent-
age of bots from the digestive tract. In tem-
perate climates bot medication is usually
administered 1 month after the onset of the
winter and repeated in midwinter. A simi-
lar schedule can be applied to subhumid
areas with treatments at the beginning and
in the middle of the dry season.

Prophylaxis: Protection of exposed horses

from attacks of the adult flies with repel-
lents (dimethyl phtalate) is not satisfactory
but if applied on a regional basis it can
markedly reduce the fly numbers. Insecti-
cides which can be used against adult flies
(e= HORSES AND DONKEYS, M 5.1, Table
18). Frequent grooming of horses is an
important bot preventive measure. Visible
eggs cemented to the hair are not easily
removed with brushing; however, eggs can
be induced to hatch by applying warm
water (45°C) to affected areas. The
hatched larvae can then be washed away
easily.

(Figures 433, 434, 435, 436, 437, 438, 439)

20 mg/kg for treatment of bots and ascar-
ids; 10/mg/kg at 3-4 weeks intervals dur-

Fig. 435 Gasterophilus eggs deposited on the skin of
the chest
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Fig. 436 Gasterophilus egg attached to a hair (up
to 2 mm long)

Fig. 438 Gasterophilus egg with a hatching larva

Fig. 437 Gasterophilus eggs deposited on the skin Fig. 439 Gasterophilus larvae (up to 2 cm long)
of the forelegs attached to the gastric mucosa
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2 Stages in the blood and circulatory system

PROTOZOA

Trypanosoma spp. (Trypanosoma brucei,
Trypanosoma congolense and Trypanosoma
vivax) “Nagana”, “Sannare”, sleeping
sickness

Hosts: Horse, donkey and many other domes-
tic and wild animals (== CATTLE, #2)
Vector: Various tsetse flies of the genus Glos-

sina (v CATTLE, M 5.1)

Species description: Tsetse-transmitted try-
panosomosis is one of the major con-
straints for horse breeding in Africa south
of the Sahara and within the tsetse belt.
Donkeys are less susceptible and suffer sig-
nificantly less from trypanosomosis than
horses. T. brucei is very virulent in horses
and can cause an acute infection with death
within 15 days after disease onset. A sub-
acute form may last for up to 3 months
after the infection. T. congolense and T.
vivax are usually chronic infections with
progressive anaemia and weakness.

Geographic distribution: Africa, south of the
Sahara

Symptoms: Acute T. brucei infections cause
hyperthermia, rapid emaciation, oedema
of the lower parts of the thorax and abdo-
men, joints and genitalia, keratitis and
nasal discharge. Locomotory ataxia may
develop to general paralysis or paresis. T.
congolense 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: Tsetse-transmitted trypanosom-

osis (mainly T. brucei but also T. congo-
lense and T. vivax)is a major constraint for
equines, especially horses in tsetse-infested
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
demonstrating trypanosomes in stained
bloodsmears or wet mounts. The most sen-
sitive rapid method is a wet mount of the
buffy coat area of a PCV tube after centri-
fugation. Other infections that cause anae-
mia and weight loss are babesiosis, ana-
plasmosis and should be excluded by
examining a stained bloodsmear. African
Horse Sickness and Equine Infectious
Anaemia should be excluded as underlying
viral infections.

Therapy: The most effective but often poorly

tolerated compound against T. brucei and
T. evansi (& below) is quinapyramine (5
mg/kg, sc.). The dosage should be split in
three portions and administered at 6-hour
intervals. Suramin sodium (7-10 mg/kg,
im. or iv.) was highly effective but it is no
longer commercially available. Isometa-
midium is effective against T. vivax (0.5
mg/kg, im.) and T. congolense and against
T. brucei (0.5-1 mg/kg, im.), provided that
the dosage is divided over several injection
sites. Diminazene aceturate (3.5 mg/kg,
im.) is highly effective against T. brucei, T.
vivax and T. congolense, half of the dos-
age is administered immediately and the
other half 6 hours later.

Prophylaxis: Isometamidium (0.5-1 mg/kg)

protects horses for 2-4 moths against T.
vivax and T. congolense. The injection
must be given deeply intramuscularly and



the dosage should be split over several

injection sites. Quinapyramine prosalt (7.4

mg/kg, sc.) may be used to prevent T. bru-

cei but also T. evansi. The prophylactic

effect lasts for 3-4 months.

Insecticides, used as toxicants or as repel-

lents may reduce the attacks by tsetse flies.

At the time of high insect activity the use

of insecticides may also reduce the general

fly-annoyance in the environment of hors-

es. Insecticides may be used as whole-body

sprays or as sponge-on, smear-on, €tc. Fig. 440 Horse infected with Trypanosoma congo-

(Figures 440, 441, 442, Table 17) lense showing oedema on the lower thorax
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Fig. 441 Geographic
distribution of equine
trypanosomosis [37]

Table 17 Trypanocidal drugs to be used in equines

Dose (mg/kg)

Generic name and Route Suscetible Trypanosomes

Quinapyramine dimethyl 5, subcut. T. brucei, T. congolense, T. equiperdum
sulfate or chloride T. evansi, T. simiae , T. vivax

Homidium chloride or bromide 1, M T. brucei, T. congolense, T. vivax
diminazene aceturate 3.5-7, 1M T. brucei, T. congolense, T. evansi, T. vivax

Isometamidium chloride 0.5-2, IM T. congolense, T. vivax

Pyrithidium bromide 2, M T. congolense, T. vivax

Suramin 7-10. IV T. brucei, T. equiperdum, T. evansi

Diminazene aceturate should not be administered to equines if possible. If there are no other compounds
available, the daily dosage should be split-into 2-3 aliquots and administered 4 h apart. Suramin is no longer
commercially available [39]
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2 Stages in the blood and circulatory system

Fig. 442 Donkey with heavy Trypanosoma brucei

infection

Trypanosoma evansi “Surra”, “El Debab”,
“Dioufar”, “Thaga”, “Doukane”

Hosts: Horse and dromedary

Vector: Transmission by biting flies such as
‘Tabanus spp., Stomoxys spp., Chrysozona
spp. and Lyperosia spp.

Species description: T. evansi is difficult to dif-
ferentiate from T. brucei. All domestic ani-
mals are susceptible but the disease is fatal
only in horses, dromedaries and dogs.
Other animal species may act as reservoirs
of infection. Surra is usually fatal to horses
if treatment 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, Central and South Amer-
ica

Symptoms: Progressive weakness, emaciation
and oedema are the most common clinical
signs. Oedema varying from urticarial
plaques on the neck and the flanks to
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 terminal stage.

Significance: T. evansi is a dangerous disease
for horses and dromedaries in Africa north

Diagnosis: Emaciation and oedema. Trypano-

somes are found in bloodsmears but the
typical form is morphologically indistin-
guishable from the slender and intermedi-
ate forms of T. brucei.

Therapy: The most effective but often poorly

tolerated compound against T. evansi is
quinapyramine (5 mg/kg, sc.). The dosage
should be split in three portions and
administered at 6-hour intervals. Suramin
sodium (7-10 mg/kg, im. or iv.) has also be
used successfully but this compound is no
longer commercially available.

Prophylaxis: Transmission by flies (but also fly

annoyance in general) can be reduced by
using insecticides (coumaphos, malathion,
carbaryl, dioxathion, pyrethrins, permeth-
rin, dichlorphos == HORSES AND DONKEYS,
M 5.1, Table 18). Horses may be treated
with insecticides in dips, whole-body
sprays, or fine mist sprays; as toxicants or
repellents in aerosols or as sponge-on,
smear-on, or wipe-on applications for con-
trol of biting flies. Chemoprophylaxis can
be attempted with quinapyramine prosalt
(7.4 mg/kg, sc.) which causes serious local
reactions. The prophylactic effect lasts for
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