DISEASES AND
DISORDERS OF THE
SHEEP AND GOAT
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1 Selected Heritable and Developmental
Abnormalities

Congenital defects of sheep and goats are numerous
and can be found in every major body system. It is not
within the scope of this chapter to illustrate more than
a limited selection. Although some have a clearly
defined genetic basis, many are the result of environ-
mental factors, such as intrauterine virus infections or

toxicities, which interfere with normal fetal develop-
ment. Some congenital defects are described in other
chapters: intersexes and freemartins in Chapter 8;
entropion in Chapter 12; and congenital icterus in
Chapter 14.

Defects of the cardiovascular system

Transposed aorta

In this condition the aorta instead of the pulmonary
artery receives the blood from the right ventricle (1.1,
1.2). Where complete transposition occurs, the pulmonary

arlery emerges from the left ventricle. In some instances,
where the aorta receives hlood from hoth ventricles,
animals do not survive for long.

1.1 Transposed aorta in a newhorn lamb.

1.2 Transposed aorta. The heart is open to show
openings of vessels. Note the aorta and pulmonary
artery emerging from the right ventricle (arrow).
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Ventricular septal defects

Closure of the ventricular or atrial septa normally
takes place in wtero. Ventricular septal defects are the
most common of all cardiac defeets (1.3). The defect
can involve either the muscular or the membranous
portions of the septum. A lefi-to-right shunt of blood
leads to right ventricular hypertrophy. If decompen-
sation occurs. death from heart failure ensues.

1.3 Ventricular septal defect in a lamb.

Defects of the central nervous system

Cerebellar atrophy (daft lamb disease)

This disease is a congenital atrophy ol cerebellar com-
ponents and 1s believed to be mnhented. Atfected lambs
are unable to rise, and collapse if placed 1n a standing
position. The head is often held in dorsiflexion—"star-
gazing” (1.4). Less severely affected lambs can stand
with difficulty and even suck, but have widely spread

legs and a waddling gait.

Degenerative changes, including pallor or hypochro-
masia. vacuolation and, or necrosis. may be seen in the
Purkinje cells of the cerebellar cortex (1,5), and in neurons
in the dentate and other nuclei.
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Cerebellar bifurcation
The cause ol this simple defect (1.6} 15 unknown.

1.6 Cerebellar bifurcation in a newhorn lamhb.

Cerebellar hypoplasia

This is a common congenital defect. Many instances
are due to intrauterine viral infections. The anatomical
changes vary from microscopic lesions only to virtual
absence ol the cerebellar peduncles (1.7).

1.7 Cerebellar hypoplasia in a2 newborn kamb,

Dandy-Walker mallormation

This is a relatively rare congenital brain and skull mal-
formation which has been recoguised in Suffolk sheep.
It comprises hydrocephalus, cystic enlargement of the
roof of the posterior aspect of the fourth ventricle and
agenesis or hypoplasia of the cerebellar vermis.
Aetiology is unknown but as the cases described have
been conflined to one breed there may be a genetic cause
invalved (1.8).

1.5 Dandy-Walker malformation.

D
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Defects of the axial skeleton

1.11

10

Atlanto-occipital fusion and subluxation
Atlanto-occipital fusion (1.9) is probably caused by con-
genital absence of the adomtoid process of the axis.
Affected lambs or kids may be clinically normal at birth,
but any stress will result in spinal injury and progressive
tetraplegia. Luxation is more common in goats than in
lambs, and is due o failure of the odontoid process to
fuse with the axis. Clinical signs vary from neck pain to
development of tetraplegia over a period of months.

1.9 Atlanto-occipital fusion in a sheep.

Scoliosis

‘Kinky spine” or scoliosis (1.1}) 1s a congenital mal-
formation of the axial skeleton caused by genetic or
environmental factors, such as intrauterine viral infec-
tions or some plant poisonings. The defect rarely
occurs alone, but usually 1s part of a package of skele-
tal defects, including arthrogryposis.

1.10 Scoliosis, Note pinching of the spinal cord,

Spina bifida

Defective closure ot the neural tube in this congenital
defect is expressed by absence of the dorsal portions of
the lumbosacral vertebrae (1.11, 1.12). One form of
this defect in Icelandic sheep 1s caused by an autoso-
mal recessive Lrait.

1.11 Spina bifida. Postenor paresis,



113

Selecred Heritable and Developmental Abnormalities

1.12 Spina bifida. The spinal defect is exposed.

Craniofacial defects

Agnathia

Congenital absence of the mandibles (agnathia. 1.13)
is more common in sheep than any other mammalian
species, The defect is usually caused by environmental
factors operating during pregnancy. Agnathia is often
associated with ear pinna defects; for example, micro-
tia or synotia (fused ears).

1.13 Agnathia.

Brachygnathia (undershot jaw)

This is one of the most common of all craniofacial
defects. Some forms are caused by a recessive gene,
though a variety of environmental factors can also
cause the defect (1.14). If not too severe. mastication 18
possible, but it is generally desirable to cull affected
animals.

1.14 Undershot jaw.
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Cyclopia

The plamt Veratrum californicum (false hellebore), if
consumed by the dam on the 14th day of gestation,
when the ocular ficld normally divides into two pri-
mordia. induces cyclopia (1.15) in lambs and kids.
Other teratogenic effects of the plant include absence
of the pituitary and malformation of the long bones in
the extremities.

1.15 Cyclopia. This stillborn lamb has a single eye and facial
deformities resulting from injury to the 14-day-old fetus,

Nasal bone deviation

This detect rarely occurs in isolation but usually is part
of a group of localised craniofacial defects, often
lethal. In the sheep illustrated, the defect had no clini-
cal significance (1.16, 1.17).

1.16 Nasal bone deviation in a ewe.

1.17 Nasal bone deviation. Cross-sections of nasal bones at ditferent levels.
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Defects of bones, joints and limbs

Achondroplasia

L ambs affected by this genetically controlled condition  Norwegian sheep, Southdowns, Dorscts. Scottish
are abnormally short legged due to failure of nonmal  Blackfaces and Cheviots (1.18) and some crosses.
development of the cartiluginous growth plate in the  Affected animals seldom reach maturity.

long bones. The disease is most common 1 Merinos,

1.18

1.18 Achondroplastic Cheviot lamb.

Congenital arthropathy

This is a sporadic defect, in which otherwise apparently  slender, and the juints incompletely formed (1.19). No
normal lambs in Australia are born with ankvlosed joints  particular genetic or environmental factor has heen impli-
in complete flexion. The long bones are often abnormally  cated in this defect.

1.19 Congenital arthropathy. l'xamples of alfected bones.
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Congenital hypertrophic osteopathy

This rare disease is characterised by marked overgrowth of cortical bone, especially
in the jaws and long bones (1.20, 1.21 and 1.22). Affected lambs are stunted and
walk stiffly. The cause 1s unknown.

1.20

1.20 Ovine hypertrophic asteopathy. 'Thickened mandibular ramus.

1.21

1,22

1.22 Ovine hypertrophic osteopathy, Tibia split to show cortical bone
thickening,

14
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Hereditary chondrodysplasia (spider lamb)

This is an autosomal recessive defect of black-faced  Other skelew! deformities include severe scoliosis or
breeds, e.g. Suffolks and Hampshires, in North  kyphosis (1.25). concave sternum, severe Roman nose,
America, Most affected lambs can be identified at incomplete development of the anconeal process,
birth. Limbs are disproportionately long and spider-  degenerative changes in the joints, or arthrogryposis.
like. The most striking defeet is medial deviation of  These changes can be demonstrated radiographically.
the carpus (1.23, 1.24) or, less commonly, the tarsus.

1.23 Spider lamb, Mcdial deviation of the  1.24 Spider lamb. Radiograph of mualformed
carpus. forelimbs.

1.25

1.25 Spider lamb, Long limbs and spinal curvarure are evident.
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Polymelia and polydactyly

Both polymelia (extra limbs, 1.26) and polydactyly
(extra digits) are fairly common skeletal defects, espe-
cially in lambs. These are often accompanied by other

lJ.LiI._,L[\,. Environmental factors are usually assumed to
be the cause,

1.26 Polymelia. A seven-legged lamb is shown.

nT"

Rib deformities

Congenital costal deformities occur in sheep, with
narrowing of the thoracic inlet (1.27). Rib defects are
usually associated with other skeletal defects. such as
scolinsis.

1,27 Congenital rib deformities in a sheep.

Defects of the gastrointestinal tract

16

Atresia ani {impvrf‘nrﬂte anus)

This condition is the most common congenital defect
of the lower gas trointestinal tract. A heritable form
oceurs in certain lines of goats (1.28). Sometimes the
defect is confined to failure of perforation of the mem-
brane separating the hindgut from the ectodermal anal
tissue. and can be corrected surgically, More com-
monly, the defect involves both anus and rectum. It
may be isolated, or associated with malformations of
the genitourinary tract (1.29). In female lambs or kids.
the terminal portion of the rectum may open into the
vagina

1.28 Atresia ani in a kid.




1.30

1.2% Atresia ani, bifurcated scrotum and partial
hy pospadia.

Intestinal aplasia

Aplasia of the ileum is the most common segmental
abnormality in the small intestine, but actually is rare
in sheep or goats. Although usually complete, it is
occasionally incomplete (stenosis), The defect can Lake

1.30 Heal aplasia. Appearance at necropsy
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1.29

varions forms: the obstruction may be a simple mem-
brane or the blind ends of the gut may be separated by
some distance (1.30). The yse of contrast media
demonstrates the lesion clearly (1.31). The portion of

1.31

1.31 Heal aplasia in a lamb, demonstrated on X-ray using
contrast mediom.

I
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1.32 gut proximal to the obstruction is widely dilated

(1.32), while that distal to 1t i1s empty.

1.32 Intestinal obstruction. Dilated bowel proximal to
obstruction.

1.33 Pancreatic cysts

Cysts arc occasionally found in the pancreas of lambs
(1.33) and have no significance unless there are asso-
ciated cysts in other organs, e.g. liver or Kidney (see
Cystic/polycystic kidneys, page 23).

1.33 Pancreatic eysts in a young lamh.



Defects of musculature

Diaphragmatic hernia

Most diaphragmatic hernias occur as a result of incom-
plete fusion of the opposing pleuroperitoneal folds,
and are found in the dorsal, tendinous portion of the
diaphragm. They vary in size, but substantial ones per-
mit the herniation of considerable volumes of abdomi-
Trauma can con-

nal viscera into the thorax (1.34)
irithute to their occurrence.

1,34 Diaphragmatic hernia. Abdominal organs in the thorax.

Hanging head of Suffolks

Ihis is a congenital deficiency of neck musculature
found in some Suffolk flocks. The defect 15 seldom
detectable until animals are mature, when affected
sheep obviously cannot raise their heads fully (1.35). It
should not be confused with a form of nutritional
weakness of neck musculature which can occur in
newhorn Suffolk lambs, and which responds well to
supplementary feeding.

1.35 Hanging head. ''he Suftolk ewe nearest the camera
cannot raise her head properly.
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Schistosomus reflexus

This gruesome defect, in which the viscera appear to
surround the skeleton and skin (1.36), is an extreme
form of open abdominal hernia integrated with a vari-
ety of skeletal defects. The cause 15 unknown,

1.36 Schistosomus reflexus,

Umbilical hernia

Open umbihcal hermias are usually congenital. They
can result in eventration of loops of gut through the
patent umbilical orifice (1.37), These hernias can be
reduced successfully by surgery.

1.37

1.37 Umbilical hernia with eventration,

1.36
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Reproductive system defects

Amorphus globosus

This unusual fetal malformation is an extreme form of
arrested development, though in this specimen from a
goat mature skin and hair are present (1.38)

1.38 Amorphus globosus goat fetus.

Bifurcated scrotum

This simple defect represents incomplete fusion of the
primordia, and may be isolated or accompanied by
other defects, e g. hypospadia, or incomplete fusion of
the urethra (see 1.29). Breeders often discriminate
against this trait, but it appears to favour testicular
cooling and thus fertility in hot climates.

Double teats

Supernumerary teats completely separate from the
main teats occur occasionally in does but are rarer in
ewes. They have no clinical importance. but hoth dou-
ble and fused teats (1.39) interfere with milking.

1.3% Double teats in a doe.

20

Inguinal hernia, scrotal hernia

Scrotal hernia is merely an exaggerated version of
inguinal hernia and 1s found i both bucks and rams. The
viscera pass down the inguinal canal and may lie in the
cavity of the tunica vagimalis (1.40). 'The diameter of the
internal inguinal ring and the tendency to herniation is
inherited. In scrotal hernia, there may be testicular
degeneration. There is a risk of eventration if castration
should be contemplated (see also Chapter 8).

1.40 Scrotal hernia.

Siamese twins

Conjoined twins (1.41) are monozygotic twins that are
imperfectly formed. They are not uncommon in sheep,
but rare in goals. Ageing of ova is said to be a com-
mon cause.,

1.41 Conjoined twin lambs,
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Skin defects

Congenital hypotrichosis 1.4
This can occur in hoth sheep and goats. The exact
genetic basis is unknown but the trait is probably
recessive, Affected Dorset sheep are born with hairless
areas on the face and lower legs (1.42).
1.43

Congenital wattle cysts

Waitle cysts are hereditary (probably dominant) in
goats and mayv be unilateral or bilateral (1.43). The
cyst 15 usually present at birth in a subcutaneous loca-
tion attached to the base of a wattle. The cyst may
enlarge with time as it fills with thick or thin clear
fluid. Excision may be requested to avoid confusion
with caseous lymphadenitis abscesses,

1,43 Congenital wattle cysts in a goat,

Dermatosparaxis (easy tear)

This chsease 15 an hereditary collagen dysplasia seen in
Dala lambs in Norway and Border Leicester—
Southdown crosses in Australia, The defect results from
deficiency of an enzvme, N-terminal procollagen pepti-
dase, causing an excess of low-tensile procollagen in the
skin. The skin ol alfected lambs 1s abnormally Iragile
and lacerates casily (1.44). Even the trauma of sucking
may cause skin tearing and oral lesions that fail to heal
and become infected.

1.44 Easy tear. A small dermatosparaxis
wound in a lamb.
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Epidermolysis bullosa

This fatal genetically controlled defect occurs in
Suffolk and Southdown sheep in New Zealand.
Subepidermal clefts develop beneath the basal layer
within a few hours of hirth, with vesicle formation

1.45 Epidermolysis bullosa. Skin lesions vn lower limbs.

Epitheliogenesis imperfecta

This rare condition probably has a genetic cause.
Sharply demarcated, variably sized defects in the
epithelium are present at birth (1.47) and the underly-
ing tissues soon become traumatised and infected.

| ]
-3

leading to erosions over pressure points (1.43), lips and
nasolabial plane. Oral lesions nclude erosions in the
tongue, gingiva and hard palate (1.46). Lesions may
also develop at the coranary band.

1.46 Epidermolysis bullosa. Tongue lesion,

1.47 Epitheliogenesis imperfecta in a lamb.

1.4¢
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Redfoot
This disease 1s found mainly in the Scottish Blacktace
and Welsh Mountain breeds. Some sources consider
redfoot to be a form of epitheliogenesis imperfecta,
but it is best to regard it as a dermoepithelial separa
tion. It results in a variety of lesions in lambs only a
few days vld, Redloot is probably hereditary.
Typically, there is shedding ot the horn of the
hooves, exposing the underlying sensitive corium and
causing severe lameness (1.48). Blisters or ulcers may
be seen also in the mouth, nose, inner aspects of the
gars and coronary band, while the horn buds may be
shed. Such lambs should be destroyed and the sire
culled.

Urinary tract defects

Congenital dilatation of the renal pelvis

In this condition, the renal cortex is narrowed and the
renal pelvis widely dilated at birth (1.49). The cause
may be ureteric obstruction in ulero.

Selected Heritable and Developmental Abnormalities

1.48

1.48 Redfoot. A Blackfacc
lamb with a skin defect and
hoof loss,

Cystic/polycystic kidneys

Congenital renal cysts are the most common of all con-
penital renal deformities (1.50). They may be associated
with cysts in other organs, e.g. liver or pancreas,
Affected lambs are usually stillborn or die within a few
weeks of birth of renal failure, A genetic cause has been
suggested, but the nature of the trait is unknown.

1.49 Congenital renal pelvis dilatation in a lamb kidney.

1.50 Polycystic kidney.

23



2 Generalised Infectious Diseases Found
Worldwide

This chapter contains a number of viral and bacterial
infections that are not confined to tropical or sub-tropical
regions of the world or utilise vectors that are highly
dependent upon environmental conditions for survival.
The list is not comprehensive, and does not include some
diseases that involve more than one body system but

Anthrax

Anthrax is caused by Bacillus anthraciy, a gram-positive
spore-bearing hacillus. The vegetative form of the
bacillus has a limited capacity to survive. The spores,
which form on exposure 1o oxygen, however, are
extremely durable and can survive in the soil for many
years,

Sheep and goats probably become infected hy
ingesting the spores of the bacillus, and sheep also can
become infected via the skin. Spores pass to regional
nodes und undergo vegetative multuplication. Rapidly
dividing organisms quickly spread along the lymphat-
ics, swamping the local defences successively until
they gain access to the blood. Death quickly follows

2.1 Anthrax organisms in sheep blood. The bacilli have
sguared ends and a distinctive capsule, Polychromatic swain,

predominate in one system. For example, caseous lym-
phadenitis is dealt with in Chapter 14 while caprine
arthritis—encephalitis (CAE) s discussed in several
chapters. as clinical signs in an individual are usually
limited to one system.

as a result of a massive septicaemia.

Diagnosis is established by demonstrating the char-
acteristic bacilli in blood smears (2.1). Carcases of ani
mals that have died of anthrax decompose very rapidly:
thus, the sample should be taken from the ear or tail tip.
where putrefactive processes may be delayed. Necropsy
should be avoided if anthrax is suspected. in order (o

avoid -:.poruldtmn as well as human infection. Necropsy
ﬁndln"'-. leudL mulup]e hdﬂlﬂl.‘rﬂhdi.,ﬂk. in muu}m .md

":plenumu:gdh is not an ll'l‘u.:l.l"hlbll_‘ Imdlnﬁ as in :_ﬂlllti'
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Black disecase
Infectious necrotic hepatitis (black disease) is caused
by Clostridium novvi. Spores of this organism can
entér and live in the liver, mainly of sheep, where they
can lie latent for many months. These spores are harm-
less unless anaerobic conditions are created in a non-
immune animal, in which case the spores germinate
and the organism assumes its vegetative form, releas-
ing potent lethal, necrotising and haemolytic toxins.
Anaerobic conditions occur during the migration of
immalture liver flukes, usually Fasciola hepatica and
Dicroceelium dendriticum. The cestode Cysricercus
tenuicollis occasionally acts as a precipitating cause.
Death occurs rapidly and without warning signs
The reflected skin is dark. due to murkcd VENous con-
gcv.l':{m Ljvin“ Ihe (Iiaeur.e il~; name.

Llr:h mpulty on mpmurﬁ to alr. {lnc' at i«_*m_*ml light-
coloured rectangular or wmgulm areas of necrosis, 2 to

2.2 Black disease. A focal necrotic lesion in the liver.

Bluetongue

Bluctongue 1s an arthropod-borne viral infection that
affects both sheep and goats, though sheep tend to he
more seriously affected. The cause, a virus of the
genus Orbivirus in the family Reoviridae, exists as
numerous serotypes. The virus is transmitted mainly
by biting midges (Culicoides spp.).

3 ¢m in diameter and surrounded by zones of hyper-
aemia, are found characteristically in the lLiver (2.2},
Haemorrhagic tracks caused by fluke migration are
also present. Diagnosis can be made by direct
immunofluorescence of an impression smear from the
edge ol the lesion,

The disease causes tever, lameness (2.3), and
excessive salivation with nasal and ocular discharges
(2.4). Initially, hyperaemia of the lips, buccal (2.5) and
nasal mucosa, and conjunctivae are prominent. A few
days later mouth lesions develop, consisting of shallow
ulcers that affect the lips, tongue, buccal mucosa and

2.3 Bluetongue. Lameness and tiploe stance 1n the acute discase.

2.4 Bluetongue. I'acial oedema (R) and nasal discharge (L).



gums, Crusts form around the nostrils (2.6) and these,
plus the oral lesions. can be confused with orf (see
Chapter 10). The face swells and thus photosensitisa-
tion (Chapter 10) should be considered in differential
diagnosis. Lameness is due to inflammation of the
coronary band (2.7) and laminitis. Wool break can
occur if the whole skin is hyperaemic. Haemorrhages

2.5 Bluetongue. H-.,-I_'u:rm:rni.-l af the oral muocous membranes.

2.7 Bluetongne. Lesions at the coronary
band.

Ceneralised Infectious Diseases Found Worldwide

are often present in the heart (2.8) or rumen pillars.
Diagnosis is by virus isolation or serology.

Infection of pregnant ewes at 4 to 8 weeks' gesta-
tion can cause abortion or deformity of the fetus, with
hydranencephaly. porencephaly and/or, retinal dyspla
sia (see Chapter 9).

2.6 Bluetonguc. Crusts round the eyes and nares.

2.8 Bluetongue. Haemorrhage at the base of
the |'r||'|111nn:1r_1.' artery
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2.9

2.11 Pulpy kidney. Fxcess pericardial thud.

Braxy

This disease, which is caused by the anaerobic spore-
forming organism Closiridiwm septicym and was once
a comumon cause of death in sheep of all ages in cool
climates, is now rare due to vaccine control. Al
necropsy, the abdominal cavity contains blood tinged
fluid, and the serosal surface of the abomasum may be
partially coated by {ibrin, Areas of the abomasal
mucosa may be red and haemorrhagic, or necrotic
(2.9). Gelatinous oedema and emphysema are usually
present in the submucosa. A fluorescent antibody test
is used to identify the organism.

Enterotoxaemias

Apart from lamb dysentery, these diseases are caused
by toxins of Clostridium perfringens type C (struck)
and type D) (pulpy kidney discase of lambs, enterotox
acmia of older sheep). Typea B and C also cause a
haemorrhagic enteritis in very young lambs. The
spores of all These organisins are present in the soil,
and develop into the toxin-producing vegetative forms
only under anaerobic conditions in the gut.

Eﬂijlwaa originally found in the RUITII'IL}- Marsh
district of Kent. Enuldnd Caused by rapid multiplica-
tion of C, perfringens type C with elaboration of alpha
and beta toxins, the clinical course is ultra-short and
rapidly fatal. The pentoneal cavity usually contains a
large amount of pale yellow or pink fluid. The small
intestines are hyperaemic (2.10) and may be ulcerated.
Thtre are excess pleural and pericardial Muid and

lnlpu]m k]dne_y crwme_[ strong lamhs 4 to 10
weeks of age or fattening stock 6 to 12 months old are
prmuputly al"l‘ecled Few are seen alive, and Eheae may

dr}d collapse. The cause is mpld multlplu.;mun of
perfringens type D in the gut with elaboration of a pro-
totoxin which 1s converted to cpsilon toxin by the
action nf trypﬂin Al necropsy the ;minm] ic, i|1 prime

pericardial sac (2. 11L and \ulu.pu..udldl haemor-
rhages. Intestinal contents are fluid, and the mtestines

'r_cmm:_!,-:d (2.12) The kidneys arc swollen and uumlvae

rapidly (2.13): if held under a gentle stream of running
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water, the parenchyma is washed away, leaving only the
cottony cortical framework, Diagnosis is by toxin neutrali-
sation in laboratory mice or by ELISA.

Enterotoxaemia 1s somewhat different in_goats. The
disease 1s more commonly associated with a sudden
change I_Ij.d]ﬁi than with a continuous fattening ration.
Diarrhoea is a prominent clinical finding, although pera-
cute cases may not live long enough to show diarrhoea.

2.12 Congested intestines in pulpy kidney disease.

Colibacillosis

Cohlform bacteria are normal inhabitants of the intesting of
all lambs and kids. Both invasive and non-invasive strains
of Escherichia coli can occur, the later being mostly
harmless commensals, However, there are certain non-
invasive isolates (enterotoxigenic I coli, or ETEC) which
possess an antigenic pilus (K99+ adherence factor, 2.14)
that enables them to adhere closely to the enterocytes in
the small intestine, though only duning the first 24-36
hours of life (2.15). Such isolates produce an enterotoxin,
stable toxin (ST), that acts on adenyl cyclase. the enzyme
cascade within the enterocyte responsible for fluid uptake,
by reversing its action so that fluid pours from the cells
into the gut lumen, causing acute diarrhoea.

214 Hlllenlhlxigcnit E.

coli with adhesive pili (left).

Generalised Infections Diseases Found Worldwide

Abdomingl pain can be a feature of peracute cases.

Pericardial effusion occurs as in sheep, but there 1s
often a ﬂriklnw necrotising colitis. A chronic form of
enterotoxaemia has been I"LLI‘.If’IllHEd in mature goats,
These animals show a progressive weight loss with inter-
mittent episodes of luuu: [aeces. This umdnlmn must be
differentiated from coccidiosis, lactic acidosis, salmonel-
losis and paratuberculosis {(lohne’s discase).

2,13 Pulpy kidney. Necrotic “cotton-wool” Kidney cortex,

Animals orally infected by ETEC are usually under
two days old. They have acute watery diarrhoea, and
rapidly become dehydrated, prostrate, cold and comatose
Many will die unless treated by oral rehydration.
Diagnosis is by culture, followed by identification of the
K99+ adherence factor by slide agglutination.

Invasive isolates of E. coli sporadically cause septi-
caenuas, meningitis or joint infections in lambs or kids
(see Chapter 5), and some highly virulent strains can cause
a necrotising abomasitis (see Chapter 4). Infection usually
takes place through the navel. Poor colostral immunity is
an important predisposing factor (see Watery mouth,
page 37).

2.15 Enterotoxigenic E. coli adhering to microvilli.
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Foot-and-mouth disease

This highly contagious disease is caused by Aphtho-
viruses of the family Picornaviridae, and is a major
cause of economic loss in cattle, swine, and to a lesser
extent sheep and goats. Acute lameness, salivation and
nasal disc hm&e are the first signs noticed in an infect-
ed flock or herd (2.16). Affected animals are pyrexic.
[nitially, there is hhmuhlng of the dental pad. and there
may be vesicles or erosions in the mouth, dental pad,
gums, lips (2.17), tongue, interdigital space, round the
bulbs of the heels or along the coronary band (2.18).

Vesicles may also oceur on the teats, vulva or prepuce.
Rupture of vesicles in the mouth or interdigital
space (2.19) leads to secondary infection, with necrotic

mouth ulcers and footrot being common scquelae.
Affected ewes may develop mastitis, while affected
rams may refuse to serve. At necropsy, in addinon to
the lesions in the mouth and feet, ulcers may be found
in the rumen (2.20). Sudden deaths in young lambs
result from dircet action of the virus on the heart mus-
cle, which may show erythematous mottling or striping
(2.21).

Diagnosis is made by virus isolation from vesicula
tHud, or by the use of an ELISA test to detect antigen
in vesicular epithehnm collected from the mouth.

2.16 Foot-and-mouth disease. Acule lameness,

2.18 Foot-and-mouth disease,
band.

0

Vesicle on the coronary

2.17 Foot-and-mouth disease. Lip erosions and blanching
of the dental pad.

2.19 Foot-and-mouth disease. Ruptured vesicles in the
interdigital space.
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2.22

2.20 Foot-and-mwouth disease. Erosions in the ramen.

Johne’s disease (paratuberculosis)
The cause of this disease is infection with
Mycobacterium johnei (M. paratuberculosis), a gram-
positive, acid-fast organism transmitted in the facces.
Sheep can be infected with both pigmented and non-
pigmented forms. The latter behave in culture just like
those 1sulated [rom cattle, but pigmented strains grow
very slowly and sparsely in artificial media.
Infection of sheep and goats causcs sSlow
sive wasl Ve ths (2.22), but there is
often no di

MYETCS-

sive wagling over many _months

n v . ' i ——
artheea. Infection with pigmented strains in
sheep causes a uilmnic with bright

2.22 Johne's disease, An emaciated Nubiian goal.

2.21 Foot-and-mouth disease. Tiger-striping of the
myocardium.

yellow pigmentanon ol the mucosa (2.23, 2.24) that
results from colonisation with masses of the pigmented
bacteria. The ileum may be thickened, with a velvety
or granular appearance.

are ln‘ri‘u‘mbi}' enlurgeq_;t_ud may :._rantam whitish_gritty
nodules when cut open (2.26). Microscopy of the gut
shows focal or dilTuse accumulations of L}J]lllLllHld

macrophages and multinucleated Langhans’™ cells.

2.23 Johne's disease. Sheep ileum infected with a pigmented
strain.

31
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2.1

2.24 Johne's disease, Sheep caccum infected with a pig-
mented strain.

2.26

2.26 Johne's discase, Calcified lesions in an enlarged
mesentenc lymph node,

2.27 Johne's disease, Acid-fast bacilli in ileal mucosa
Fichl-MNeclsen stamn..

2.28 Acid-fast organisms can be identified in these lesions,
but are most numerous in infections with pigmented
strains (2.27). Crypt atrophy occurs late in the disease.
Caseous or, more probably, calcified nodules may be
found in Pever’s patches and mesenteric nodes.

Diagnosis 18 bascd on histological findings, on
recognition of the typical acid fast bactena in smears
of ileal mucosa or mesenteric node stuined by Ziehl-
Neelsen's method, or by culture. Johne's disease may
be complicated by other enteric infections, such as sal-
monellosis (2.28).

2.28 Johne’s disease. Complication by chronie salmoncllosis.



Lamb dysentery

This affects strong lambs of under two weeks of age, and
15 caused by the beta and e [‘pSIlO]‘I toxins of Clostridiun
perfringens type B. The clinical disease lasts only a few
hours. Affected lambs are in great pain, stop kamg and
500N L{)l]dDHL and die. There may be a semi-lluid yel-
lowish or biuud_ﬂggn:d_dlan hoea (2.29). “The pri pum.lpa]
hndmg ‘at necropsy 1s focal h;temorrhaglr enteritis in the
jL,‘]-Unle (2.30). W idespread discrete-to-confluent uleera-
tion of the mucosa can be discerned through the serous
surface as yellowish areas surrounded by haemorrhagic
margins. There may be gas formation in the gut mucosa.
Gut contents are a muxture of blood and frothy vellow
flund. The mesenteric lvmph nodes are oedematous. The
liver may be pale and friable, the kidneys swollen and
the lungs congested. Diagnosis is by demonstration of
the specilic toxins by means ol 4 neutralisation test on
laboratory mice or by ELISA. Lambs can be passively
protected by colostrum from vaccinated ewes, until old
enough to be vaccinated themselves.

Necrobacillosis
Infection of the navel with the [ilamentous baclerium
Fuwbm‘mrj:m: rw:;mpfw rup can cause multiple

yﬂung lambs. Affected ammala are dull, rcluntzmt m
suck and have a hunched posture. Pressure behind the
xiphisternum often evinces pain. Morbidity and mor-
tality can be high.

F. necrophoron 1s a normal inhabitant of the rumen n
adult sheep and goats. 1Inder conditions which produce
ruminal acidosis, e.g. excessive grain feeding, a ruminitis
can develop. This can provide a portal for Fusobacierium
o invade the rumen wall and pass to the liver, causing
hepatic necrobacillosis, especially n sheep.

Fusobacterium produces potent leukocidins,
haemolysins and cytoplasmic toxins which cause rapid
death of local tissues. The lesions of necrobacillosis
are l'dlbttd rownish circular areas of Luagu]auw
necrosis, several centimetres in dmmetel m liver and
lungs (231, 2.32), surrounded by zones of hyperaemia
and with an offensive odour. In animals which survive,
the Tesions usually progress to abscess formation.

2.32 Necrobacillosis' and Actinomyces pyogenes abscesses in
the lungs.

Generalised Infectious Diseases Found Worldwide

2.29

2.29 Lamb dysentery.
Rlond-stained tail and
hindquarrers.

231

2.31 Necrobacillosis. Focal liver lesions,

2,32

33
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2,33 Salmonellosis. Haemorrhagic enteritis,

2.34 Salmoncllosis. Enlarged posterior mesenteric lymph
node (arrow) from which Salmonella m'ganiﬁm& can be culii-
vited late in the course of the disease.

2.35

2.35 Salmonellosis. Engorged liver with distension of the

gall bladder.

34

Salmonellosis

Members of the Salmonella group of Enterobacter-
iaceae are short, aerobic gram-negative rods which are
differentiated from other members of that family by
their biochemical and serological reactions, Few are
host-specific, the exception being Salmonella abortics-
ovis, which causes abortion in sheep.

The most important species pathogenic for sheep
are 5. rvphimurium. §. dublin, 8, enteritidis, S, arizonae
and S. montevideo. Outbreaks of salmonellosis in shup
are not common but _can be severe. Salmonellosis is

rarely a pmblem in goats

Many factors can pl'cdemL, to outbreaks of salmo-
nellosis, not least being in contact with infected calves,
feed or water supplies. Infectuons with 5. abortus-oviy
or 5' rr:rm.-em'deu cause :1.|m:‘Lim1 wil,h Iitt]n: clinil:al dic-

diarrhoca. ‘i rfuhfm and S. szﬂ'nmmmm cause hwh

fever and acute, greenish diarrhoea. Many adults as

well as lambs can die of septicaemia or progressive
dehydration. P Pregnant ewes often abort,

Necropsy findings include acute abomasitis and
enteritis (2.33), with swelling and ncdcma nf mesen-
teuc lymph nodes (2.34). Congestmn and enldracnu,m
of the spleen are common, the liver may be swullcn
and [miable, and the gall bladder distended with dark
bile (2.35).

[Magnosis can be made by direct culture of facces,
organs and mesenteric lymph nodes. Initial culture in
deoxycholate agar or selenite broth will prevent
growth of coliforms and other Enterobacteriaciae,
which would swamp the developing Salmonella
colonies by their rapid growth. Typical non-lactose
fermenting colonies are then subcultured on deoxy-
cholate citrate agar or MacConkey s medium.

Systemic (septicaemic) pasteurellosis
This disease ol weaned lambs or hoggets is a conumon
cause of outbreaks of sudden death in the autumn. partic-

ulary where there has heen an abrupt change of p;nlL]n‘
feed or other management practices. The cause is
infection with Pasteurella haemolytica biotype T
strains, which differ from biotype A strains in their
ability to ferment trehalose as opposed to arabinose in
sclfctwe mfdm

E{:Chxmo C_lfl_i_lenﬂrrhagea is found in the hulxyln, of

* R
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the neck and thorax (2.36) Nhe|lungs!dre usnally
swollen, oedematous and have focal haemorrhages.
but are not consolidmedil}leerosgi_ﬂ_ul' the mucosa is-
=often found in the ph:]I}'nxT tonsillar crypts, vesopha-
us (2.37) and, occasionally, the abomasum (2.38).
hejliveris often congested and may contain multiple,
small (0.5-5.0 mm) miliary lesions of ncerosis (2.39),
and splenic infarcts may be present (see Chapter 14].
In addition to the obvious areas of necrosis. micro-
scopic lesions can be found in the lungs, liver (2.40),
spleen, adrenal and, occasionally, kidneys. These
lesions consist of emboh of P. haemolvtica surrounded
by narrow necrotic zones containing masses of flat
tened, basophilic leucocytes (oat cells). Meningeal
serum protein leakage and choroidal mononuclear cell
infiltrates have been reported.
hagnosis depends on the 1solahion of large num-
hers (at least one ‘million colony-forming units per
aram of tissue) of P, haemolyiica T biotype on culture,

2.37 Systemic pasteurellosis. Pharyvngeal and ocsophapgeal
necrosis.

2.3 Systemic pastenrellosis. Miliary toct in hiver.

Generalised Infections Diseases Found Worldwide
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2.36 Systemic pasteurellosis. Engorgement of subcutaneous
vessels with focal haemorrhage.

2.38 Systemic pasteurellosis. Acute abomasal ulceration,

2.4

2,40 Systemic pastearellosis. Embaolic lesion in liver,
I‘Iu-_'ruu[ux}r]iu and eosin.

a5
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Tick pyaemia

This disease results from the introduction into the

bloodstream of young lambs, or occasionally kids, of

the skin bacterium Staphylococcus aureus hy the bites

of feeding ixodid ticks. Bacteria lodge in a variety of

sites, including the hiver, joints, lungs, kidneys and
spinal cord, where multiplication leads to pyogenic
infection with abscess formation (2.41, 2.42). Tick
borne fever (see Chapter 14) serves to lower the resis-

2.41 Tick pyacmia. Abscesses in the spine, joint, heart,
spleen and liver.

Tuberculosis

Both sheep and goats are susceptible to ruberculom
though the disease 1s l:ilr|_\," uncommon in these
species. Mycobac ‘teriwm bovis or, less commonly, M.
avinm, 15 the cause. ln g(mh] mﬂ’(‘Tlnn 15 I}ruh.—ihh by

2.43 Tuberculosis. Miliary liver tubercles.

tance of some lambs to infection with staphylococcus.

Affected animals are covered with feeding ticks and
are dull, reluctant 1o suck, and often lame or paraplegic
due to spinal abscesses compressing the spinal cord.

Morhidity 15 high, and many young lambs dic or
have to be culled later. At necropsy, multiple abscesses
and suppurative arthritis are the usual findings. Careful
search may be needed (o [ind spinal abscesses.

2.42 Tick pyaemin. Multiple liver abscesses.

the respiratory route, as lesions are usually mainly in
the thorax. In sheep| both respiratory and alimentary
routes of infection may be seen. Pulmonary infections
become disseminated via the air passages within the
lungs and thence into the regional lymph nodes, and
then to a variety of other organs as bacilli enter the
bloodstream by means of the thoracic duct. Alimentary
tract infections cause multiple lesions in the mesen-
teric lymph-node chain.

Typical necropsy I'm:lmga arc multiple yellow
caseous or calcified nodules in a variety of tissues and
regional Tymph nodes (2.43, 2.44 and 2.45). Lesions
usually containm typical giant cells, and acid-fast bacilli
can readily be demonstrated in sections or smears from
the lesions using Ziehl-Neelsen’s methaod.

2.41
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244 2.45
2.44 Tuberculosis, Lesions in the mesenteric lymph 2,45 Tuberculosis. Cross-section of an alfected liver,
nodes.
.- 2.4
Watery mouth 2.46

This important disease ol neonatal lambs can cause
heavy losses in affected flocks. The cause 15 multifac-
torial: insufficient colostrum intake coupled with
infection by strains of E. coli that induce endotoxic
effects, and reduced gul motility, are probably the
most Tniportant tactors. Affected lambs are 12-72
hours old and are dull and reluctant to suck. Salivatinon
is commonly seen (2.46) and lambs have abdominal
tympany (2.47) with exaggerated gurgling or splashing
sounds on ballottement (‘rattle belly”), Diarrthoea may
also be present. At necropsy, the abomasum is distend-
ed with gas or large volumes of saliva (2.48), and there
may hc a mild enteritis. The meconium may be
retained.

247

2.48 Watery mouth. Inflamed intestines with frothy contents
and bloated abomasum contatning milk.

247 Watery mouth,
Abdominal distension.
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2.49 Yersiniosis. Mecrotic and diphtheritic colitis in a goat.

38

Yersiniosis

Infection with Yersinia enterocolitica can cause sud
den death without diarrhoea. or death preceded by
diarrhoea, resulting [rom an acute calarrhal enteritis in
goats. Young kids are particularly susceptible. Some

invasive. Invasion and necrosis occur after colonisa-

tion of the ileal or caecal lvmphoid tissue (2.49).
Occasionally, Y. pseudotuberculosis can cause

enteritis, with mulli_fg.:al hepatic necrosis and splemtis

following oral infection, in sheep.

e ——r—— e —— R —————




3 Endoparasitic Diseases of the Alimentary
System

Alimentary tract parasites are a constant threat t the
survival, growth and productivity ol sheep and goats
throughout the world. Protozoa, nematodes, trema-
todes and cestodes abound everywhere small rumi-
pants are maintained, and recognition by means of

Diseases caused by protozoa

Besnoitiosis of the abomasum and gut

Cysts containing bradyzoites ol the Apicomplexan par-
usile Besnoitia besnoiti, which has felidae as its defim-
tive host, are sometimes found in the abomasal and

3.1 Besnoitia cysts in a sheep abomasum.

Coccidiosis
All sheep and goat coccidia are members ol the
Eimeriidae family and are monoxenous, that is, they have
a single host. Infection is by ingestion of an environmen-
tally resistant oocyst that has heen passed in the facces and
has sporulated in the stable or on the pasture under suit-
able conditions of moisture and temperature. The various
coccidial species tend to be guite host-specilic, even in
such closely related mammalian species as sheep and
goats.

Eleven species of Eimeria are known to infect sheep

clinical examination apd necropsy can provide early
indicators of the nature and scale of a problem. This
chapter includes many of the important parasites of the
alimentary tract found worldwide, and illustrates the
lesions produced by them in their various hubitats,

intestinal mucosa of sheep and goats in Iran (3.1, 3.2),
though cattle are the normal intermediate hosts.

P 1 a
_ (]
oI

3,2 Besnoirig schizont in the colon of a sheep. Trichrome
stain.

but only E. crandaliis and E. ovinoidalis are important

pathogens. In goats, the important analogous specics are

E. ninakohlvakimovae, E. christenseni and E. arloingi, All
species have a sexual phase in the intestine, and it is dur-
ing this part of the life cycle that pathological changes
oceur, Young animals are most vulnerable to coccidial
infections, which cause anorexia, abdominal pain,
unthriftiness and diarrhoea, often with straining. The diar-
rhoea is often bloody if E. ovineidalis is the predominant
infection.
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Naodular lesions of coccidiosis are often seen in the
upper jejunum as small mushroom like growths (3.3,
3.4). In sheep, these formations are the result of infection
with E. ovina, and have little pathogenic significance.

E. crandallis, E. ovinoidalis and E. ninakohlyaki-
mavae undergo their development in the ileum, while
E. ovinoidalis will also infect the caecum and colon. E.
christenseni and E. arloingi 1end 1o infect the mid-jejunal
region. Motile sporozoites are released from the
ingested oocysts in the upper intestine and the asexual
stages or meronts (schizonts) may be seen in the
jejunum as tiny white spots or plaques in the mucosa.
Similar spots in the abomasum are also associated with

LAY
a
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large meronts in sheep (3.5) and goats (3.6) but the
species of coccidium responsible, though termed
Eimeria or Globidiwm gilruthi, has not yet been been
identified with certainty. Sporozoites occasionally pass
via the lymphatic system to develop into meronts in
the mesenteric lymph nodes or other sites, but these
stages have pathological or clinical significance only if
infections are very heavy.

Sexual development (3.7, 3.8) 1s attended by violent
effects at the site of infection, as the gut-lining cells,
within which the parasites reside, rupture at the end of
the cycle 1o release the oocysts into the gut lumen.
Whole sheets of cells slough off into the lumen, with

3.5 Fimeria gilruthi in a sheep abo-
masum, Haematoxylin and eosin,

40

3.4 Coccidiosis. Eimeria ovina lesions in a
shecp.

3.6 Eimeria gilruthi, Macroschizonts in 2 goat abomasum,
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3.7 Coccidiosis. Sexual stages of coceidia in a goart intestine.
Trichrome stain

discharge of blood cells and proteins. The damaged
gut becomes vulnerable at this stage to secondary
infections. The villous structure is lost, and large seg-
ments of the gut become flattened and non-functional.
The crypts are also damaged so that there is no reserve
of epithelial cells to restore function.

Diagnosis on the basis of oocyst counts alone 15
misleading; the flock should be assessed as a whole.

Cryptosporidiosis

Cryptosporidiosis 1s caused by Cryptosporidium
parvim, a coceidian parasite related to the Eimeriidae.
The parasite has a direct life cycle. and infection is by
faecal-oral transmission. The site of the parasite is
mainly the small intestine, and the endogenous stages
develop just under the cell membrane of the entero-
cytes (3.9, causing stunting and fusion of the intestinal

3.8 Coccidivsis. Sexuul stages of Eimeriu ovinoidaliy in a
sheep intestine. Haematoxylin and eosin,

taking account of clinical signs, weight of infection
and identification of the coccidial species involved. if
possible., Sporulated E. crandallis oocysts have broad
sporocysts and a shallow polar cap, while those of E.
ovinoidaliy lack a polar cap, have thin walls and their
sporocysts are elongated. Accurate diagnosis i1s com-
plicated by the presence of oocysts of non-pathogenic
species.

villi (3.10) and depletion of enzymes such as disacchari
dases. This in wrn causes diarrhoea. Lambs and kids
become infected when only a few days old, and an acute
diarthoea with inappetence may last for over a week. A
non-charrhoeic form of cryptosporidiosis in kids is associ-
ated with inappetence and emaciation, sometimes leading
to death,

3.9 Cryptosporidiosis. Scanning electron micrograph of
Cryptosporidium parvum stages in a lamb intestine.

310 Cryptosporidiosis. An infected lamb mtestine, Crypto-
sporidia are just visible along the borders ol the villi. Haema-
toy hin and cosin.

41
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3.11 Cryptosporidiosis, Oocysts in facces stained by a cold
Ziehl-Neelsen method.

Diseases caused by trematodes

Dicrocoelium dendriticum infection

This fluke, the lancet fluke, is common in Europe and
Asia. The mature Muke is slender and measures only
(1L.5-1.0 cm long (3.12). The fluke has two intermediate
hosts. Varous genera of land snails are hosts to two
generations of sporocysts. The second generation give
rise o cercariae, which are expelled from the snail's
lung in shme balls, These become infective 1f swal-
lowed by the ant Formica fusca, where they encyst to

312 Dicrocoelium dendriticuri. Flukes containing ingested
blood,

Diagnosis of cryptosporidiosis is made by identifi-
cation of the tiny (4.5 wn) vocysts in faeces (3.11).
These are fullv sporulated in the intestine, and thus are
infective as soon as they are excreted into the environ-
ment. Up to 10 million ococysts per gram of infected
taeces may be passed: thus, environmental contamina
tion can build up rapidly, This can resull in heavy
mortality in late-born lambs. Qocysts can be demon-
strated using a modified acid-fast stain, as shown in
.11, or by using Giemsa’'s stain. The former method
15 preferred by most laboratories because the oocysts
can be recognised using a dry high-power objective.
Oocysts fluoresce when stained with phenol-auramine,
a useful adjunct if numerous samples need to be
scanned.

await ingestion by the definitive host,

Migrating young flukes, often numbering thou-
sands, cause innumerable [ine haemorrhagic wacks in
the liver (3.13, 3.14). while mature flukes cause
cholangiohepatitis, with biliary cirthosis and scarring
of much of the liver. Diagnosis is made by detection of
the eggs in faeces (3.15).

M3 Dicrocoelium dendriticunt. | aver damage in a sheep
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3.14 Dicrocoelium dendriticum. Close-up showing haemor-
thagic liver lesions.

Fasciola hepatica infection

Fascioliasis is a disease caused by infection with liver
flukes (Class Trematoda, sub-order Digenea, family
Fasciolidae). Fasciola hepatica is the most important
and widespread of the group, though in Alrica, the Far
East and Hawaii it is replaced by F. gigantica, which
has a comparable hife cycle

I’ hepanca has an intermediate host. the water snail
Lymnaea truncatula or related species. Under appro-
priate conditions of light and temperature, ciliated
miracidia develop in eggs passed in the facces of
infected sheep or goats, and actively infect the snail.
After two further stages (the sporocyst and redia
stages), the final stages in the snail, the cercariae, are
produced and emerge from the snail (o swarm up
blades of grass or other vegetation (3.16), where they
encyst Lo await consumption by the animal.

'The cercariae now excyst in the intestine, penetrate
the gut wall, and migrate through the peritoneum 1o the
liver. Here they eat their way through the parenchyma
(3.17) until they reach the bile duets, During migration,
the [riable liver may rupture, releasing the young tlukes
into the pentoneal cavity, with consequent hacmorrhage
and fatal peritonitis (sec Chapter 4).

Once established in the bile ducts, the flukes grow
1o maturity (3.18), and begin Lo lay eggs some 10-12
weeks alter the original infection. Chronic cholangitis
results in great thickening and fibrosis (3.19), and
many affected livers are condemned at meat inspec-
tion. Chronic anaemia with regenerative haemopoiesis
in the bone marrow accompanies chronic disease
(3.20). Diagnosis is based on detection of numerous
fluke eges in fasces (3.21).

Endoparasitic Diseases of the Alimentary System

3.15

3.17

3.17 Fascioliasis. Acute lesions in a sheep liver
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3.18 Fascioliasis. Mature {Tukes in the bile ducts. 3.19 Fascioliasis. Chronic ibrous thickening of the bile ducts. I

3.20

3.20 Fascioliasis. Bone-marrow regeneration in chronic para-  3.21 Fascioliasis. Bilc-stamed ova in tacces, showing the
sitism. Note the low haematocrit shown, characteristic operculum.

3.22 Fascioloides magna infection

The large liver Muke of North America, Fascioloides
magnea, lives in the liver parenchyma, not in the bile
ducts. Tts hife cycle 1s similar to that of F. hepatica.
The young flukes do immense destruction as they
wander in the parenchyma. forming tortuous black

tracks (3.22). A few {lukes can kill a sheep.

3.22 Fascivloides magna. Lesions in a sheep liver, I

o
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Paramphistomes

Several genera of Paramphistomum, Cotvlephoron
corvlophorum, Gastrothylax cramenifer and
Fischoederius cobbaldi can be found in the forestom-
achs of sheep or goats in warm—tropical regions.
Metacercariae of these flukes encysted on herbage,
when ingested, give rise to immarture flukes which
inhabit the duodenum (3.23), causing severe enterilis
and even death.

At necropsy, the duodenal mucosa 1s thickened,
corrugated and covered with immature paramphis-
tomes, which are only a few millimetres long. The
flukes embed themselves in the mucosa. There is vil-
lous atrophy, crvpt elongation and erosion. As they
mature, the flukes migrate forwards through the abo-
masum to the rumen. The adult flukes do little harm.

Diseases caused by nematodes

Haemonchosis

Acute infection with the abomasal worm Heaemornchis
contortus (the “harher’s pole” worm) causes acute hacm-
orrhagic anaemia (3.24), with pallor of the mucous
membranes, submandibular oedema (‘bottle jaw’, 3.25),
hyperpnioea and tachycardia. Aflfected animals are weak
and lethargic but there may be no diarthoea. Haema-
tocrits may bhe as low as (0. 10-0.12 litres per litre (normal
(1.30-0.34 litres per litre).

The carcase is usually pallid and often shows ascites
and hydropericardium. The blood is usually watery, and
the liver pale and friable. The abomasum may contain
fresh or altered blood from the lacerations cansed hy the
oral lancet of the adult worm (3.26). Abomasal plicae

3.25 Haemonchosis. A sheep with submandibular oedema

(*bottle jaw’).

Endoparasitic Diseases af the Alimentary System

3.23

3.23 Paramphistome flukes in a sheep duodenum.

3.24 Haemonchosis. Severe anaemia in acute infection.

3.26

3.26 Haemonchosis, Lancet wounds in the abomasal fold.
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may be inflamed and turgid, owing to oedema or hyper-
trophy of the mucosa. Numerous adult Haemonchus
can usually be seen on the mucosal surface (3.27).

In chronic haemonchosis, caused by continuous low-
level intakes of larvae, wasting leading to emaciation
occurs (3.28)with anacmia and hypoproteinaemia.

3.27 Haemonchosis. Adult Haemonchus contortus in the
abomasum. Note the ‘bharber’s pole” appearance.

Ostertagiasis

Ostertagia (now Teladorsagia) circumcincta (3.29) 1s
one of the most economically significant nematode para-
sites of sheep and goats. Acute infections occur in the
early summer, and cause severe abomusitis in grazing
lambs, with diarrthoea and unthriftiness. As the larvae
undergo development in the abomasal glands. damage to
the parictal, or acid-producing. cells results in elevation
of the abomasal pH. while pepsinogen from damaged

3.29

.29 Ostertagia circumeineta, Adull worms in the abomasum,

.M Osterntagia circumeincta, Arvested larvae in the abomasal

mcosa. Haematoxylin and ensin

dbr

Affected animals fail to grow and have an open, dull
fleece. Apart from the local findings in the abomasum,
depleton ol red cells leads o stmulation of the bone
marrow, which becomes dark red in place of the normal
pale fatty appearance (see Chapter 14).

3.28 Haemonchosis, Loss of body Tal in chronic parasitism,

peptic cells can be detected in the blood. This has greater
diagnostic value than faecal egg counts. Compensatory
hypertrophy of the mucin-secreting cells in the glands
causes a marked thickening ol the abomasal plicae,

With the onset of autumn, the larvae of Ostertagia
undergo arrested development in the mucosal glands
(3.30). with the formation of nodules in the plicae (3.31).
In these sites, the parasite can exist for months, 1o

3.2



emerge in the spring, with the consequent distribution of
eges on the pasture. Sheep can be infected subclinically
with . ostertagi, the species of Ostertagia that infects
cattle, and may act as a reservoir of infection for cattle.

Hookworm infection
The species of hookworm that infect sheep and goats are
Bunostomum trigonocephalum, and, particularly in
India, Southeast Asia and Afnca, Gaigeria pachyscelis.
Larvae hatch on the ground and penetrate the skin, pass
ing to the lungs and trachea, and thence to the digestive
tract, where they injure the mucusa and feed on blood.
They cause anaemia and hyvpoproteinacmia in young
animals, and heavy infections can be fatal.

At necropsy, blood spots and lacerations can be found
in the distal small intestine, associated with the presence
of the adult worms {3.32).

Miscellaneous large intestinal nematodes
Trichuriy ovis {3.33) is one of the most common worms
found in the large bowel and is easily identilied by s
very long thin neck, which gives it a whip-like appear-
ance. Infections are usually mild and seldom pathogenic.
Chabertia ovina occasionally causes localised enteritis
and mild oedema, with small haemorrhages in the colon.
Oesophagostomum venulosum scoops out tiny plugs of
tissue, and infection can cause minor ulceration in the
large intestine.
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331 stertagia circumeincta, Nodular hypertrophy and mucosal
thickening in chronic parasitisim.
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3.32 Hookworm. Bunostomum rrigonocephalm infection with
lacerations in a goat intestine.

3.33 Trichuris ovis. Adult wornms have elongated namow
neck regions,
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Nematodiriasis
Of the two species of Nematodirus that inlect lambs, N,
battus (3.34) and N. filicollis (3.35), the tormer is the
more pathogenic. The vsual pattern of infection 15 an
outhreak of acute diarrhoca (3.36), inappetence and
lethargy, with some deaths, in lambs in the late spring.
Autumn infections have been reported 1n older lambs,
but adult sheep are resistant. Affected lambs lose weight
rapidly and can become senously dehydrated.

Masses of cotled adult parasites and developing lar-
vae may be found in the intestine at necropsy, though

3.3

.

=

3.34 Size comparison between Nematodirus battus (left) and
Cooperia spp. from sheep.

336 Nematodiriasis. Acute diarrhoea,

they may be expelled terminally, Infection is associated
with catarrhal enteritis (3.37). Worm eggs, which are
often very numerous and of a relatively large size, can
survive freezing and thawing in winter, and hatching
with release of the infective L3 larvae occurs sponta-
neously afler a cold spell in response to a sudden rise of
temperature to above 10°C. There is evidence that young,
dairy cattle can harbour Nematodirues, and contribute o
pasture contamination.

3.35 Nematodirees filicollis bursa and spicule.

337 Nemmatodiriasis, Acule enterilis.

Y



Oesophagostomum spp. infection

Two species, Oesophagostomum columbianum and O
venulosum, infect the colon of sheep and goats, though
the former has greater economic importance. The
third-stage infective larvae penetrate the colonic
mucosa and submucosa, and a proportion undergo a
second, histotropic phase in the submucosa.
Granulomatous nodules, which project from the serous
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surface and may be calcified, form where these stages
have migrated: hence the name ‘pimply gut’ (3.38).
Similar nodules may be found in the mesentery and
mesenteric nodes (3.39), and even the liver, lungs or
heart (see Chapter 13). Adult worms cause chronic
mucoid calitis, diarrhoea and unthriftiness,

338 Qesophagostontum colambianum, Worm nodules in “pim-
ply gul’,

Trichostrongylosis
Tiny (9=16 mm long) intestinal hairworms (trichos = a
hair) can cause severe damage to the duodenum and
praximal jejunum of grazing lambs during the late sum-
mer. In temperate climates, Trichostrongylus vitrinuy is
the main culprit, while its cogener F. colubriformis 1s
more commonly found in the southern hermsphere.

Both larval and adull stages burrow into the surface

3.39 Oesophagostomum columbianum. Worm nodules in
mesenteric nides and intestine.

lining of the gut and occupy these channels as holdfasts
(3.40, 3.41) while they urilise the ingesta in competition
with the host. The overall effect is to cause widespread
destruction and flattening of the infected portion of the
gut (3.42, 3,43). Teavy infections—up to 30.000 or so
worms—can cause acute diarrhoea and unthriftiness.
More insidiously, moderate subclinical infections can

3.40 Trichostrongylus vitrinus, Worms burrowing into the
IMUCs:.

3.41 Trichostrongylus colubriformis. A worm in the subepi-
thelial channel. Haematoxylin and eosin,

49



Diseases and Disorders of the Sheep and Goat

occur, which cause long-term unthriftiness and result in
delayed growth and fattening of store lambs. Acute
infections can be diagnosed hy counting faccal worm
egg outputs, but these are low in subclinical infections

and therelore of little diagnostic significance, Low serum
inorganic phosphorus has been used as an indicator of
subchnical trichostrongylosis in lambs, though such a
deficiency is not absolutely specific.

3.42 Trichostrongylus vitrinus. Widespread flanening of the

ducdenal mucosa.

Diseases caused by cestodes

3.44 Moniezia expansa. A tapeworm from an infected lamb,
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3A3 Trichostrongylus vitrinus, “Fingerprint’ lesions of villus
atrophy.

Moniezia expansa and other intestinal cestodes
The common tapeworms that inhabit the intestines of
small ruminants are Moniezia spp., Thysaniezia giardi
and Aviteflina spp. These have oribatid mites or phocids
(hooklice) as intermediate hosts. They can all cause diar-
rhoea and ill-thrift in young animals, though mixed infee-
tion with nematode worms is more common,

Montezia expansa 15 a very large, sepmented tape-
worm (3.44, 3.45), which may be visible through the
intestinal wall (3.46). Infection 1s recogmised by the pas-
sage of the large proglottides in the facces.



345 Moniezia expansa in a lamb intestine,

Thysanosoma actinioides and Stilesia hepafica
Thyvsanoyoma aciinicddes s the fringed tapeworm of
North and South America, while Stilesta hepatica occurs
in Africa and Asia.

The adult forms of these tapeworms occupy the bile
ducts (3.47), where they become concentrated in sac-like
dilatations of the ducts. Generally, they cause no clinical
disease, but the biliary fibrosis associated with heavy
infections may cause the livers to be condemned in the
abattoir.

Miscellaneous

Limnatis nilotica

[.eeches can attach themselves to the oral mucosa of
small ruminants (3.48), causing quite severe blood loss.
The specimen illustrated, Limnans nilotica, is [ound
mainly in the eastern Mediterranean region.
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347 Thysanosoma actinivides. Adult worms in the hile ducts
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A48 Limnatix nilotica in the mouth of a sheep.



4 Miscellaneous Diseases of the Alimentary
System

Ruminants have a complex digestive system compared
with most other mammalian species. Diseases of the
mouth and teeth mterfere with proper rumination,
while the complicated anatomy of the forestomachs
renders ruminants liable to a wider range of diseases

than simple-stomached species. This chapter includes
common diseases of the mouth, teeth, pharynx and
oesophagus, and then lists conditions affecting the
forcstomachs, abomasum, intestines and liver, with a
short section on the peritoneal cavity,

Conditions affecting the mouth and teeth

Broken mouth

Premature incisor loss, or broken mouth, is an impor-
tant cause of economic loss in the United Kingdom
and Australasia. It can occur at any age from 3-8
years, yet may be totally absent from some flocks.
Affected ewes are culled before the end of their useful
reproductive life on many farms, particularly on mar-
ginal or upland areas.

The discase commences with the development of
gingivitis (4.1), which worsens soon after incisor erup-
tion. Recession of the gum margins occurs, and the
looth crowns seem very long. Gingivitis proceeds to
periodontitis, with progressive deepening of the sulcus
around the taoth due to plagque accumulation. This
plague may contain such bacteria as Bacteroides and
Fusobacterium spp. Simultaneously. destruction of
collagen i the periodontal higamenl supporting the
tooth causes loosening and premature loss (4.2-4.5).

Multiple factors, which may include the prevalent
oral microflora, protein nutrition, host immune
responses and trace-element status, probably influence
periodontal health and so, along with incisor loss,
these may vary from farm to farm.

4.2 Broken mouth. Loose weth,

4.3 Broken mouth. Premudure meisor loss,

wLhn
L



Diseases and Disorders of the Sheep and Geat

4.4 Broken mouth. Radiograph of a normal jaw.

Broken teeth

This disease can occur in animals fed on root crops
during their first winter, especially if these become
frosted. The disease is a form of caries of the tempo-
rary incisors, The brittle incisors break off at the gum
margin (4,6) and cause feeding problems, with loss of
condition, However, eruption of the permanent teeth is
seldom affected. Excessive wear of permanent teeth
may result from grazing on excessively sandy pas-
tures, in which case affected sheep have to be culled.
There 18 no relationship between this lorm of exces-
sive wear and broken mouth

Caries

Cuarnies ol deciduous teeth, with deep pitting of the tooth
enamel, is caused by bactenial action, malnutntion or
Huarosis. In the latter instance, there is interference with
the development of enamel, rather than damage to
formed enamel.

4.7 Molar tooth wear and decay. Scvere lesions in the lower
Jaw of an aged goat.
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4.5 Broken mouth. Radiograph of loosc teeth, showing defi
ciency of rool-supporting structures,

d.6 Caries, Broken tempurary leeth ina young sheep

Periodontitis involving the maolar teeth can cause
tooth loss, ahscessation or deformity (4.7, 4.8), resulting
in considerable difficulty in mastication, both in sheep
and goats; the resultant unthriftiness leads to early
culling.

4.8 Molar tooth deeay. Similar lesions to 4.7 in the upper
cheek teeth ol the same goat,



4.10

Dental malocclusion

Occlusion is the correct meeting of the incisor teeth
and the dental pad. Malocclusion can be hereditary,
the result of specilic deficiency diseases such as rick-
cts, or may be caused by severe malnutrition.
Recovery from malnutrition does not correct the
lesion, and defective mastication due to the presence
ol misshapen teeth (4.9) leads o unthriftiness and
early culling,

Malocclusion can be part of a complex of dental
problems; for example, in the North Island of New
Zealand, broken mouth, dentigerous cysts and maloc
clusion commonly oceur together in the same flock.

Dentigerous cysts

Dentigerous cvsts are solitary, unilateral cysts that
develop in the region ol the mandibular incisors of
adult sheep (4,10, 4.11). The cysts are hard and bony,
although the cortical bone may be thinned in 4-5 cm
diameter lesions. One or more permanent teeth may be
missing and other teeth displaced. Periodontitis or
marked incisor wear may also be present.

4.10 Dentigerons cyst. Mandibular -\'w:tlling i an adult ewe
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4.9 Severe malocclusion of molar teeth.

The cysts are radiolucent, containing milky or
caseous foul-smelling material, and sometimes an
unerupted tooth. They are lined by stratified squamous
epithelium. The aetiology is unknown. They must be
differentiated from tumours of the mandible (see
Chapler 18).

4.11 Dentigerous cyst. Incisor tooth displacement

4.11
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4.14 Orf stomatitis. Oral and lingual erasions,

Fluorosis

Industrial pollution by fluorine compounds—for example. from aluminium
smelting—can cause interference with normal tooth development, Clinical
signs can appear long after the period of exposure to contamination. There
is marked pitting of the enamel, with discoloration and chalky mottling
(4.12). Affected teeth wear much more rapidly than normal. iagnosis
depends on the history of access to contaminated grazings and analysis of
herbage and water for fluorine.

Mandibular deviation

I one ol the ram of the mandible is not symmetrical with the other,
a serious malocclusion of the molar teeth occurs, resulting 1n uneven
wear and an inability to chew properly.

Sharp edges may form on the buccal aspect of the maxillary
molars (4.13) and the lingual aspect of the mandibular molars. As
this elTect becomes more and more accentuated by wear, the teeth
tend to pass each other dunng chewing—'shear mouth’—with loss
of end and progressive unthriftiness.

Orf stomatitis

In some flocks, a particularly virulent strain of the orf virus can
cause acute ulceration of the gingivae, undersurface of the tongue or
buccal cavity of young lambs or kids (4.14). Aftected lambs cannot
suck, and secondary bacterial infection of the lesions can result in
fatalities. (See also Chapter 10),
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Salivary mucocele

These are occasionally found in goats, and occur as
large fMuctuating swellings, usually unilateral (4.15) or
in the midline of the neck, where they have to be dif
ferentiated from caseous lymphadenitis. They result
from accumulation of saliva in multiloculated cysts,
not by secretion, as the cyst linings lack an epithelium.
They may originate from rupture of salivary ducts.
Their contents are colourless or blood-tinged and
mucinous, and hecome inspissated with time.
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4.15

4.15 Salivary muococele in a young goat.

Conditions affecting the pharyngeal region and oesophagus

Dosing-gun injuries

Careless or inexpert use ol dosing guns can cause lac-
eration or even perforation of the pharyngeal region.
Lacerations often become infected—for cxample, with
Fusohacterium necrophorum or Actinomyces

4.16 I'haryngeal necrosis. Dosing-gun injury,

Choke

Obstruction of the vesophagus by foreign bodies such
as plastic material, baling string (4.18) ar cloth occurs
at times in both sheep and goats. Affected animals
salivate profusely and make exaggerated swallowing
movements. Total obstruction results in accumulation
of gas in the rumen and bloal may cause death unless
relieved.

4.18 Choke. The oesophagus 15 obstructed by baling twine

pyogenes—causing nccrotic ulceration (4.16).
Perforating wounds are often followed by the develop-
ment of soft-tissue abscesses (4.17), with involvement
of the retropharyngeal lymph nodes.
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./&7

4.20 Mature sarcocysts in a sheep oesophagus.

Feeding of drv sugar-beet pulp can cause death
from acute ovesophageal obstruction and shock 1n
weaned lambs and adult sheep shortly after feeding.
The dry pulp moistened with saliva swells in the
oesophagus and totally obstructs it (4.19).

Sarcosporidiosis
Mature tissue cysis of several Sarcocystiy spp. are
commonly found in the oesophagus of sheep at slaugh-
ter (4.20). These cause no tissue reaction and have no
climcal significance,

Conditions affecting the forestomach

Traumatic reticulitis

Occasionally, the wall of the reticulum is penetrated
by a sharp object, such as a piece of wire (4.21, 4.22)
or sewing needle. Local peritonitis with adhesions can

4.21 Travmatic reticulitis. Sile of wire pr.nr'rra:inn.
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result, and in some instances the foreign body may
penetrate the diaphragm to enter the pericardium (see
Chapter 13).

4.22 Traumatic reticulitis, Wire exposed by opening the
reticulum.

4.2



Ruminitis and ruminal ulceration

Severe viral ruminitis with ulceration can occur in
bluetongue ol sheep and in peste des pefits ruminants
(see Chapters 2 and 16). The usual cause of ruminitis
in non-tropical regions is excessive feeding of rapidly
fermentable carbohydrate, usually grain. Sudden intro-
duction of grain feed causes a rapid fall in pH, due to
an increase in volatile fatty acids (see Chapter 13).
Inflammatory changes in the mucosa develop (4.23),
and predispose to infections with bacteria, such as F.
necrophorum, or opportunistic fungi, leading Lo ulcer-
ation and death.

Ruminal impaction

Impaction of the rumen with dry ingesta can occur in
both sheep and goats as a manifestation of “vagus indi-
gestion’, or in severe water deprivation. There is total
atony of the rumen. Allected animals do not cud, and
ruminal sounds are absent due to lack of hacterial fer-
mentation and gas production. Ketonaemia may be
present, Impaction by foreign material, such as cloth
or plastic, can also oecur, but is commoner in goats.

At necropsy, the rumen is distended. The contents
are grey and soggy, or dry and fibrous. Foreign materi-
al, if present, is easily identificd (4.24). The carcase 18
often extremely dehydrated.

Ruminal parakeratosis
Feeding of high concentrate rations 1o sheep during the
finishing period can cause ruminal parakeratosis. The
lesions probably result [rom prolonged lowering of the
pH, caused by increased concentrations of volatile fatty
avids in the rumen contents,

The rummnal papillae are enlarged and hardened (4.25),

4.25 Ruminal parakeratosis. Generalised enlargement of the
ruminal papillae,
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4.24 Ruminal impaction hy a plastic bag in a goat.

due to the formation of layers of excess keratin, food parti
cles and hacteria. and tend to fuse together in bundles
(4.26). These may be visible and palpable through the
intact rumen wall. The abnormal lining may interfere with
the efficiency ol feed utilisation.

4.26 Ruminal parakeratosis. Close-up of lining, showing
fusion of groups of papllac.,
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4.27 Ruminal woolballs/hairballs (trichobezoars)
Trichobezoars may be found in animals which have been
deprived of dietary fibre or which have pruritis due to
ectoparasitism (4.27). They are rare in goats, though there
15 a form in South Africa due to ingestion of a plant,
Chryvsocoma sp.. which causes pruritis and excessive
shedding of hair. Woolballs seldom cause any clinical
symploms,

4.27 Woolballs in a sheep rumen,

Conditions affecting the abomasum

Abomasal bloat

This condition 1s seen most commaonly in watery mouth
of young lambs (see Chapter 2), and is associated with
hypersecretion of mucin, The mixture of gas and mucin
causes marked gurgling on abdominal palpation (‘raule
belly’). A chronic form which can be fatal occurs in
some orphan lambs at 46 weeks of age.

In older animals, gaseous distension of the ahomasum
(4.28) occasionally oceurs as a result of pyloric obstruc-
uon; for example. after ingestion of the placenta, or by
hairballs in goats. [t is sometimes seen in forms of indi-
gestion associated with low-tibre diets.

4.28 Abomasal bloat. Ahomasal clostridial emphysema
This condition, which is fundamentally a gangrenous
cellulitis of the abomasal wall (4.29, 4.30), is caused

4.29

4.29 Abomasal emphysema in a sheep. 4.30 Abomasal emphysema, Clostridial organisms in the
mucosa, Gram stain,

i)



by gas-forming anaerobes other than Closiridium sep-
ticum. The lesion differs from braxy (see Chapter 2) in
that much of the abomasal wall is dissected by gas bul-
lae, in which the vegetative torms of Clostridium spp.
can he detected.

Abhomasal impaction

This condition can occur if poor-quality roughage is
fed and water intake restricted, as a sequel o pyloric
obstruction—I{or example, due to foreign bodies—or 1t
abomasal stasis occurs for any reason. It 1s also seen as
one form of an abomasal-cmptying defect in Suffolk
sheep, in which an hereditary predisposition has been
proposed (4.31). Reflux of abomasal fluid leads (o a
diggnostic elevation of ruminal-fluid chlornide concen-
tration.

The condition is also recognised in prematurely
weaned lambs reared on pelletted rations with a milk
replacer. Under these rearing systems, some lambs
develop pot bellies, and pine and die after a few
weeks. At necropsy, the abomasum is impacted and
distended, while the rumen is filled with sour, undi-
gested milk substitute. It has been suggested that
oesophageal groove reflex asynchrony is the cause, but
this has not been verified.

Abomasal mycosis

This condition can occur as a sequel to chronic loss of
acid secretion, or secondary to abomasal ulceration in
circumstances where opportunistic fungi can thrive.
Antibiotic or steroid therapy may predispose (o
mycotic infections, The usual organisms involved are
zygomycetes (phycomycetes) and include Mucar,
Rhizopus and Absidia spp.

Confluent areas of superficial mucosal necrosis
(4.32) are found in the abomasum at necropsy. Typical
broad. aseptate hyphae can be demonstrated in the tis-
sues by fungal stains (4.33).

Abomasal ulceration

Ulcers develop in situations where there is progressive
focal necrosis of the abomasal wall. In both sheep and
goats, acute ulcers probably are most common in peste
des petits ruminants (see Chapter 16). Acute haemor-
thagic ulceration also can occur in systemic pasteurel-
losis (see Chapter 2), and in poisoning with corrosive
substances such as arsenic, mercury or zinc.
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4.32

4,32 Mycotic abomasitis. Necrotic mucosa in a sheep
abomasum.

4.33 Mycotic abomasitis. Typical funzal hyphae in the mucosa.
Perodic acid—-Schiff (PAS).
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Chronic ulcers are rare, but are found occasionally
as incidental findings at necropsy. They are somelimes
complicated by fungal infection (4.34).

4.34 Mycotic ulcer in a sheep abomasum,

Necrotic abomasitis

An acute necrotising abomasitis occasionally occurs in
young animals following infeetion with strains of E.
caoli that cause endotoxic damage and thromhosis in
mucosal venules (4,35), A diffuse abomasitis associat-
ed with Pasteurellu hraemolyrica A biotype occurs
occasionally m unweaned lambs.,

4.35 Necrotic abomasal mucosa (left) in E. coli infection.

Infectious diseases that affect the intestine

Campylobacter colitis
Catalase-negative Campvlobacter-like organisms, lenti-
tvely designated C. ovicolis, have heen associated with
weaner colitis in lambs aged 4-12 weeks in Australia.
Lambs have a persistent luid diarrhoea (faecal dry matter
< 1040}, though they remain bright and alent. Diarrhoea
may reach epidemie proportions, and some lambs may
develop dependent hypoproteinaemic cedema.

Al necropsy, the colon may be inflamed (4.36)
Microscopic examination of the large intestine shows

4.36

4.36 Campylobacter (weaner) colitis in a lamb,

4.37 Campylobacter colitis. Transmission electron micrograph
showing Campylobacter spp. in apposition to the microvillus

horder,

superficial mucosal erosion. with mononuclear cell infil-
trates, Using silver stains or transmission electron
microscopy, numerous curved bacteria can be seen adher-
ent to the superficial epithelium (4.37). Bacteriological
culture of the mucosa i hlood agar enriched with
mycoplasma agar base or brain-heart infusion agar may
result in isolation of C. ovicolis or other enterice
Campylobacter spp.

4%



Caprine herpesviral diarrhoea

A caprine herpesvirus similar to, but antigenically dis-
tinct from, bovine herpesvirus-1 can cause severe sys
temic disease in neonatal kids, with erosions or ulcers
in the alimentary tract. Affected kids are febrile and
have conjunctivitis, nasal discharge, weakness,
abdominal pain, and some may have diarrhoea, Death
is conunon after 1-4 days.

Erosions with a hacmorrhagic border may be found
in the mouth, pharynx and oesophagus. Longitudinal
red erosions occur in the abomasum. Severe lesions of
mucosal necrosis can be found in the caecum and
colon (4.38). often overlaid by a pseudodiphtheritic
membrane. On microscopic examination of typical
lesions, herpesviral inclusions may be seen in epithe-
lial cells.

Rotavirus infection

The genus Rotavirus in the family Reoviridae causes diar-
rhoea in many species, including lambs and kids (4.39).
The virus infects the jejunal epithelium of animals aged
from about 1-4 weeks (4.40), causing a transient acute
diarrhoea with loss of sucking drive. Viral particles are
detectable by routine ELISA or by polyacrylamide gel
glectrophoresis in the taeces of diarrhocic lambs, and
sometimes older, asymptomatic lambs.

There are no significant macroscopic changes in the
gut, apart from the presence of fluid contents. Infected
enterocyies are shed [rom the intestinal villi, which
become stunted (4.41), with compensatory hypertrophy of
the crypts of Lieberkiihn, Infiltration by mononuclear cells
causes the villi to swell. The normal columnar cells cloth-
ing the villi are replaced by cuboidal cells from the crypts.

4,40 Rotavirus diarrhoea. Transmission electron micrograph
of a virussinfeeted jejunal enterocyte,
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4,38

4.38 Caprine herpesviral diarrhoea. Intestinal
lesions.

in laeces.

4.41 Rotavirus diarrhoea. Stunted villi clothed with immature
epithelial cells. Haematoxylin and cosin,

K}
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Miscellaneous intestinal conditions

3.42 Anal stricture

This condition can be a sequel 1o surgical correction of
atresia ani. The sheep illustrated had difficulty in defe-
cating, and the constant straining eventually caused
stretching and pouching of the perineum (4.42).

Buckshot wounds

Goats, and occasionally sheep, can be mistaken for
wild game during the hunting season. and may fall vic-
tim to gunshot wounds. I pellets perforate the gut
(4.43), peritonitis can supervene,

Intussusception

In this condition, a segment of bowel telescopes into
an outer sheath formed by another, usually distal, seg
4,42 Anal stricture in a wether, ment, A thickened, sausage-shaped structure (4.44), up
to 20 em or so 1n length, may be palpable i lambs or
kids. The cause is not always apparent, but irritation
due to intestinal parasitism is commaonly bhlamed.
Tension on the trapped mesentery causes the inner
segment, or intussusceptum, to undergo infarction.
Passage of laeces ceases and [Nuid accumulates in the
intestine proximal to the obstruction betore death
OCCUTS.

Phycomycaosis of the gut and mesenteric node
Opportunistic zygomycetes (phycomycetes) occasional-
Iy invade the venous circulation of the intestine and
colonise the mucosa, causing extensive segmental necro-
sis, Extension of infection along the afferent lymphatics
resulted in infection of the mesentenic lymph nodes
(4.45) in a sheep with profound leukopenia caused by an
experimental tick-borne fever infection.
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4.44 Intussusception in a lamb, 4,45 Phycomycosis of a mesenteric lymph node. Grocoit's
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Rectal prolapse

This condition is a fairly commen sequel to chronic
diarrhoes where there is marked rectal irritation and
(enesmus (4.46). Coccidiosis is a common underlying
cause of rectal prolapse.

Redgut

Grazing on lush pastures—I{or example, lucerne (alfalta)
in New Zealand or South Africa—is associated with fer-
mentation in the large intestine, leading to intestinal
distension and torsion of the anterior mesenteric
artery. A large loop of the small inlestine becomes
acutely congested and necrotic (4.47). The duodenum,

however, remains unaffected, an impaortant point of

differential diagnosis from enterotoxaemia (see
Chapter 2). Though the gut contents are dark and
bloody, resembling clostridial enlerotoxaemia, the
condition does not appear to be associated with
anaerobic organisms.

Terminal ileitis (regional enteritis)

Terminal ileitis is a sporadic proliferative disease that
has been recognised in lambs up to about three months
old in the Netherlands, Norway and the United States.
The cause is uncertain, though some sources claim to
have isolated Campylobacter spp. biochemically similar
o C. sputorum var, mucosalis or C. jefuni from affected
lambs.

Clinical signs include a ‘stretching’ altitude of the
fore- and hindlimbs (4.48). Other signs are unthnftiness,
intermittent diarrhoea, mild leucocytosis, low total
serum proteins, and a low serum albumin/globulin ratio.
Necropsy findings include dehydration and emaciation,
regional hyperplasia of the ileum (4.49, 4.50) with

4.48 Terminal ileitis. *Stretcher’ lamb.
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4.46

4.47 Redgut. Note the intense congestion of the affected gul
loops.

4.49 Terminal ileitis, Segmental thickening of the ileum.

4.47




Diseases and Disorders of the Sheep and Goal

4.53 Uraemic colitis in a sheep.

bty

4,50 Terminal ileitis. Mucosal thickening and inflammation.
4,51 Terminal ileitis. Mucosal plaque formation.

4.52 Terminal ileitis. slets of hypertrophy in affected mucosa,
Haematoxylin and eosin.

plaque-like thickenings (4.51), and enlargement of the
terminal mesenteric lymph node. Some lambs have
local mucosal ulceration or diphtheritic inflammation.
Microscopic findings include villus atrophy, crypt
hyperplasia with the formation of islands of hyper-
trophic crypts (4.52), hypertrophy of the muscularis
and mononuclear cell infiltrates in the lamina propria.

Uraemic colitis

Colonic damage with severe necrosis occasionally
occurs in sheep (4.53) with kidney [ailure. The sug-
gested cause is diffusion from the blood into the colon
of urea and other waste products. Ammaonia is pro-
duced in the intestine by the action of urea-splitting
bacteria. The colonic contents smell like urine.

Volvulus

This condition occurs when a loop ol inlestine becomes
twisted 1o such a degree that blood flow through the
local branch of the mesenteric artery 1s cut off. Affected
animals have acute colic (4.54) and die rapidly of toxic
shock unless the condition is recognised. The small
intestine is more commonly involved than the large
intesting (4.55). A similar condition, redgut (see above),
is specifically associated with lush pasture.




4.54 Volvulus. Lamb recumbent with colic.

Miscelfaneous Diseaves of the Alimentary System

4,55 Volvulus. Typical necropsy appearance,

Conditions that affect the liver and gall bladder

Amyloidosis

This condition 15 found only occasionally in small
ruminants and the cause is often unclear, though it
may be a sequel 1o some chronic debilitating disease.
Affected livers mauy be swollen and pale, and there
may also be amyloid deposits in the kidneys (see
Chapter 11).

The amyloid is distributed in the portal regions and
has a colourless, waxy appearance in routine histologi-
cal sections, The material is birefringent in pularised
light alter Congo red staining (4.56).

Caseous lymphadenitis

Abscesses can occur occasionally in the liver (4.87) as
well as in other organs in the visceral form of caseous
Iymphadenitis (see Chapter 14). These abscesses have
to be differentiated from those caused by Actinomyces
pyagenes and those of melioidosis (see Chapter 11).
Sheep and goats affected with the internal abscesses of
caseous lvmphadenitis are often chronic poor-doers.

4.56 Amyloidosis of a sheep liver demonstrated by
polarised light after Congo red staining.

4.57 Caseons lymphadenitis ahscesses in the liver.
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Cholecystitis

Inflammation of the gall bladder (4.58) without associat-
ed cholangitis is rare, though it can oceur if obstruction
occurs duc to the pressure of abscesses or tumours in the
adjacent liver or hilar lymph node. Fibrinous cholecysti-
tis as a primary lesion also can oceur in salmonellosis, as
the organism appears to grow well in bile,

4.58 Acute cholecystitis,

Coccidia

Endogenous stages of various Eimera species can be
found occasionally on histological examination of the
liver (4.59). These are not known to cause clinical
signs at this site,

4.59 Coccidial meront in a sheep liver. Haematoxylin and
easin.
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Cysticercus tenuicollis in the liver

Immature metacestode cysts of the dog tapeworm
Taenia hvdarigena migrate through the hver parenchy-
ma, sometimes causing fatal haemorrhage, or encour-
aging the multiplication of latent Clastridium novyi
organisms with development of necrotic foci (black
discase, see Chapter 2). Many infections are symptom-
less, and the mature cysts form in the peritoneal cavity
overlving the liver capsule (4.60) or elsewhere.
Eventually the cysts collapse and become caleified
(4.61).

4.60 Maturing cysts of Cysficercus fenuicollis in a sheep
liver.

4.61 Calcified cysts of Cysticercus
renuicolliv in a sheep liver.

4.60
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4.63

Extramedullary haemopoiesis in voung goats
The appearance of the liver in extramedullary
haemopoiesis of kids may simulate the lesions of eertain
forms of phytotoxicity or other poisoning (4.62).
Histological examination is essential to avoid wrong
conclusions i difTerential diagnosis.

4.62 Extramedullary hacmopoiesis in a Kid.

EXINOKO ko

Hydatidosis

Sheep and goats can be intermediate hosts of the tape-
warm Fehinococeus granudosues, the definitive host for
which is the dog or other canids. Multiple hydatid
cysts form in thelliver or(unggof the intermediate host
(4.63), and can cause severe disease. The highly infec-
tive cysts are a human health hazard; thus, infected liv-
ers are condemned at slanghter.

4.63 Hydatid cysts in a sheep liver,

Miscellanenus Diseases of the Alimentary Svstem

Liver abscesses

Haematogenous spread of pyogenic orgamisms follow-
ing omphalophlebitis or in tick pyaemia is the most
common cause of abscesses in the livers of lambs and
kids, Omphalogenic abscesses (4.64, 4,65) are olten
restricted to the left lobe.,

Surface abscesses can cause local tibrinous peri-
tonitis, with later formation of fibrous adhesions to
other abdominal organs. They can also break into the
venous system. disseminating infection to the vena
cavi, heart and lungs. However, in many animals the
abscesses become enclosed with fibrous capsules and
eventually resolve.

4.65 Abscesses in the liver and retropharyngeal nodes.
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.66 Liver rupture

Large single lambs are sometimes horn dead, with rup-
turcd livers and massive intra-abdominal haemorrhage
{4.66). Parturition difficulty has been offered as a
cause, but there may be a breed predisposition.

4.66 Ruptured liver with Fatal haemorrhage in a newhorn
lamb.

.67 Melanosis

Non-malignant melanosis of the liver and other tissues
(see Chapter 7) occasionally occurs in lambs of heavily
pigmented breeds. Black areas, scveral square centime-
tres in size (4.67), are confined to the capsule or stroma.
These areas may fade with time.

L.68 Torsion of the bhile duct

This condition is an occasional finding at necropsy
(4.68). It is not clear how the gall bladder undergoes
torsion, but acule pain and shock are certain to result.

4,68 Torsion of the bhile duct.

70



Tyzzer’s disease

Focal liver necrosis (4.69) caused by Bacillus pili-
formis (Tyzzer's disease) occurs occasionally in kids,
The lesions are not pathognomonie, and diagnosis

469 [T

4.69 Tyzzer's disease in a Kid. Liver nodule, Warthin Starry
slain,

Miscellaneous Diseases of the Alimentary System

depends on the demonstration of typical elongate
gram-negative bacilli at the periphery of the necrotic
area (4.70),

.-:“-. F v 2 .:‘:- .
5 e e

4,70 Tyzzer's disease. Bacillus pilifermis in a liver lesion,
{iram stain.

Conditions that affect the peritoneal cavity

Ascites
Excess fluid in the abdominal cavity is called ascites. It
can occur in heart or liver failure. in chronic anaemia
due to parasitism, in the protozoal disease heartwaler
{see Chapter 16). and in certain forms of neoplasia that
mvolve the lymphatic supply to the peritoneum.
Affected anmimals have distended, tense abdomens
(4.71), and percussion causes a fluid thrill. When
opened, the abdomen is full of pale yellow (luid, which
olten coagulates soon after exposure to the air. Ascitic
fluid must be distinguished from urine in the abdomen
caused by rupture of the bladder (see Chapter 11).

4,71 Ascites, A sheep abdomen distended with fluid.

71
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4.72

4.73

4.73 Acute peritonitis overlying the omasum of a sheep.
The aetiology was migration by immature flukes.

72

Tapeworm cysts in the peritoneal cavity
Mature cysis of the dog tapeworm Taenia hydatigena
can be found in the peritoneal cavity of sheep and
goats. These are found most commanly reflected onto
the peritoncum overlying the liver (see 4.60). the
diaphragm, or the serous surface of the intestine
(4.72).

Peritonitis

Infection and inflammation of the peritoneum usually
occur as a sequel to massive fluke or cestode mugration
through the liver parenchyma (4.73). Other causes
include perforation of abomasal or ruminal ulcers, rup-
ture of the bladder or uterus, and traumatic retculitis
(see above and Chapter 11).




5 Diseases of the Nervous System

Diagnosis of diseuses of the central nervous system is
hampered 10 some extent by the fact that many dis-
eases present with similar or identical clinical signs,
while, with a few exceptions, macroscopic examina-
tion of the brain or spinal cord is seldom of much diag-
nostic value. An accurate history obviously is of great
importance, but in many instances, detailed histopatho-
logical examination of particular sites is the only satis-

factory means of cstablishing the cause of death, This
chapter attempts to illustrate salient clinical signs asso-
ciated with a range of infectious, parasitic, metabolic,
storage and toxic disedses that affect the nervous sys-
tem of sheep and goats. Macroscopic pathology is
illustrated where appropriate, but in diseases where
only microscopic pathology can provide a diagnosis,
appropriate photomicrographs are preferred.

Infectious diseases of the central nervous system

Caprine arthritis—encephalitis (CAE)

The CAE retrovirus incorporates itself into the DNA of
monocytes in infected goats by means of a reverse tran-
seriptase. Virus expression does not accur until mono-
cytes mature into macrophages. Transmission of infec-
tion usually occurs by ingestion of colostrum or milk
containing macrophages and thus virus, The virus can
cause several different disease syndromes in adult goats,
including arthritis (see Chapter 6), progressive interstitial
pneumonia (see Chapter 7), and mterstitial mastitis (see
Chapter 8).

A progressive neurological syndrome is sometimes
seen in goat kids, 2 to 4 months old (5.1}, but has also
heen recognised in adult goats. Signs may be referable
spinal cord dysfunction (lameness, posterior ur letrapare-
sis, ataxia) or o involvement of the brainstem (dysphagia,
circling, torticollis). Protein concentration and leukocyte
numbers 1n the cerebrospinal fluid are increased.

At necropsy, lesions in the spinal cord or brain are
usually visible grossly as asymmetrical foci of grey-to-
pink discoloration (5.2, 5.3). Histologically there 1s a

5.1 Caprine arthritis—encephalitis. Young kid with tetra-
paresis.

5.2 Caprine arthritis—encephalitis. Degeneration of white
matter in one-halt of the cercbrum and midbrain,
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Listeriosis
The cause of lhisteric encephalitis 1s the gram-positive
bacterium Listeria monocytagenes sensu stricto. This is a
facultative anaerobe found in faeces, soil. and in decay
ing herbage, Infection is more common during the winter
than the summer, and inclement weather, intercurrent
disease and the feeding of big-bale silage may contribute
to the occurrence of disease. The organism can multiply
in silage if the pH value is above 5.0 and if excessive
amounts of soil are incorporated during preparation.
Infection can cause abortion (see Chapter 9), mastitis,
exposure keratitis (see Chapter 12) and sepbicaenua, but
the most frequent manifestation 1s encephahins. Circlhing
i5 the predominant clinical sign. This is generally uni-
directional. and an associated head tilt (5.4), ear droop

T4

perivascular infiltration of mononuclear cells accom-
pamed by coagulative necrosis and demyelination of
white matter: hence the original name of viral leuko-
encephalomyelitis.

5.3 Caprine arthritis—encephalitis. Discolouwred lesions in
cross-sections of spinal cord.

with salivation or dysphagia (3.5), indicate tacial paraly-
sis. Head pressing is another sign (5.6). Affected animals
soon become recumbent and die. The disease is most
common in voung adults, but can affect any age from
about six weeks old (53.7). Infection is believed (o gain
access through the cranial nerves, particularly the
trigeminal, perhaps following infection of the tooth cavi-
ty or through buccal injuries.

Histological lesions are most common in the medulla
oblongata and in the pons. They are usually unilateral,
and consist of areas of malacia and microabscessation
(5.8) accompamied by substantial lymphocyte/lstiocyte
cuffs around local blood vessels (5.9).

5.4 Listeriosis. Characterisue head alt in a ewe.

5.5 Listeriosis in a goat, Facial paralysis with
inahility to masticate.

5.0 Listeriosis. Head pressing i an alfected sheep.



5.7 Listeriosis. Facial paralysis in a lamb.

5.8 Listeriosis. Focal encephalomalacia and microahscessa-
tion in the bramnstem: Haematoxylin and eosin,

5.9 Listeriosis. Lymphod cuffing of vasculature in the brain.
Haematoxylin and eosin,

Louping ill

This is a viral disease that affects the central nervous
system of many species, including sheep and occasion-
ally goats. The causal agent is one of a group n the
family Flaviviridae that causes encephalitides when
transmitted by ixodid ticks e.g. Fvades ricinus, All
ages are susceptible, but synchrony between lambing-
time and the tick rise in many arcas means that lambs
are probably most vulnerable, though vearlings are
also readily infected, Infection may be precipitated by
simultaneous transmission by the tick of Cytoecetes
phagocviophila, the causal agent of tick-borne fever
(see Chapter 14), which can cause immunosuppres
s10N

The usual clinical picture after transmission via the
bite of an infected tick is fever followed by incoordi-
nation, paralysis, convulsions and death within a few
days. Some animals have transient ataxia: others sur
vive but with varying degrees of paralysis.

The principal lesion is a widespread non-suppurative
meningoencephalomyelitis. Neuron necrosis (5.10) and
neuronophagia are most commonly found in the motor
peurons in the spinal cord. medulla, pons and midbrain
and in Purkinje cells in the cerebellar cortex. Focal gliosis

Diseases of the Nervous System

with lymphoid perivascular cuffing is widespread in the
hindbrain and brainstem. A non-suppurative meningitis
is also present in these regions,
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5,10 Louping ill. Non-suppurative meningoencephalitis and
neuron necrosis in the brainstem of a sheep. Haematoxylin
and eosin.

5.10
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Rabies

Rabies can occur in both goats and sheep. In Central and
South America, the vampire bat, Desmodus rofundus
murinus (S.11), 18 a reservoir host for the virus. Bats can
carry the virus in their salivary glands, and transmit the
disease w animals resting at night when they incise the
skin (o obtain blood. In North Amernca, the raccoon and
skunk are important reservoir hosts, while in Europe the
sylvatic fox 1s the main source of mfection. Chmeally the
disease occurs mainly in the paralytic form in sheep and

a0ats.

5.11 The vampire bat is an important vector of rahies in
Central and South America.

Scrapie

Scrapie can occur independently in sheep and goats,
though in the latter it is more commonly found in
mixed [locks with sheep, The disease 1s caused by a
self-replicating agent or ‘unconventional virus™ with
remarkahle physicochemical stamhity, which allows 1t
to persist in infected premises. The agent is evidently
very small, and, though its genome presumably i1s
nucleic acid, 1ts protein component may be a host prod-
genetic factors determine the course of infec-
a scrapie incubation period (Sip) gene has

uct. Host
tion and

5.13 F‘ 3

5.13 Scrapie. leece damaged by rubbing.

The nervous tissue lesions are those of a non-suppu-
rative encephalomyelitis. Focal ghiosis and perivascular
lymphoid cuffing are found in the area from the pons to
the hypothalamus, and in the spinal cord. The inclusion
bodies of Negn (5.12) are characteristic of rabies but do
not occur in every case. They are found mainly in the
cytoplasm of the Purkinje cells of the cerebellum in
ruminants, but may also he scen in the hippocampus or
in ganglion cells. Fluorescent antibody tests of brain tis
sue are also used for rapid diagnosis.
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5.12 Rabies. Negri bodies in goat motor neurons, Giemsa
stain

been shown to control the incubation period in sheep.

The clinical disease is characterised by intense pruri-
tus (5.13), with loss of wool on the flanks. Affected
sheep tremble and show a mbbling reflex when rubbed
an the withers. Incoordination, high-stepping gat and
ataxia are also seen, progressing inevitably to recum
bency and death.

Striking vacuolation of neurons in the medulla,
pons, midbrain and spinal cord is diagnostic of scrapie
(5.14). Vacuolaton 15 usually bilaterally symmetrical,

5.14 Scrapie. Typical motor neuron vacuolation in hrainstem
nucleus. Haematoxvlin and eosin,

5.1



and s most commonly found in the reticular formation

and the medial vestbular, lateral cuneate and papilli

form nucler, Large single vacuoles or multiple vac-
voles displace the cell contents peripherally. Spongy
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5.15 Serapie. Penvascular amylowdosis 1ina sheep brain.
Huaematoxylin and eosin.

Suppurative meningitis

Septicaemic infections by Streptococcus spp.,
Fscherichia coli and, oceasionally, Pasteurelln
haemolviica can cause acute fatal leptomeningitis in
lambs and kids, Pyogenic infections can spread from
infected navels, while the intestine is the main site for
mvasive coliforms. In older animals, meningitis can be

Diseases of the Nervous Svstem

change can often be seen in associated grey matter
neuropil, and in some sheep cerebrovascular amyloi
dosis 1s a prominent (eature (5.15, 5.16)

5.16 Serapie. Buefringence of amylowd plaque atter Congo
red staining,

a complication of wound mlection, but quite often 1s
idiopathic.

Al necropsy, the meninges are intensely congested
(5.17). and may have a milky appearance due to
swelling and neutrophil infiluration, which s readily
confirmed by histological examination (5.18).

5.17
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5.17 Acute meningitis in a goat brain.

| 5.18 Acute suppurative meningitis due to streptococcal infec-
tion in a Kid. Hacmatoxyvhn and cosin.
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5.19 Visna, Loss of proprioceprive reflexes has cansed
knuckling of the fetlock.

5.20

5.20 Visna. Lymphoreticular aggregates in the choroid
plexus. Hacmatoxylin and eosin,

Visna

This disease is associated with maedi, a chronic pneu-
monia of sheep caused by a lentivirus (see Chapter 7).
Lesions of visna develop slowly over many months and
clinical signs are insidious. Affected sheep show pro-
gressive proprioceptive deficit, sometimes with cireling
or unilateral facial paralysis. Lameness, commencing
with knuckling of a fetlock (5.19), progresses 10 incoor-
dination and recumbency.

Changes in the brain and spinal cord are those of
non-suppurative meningoencephalitis, with periventri-
cular and perivascular mononuclear cell infiltrates. The
choroid plexus also may he infiltrated by mononuclear
cells (5.20). Glial nodules may be seen in the white
matter throughout the brain. Spinal cord lesions are
similar but more intense, with myelin breakdown and
the formation of cholesterol clefts (5.21). In severe
cuses, there may be focal liquefactive necrosis,

5.21 Visna. Spinal cord lesions include vascular cuffing and
residual cholesterol cleft formation after myelin degenera-
Hon. Hagmatoxylin and eosin.

Parasitic diseases of the central nervous system

5.22

5.22 Sheep with sturdy (Coenurus cerebralis infection).

78

Coenuriasis

This disease is caused by Coenurus cerebralis, the cys-
tic larval stage of the dog tapeworm Taenia multiceps.
The acule disease occurs mainly in young lambs, in
which symptoms vary between a transient pyrexia and
listlessness to severe convulsions and death. The
chronic disease in sheep and goals causes progressive
unilateral blindness, head tilt with umdirectional cir-
cling and incoordination (5.22), with recumbency
eventually supervening. Softening of the frontal bones
may be felt in young animals.



Al necropsy, cysts can be seen to have obliterated
much of the parenchyma of the cerchral hemisphere
(5.23, 5.24), with displacement of other regions of the

Diseares of the Nervaus System

brain. Il carried out in reasonable time, surgical
removal of the intact cyst will permil recovery.

5.23 Coenurus cerebralis. Cyst with multiple scalices in a
sheep brain

Oestrus ovis larvae in brain

Larvae of the nasal bot fly. Qestrus ovis, can penetrate
into the brain if they become trapped while developing
in the convolutions of the nasal sinuses of sheep (see
Chapter 7). Local necrosis and softening of the affected
region, usually the cerchral cortex, are the result of lar-
val presence (5.25).

Parelaphostrongylus tenuis migration; cere-

brospinal nematodiasis
Sheep and goats can become infected with this nematode
parasite of the North American white-tailed deer. Snails
and slugs on pasture serve as intermediate hosts. Larval
migration in aberrant hosts can cause pruritic skin lesions
(see Chapter 10), and severe tracking lesions can oceur in
the spinal cord or brain (5.26), The most common ¢lini-
cal presentation is posterior paralysis (5.27). The cere-
brospinal fluid in such animals often contains numerous
eosinophil leukocytes (5.28). The diagnosis is confirmed
by histological demonstration of the parasite.
Elaphostrongvius rangiferi, ¢ parasite of reindeer,
causes a very similar chinical syndrome in sheep and
goats. Setaria digitata is the cause of cerebrospinal
nematodiasis in Southeast Asia.

5.24 Coenurus cerebralis. The same cvst as in 8,23 panly
dissected out,

5.25 Oestrus ovis larval migration. Necrotic brain lesion in

a sheep.

5.26 Parclaphostrongylus tenuis migration. Parasite cross-
section in a goat brain.
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5.27 Pareluphostrangylus tennis migration. Posterior paral-
y&is in a sheep.

Sarcocystosis
The detinitive hosts tor Sarcocysiis spp. are carnivores

which acquire the infection by ingesting the flesh of

infected ruminants. This results in the passage of infective
00CYSIS Or sporocysts in faeces, where they can contami-
nate the [eed or water, In the sheep, asexual reproductive
cycles terminate by invasion of sinated muscle cells and
nervonus tissue, with the formation of tissue cvsts.
Infections are usually subclinical, but weakness. ataxia,

5.28 Parelaphostrongylns tenuiy migration. Neutrophils and
gosinophils in cerebrospinal fluid. Leishman slain.

paralysis and various other signs of central nervous distur
bance may be seen (5.29), especially if the spinal cord is
infected, where lesions may be visible macroscopically
(5.30).

Microscopically, i the brain or cord, meronts of the
parasite can he found (5.31). accompanied by a non
suppurative encephalitis with focal gliosis, haemor-
rhage and necrosis.

5.29 Sarcocystosis. Paresis caused by infection of the
spinal cord.

ml)

5.30 Sarcocystosis. Focal lesion in the spinal cord
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5.31 Sarcocystosis. Meront of Sarcocystis sp. in the brain of
an adult sheep. Haematoxylin and eosin,

Toxoplasmosis

Infection of the fetal brain with Toxoplosma gondii, a
tissuc eyst-forming coccidian, canses a characteristic
gliosis with focal leucomalacia (5.32), which probably
represents secondary anoxic damage. Necrotic lesions
are most common in cerebral white-matter cores, cor-
pus striatum and cerebellar white matter, and are often
minecralised (5.33). Toxoplasms are rarely seen in the
lesions. Mild meningeal and perivascular infiltrates of
lymphoid cells may be seen, and there may be spongy
changes in the cerebellar peduncles. A related parasite,
Neosporum caninum, can cause similar lesions,

Tissue cysts of varying size, containing bradyzoites,
may be found in the brains of clinically normal sheep
(5.34). These represent an asexual, resting phase of the
parasite, and evoke little or no reaction in the tissues.

5.33 Toxvplasmosis. Calcified lesion in a fetal lamb brain.
Haematoxylin and cosin,

5.31

5.32 Toxoplasmosis. Brain necrosis in the fetus. Haematoxylin
and eosin.

5.34 Toxoplasmosis. Cyst in the brain of an adult sheep,
with minimal glial reaction. Haematoxylin and eosin.

31

Jownloaded gfvom Vat-e Books.com



5.37

Diseases and Disorders of the Sheep and Goal

Metabolic diseases that affect the central nervous system

Cerebrocortical necrosis

Cerebrocortical necrosis is a common disease of feedlot
and grazing sheep throughout the world; goats are also
susceptible. The cause is production in the rumen of thi-
aminase type 1, as a result of overgrowth of thiaminase-
producing bacteria such as Clastridium sporogenes or
Bacillus thiaminolyticus, associated with excess feeding
of carbohydrates or grazing on lush pastures.
Experimentally, the disease has been induced by [eeding
sulphur radicles to excess.

Affected animals often are blind and exhihit fine
tremors. The head 1s held high (5.35). Later signs include
recumbency with convulsions, nystagmus and hypersen
sitivity to touch or sound. Many sheep are found dead
with no premonitory signs, and diagnosis depends on
histopathology.

There 1s marked brain swelling, with laminar neerosis

in the cerebral cortex and cerebellar foliae, sometimes
obvious at necropsy in coronal sections of the brain
{5.36). The cerebral hemispheres are swollen and pale
with yellow discoloration of some gyri. Where animals
have survived for several days. there may be some col
lapse of the gyral grey matter, resulting in wrinkling of
the hemispheres (5.37).

When viewed in uvltraviolet light, alfected arcas ot
cortex often exhibit a white or greenish autofluorescence
(5.38) that is attributed to accumulation of lipofuscin in
the macrophages.

Microscopically, the necrotic laminae have a homo-
geneous appearance due to neuronal shrinkage.
Vacuolation and cavitation of the neuropil i1s obvious,
and the necrotic tissue is sharply demarcated from nor-
mal brain tissue (5.39).

5.35 Cerebrocortical necrosis. A sheep with typical clinical
S1ENs,

5.36 Cerebrocortical necrosis. Laminar necrosis of cerebral
grey maller,

5.37 Cerebrocortical necrosis. Gyral contraction in long-
term disease.
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5,38 Cerebrocortical necrosis. Autofluorescence in the
cerehral cortex.

Swayback
This is an ataxic disorder of newborn lambs and kids
caused by low copper status of the dam and progeny (see
Chapter 15).

In the congenital form, animals may be stillborn or
weak and puny, with nystagmus, facial tremors,
depressed pupillary reflexes or grinding of the leeth.
Less severely aflected animals may be bright and keen to
suck, but these become progressively ataxic, with the
swaving, stumhling gait that gives the disease its name,
[Lambs are prone to infections, and may exhibit incom-
plete extension of the carpal joints.

In the delayed form ol swayback in lambs, climcal
ataxia mav not develop for several months after birth.
Also, in these older lambs, a variant, Roberts-type sway-
hack can occur, in which previously robust lambs sud
denly develop symptoms of trembling, twitching and

Dixeases of the Nervous System

5.39 Cerebrocortical necrosis, Grey-matter necrosis in an
affected brain (right half of gyrus). Haematoxylin and eosin.

atmless wandering. which progress to recumbency,
blindness, grindimg of the teeth, coma and death.

Cavitation or gelatinous transformation may be seen
in the cerebrum of animals with congenital swayback. In
the Roberis varant, there is severe cerebral swelling with
gyral flattening and hermiation of the cerebellar vermis
through the foramen magnum. Microscopically. there
may be variable hypomyelinogenesis in the brain (5.40),
and swelling, vacuolation and chromatolysis of large
neurons in the red and vestibular nuclei in the brainstem
and the reticular formation (5.41), the ventral horns n
the spmal cord of lambs, and in the cerebellar cortex in
kids. Tn the delayed form, there is hypomyelinogenesis in
the spinal cord (5.42), with chromatolysis of motor neu-
rons (5.43). Altered nerve fibres can be [ound in brain
and spinal cord, with Wallerian-type degeneration.

£.40 Congenital swayback. Cerebral hypomyelinogenesis
in & newborn lamb, Haematoxylin and eosin.

5.41 Congenital swayback. Loss of Nissl substance and
peripheral displacement of the nucleus in a motor neuron.
Haemauoxylin and cosin,
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5.42 Delayed swayback. Hypomyelinogenesis in the spinal
cord. Marchi stain,

543 Delayed swayback. Chromatolysis of ventral hom neu-
rons. Luxol fazt blue.,

Toxic diseases of the central nervous system
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5.44 Copper poisoning. hevere spongy change in cercbral
white matter of a sheep. Haematoxylin and eosin,

Copper toxicity

Sheep are susceptible to high dietary copper levels—
some breeds, notably the North Ronaldsay, being
abnormally so. If excessive intake 15 prolonged. a
haemolytic crisis ensues (see Chapter 17). A propor-
tion of such cases have severe spongiform changes 1n
the white matter of the pons, midbrain and superior
cerebellar peduncles (5.44).

Focal symmetrical encephalomalacia

This is a bilaterally symmetrical necrotising lesion in
the corpus stnatum, tha