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Description of the pathology of a gazelle that died during a major outbreak
of foot-and-mouth disease in Israel

A Berkowitza, T Wanerb, R Kingc, H Yadind and S Perle

INTRODUCTION
Foot-and-mouth disease (FMD) is a

highly contagious viral disease known
since the 16th century1. The disease
affects a wide variety of cloven-hoofed
animals. The disease is present in Israel
and sporadic outbreaks are dependent on
regional epidemiological circumstances9.
In most domesticated livestock 2 major
clinical manifestations are encountered: a
relatively benign form characterised by
mucosal vesicles and ulcerations, accom-
panied by a reduction in milk yield and
loss of appetite. This form is further char-
acterised by high morbidity and relatively
low mortality involving adult animals.
The other major manifestation is a malig-
nant form that usually affects young
animals, is characterised by extensive
necrosis in various tissues and is accom-
panied by high mortality3.

Among wildlife, as is often the case in
domestic livestock, naturally occurring
FMD is a relatively mild disease from which
animals recover in 1–2 weeks10. However

FMD disease can occasionally be devas-
tating to wildlife as has been documented
in South Africa in impala (Aepyceros
melampus)5 and in mountain gazelles
(Gazella gazelle gazelle) in Israel6. During
the spring and summer of 2007 a major
outbreak of FMD occurred among moun-
tain gazelles in northern Israel. Both
young and adult animals were affected.
In this outbreak the disease manifested as
the malignant clinical form, similar to a
previous outbreak in mountain gazelles
described in 19886. The present article

describes the pathological findings in a
gazelle that succumbed to FMD during
the outbreak in 2007.

CASE HISTORY
A male mountain gazelle was brought

to the wild animal quarantine clinic (Israel
Wildlife Hospital, Afek, Rosh Ha’ayin) in
a moribund condition and died a few
hours later. The FMD outbreak in which
this animal was involved occurred in a
nature reserve in the Ramot-Issachar
region and the lower Galilee highlands. A
total of 81 mountain gazelles (constituting
about 10–15 % of the population) with
suspected FMD were found; 46 of these
were dead and 35 were sick. Most of the
latter also succumbed.

At necropsy, ulcers of 2–5 mm in diame-
ter were found on the lips, gums, tongue
and oesophageal lumen. Severe hyperae-
mia and examples of sloughing of the skin
were seen on the coronary bands. On the
ruminal pillars, severe haemorrhage and
mucosal ulcers measuring 5–10 mm in
diameter were observed (Fig. 1). Chronic
cranio-ventral pneumonia was evident
with multifocal granulomatous foci.
Multifocal epicardial petechiae with
multifocal wide pale myocardial striation
(tiger heart) were present.
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ABSTRACT
Naturally occurring foot-and-mouth disease (FMD) in wildlife is a relatively mild condition
but occasionally it can be devastating as has been documented in impala in South Africa and
in mountain gazelles in Israel. This report describes pathological changes in an adult male
gazelle with FMD from an outbreak in the Nature Reserve of Ramot-Issachar region and the
lower Galilee in Israel. The outbreak was characterised by the malignant form of the
disease, which is uncommon among domestic animals. Lesions observed included,
ulceration in the oral cavity, oesophagus and ruminal pillars, coronitis, multifocal cardiac
necrosis and pancreatic necrosis and inflammation. Pneumonia, caused by Muellerius
capillaries was an incidental finding.
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Fig.1:Rumen from a gazelle with FMD: severe haemorrhage and mucosal ulcers measuring
5–10 mm in diameter.



Microscopical pathological findings
There was prominent multifocal necro-

sis and mineralisation of the cardiac mus-
cle fibres with foci of mineralisation
(Fig. 2). A few neutrophils were found
scattered in the necrotic foci. Degenera-
tive changes were present at the periph-
ery of the necrotic foci. In the pancreas
there was multilobular necrosis of exo-
crine acini as well as necrosis of endocrine
cells (Fig. 3). In most lobules only acinar
ducts could still be visualised. In the
remaining acini the exocrine cells ap-
peared to be smaller than normal with
scant cytoplasm and loss of zymogen
granules. Small to moderate numbers of
histiocytes, plasma cells and lymphocytes
and small numbers of neutrophils were
seen scattered throughout the pancreatic
tissue. Mild fibrosis and multifocal
petechial haemorrhages were also evi-
dent. Moderate amounts of fibrin and
oedema fluid were present in acini and
between lobules. There were scattered
foci of peripancreatic fat necrosis and
saponification. Bronchioalveolar pneu-
monia was characterised by diffuse infil-
tration of neutrophils and macrophages.
There was also diffuse alveolar oedema
with moderate active congestion in the
affected areas of the lungs. Intralesional
adult nematodes (Muellerius capillaris)
and their larvae and eggs were present in
the alveoli (Fig. 4).

The serotype of the FMD virus respon-
sible for the present outbreak was identi-
fied and classified by the FMD laboratory
of the Virology division of the Kimron
Veterinary Institute, Beit Dagan, Israel.
Tongue epithelium homogenate from the
necropsied mountain gazelle was cultured
for FMD virus on secondary pig kidney
cells and injected into newborn mice. The
virus type was identified by the ELISA
test as FMD type O18.

DISCUSSION
FMD is a disease affecting all cloven-

hoofed animals3. It is caused by a virus
that belongs to the genus Aphthovirus in
the family Picornaviridae. The virus can be
spread aerogenously, by fomites or by
animal products (especially bone marrow,
lymph nodes and viscera). It may survive
on hay and other fomites for several
weeks. Cattle, sheep, goats and the Afri-
can buffalo (Syncerus caffer) can remain
carriers for up to 2 years. Pigs are not car-
riers of the virus.

The virus enters and multiplies in the
pharynx and lungs, followed by viraemic
dissemination to surface epithelium with
subsequent lesion development at sites of
mechanical or physiological stress such as
oral and pedal epithelium and the teats of
lactating animals. The virus probably

gains entry to these areas via Langerhans
cells with replication in a contiguous
group of cells in the stratum spinosum3.
The result is cellular degeneration, lysis
and the formation of epidermal vesicles.
Characteristic lesions develop on the oral

mucosa, tongue, interdigital cleft and
teats. In cattle loss of weight and hyper-
salivation are also common signs. Other
clinical features include buccal hyperae-
mia and mild catahrral stomatitis, vesicle
formation on the lips, cheeks, gums, hard
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Fig. 2: Heart from a gazelle with FMD: myocardial necrosis with mineralisation without
inflammation. H&E stain.

Fig. 3:Pancreas from a gazelle with FMD:pancreatic degeneration and necrosis.H&E stain.

Fig. 4:Lung from a gazelle with FMD: focal granulomatous response with intralesional larva
and nematodes identified as Muellerius capillaris in alveolar space. H&E stain.
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palate, dental pad and rostral dorsum of
the tongue. Similar lesions were seen in
the case presented here. Primary vesicles
coalesce to produce 5–6 mm vesicles that
eventually rupture, ulcerate and may be
complicated by secondary infection.

In young animals, and occasionally in
adults, there is a tendency to develop the
malignant lethal form of the disease. This
includes necrotising myocarditis that
appears as pale, poorly-defined foci
within ventricular muscle (referred to
as tiger heart). Chronic lesions include
inflammation and scarring of the myo-
cardium.

Pancreatitic acinar necrosis, inflamma-
tion and regeneration is another manifes-
tation of the malignant form of FMD and
diabetes mellitus has been observed in
both experimental and natural disease1.
The virus is known to replicate in pancre-
atic cells of mice4,7.

This outbreak of FMD in 2007 was the
2nd documented in mountain gazelles.
As in the 1st outbreak adults commonly
developed the malignant form of the
disease, which is uncommon among
domestic and other wild animals6. Find-
ings in the 1st outbreak included myocar-
dial necrosis, interdigital and oral vesi-
culation, ruminal pillar ulceration and
pancreatic necrosis. The mortality rate
was high. The heart lesions seen in the

present case are typical of the malignant
form of the disease, frequently encoun-
tered in young animals. The same applies
to the muco-vesiculo-ulcerative lesions
which are frequently encountered in
adults with the malignant form. It is less
common to see both forms appear
simultaneously, especially in adults. The
changes seen in the pancreas correlate
with the fact that the virus has been dem-
onstrated to replicate in pancreatic cells
and its presence has been demonstrated
in experimentally-inoculated bovines2.
The infestation with lung worms is quite
frequently encountered among wild rumi-
nants and is usually acknowledged as an
incidental finding.

Outbreaks causing high mortality rates
in adult mountain gazelles, while the
virus exists endemically among domestic
animals, suggests that mountain gazelles
may be an especially vulnerable species
to FMD virus and may serve as a useful
indicator of the status of the virus in
endemic areas.
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