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Case report
Κλινικό περιστατικό

ABSTRACT: A female mouflon, weighing 40 kilograms, was submitted to the diagnostic laboratory of the Institute of 
Veterinary Medicine of Serbia for determining the potential cause of death. Necropsy revealed massive hemorrhages 
in subcutaneous andintermuscular tissue and on papillary muscle. Petechiae and ecchymoses were found on the omen-
tum, mesentery and adipose tissue of heart, kidneyand costal pleura.Haemorrhagic-necrotic enteritis in duodenum and 
jejunum was characterized by catarrhal hemorrhagic inflammation withthe presence of mucous and bloody content, 
whereas gas bubbles in the submucosa have also been confirmed. Bacterial cultures from sampled organs were iden-
tified as Clostridium perfringens type A, Clostridium septicum, and Clostridium sordelli.Based on the established 
pathological and histological changes and the results of the bacteriological, biochemical, and molecular examination, 
the state of septic shock and toxemia with disseminated massive bleeding was the immediate cause of mouflon death. 
The septic condition is a consequence of enterotoxemia caused by Clostridium perfringens type A, Clostridium septi-
cum,and Clostridium sordelliinfection.
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CASE HISTORY

In this paper, the case of concurrent infection by 
Clostridium perfringens tip A, Clostridium septi-

cum, and Clostridium sordelli in necropsied mouflon 
is described.

A female mouflon, weighing 40 kilograms, in 
good physical condition, was submitted to the diag-
nostic laboratory of the Institute of Veterinary Med-
icine of Serbia for determining cause of death. The 
female mouflon was originated fromthe hunting area 
ofthe city of Belgrade. According to the information 
obtained from the hunting organisation sudden death 
in mouflon was happened and recent more such cas-
es occurred frequently.For these reasons, samples of 
corn from the hunting feeders where the animals were 
fed were also previously sampled and tested micro-
biologically, chemically, and mycotoxicologically 
according to ISO standards.Obtained results met the 
criteria following national regulations.

After the necropsy, samples for histopathological, 
bacteriological, and molecular examination were tak-
en. The subcutaneous lymph nodes were slightly en-
larged resembling serous lymphadenitis. Bilaterally, 
in the subcutaneous tissue and the intermuscular con-
nective tissue of the femoral and cruris region, hemor-
rhagic suffusions and infiltrations were very extensive 
(Figure 1 (A)). In addition, subcutaneous and inter-
muscular hemorrhagic infiltrations were expressed in 
both the prescapular and subscapular regions, bilat-
erally. 

Petechiae and ecchymoses were found on the 
omentum, mesentery, adipose tissue of the kidney, and 
costal pleura. The esophageal mucosa was white, and 
beneath the mucosa there were three parasitic cysts 
observed, 3-5 mm in diameter, resembling Sarcocys-
tis spp. cysts.The lungs had a firm-elastic consisten-
cy. Numerous nodules, 1-3 mm in diameter, gray and 
yellow in the colour were observed in the lung tissue 
with signs of calcification, both subpleural and inside 
the lung parenchyma. Petechiae and ecchymoses were 
disseminated predominantly on the adipose tissue 
of the longitudinal and transverse sulci of the heart. 
Massive hemorrhages were noticed especially in the 
zone of the papillary muscle of the left ventricle (Fig-
ure 1 (B)). Massive hemorrhages with the formation 
of blood clot were found on the liver tissue nearby 
the gallbladder (Figure 1(C)). The spleen was slightly 
enlarged, with blunt edges. The forestomachs (rumen, 
reticulum, and omasum) were filled with content, 
composed of green mass- grass, leaves, and acorns. 
In the duodenum and jejunum,haemorrhagic-necrotic 
inflammation was noticed with the presence of mu-
cous and bloody content (Figure 1(D)).

Skeletal muscles, esophagus, small intestine, liver, 
spleen, lungs, and heart samples for histopathologi-
cal examination were fixed in 10% buffered formalin, 
processed by standard procedures, and embedded in 
paraffin blocks. Paraffin sections of tissue 5 μm thick 
were stained with hematoxylin-eosin (HE). Micro-
scopic examination of lung tissue revealed different 
stages of lungworms in which calcified forms of lar-

Figure 1. Macroscopic findings in mouflon at necropsy (A): Hemorrhagic suffusions and infiltrations in subcutaneous and intermuscu-
lar tissue of the femoral and cruris region, (B): Massive hemorrhages (arrows) on papillary muscle in left ventricle, (C): Hemorrhages 
on the liver tissue nearby gallbladder, (D): Necrotic-haemorrhagic inflammation of small interstine, with the presence of mucous and 
bloody content(inset).
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vae were present. Granulomas were surrounded by a 
large number of macrophages, lymphocytes, neutro-
phils, and eosinophils that were densely packed. Mild 
chronic catarrhal inflammation with the presence of 
mucous exudate as well as inflammatory cells was 
present in the lumen of the bronchi and bronchioles. 
In the liver tissue, microvesicular degeneration was 
observed. Additionally, disseminated necrotic foci 
were infiltrated by basophilic bacilliform bacteria. In 
the heart, hemorrhages were widespread in subepi-
cardial and subendocardial tissue. In kidneys,tubules 
were dilated and with necrotic and vacuolated epithe-
lium. Massive bleeding was present in the spleen, and 
a significant follicular lymphoid depletion was ob-
served, as well(Figure 2 (A)). Massive bleeding was 
observed in skeletal muscle tissue as well as parasitic 
cysts, which were resembled as Sarcocystosis spp. 
cysts. Necrotic enteritis was characterised by slough-
ing of intestinal villi. The presenceof gas bubbles 
was indicated in the submucosa (Figure 2 (B)). In the 
esophagus on pathohistological examination, an oval-
shaped cystic parasite was observed.

Keeping in mind that hemorrhagic diathesis was 
very prominent, it was decided to perform real-time 
RT-PCR for the presence of bovine viral diarrhea vi-
rus (BVDV) in parenchymatous organsas previously 
described (Hoffmann et al., 2006). The result was 
negative for the presence of the BVDV genome.

For bacteriological examination, the altered parts 
of the skeletal muscles with subcutaneous tissue, liv-
er, spleen, and small bowel with the content were col-
lected. The samples were inoculated on Kitt-Tarozzi 
broth and Columbia agar (HiMedia) supplemented 

with 6% ovine blood under aerobic and anaerobic 
conditions for 48h at a temperature of 37°C. The 
isolated bacteria were preliminarily identified using 
rоutine techniques (Quinn et al 2011a, Hall 2016) 
followed by, biochemical characteristics with BBL 
Crystal Anaerobe ID (Becton Dickinson, USA) and 
molecular examination by PCR according to the pro-
tocols previously described (Sasaki et al., 2002; Van 
Asten et al., 2009). Bacteriology procedures revealed 
negative isolation for aerobic bacteria, while anaerobe 
isolates were further determined based on morpholog-
ical, cultural, physiological characteristics and PCR 
assays. Bacterial cultures fromskeletal muscles and 
small intestinal samples were identified as Clostridi-
um perfringens type A, while liver and spleen samples 
revealed presence of Clostridium perfringens type A, 
Clostridium septicum, and Clostridium sordelli.

DISCUSSION
Mouflons are one of the most prized game in Ser-

bia, which was imported and inhabited a lot due to the 
growing trend of sport hunting. Due to similar climate 
and terrain, mouflons are imported from Slovenia and 
the Czech Republic. It is estimated that the number 
of mouflons in Serbia is 1221 individuals, according 
to the latest reports of the Republic Statistical Office 
of the Republic of Serbia in 2019 (Statistical Office 
of the Republic of Serbia, 2019). Some publications 
suggest that mouflons are affected by the same bac-
terial, viral and parasitic diseases as sheep (Takats, 
1992). In Serbia, as in others countries, there aren’t 
too many studies related to the diseases of mouflons, 
especially concerning pathology and bacterial dis-
eases. In addition to parasitic diseases that are very 

Figure 2. Pathohistological examination (A):Bleeding in the spleen with presence of follicular lymphoid depletion, (B): Necrotic en-
teritis with presence of gas bubbles in submucosa
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common in wild animals as well as mouflon, mou-
flons are very sensitive to many parasites including 
genus Muellerius spp., Trichostrongylus spp., Fasci-
ola spp. and Dicrocoelium spp. These parasites cause 
health problems, deaths, and consequently producing 
economic losses (Bliss, 2009). Infections caused by 
Clostridium perfringens have a significant role, as 
well. Clostridium perfringens type A, C. sordellii, C. 
septicum, C. chauvoei, and C. novyi type A have an 
impact on the etiology of gas gangrene in sheep (Silva 
et al, 2016). Clostridium septicum is the cause of gas 
edema and necrotic abomasitis (braxy). Clostridium 
sordellii is one of the microorganisms responsible for 
wound infection in sheep and other susceptible ani-
mals, development of malignant edema, and the eti-
ological factor in the development of acute toxemia. 
Clostridium septicum is one of the most commonly 
isolated bacteria while Clostridium perfringens type 
A and Clostridium sordellii are less frequently isolat-
ed. Due to the possibility of post mortem invasions, 
isolation of Clostridium sordellii alone is not relevant 
for confirming the cause of death (Beveridge, 1983). 

Clostridium species are evident inhabitants of in-
testinal tract of mouflon as well as other ruminants 
(Sipos et al., 2003).Endogenous infection is the most 
common cause of death, but infection can also occur 
due to ingestion of contaminated feed and water (Pop-
ova et al, 2007). Clostridium septicum is an ubiqui-
tous microorganism that in conditions of immunode-
ficiency can lead to endogenous infection (Srivastava 
et al., 2017). Since no traces of skin discontinuity 
were found on the necropsied mouflon, we concluded 
that the infection was caused by ingestion of water 
orfeed from soil outside the hunting feeders contam-
inated with corpses or plants in a rotting process that 
creates conditions conducive to the growth of these 
bacteria. However, results ofmicrobiological, chem-
ical, and mycotoxicological analyses of corn met the 
criteria following national regulations. On the other 
hand, we cannot exclude the possibility of contami-
nation of the other feed such as acorn and leaves from 
the forest which was consumed by mouflons in the 
hunting area. In addition, in some parts of the hunting 
area, according to the report of local veterinarians and 
hunters, puddles of water were also noticed. In such 
places, water can be a suitable medium for clostridia 
survival and their proliferation, as well as for other 
bacteria.Intake of such water contaminated by spores 
can be a source of clostridial infection of mouflons.
Additionally, fecal contamination has a major role 
in transmitting this bacteria.Bacteria from the genus 

Clostridium survive longer in soil with a neutral and 
alkaline reaction, and precisely such soil is found 
during the winter or relatively colder seasons (Todor-
ov et al., 1998). Necropsied mouflon was found in a 
food-rich region, with large amounts of grass and hay, 
leading to increased food intake, resulting in slowed 
peristalsis and creating anaerobic conditions in the 
intestines which favorthe multiplication of clostridia 
and consequently the development of enterotoxemia.

Massive hemorrhages can be explained by the 
high potential of toxins produced by Clostridia. 
Clostridium perfringens type Aproduce a toxin with 
lecithinase activity that hydrolyzes the phospholipid 
bilayer of the cell membrane. The effect of alpha-tox-
in in the body is hemolytic, leukocidal, increases the 
permeability of capillaries, and leads to damage to 
the plasma membrane of muscle cells (Quinn et al., 
2011b).The C.septicum α-toxin is a lethal and necro-
tizing pore-forming cytolysin (Ballard etal., 1995). 
A range of effects that α-toxin has on the target cell 
includes lytic and vacuolating properties (Wichros-
ki etal., 2002). Synergistic effects of different toxin 
types can explain very prominenthemorrhagic diathe-
sis observed in this case.

It is known in the literature that parasitic infections 
are very common finding in mouflons. In one study in 
Hungary (Andras, 2003) out of the 154 mouflons ex-
amined, 93.5% had various parasitic infections. Par-
asitic infections in small ruminants can be associated 
with respiratory disturbances (Mansfieldet al.,1993) 
as well as secondary bacterial infections of the lungs 
(Kontrimavichus et al., 1976a). These infections are 
accompanied by a decrease in body weight and pro-
ductive results, reduced number of offspring as well 
as abortions and neonatal death (Kontrimavichus et 
al., 1976b). In the present case, we could only hy-
pothesize that parasitic infections have influenced the 
course of the clostridial disease, without the chance of 
its confirmation.

Based on the established pathological changes and 
the results of the bacteriological, biochemical, and 
molecular examination, the state of septic shock and 
toxemia with disseminated massive bleeding were the 
immediate cause of mouflon death. The septic con-
dition is a consequence of enterotoxemia and malig-
nant edema caused by Clostridium perfringens type 
A,Clostridium septicum,and Clostridium sordelliin-
fection.
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