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INTRODUCTION
Morbidity and mortality rates vary but can be as high as 100 and 

90 percent. these highly contagious viruses include measles, canine 
distemper, rinderpest, peste des petits ruminants, phocid distemper 
and cetacean morbillivirus (2). Peste des petits ruminants virus 
(PPrV) primarily infects sheep and goats (3). the official French 
name Peste des petits ruminants (PPr) or ovine rinderpest is also 
known as kata, pseudorinderpest, pneumoenteritis complex and 
stomatitis-pneumoenteritis syndrome (4). the clinical manifestations 
of acute cases include high fever, depression, anorexia, ocular and 
nasal discharge, pneumonia, stomatitis and severe diarrhea (5). 
Morbidity and mortality rates vary but can be as high as 100 per 
cent, respectively (6). as seen in other morbillivirus infections, 
PPrV requires close contact between infected and susceptible 
animals for the spread of the disease where indirect contamination 
is hardly identified (4). 

the disease, described firstly in West africa in 1942 (7), was 
reported mostly in african countries (8, 9, 10, 11) and in Middle 
East (12, 13), South asia (14, 15, 16), Central asia (17) and in the 
arabic peninsula (18). its first presence was determined by alcigir 
et al. (19) in turkey. Following that PPr spread through turkey 
in last decade at an alarming rate. the aim of this study was to 
evaluate clinical, histopathological, immunohistochemical findings, 
contamination, spread and prophylactic measures of PPr infection 
and the possible causes of the mortality rates for the different ages 
in a flock of 525 sheep in Erzurum, turkey.
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 ABSTRACT
the aim of this study was to evaluate clinical presentation and mortality rates, post mortem findings, histopathological 

and immunohistochemical patterns, route of contamination and prophylaxis of peste des petits ruminants virus (PPrV) 
infection in a flock of 525 sheep. on clinical examination a high body temperature, coughing, lachrymal and nasal discharge, 
stomatitis aphtosa and diarrhea were present. Gross post mortem examination revealed ulcerative stomatitis, interstitial 
pneumonia and acute catarrhal enteritis. inclusion bodies were observed in labial tissues on histopathological investigation. 
Cells of the lung, intestine and labial tissues containing PPr viral antigens were observed using immunohistochemical 
technique by the streptavidin-biotin-peroxidase method. Mortality rate in suckling lambs was much higher (100%) than in 
young (24%) and adult (5%) sheep. 
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MATERIAL AND METHODS
Animals

Widespread mortality in a farm of 525 sheep was referred 
to the department of Veterinary internal Medicine in Erzurum 
province, turkey. the diseased animals were suspected of 
suffering from PPr due to the presentation with clinical 
symptoms of fever, stomatitis, pneumonia with lacrimal and 
nasal discharge, and diarrhea. 

Pathological and immunohistochemical procedures
Five sheep were randomly selected to be necropsied. a 

detailed necropsy was carried out at the Veterinary Control and 
research institute in Erzurum, turkey. tissue samples of lung, 
liver, labial skin, buccal mucosa, and intestine were preserved 
in 10% buffered formalin, processed by routine histological 
methods (Shandon Citadel 1000 autotechnicon) and embedded 
in paraffin blocks. Sections were cut at 5-6 µm for staining and 
examination. Mallory’s triple, hematoxylin eosin (HE) and 
immunohistochemical staining were performed. 

PPr positive cells were detected by immunohistochemistry 
using the streptavidin-biotin-peroxidase method (dako, rEal 
detection System, dako North america inc., California, 
USa). For this method, tissue samples were deparaffinized in 
xylene and rehydrated through a decreasing series of ethanol 
concentrations. the sections were then incubated with 3% 
H2o2 in order to block endogenous peroxidase activity. tissue 
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Figure 1. PPrV positive cells in stratum spinosum layer of 
labial skin. a) inclusion bodies both intranuclear (arrows) and 
intracytoplasmic (arrow heads). B) PPrV immunopositive 
cells (arrow heads). Streptavidin-biotin-peroxidase method + 
daB chromogene. X625.
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sections were digested with proteinase K (0.1%), and incubated 
with a rabbit anti-rinderpest antibody at a dilution of 1:100, 
and biotinylated secondary antibody (dako-rEal EnVision 
HrP rabbit/Mouse Kit-K5007). Subsequently, sections were 
incubated with streptavidin-HrP and binding sites of antibody 
were visualized with aminoethyl carbazole chromogen (aEC) 
or 3,3’-diaminobenzidine (daB). Sections treated with aEC 
and daB were covered by GVa mounting solution (Zymed® 
laboratories; Catalog no: 00-8000) and entellan, respectively. 
Preparations were examined and photographed using a leica 
dM 3000 research microscope equipped with a digital camera. 
the binding of antibody was evaluated under high-power 
examination.

RESULTS
Clinical findings 

Most of the dead animals showed signs of diarrhea with 
perianal staining. dehydration, high body temperature (greater 
than 40°C), weakness, recumbence, mucopurulent nasal and 
ocular discharges were observed in affected animals. Harsh 
vesiculo-bronchial sounds were detected during auscultation. 
Ulcerative necrotic lesions were observed around tongue, 
gum and labial regions. the most prominent findings were 
a high rate of mortality in the flock. it was determined that 
PPrV infection caused deaths in 86 of 525 sheep (16%) in 
the flock (table 1). the office of animal health and control 
in Erzurum province was informed and preventive measures 
were immediately taken according to the law. 

Table 1. Mortality rates in the flock
 Age group  No. of animals Mortality (%)

 adult (over one year) 355 18 (5)

 Young (3-12 months) 134 32 (24)

 Suckling (Below 3
 months) 36 36 (100)

 total 525 86 (16)

Necropsy findings 
on necropsy mucopurulent nasal discharge and crusts were 

present around the nostrils and the surface appeared ulcerative 
and hemorrhagic. lesions of the oral cavity were localized 
to surfaces of the tongue, lips, and soft and hard palates and 
consisted of gray to yellow pseudomembraneous foci. the 
tonsillar surfaces were covered by fibrinous exudates and 
plaques. the lungs showed edema, hepatization and bronchial 
exudates. lung lobes were consolidated and hemorrhagic. the 
intestinal mucosa was congested and covered with mucous. the 
Peyer’s patches were hemorrhagic and necrotic. Hyperemia 
and ecchymosis of the abomasum and intestines were present. 

Histopathology and Immunohistochemistry 
Histopathologic changes were present in the buccal 

mucosa and tongue and tissues of intestine, lung, and liver. 
Prominent histological findings included necrosis of the 
buccal mucosa and crypts of small intestines. intranuclear and 
intracytoplasmic inclusions were present in the epithelium of 
the stratum spinosum in labial skin (Figure 1a). accompanying 
the necrosis of the epithelium and crypts there was an infiltration 
of plasma cells and mononuclear cells in the lamina propria. 
Hepatocyte degeneration and vacuolization accompanied by 
and lymphocyte and eosinophil granulocyte aggregation in 
portal spaces were in evidence. additional findings included 
intense hyperemia and petechial hemorrhage in regions of 
the lung, degenerative changes in the alveoli, dilatation and 
eosinophil granulocyte infiltration into alveolar septum, 
lymphocyte accumulation about the lung arterioles, exudates 
in bronchi and bronchioles and eosinophils infiltration in the 
lymphoid tissue about the bronchi. Furthermore fibrocytic 
proliferation along with interstitial pneumonia was present. 

immunohistochemically, cells containing PPr viruses 
were seen as a brown color by daB stain within the labial skin 
(Figure 1b) and as a red color by aEC stain within the intestine 
(Figure 2) and lung tissue (Figure 3a and 3b) by the streptavidin-
biotin-peroxidase method. Positive control PPr skin, lung and 
intestinal tissues by rt-PCr were used along with negative 
controls from five healthy animals. the cells containg PPr 
viral antigens were determined as immunopositive in the 
stratum spinosum layer of the skin (Figure 1b), in the villi and 
crypts of the intestine (Figure 2), in mononuclear cells of the 
lamina propria and solitary or aggregate lymph follicles of 
intestines and in epithelia of bronchi and bronchioles and in 
the interalveolar septum of the lung (Figure 3a and 3b).
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Figures 2 A and B. PPrV immunopositive reaction in villus 
and cripts of intestines (arrow heads). Streptavidin-biotin-
peroxidase method + aEC chromogene. X275.
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DISCUSSION 
PPr was thought to be confined to West africa for 30 years 

(7). Subsequently, this devastating viral disease of sheep and 
goats was encountered as endemic in west and central africa 
(8), in the north-east of the continent, Kenya and Uganda 
(9), Sudan (10) and Ethiopia (11). the disease has also been 
reported in iran (12), lebanon (13), Bangladesh (14), india 
(15), Pakistan (16), tajikistan (17), Saudi arabia (18), and 
Jordan (20) in the Middle East, arabian Peninsula and South 
and Middle asia. the disease was first described in turkey in 
lambs by alcigir et al. (19) and has further been reported in 
different parts of the country (21, 22, 23, 24, 25, 26, 27). ozkul 
et al. carried out a survey showing that PPrV was present in 
22.4% of sheep and goats in 18 different regions throughout 
turkey (3). it is possible that this disease has been endemic 
for decades in certain regions of turkey. Up to now, PPr cases 

from the Erzurum province of turkey are rare where one of 
the highest populations of farm animals exists and where many 
diseases are known to be encountered. 

With lymphotropic and epitheliotropic feature, PPr virus 
induces the most severe lesions in organ systems rich in 
lymphoid and epithelial tissues. the entry of the virus is likely 
via the respiratory route. replicating in lymph nodes, viremia 
develops in 2-3 days after infection and in 1-2 days before the 
first clinical sign appears. the spleen, bone marrow, gastro-
intestinal tract and the respiratory system are affected through 
the dissemination of the virus (8). Clinical symptoms of PPr 
infection have been reported by various investigators (5, 17, 
28). in this report, all diseased animals suspected of PPr 
presented clinically with nasal and ocular discharge, necrotic 
lesions around tongue, gum and labial regions, pneumonia and 
enteritis. the clinical signs and high mortality rate in the flock 
directed the clinicians to a tentative diagnosis of PPr infection. 
to date the detection of PPrV by immunhistochemical methods 
has only been found from abattoir material (29). Up to this 
time no immunhistochemical positive confirmed clinical cases 
have been detected from the field. 

in this study post mortem findings included ulceration 
and necrotic lesions in mouth, gingiva and labial mucosa 
were observed accompanied by hyperemia and ecchymosis 
in abomasum and intestinal epithelium. roeder et al. (30) 
emphasized that the pathology caused by PPr is dominated by 
necrotizing and ulcerative lesions in the mouth and the gastro-
intestinal tract. Findings of pneumonia were also seen in lungs 
with bronchial exudates, edema and hepatization. 

PPr is related to rinderpest (rP) virus of cattle (31). Small 
ruminants can be infected with rP virus and PPrV. differential 
diagnosis is difficult due to the similar pathology of the two 
related diseases. However in clinical practice the post-mortem 
findings of pneumonia are important for the differential 
diagnosis of PPr. lung lesions are not seen in rP (32) and 
animals rarely develop significant pneumonia (33). 

Pathognomonic findings for PPr are reported as 
multinucleated syncytial cells in alveolar lumina with the 
presence of intracytoplasmic inclusion bodies in epithelial cells 
of the bronchi and bronchioles, together with mucosal lesions 
in the oral cavity (34). However in some animals with PPr, 
syncytial cells or inclusion bodies may not be observed in oral 
or pulmonary tissues while erosive-ulcerative stomatitis and 
bronchopneumonia are present (22). Yener et al. (23) observed 
the absence of inclusion bodies and explained this absence by 
the fact that animals had survived the acute phase of PPr and 
were in the recovery phase. Furthermore, alveolar syncytial 
cells are seen in some viral diseases such as parainfluenza-3 
and respiratory syncytial virus (34, 35). it can be noted that, in 
such cases, the immunohistochemical detection of PPr viral 
antigen is of greater value. Scott (35) stresses that clinical and 
post mortem findings may be sufficient for the diagnosis of 
PPr in endemic areas, but histopathological examination and 
isolation of virus are essential in hitherto unaffected areas or 
areas in which outbreaks occur sporadically. in the present 

Figures 3 A and B. Positive reaction in lung tissue (arrow 
heads). Streptavidin-biotin-peroxidase method + aEC 
chromogene. X275.
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cases, inclusion bodies both intranuclear and intracytoplasmic, 
and immunohistochemical confirmation was obtained from a 
wide variety of tissues thus confirming the diagnosis of PPrV. 

PPr may be observed with an history of recent movement 
or gathering of sheep/goats for housing and feeding, 
introduction of recently purchased animals, contact in a flock 
that had been sent to market but returned unsold, contact with 
trade or nomadic animals through shared grazing, water and/or 
housing or changes in weather conditions such as the onset of 
the rainy season (6). taking these factors into account, in the 
present case, a recent history of congregation of some sheep 
without following quarantine periods for housing and feeding 
had occurred on this farm and the fact that PPr had not been 
encountered on the farm until these events. therefore, it 
is possible that the sheep may have been infected by sheep 
originating from another province. therefore it needs to be 
stressed that animal movement needs to be strictly controlled. 

PPr virus is rapidly inactivated by solar radiation and 
desiccation. transmission of the infection is likely to occurr 
by direct contact with the infected animals or their excretions 
or secretions (17). Close contact is the most important method 
of transmission where discharges from eyes, nose, mouth and 
feces contain large amounts of the virus (30). in this case 
presented here, the animals were rearing in half-open feedlots 
and all animals were keep in close contact with each other. 
taylor et al. (36) found that the virus is thermally stable in 
degrees of -20, 4, 37 and 56Co in period of 24.2, 9.9, 3.3 and 
2.2 days, respectively. additionally, PPr has been mostly 
reported during rainy and winter seasons in subtropical areas 
(37). Consistent with the previous reports, the outbreak 
occurred in the month November during which rainy and 
cooler temperature predominate in Erzurum, turkey. 

Morbidity and mortality rates in infected regions can be 
as high as 100 per cent. in endemic areas these levels are 
typically lower (30). levels of naturally or acquired immunity 
mostly influences the wide range of reported values as well as 
differences between species (sheep or goats) and production 
systems (28, 38). the susceptibility of young animals to the 
infection has been shown to be very high at 3 to 18 months 
of age with a more serious infection compared to adults or 
suckling animals (36). New born animals become susceptible 
to PPr infection at three to four months of age (39). Contrary 
to these reports, mortality rate in the present cases was 100% 
in suckling lambs, under 3 months of age. Furthermore there 
have been reports of different morbidity and mortality rates 
in outbreaks emphasizing higher mortality rates in suckling 
animals compared to young and adults animals (40). Control 
programs for PPr in endemic areas are mainly performed by 
vaccination (41). the vaccine is not dangerous at any stage 
of gestation and induces the production of colostral anti-
PPr antibodies that have been found in sucklings for up to 3 
months of age (38). the passive transfer of immunoglobulins 
is only possible in sheep/goat reared in endemic regions by 
through those animals which were vaccinated. indeed, das et 
al. (14) mentioned that mortality rate is higher in age group 

of 5-8 weeks in Bengal goats. in the present study, adult 
animals without previous exposure to PPrV infection or 
vaccination did not have any colostral anti-PPr antibodies. 
additionally, PPrV causes marked immunosuppression 
though lymphopenia thus reducing early antibody response to 
both specific and nonspecific antigen (42). thus, the authors 
presume that the high mortality rate detected in the sucklings 
is mostly associated with immature immune defense system 
at that age and the lack of passive transfer of the antibodies. 
the high mortality may also be explained by such factors 
such as animal breed, age, season, and management, etc. the 
lower mortality rates seen in adults may be due to a decreasing 
susceptibility with age.

in conclusion, PPr infection is being encountered more 
frequently in recent years. the most important factors for 
infection are infrequent vaccinations and congregation of 
animals with observing quarantine periods. it is important to 
note that suckling animals under 3 months of age are more 
susceptible to PPr infection especially in a flock without prior 
exposure to PPrV or vaccination. 
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