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INTRODUCTION

Peste des Petits Ruminants (PPR) is a contagious disease 
of goats and sheep caused by PPR virus (PPRV), a 

member of genus morbillivirus of family Paramyxoviridae. 
The disease is characterized by fever, stomatitis, diarrhoea, 
pneumonia and sometimes death (Gargadennec and La-
lanne, 1942). The disease has a major economic importance 
listed in OIE and mainly reported from Africa, Middle 
East and Indian Subcontinent. It is a major hurdle in small 
ruminant farming owing to its mortality and loss in pro-

duction there by affecting livelihood of small and marginal 
farmers. 

In India, PPR was first recorded in 1987 from Tamil Nadu 
(Shaila et al., 1989) and it continued to be reported only 
from the Southern India until 1994. Later on, number of 
PPR outbreaks were reported from the northern states of 
India (Nanda et al., 1996) with a solitary report in Indian 
buffalo in southern state (Govindarajan et al., 1997). Now, 
PPR is enzootic in India, and outbreaks occur in sheep and 
goats regularly throughout the year. It is a major constraint 
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in small ruminant production incurring huge economic 
losses (estimated to be INR 1,800 million (US$ 39 mil-
lion)) annually in terms of morbidity, mortality, produc-
tivity losses with trade restriction (Venkataramanan et al., 
2005).

For the effective control of PPR, there is a need for base 
line epidemiological data on the disease prevalence in pop-
ulation, accurate diagnostic methods, and effective and 
timely vaccination of the susceptible population. Institute 
of Animal Health and Veterinary Biologicals (IAH & VB) 
is a premier research Institute under Karnataka Veterinary, 
Animal and Fisheries Sciences University (KVAFSU), Bi-
dar in the state of Karnataka involved in production of vac-
cines, investigation of disease outbreaks besides carrying 
out basic research in the field of veterinary health. The state 
is under regular vaccination programme against the dis-
ease since 2005 and pulse polio mode of vaccination under 
national control programme on PPR (NCP-PPR) from 
2011. In spite of vaccination, outbreaks of PPR are being 
reported sporadically in some pockets of the state. Thus 
the current study was undertaken to investigate outbreak 
status in the state due to the efficiency of the vaccine and / 
or vaccination and also to describe the epidemiological and 
virological investigations of the confirmed sporadic PPR 
outbreaks reported in different parts of Karnataka state of 
India during 2014-2015 based on the virus isolation and 
detection of antigen, antibody, and genome of the PPRV 
in the clinical samples collected during the outbreak inves-
tigations.

Figure 1: PPR affected animals showing 
A) Post-mortem lesions streaks of congestion and haemorrhages 
(Zebra marking) on the mucosal folds of intestine; B) Necrotic 
ulceration/stomatitis with bran like deposits in the oral cavity; 
C) Ulceration and bleeding in the gums

MATERIALS AND METHODS

Epidemiological Observations
The outbreaks of PPR occurred in different villages of the 
state in local breeds of goats and sheep aged between three 
months to three years. All the affected animals in the flocks 
were showing symptoms of PPR. Clinical signs observed 
included anorexia, high fever, discharge from the nostrils, 
coughing, sneezing or wheezing, respiratory distress, sali-
vation, ulcerations on gums, dental pads, diarrhoea or se-
vere diarrhoea and death (Figure 1). In some cases even 
abortion was noticed in pregnant animals. The post-mor-
tem lesions were characterized by inflammatory and ne-
crotic lesions in the oral cavity and throughout the gas-
trointestinal tract. The carcass was often emaciated and/or 
dehydrated, and had the evidence of diarrhoea and serous 
or mucopurulent oculo-nasal discharges. Hemorrhagic 
streaks and erosions were common in the intestinal tracts 
(Figure 1). “Zebra stripes” or “tiger stripes” of congestion, 
haemorrhage or darkened tissue were seen in the posterior 
part of the colon on the mucosal folds. The lymph nodes, 
particularly those associated with the respiratory and gas-
trointestinal tracts were generally congested, enlarged and 
oedematous. 

Clinical Materials
Clinical samples were collected or received through veter-
inarians from the twelve different outbreaks in goats and 
sheep by the disease investigation team or regional labo-
ratories and were subjected for laboratory investigations 
during the period from October, 2014 to December, 2015. 
Clinical samples such as blood, serum, nasal / oral / ocu-
lar / rectal swabs and post-mortem samples namely spleen, 
lymph nodes, lung, liver etc., were collected from affected, 
non-affected or in contact and dead animals with different 
age groups during the investigation (Table 1).

ELISA and RT-PCR Assays 
All the clinical samples were initially screened by sand-
wich ELISA (s-ELISA) (Singh et al., 2004a) and reverse 
transcription polymerase chain reaction (RT-PCR) assays 
for the detection of PPRV antigen and its genome respec-
tively. The total RNA was extracted from clinical materi-
als by using RNA easy kit (RNeasy®Minikit Qiagen Inc, 
Valencia, CA, USA), and RT-PCR was performed using 
Qiagen Revert Aid First Strand cDNA Synthesis Kit 
for first strand synthesis and subsequently PCR was per-
formed using virus specific reported primer sets (Forsyth 
and Barrett, 1995; Couacy et al., 2002; Balamurugan et al., 
2006) using PCR Master mix reagents (Qiagen Inc, Va-
lencia, CA, USA). The serum samples were tested for the 
presence of PPRV-specific antibodies by using competitive 
enzyme-linked immunosorbent assay (c-ELISA) kit from 
Indian Veterinary Research Institute (Singh et al., 2004b).
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Table 1: Epidemiological details of the samples and their test results screened for Peste des Petits Ruminants virus antigen, 
genome and antibodies 

Name of the village, 
Taluk and District 

Species
affected 

Mor-
bidity

Mor-
tality

Case 
fatality 
rate 

Clinical specimens
collected

No. of 
samples 
screened

No. of samples positive in Isola-
tion 

sELISA cELISA RT-PCR

Devamachahalli, Tav-
arekere Hobli, Banga-
lore South Taluk

Sheep
(Bannur 
Breed)

44 36 81.81 Nasal/ Faecal 
swabs

4 4 - 4 +

Dyavasandra, 
Hoskote Taluk Taluk, 
Kolar District

Sheep 20 6 30 Nasal / Faecal / 
Oral swab Serum, 
Spleen, lymphnode

8 8 5 8 -

Agasavalli-Hosur 
Village, Shimoga ta-
luk, Shimoga District

Sheep 32 16.6 52.08 Nasal swab
Blood
Serum

3 2 1 2 -

Gubbi, 
Gubbi Taluk, Tumkur 
District

Sheep 26.66 16.66 62.5 Lung, Liver
Heart, Kidney In-
testinal Content

2 2 - 2 -

Kolnadu, Bantwal 
Taluk, Dakshin 
Kannada

Goats 10 5 50 Nasal Swabs
Buccal swabs
Rectal swabs

5 5 - 5 -

Brammasandra, Sira 
Taluk, Tumkur*

Goat - - - Heart, Liver 
Lung, Kidney
Intestine

5 1 - 1 -

Sira Taluk, Tumkur 
District*

Sheep - - - Nasal swab 1 1 - 1 -

Tumkur,  Tumkur 
District

Sheep 28.57 14.2 50 Nasal swab
Serum 

3 3 1 3 -

Avverahalli village, 
mandya Taluk, Man-
dya District

Sheep 30 5 16.66 Bloood
Nasal swabs
Spleen
Lymph nodes

4 4 - 4 +

Ganjigunte village, 
Sidlaghatta taluk
Chikballapur District

Sheep 25 0 0 Nasal swab
Rectal swab

2 2 - 2 -

Shivajinagar, Banga-
lore Urban

Goats 43.75 6.25 14.28 Blood
Nasal swab
Rectal swab

2 2 - 2 -

Kaggalipura village, 
Bangalore South Ta-
luk, Bangalore Urban 
District

Sheep 9 3.38 37.5 Blood, nasal/fecal 
swabs Mesenteric/ 
Mediastinal lymph 
nodes, lung samples

3 3 - 3 -

*Case history was insufficient to calculate Morbidity, Mortality and Case Fatality rates
+ Virus was successfully isolated and confirmed by RT-PCR and s-ELISA.

Virus Isolation 
For virus isolation, swabs were collected in five ml of sterile 
Minimum Essential Medium with Earle’s salts (GIBCO, 
Invitrogen) containing penicillin (100 IU/ml) and strep-
tomycin (100 µg/ml). The samples which were otherwise 
positive by s-ELISA, were freeze thawed thrice and select-
ed for virus isolation. Samples from same village and spe-
cies were pooled and filtered using 0.45 μm syringe filter. 
One to 1.5 ml filtrate was inoculated onto Vero cell mon-
olayer (80 per cent confluent) by pre-adsorption method. 
Cells were incubated at 37°C for one hour with intermit-

tent shaking to allow adsorption of virus. The virus inocu-
lum was then decanted and the infected cells were washed 
with Minimum Essential Medium (MEM) (serum free) 
and added with maintenance medium (2 per cent foetal 
calf serum with MEM) for further incubation at 37°C for 
6-8 days with change of maintenance medium on alternate 
days. The monolayer was regularly observed for the ap-
pearance of cytopathic effects (CPE) and passaging of the 
virus continued until visible CPE observed in the infect-
ed cells. To investigate the specificity of the isolated virus, 
RT-PCR was performed on cell culture adapted isolates as 
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described earlier. 

RESULTS AND DISCUSSION

The results of clinical materials (Table 1) revealed that 
most samples from each of the outbreaks {the location of 
which is depicted in an earth map with geo coordinates 
(Figure 2)} were positive for PPRV antigen or its genome 
when tested by s-ELISA and RT-PCR assays (Figure 3). 
Further, the PPRV was successfully isolated from a few 
clinical specimens in Vero cells at passage level 4 to 6 at 
5-6 days post infection (dpi) showed Characteristics CPE 
(Figure 4). The morbidity, mortality, and case fatality rates 
of disease in different outbreaks are set out in Table 1. Se-
rum samples showed varying percentage inhibition from 2 
to 75 for PPRV antibodies by c-ELISA.

PPR is endemic in India, with seroprevalence and mortal-
ity rates of 30–45 and 15–30 per cent respectively. Out-
breaks are more common in sheep in South India and in 
goats in North India (Venkataramanan et al., 2005; Bala-
murugan et al., 2012). Karnataka state is situated between 
latitudes 11º 40’ and 18º 27’ and longitudes 74º 50’ and 78º 
33’ in the centre of western peninsular India. It covers an 
area of 19.1 million hectares (Mha) and accounts for 5.8 
per cent of the country’s total geographic area. The disease 
is reported in the state since 1998 affecting large number 

of small ruminants during 2002 to 2006 (Hegde et al., 
2009). Then onwards due to regular vaccination, the dis-
ease is on the phase of decline. Although the clinical signs 
and post-mortem findings are sufficient for tentative diag-
nosis of PPR in the endemic areas, yet the laboratory tests/
assays is essential for definitive confirmatory diagnosis. The 
clinical signs, post mortem findings and epidemiological 
observations clearly indicated the presence of PPR virus in 
the outbreaks investigated.

Figure 2: Google Earth map showing the location of outbreaks 
with geo coordinates carried out by using QGIS 4.12 version 
software

Figure 3: Detection of PPRV genome by RT-PCR using F (Lane: 3-6), NP1/NP2 (Lane: 7-10) and NP3/NP4 (Lane: 12-15) set 
of primers. Lane 1: Negative control; Lane 2: No template control and Lane 11: DNA 100bp ladder Marker
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Although, the origin of the disease could not be traced 
and exact source of the infection could not be ascertained, 
movement or introduction of animals purchased from the 
live market without proper vaccination details, history 
and failure to implement strict quarantine measures was 
attributed in many of these outbreaks. In most of these 
outbreaks, it was also observed / revealed that the ani-
mals were not vaccinated against the disease due to lack of 
awareness among the farmers. Similar sources of the dis-
ease have been implicated before (Muhammad et al., 2009; 
Muse et al., 2012). Movement of animals among the places 
is a common factor in animal trading. Subsequent contact 
of infected animals under transport stress might be the key 
factor leading to an outbreak. 

Figure 4: PPRV isolate (passage 6) infected Vero cells showing 
characteristic cytopathic changes (CPE) such as rounding and 
syncytia with degenerative changes on day 5 post-infection

The disease as well as considerable morbidity and mortality 
recorded mostly in sheep, could be because of higher popu-
lation density of sheep in the state than goats. Even though 
PPR outbreaks occur throughout the year, the incidence is 
mostly observed from October to March, with a peak dur-
ing February in Karnataka (Hegde et al., 2009). Movement 
of animals due to increased sheep trade mainly during these 
months might be an additional factor for the occurrence of 
the disease. Cold dry season, with dusty winds further con-
tributes as a risk factor for respiratory tract infection. So, 
vaccinating the flocks during the months of July to Septem-
ber is reported to be very appropriate (Hegde et al., 2009) 
targeting naïve lambs and kids above three to four months 
of age. Intensive vaccination campaign programmes should 
be taken up on a village / flock basis instead of individual 
or households as reported earlier (Dilli et al., 2011). On 
account of regular annual vaccination being carried out in 
the state from 2011 under NCP-PPR only twenty five to 
thirty per cent of replaced naïve ones are expected to be at 
risk of getting infected as reported earlier (Balamurugan 
et al., 2014b). The successful vaccination programme has 
also reduced the outbreaks in the states to a considerable 

level as seen in Figure 5 based on the available data analy-
sis. In this study, we have investigated 12 outbreaks during 
the period from October, 2014 to December, 2015. How-
ever, reported outbreaks data in Karnataka during 2014-
15 (April 14 to March 15) were 16 and during 2015-16 
(April 15 to Dec 15) there were 18 reported outbreaks. 

Morbidity among these outbreaks was 9 to 44 per cent 
with an average of 26.89 per cent and mortality was 0 
to 36 per cent with an average of 10.90 per cent. Diallo 
(2006) reported that morbidity and mortality rates due to 
PPR may vary from 0 to 90 per cent depending on the 
animal husbandry, breed, age and other factors. Abu Elzein 
et al. (1990) reported the mortality of 50-90 per cent and 
sometimes nil, and morbidity of 10 to 100 per cent, and 
even lower than 10 per cent depending on circumstances. 
Considerably low morbidity and mortality reported in this 
study could be due to regular vaccination carried out in the 
state. It was also elucidated that attenuated PPR vaccine is 
capable of providing good protection in vaccinated animals 
which is in accordance with Santhosh et al. (2013). On 
analysis of the data available, maximum number of out-
breaks were recorded during 2005, later on outbreaks were 
less due to regular vaccination programme carried out in 
the state. The outbreaks were least during 2011-12 (n=3) 
and 2013-14 (n=2) due to implementation of NCP-PPR. 
Later on, the disease is very well under control in the state. 

The serum samples collected from infected and in contact 
animals showed varying percentage inhibition (PI) for 
PPRV antibodies from 2 to 75 by c-ELISA, indicating 
that the animals were under different stages of infection 
in different outbreaks. As most of these animals were not 
vaccinated earlier, the detection of PPRV antibody could 
have been only resulted from infection with PPRV since 
the virus is endemic in the Southern part of India (Bala-
murugan et al., 2014a) including Karnataka.

PPRV antigen was detected by s-ELISA and highly posi-
tive samples were subjected for virus isolation in Vero cell 
lines. The passaged viruses during adaptation showed char-
acteristic CPE of PPRV after 5 to 6 dpi in Vero cells at 
passage level 4 to 6. Earlier, Balamurugan et al. (2010a) 
isolated the PPRV from the sheep and goats at earlier pas-
sage levels after 4 to 10 dpi in Vero cells from field out-
breaks. In this study, the isolates of PPRV were confirmed 
by RT-PCR, which gave specific amplicon size products 
with respect to the gene specific sequences (Figure 3). 
Further characterization of the virus by gene sequencing 
and phylogenetic analysis is required for the classification 
of the lineages and to know the circulating virus in the 
state including current outbreaks. However, so far, the phy-
logenetic analyses of different isolates including vaccine 
strains of India has shown only PPRV lineage IV to be 
in circulation in India since the disease was first reported
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Figure 5: Status of vaccination (red line-in lakh doses) and disease outbreak (blue line-in numbers) in the state of Karnataka from 
2005 to 2015

(Shaila et al., 1996; Balamurugan et al., 2010b). In gen-
eral, the significant epidemiological and socio economic 
parameters observed include, young animals were affect-
ed severely; adult animals showed only a few and mild-
er symptoms of PPR; pattern of the disease is changing 
with respect to severity of gross lesions and clinical sign; 
source of infection was from introduction or purchase of 
animals from other states / flocks; mortality and morbid-
ity was moderate; The economic losses during the current 
outbreaks were due to death and loss in weight of affect-
ed animals; feed and fodder loss due to off feed, wastage, 
spoilage etc.; spending more labour hours for the mainte-
nance of the affected animals as well as for treatment; delay 
in recovery of investment, loss due to cost of treatment and 
vaccination etc. These observations are in accordance with 
the outbreaks related economic losses reported earlier by 
Balamurugan et al. (2014b).

In conclusion, the epidemiology of the outbreak, clinical 
signs, virus isolation, detection of PPRV antigen/antibody 
by RT-PCR and ELISA assays, and the identity of the 
virus have confirmed that the outbreaks were caused by 
PPRV. Due to the importance of PPR and high produc-
tivity losses in small ruminants, outbreaks need to be mon-
itored carefully in spite of regular strategic vaccination un-
der NCP-PPR. Farmers and other livestock handlers need 
to be educated on prevention and control measures such 
as vaccination of animals at an appropriate time, good hy-
gienic practices, restriction on movement of infected ani-
mal, quarantine measures and biosecurity levels within and 
between flocks/villages. Effective implementation of these 
practices will definitely help in limiting the spread and se-
verity of PPR outbreaks in Karnataka and in minimizing 
the economic losses due to PPR.
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