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Abstract

Background and Aim: Peste des petits ruminants (PPR) is a contagious, World Organization for Animal Health notifiable, 
economically important, transboundary morbilliviral disease of sheep and goats. Studying seroprevalence of PPR from 
different geographical areas under varying agro-climatic conditions may help in formulating effective and appropriate 
disease control strategies under the ongoing national PPR control program. The present cross-sectional study describes the 
prevalence of PPR virus antibodies in sheep and goats in the various epidemiological units in different states (Haryana, 
Himachal Pradesh [HP], Jammu and Kashmir [J&K], Punjab, Uttarakhand [UK], and Uttar Pradesh [UP]) of the northern 
region of India.

Materials and Methods: A total of 5843 serum samples (sheep [n=2463] and goats [n=3380]) were collected by stratified 
random sampling method from 322 epidemiological units in the studied region during 2017-2018 and tested for PPR virus 
(PPRV) antibodies by competitive ELISA.

Results: The results revealed that an overall seroprevalence of 44.05% (2574/5843) with 57.32%, 55.22%, 65.69%, 37.09%, 
32.73%, and 29.35% prevalence of PPRV antibodies in small ruminants in Haryana, Punjab, UP, HP, J&K, and UK states, 
respectively. Further, Chi-squared test revealed an association of PPRV antibodies in goats (χ2=252.28, p<0.01) and sheep 
(χ2=192.12, p<0.01) across different states in the region.

Conclusion: The seroprevalence in majority of the epidemiological units (n=130) in sheep and goats in the studied region 
had <30%. This necessitates comprehensive, rigorous, continuous vaccination and active surveillance programs for few 
more years to achieve the desired 70% seroprevalence level of PPRV antibodies in population and to make the northern 
region of India, as PPR free zone.

Keywords: cross-sectional study, India, northern region, peste des petits ruminants, seroprevalence, sheep and goats.

Introduction

Peste des petits ruminants (PPR), otherwise 
known as “Plague of Small Ruminants” or “Goat 
Plague,” is an acute, highly contagious, and econom-
ically important and World Organization for Animal 
Health (OIE) notifiable transboundary viral disease of 
sheep and goats. PPR is caused by the small ruminants 
Morbillivirus (formerly known as PPR virus [PPRV]), 
a member of the genus Morbillivirus of the family 
Paramyxoviridae (http://ictvonline.org/virusTaxon-
omy.asp). The disease is clinically characterized by 
high fever (pyrexia), oculonasal discharges, oral nec-
rotizing and erosive ulcers, stomatitis, gastroenteritis, 
diarrhea, and bronchopneumonia [1]. The disease due 

to its transboundary nature causes major constraints 
in improving the productivity of small ruminants 
in enzootic countries, and it causes huge economic 
losses, and it significantly influences the livestock 
sector economy [2]. Because of the vast socio-eco-
nomic impacts of PPR, the global scientific commu-
nity stressed the requirement to eradicate PPR, with 
the adoption of the PPR global control and eradication 
strategy (GCES) by 2030 [3]. In this direction, the 
Food and Agriculture Organization and OIE jointly 
initiated the strategic plan, PPR-Global Eradication 
Program, for the control and eradication of PPR. This 
program has been launched for the initial period of 
2017-2021 and put into action with the adoption of 
PPR GCES.

In India, sheep and goats play an essential role in 
the socio-economic development of rural households 
and are generally referred for “Any Time Money” to 
rural landless, marginal, and small landholding farm-
ers. These animals mostly constitute an important 
productive asset and generate a flow of income and 
employment for their livelihood. PPR is enzootic, and 
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several outbreaks occur regularly in different parts of 
India [1], and it causes significant economic losses [2] 
in terms of morbidity, mortality, and productivity 
losses with trade limitation [1,4]. Some of the states in 
India practiced focused vaccination (vaccination lim-
ited to the place of the outbreak with a radius of 3-10 
km to contains the disease spread) in the outbreaks 
situation for the control of the PPR since 2002 [5]. 
However, the strategic mass vaccination program 
(vaccination covering the entire small ruminants pop-
ulation above the age of 4 months old and subsequent 
biannual/annual vaccination of naïve young popula-
tion and unvaccinated animals) was implemented in 
some of the states [6] through the national control pro-
gram on PPR (PPR-CP) since 2010 and 2014 (http://
www.dahd.nic.in) for the control and eradication of 
the disease even before the global framework was 
planned [7].

Nevertheless, neither a surveillance plan nor 
systematic post-vaccination monitoring and/or evalu-
ation was initiated to assess the effectiveness of the 
vaccination and its strategies. Several PPR outbreaks 
go unrecorded due to under-reporting or non-report-
ing due to poor surveillance system in India. Further, 
outbreaks are being reported regularly in some of the 
states despite focus vaccination and a few sporadic 
outbreaks were reported in mass vaccination program 
implemented states or geographically restricted areas 
of hilly terrain in the states of Uttarakhand (UK) and 
Himachal Pradesh (HP) and Jammu and Kashmir 
(J&K). Nevertheless, systematic epidemiological 
surveys for the state or region or zone have not been 
conducted except for a few studies [8-11]. Moreover, 
studying the prevalence and generating evidence of 
the level of PPRV antibodies in the target population 
is paramount importance to formulate and implement 
a proper strategic disease control vaccination program 
in a particular geographical area with a long-term plan 
to eradicate PPR by 2030.

Therefore, the present cross-sectional serosur-
veillance, being employed to establish the prevalence 
of PPRV antibodies level at epidemiological units 
(epi-units) in the target sheep and goats population at 
disaggregated levels (states) in the study region at a 
given period from 2017 to 2018.
Materials and Methods

Ethical approval

The manuscript does not contain animal experi-
mental trials. No ethical clearance is required for col-
lecting small volumes of blood samples required for 
seroepidemiological studies, as per Committee for the 
Purpose of Control and Supervision of Experiments 
on Animals guidelines. Moreover, the samples were 
collected by well-trained veterinarians considering 
animal welfare regulations.
Study region

The northern zonal region of India repre-
senting both a geographic and political or zonal 

administrative section of the country, and it comprises 
the states of Haryana, HP, J&K, Punjab, Uttar Pradesh 
(UP), and UK, and the Union Territories (UTs) of 
Delhi and Chandigarh. In this region, PPR outbreaks 
in some states have been reported continuously 
since 1996 [4,12-16], and many states have not imple-
mented the PPR-CP, though directed to adopt since 
2014-2015 (http://www.dahd.nic.in/) and the out-
breaks are being reported substantially. Delhi, and 
Chandigarh UTs were excluded in this study due to 
the very small geographical area, meager animal pop-
ulation, as well as no PPR outbreaks were reported 
(http://www.dahd.nic.in/).
Study period and sampling

As a part of monitoring the status of livestock 
diseases, Indian Council of Agricultural Research-
National Institute of Veterinary Epidemiology and 
Disease Informatics (ICAR-NIVEDI) carried out a 
cross-sectional seroprevalence study between June 
2017 and March 2018 to ascertain the prevalence sta-
tus of PPRV antibodies in small ruminants’ population 
in the various epi-units in different states of the studied 
region. The sample size was determined for the finite 
or large population as per Cochran [17] formula N=Z2 
[p (1−p/e2] using the epitool, where N=sample size, 
Z=95% confidence level, p=30% proportion {(animal 
unit-level prevalence of 30% was considered as per 
GCES [18] and the seroprevalence of PPR in India 
before the implementation of vaccination [4]}, e is the 
precision level (5%). Based on these inputs, a total 
sample size of 323 was determined (http://epitools.
ausvet.com.au/content.php?page=1Proportion), for 
the target populations in the study region. However, 
after considering the attrition rate of 10%, the total 
arrived sample size was 356. In the Indian context, 
the village is distinct and considered as epi-unit in the 
studied states, as described earlier [10]. The list of vil-
lages in each state having more than 200 small rumi-
nants (with inclusion and exclusion criteria as per the 
19th Livestock Census, 2012) population (http://www.
dahd.nic.in/) was shortlisted, which accounted for 
the sampling frame. The multistage stratified random 
sampling method was adopted for collecting serum 
samples from different states in the studied region.

In the first stage, the states were stratified, and 
the estimated 60 sampling primary epi-units (vil-
lages) were allocated randomly to the different dis-
tricts in each stratum (state) using R software [19]. 
Randomization of villages was done based on the 
in-house NIVEDI developed software epi-calculator. 
In the next stage, in each of the selected villages, the 
number of secondary animal unit samples within an 
epi-unit was calculated by the hypergeometric dis-
tribution as per GCES guidelines [18], and a maxi-
mum of 11 samples to be collected was determined by 
epi-calculator (https://www.nivedi.res.in/Nadres_v2/
Epical/stratified/random_sampling.php). Therefore, a 
maximum sample of 1320 animal units (660 for each 
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of the target [sheep or goats] species) to be sampled 
from each state has arrived for the present serosurvey. 
In the third stage, the flocks/households to be sur-
veyed in each of the selected villages were randomly 
selected. In the epi-unit, where only either sheep or 
goats reared, a maximum of 11 samples of either 
species was collected based on the available target 
population.
Samples and screening

In each epi-unit, serum samples were collected 
randomly from selected flocks/households as per 
the sampling plan through All India Co-ordinated 
Research Project on Animal Disease Monitoring and 
Surveillance (AICRP on ADMAS), a collaborating 
center of ICAR-NIVEDI, in the respective states. The 
surveyed epi-units in the states of the studied northern 
region are depicted in GIS Map (Figure-1) using QGIS 
Software 2.18.6 version (QGIS team, Switzerland). 
The collected sera were labeled and transported in an 
ice-cool shipment container to the laboratory, and the 
samples were stored at −20°C until further use. All the 
sera were tested by competitive ELISA, which is being 
employed for the serosurveillance or seromonitoring 
of PPR in India for the detection of PPRV specific 
antibodies [20], which were measured in terms of per-
centage inhibition (PI) according to Singh et al. [20] 
protocol and samples with a PI of ≥40% were consid-
ered as a positive.
Statistical analysis

The seroprevalence was estimated by the num-
ber of positive versus numbers of tested samples, as 
per the described method [21]. The Chi-squared test 
was carried out in MS-office Excel 2016, as per the 

described method [22] to understand the association 
(the null hypothesis [H0] is independent) in the pres-
ence of PPRV antibodies in sheep and goats across 
the states and districts, and between the species in 
the northern region. The working hypothesis of the 
homogeneous occurrence of PPRV antibodies in the 
target populations in the epi-units in different states of 
the study region was considered. Further, the annual 
growth rate (GR) of PPRV antibodies if mass vacci-
nation continues regularly for the different states was 
assessed, to predict the number of years of vaccina-
tion required to achieve 70% prevalence [3] using 
mathematical formula {GR= ([(b−a)/a] × 100)/N} as 
described earlier [8], where a-Base level prevalence 
(30%), b-Study year prevalence, and N-No. of years 
(3 years). The number of years considered for growth 
assessment was three, due to the vaccinated popula-
tions would have turned over by then as sheep and 
goat’s typical lifespan is 3 years. Further, keeping in 
view the turnover of the populations, the calculated 
growth was discounted by 30% each year [4].
Results

The observed prevalence of PPRV antibodies in 
the small ruminants was 57.32%, 55.22%, 65.69%, 
37.09%, 32.73%, and 29.35% in Haryana, Punjab, 
and UP, HP, J&K, and UK states, respectively, with an 
overall seroprevalence of 44.05% (2574/5843) in the 
studied states of the northern region. State-wise details 
of sera screened, and their percent positivity with sero-
prevalence are presented in Table-1 and Figure-2, and 
the percentage prevalence of PPRV antibodies in vari-
ous epi-units of different states is depicted in Figure-3. 
In majority of the epidemiological units (n=130), 

Figure-1: The surveyed epi-units (villages) location is depicted (as ■ a dot) in the GIS Map of the studied states in the 
northern region of India.
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Figure-2: State-wise seroprevalence of peste des petits ruminants in small ruminants in the northern region of India.

Figure-3: Distribution of epi-units based on percent positivity levels of peste des petits ruminants virus antibodies in the 
studied region.

seroprevalence was <30%, with only 79 epi-units had 
>70% in the studied region. The results of the Chi-
squared test revealed that there exists an association 
of PPRV antibodies in goats (χ2=252.28, p<0.01) and 
sheep (χ2=192.12, p<0.01) across different states in 
the region, as most of the states practiced PPR vacci-
nation. Further, the analysis also indicated the associ-
ation of PPRV antibodies in sheep (χ2=48.43, p<0.01) 
and goats (χ2=44.30, p<0.01) across different districts 
of HP. The district-wise details of seroprevalence of 
PPR in small ruminants in Haryana, Punjab, UP, HP, 
J&K, and UK states are available from the authors as 
supplementary tables on request. Further, the calcu-
lated annual GR for accomplishing the desired per-
centage of antibodies prevalence in different states is 
shown in Table-1.
Discussion

As per the 20th Livestock Census, 2019, India 
has 148.88 million goats and 74.26 million sheep 
(http://dahd.nic.in/division/provisional-key-re-
sults-20th-livestock-census accessed on 25th October 
2019), and the population has increased by 10.14% 

goat and 14.13% sheep when compared to the 19th 
Livestock Census, 2012. For the effective control and 
eradication of PPR, disease reporting, epidemiology, 
surveillance and monitoring of disease, support of 
diagnostics, and vaccination of the susceptible pop-
ulations are highly imperative [1]. Information on 
the seroprevalence of PPR in different domestic and 
wildlife ruminant species has been reported from dif-
ferent enzootic countries in Africa, the middle east, 
and Asia [4,9,11,13,15,23-29]. The prevalence of 
PPRV antibodies in sheep and goats indicates either 
the subclinical or in-apparent suspected infection 
or naturally infected and recovered animals and has 
specific implications in epidemiological perspec-
tives since it highlights the prevalence under natural 
non-vaccination situation or it may indicate animal’s 
immune response to the vaccine [29], as the prev-
alence of antibodies in adult animals is not always 
indicative of infection, as there is always a high prob-
ability of these animals receiving vaccination once 
during a lifetime. Earlier studies conducted at the var-
ious period since 1996, generated the baseline data 
on the PPRV antibodies in small ruminants in some 
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states of the northern region of India [4,13,15,30-32]. 
Nevertheless, the majority of the reports indicated 
only the regional isolated data using a limited number 
of samples [4,30-32]. Hence, the present systematic 
cross-sectional survey undertaken during 2017-2018, 
assessed the prevalence status of PPRV antibodies 
in sheep and goats at the epi-unit levels of the states 
(disaggregated levels) in North India.

Haryana state initiated the focused-vaccina-
tion since 2011-2012, and controlled the reported 
outbreaks [13] and reduced the epidemic level 
of PPR (http://krishikosh.egranth.ac.in/han-
dle/1/5810028108). The observed overall prevalence 
of PPRV antibodies was 57.32%, with the seroprev-
alence of 57.54% (351/610) in sheep and 57.1% 
(350/613) in goats. However, only 24 out of 56 epi-
units tested covering 31 blocks in 15 districts, had 
>70% prevalence level of antibodies, which implies 
uniform vaccination in all the villages in the different 
districts of the state, is not being practiced. Similarly, 
Punjab state adopted mass vaccination during 2014-
2015 for the control of the outbreaks [14]. The 
observed prevalence of antibodies was 55.22%, with 
the seroprevalence of 57.37% (179/312) in sheep and 
54.03% (302/559) in goats, which could be due to 
the mass vaccination of small ruminants. However, 
only 21 out of 59 epi-units tested covering 40 blocks 
in 17 districts of the state had >70% prevalence level 
of antibodies, which implies vaccination is not being 
practiced in all the epi-units of the districts in the 
state. Whereas, UP state initiated focused vaccination 
in the area of the outbreaks since 2006-2007, as and 
when required, and adopted mass vaccination during 
2011 under PPR-CP with an overall poor coverage 
of 0.83%-22.68% in 2017-2018 (except 2015-2016 
during which the coverage was 86.35%). Moreover, 
only 12 out of 27 epi-units tested covering 26 blocks 
in 17 districts, had >70% prevalence level of PPRV 
antibodies. It indicates mass vaccination may not be 
practiced in all the districts in UP as per the stipu-
lated strategic plan [12,33], even though, tested sam-
ples showed an overall seroprevalence of 79.39% 
(104/131) in sheep and 59.29% (166/280) in goats.

HP state has initiated focused vaccination in 
the area of the outbreaks since 2003-2004, as and 
when required to contain the epidemic and controlled 
the outbreaks. As per record, the state implemented 
national PPR-CP and adopted mass vaccination during 
2014-2015 with an overall coverage of 35% in 2014-
2015; 42% in 2015-2016; and 39% in 2017-2018 with 
an average coverage of only 35-40%, which indicates 
regular mass vaccination program as per PPR-CP 
strategy, is not being practiced in HP. Further, only 
12 out of 60 epi-units tested covering 37 blocks in 
eight districts, had >70% prevalence level of PPRV 
antibodies, with an overall seroprevalence of 33.28% 
(215/646) in sheep and 40.94% (262/640) in goats. 
In J&K state, so far, quite a number of the outbreaks 
have been reported and fairly prevalent in nomadic 

sheep and goats with the evidence of natural transmis-
sion [30,34], as the state has not adopted vaccination 
program. The observed overall base level of 32.58% 
(34.65% [219/632] in sheep and 30.81% [195/633] in 
goats) seroprevalence might be due to the non-adop-
tion of the mass vaccination. Moreover, only five out 
of 60 epi-units covering the 34 blocks in 14 districts 
had >70 prevalence levels of PPRV antibodies. A few 
positive samples could be due to the earlier vacci-
nated or recovered infected animals introduced from 
the other parts of India, as stated earlier by most of 
the researchers. Similarly, the UK followed focused 
vaccination since 2011-2012, to contain the outbreaks, 
but the state had not adopted a mass vaccination cam-
paign in line with the PPR-CP since 2014 like other 
studied states in North India.

The observed low seroprevalence of PPR in 
these (UK, HP, and J&K) states might be because 
the samples were randomly collected from appar-
ently healthy animals and not from PPR suspected 
animals. Furthermore, the regional difference in the 
prevalence of the PPRV antibodies based on the rel-
ative population has also been reported [4,11]. In 
general, the low seroprevalence of PPR in sheep and 
goats in an ecological and geographically niche of 
hilly terrains could be because the topology of the 
region per se restricts migration of animals from the 
nearby region, low population density, availability of 
low grazing area, and thus close contact of animals 
are avoided. Besides, different studies demonstrate 
the various percentage of seroprevalence in appar-
ently healthy animals from different states of India at 
various serological surveys. The seroprevalence of 
34.52% in goats and 54.62% in sheep was reported 
in Haryana and Delhi [15], whereas seroprevalence 
of 29.16% in sheep and 28.70% in goats reported 
in Jammu [30]. Whereas Bhanuprakash et al. [31] 
reported the prevalence of 41.7% in sheep while 
studying the status of PPR, sheeppox, and blue-
tongue virus antibodies in the northern states of 
India. All these studies have generally indicated the 
variation in the PPR outbreaks and associated risk 
factors such as species, age, sex and husbandry prac-
tices, and transboundary migration of animals from 
neighboring or border states.

The variation in seroprevalence could also be 
attributed to sampling size variation across studies, 
prevailing management practices, humidity, or season 
as reported earlier [4]. However, the present study was 
systematic with appropriate sampling plan, procedure, 
and design with a specified level of confidence inter-
vals and desired precision with the maximum statistical 
sample size for the finite large population representing 
the target populations from different epidemiological 
units of the studied region. Nevertheless, the present 
study needs to be visualized with certain limitations, 
like the disease-associated risk/host factors such as 
breed, sex, age, etc.were not available for further 
multi-factorial regression analysis. In some states, the 
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target epi-units, as per the sampling plan, could not be 
surveyed due to administrative constraints.

Further, the number of years vaccination need to 
be continued to reach the desired 70% prevalence lev-
els of PPRV antibodies [3,18] in sheep and goats in all 
the epi-units in different states of the studied region 
was determined (Table-1), based on the annual GR of 
the prevalence of antibodies. Moreover, for the con-
trol of the disease, Fournié et al. [35] recently stated 
that viral spread could be prevented (controlled) if the 
proportion of immune small ruminant is kept perma-
nently above 37% in at least 71% of village popula-
tion in an endemic setting by fitting a meta-population 
simulating the model. However, due to the high turn-
over of these small ruminants population, maintaining 
the fraction of immune animals above this threshold 
would require high vaccine coverage within villages/
epi-units. In the present study, this estimates corre-
sponded with the observed 37% prevalence of anti-
bodies in 70% of the tested epi-units, in Punjab and 
Haryana states, which might be prevented or restricted 
the spread of infection, as there were no outbreaks, 
have been reported from these states for the past cou-
ple of years.

Whereas the HP, UK, and J&K states had the 
only seroprevalence of 30-35%, and these states need 
to vaccinate the small ruminants for 4-5 years (2023-
2024) to achieve desired 70% levels of PPRV antibodies 
as envisaged in PPR-CP. Therefore, for the control and 
eradication of PPR, 80-90% coverage of vaccination 
of the risk population is required to achieve the desir-
able herd immunity to prevent the active transmission 
of the disease by considering the other epidemiological 
factors [36]. For that, vaccination covering the entire 
population initially, subsequently bi-annual vaccination 
covering the naïve young population need to be adopted, 
as per PPR control and eradication strategic plan.
Conclusion

The present survey provides information on the 
seroprevalence status of PPR in the states of the north-
ern region of India in the sheep and goat populations 
in the epidemiological units of the studied region. The 
study suggests that the small ruminants population in 
majority of the epi-units (n=130) were having a <30% 
prevalence of PPRV antibodies. This information 
would be very useful in the formulation of effective 
disease management strategies as well as to implement 
the vaccination program. The study also highlights the 
need for systematic, comprehensive, rigorous, contin-
uous vaccination, and active surveillance programs for 
few more years to achieve the desired level of PPRV 
antibodies in the small ruminant populations and to 
make PPR free zone. Therefore, zoning the PPR risk 
regions and initiating vaccination program at a spec-
ified period with widespread vaccination coverage of 
all the risk populations in the identified zone or state 
is of paramount importance for the control and eradi-
cation of PPR in India.
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