VirusDis. (October-December 2020) 31(4):539-548
https://doi.org/10.1007/s13337-020-00630-x

o)

Check for
updates

ORIGINAL ARTICLE

Towards eradication of peste des petits ruminants: post-
vaccination evaluation in sheep and goats in Southern Peninsular

India

V. Balamurugan1

- B. Varghese' - D. Muthuchelvan® - S. SowjanyaKumari' «

K. Vinod Kumar' - R. Dheeraj' - G. Govindaraj' - K. P. Suresh' - D. Hemadri' -

P. Roy'

Received: 17 March 2020/ Accepted: 12 September 2020/ Published online: 16 October 2020

© Indian Virological Society 2020

Abstract The cross-sectional seroprevalence study of the
peste des petits ruminants (PPR) in sheep and goats was
carried out in the Southern Peninsular region of India to
ascertain the prevalence of PPR virus (PPRV) antibodies at
the epidemiological units (epi-units) level in the small
ruminant population. The serum samples were collected
from various epi-units (villages) in the different states and
union territory (UT) in Southern Peninsular region using a
stratified random sampling methodology from August 2017
to March 2018. A total of 6643 serum samples [sheep
(n = 2785) and goats (n = 3858)] were collected from 360
epi-units and were screened by PPR competitive ELISA kit
for the detection of PPRV antibodies. The results revealed
that the seroprevalence of PPR in small ruminants in
Telangana, Andhra Pradesh, Karnataka, Tamil Nadu, and
Kerala states, and Puducherry UT was 87.0%, 66.4%,
64.3%, 47.8%, 11.4%, and 50.4%, respectively in the
studied region. Further, the results of the chi-squared test
revealed that the PPRV antibodies across different states
and UT in the region were associated (sheep-y”> = 218.8,
p <0.01; goats-)(2 = 827.1, p < 0.01), as all the states and
UT adopted the PPR vaccination programme. The study
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also implies that the small ruminants in some of the epi-
units (n = 102) had < 30% seroprevalence, which neces-
sitates comprehensive intensive vaccination and active
surveillance programmes to make this region as PPR free
zone.
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Introduction

Peste des petits ruminants (PPR) otherwise known as ‘Goat
Plague’, is a contagious economically important and a
world organization for animal health (OIE) notifiable
transboundary viral disease of domestic (sheep and goats)
and wildlife small ruminants. The disease is caused by the
small ruminant morbillivirus (SRMV) (formerly known as
PPR virus-PPRV), a member of the genus Morbillivirus of
the family Paramyxoviridae (http://ictvonline.org/vir
usTaxonomy.asp). Clinically, PPR is characterized by high
fever, oculonasal discharges, necrotizing and erosive
stomatitis, gastroenteritis, diarrhea, and bronchopneumonia
[7]. PPR primarily affects sheep and goats and causes
major constraints in augmenting the productivity of the
small ruminants in enzootic sub-Saharan Africa, the Ara-
bian Peninsula, the Middle East, and Central and Southeast
Asia. The disease has huge potential to cause high eco-
nomic losses and it significantly impacts the livestock
sector especially small ruminants in enzootic countries
[18]. Due to the vast economic impacts of PPR, after the
eradication of rinderpest, a global consensus was extended
on the need to eradicate PPR with the adoption of a PPR-
Global Control and Eradication Strategy (PPR-GCES) to
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make the world free from PPR by 2030 [23]. European
Commissioner for International Cooperation and Devel-
opment, Food and Agriculture Organization (FAO) and
OIE jointly launched an international strategic plan for
control and eradication to gather all stakeholders behind
the PPR Global Eradication Programme (PPR-GEP) and
mobilized the additional support required for the eradica-
tion [23]. Therefore, FAO and OIE, launched PPR-GEP for
the period from 2017 to 2021, into action with the adoption
of a PPR-GCES.

In India, sheep and goats are an important productive asset
of settlers, landless, marginal, and small landholder farmers
and it generates income and employment and supports their
livelihood throughout the year. Several PPR outbreaks have
occurred in the past and now being occurring regularly,
round the year throughout India, as the disease is enzootic
[7]. PPR control and eradication depend mainly on disease
reporting, understanding of the epidemiology of the disease,
rapid and accurate diagnosis, surveillance or monitoring, and
implementation of the vaccination programme. The success
of the national rinderpest eradication programme (NPRE) in
India has provided the confidence and impetus to launch a
similar programme for PPR. India practiced focused vacci-
nation (vaccination limited to the place of the outbreak with
the radius of 3—10 km to contains the disease spread) in PPR
outbreak places in some states since 2002 [25] and the vac-
cination programme mode (mass vaccination covering the
entire small ruminants population above the age of 4 months
old and subsequent vaccination of naive young population
and leftover unvaccinated animals) in some states since
2010-2011 even before the global framework was planned
[6]. Department of Animal Husbandry and Dairying
(DAHD), Government of India (http://www.dahd.nic.in)
implemented a national control programme on PPR (PPR-
CP) during 2010-2011, with a sum of INR 432.5 million in
the first phase in a time-bound manner (http://dahd.nic.in)
following the eradication pathway of OIE [6] to control and
eradicate the disease from India.

In the first phase of the control programme, the states
and union territories (UTs) in the Southern Peninsular
region of India namely Karnataka, Andhra Pradesh,
Telangana, Tamil Nadu, Kerala, Maharashtra, Goa and
Lakshadweep, Daman and Diu, Dadra and Nagar Haveli,
Puducherry, and Andaman and Nicobar Island were
included in the vaccination programme (www.dadf.nic.in).
The disease has been brought under control in some of the
states and PPR outbreaks threat reported declined pro-
gressively and substantially in the continuous vaccination
practiced states [6] and benefits outweigh the cost of a
vaccination programme [19]. The states, where vaccination
is being adopted, disease outbreaks are being reported
sporadically. However, in India, several outbreaks of PPR
in sheep and goats have not been recorded properly, owing
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to inadequate animal disease surveillance and reporting
systems [9]. Studying the prevalence of PPRV antibodies
in sheep and goats from different geographical areas with
varying agro-climatic conditions may help to devise
effective appropriate disease control strategies towards the
eradication of PPR. Nevertheless, the presence of PPRV
specific antibodies indicated either the subclinical or in-
apparent infection [9, 13, 10] or naturally animals exposed
to the virus and recovered in the unvaccinated areas or
animals’ immune response to the vaccine in the vaccinated
areas. The cross-sectional study on seroprevalence after
PPR vaccination in small ruminants have been reported
from different endemic countries in the world [1-3, 15, 16].
However, systematic seroepidemiological surveys for PPR
for the state or region have not been conducted, despite the
implementation of PPR-CP in the Southern Peninsular
India since 2010, especially the prevalence of PPRV anti-
bodies level at epidemiological units (epi-units)/villages.
Further, neither a surveillance plan nor a systematic
seromonitoring was initiated to assess the effectiveness of
the vaccination programme. Furthermore, in India, no such
a systematic cross-sectional epidemiological study except a
few studies [8, 12] has been undertaken so far from dif-
ferent geographical areas for formulating disease control
strategies. Therefore, a cross-sectional serological survey
(2017-2018) is being applied here to establish the sero-
prevalence of PPR at the epi-unit level in the target pop-
ulation at a given period to determine PPRV antibodies
status, as post-vaccination evaluation in sheep and goats
towards the eradication of PPR after implementing the
vaccination programme in the Southern Peninsular region.

Materials and methods
Study area

Southern India includes five Indian states (Andhra Pra-
desh, Karnataka, Kerala, Tamil Nadu, and Telangana) as
well as the three union territories (Lakshadweep, Anda-
man and Nicobar Islands, and Puducherry) covering the
southern part of the Peninsular Deccan Plateau. The
Southern Peninsular region was purposively selected as
the PPR-CP initiated in the region during 2010 (http://
www.dahd.nic.in/) and further, the reported outbreaks
have been substantially reduced since 2011 [6]. In this
study, PPR vaccination adopted states (Telangana,
Andhra Pradesh, Karnataka, Kerala, Tamil Nadu) and UT
(Puducherry) were included. Moreover, the Lakshadweep
and the Andaman and Nicobar Islands were excluded
due to the meager animal populations, unique niche
geographical island areas, as well as no PPR outbreaks,
were reported (http://dahd.nic.in).
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Sampling designs

A cross-sectional seroprevalence study was conducted by the
Indian Council of Agricultural Research (ICAR)- National
Institute of Veterinary Epidemiology and Disease Informatics
(NIVEDI) during 2017-2018 to ascertain the status of PPRV
antibodies in sheep and goat populations in the control pro-
gramme implemented Southern Peninsular region. The
working hypothesis was the homogeneous occurrence of
PPRYV antibodies in the target populations in the epi-units in
the different states/UT of the studied region. The village is
considered as an epi-unit in the study area as described earlier
[12]. Therefore, a list of villages in various blocks/tehsils in
different districts in the state/UT and their sheep and goat
populations was prepared. To have a sizeable population,
when approached for sampling, villages having more than 200
animals were shortlisted (with inclusion and exclusion crite-
ria), which accounted for the sampling frame. The sample size
was determined to the finite population as per Cochran (1963)
formula N =Z* [p (1 — p/e’], where N = sample size,
Z = 95% confidence level, p = 30% proportion (animal unit-
level prevalence of 30% was considered as per GCES [22] as
well as based on the prevalence of PPR before the imple-
mentation of vaccination in India [27], e is the precision level
(5%). Based on these inputs a total sample size of 323, were
determined by using the epitools (http://epitools.ausvet.com.
au/content.php?page=1Proportion), for the finite large popu-
lations. However, after considering the attrition rate of 10%,
the total sample size arrived was 356. The multistage stratified
random sampling method was adopted for collecting samples
from different states/UT in the studied region. In the first stage,
the states in the study region were stratified and in each stra-
tum (State/UT), 60 sampling primary epi-units (villages) were
equally allocated randomly using R software (R_Core_Team
2014). In the next stage in each of the selected epi-units, the
number of secondary animal units samples was calculated by
the hypergeometric distribution as per GCES guidelines by
considering the animal unit-level prevalence of 30% [22] in
small ruminants and a maximum of 11 samples to be collected
was determined in each epi-units. Thus, a maximum of 1320
secondary animal units [660 for each of the target (sheep or
goats) species] samples to be sampled arrived from each state/
UT ata given large infinite target (sheep and goats) population
by using epi-calculator (https://www.nivedi.res.in/Nadres_
v2/Epical/stratified/random_sampling.php.).

Serum samples

In each epi-unit, a total of 22 serum samples were collected
as per the sampling method with a maximum of 11 samples
for each species, 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/UTs. In the selected epi-
unit, where only either goats or sheep species reared, 11
samples of either species were only collected. The sample
surveyed villages in the states/UT of the studied region are
depicted in GIS Map (Fig. 1) based on their geo-coordi-
nates using QGIS Software 2.18.6 version. The collected
blood samples were labelled and separated sera were
transported in an ice-cool shipment box to ICAR-NIVEDI,
Bengaluru, and the samples upon received were stored at
— 20 °C until further use.

Testing of samples

The collected serum samples were tested by an indige-
nously developed PPR competitive ELISA [28] kit (has
92.4% sensitivity and 98.4% specificity), which is being
employed for serosurveillance or seromonitoring in India
[28] for the detection of PPRV specific antibodies, which
were measured in terms of percentage inhibition (PI)
according to the protocol described by [28]. In this
c-ELISA, the binding of the H protein-specific monoclonal
antibodies (MAD) to the PPRV antigens coated wells of the
plate was selectively inhibited in the presence of PPRV
specific antibodies (both IgM and IgG) in the test serum
samples (i.e., competition occurs between the known MAb
and PPRV antibodies). Further, the level of inhibition of
MAD binding is directly proportional to the presence of
PPRV antibodies concentration in the test sera, which
indicates the specificity of the inhibition of PPRV anti-
bodies. Samples with a PI of > 40% were considered
positive for the presence of PPRV specific antibodies and
the overall percentage positivity or seroprevalence was
calculated with 95% confidence intervals (CI).

Statistical analysis

The seroprevalence was estimated as per Thrushfield [31]
based on the number of positive animals versus numbers of
tested animals. The chi-squared test (Xz) was carried out in
Microsoft office Excel 2013 as per the method described by
Snedecor and Cochran [29] to understand the association of
the presence of PPRV antibodies in sheep and goats across
states and districts as well as between the sheep and goats
within each state in the study region.

Further, annual growth rate (GR) of the prevalence of
PPRYV antibodies in the different states in the region was
assessed to predict the number of years of vaccination
required to achieve desired 70% prevalence level of anti-
bodies [22, 23] for the control and eradication of disease
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Fig. 1 The surveyed epi-units (villages) location are depicted (as filled square a dot) in the GIS Map of the studied States/Union Territory in

Southern Peninsular India

using the mathematical formula [GR = [(b — a)/a ] x
100/N] as described earlier [8], Where, b = Initial value,
a = first value, which was taken as ~ 30% base level of
seroprevalence [27], N = No. of years. Even though vac-
cination started since 2011 the number of years considered
for growth assessment was three due to the vaccinated
populations would have turned over by then as sheep and
goat typical lifespan is three years. Further, keeping in
view the turnover of the sheep and goat populations (i.e.
slaughtering and fecundity of animals, resulted in the
appearance of approximately 30% naive population every
year), the calculated growth was discounted by 30% each
year [27].

Results

The observed percentage prevalence of PPRV antibodies
in small ruminants in the studied region was 87.0, 66.4,
64.3, 47.8, 11.4, and 50.4%, in Telangana, Andhra Pra-
desh, Karnataka, Tamil Nadu, Kerala, and Puducherry,
respectively with overall 59.0% seroprevalence in small
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ruminants with 67.1% in sheep and 52.1% in goats. State/
UT-wise details of serum samples screened for PPRV
antibodies from the studied region and their percent
positivity with seroprevalence levels are presented in
Table 1 and Fig. 2. The results of the chi-squared test
revealed that the prevalence of PPRV antibodies in sheep
(x> = 218.8, p < 0.01) and goats (x> = 827.1, p < 0.01),
across different states / UT of this studied region were
associated, as most of the states adopted the PPR vacci-
nation programme. Further, the observed chi-squared
value (3 = 130.3, p < 0.01) between the sheep and goats
species in the studied region was also indicated the
association of the presence of PPRV antibodies in the
species. Furthermore, the percentage prevalence of the
PPRV antibodies in various epi-units of the different
states/UT is shown in Fig. 3. The annual GR of the
prevalence of PPRV antibodies was assessed at different
states/UT levels separately if regular vaccination is being
in practice. The calculated year-wise annual GR by the
mathematical model to achieve the desired 70% preva-
lence level of PPRV antibodies for the studied states/UT
are tabulated (Table 2).
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Table 1 Details of the PPRV antibodies prevalence in small ruminants in Southern Peninsular region

Percentage

Percentage prevalence of PPR virus antibodies

(confidence interval value at 95%)

No. of samples

No. of samples

screened

No. of villages

/epi-units

Name of the state/union territory No. of

seroprevalence status
in epi-units (No.)

positive in ELISA

tehsils/blocks

<30 30-70 >70

Goats

Sheep

Sheep Goats Total Sheep Goats Total

Total

30
13
32

25

63.66 (60-67) 5

66.39 (64—69) 69.11 (66-73)

47.83 (45-51)
64.3 (62-67)
11.44 (9-14)

417

452
338
429

869
605

655

1309 654

60
60
60
60
60
60
360

57
54
46
36

Andhra Pradesh
Tamil Nadu
Karnataka

29

18

7

53.74 (50-58) 41.98 (38-46)

66.1 (62-70)

267

636

1265 629

21
5

62.48 (59-66)
11.44 (09-14)
52.63 (49-56)
87.12 (84-90)
52.11 (52-55)

403
74

832
74
431

645

1294 649
647

53

647
646
629

Kerala

14
55

28

18
1

50.35 (47-54) 43.33 (37-50)

86.95 (85-89)

340
548

91

210

856

Puducherry

86.78 (83-89)

1106 558

1272 643

58

Telangana
Total

112 146

102

58.96 (58-60) 67.07 (65-69)

3917 1868 2049

3858

6643 2785

256

218.8, p < 0.01); goats (x> = 827.1, p < 0.01)

Between sheep and goats = (x> = 130.3, p < 0.01)

sheep (°

Chi-squared test: across states

Discussion

The present study assessed the prevalence status on PPRV
antibodies in sheep and goats separately at each state/UT
level in the Southern Peninsular region as a part of post-
vaccination evaluation towards the eradication of PPR and
generated evidence on the status of seroprevalence, which
is paramount important for devising effective control
strategies. By employing the presently available PPR
c-ELISA [28], it is not possible to distinguish the immune
response due to vaccination and infection, as the DIVA
vaccine was not being used in the PPR-CP in India.
However, the earlier population surveys in the non-out-
breaks reported Chhattisgarh state indicated above 50%
prevalence of PPRV antibodies implies vaccination is
being implemented in the small ruminants population [8].
Further, the base-line seroprevalence of disease in the
small ruminants before the implementation of the vacci-
nation was also reported in India, which varied from 32.4
to 46.11% [9, 24, 27].

Telangana and APstates followed focused vaccination to
contain the outbreaks and reduced the epidemic level
by 95% [26]. In Telangana state, the observed prevalence
level of PPRV antibodies was 87.0% [1106/1272] in small
ruminant population with association of 86.8% in sheep
(x> = 86.4, p<0.01) and 87.1% in goats (x> =43.4,
p < 0.01) (Table S1), as regular vaccination is being
practiced in all the districts in the state since implemen-
tation of vaccination programme. Similarly, in AP state,
the seroprevalence of 66.4% (869/1309) was observed with
69.1% in sheep and 63.7% in goats (Table S2). Moreover,
the chi-squared test revealed that immune protection levels
between districts were not associated with sheep
(x2 = 8.18, p > 0.05), which might be due to variation in
the vaccination coverage level during two to three years
preceding the sampling survey period (2017-2018). AP
state-initiated ‘mass vaccination programme’ during
2007-2008 covering 82% of small ruminants population
followed by annual vaccination since 2010. This annual
vaccination is to cover the newborn young stock above five
months of age and unvaccinated animals in the previous
vaccination campaign, which resulted in the marked
decline in the PPR outbreaks [30]. Further, in consonance
with national PPR-CP since 2011, State continued vacci-
nation on a half-yearly basis during the predesignated
period. This resulted in limited outbreaks [25] with the
flock immunity in vaccinated animals ranged from 81 to
95.6% [26]. With a strategic vaccination campaign, the
disease has been kept under control in these states, it may
eventually lead to complete control and eradication from
the state and subsequently from the region or country [6].
Moreover, the proportion of epi-units with > 70% of
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animals to be protected as per PPR-GCES guidelines [22].
The present study in APstate, 30 out of 60 epi-units cov-
ering the 57 blocks in 10 districts, had shown > 70%
cluster level prevalence as per OIE recommendation,
whereas, in Telangana state, 55 out of 60 epi-units had >
70% level prevalence of PPRV antibodies. Therefore, PPR
vaccination strategies need to be revisited in Telangana, if
sporadic outbreaks are not reported frequently as
desired > 70% levels of PPRV antibodies already attained
in the population. The vaccination to be continued for a
few more years to achieve the desired levels in all the epi-
units at a given period, so that, further vaccination may be
restricted to the area adjoining with borders, the animals in
the migratory route and border areas as well as places of
sporadic outbreaks if any. Thus it will reduce the cost of
PPR control and facilitates the state to divert the available
funds and manpower to other livestock health activities.
Karnataka state started “focused vaccination” during
2003 [20] and controlled the outbreaks tremendously. In
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Southern Peninsular Region

consonance with PPR-CP, the state continued mass vacci-
nation campaigns in the target population since 2011-2012
and the disease has been kept under control [6]. The
observed PPRV antibodies prevalence level was 64.3%
(832/1294) in small ruminants with 66.1% in sheep
(x> =130.1, p <0.01) and 62.5% in goats (3 = 64.1,
p < 0.01) (Table S3) being associated as regular vaccina-
tion is being practiced in all the districts in Karnataka.
Moreover, only 32 out of 60 epi-units covering 46 blocks in
17 districts, had > 70% desired prevalence level of PPRV
antibodies.

Even though Kerala state initiated PPR vaccination
practice during 2005 (focused vaccination) and 2011 (mass
vaccination), the overall mass vaccination coverage was
very poor for the last three years preceding the sampling
period (2017-2018) i.e. from 5.6% in 2017-2018 to 10.4%
in 2015-2016. The seroprevalence of 11.4% (74/647) in
goats ()(2 =71, p <0.01) (Table S4) was observed with
none of the tested 60 epi-units (except Mazhuvannoor and
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Puthur villages, which had 100% positivity level of anti-
bodies), have > 70% prevalence level of PPRV antibodies,
as Kerala state has not adopted mass vaccination across the
districts as per PPR-CP plan for the past three years.

Tamil Nadu (TN) stateinitiated focused vaccination in
the area of the outbreak, during 2003-2004 through
Assistance to States for Control of Animal Diseases
(ASCAD) scheme and programme mode vaccination was
continued since 2011-2012, however, like Kerala state, the
overall vaccination coverage was very poor since the
inception, i.e., from 40% in 2011-2012 to 9.8% in
2013-2014; 46% in 2014-2015 and for the last three years
preceding the sampling period it was negligible. The
observed prevalence of PPRV antibodies was 47.83% (605/
1265) in small ruminants with association of 53.7% in
sheep (x> =115.5, p<0.01) and 42.0% in goats
()(2 = 170.8, p < 0.01)] (Table S5). However, only 13 out
of 60 epi-units had > 70% desired prevalence level of
antibodies as TN state was not adopted a mass vaccination
programme across the districts as per the PPR-CP plan for
the past three years. Similarly, Puducherry followed
focused vaccination to contain the outbreaks as and when
required in regular vaccination practice. The seropreva-
lence of 50.4% (431/856) in small ruminants was observed
with 43.3% in sheep and 52.6% in goats (Table S6), as it
might be due to non-adoption of the regular mass vacci-
nation programme in the state as per PPR-CP strategic
plan. Moreover, only, 14 out of 60 epi-units covering the
five blocks in two districts had > 70% cluster level
prevalence of PPRV antibodies.

The annual GR was used for calculating the number of
years vaccination need to be continued to reach the desired
minimum 70% levels [22] in all the epi-units in different
states/ UT of the studied region (Table 2) for the control
and eradication of the disease. Moreover, for the control of
the disease, Fournié [17] stated that viral spread could be
prevented if the proportion of immune small ruminants is
kept permanently above 37% in at least 71% of the village
population in an endemic setting by fitting a metapopula-
tion simulating model. However, due to the high turnover
of sheep and goats, maintaining the fraction of the immune
population above this threshold would require high vaccine
coverage within villages and vaccination campaigns to be
conducted regularly. In this study, this estimate corre-
sponded with the observed results of the current study in
Telangana, Karnataka and Andhra Pradesh were 98.3%,
83.3%, 83.3% of epi-units respectively, which showed the
restricted spread of the virus in these mass vaccination
programme implemented states, as there were no frequent
outbreaks have been reported in these state for the past
three preceding years of the survey period. For Kerala
state, it will take 4 to 5 years (2022-2023) to achieve the
desired 70% cluster level prevalence as envisaged in PPR-
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CP, because it was below the base level of 30% prevalence.
For that, the mass vaccination programme with three to
four cycles of vaccination needs to be adopted in the lines
of the OIE eradication pathway of PPR control strategies.
Each cycle of vaccination should cover the entire target
population initially, subsequently bi-annual vaccination of
covering the naive young population.

Further, the present studied region covered two zones
out of 15 agro-climatic zones of India [21] viz., Sothern
plateau and hills, and West coastal plateau and hills zones
covering major states in southern peninsular India (TN,
Karnataka, AP, Kerala, and Telangana). The prevalence of
PPRYV antibodies in these states varied significantly due to
variation in risk population, disease incidence, and extent
of vaccination coverage in the PPR-CP. Further, the
observed prevalence of antibodies level in the states in the
Southern Peninsular covering two zones was high (popu-
lation immunity) due to continuous vaccination coverage in
the states due to PPR-CP implementation since 2010-2011
(www.dahd.nic.in) when compared to non-vaccination
implemented states of India, where baseline 30% preva-
lence was observed [13]. Similarly, the earlier reported
seroprevalence in other agroclimatic zones/states was also
varied. The reported seroprevalence from the Eastern
Himalayan zone (covering north-eastern states of India)
showed 34.3%, 10.3%, 4.7%, 15.7%, 14.7%, and 5.5%, in
small ruminants in Assam, Manipur, Meghalaya, Mizoram,
Nagaland, and Tripura, respectively [13], whereas the
Central and Western plateau and hills and Western Dry as
well as Gujarat plains and hills zones covering the central
and western India, showed seroprevalence of 34.4%,
20.8%, 51.6%, 74.1% 68.3%, and 64.8% in Madhya Pra-
desh, Goa, Chhattisgarh, Maharashtra, Gujarat, and
Rajasthan states respectively [4, 5]. Similarly, Western
Himalayan zone and Upper and Trans Gangetic Plains
zones covering North Indian states showed that sero-
prevalence of 57.32%, 55.22%, 65.69%, 37.09%, 32.73%,
and 29.35% in small ruminants in Haryana, Punjab, Uttar
Pradesh, Himachal Pradesh, Jammu and Kashmir, and
Uttarakhand states, respectively [14]. The East coast plains
and hills and Middle Gangetic Plains and Western plateau
and hills zones covering Eastern India, and island zone of
Andaman and Nicobar, showed the seroprevalence of
30.91% and 54.20% in Bihar and Odisha states, respec-
tively and 1.28% in the Andaman Islands [11, 12]. Overall,
the reported prevalence of PPRV antibodies in small
ruminants in India as a whole in a large scale study varied
between 33.0 to 43.6% [9, 27] and 43.7% [4, 5], which
indicated the need for vigorous vaccination among small
ruminants in the country to be continued to achieve desired
population immunity status for the eradication of PPR from
India. Therefore, PPR-CP mass vaccination programme
needs to be continued for a few more years to achieve the
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desired 70% cluster level of antibody prevalence in Sothern
India. Nevertheless, this cross-sectional study needs to be
visualized with certain limitations, such as the host factors
(age, sex, etc.), and animal vaccination status for the
individual animals was not available for further multi-
factorial regression analysis.

Conclusion and perspectives

The present survey provides information on the prevalence
of PPRV antibodies in sheep and goats, as the samples
analyzed were a true representation of the target sheep and
goats population in Southern Peninsular India. There exists
variation in the prevalent levels of antibodies among the
PPR-CP implemented states in the studied area since the
vaccination pattern was not uniform across the states/dis-
tricts. Further, in some states, the timely vaccination was
not adopted or in some states in a few rounds of vaccina-
tion has not been taken up due to administrative reasons.
Hence, to achieve the desired cluster level immunity as
envisaged in PPR-CP, the mass vaccination programme in
the designated period with two to three cycles of vacci-
nation to be carried out to reach 70-80% level prevalence
of antibodies or immunity status. Further, vaccination may
be restricted to bordering districts, animal markets, and
check posts only, if the state reached the desired 70%
cluster level PPRV antibodies prevalence (immunity
levels) in all the tested epi-units without the occurrence of
PPR outbreaks. The study also implies that the small
ruminants population in some of the epi-units in the studied
region were having less than 30% seroprevalence. This
necessitates comprehensive intensive vaccination and
active surveillance programmes to make Southern India as
PPR free zone. Therefore, zoning the PPR risk regions and
initiating vaccination program at a specified period with
complete vaccination coverage of all the risk population in
the identified zone is of paramount importance along with
monitoring and surveillance. At the time of declaring, India
is provisionally free from PPR, surveillance needs to be
carried out as per OIE guidelines to support the freedom
from PPR in unvaccinated sheep and goats populations.
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