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Seroprevalence of peste des petits ruminants disease in Indonesian
buffaloes may be an emerging threat to small ruminants
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Abstract

Background and Aim: The peste des petit ruminants (PPR) is a disaster-class virus that causes catastrophic drawbacks
to small ruminant industries in affected countries. As PPR disease has been reported in neighboring countries, Indonesia,
which has a large population of sheep and goats, has become prone to the emerging threat of infection. Because the virus
can also infect other animals with subclinical manifestations, large ruminants, such as buffaloes, may play an important role
in spreading the virus in the environment. Therefore, the main objective of this study was to identify PPR seroprevalence
in the buffalo population of Indonesia.

Materials and Methods: A competitive enzyme-linked immunosorbent assay was performed to identify the specific
antibody for PPR viruses in the buffalo population using serum bank collection from the National Research and Innovation
Agency, Indonesia.

Results: PPR virus seroprevalence was detected in buffalo from Central Java, East Java, and East Nusa Tenggara Province
in Indonesia. Although seroprevalence was low in the population, the antibody titer was relatively high in the positive
samples. Sex and age were identified as determinant factors in the seroprevalence distribution of the buffalo population.

Conclusion: The presence of antibodies against the PPR virus in buffaloes may indicate that PPR virus is circulating in the
buffalo population of Indonesia.
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Introduction According to the World Organization for Animal
Health (WOAH) guidelines, peste des petit ruminants
(PPR) is categorized as a notifiable disease due to its
significant economic repercussions on affected coun-
tries, especially in the sheep and goat farming indus-
try [9]. PPR is a transboundary emerging disease that
spreads across broad geographic areas in Asia, Africa,
and the Middle East [10]. PPR has become endemic
in Morocco, Tunisia, Algeria, Bangladesh, Tanzania,
China, and Laos [10—15]. In 2021, the first case of PPR
in Southeast Asia was recently reported to the WOAH
in Thailand. As a neighboring country to Thailand,
Indonesia is more prone to exotic diseases such as
PPR. Although Indonesia has still been declared free
from the disease, a previous study reported the pres-
Copyright: Sendow, et al. Open Access. This article is distributed ence of PPR antibodies in goat and sheep popula-
irer e fems o e st Sommons Aebuton 0 tons from the Indramayu and Solo Districts of West
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Peste des petits is a highly contagious viral dis-
ease caused by Morbillivirus of the Paramyxoviridae
family that predominantly affects small ruminants, pri-
marily sheep and goats [1-4]. Transmission of the dis-
ease mainly occurs by direct contact between infected
and susceptible animals through aerosolized conta-
gious particles of body fluids such as lacrimal/nasal
discards, saliva, and feces [5]. With high morbidity and
mortality rates, clinical disease signs are characterized
by fever, conjunctivitis, stomatitis, nasal discharge,
diarrhea, and bronchopneumonia [6—8]. Several stud-
ies have shown that the disease in goats is more lethal,
with severe symptoms and higher mortality [6].
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Directorate General of Livestock and Animal Health,
Ministry of Agriculture of Indonesia bearing the num-
ber 24093/PW.020/F/03/2023. Therefore, it is neces-
sary to conduct comprehensive studies with a holistic
approach as early warning systems for PPR disease,
which has a devastating impact on the sheep and goat
industries at the national level.

The PPR virus may infect other animal species
with subclinical manifestations, including large rumi-
nants such as cattle and buffalo and wild animals such
as pigs and camels [17-21]. To understand the actual
disease condition in the field, the presence of the virus
in these types of animals should not be ignored [20].
In addition, the previous studies have detected the
presence of PPR antibodies in large ruminants, espe-
cially in buffaloes, which have a higher incidence rate
than other animals [18].

Therefore, this study aimed to estimate the sero-
prevalence of PPR virus in the buffalo population in
several areas of Indonesia, particularly by utilizing
the available retrospective serum bank collection of
the Research Center for Veterinary Science, National
Research and Innovation Agency, Indonesia.

Materials and Methods

Ethical approval

The ethical clearance for this study, especially
for collecting blood samples, was approved by the
Ethics Committee of the Indonesian Agricultural
Research and Development Agency with the approval
number Balitbangtan/BBLitvet/Rm/04/2019, which
originally related to a parasitic disease study in the
buffalo population.

Study period and location

This study was conducted from January 2022
to March 2023 in the Virology Laboratorium, the
Research Center for Veterinary Science under the
Ministry of Agriculture, Bogor, Indonesia.

Sample origin and study area

One hundred and forty five buffalo serum
samples stored in the Serum Bank collection were
obtained from previous parasitic disease studies.
These buffalo sera were collected from January 2017
until December 2019 from several districts in four
provinces in Indonesia, including 40 from Banten, 55
from Central Java, 15 from East Java, and 35 from
East Nusa Tenggara.

Competitive enzyme-linked immunosorbent assay
(c-ELISA)

Buffalo sera were analyzed for PPR anti-
bodies using a commercial c-ELISA kit based on
a recombinant nucleoprotein developed by IDvet
Innovative Diagnostics, CIRAD-EMVT, Montpellier,
France [16—18]. This assay was performed according
to the manufacturer’s instructions. The optical density
(OD) was measured at 450 nm using a Multiskan™
FC microplate photometer (Thermo Fisher Scientific,
USA). The results were interpreted based on the

percentage inhibition (PI) of monoclonal (mAb) bind-
ing in the tested serum. PI was calculated from the
mean OD value using the kit’s manual instructions.
Values of 50%, 50%—-60%, and >60% were consid-
ered positive, ambiguous, and negative, respectively.

Results

A total of 145 buffalo sera from four different
provinces in Indonesia were tested for the presence
of the PPR virus using c-ELISA. Figure-1 depicts the
mapping of PPR seroprevalence in the study area.
As a result, antibodies specific to the PPR virus were
identified in three provinces: Central Java, East Java,
and East Nusa Tenggara province. Table-1 displays
detailed information on the seroprevalence of PPR
in the buffalo population of Indonesia. In this study,
the overall prevalence of PPR was 4.1% across all
areas. Seroprevalence was highest in sera samples
from East Sumba (East Nusa Tenggara Province) at
11.4%. The PPR seroprevalence in Banyuwangi (East
Java Province) and Pemalang (Central Java Province)
was 6.7% and 2.7%, respectively. No PPR seropos-
itivity was detected in the regions of Lebak (Banten
Province) and Brebes (Central Java Province).

Subsequently, PPR seroprevalence was further
analyzed based on the sex and age of the buffalo.
Seroprevalence was higher in males (28.6%) than
in females (2.9%) according to the gender parame-
ters. The number of females tested in the study was
19.7 times higher than that of males. On the basis of
age parameters, the highest seroprevalence of PPR
(8.3%) was estimated in younger buffaloes aged
1 year, followed by older buffaloes aged more than
2 years (4.5%). In addition, seroprevalence was not
detected in buffaloes aged 1-2 years.

Table-2 shows the distribution of PI values of
mAb specific for PPR virus at several categorical
levels, especially for seropositive samples. Because
ELISA is an indirect competitive platform employing
a monoclonal antibody, a lower PI indicates a higher
antibody titer in the serum sample against the PPR
virus. Interestingly, the antibody titers on the seroposi-
tive samples from certain areas, including in Pemalang,
Banyuwangi, and East Sumba Districts, are quite high,
suggesting strong evidence for the PPR antibody.

Discussion

It has been hypothesized that buffaloes play
an essential role in the epidemiology of PPR in the
environment [17, 18]. As a domesticated animal, buf-
faloes can be kept, grassed, and housed alongside
other domestic animals, such as cattle, sheep, and
goats [18]. Spillover diseases between these animals
are common, especially in traditional farming prac-
tices. The buffalo may act as a reservoir and/or carrier
for the PPR virus, and subclinical infections have been
reported in many areas [18, 22, 23]. As expected, this
study confirmed the seroprevalence of the PPR anti-
body in the buffalo population from 2017 to 2019 in
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Figure-1: The mapping of the Peste des petit ruminants seroprevalence in buffalo population with the study areas. (a) The
whole region of Indonesia, (b) Banten, (c) Central Java, (d) East Java, and (e) East Nusa Tenggara [Source: http://surl.
li/qtwib] 1.

Table-1: The seroprevalence of the PPR antibody in the buffalo population in Indonesia.

Province District n Seroprevalence (%) based on
Sex Age (year) Total
Male Female <1 1-2 >2 Unknown

Banten Lebak 40 n.a. 0 (0/40) n.a. 0 (0/3) 0 (0/37) n.a. 0
Central Java Brebes 18 n.a. 0 (0/18) 0 (0/5) 0(0/5) 0 (0/8) n.a. 0

Pemalang 37 n.a. 2.7 (1/37) 20 (1/5) 0 (0/10) 0 (0/19) 0 (0/3) 2.7
East Java Banyuwangi 15 0 (0/1) 7.1(1/14) n.a. n.a. 6.7 (1/15) n.a. 6.7
East Nusa Tenggara East Sumba 35 3.3 (2/6) 6.9(2/29) 0(0/2) 0(0/1) 12.5(4/32) n.a. 11.4

Total 154 28.6 2.9 8.3 0 4.5 0 4.1
n=Number of samples, n.a.=Not applicable, PPR=Peste des petit ruminants

Table-2: The distribution of PI value of the seropositive samples for the PPR in the buffalo population in Indonesia.

Province District n PI value

50-40% 40-30% <30%
Central Java Pemalang 1 - 1 -
East Java Banyuwangi 1 - - 1
East Nusa Tenggara East Sumba 4 - 1 3
Total 6 - 2 4

PI=The percentage of inhibition, n=Number of samples

certain regions in Indonesia, including Central Java,  above sea level. This evidence is consistent with other

East Java, and East Nusa Tenggara Provinces, which
have low-altitude topography between 0 and 1500 m

studies that identified serological evidence of PPR in
large animals, such as cattle and buffaloes [18, 22].
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Although no clinical signs have been observed, studies
in Pakistan and Bangladesh have found higher sero-
prevalence in buffalo than in sheep and cattle [17, 18].

In this study, the seroprevalence of the PPR virus
in the buffalo population differed according to sex and
age. This study revealed a higher prevalence in males,
which is consistent with the previous studies [24, 25].
However, because the proportion of males was signifi-
cantly lower in this study, it may not be prudent to draw
any conclusions from these results. This result may be
biased because the proportion of males was significantly
lower in cases where only a small proportion of adult
males were kept for reproductive purposes. Conversely,
several studies have found opposite results [12, 26]. In
general, female animals are more susceptible to disease
infection due to stress related to reproduction, such as
pregnancy, milk production, and childcare [27].

The parameter of age has also previously been
described as a risk factor for PPR. This study esti-
mated higher seroprevalence in juvenile buffaloes
than in older buffaloes. Several studies have reported
similar and opposite outcomes [12, 26]. The higher
seroprevalence in young animals may be attributable
to maternal antibodies derived from parental immu-
nity, especially after 4-6 months. Because the intensi-
fication buffalo farming system is a common practice
in the area of study, juveniles could be exposed to PPR
infection from infected animals, especially from pas-
ture areas. Therefore, buffalo may have antibody titers
at a young age. On the other hand, adult animals may
also have higher seroprevalence due to the owner’s
decision to keep female animals for a longer period of
time for reproduction purposes, resulting in a longer
risk period for PPR virus exposure [27].

Although the seroprevalence of PPR in buffa-
loes, sheep, and goats in Indonesia has been identified,
there have been no reports related to PPR outbreaks in
sheep or goat populations in Indonesia [16]. PPR can
be falsely diagnosed because the clinical symptoms of
PPR can be similar to those of other diseases such as
orf, bluetongue, Mycoplasma, Pasteurella, and other
bacterial infections [26]. The seroprevalence of the
PPR antibody could also cross-react with other morbil-
livirus infections, such as rinderpest [6, 28]. Although
Indonesia is free from the rinderpest virus, recent data
on rinderpest infection remain unknown. Therefore,
further analyses should be conducted to detect viruses
in samples, for example, secretions from live animals
and tissues from slaughtered animals, particularly in
lymph nodes, as confirmation tests to verify the spe-
cific seroprevalence [15, 29, 30].

The results of this study should serve as a seri-
ous warning for the Indonesian government and all
stakeholders to mitigate the risk of PPR outbreak. In
recent years, foot-and-mouth disease infections have
emerged in Indonesia [31]. The PPR virus may also
bring catastrophic drawbacks to Indonesia’s sheep and
goat populations. Although the transmission of the dis-
ease is limited to close contact between infected and

susceptible animals, the role of other animal species as
reservoirs or carriers should be considered. Therefore,
the quarantine procedures of the PPR should not focus
only on sheep and goats but should also apply to large
ruminants and wild animals.

Conclusion

The seroprevalence study indicates that the buf-
falo population in Indonesia is in contact with the
PPR virus, and therefore, there may be a possibility
of spillover of the virus in the susceptible populations.
A continuous surveillance program is required to
monitor the susceptible population to prevent disease
outbreaks.

Recommendation

Active surveillance of ruminants for the sero-
logical and molecular detection of the PPR virus
should be implemented. Samples should be used
from the resident ruminants of hot spots, particularly
from the border area where animal trespasses usually
occur. Several scenarios in disease surveillance, such
as more sensitive tests, increasing sample size, and
widening sampling locations as well as the number
of animal species, including wild animals, should be
implemented to detect the virus’s existence.

Authors’ Contributions

IS, AR, HH, AHW, and DHS: Supervised the
field sampling, data collection, and laboratory work.
IS, RH, AHW, and EHC: Data entry, analysis, and
interpretation, and participated in the preparation of
the manuscript. IS, AR, RH, NF, HN, NLPID, MS,
and EHC: Conceptualized and designed the study and
reviewed and edited the manuscript. All authors have
read, reviewed, and approved the final version of the
manuscript.

Acknowledgments

This research was supported by the VETLAB
network initiative of the Joint FAO/IAEA Centre of
Nuclear Techniques in Food and Agriculture, funded
through the Peaceful Uses Initiatives (PUI) by Japan
and the United States of America. The authors
acknowledge the support of local agricultural services
and farmers in Central Java, East Java, and East Nusa
Tenggara Province for the field sampling activities.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’'s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published map and institu-
tional affiliation.

References

1. Baron, M.D. (2015) The molecular biology of Peste des
petits ruminants virus. In: Munir, M., editor. Peste Des Petits

Veterinary World, EISSN: 2231-0916

538



Available at www.veterinaryworld.org/Vol.17/March-2024/4.pdf

10.

I1.

12.

13.

14.

15.

16.

17.

Ruminants Virus. Springer, Berlin, Heidelberg, p11-38. 18.  Chowdhury, E.H., Kundu, P., Begum, J.A., Chowdhury, T.,
Baron, M.D., Diallo, A., Lancelot, R. and Libeau, G. (2016) Rahman, M., Khatun, A., Saha, S.S., Nooruzzaman, R.,
Peste des petits ruminants virus. Adv. Virus Res., 95: 1-42. Parvin, R. and Islam, M.R. (2022) Peste des petits ruminants
Gibbs, E.P., Taylor, W.P., Lawman, M.J. and Bryant, J. virus antibodies in domestic large ruminants in Bangladesh.
(1979) Classification of Peste des petits ruminants virus as J. Infect. Dev. Ctries., 16(2): 369-373.
the fourth member of the genus Morbillivirus. Intervirology, 19. Fakri, F.Z., Bamouh, Z., Jazouli, M., Omari Tadlaoui, K.
11(5): 268-274. and Elharrak, M. (2019) Experimental infection of drom-
Parida, S., Muniraju, M., Mahapatra, M., Muthuchelvan, D., edary camels with virulent virus of Peste des petits rumi-
Buczkowski, H. and Banyard, A.C. (2015) Peste des petits nants. Vet. Microbiol., 235: 195-198.
ruminants. Vet. Microbiol., 181(1-2): 90-106. 20. Fine, A.E., Pruvot, M., Benfield, C.T.O., Caron, A.,
Herzog, C.M., de Glanville, W.A., Willett, B.J., Cattoli, G., Chardonnet, P., Dioli, M., Dulu, T., Gilbert, M.,
Cattadori, .M., Kapur, V., Hudson, P.J., Buza, J., Swai, E.S., Kock, R., Lubroth, J., Mariner, J.C., Ostrowski, S.,
Cleaveland, S. and Bjornstad, O.N. (2020) Peste des petits Parida, S., Fereidouni, S., Shiilegdamba, E., Sleeman, J.M.,
ruminants virus transmission scaling and husbandry prac- Schulz, C., Soula, J.J., Van der Stede, Y., Tekola, B.G.,
tices that contribute to increased transmission risk: An Walzer, C., Zuther, S., Njeumi, F. and Meeting, P. (2020)
investigation among sheep, goats, and cattle in Northern Eradication of Peste des petits ruminants virus and the wild-
Tanzania. Viruses, 12(9): 930. life-livestock interface. Front. Vet. Sci., 7: 50.
Balamurugan, V., Rahman, H. and Munir, M. (2015) 21. Mabhapatra, M., Sayalel, K., Muniraju, M., Eblate, E.,
Host susceptibility to Peste des petits ruminants virus. Fyumagwa, R., Shilinde L., Mdaki, M., Keyyu, J., Parida, S.
In: Munir, M., editor. Peste Des Petits Ruminants Virus. and Kock, R. (2015) Spillover of Peste des petits ruminants
Springer, Berlin, Heidelberg, p39-50. virus from domestic to wild ruminants in the Serengeti eco-
Begum, S., Nooruzzaman, M., Islam, M.R. and system, Tanzania. Emerg. Infect. Dis., 21(12): 2230-2234.
Chowdhury, E.H. (2021) A sequential study on the pathol- 22. Balamurugan, V., Krishnamoorthy, P., Veeregowda, B.M.,
ogy of Peste des petits ruminants and tissue distribution of Sen, A., Rajak, K.K., Bhanuprakash, V., Gajendragad, M.R.
the virus following experimental infection of black Bengal and Prabhudas K. (2012) Seroprevalence of Peste des petits
goats. Front. Vet. Sci., 8: 635671. ruminants in cattle and buffaloes from Southern Peninsular
Chowdhury, E.H., Bhuiyan, A.R., Rahman, M.M., India. Trop. Anim. Health Prod., 44(2): 301-306.
Siddique, M.S. and Islam, M.R. (2014) Natural Peste des 23.  Khan, H.A., Siddique, M., Sajjad-Ur-Rahman, Abubakar, M.
petits ruminants virus infection in Black Bengal goats: and Ashraf, M. (2008) The detection of antibody against
Virological, pathological and immunohistochemical inves- Peste des petits ruminants virus in sheep, goats, cattle and
tigation. BMC Vet. Res., 10(1): 263. buffaloes. Trop. Anim. Health Prod., 40(7): 521-527.
De Haan, N., Kimani, T., Rushton, J. and Lubroth, J. 24. Mabhajan, S., Agrawal, R., Kumar, M., Mohan, A. and
(2015) Why is small ruminant health important-Peste des Pande, N. (2012) Risk of seroconversion to Peste des petits
petits ruminants and its impact on poverty and economics? ruminants (PPR) and its association with species, sex, age
In: Munir, M., editor. Peste Des Petits Ruminants Virus. and migration. Small Rumin. Res., 104(1-3): 195-200.
Springer, Berlin, Heidelberg, p195-226. 25. Mbyuzi, A.O., Komba, E.V., Kimera, S.I. and
Ahaduzzaman, M. (2020) Peste des petits ruminants (PPR) Kambarage, D.M. (2014) Sero-prevalence and associated
in Africa and Asia: A systematic review and meta-analysis risk factors of Peste des petits ruminants and contagious cap-
of the prevalence in sheep and goats between 1969 and rine pleuro-pneumonia in goats and sheep in the Southern
2018. Vet. Med. Sci., 6(4): 813-833. Zone of Tanzania. Prev. Vet. Med., 116(1-2): 138-144.
Burns, R.J.L., Douangngeun, B., Theppangna, W., 26. Torsson, E., Berg, M., Misinzo, G., Herbe, 1., Kgotlele, T.,
Mukaka, M., Wegner, M.D., Windsor, P.A. and Paarni, M., Roos, N., Blomstrom, A.L., Stahl, K. and
Blacksell, S.D. (2019) Peste des petits ruminants (PPR) Wensman, J.J. (2017) Seroprevalence and risk factors for Peste
virus serological surveillance in goats in Lao PDR: Issues des petits ruminants and selected differential diagnosis in sheep
for disease eradication in a low-resource disease-free set- and goats in Tanzania. Infect. Ecol. Epidemiol., 7(1): 1368336.
ting. Transbound. Emerg. Dis., 66(2): 939-947. 27. Aziz-Ul-Rahman, Abubakar, M., Rasool, M.H.,
Dubie, T., Dagnew, B., Gelo, E., Negash, W., Hussein, F. Manzoor, S., Saqalein, M., Rizwan, M., Munir, M., Ali, Q.
and Woldehana, M. (2022) Seroprevalence and associated and Wensman, J.J. (2016) Evaluation of risk factors for
risk factors of Peste des petits ruminants among ovine and Peste des petits ruminants virus in sheep and goats at the
caprine in selected districts of Afar region, Ethiopia. BMC wildlife-livestock interface in Punjab Province, Pakistan.
Vet. Res., 18(1): 429. Biomed. Res. Int., 2016: 7826245.
Hasib, FM.Y. and Chowdhury, S. (2020) Review and 28.  Anderson, J. and McKay, J.A. (1994) The detection of anti-
meta-analysis of PPR in goat and sheep of Bangladesh from bodies against Peste des petits ruminants virus in cattle,
2000 to 2019. Turk. J. Agric. Food Sci. Technol., 8(10): sheep and goats and the possible implications to rinderpest
2099-2104. control programmes. Epidemiol. Infect., 12(1): 225-231.
Liu, F, Li,J.,, Li, L., Liu, Y., Wu, X. and Wang, Z. (2018) Peste 29. Li, L., Wu,J, Cao, X., He, J., Liu, X. and Shang, Y. (2021)
des petits ruminants in China since its first outbreak in 2007: Analysis and sequence alignment of Peste des petits rumi-
A 10-year review. Transbound. Emerg. Dis., 65(3): 638—648. nants virus ChinaSX2020. Vet. Sci., 8(11): 285.
Shahriari, R., Khodakaram-Tafti, A. and Mohammadi, A. 30. Nooruzzaman, M., Akter, M.N., Begum, J.A., Begum, S.,
(2019) Molecular characterization of Peste des petits Parvin, R., Giasuddin, M., Islam, M.R., Lamien, C.E.,
ruminants virus isolated from four outbreaks occurred in Cattoli, G., Dundon, W.G. and Chowdhury, E.H. (2021)
Southern Iran. BMC Vet. Res., 15(1): 177. Molecular insights into Peste des petits ruminants virus
Sendow, 1., Adjid, R.M.A. and Saepulloh, M. (2018) Peste identified in Bangladesh between 2008 and 2020. Infect.
de petits ruminants (PPR) virus infection in sheep and goat Genet. Evol., 96(Suppl 10): 105163.
in Indonesia. J. Sain Vet., 35(2): 165-174. 31. Zainuddin, N., Susila, E.B., Wibawa, H., Daulay, R.S.D.,
Abubakar, M., Mahapatra, M., Muniraju, M., Arshed, M.J., Wijayanti, P.E., Fitriani, D., Hidayati, D.N., Idris, S.,
Khan, E.H., Banyard, A.C., Ali, Q. and Parida, S. (2017) Wadsworth, J., Polo, N., Hicks, H.N., Mioulet, V.,
Serological detection of antibodies to Peste des petits rumi- Knowles, N.J. and King, D.P. (2023) Genome sequence of a
nants virus in large ruminants. Transbound. Emerg. Dis., foot-and-mouth disease virus detected in Indonesia in 2022.
64(2): 513-519. Microbiol. Resour. Announc., 12(2): ¢0108122.
feskoskoskskoskocksk

Veterinary World, EISSN: 2231-0916

539





