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Abstract
During 2015 and 2016, from five different States of the Sudan, a total of 1000 cattle sera were purposively collected from many
herds of apparently healthy cattle regardless of their age, sex, and breed. Assessment of the sero-prevalence of PPRVantibodies
using competitive ELISA (C-ELISA) yielded a higher overall sero-prevalence of 42.0% (420/1000) among cattle populations in
the Sudan which is higher than previously reported. Within Sudanese States under study, the highest sero-prevalence of 53.5%
(107/200 sera) was demonstrated in Khartoum State while the least sero-prevalence of 31.5% (63/200 sera) was demonstrated in
White Nile State. The higher PPRV sero-prevalence values detected in cattle suggested the potential exposure of cattle to PPRV
via contact with infected small ruminants and thus might be an indicator of infection of small ruminants. There is a need to
include serological surveillance of PPR in cattle within the sero-monitoring program of PPR to give a better indication of the
national herd immunity and to assess in the ongoing eradication program.
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Introduction

Peste des petits ruminants (PPR) is a fatal viral disease charac-
terized by high morbidity (100%) and mortality (50–90%) rates
(Lefevre and Diallo 1990; OIE 2013). Peste des petits ruminants
virus (PPRV), the causative agent, belongs to the Morbillivirus
genus of theParamyxoviridae family (OIE 2013). Nowadays the
disease is endemic in Africa and Asia, the Middle East and
Turkey, with recent outbreaks in Georgia and Mongolia
(Banyard et al. 2010; OIE 2013; Baron et al. 2017).

Sheep and goats are the main natural hosts of PPR which
can be acutely infected (Lefevere and Diallo 1990; Parida
et al. 2015). Cattle are also considered susceptible to subclin-
ical infection by PPR either by direct contact with infected
sheep and goats or via direct inoculation with PPRV
(Anderson and Mckay 1994; Lembo et al. 2013; Sen et al.
2014). However, it is not excreting virus and does not pose
any potential role in the transmission of PPRV (Parida et al.
2015). A seroconversion and a humoral antibody response
against PPRV was demonstrated following PPRV infection
of cattle (Dardiri et al. 1977; Anderson and Mckay 1994;
Sen et al. 2014).

PPR was known in the Sudan since 1970th (Elhag Ali
1973) as a Rinderpest-like disease infecting mainly sheep
and goats, while in contact cattle remains apparently healthy.
Many years later, the disease was diagnosed as PPR (Elhag
Ali and Taylor 1984). Since then, outbreaks of the disease in
sheep and goats were reported regularly. For control of PPR in
small ruminants in the field, the live-attenuated cell culture
PPRV Nigeria 75/1 vaccine has been used in the Sudan since
1989 (Fadol and El Hussein 2004).

Outbreaks of PPR in sheep and goats in the Sudan, in the
past, occurred in Gezira, White Nile, Blue Nile, Khartoum,
River Nile, Elgedarif, Kassala, Red Sea, and Kurdufan States
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(Osman et al. 2008; Saeed et al. 2010; Ali et al. 2014; Saeed
et al. 2017). Due to the continual reported incidence of PPR in
sheep and goats in the Sudan and the documented cases of
PPR in camels which highlighted the possibility of existence
of other susceptible hosts of the disease, the present study
aimed to perform serological investigations to assess the
sero-prevalence of PPRVantibodies among cattle populations
in the Sudan.

Materials and methods

Between 2015 and 2016, during a surveillance program, a
total of 1000 cattle sera were purposively collected frommany
herds form five different States of the Sudan. A total of
200 cattle sera were collected from each State, of which
20 sera were from each locality within the State and
around 5–10 sera were collected from each herd. Sera
were collected from River Nile (Northern Sudan), White
Nile (middle Sudan); Elgedarif (Eastern Sudan) States
during December 2015 and from Khartoum (middle
Sudan); and Western Kurdufan (South-Western Sudan)

States during January 2016 (Fig. 1; Table 1). Sera were
collected from many herds of apparently healthy cattle
regardless of their age, sex and breed.

A competitive-enzyme linked immunosorbent assay (C-
ELISA) was performed, for detection of PPRV antibodies in
the suspected cattle sera, using a competitive screening
ELISA kit BID Screen® PPR Competition kit^ (IDVet
Innovative Diagnostics, France) following the manufacturer’s
instructions.

Results and discussion

The present study was performed during 2015–2016 for
serological investigations of PPR among cattle popula-
tions in areas located in five different States of the
Sudan considering the fact that cattle in the Sudan had
never been vaccinated against PPR. Indeed, there was also no
history of previous vaccination of cattle herds against
Rinderpest since it was terminated in 2002 in the Sudan during
the global Rinderpest eradication program which accom-
plished successfully in 2011 (OIE 2016).

Fig. 1 Locations of serological investigations of PPRVantibodies in cattle sera in five different States of the Sudan
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Screening of 1000 cattle sera for detection of PPRV
antibodies by C-ELISA indicated that only 420/1000
sera were found positive while all the remainder were
negative. In this study, serological surveillance for
screening of PPRV antibodies in cattle sera, as indicated
by C-ELISA, revealed a higher sero-prevalence of
PPRV antibodies of 42.0% among cattle populations in
the country. In contrast, lower antibody sero-prevalence
values of 25.8% (Saeed et al. 2017) and 11.4% (Haroun
et al. 2002) were demonstrated previously among cattle
population in the Sudan. The findings revealed a higher
sero-prevalence of PPRV antibodies in cattle than previ-
ously reported in the country.

Similarly, a higher sero-prevalence of PPRV antibod-
ies in cattle sera of 41.86% was documented in cattle in
Pakistan (Khan et al. 2008) in contrary to a much lower
value of only 8% (Rashid et al. 2008) and 10% reported
recently (Abubakar et al. 2017). Moreover, several sero-
surveillance studies indicated the presence of PPR anti-
bodies in cattle sera in different countries with variable
sero-prevalence values, for instance 0.9% and 18% in Turkey
(Özkul et al. 2002; Albayrak and Gür 2010), 9% in
Ethiopia (Abraham et al. 2005), 4.5% in Cameron
(Ngangnou et al. 1996), 1.78% in Mali (Tounkara et al.
1996), 26.7% and 5.9% in Tanzania (Lembo et al. 2013),
and finally 4.58% and 11.07% in India (Balamurugan et al.
2012; Balamurugan et al. 2014).

In fact, cattle which were vaccinated against RP
could not produce detectable antibodies against PPRV
due to the immunological interaction and cross-
reactivity between the two viruses (Anderson and
Mckay 1994). Detection of PPRV antibodies in cattle
sera, in absence of a vaccination history, indicated the
potential exposure of these animals to PPRV, via contact
with infected small ruminants, which probably leads to
development of a subclinical infection. Antibody sero-
prevalences detected in cattle suggested the potential
exposure of cattle to PPRV via contact with infected
small ruminants and indicted the natural transmission

of PPRV from small ruminants to cattle under field
conditions which is as stated previously by Khan et al.
(2008). Thus, the higher sero-prevalence of PPRV dem-
onstrated among cattle populations in the Sudan might
be an indicator of infection of small ruminants and
might be attributed to the mixed free grazing rangelands
for all animal species, especially small ruminants, cattle
and camel, which facilitate the exposure of cattle to the
virus. This could be explained better by the frequently
occurred outbreaks of PPR in small ruminants, in the
five States under study in the Sudan, as officially re-
ported to the OIE (OIE-WAHIS 2018). PPR outbreaks
were reported in River Nile, White Nile, Elgedarif, and
Khartoum States during 2013; River Nile and Western
Kurdufan States during 2014; River Nil, Khartoum and
Kurdufan States during 2015; River Nile, Elgedarif and
Kurdufan States during 2016; White Nile, Elgedarif,
Khartoum and Kurdufan States during 2017 as annually
reported to the OIE (OIE-WAHIS 2018).

According to the geographic distribution of the cattle
herds in the Sudanese States under study, results yielded
the highest sero-prevalence of 53.5% (107/200 sera) in
Khartoum State (middle Sudan) followed by 45.5% (91/
200 sera) in River Nile State (Northern Sudan), then 40.0%
(80/200 sera) in Western Kurdufan State (South-Western
Sudan), 39.5% (79/200 sera) in Elgedarif State (Eastern
Sudan) and finally the least sero-prevalence of 31.5% (63/
200 sera) was demonstrated in White Nile State (middle
Sudan) (Table 1; Fig. 1). The result of the present study dem-
onstrated the prevalence of PPRV antibodies in cattle sera as
documented previously (El Amin and Hassan 1999; Haroun
et al. 2002; Saeed et al. 2017) and reflects the wide distribution
of PPRV among cattle populations in the country keeping in
mind that PPR is endemic in small ruminants throughout
Sudanese States under study.

It is important to include serological surveillance of PPR in
cattle within the sero-monitoring program of PPR to give a
better indication of the national herd immunity and to assess in
the ongoing eradication program. The findings of the present

Table 1 Sero-prevalence of PPRVantibodies in cattle sera in different states of the Sudan

Cattle Sera

Date of Collection Area of sample collection Location in the Sudan Total No. tested (%) No. +ve (%) No. –ve (%)

Jan., 2016 Khartoum State Middle Sudan 200 (100.0) 107 (53.5) 93 (46.5)

Jan., 2016 Western Kurdufan State South-Western Sudan 200 (100.0) 80 (40.0) 120 (60.0)

Dec., 2015 River Nile State Northern Sudan 200 (100.0) 91 (45.5) 109 (54.5)

Dec., 2015 Elgedarif State Eastern Sudan 200 (100.0) 79 (39.5) 121 (60.5)

Dec., 2015 White Nile State Middle Sudan 200 (100.0) 63 (31.5) 137 (58.5)

Total 1000 (100.0) 420 (42.0) 580 (58.0)
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study suggested cattle are subclinically infected hosts of
PPR in the Sudan, however, there is no evidence if it
can transmit the disease to closely in contact susceptible
animal species thus there potential contribution (or not)
in the epidemiology of the disease remains questionable.
Additional studies to investigate the possible role that
cattle might play (or not) in PPRV transmission and
thus infection to other animals and also in the epidemiology
of PPR are needed.
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