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Abstract
The study investigated the presence and prevalence of peste des petits ruminants 
(PPR) viral antigens among camels in Tambul area, Gezira State, Central Sudan, re-
gardless of its sex, age and breed, and their possible contribution in the epidemiol-
ogy of the disease in the Sudan. Hundred pneumonic lung tissues were aseptically 
collected from clinically apparently healthy camels showed no signs of illness at 
ante-mortem examination, from Tambul slaughterhouse, Tambul area, Gezira State, 
Central Sudan, between November and December 2018. Samples were collected 
based on presence of the pneumonic signs, at the tissue level, including congestion of 
the lungs, presence of abscesses, fragility, changes in colour and thickness of the tis-
sue. In order to detect PPR viral antigen, haemagglutination (HA) test was employed 
on lung tissue homogenate, using chicken RBCs suspension, which gave a positive 
reaction in 17–19 min. PPRV antigen was detected in 98 of camel samples with an 
overall antigenic prevalence of 98%. Of note, the HA titres achievable ranged from 
4 to 256 HA units (HAU) with mean titre of 14.4 HAU, whereas apparently most of 
the samples achieved HA titres of 8 HAU. The results demonstrated presence of 
PPR viral antigens associated with pneumonia in camels indicating exposure of these 
camels to PPRV and probably presence of subclinical infection. Infection of species 
other than small ruminants suggests the fact that camels are potential hosts for PPRV 
and might play a role (or not) in the epidemiology of the disease. Further studies are 
needed to demonstrate if camels are able to transmit PPRV for in-contact small rumi-
nants or other animal species.
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1  | INTRODUC TION

Peste des petits ruminants (PPR) or sheep and goat plague is a highly 
contagious animal viral disease affecting domestic and wild small ru-
minants with high morbidity and mortality. Once it appears in the 
herd, the virus can infect up to 90% of the animals and the disease 
kills anywhere from 30% to 70% of infected animals (FAO, 2015). 
PPR was first described in Côte d'Ivoire in West Africa (Gargadennec 
& Lalanne, 1942; OIE, 2019).

Peste des petits ruminants is caused by peste des petits rumi-
nants virus (PPRV), a member of the Small Ruminant Morbillivirus spe-
cies, in the Morbillivirus genus, of the Paramyxoviridae family, in the 
Mononegavirales order (Gibbs et al., 1979; Maes et al., 2019). Sheep 
and goats are the main natural hosts for PPRV (OIE, 2019; Parida 
et al., 2015), although many reports mentioned goats as the most 
sensitive host species for PPRV (Diallo, 2003). Based on the fact that 
PPR has been reported in camels and buffaloes, those animal species 
are considered to be susceptible hosts (OIE, 2019).

In the Sudan, outbreaks of PPR-like disease in camels were first 
reported in Kassala State, Eastern Sudan in 2004. The existence of 
PPRV was demonstrated on tissue specimens from affected and dead 
animals (Khalafalla et al., 2010). PPRV infection in camels appeared as 
per-acute fatal respiratory disease characterized by sudden death with 
0%–50% mortality in clinically apparently healthy camels, while diar-
rhoea, respiratory signs and abortion were presented in pregnant she-
camels (Khalafalla et al., 2010). Later, PPRV strains from camels were 
identified as PPRV lineage IV (Kwiatek et al., 2011). A mixed infection 

of PPRV and other respiratory viruses was reported in dromedary cam-
els in different regions of the Sudan (Saeed et al., 2015).

Due to previous reports describing PPR infection of camels in 
the Sudan, the present study was designed to investigate the pres-
ence of PPR viral antigens among camels slaughtered at Tambul 
slaughterhouse in Gezira State, Central Sudan.

2  | MATERIAL S AND METHODS

2.1 | Study area

Gezira State is a small region in Central Sudan which covers an area 
of 27,549 square kilometres (km2) and divided into seven localities. 
The study was conducted in Tambul area which is located at the coor-
dinates 14°56′0″ North and 33°24′0″ East in Eastern Gezira locality, 
Gezira State (Figure 1). The samples for this study were collected from 
Tambul slaughterhouse which is located near the market. Slaughtering 
of camels along with other animal species was performed early in the 
morning at 3:00 a.m. on each Saturday and Tuesday every week while 
the ante-mortem was performed the day before.

2.2 | Reference virus

The live attenuated PPRV Nigeria 75/1 vaccine strain was obtained 
as a freeze-dried preparation (kindly provided by the Viral Vaccine 

F I G U R E  1   Map of the Sudan showing the study area “Tambul in Gezira State, Central Sudan”. The map was retrieved from: ©2007–2020 
d-maps.com “http://www.d-maps.com/carte.php?num_car=1310&lang=en” with some modifications

http://www.d-maps.com/carte.php?num_car=1310&lang=en
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Department, CVRL, Soba, Khartoum), then dissolved into 0.5 ml of 
sterile distilled water, kept at −20°C. PPRV vaccine was the positive 
control PPRV antigen used in the study.

2.3 | Sample collection and preparation

Pneumonic lung samples were collected from clinically apparently 
healthy camels, showed no signs of illness at ante-mortem examina-
tion, from Tambul slaughterhouse during the period from November 
to December, 2018. Hundred lung samples were collected from 
camels regardless of their sex, age and breed, despite the fact that 
most of the camels brought to the slaughterhouse were females. 
Lung samples were collected aseptically based on presence of the 
pneumonic signs at the tissue level, preserved into sealed plastic 
bags and kept frozen at −20°C.

Subsequently, 20% tissue homogenate containing the viral an-
tigen was prepared from camel pneumonic lung samples in phos-
phate buffer saline (PBS; pH 7.2–7.4), supplemented with antibiotics 
(1 ml of Penicillin [200 IU/ml], 1 ml of Streptomycin [100 µg/ml], 1 ml 
of Gentamycin [10,000 µg/ml]) and antifungal (0.5 ml of Fungizone 
[50,000 IU/ml]), following the standard procedure, distributed into 
Eppendorf tubes and stored at −20°C. The homogenate was used as 
an antigen source for PPRV.

2.4 | Preparation of red blood cells suspension

Whole blood was collected, from healthy non-immunized chickens, 
in vacutainers containing anticoagulant “Alsever's solution”, red 
blood cells (RBCs) were washed three times and 1% of chicken RBCs 
suspension was prepared in PBS (pH 6.8) following the standard pro-
cedure. RBCs suspension was used as an indicator for demonstrating 
the haemagglutination (HA) properties of PPRV.

2.5 | Haemagglutination test

The HA test was used for identification of PPRV antigen and for 
quantifying the HA titre of the virus in the 20% tissue suspension. 
The procedure of the HA test for detection of PPRV antigen specifi-
cally was as described previously by Ezeibe et al. (2004) and Osman 
(2005) with some modifications for the test conditions. The HA test 
was performed in 96-well V-bottom microtitre HA plates using PBS 
(pH 6.8) as diluent.

Results of the HA test were optimized, for the camel samples, by 
employing 1% of chicken RBCs suspension, using PBS of pH 6.8 and 
the HA plate was incubated in a refrigerator at 4°C and observed for 
15–20 min. When performing the HA test using these conditions, 
the HA results took 17–18 min, and elution quickly followed lead-
ing to the formation of the red button in the 19th min. Accordingly, 
the results must be taken within a strict time range between 17 
and 18 min or the HA result will have disappeared (Figure 2). The 

presence of a diffused sheet or film representing agglutinating RBCs 
caused by PPRV is considered a positive HA result. In contrast, neg-
ative HA result appeared as a sharp red button of non-agglutinated 
sediment RBCs formed due to absence of the haemagglutinating 
virus (Figure 2). RBCs control as well appeared as a sharp red button 
(Figure  2). The end-point dilution for the haemagglutinating virus 
was determined as the last well that showed complete HA of RBCs, 
and the end-point dilution is equal to one HA unit (1 HAU) which is 
the minimum amount of the virus that will cause complete aggluti-
nation of the RBCs. The HA titre of the virus in the homogenate was 
determined as the reciprocal of the end-point dilution and expressed 
as HAU.

3  | RESULTS

The majority of camels in the slaughterhouse showed no pneumonic 
signs at ante-mortem while some showed signs varying from mild 
to moderately severe in some cases. These signs included nasal dis-
charges, an increased respiratory rate associated with severe ema-
ciation. However, at post-mortem, regardless of the ante-mortem 
status, there were pneumonic lesions in the lungs including conges-
tion of the lungs, fragility, changes in colour and thickness of the 
tissue and in some cases many abscesses were present.

Of the total 100 pneumonic camel lung samples screened using 
the HA test for the presence of PPRV antigen, 98 (98%) of the sam-
ples were positive while only 2 (2.0%) samples remained negative 
(Table 1). Results revealed the highest overall antigenic prevalence 
(98%) of PPRV in tested pneumonic camel lungs from Tambul slaugh-
terhouse indicating exposure of these camels to PPRV or probably 
presence of subclinical infection.

Moreover, PPRV antigen detected from pneumonic camel 
lung samples revealed variable HA titres ranging between 4 and 
256 HAU with mean titre of 14.4 HAU. Of note, one sample only 

F I G U R E  2   Haemagglutination test plate for detection of 
peste des petits ruminants virus (PPRV) antigen showing positive 
haemagglutination (HA) result as a diffused sheet or film and 
negative HA result as a sharp red button of sediment red blood cells 
(RBCs). PPRV Control (Column 1), antigen samples (Columns 2–11) 
and RBCs control (Column 12), samples are in vertical position
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(1.0%) showed a very high HA titre of 256 HAU and apparently most 
of the samples (57.0%) achieved titre of 8 HAU (Table 1; Figure 3).

4  | DISCUSSION

Peste des petits ruminants virus infection in camels was described as 
an epizootic disease that affected dromedaries at the beginning of the 
year 2000 in Ethiopia (Roger et  al., 2000, 2001). The first report of 
PPRV infection in camels in the Sudan, and the global second after 
Ethiopia, was in 2004 (Khalafalla et  al.,  2010). Some PPRV-infected 
camels showed clinical signs while others were sub-clinically affected 
with detected antibodies to PPRV (Roger et  al.,  2001). In addition, 
PPRV antigens and nucleic acid were detected in samples from in-
fected animals (Khalafalla et  al.,  2010). Both reports of PPRV out-
breaks in camels in Ethiopia and the Sudan are in agreement with this 
study that camels can be infected with PPRV and harbour the viral an-
tigen in their bodies. The presence of PPRV antibodies in Nigerian and 
Libyan camel's populations was also documented (El-Dakhly,  2015; 
Woma et al., 2015). This survey was designed mainly to investigate the 

possibility of camel infection with PPRV in Tambul area, regardless of 
its sex, age and breed, despite the fact that most of the camels brought 
to the slaughterhouse were females. Moreover, the aim of the study 
was to demonstrate the prevalence of PPRV antigens in camel lungs 
from Tambul slaughterhouse, Gezira State, Central Sudan.

In this study, generally some clinical signs were observed in 
camels at the ante-mortem examination including nasal discharges, 
an increased respiratory rate associated with severe emaciation. 
However, at post-mortem pneumonic lesions in the lungs included 
congestion of the lungs, fragility, changes in colour and thickness 
of the tissue and in some cases many abscesses were observed. 
Khalafalla et  al.  (2010) reported these necropsy findings of PPR 
in camels such as congestion and consolidation on the lung tissue, 
paleness and fragility of the liver, enlargement of lymph nodes, 
congestion and haemorrhage of the small intestines and stomach. 
Additionally, Zakian et  al.  (2016) reported presence of kerato-
conjunctivitis, congestion and consolidation of the lungs, paleness 
of the liver and enlargement and oedema of lymph nodes. In this 
study, few post-mortem lesions were observed which is attributed 
to presence of subclinical infection, however, in these studies more 
prominent lesions were observed in clinically infected camels.

A previous study to determine the role played by PPRV in causing 
respiratory infections in camels and its association with other respi-
ratory viruses was performed using lung specimens showing pneu-
monia collected from clinically healthy camels in slaughterhouses at 
five different areas in the Sudan (Saeed et  al.,  2015). The highest 
prevalence of PPRV antigen (59.9%) was found in Central Sudan then 
in Northern Sudan (56.6%) and in Eastern Sudan (26.6%). This study 
agreed with that of Saeed et al. (2015).

In this study, the HA test was the diagnostic tool of choice for 
its rapidity and simplicity (Ezeibe et  al.,  2004; Osman et  al.,  2008; 
Wosu, 1985, 1991). In addition, the tools are commercially available 
to be conducted in a field condition not to mention its relatively cheap 
costs compared to other diagnostic tests which also require experi-
enced personnel. It was previously proved that the test is useful in de-
tecting PPRV antigen from tissue homogenate (Osman, 2005; Osman 
et al., 2008). Recently, the HA test was proved to be as sensitive as 
an immuno-capture enzyme-linked immunosorbent assay (IC-ELISA) 
for detection of PPRV in nasal swabs and fecal samples from clinically 

F I G U R E  3   Peste des petits ruminants virus (PPRV) 
antigen detected at different haemagglutination titres by 
haemagglutination (HA) test
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TA B L E  1   Detection of peste des petits 
ruminants virus antigen in pneumonic 
camel lung samples by haemagglutination 
(HA) test
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PPR suspected camels in Pakistan (Rahman et al., 2020). The HA test 
can be done using samples from dead or live animals including swabs 
(ocular, nasal and oral), faecal and various tissue samples to detect the 
presence of PPRV antigen (Abubakar et al., 2012; Latif et al., 2014; Liu 
et al., 2013; Manoharan et al., 2005; Zakian et al., 2016).

Higher heamagglutination titres were recorded with the use 
of 1% chicken RBCs suspension as described previously by Latif 
et  al.  (2014) instead of using 0.6% as described earlier by Ezeibe 
et al. (2004), Osman et al. (2008) and Wosu (1985, 1991). In addition, 
higher HA titres were obtained by incubating the plates at 4°C and 
at time ranging from 17 to 18 min as reported by Osman et al. (2008) 
and Wosu (1985, 1991).

The survey revealed that 98/100 of the camel samples reacted 
positively in the HA test with very high prevalence (98%) which is con-
sistent with that published by Saeed et  al.  (2015) using IC-ELISA as 
a diagnostic tool. The findings also indicated that camels may have a 
transient PPRV infection and, therefore, could be involved in the ep-
idemiology of the disease as had been described in many countries 
including Ethiopia, Sudan, Nigeria, Iran, Libya, Kenya and Pakistan 
(El-Dakhly, 2015; Khalafalla et al., 2010; Omani et al., 2019; Rahman 
et al., 2020; Roger et al., 2000, 2001; Saeed et al., 2015; Woma et al., 
2015; Zakian et al., 2016). Considering that camels are clinically ap-
parently healthy while harbouring PPRV thus can serve as a carrier for 
the disease and might transmit the virus to in-contact susceptible small 
ruminants in shared grazing areas. However, an experimental infection 
of dromedary camels in Morocco with a virulent strain of PPRV showed 
no clinical signs or viraemia and no virus was detected in the animal 
secretions. This result suggests that camels cannot be experimentally 
infected with PPRV which may be attributable to the type of the sam-
ples used (Fakri et al., 2019). In contrast, in animals with no clinical signs 
observed, the virus was demonstrated severally from camel lungs and 
tissues, with histological changes, suggesting an evidence of PPRV abil-
ity to infect camels in an in-apparent or subclinical form. Moreover, be-
side identification of PPRV as a causative agent of PPR associated with 
pneumonia in camels (Khalafalla et al., 2010; Roger et al., 2000, 2001), 
there are other possibilities that other infectious agents “bacteria, other 
respiratory viruses or parasites” or a combination of factors are the 
cause of the pneumonic lesions in the lung tissues of camels (cited in 
Ayelet et al., 2013; Saeed et al., 2015). A study on the histopathology of 
pneumonic lungs of camels in the Sudan showed that the cause of the 
pneumonia in camels is a viral agent, suggesting the fact that camel's 
pneumonia is mostly due to viral factor (Muna et al., 2015).

In recent years, PPRV infection in camels caused in-apparent 
subclinical or severe disease associated with high morbidity and 
mortality rates among camel populations and in some cases the 
virus could be isolated from clinically apparently healthy animals. 
PPRV is a member of RNA virus groups which are characterized by 
high mutation rates, high yields and short replication time giving the 
virus the chance to mutate and convert into a high virulence strain. 
This feature sometimes can explain the fatality nature of the disease 
(Domingo & Holand, 1997).

Future research studies are need to investigate the role that 
camels may play as a transmitter and/or a reservoir of the disease, 

for the possibility of virus transmission from camels to susceptible 
in-contact small ruminants and other animal species in order to 
determine the role of camels in the epidemiology of PPR in the 
Sudan.

5  | CONCLUSION

Results indicated the highest overall antigenic prevalence (98%, 
98/100 lung tissues) of PPRV in pneumonic lungs from clinically 
apparently healthy camels from Tambul slaughterhouse indicat-
ing exposure of these camels to PPRV. The findings of this study 
concluded that PPRV-infected camel species in an in-apparent or 
subclinical form led to pneumonia. The disease in camels is char-
acterized by appearance of many pathological lesions on the lung 
tissue including congestion of the tissue, abscesses, fragility and 
change in colour.

Infection of species other than small ruminants suggests the fact 
that camels are potential hosts for PPRV and might play a role (or 
not) in the epidemiology of the disease. Further studies are needed 
to demonstrate if camels are able to transmit PPRV for in-contact 
small ruminants or other animal species.
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