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ABSTRACT

Background: Small ruminant morbillivirus (SRMV), bovine viral diarrthea virus (BVDV),
bovine herpes virus-1 (BHV-1), and bovine ephemeral fever virus (BEFV) are among the most
important viruses of farm animals.

Objectives: This study aimed at the serological detection of SRMV, BVDV, BHV-1, and BEFV
in the camel population of Khuzestan Province, located in southwest Iran.

Methods: A total of 150 camel blood samples were randomly collected from free-ranging,
seemingly healthy camels of both sexes and various ages in 8 different regions of Khuzestan
Province, Iran. The sera were tested for SRMV, BVDV, BHV-1, and BEFV with serum
neutralization test.

Results: The seropositive samples for SRMV, BVDV, and BHV-1 were 1(0.67%), 7(4.67%),
and 11(7.33%), respectively. There was no seroconversion against BEFV in the serum samples.

Article info: :  Conclusion: The camel population of Khuzestan Province is subclinically infected with SRMV,
Received: 03 Jul 2022 :  BVDV, and BHV-1 and could play a significant role in the epizootiology of these viral diseases

Accepted: 19 Sep 2022 in this region, which is very important for the control and eradication programs.
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1. Introduction

este des petits ruminants (PPR) is an eco-

nomically important and highly conta-

gious viral disease of small ruminants and

some wildlife species with high morbidity

and sometimes high mortality rates (Fal-
lahi, 2017; Asil et al., 2019; Pruvot et al., 2020). This
disease is characterized by high fever, ocular and nasal
discharge, depression, pneumonia, oral erosions, and
severe diarrhea (Constable et al., 2017). PPR is caused
by a small ruminant morbillivirus (SRMV), previously
known as the PPR virus. SRMV belongs to the Morbil-
livirus genus in the Paramyxoviridae family and is an-
tigenically related to the rinderpest virus, which infects
cattle and other large ruminants (Fallahi, 2017). Firstly,
PPR was documented in goats and sheep in west Africa
in the early 1940s (Idoga et al., 2020). In Iran, the preva-
lence of PPR in small ruminants firstly was documented
clinically, pathologically, and serologically in Ilam Prov-
ince in 1995 (cited by Bazarghani et al., 2006). Recently,
this disease has been reported in different parts of Iran
(Zakian et al., 2016; Mokhtari et al., 2017; Rasooli et al.,
2018; Allahvirdizadeh et al., 2020; Alidadi et al., 2021).
Seroprevalence of SRMV in dromedary camels has also
been reported in different countries (Intisar et al., 2017;
Chemweno et al., 2019; Hemida, & Al-Ghadeer, 2019;
Rahman et al., 2020).

Bovine viral diarrhea virus (BVDV), a single-stranded
RNA virus, is a pestivirus in the family Flaviviridae.
This virus is closely related to the border disease virus
(BDV) and classical swine fever virus, which is the
cause of bovine viral diarrhea (BVD) in different mam-
malian species, with worldwide distribution and differ-
ent prevalence between geographic regions and coun-
tries (Tesfaye et al., 2021; Dabiri et al., 2021; Constable
et al., 2017). Infection among various animals such as
cattle, sheep, and camels (Keyvanfar et al., 1999; Raoofi
et al., 2010; Hashemi et al., 2022) and free-ranging wild
ruminants (Hemmatzadeh et al., 2016) were showed se-
rologically in Iran.

Infectious bovine rhinotracheitis (IBR), characterized
by respiratory disease, abortion, conjunctivitis, and other
clinical forms of the disease complex in cattle, is caused
by bovine herpesvirus-1 (BHV-1), belonging to the ge-
nus Varicellovirus in the subfamily Alphaherpesvirinae
under the family Herpesviridae (Constable et al., 2017).
Two genetically distinct subtypes of BHV-1 are desig-
nated as BHV-1-1 and BHV-1-2 (Dagalp et al., 2020).
This disease is one of the most economically important
infectious diseases of farm animals with worldwide dis-
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tribution (Intisar et al., 2009), but eradication has oc-
curred in some countries (Constable et al., 2017). The
prevalence of BHV-1 in old world camelidae (OWC)
and new world camelidae (NWC) was documented in
some countries (Nawal et al., 2003; Rivera et al., 1987).
Raoofi et al. (2012) could not find positive cases of the
disease in camels using serological tests in Iran.

Bovine ephemeral fever (BEF), or 3 days sickness, is an
economically important arthropod-borne disease that af-
fects cattle and water buffalo (Lee, 2019). The condition
is caused by the bovine ephemeral fever virus (BEFV) of
the genus Ephemerovirus belonging to the Rhabdoviridae
family. It is characterized by fever, inappetence, depres-
sion, ocular and nasal discharge, muscle stiffness, reluc-
tance to move, lameness, recumbency, and a drop in milk
production (Walker & Klement, 2015). The morbidity rate
is usually 25%-45% but can be as high as 100% in a highly
susceptible population. The case fatality rate is commonly
as low as 1% but may reach 10% (Constable et al., 2017).
It occurs in tropical and subtropical regions with wide
distribution across Africa, Asia, the Middle East, and Aus-
tralia (Walker & Klement, 2015). The asymptomatic form
of infection with seroconversion has also been found in
camels, sheep, goats, pigs, and a wide range of wild ungu-
lates (Walker & Klement, 2015). There are no reports of
the prevalence of this disease in camels in Iran.

This study aimed to investigate the extent of camels’
exposure to SRMV, BVDV, BHV-1, and BEFV by deter-
mining the presence of antibodies against these viruses
in camels in Khuzestan Province, located in southwest
Iran. It can also provide information on the distribution
of diseases in the region and determine the role of camels
in the epizootiology of these viral diseases, which are
very important for control and eradication programs.

2. Materials and Methods

The study was performed on the camel population
of Khuzestan Province, located in southwest Iran. The
study protocol was approved by the Department of Clin-
ical Sciences, Shahid Chamran University of Ahvaz, Ah-
vaz City, Iran. The total land area of Khuzestan Province
is 64236 km?, and it borders the Persian Gulf from the
south and Iraq country from the west. The mean annual
temperature of the province is 25.3°C with a mean mini-
mum and maximum of 18.2°C and 32.4°C, respectively,
and the mean annual rainfall is 284.3 mm. In rural areas
of the province, livestock breeding is the main way of
livelihood. The livestock population of the province in-
cludes 340200 cattle, 88000 buffaloes, 2246600 sheep,
1094400 goats, and 6200 camels.
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A total of 150 camel blood samples were randomly col-
lected from free-ranging, seemingly healthy camels of
both sexes and various ages in 8§ different regions of the
province. The sera were separated and stored at -20°C until
tested by virus neutralization test (VNT) for SRMV, BVDYV,
BHV-1, and BEFV.

The sera were heat inactivated at 56°C for 30 min before
virus neutralization. In brief, for SRMV neutralization,
100 pL of 1:20 dilution of sera in RPMI (Roswell Park
Memorial Institute) medium (with 2% FBS) were added
into wells of 96-well cell culture microplates in duplicate.
Then, 100 pL of virus suspension (SRMV vaccine strain,
Razi institute) containing 1000 TCID, (the median tissue
culture infectious dose)/mL was added to each well. Plates
were incubated at 37°C for 1 h. Then, 1x10* Vero cells in
50 puL RPMI medium containing 2% FBS were added to
each well. Finally, the microplates were incubated at 37°C
for 5-7 days and observed daily for cytopathic effects and
compared to cell and virus controls.

For BVDV neutralization, 50 puL of sera diluted 1:4 in
RPMI were mixed with 50 uL of virus suspension (NADL
strain) containing 100 TCID,, in duplicate wells of 96-
well cell culture microplates. After incubation for 1 h at
37°C, 100 pL of MDBK (the Madin-Darby bovine kid-
ney) cells (1x10%ells) were added to each well, and plates
were incubated in a CO, incubator at 37°C for 5 days.

For BHV-1 neutralization, 50 pL of undiluted sera were
added into wells of 96-well cell culture microplates, then
50 uL (150 TCID,,) of'a local isolate of BHV-1 (Seyfi Abad
Shapouri et al., 2016) was added to each well, and the plates
were incubated at 37°C for 18-24 h. Finally, 1x10* RBK
(Razi bovine kidney) cells in 100 pL RPMI medium con-
taining 2% FBS were added to each well, and microplates
were incubated in a CO, incubator at 37°C for 5 days.
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For BEFV neutralization, 50 pL of 1:4 diluted sera in
RPMI were added into wells of 96-well cell culture mi-
croplates and mixed with 50 pL of BEFV (laboratory
strain, Razi institute) suspension containing 100 TCID,.
Plates were incubated at 37°C for 1 h, and then 1x10*
HmLu-1 cells in 100 pL. RPMI medium containing 2%
FBS were added to each well, and microplates were in-
cubated in a CO, incubator at 37°C for 5 days.

The data were analyzed using SPSS software, version
24 (Illinois, USA). The association of the seroconversion
against SRMV, BVDYV, and BHV-1 with age and region
was evaluated using the Chi-square test.

3. Results

Serological detection of SRMV, BVDV, BHV-1, and
BEFV in camel populations of different regions of
Khuzestan Province is shown in Table 1. The seroposi-
tive samples for PPRV, BVDV, BHV-1, and BEFV were
1(0.67%), 7(4.67%), 11(7.33%), and 0(0%), respec-
tively. The statistical analysis showed no differences
between different age groups and regions in seroconver-
sion against SRMV, BVDYV, and BHV-1 (Table 2).

4. Discussion

Till 1992, there was no report that camels could be PPR
hosts. Firstly, Ismail et al. (1992) showed serological in-
fection in Sudanese camels in Egypt. Then, various re-
ports from endemic areas of Africa and Asia have shown
PPR seroconversion and susceptibility of camel popula-
tions (Intisar et al., 2017; Abraham et al., 2005; Ismail et
al., 1992; Chemweno et al., 2019). The clinical form of
the disease in camels has also been reported (Roger et al.,
2001; Zakian et al., 2016; Khalafalla et al., 2010; Saeed
etal., 2015; Omani et al., 2019). Roger et al. (2001) first

Table 1. Serological detection of SRMV, BVDV, BHV-1, and BEFV in camel populations of different regions in Khuzestan

Province
No. (%)
Region Number
SRMV BVDV BHV-1 BEFV
North 57 0(0) 3(5.3) 3(5.26) 0(0)
West 55 1(1.82) 3(5.5) 7(12.73) 0(0)
East 21 0(0) 0(0) 1(4.76) 0(0)
South 17 0(0) 1(5.9) 0(0) 0(0)
Total 150 1(0.67) 7(4.67) 11(7.33) 0(0)

Abbreviations: SRMV: Small ruminant morbillivirus; BVDV: Bovine viral diarrhea virus; BHV-1: Bovine herpes virus-1; BEFV,:

Bovine ephemeral fever virus.
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Table 2. Serological detection of SRMV, BVDV, BHV-1, and BEFV in different age groups of camel populations in Khuzestan Province

No. (%)
Age (y) No.
SRMV BVDV BHV-1 BEFV

<5 32 0(0) 0(0) 1(3.1) 0(0)
5-<10 60 1(1.7) 2(3.3) 7(11.7) 0(0)
10-<15 34 0(0) 2(5.9) 1(2.9) 0(0)
>15 24 0(0) 3(12.5) 2(8.3) 0(0)
Total 150 1(0.67) 7(4.67) 11(7.3) 0(0)

Abbreviations: SRMV: Small ruminant morbillivirus; BVDV: Bovine viral diarrhea virus; BHV-1: Bovine herpes virus-1; BEFV:

Bovine ephemeral fever virus.

documented the PPR virus’s suspected role in an epizo-
otic disease that infected 100 camels in Ethiopia during
1995-1996. Khalafalla et al. (2010) reported an outbreak
of PPR in camels in Sudan with a mortality rate of 7.4%.
In the present study, 0.67% of dromedary camels showed
serological infection for SRMYV in the southwest of Iran.
This finding resulted from a natural infection because
the camels were not vaccinated against the SRMV. In
the same area, Zakian et al. (2016) reported for the first
time an outbreak of PPR in a herd of camels, and Rasooli
et al. (2018) documented a PPR seroprevalence of 58%
and 23% in sheep and cattle, respectively. Accordingly,
the camels showed a lower prevalence of SRMV in com-
parison with cattle and sheep in this region. The recorded
serological infection of PPR in this study is lower than
the results obtained by Abraham et al. (2005) in Ethiopia
(3%) and Rahman et al. (2020) in Pakistan (8.5%). The
susceptibility of camels to SRMV has been well docu-
mented. The SRMV may rarely overcome the innate re-
sistance of large ruminants and cause clinical symptoms
because the SRMYV, like the other morbilliviruses, has an
immunosuppressive effect. However, there is currently
limited information about their role in maintaining the
disease in the animal population, especially small rumi-
nants (Rahman et al., 2020). In a recent study, the ocular
secretions of one of the camels were PCR-positive for
the SRMV (Omani et al., 2019). However, there is still
disagreement about the role of camels in the epidemiol-
ogy of the disease. In this regard, in the study of Fakri et
al. (2019), experimental exposure of camels to SRMV
did not cause disease transmission.

Bovine viral diarrhea is a worldwide disease and has
been reported in many countries. The prevalence of
BVDV has been reported mainly based on the detec-
tion of antibodies against the BVDV. It is well known
that new world camels (NWCs) and old world camels

(OWCs) are susceptible to BVDV infection and may
develop serious illnesses (Tesfaye et al., 2021). The re-
sults of our study for the first time showed BVDYV se-
roconversion of 4.7% (7/150) in dromedary camels in
the southwest of Iran. Because of no vaccination against
BVDV in Iran, detecting these antibodies indicates that
camels are exposed to the virus naturally. The serologi-
cal infection rate of BVDV in sheep, goats, and buffaloes
in this region, respectively, were reported to be 46.62%,
32.87% (Seyfi Abad Shapouri et al., 2007), and 33.9%
(Haji Hajikolaei et al., 2010). There are limited reports
of BVDV prevalence in camels in different parts of Iran.
Raoofi et al. (2010) showed a 19.7% seroprevalence of
BVDV in camels slaughtered in Tehran Province. There
is a wide variety in the seroprevalence of BVDV in
dromedary camels of different countries. The prevalence
achieved in the present study was lower than the results
reported in Oman (6.7%) (Hedger et al., 1980).

One of the risk factors for BVDV infection is keeping
different animal species together. In this regard, even if
these species are not in direct contact, PI (persistently
infected) animals spread BVDV by polluting the envi-
ronment or using shared equipment (Nelson et al., 2016).
Given that BVDV can cause abortion in camels, it may
be necessary to implement control programs in some ar-
eas similar to those conducted in cattle.

BHV-1, one of the most important viral diseases of
bovines, can also transmit to camels and cause respi-
ratory infection (Intisar et al., 2009). In Iran, Afshar &
Tadjbakhsh (1970), for the first time, showed precipitat-
ing antibodies against BHV-1 in cattle. Nikbakht et al.
(2015) reported 31.9% IBR (infectious bovine rhino-
tracheitis) seroprevalence in cattle in Iran. In Fars and
Khuzestan Provinces (south and southwest of Iran),
Hashemi et al. (2022) and Adeli et al. (2017) reported
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the seroprevalences of 39.76% and 48.69% for BHV-1
in cattle respectively, indicating the widespread of BHV-
1 infection in cattle in these regions. This study showed
serological infection of 7.33% (11/150) for BHV-1 in
dromedaries in the southwest of Iran. In rural areas of
Iran, different livestock species usually share housing
areas, water sources, and pastures. Hence, the conditions
for cross-contamination are provided. The previous se-
rological studies in Iran could not detect BHV-1 antibod-
ies in camels. Raoofi et al. (2012), in an abattoir study
in Tehran (the Capital of Iran), examined 137 camels’
serum samples using the serum neutralization test, and
no antibodies to BHV-1 were detected. However, the
pathogenic effect of BHV-1 in camels was confirmed by
Nawal et al. (2003) and Intisar et al. (2009). Intisar et
al. (2009) showed that 1.6% of 186 tested camel lungs
in Sudan were positive for BHV-1 antigen by ELISA,
PCR, and FAT. Using indirect ELISA, these researchers
found antibodies to BHV-1 in 76.9% of 260 camels’ sera.
Wernery & Wernery (1990) did not detect antibodies
against BHV-1 in camels in the Emirates. These authors
explained that the camels tested in the study were kept
for racing and rarely came in contact with other animals.

For the first time, a disease with a BEF-like appear-
ance was reported in camels of Somalia and North East
Kenya with prominent signs of high fever and lameness,
known as “Lahaw Gaal” (Dirie & Abdurahman, 2003).
The first evidence of antibodies to BEFV in camels came
from a study by Elbayoumy et al. (2013), which found
a seroprevalence of 12.72%. In the present study, there
was no seroconversion against BEFV in camels. Neu-
tralizing antibodies against BEFV have been detected
in a wide range of wild ungulates (Walker & Klement,
2015). Walker & Klement (2015) believed that due to the
low prevalence of BEFV antibodies in these species and
their small population, these animal species are of little
importance in the epidemiology of BEF outside Africa.

There was no association between serological infec-
tion with SRMV, BVDYV, and BHV-1, and different
age groups. It has been shown that usually, in older
age groups, the frequency of infection increases, which
is due to more exposure to infectious agents over time
(Adeli et al., 2017). This contradictory finding can be
due to the low frequency of seroconversion against these
infectious agents in the camel population. Also, the fre-
quency of these infectious agents was not different in
different geographical areas, which could be due to the
same management and climate conditions or very low
frequency of infection.

April 2023. Volume 17. Number 2

In the study area, camels are in contact with other do-
mestic animals, especially sheep, and goats, and usually
share pasture and water sources that facilitate the spread
of infectious agents. However, the lower prevalence of
under-studied infectious diseases in camels compared to
cattle and small ruminants in this region could be due
to factors such as population density and management
practices. In this regard, the small population of camels
in Khuzestan Province, which graze in small groups in
wide rangelands, minimizes the spread of the infectious
agents. It has been shown that increasing animal density
in industrial husbandry systems increases the possibil-
ity of transmission of the infection between the animals
(Adeli et al., 2017; Constable et al., 2017).

This study showed subclinical infection with SRMV,
BVDYV, and BHV-1 in the camel population of Khuzestan
Province, Iran. Because of no vaccination against these
diseases in Iran, the findings indicate natural exposure.
Therefore, this population may be considered reservoirs
and transmit these viruses to the susceptible hosts and
play a significant role in the epizootiology of these viral
diseases.
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