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Abstract

Background and Aim: Bovine viral diarrhea virus (BVDV) is one of the most important viral pathogens causing high
economic losses in cattle of all ages. Despite the active vaccination campaigns against BVDV, many outbreaks are still
detected in various populations of cattle worldwide. Other species of animals such as dromedary camels, sheep, and goats
may harbor BVDV infection and cause variable clinical syndromes. Thus, they may act as a source of infection to the
cattle population around them. However, little is still known about the roles of these animals in the viral transmission and
sustainability of BVDV in the environment. This study aimed to explore if the dromedary camels, sheep, and goats may
seroconvert against BVDV and to study some associated risk factors for BVDV in these species of animals.

Materials and Methods: We tested 1012 serum samples from dromedary camels, 84 from goats, and 21 from sheep for
BVDYV antibodies using commercial enzyme-linked immunosorbent assay (ELISA) kits. Meanwhile, we selected 211 serum
samples from dromedary camels to be tested for the BVDV antigen using the commercial ELISA Kkits.

Results: Our results show that 49/1117 serum samples were positive for the BVDV antibodies in dromedary camels
(46/1012), goats (3/84), and none of the tested sheep samples were positive. However, none of the collected serum samples
tested positive for the BVDV antigen.

Conclusion: Seroconversion of some dromedary camels, sheep, and goats to the BVDV with no history of vaccination against
BVDV strongly suggests the potential roles of these species of animals in the virus transmission cycle. The main limitations
of the current study are (1) the lack of samples from other species of animals that lived close by these animals, particularly
cattle. (2) lack of follow-up samples from the same animal over a long period. We believe the long-term longitudinal study
of BVDV in various species of animals, particularly dromedary camels, goats, and sheep, is one of our future research
directions. This will provide more information about the dynamics of BVDYV antibodies in these species of animals.

Keywords: antibody, antigen, bovine viral diarrhea virus, dromedary camel, enzyme-linked immunosorbent assay, goats,
risk factors, serosurveillance, sheep.

Introduction immunosuppression, reduction in milk production,
decrease in feed conversion rates, and reproductive
failure [2]. The main transmission routes of BVDV
are the fecal-oral route and the inhalation of the con-
taminated materials from infected animals BVDV [3].
There are two types of BVDYV infections in animals
(transient or persistent) [4]. Shedding of the virus was
reported in most of the body’s secretions and excre-
tions [3]. Thus, detection of the virus particles, viral

Although the main host for the bovine viral
diarrhea virus (BVDV) is cattle, the virus can also
infect other animal species such as sheep, goats,
and dromedary camels [1]. BVDV infection usu-
ally results in a wide range of clinical syndromes in
the affected animal spies, such as mucosal diseases,
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antigens, and nucleic acids can be detected in those
body fluids of the affected animals. BVDV belongs
to the family Flaviviridae and genus Pestivirus. There
are several methods for virus classification. The most
common way is mainly based on the possibility of
growth, multiplication, and production of cytopathic
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effects on cell cultures (serotypes 1 and 2). However,
the most accurate method for virus classification is
genotyping based on the sequence of several regions
of the viral genomes, particularly the 5’UTR, NP, and
E2 regions [5]. Several approaches were adopted for
the laboratory viral diagnosis, including methods for
the detection of viral antigen, viral antibodies, as well
as viral nucleic acids [6]. Great attention was paid to
studying various aspects of BVDV infection in cattle;
however, little is still known about the viral infections
in other species of animals, particularly the family
Camelidae (dromedary camels and the new world
camels Llamas and Alpacas) [2, 7, 8]. Some recent
studies showed the possibility of a spillover of BVDV
from wildlife animals to domestic animals living in
their close proximity. Some recent studies reported the
seroprevalence of some white-tailed deer to BVDV in
the USA that lived in close contact with other live-
stock species of animals [9]. These findings strongly
suggest that wildlife animals could act as a reservoir
for the BVDV.

In the Arabian Peninsula, there is a trend of rais-
ing several animal species (dromedary camels, sheep,
and goats) as well as cattle on some occasions. This
environment may favor the heterologous infection of
several strains of some viruses, particularly BVDYV,
among various species of animals.

This study aimed to explore the possibility of
seroconversion of some species of animals such as
dromedary camels, sheep, and goats living in various
levels of contact with cattle to BVDV.

Materials and Methods

Ethical approval

The study was approved by the Ethics
Committee of King Faisal University (approval no.
KFU-REC/2020-12-36).

Study period and location

The study was conducted from January 2018 to
September 2020. This study was conducted in a semi-
closed rearing system of a dromedary camel herd as
well as in one of the large animal regional abattoirs in
the eastern region of Saudi Arabia.

Sampling of dromedary camels from two systems
We conducted this study in two systems (an
abattoir and a semi-closed management system). We
carried out abattoir surveillance among some drom-
edary camels admitted for slaughtering from 2014 to
2018 in the eastern region of Saudi Arabia. We also
collected samples (sera, nasal, and rectal swabs) from
one dromedary camel population containing vari-
ous camel breeds (2019-2020). This came herd was
housed in a wire fence sheltered house. This house
was divided by wire meshes into several compart-
ments to occupy several animals. Male animals were
kept in individual pens and did not allow to mix with
female animals except during the mating seasons
(April-October) each year. Animals received food and

water in a shared tray. The female animals from dif-
ferent breeds may allow mingling together in a large
grooming area each day. Samples were collected from
each animal from the jugular veins before starting the
procedure of slaughtering.

Collection of samples from sheep and goats

We collected samples (sera, nasal, and rectal
swabs) from a herd of sheep and goats. Each species of
animal is kept separately in designated wire fence par-
tition pens. These animals were kept in wired fenced
houses and separated from the dromedary camel herd
with a wire mesh fence.

Serum sample collection, preparation, and storage

The whole blood samples per each animal
(camel, sheep, and goats) were collected without using
any anticoagulant from the jugular vein as previously
described [10-12]. The collected samples were kept
at 4°C overnight. Separation of sera was carried out as
previously described [11, 13, 14]. Simply, centrifuga-
tion of samples was done at 1398% g. We collected the
clear supernatant sera and then transferred to another
screw-capped 2 mL tube and then stored them at
—20°C for further testing by enzyme-linked immuno-
sorbent assay (ELISA) [14].

Collection of the nasal and rectal swabs from camels,
sheep, and goats

We collected both nasal and rectal swabs from
dromedary camels in the semi-closed system as well
as from sheep and goats. Nasal swab collections were
carried out as previously described [13]. Simply, we
introduced a clean, sterile cotton swab very deep
into the nasal cavity to touch the back of the nasal
septa. Each cotton swab was soaked in mucosal
secretion. Swabs were transferred into a clean, ster-
ile tube containing viral transport media as previously
described [11, 13]. Each rectal swab was collected
independently per animal by introducing the cotton
swab into the rectum to collect some of the rectal
secretions as well as fecal materials. The downstream
procedure of processing both types of swabs is similar
and was carried out as previously described by Hemida
et al. [11] and Hemida et al. [13]. Swabs were trans-
ferred on ice to our laboratory for further processing.
Each swab was shacked and vortexed vigorously, then
centrifuged at 5590x g for 5 min at 4°C. We collected
the supernatants in clean sterile 2 mL screw-capped
tubes and stored them at —80°C for further testing.

Preparation of serum and swab samples for ELISA

Each serum sample was heat inactivated by
placing the tubes containing sera in a water bath for
30 min at 56°C to inactivate any known specific inhib-
itors. Then the sera were used to carry out the ELISA
as described below;

Sandwich ELISA for the detection of BVDV antigen in
animal serum and swab samples

The BVDV protein 80 (P80) antigen ELISA kits
(catalog no.: BVDC-10P) were used to detect BVDV
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antigen in serum and swab (nasal and rectal) samples
collected from cattle, sheep, goats, and camels. A final
dilution of 1:2 was prepared from each serum sample
in dilution buffer. A volume of 100 uL of pre-diluted
samples, undiluted nasal/rectal swabs eluate samples,
and negative control or positive control serum was
added to the wells of microtiter plates pre-coated with
capture antibodies against the BVDV P80-125. After
incubation for 60 min at 37°C, the plates were washed
5 times in washing buffer. A volume of 100 uL of the
peroxidase-conjugated anti-BVDV P80-125 detection
antibody was added to each well flowed by incuba-
tion for 30 min at 37°C. After three washes, the sub-
strate-chromogen solution was added to the plates,
and the plates were incubated for 30 min at 21°C in the
dark. Finally, a stop solution was added to the plates,
and the color density was measured using a spectro-
photometer at 450 nm. The test was considered valid
if the optical density (OD) value of the positive con-
trol was higher than 0.500 and the ratio of the mean
values of the positive to the negative controls (ODpc/
ODnc) was >3. For each tested sample, the percentage
of sample/positive control (S/P %) was calculated. An
S/P % of <35% was considered negative. An S/P %
equal to or more than 35% was considered positive.

Detection of BVDV-specific antibodies in animal
serum using competitive (ELISA)

The commercial ID Screen® BVD p80 Antibody
Competition ELISA kits (catalog no.: BVDC-10P,
310 rue Louis Pasteur 34790 Grabels, France) were
also used to test serum samples for the presence of
BVDV antibodies. A microtiter plate containing all
control and tested samples were prepared before
transferring them into the ELISA plate using a multi-
channel pipette. A final dilution of 1:100 was prepared
from each serum sample in dilution buffer. A volume
of 100 uL of pre-diluted samples, negative control,
or positive control serum was added to the wells of
microtiter plates pre-coated with the BVD viral pro-
tein P80-125. After incubation for 45 min at 37°C, the
plates were washed 3 times with 300 uL of the wash-
ing buffer. A 100 uL volume of peroxidase-conjugated
anti-BVDYV P80-125 antibody was added to each well,
followed by incubation for 30 min at 21°C. After three
washes, the substrate-chromogen solution was added
to the plates, and the plates were incubated for 30 min
at 21°C in the dark. Finally, a stop solution was added
to the plates, and the color density was measured using
a spectrophotometer at 450 nm. The test was consid-
ered valid if the OD value of the negative control
(ODnc) was >0.7 and the mean value of the positive
control ODpc was <30% of the ODnc values higher
than 3. For each sample, the competition percentage
(S/N %) was calculated by dividing the OD value of
the sample by the OD value of the negative control
and multiplication of the result by 100 (OD-sample/
ODnc 100%). A competition percentage equal to or
<40% was considered positive. A competition per-
centage equal to or more than 50% was considered

negative. A competition percentage between 40% and
50% was considered doubtful.

Statistical analysis

The seroprevalence of BVDV in different spe-
cies of animals (dromedary camels, goats, and sheep)
was calculated using the exact binomial confidence
intervals (Cls) of 95% by the use of the Binom test
of R programming analytical procedure (https://
www.r-project.org/foundation/R foundation-statutes.
pdf). The associations of BVD in camels with differ-
ent risk factors were evaluated using the Cochran-
Armitage trend test [15]. The strength of associations
was assessed through phi and Cramer’s V value using
the R programming analytical procedure. The fit of
the multivariable logistic regression model was eval-
uated by the application of the Hosmer—Lemeshow
goodness-of-fit test [16]. Both the univariate and mul-
tivariate logistic regression tests were applied.

Results
Detection of BVDV in sera of dromedary camels,
sheep, and goats

Our abattoir surveillance showed that
38/906 (4.1%) of the tested animals were positive
for the BVDV antibodies (Table-1). Meanwhile,
8/106 (7.5%) serum samples collected from the semi-
closed dromedary camel herd were positive (Table-1).
None of the tested 21 sheep samples was positive;
however, 3/84 samples from goats (3.5%) were posi-
tive. Our overall seroprevalence in camels, sheep, and
goats showed that 49/1117 serum samples (4.38%)
were positive for BVDV antibodies (Table-1 and
Figure-1).
Detection of BVDV antigen in the nasal swabs of
some dromedary camels, sheep, and goats

We tested 106, 21, and 84 animals (nasal and rec-
tal swabs) from dromedary camels in the semi-closed
herd, sheep, and goats. All the tested swabs were neg-
ative (Table-2).
Exploring some associated risk factors for the BVDV
in dromedary camels

We analyzed some factors (age, sex, and breed)
associated with BVDV infection in the abattoir sur-
veillance of some dromedary camels in the eastern
region of Saudi Arabia from 2014 to 2018. We used
the data from 906 animals to explore the association
of some factors with the prevalence of BVDV sero-
conversion in dromedary camels. Both Table-3 and
Figure-1 show a descriptive analysis of variables used
to predict the seroprevalence of BVDV in dromedary
camels. Our results show a weak association between
the seroprevalence of BVDV and the age of animals
(phi coefficient and Cramer’s V = 0.139). A weak
association with breed V = 0.109. However, phi coef-
ficients/Cramer’s V of 0.05 indicated no association
between the seroprevalence of BVDV in camels
and the gender of the animal. The seroprevalence of
BVDV in camels was determined in 689 serum sam-
ples that were obtained from six different breeds of
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Table-1: Results of the seroprevalence of bovine viral diarrhea virus in dromedary camels, sheep, and goats.

01 0

S. No. Animal species Total (+Ve) (-Ve) % prevalence
1 Dromedary camels
Abattoir surveillance 906 38 868 4.1
Semi-closed dromedary camel population 106 8 98 7.5

2 Sheep 21 0 21 0
3 Goats 84 3 81 3.5
# Total 1117 49 1068 4.38
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Figure-1: The bovine viral diarrhea virus (BVDV) competitive enzyme-linked immunosorbent assay results on serum samples
collected from the abattoir surveillance of dromedary camels 2014-2018. Analysis of some risk-associated factors for BVDV
seroconversion in abattoir surveillance among some dromedary camels 2014-2018 (a) Gender, (b) age, and (c) breed.

camels (Magaheem, Homor, Omani, Somali, Swakni,
and Wodoah), and was of ages that ranged from <1
to 12 years (Table-4). Of 689 tested camel serum
samples, 18 sera (2.6%) showed antibodies by indi-
rect ELISA (95% CI 0.015-0.04, p < 0.001). There
were statistically significant differences among the
age groups (p = 0.013) using Fisher’s test. The results
of the univariate logistic regression test (Table-5)
showed that animals of age <5 have a lower sig-
nificant infection risk of BVD by 71% (OR: 0.29,
CI: 0.09-0.89, p = 0.028) compared to camels with
age >1. However, 1-2-year-old animals have a sig-
nificant decrease in the risk of infection of BVD by
85% (OR: 0.15, CI: 0.02-0.66, p = 0.022) compared
to camels younger than 1-year-old. Furthermore, in
the case of animals aged 3-5, there is a significant
decrease in the risk of infection of BVDV by 86%
(OR: 0.14, CI: 0.03-0.53, p = 0.006) compared to
camels with age >1. The results of the multivariate
logistic regression test (Table-6) showed that animals
of 1-2 years old have a significant decrease in the risk
of infection of BVDV by 84% (OR: 0.16, CI: 0.02—
0.73, p=0.030) compared to younger camels <1-year-
old. In addition, in the case of animals aged 35 years
old, there was a significant decrease in the risk of
infection of BVDV by 82% (OR: 0.18, CI: 0.04-0.72,
p = 0.020) compared to camels >1-year-old.

Discussion

BVDV is still one of the major viral concerns for
many animal species — mainly cattle, sheep, and goats.
The virus was recently reported in many other wildlife

animals, such as white-tailed deer, free-range deer, and
captive angulates in a zoo [8, 17, 18]. Several BVDV
infections were reported in dromedary camels from
several African countries such as Sudan, Egypt, and
Algeria [19-21]. This is in addition to other outbreaks
reported in Asian countries such as the Kingdom of
Saudi Arabia, India, and Iran [12, 22, 23].

Meanwhile, sheep and goats may also play
important roles in the sustainability of BVDV in the
environment, thus posing a risk of transmitting the
virus to other species of animals, particularly cattle.
In many regions across the world, cattle, sheep, and
goats used to graze and share the pasture for a long
time. This may favor the transmission of not only
BVDV among these species but also many other viral,
bacterial, and parasitic diseases. BVDV has been
reported in sheep and goats in many regions of the
world [24-26].

This is in addition to several outbreaks of BVDV
reported in sheep and goats in many regions across
the globe [5, 12, 24, 27]. Several approaches have
been adopted for the diagnosis of BVDV infection
in various animal species [28—33]. This may include
viral isolation using various cell lines, identification
of viral antigens in various body fluids and excre-
tions, detection, and quantification of viral antibod-
ies, particularly using ELISA techniques as well as
detection of the viral nucleic acids [8, 34]. Several
types of ELISA techniques were used to detect the
viral antigens or antibodies (competitive, inhibition,
and sandwich) [35]. The performance of these types
of ELISAs was good compared to other laboratory
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techniques such as virus neutralization assay and the
agar gel immunodiffusion test [36].

Our results showed the seroconversion of drom-
edary camels both in the abattoir surveillance and

Table-2: BVD antigen detection in serum and nasal swab
samples from camel, sheep, and goats.

Animal Total (+Ve) (-Ve)

species animals prevalence
Camels 106 0 106

Sheep 21 0 21

Goats 84 0 84

BVD=Bovine viral diarrhea

Table-3: Descriptive analysis of variables used to predict
the seroprevalence of BVDV in dromedary camels.

Variable Category No. of camels Distribution (%)

Age (year) <1 83
>5 234
1-2 143
3-5 229

Sex Female 447
Male 242

Breed Homor 21
Magaheem 272
Omani 6
Somali 97
Swakni 240
Wodoah 53

12
34
21
33
65
35
3
39
1
14
35
8

BVDV=Bovine viral diarrhea virus

semi-closed animal population and goats (Figure-1
and Tables-1-3). As long as there are no active vacci-
nation programs for BVDV in the KSA in dromedary
camels, this strongly suggests that those animals are
exposed to an active field infection. Although none of
the tested samples from sheep showed positive anti-
bodies against BVDYV, this may be related to the small
sample size of this species of animals. This is in con-
trast to the detection of BVDV antibodies in sera of
several populations of sheep from different countries
in Africa and Asia [12, 24].

Our results show that both genders (males and
females) are equally susceptible to BVDV infec-
tion. There is no statistically significant difference
between males and females in the context of BVDV
infection or seroconversion (Tables-3—6). Our results
show that the age of the animals could be one of
the risk-associated factors in the context of BVDV
infection (Tables-3-6). Young animals seem to be
more susceptible to viral infection than adult ani-
mals [37]. However, the older animals have a much
higher magnitude of viral antibodies than the naive
animals. One explanation for this pattern is the pos-
sibility of multiple rounds of infections per animal
throughout its life. This could increase the level of
antibodies in their sera. ELISA technique was used
to distinguish the herd of animals that have per-
sistently infected animals from free herds based on
the antibody [5, 18, 38, 39]. Younger calves with high

Table-4: Descriptive analysis of variables used to predict the seroprevalence of BVD in camels showing Fisher p-value.

Variable Category No. of camels No. of positive Prevalence (%) p-value
Age <1 83 7 8.4 0.013
>5 234 6 2.6
1-2 143 2 1.4
3-5 229 3 1.3
Sex Female 447 9 2 0.213
Male 242 9 3.7
Breed Homor 21 0 - 0.188
Magaheem 272 12 4.4
Omani 6 0 -
Somali 97 0 -
Swakni 240 6 2.5
Wodoah 53 0 -

p < 0.05 is statistically significant, BVD=Bovine viral diarrhea

Table-5: Univariable logistic regression analysis of the association of BVD in camels with different risk factors.

Variable Category Negative Positive OR (univariable) CI p-value
Age <1 76 (91.6) 7 (8.4) -
>5 228 (97.4) 6 (2.6) 0.29 0.09-0.89 0.028
1-2 141 (98.6) 2(1.4) 0.15 0.02-0.66 0.022
3-5 226 (98.7) 3(1.3) 0.14 0.03-0.53 0.006
Sex Female 438 (98.0) 9 (2.0) -
Male 233 (96.3) 9 (3.7) 1.88 0.72-4.88 0.187
Breed Homor 21 (100.0) 0 (0.0) -
Magaheem 260 (95.6) 12 (4.4) 39440100.10 0.00-NA 0.996
Omani 6 (100.0) 0 (0.0) 1.00 0.00-© 1.000
Somali 97 (100.0) 0 (0.0) 1.00 0.00-© 1.000
Swakni 234 (97.5) 6 (2.5) 21911166.72 0.00-NA 0.997
Wodoah 53 (100.0) 0 (0.0) 1.00 0.00-0 1.000

p < 0.05 is statistically significant, BVD=Bovine viral diarrhea, OR=0dds ratio, CI=Confidence interval.
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Table-6:-Multiple logistic regression analysis of potential risk factors associated with BVD seropositivity in camels.

Variable Category B SE OR (multivariable) CI p-value
Intercept —19.58 3724 >0.99
Age <1 Reference Reference -
>5 -1.14 0.627 0.32 0.09-1.10 0.021
1-2 -1.80 0.833 0.16 0.02-0.73 0.023
3-5 —-1.705 0.735 0.18 0.04-0.72 0.011
Sex Female Reference Reference
Male 0.42942 0.52955 1.54 0.53-4.37 0.417
Breed Homor Reference Reference -
Magaheem 17.36 3724 34693943 0.00-NA 0.996
Omani 0.130 8093 1.14 0.00-00 1.000
Somali 0.042 4115 1.04 0.00-o0 1.000
Swakni 17.01 3724 24621607.16 0.00-NA 0.996
Wodoah -0.019 4410 0.98 0.00-0 1.000

p < 0.05 is statistically significant, BVD=Bovine viral diarrhea, SE=Standard error, OR=0dds ratio, CI=Confidence interval.

antibody titers measured by ELISA could be an indi-
cator for the PI animal population [25, 40].

There are some associated risk factors that
enhance BVDV infection in various species of ani-
mals, including cattle, sheep, goats, and camels.
These factors include the introduction of new animals
to some herds, and sharing the grazing land in pas-
ture [41]. Other studies showed a high seroprevalence
of BVDV in cattle than in water buffalo, suggesting
that the species of animals may play some roles in the
susceptibility/resistance to the virus [42]. Meanwhile,
the latter study showed no significant correlation
between gender, age, and breed with BVDV infection
[42]. This study is aligned with our findings that gen-
der may not represent a risk factor for BVDV infec-
tion in contrast to age. Our study showed that younger
animals could be much more susceptible to the virus
infection. Further large-scale studies include several
breeds and a wide age range of animals to consolidate
the age as a risk factor for BVDYV infection.

Further large-scale molecular and serological
surveillance for the BVDV among various species of
animals, particularly dromedary camels, sheep, and
goats that live in close contact with cattle, is highly
recommended. This will provide up-to-date informa-
tion about the dynamics and epidemiology of BVDV
among various species of animals.

This study explored the possibility of BVDV
seroconversion in some animals, particularly drome-
dary camels, sheep, and goats, and some associated
risk factors. We conclude that the investigated species
of animals may play some important roles in the trans-
mission cycle of BVDV and its suitability in certain
animal populations. Those animals may pose a great
risk to the cattle industry when raised in their close
proximity. We also conducted some age stratifica-
tions of the dromedary camels to assess the impacts
of age on the seroprevalence of BVDV. Our findings
clearly confirmed that the naive animals <1-year-old
are much more at-risk group for infection compared to
the adult animals, which may have a high magnitude
of antibody concentration in their sera. This highlights
the mandate of the implementation of active vaccine

programs against BVDV in these animal species to
reduce the risk of infection among these animals as
well as to reduce the spillover of the virus from these
species to cattle.

Conclusion

Our study shows the seroprevalence in some
dromedary camels as well as goats for the BVDV.
Since these animals were not vaccinated against
BVDV, they should be exposed to the viral infection
at a certain time of their life. Thus, we conclude that at
least dromedary camels and goats play roles in trans-
mitting the BVDV.

Data Availability

The supplementary data can be available from
the corresponding author on a reasonable request.

Authors’ Contributions

MGH and AIA: Conceived and designed
the study. MGH, AIA, JH, MK, AAGA, BF, and
AS: Performed experiments, data analysis, and
drafted and revised the manuscript. All authors have
read and approved the final manuscript.

Acknowledgments

The authors are thankful to King Abdul-Aziz City
for Science and Technology (KACST), Saudi Arabia,
for their generous funding through the Strategic
Technologies program, grant number 12-B103152-06.

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 institutional
affiliation.

References

1. Fray, M.D., Paton, D.J. and Alenius, S. (2000) The effects of
bovine viral diarrhoea virus on cattle reproduction in rela-
tion to disease control. Anim. Reprod. Sci., 60—61: 615-627.
2. Passler, T. and Walz, P.H. (2010) Bovine viral diarrhea virus

Veterinary World, EISSN: 2231-0916

1929



Available at www.veterinaryworld.org/Vol.15/August-2022/4.pdf

10.

11.

12.

13.

14.

15.

16.

17.

18.

infections in heterologous species. Anim. Health Res. Rev.,
11(2): 191-205.

Hirose, S., Notsu, K, Ito, S., Sakoda, Y. and Isoda, N. (2021)
Transmission dynamics of bovine viral diarrhea virus in
Hokkaido, Japan by phylogenetic and epidemiological net-
work approaches. Pathogens, 10(8): 922.

Givens, M.D. and Marley, M.S. (2013) Immunology of
chronic BVDV infections. Biologicals, 41(1): 26-30.
Vilcek, S., Durkovic, B., Kolesarova, M. and Paton, D.J.
(2005) Genetic diversity of BVDV: Consequences for clas-
sification and molecular epidemiology. Prev. Vet. Med.,
72(1-2): 31-35; discussion 215-219.
Al-Kubati,A.A.G.,Hussen, J.,Kandeel, M., Al-Mubarak,A.IL.A.
and Hemida, M.G. (2021) Recent advances on the bovine viral
diarrhea virus molecular pathogenesis, immune response, and
vaccines development. Front. Vet. Sci., 8: 665128.

Jarvinen, J.A. and O’Connor, A.M. (2014) Seroprevalence
of bovine viral diarrhea virus in alpacas in the United States
and assessment of risk factors for exposure, 2006-2007. J.
Am. Vet. Med. Assoc., 245(6): 696—703.

Topliff, C.L., Smith, D.R., Clowser, S.L., Steffen, D.J.,
Henningson, J.N., Brodersen, B.W., Bedenice, D.,
Callan, R.J., Reggiardo, C., Kurth, K.L. and Kelling, C.L.
(2009) Prevalence of bovine viral diarrhea virus infections
in alpacas in the United States. J. Am. Vet. Med. Assoc.,
234(4): 519-529.

Kirchgessner, M.S., Dubovi, E.J. and Whipps, C.M. (2013)
Spatial point pattern analyses of Bovine viral diarrhea virus
infection in domestic livestock herds and concomitant
seroprevalence in wild white-tailed deer (Odocoileus vir-
ginianus) in New York State, USA. J. Vet. Diagn. Invest.,
25(2): 226-233.

Boshra, H., Truong, T., Babiuk, S. and Hemida, M.G.
(2015) Seroprevalence of sheep and goat pox, peste des
petits ruminants and rift valley fever in Saudi Arabia. PLoS
One, 10(10): e0140328.

Hemida, M.G., Alnaecem, A., Chu, D.K., Perera, R.P,,
Chan, S.M., Almathen, F., Yau, E., Ng, B.C., Webby, R.J.,
Poon, L.L. and Peiris, M. (2017) Longitudinal study of
Middle East respiratory syndrome coronavirus infection
in dromedary camel herds in Saudi Arabia, 2014-2015.
Emerg. Microbes Infect., 6(6): €56.

Mishra, N., Rajukumar, K., Tiwari, A., Nema, R.K.,
Behera, S.P., Satav, J.S. and Dubey, S.C. (2009) Prevalence
of bovine viral diarrhoea virus (BVDV) antibodies among
sheep and goats in India. Trop. Anim. Health Prod., 41(7):
1231-1239.

Hemida, M.G., Chu, D.K.W., Poon, L.L.M., Perera, A.P.M.,
Alhammadi, M.A., Ng, H.Y.,, Siu, LY., Guan, Y.,
Alnaeem, A. and Peiris, M. (2014) MERS coronavirus in
dromedary camel herd, Saudi Arabia. Emerg. Infect. Dis.,
20(7): 1231-1234.

Hemida, M.G., Chu, D.K.W., Chor, Y.Y., Cheng, S.M.S.,
Poon, L.L.M., Alnaecem, A. and Peiris, M. (2020)
Phylogenetic analysis of MERS-CoV in a camel abattoir,
Saudi Arabia, 2016-2018. Emerg. Infect. Dis., 26(12):
3089-3091.

Zhou, Z., Ku, H.C., Huang, Z., Xing, G. and Xing, C.
(2017) Differentiating the Cochran-Armitage trend test
and Pearson’s * test: Location and dispersion. Ann. Hum.
Genet., 81(5): 184-189.

Nattino, G., Pennell, M.L. and Lemeshow, S. (2020)
Assessing the goodness of fit of logistic regression models
in large samples: A modification of the Hosmer-Lemeshow
test. Biometrics, 76(2): 549-560.

Van Campen, H., Ridpath, J., Williams, E., Cavender, J.,
Edwards, J., Smith, S. and Sawyer, H. (2001) Isolation of
bovine viral diarrhea virus from a free-ranging mule deer in
Wyoming. J. Wildl. Dis., 37(2): 306-311.

Yesilbag, K., Alpay, G. and Karakuzulu, H. (2011) A sero-
logic survey of viral infections in captive ungulates in
Turkish zoos. J. Zoo Wildl. Med., 42(1): 44—48.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

El Bahgy, H.E.K., Abdelmegeed, H.K. and Marawan, M.A.
(2018) Epidemiological surveillance of bovine viral diar-
rhea and rift valley fever infections in camel. Vet. World,
11(9): 1331-1337.

Intisar, K.S., Ali, Y.H., Khalafalla, A.l., Mahasin, E.A.R.,
Amin, A.S. and Taha, K.M. (2010) The first report on the
prevalence of pestivirus infection in camels in Sudan. 7rop.
Anim. Health Prod., 42(6): 1203—1207.

Saidi, R., Bessas, A., Bitam, [., Ergiin, Y. and Ataseven, V.S.
(2018) Bovine herpesvirus-1 (BHV-1), bovine leukemia
virus (BLV) and bovine viral diarrhea virus (BVDV) infec-
tions in Algerian dromedary camels (Camelus dromade-
rius). Trop. Anim. Health Prod., 50(3): 561-564.
Khalafalla, A.l., Eknah, M.M.A., Abdelaziz, M. and
Ghoneim, I.M. (2017) A study on some reproductive disor-
ders in dromedary camel herds in Saudi Arabia with special
references to uterine infections and abortion. Trop. Anim.
Health Prod., 49(5): 967-974.

Dehkordi, F.S. (2011) Prevalence study of bovine viral
diarrhea virus by evaluation of antigen capture ELISA and
RT-PCR assay in bovine, ovine, caprine, buffalo and camel
aborted fetuses in Iran. AMB Express, 1(1): 32.

Mishra, N., Pitale, S.S., Rajukumar, K., Prakash, A.,
Behera, S.P., Nema, R.K. and Dubey, S.C. (2012) Genetic
variety of bovine viral diarrhea virus 1 strains isolated from
sheep and goats in India. Acta Virol., 56(3): 209-215.
Nelson, D.D., Duprau, J.L., Wolff, P.L. and Evermann, J.F.
(2016) Persistent bovine viral diarrhea virus infection in
domestic and wild small ruminants and camelids includ-
ing the mountain goat (Oreamnos americanus). Front.
Microbiol., 6: 1415.

Ricci, S., Bartolini, S., Morandi, F., Cuteri, V. and
Preziuso, S. (2019) Genotyping of pestivirus A (bovine viral
diarrhea virus 1) detected in faeces and in other specimens
of domestic and wild ruminants at the wildlife-livestock
interface. Vet. Microbiol., 235: 180-187.

Saltik, H.S., Kale, M. and Atli, K. (2022) First molecular
evidence of border disease virus in wild boars in Turkey.
Vet. Res. Commun., 46(1): 243-250.

Goto, Y., Yaegashi, G., Fukunari, K. and Suzuki, T. (2021)
An importance of long-term clinical analysis to accurately
diagnose calves persistently and acutely infected by bovine
viral diarrhea virus 2. Viruses, 13(12): 2431.

Spetter, M.J., Uriarte, E.L.L., Armendano, J.I., Alvarez, 1.,
Norero, N.S., Storani, L., Pereyra, S.B., Verna, A.E.,
Odeodn, A.C. and Altamiranda, E.A.G. (2021) Frequency of
bovine viral diarrhea virus (BVDV) in Argentinean bovine
herds and comparison of diagnostic tests for BVDV detec-
tion in bovine serum samples: A preliminary study. Braz.
J. Microbiol., 52(1): 467-475.

Wang, M., Yan, Y., Wang, R., Wang, L., Zhou, H., Li, Y.,
Tang, L., Xu, Y., Jiang, Y., Cui, W. and Qiao, X. (2019)
Simultaneous detection of bovine rotavirus, bovine parvovi-
rus, and bovine viral diarrhea virus using a gold nanoparti-
cle-assisted PCR assay with a dual-priming oligonucleotide
system. Front. Microbiol., 10: 2884.

Wernike, K. and Beer, M. (2019) Diagnostics in the context
of an eradication program: Results of the German bovine
viral diarrhea proficiency trial. Vet. Microbiol.,239: 108452.
Zhang, X., Diraviyam, T., Li, X., Yao, G. and Michael, A.
(2016) Preparation of chicken IgY against recombinant E2
protein of bovine viral diarrhea virus (BVDV) and devel-
opment of ELISA and ICA for BVDV detection. Biosci.
Biotechnol. Biochem., 80(12): 2467-2472.

Zoccola, R., Mazzei, M., Carrozza, M.L., Ricci, E.,
Forzan, M., Pizzurro, F., Giammarioli, M., Bandecchi, P.
and Tolari, F. (2017) A newly developed BVDV-1 RT-qPCR
Tagman assay based on Italian isolates: Evaluation as a
diagnostic tool. Folia Microbiol. (Praha), 62(4): 279-286.
Grooms, D.L. (2004) Reproductive consequences of infec-
tion with bovine viral diarrhea virus. Vet. Clin. North Am.
Food Anim. Pract., 20(1): 5-19.

Veterinary World, EISSN: 2231-0916

1930



Available at www.veterinaryworld.org/Vol.15/August-2022/4.pdf

35.  Dubovi, E.J. (2013) Laboratory diagnosis of bovine viral bovine viral diarrhea virus (BVDV) persistently infected
diarrhea virus. Biologicals, 41(1): 8—13. calves among pastoral, peri-urban, and mixed-crop live-
36. Bedekovic, T., Lemo, N., Lojki¢, 1., Beck, A., Lojki¢, M. stock farms in central and Northwest Ethiopia. BMC Vet.
and Madi¢, J. (2011) Implementation of immunohisto- Res., 17(1): 87.
chemistry on frozen ear notch tissue samples in diagnosis 40. Houe, H., Baker, J.C., Maes, R.K., Ruegg, PL. and
of bovine viral diarrhea virus in persistently infected cattle. Lloyd, J.W. (1995) Application of antibody titers against
Acta Vet. Scand., 53: 65. bovine viral diarrhea virus (BVDV) as a measure to detect
37. Saegerman, C., Quinet, C., Czaplicki, G. and Pozzo, F.D. herds with cattle persistently infected with BVDV. J. Ver.
(2018) Bayesian assessment of two competitive enzyme- Diagn. Invest., 7(3): 327-332.
linked immunosorbent assays for the detection of bovine 41. Rypula, K., Ploneczka-Janeczko, K., Czopowicz, M.,
viral diarrhoea virus antibodies in bovine sera. Rev. Sci. Klimowicz-Bodys, M.D., Shabunin, S. and Siegwalt, G.
Tech., 37(3): 885-895. (2020) Occurrence of BVDV infection and the presence of
38.  VanderLey, B., Ridpath, J. and Sweiger, S. (2011) potential risk factors in dairy cattle herds in Poland. Animals
Comparison of detection of bovine virus diarrhea virus anti- (Basel), 10(2): 230.
gen in various types of tissue and fluid samples collected 42.  Selim, A.M., Elhaig, M.M., Moawed, S.A. and El-Nahas, E.
from persistently infected cattle. J. Vet. Diagn. Invest., (2018) Modeling the potential risk factors of bovine
23(1): 84-86. viral diarrhea prevalence in Egypt using univariable and
39. Yitagesu, E., Jackson, W., Kebede, N., Smith, W. and Fentie, multivariable logistic regression analyses. Vet. World,
T. (2021) Prevalence of bovine abortion, calf mortality, and 11(3): 259-267.
eskoskoskskoskocksk
Veterinary World, EISSN: 2231-0916 1931



	_Hlk101521084
	_Hlk101521182
	_Hlk101520758
	_Hlk101520786
	OLE_LINK1
	_GoBack



