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Abstract

Bovine herpesvirus type 1 (BoHV 1) is a major bovine pathogen spreading worldwide and causing extensive damage to the
livestock industry. BoHV causes respiratory, genital, and neurological disorders. A cross-sectional study was performed
for the first time to estimate the seroreactivity to BoHV 1 and related risk factors among Iran’s central desert dairy cattle.
A total of 800 blood samples was randomly collected from 76 unvaccinated herds. Samples were tested with an indirect
enzyme-linked immunosorbent assay (ELISA) commercial kit to detect BoHV 1 antibodies. The logistic regression model
was used to analyze the data. BOHV 1 seroreactivity at animal and herd levels was 50% and 65%, respectively. Herd size
was recognized as a risk factor (OR=2.65, CI=1.61-4.37) for seroreactivity to BoHV using GLM (p <0.05). The high
prevalence of BoHV 1 antibodies in the study area indicates the need to implement educational programs on the importance
of the disease and design methods to control and prevent virus distribution.
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Introduction

Bovine herpesvirus-1 (BoHV-1) is a critical bovine viral
pathogen found worldwide. BoHV infection causes con-
siderable economic losses directly (reproductive problems,
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respiratory disease, mastitis, and encephalitis) and indirectly
(restrictions on national and international trade in livestock
and livestock products) to the cattle industry (Benavides
et al. 2021; Waldeck et al. 2021). The viruses of the genus
Varicellovirus, subfamily Alphaherpesvirinae, and family
Herpesviridae have three subtypes: BoHV-1 (associated
with infectious bovine rhinotracheitis, IBR, and abortions),
BoHV-1.2a (associated to IBR, pustular vulvovaginitis; [PV,
infectious balanoposthitis; and IBP, abortions), and BoHV-
1.2b (associated to respiratory disease and IPV/IPB). BoHV
suppresses the immune system and causes susceptibility to
other infectious agents, especially respiratory pathogens
(Jones 2019; Iscaro et al. 2021). The main transmission route
of the BoHV within the herd is a direct contact between
infected cattle and susceptible animals through respiratory,
ocular, and genital secretions. The virus is also transmitted
indirectly by infected semen, aborted fetal tissues, visitors,
and equipment (Fernandes et al. 2019; Hostnik et al.2021;
Ince and Sevik 2022; Mandelik et al. 2021). Following
initial exposure, BoHV can cause latent infection, and the
infected animal may periodically shed the virus. Latent viral
infection can happen in the sensory ganglia of the trigeminal
nerve, sacral ganglia, tonsils, and blood lymphocytes. Reac-
tivation from latency may be by stressors such as parturi-
tion, livestock movement, corticosteroid therapy, and poor
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management, creating a new cycle of virus replication and
transmission to naive livestock. Introducing animals with
latent infection to susceptible herds is one of the most impor-
tant routes of virus transmission between cattle herds (Iscaro
et al. 2021; Brock et al. 2020; Chen et al. 2018; Sibhat et al.
2018).

Knowing the prevalence of BoHV infection at the herd
and livestock level and identifying related risk factors
facilitate the development of virus control and surveillance
schemes. (Adeli et al. 2017; Ince and Sevik 2022; Kipyego
et al. 2020). Enzyme immunosorbent assay (ELISA) is a
specific and sensitive test for the detection of BoHV anti-
bodies and for identifying infected animals in the acute and
latent stages (Adeli et al. 2017; Chen et al. 2018; Kipyego
et al. 2020). BoHV was first isolated from imported cattle in
Iran in 1974 (Hazrati and Amjadi 1975). A wide range (5.1
to 72.2%) of BoHV-1 seropositivity has been observed in
different regions of Iran (Hashemi et al. 2022; Noaman and
Nabinejad 2020). BoHV seroreactivity has not been evalu-
ated in Iran’s central desert. The study is aimed at estimating
the prevalence of BoHV antibodies at the herd and animal
level and related risk factors in Iran’s central desert (Yazd
and South Khorasan provinces).

Materials and methods

Study area, cattle sampling, and serological
evaluation

This project was carried out in Yazd (31° 53' 55.5" N, 54°
21" 16.7" E) and South Khorasan (32° 54’ 38.9" N, 59° 10’
52.9" E) provinces, located in the central desert of Iran,
with hot and dry climatic conditions and annual rainfall of
less than 135 mm. There are 62,500 pure (Holstein) and
151,500 crossbreed cattle in the study area (Ministry of
Agriculture-Jahad).

Eight hundred serum samples of 76 unvaccinated Hol-
stein dairy herds were collected from October to December
2019. BVDV seroreactivity (Karimi et al. 2022), history of
abortion, cattle introduction to the herd, herd size (< 100
and > 100 heads), age group (1-2, 2—4, and >4 years old),
housing systems (industrial, semi-industrial, and traditional),
and health status (poor, moderate, and good) were recorded.
The indirect ELISA method (POURQUIRE; France; 95%
sensitivity and 97% specificity) was used to evaluate virus
antibodies according to Kit guidelines (Erfani et al. 2019).

Statistical analysis
We used GLM for statistical analysis, so that the BoHV

antibody was the dependent variable, and animal age was
a covariate. The others were used as fixed effects. The odds
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ratio (OR) of BoHV antibodies was estimated using cross-
table data. The relationship between the risk factors and
BoHYV antibodies was estimated using a logistic regression
model with a logit function by SPSS software (version 22)
(Fig. 1).

Results

The BoHV antibodies at the individual and herd levels were
50% and 65% (ranged 8-80%), respectively. The prevalence
of BoHV antibodies among the age subgroups was the same.

The seroreactivity of animals in large herds (> 100 heads)
was 67.7%, while in small herds (< 100 heads), it was 32.3%.
The frequency distribution of housing systems, cattle intro-
duction, health status, history of abortion, and BVDV sero-
reactivity between BoHV seropositive/negative groups was
relatively the same (Table 1).

The regression coefficient of age was —0.063 +0.07, but
non-significant (p > 0.05). Herd size was predicted as a risk
factor (OR=2.65, CI=1.61-4.37) using GLM (p <0.05).
Housing systems, cattle introduction, health status, history
of abortion, and BVDV seroreactivity were not significant
in this study (p > 0.05) (Table 2).

Discussion

This research was the first study that surveyed the candidate
risk factors of BOHV antibodies in Iran’s central desert.
Pathogen BoHV has a global prevalence and causes exten-
sive economic damage to the livestock industry by causing
infections in the respiratory and reproductive systems of cat-
tle (Almeida et al. 2021; Benavides et al. 2021; Hostnik et al.
2021; Jones 2019). BOHV antibodies and the risk factors
associated with them, for the first time, were investigated.
The BoHV antibodies indicate a natural infection because
the virus vaccination was not performed in the study area.
The BoHV seroreactivity at the livestock (50%) and herd
(65%) levels in Holstein cows was high in the study area. The
prevalence of BoHV antibodies shows differently in other
parts of Iran. Antibodies of BoHV in other provinces of Iran
at the individual level at 48.69% (Adeli et al. 2017), 27.93%
(Badiei et al. 2010), 31.9% (Nikbakht et al. 2015), 58.74%
(Bahari et al. 2013), 7.1% (Ezzi et al. 2013), 33.97% (Kar-
gar et al. 2001), 30.39% (Sakhaei et al. 2009), 56% (Sadri.
2012), 72% (Shirvani et al. 2012) 35.6% (Ghaemmaghami
et al. 2013), 10.7% (Erfani et al. 2019), 72.7% (Noaman
and Nabinejad 2020), and 5.1% (Hashemi et al. 2022) have
been reported. In other countries, the prevalence of BoHV
antibodies at the animal level is 30.9% (Kipyego et al. 2020),
Kenya, 31.1% (Ramirez Vasquez et al. 2016), Colombia,
39.53% (Ince and Sevik 2022), Turkey, 73% (Fernandes
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et al. 2019) and 48.5% (Almeida et al. 2021), Brazil,
43.2% (Carbonero et al. 2011), Ecuador, 64.5% (Romero-
Salas et al. 2013) and 64.4% (Segura- Correa et al. 2016),
Mexico, 32.92% (Nezzal et al. 2017), Iraq, 31.17% (Derrar
et al. 2019), Algeria, 41% (Sibhat et al. 2018), Ethiopia, and
29.5% (Patil et al. 2021) reported from China. Meta-analysis
studies in China (Chen et al. 2018) and Brazil (Pajeu et al.
2021) reported 40% and 54.2% BoHV prevalence, respec-
tively. BOHV seroreactivity at the herd level is similar to dif-
ferent studies conducted in various regions of Iran. Hashemi
et al. (2022), Bahari et al. (2013), and Badiei et al. (2010)
observed 56.3, 82.93, and 100% BoHYV seroprevalence at the
herd level in various provinces of the country, respectively.
BoHYV antibodies have been reported at the herd level from
other countries; 30.9% (Kipyego et al. 2020) from Kenya,
73.21% (Ince and Sevik 2022) from Turkey, 84% (Fernandes
et al. 2019) from Brazil, 82.1% (Carbonero et al. 2011) from
Ecuador, 37.8% (Raaperi et al. 2010) from Estonia, 71.3%
(Dias et al. 2013) from Brazil, and 81.8% (Sibhat et al. 2018)
from Ethiopia. A meta-analysis study in Brazil (Pajeu et al.
2021) reported 88.53% BoHV seroprevalence.

The high prevalence of BoHV antibodies in animals and
herds points to the necessity to address the infection state
in Iran’s central desert. The differences in the serum preva-
lence of BoHV antibodies among regions and countries can

be explained by herd size, age, management system, test
method, climate, herd density, sample size, study design, sta-
tistical model, and biosecurity measures (Adeli et al. 2017;
Ince and Sevik 2022; Kipyego et al. 2020).

Our results showed that a herd larger than 100 cattle is a
risk factor for serum response to BoHV. Some studies find
a positive relationship between larger herd size and BoHV
antibodies (Fernandes et al. 2019, Sequra-Correa et al. 2016,
Babhari et al. 2013, Ghaemmaghami et al. 2013, Gonzalez-
Garcia et al. 2009, Raaperi et al. 2010). The larger herds are
more likely to encounter naive livestock with the pathogen.
More professional visitors (cattle traders, veterinarians, and
animal vaccinators) and more permanent and temporary
workers increase the chances of transmitting the virus to
larger herds. (Waldeck et al. 2021; van Schaik et al. 2001).
Adeli et al. (2017), Derrar et al. (2019), and Erfani et al.
(2019) found no significant association between herd size
and BoHV seropositivity.

The results of the present study showed that the introduc-
tion of livestock to the herd was not significantly associ-
ated with BoHV seroprevalence. The finding disagrees with
the reports of Gonzalez-Garcia et al. (2009), Boelaert et al.
(2005), Waldeck et al. (2021), and van Schaik et al. (1998).
Some authors found no significant association between the
introduction of the animal to the herd and the status of the
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Table 1 BoHV antibodies of age, herd size, housing systems, cattle
introduction, history of abortion, health status, and BVDV seroreac-
tivity

Risk factor BoHYV antibodies (%)
Negative Positive

Age (years)

1-2 6.4 4.7

2-4 50.7 53.6

>4 429 41.7
Herd size (animals)

Up to 100 49.3 323

>100 50.7 67.7
Housing systems

Industrial 63.1 65.6

Semi-industrial 21.2 20.8

Traditional 15.8 13.5
Cattle introduction to herd

Non-introduce 433 45.8

Introduce 56.7 54.2
History of abortion

Aborted 34 6.8

Non-aborted 96.6 93.2
Health status

Poor 6.9 7.8

Moderate 44.8 52.1

Good 48.3 40.1
BVDV

Negative 30.5 333

Positive 69.5 66.7

BoHYV serostatus (Fernandes et al. 2019, Carbonero et al.
2011, Segura-Correa et al. 2016, Derrar et al. 2019, Sibhat
et al. 2018, Solis-Calderon et al. 2003, Raaperi et al. 2010).
The high prevalence of virus antibodies in the study area
and low rate of reactivation of BoHV latent infection may
explain the lack of a significant relationship between the
introduction of animals into the herd and BoHV seroreactiv-
ity (Solis-Calderon et al. 2003; Derrar et al. 2019).

In this study, no significant relationship was found
between age and the prevalence of BoHV antibodies. The
results contradict reports that found a positive relation-
ship between aging and serum response to BoHV. Reason
for the greater chance of being exposed to the virus and
being seropositive for life (Kipyego et al. 2020; Waldeck
et al. 2021; Adeli et al. 2017; Ramirez Vasquez et al. 2016;
Ince and Sevik. 2022; Carbonero et al. 2011; Romero-Salas
et al. 2013; Bahari et al. 2013; Ezzi et al. 2013; Derrar et al.
2019; Shirvani et al. 2012; Chen et al. 2018; Hashemi et al.
2022). Ghaemmaghami et al. (2013), Kaddour et al. (2019),
and Segura-Correa et al. (2016) did not find a significant
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relationship between age and serum status of the virus and
did not explain.

Our findings did not show a significant relationship
between health status and the prevalence of BoHV anti-
bodies. Carbonero et al. (2011) and Kaddour et al. (2019)
noted a notable association between health measures and the
lower prevalence of BoHV antibodies. The difference in the
results can be due to the different evaluation of health status,
the planning of the questionnaire, and the partiality of herd
holder answers to a questionnaire.

In this study, there was no notable association between
the history of abortion and BoHV serostatus. It may be due
to the impact of various factors on abortion that have not
been evaluated in our study. Infection can also occur when
cows are not pregnant (Asmare et al. 2018). On the other
hand, clinical cases of the disease are rarely observed, which
leads to the presence of a large number of seropositive cat-
tle without clinical symptoms (Mandelik et al. 2021). Adeli
et al. (2017), Asmare et al. (2018), Erfani et al. (2019), Fer-
nandes et al. (2019), Ince and Sevik (2022), and Ramirez
Vasquez et al. (2016) did not report a notable association
between the history of abortion and serum reaction to BoHV.

No significant association was observed between BVDV
serum status and BoHV seroreactivity. The consistent results
have been reported by Carbonero et al. (2011), Segura-Cor-
rea et al. (2016), and Hashemi et al. (2022). The result is in
contrast to the findings of Nikbakht et al. (2015), Ince and
Sevik (2022), Noaman and Nabinejad (2020), and Erfani
et al. (2019).

No significant relationship was found between different
housing systems and BoHV seroreactivity. The report of
Shirvani et al. (2012) was consistent with our results, but
Erfani et al. (2019) reported the industrial housing system
as a risk factor.

Conclusion

The results showed that herd size is a risk factor in Iran’s
central desert. It is necessary to implement disease moni-
toring and control programs because of the wide prevalence
of BoHV antibodies at the animals and herd levels in Iran’s
central desert. Cross-sectional studies (such as this and most
studies on the prevalence of BoHV) have limited capability
for temporarily verifying risk factors for BoHV seroreac-
tivity, suggesting a meta-analysis in the future. European
Union animal health and food regulations are a good model
for developing local legislation to enable disease surveil-
lance, control, and prevention (Bondoc 2016a, b, ¢, d). A
comprehensive system for collecting and sharing data on the
status of BoHV infection is necessary to help adopt disease
control strategies.
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Table 2 Results of logistic

. . ; Risk factors B+SD Wald OR (95% CI) p value
regression analysis of risk
factors of the BoHV antibodies Age —0.063+0.07 0.70 0.93 (0.80-1.08) 0.40
of dairy cattle from Iran’s .
central desert Herd size 0.00
Up to 100 0.97+0.25 14.69 2.65 (1.61-4.37)
> 100
Housing systems 0.33
Industrial —-0.556+0.41 1.791 0.573 (0.25-1.29)
Semi-industrial —-0.243+0.42 0.329 0.784 (0.34-1.80)
Traditional
Health status 0.011
Poor -0.973+0.55 3.079 0.378 (0.12-1.12)
Moderate —0.777+0.26 8.390 0.460 (0.27-0.77)
Good
History of abortion 0.11
Aborted —0.77+0.49 2.37 0.46 (0.17-1.23)
Non-aborted
Cattle introduction to herd 0.10
Non-introduce 0.40+0.25 2.58 1.49 (0.91-2.44)
Introduce
BVDV 0.53
Negative —-0.14+0.23 0.38 0.86 (0.54-1.37)
Positive
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