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Abstract

Bovine herpesvirus type 1 (BHV-1) is the causative agent of several clinical manifestations
including Infectious Bovine Rhinotracheitis, infectious pustular
vulvovaginitis/balanoposthitis, conjunctivitis, encephalitis, abortion, infertility, mastitis,
enteritis, dermatitis and the systemic form of the infection in newborn calves. Although many
investigations regarding prevalence of BHV-1 infection in cattle in Iran have been conducted,
until now there-is.the lack of comprehensive information on the BHV-1 status in Iran. We
aimed to_present the seroprevalence on BHV-1 in cattle population in Iran based-on a
systematic review and meta-analysis study and also to give profitable outputs in formulating
the infection control strategies. The meta-analysis study was conducted in national and
international databases to find articles which evaluated BHV-1 seroprevalence by antibody-
captured ELISA in cattle in Iran by searching terms including Bovine herpesvirus type 1, cow,
cattle, bovine, Iran, epidemiology and prevalence alone or in combination in both English and
Farsi language. After reviewing of 124 published documents, a total of 25 studies from 20
documents were eligible to be included in this meta-analysis study. Analysis was done using
the Comprehensive Meta-Analysis V.3 software. The total seroprevalence of BHV-1 in
apparently healthy cattle at animal and herd level based on ELISA test was 40.2% (95% Cl=
32.3-48.6) and 75.5% (95% Cl= 63.9-84.2), respectively. A well-defined control strategy for
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preventing and controlling BHV-1 infection in Iran should be based on further studies on BHV-
1 epidemiology, control of animal and semen importation, using marker vaccine and planned
biosecurity measures to control the epidemiological risk of infection due to the presence of
BHV-1 latent carriers.

Keywords: BHV-1, Seroprevalence, Cattle, Meta-analysis, Iran

1. Introduction

Bovine herpesvirus type 1 (BHV-1) is an enveloped DNA virus, a member of genus
Varicellovirus in the subfamily Alphaherpesvirinae, which belongs to the Herpesviridae family
in the order Herpesvirales. Based on the genomic analysis and viral peptide patterns, four
different serotypes of BHV-1 have been characterized of which respiratory subtype the subtype
BHV-1.1 is associated with respiratory disease, subtypes BHV-1.2a and BHV-1.2b are related
to genital disease and BHV-1.3 related to neurological disorders that has been reclassified as
three genotypes, BHV-5a, BHV-5b, and BHV-5non-a/non-b (1-3).

The virus is the cause of multiple clinical signs in cattle populations worldwide, however; other

Artiodactyla may be infected with BHV-1 and show clinical signs (4).

The disease associated with the BHV-1; is an OIE-listed B disease, may show several clinical
manifestations including inflammatory reactions in both respiratory (Infectious Bovine
Rhinotracheitis) and genital tracts (infectious pustular vulvovaginitis/balanoposthitis),
conjunctivitis, encephalitis, abortion, infertility, mastitis, enteritis and dermatitis. Also, the
systemic form of the infection affecting visceral organs may develop in newborn calves (5-7).
When the disease occurs in unvaccinated dairy cattle, the incidence of the morbidity and case-

fatality rates 8% and 3% respectively, but morbidity and mortality are higher in feedlot cattle
(8).
The infection is mainly transmitted via the nasal exudate and coughed-up droplets, ocular and

genital secretions, fresh or frozen semen as well as contaminated equipment and fetal fluids
and tissues (9,10).

The BHV-1 virus is able to establish lifelong latency after a primitive infection with a field

isolate or vaccination with an weakened strain and stressful conditions such as transportation,
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parturition and glucocorticoid therapy may lead to reactivation and shedding of the virus

complicating control and eradication strategies (11,12).

In Iran, BHV-1 for the first time reported in 1964-8 based the clinical observations and serology
(13). In 1973-5 BHV-1was isolated from nasal secretions of imported cows with an acute
respiratory disease (14). Since then, BHV-1 infection reported from several provinces and
union territories of the country. As reports are available from different provinces in different
time-periods, the unified data on the status of BHV-1 infection in Iran is missing. To address
this critical knowledge gap, a systematic review and meta-analysis was conducted to determine
the seroprevalence of BHV-1 infection in cattle population of Iran and also to give profitable

outputs in formulating the infection control strategies.

2. Material and Method

2.1.Database search
For gathering information, articles regarding seroprevalence of bovine herpesvirus type 1 in
apparently healthy cattle in Iran based on antibody-captured ELISA test in both English and
Farsi language were searched in nine databases were included: four English databases
(PubMed, Google Scholar, Science Direct, Web of Science and Scopus) and four Persian
databases (Magiran, Irandoc and the Scientifc Information Database [SID]) for the articles
published prior to November 2023. We also checked out dissertations and all abstract books of
scientific conferences in Iran from-2000 to 2023. In order to avoid missing any articles, the
citations of the included articles were reviewed to seek out other relevant studies. The searched
terms were; “Bovine herpesvirus type 17, “cow”, “cattle”, “bovine”, “Iran”, “epidemiology”,

and “prevalence” alone or combined together with "OR" and/or "AND".

2.2.Data collection
Figure 1 shows the items used for the meta- analysis study (PRISMA) process (Fig. 1). After
screening the titles and abstracts of articles identified by the initial search, those that describe
the seroprevalence of BHV-1 by antibody-captured ELISA test in apparently healthy cattle
(cattle of all ages, irrespective of their breed) in Iran were considered for the study. Studies
with other purposes, such as those with other animal species as target populations, those
evaluating the molecular characteristics of the isolated virus and studies for detection of the
virus or antibody in milk, in semen or in aborted fetuses were excluded. In the next step, for

quality assessment of eligible studies, the Strengthening the Reporting of Observational Studies



100 in Epidemiology (STROBE) checklist were used. For each study, the following data was
101  extracted: first author’s name, publication date, location of study, sample size, number of
102  positive, study type, herd type, age of samples and BHV-1 vaccination. Then the studies were
103 grouped based on animal level i.e. individual and herd (Table 1).
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Table 1. Documents included in the meta-analysis for serologic prevalence of BHV-1 in
cattle population in Iran

Study area Herds (p/s) | Animals (p/s) | Herd type (sampling age Study design Reference

(month)), BoHV-1

vaccination

West Azerbaijan 18/22 65/190 NA Retrospective (15)
Kurdistan - 169/454 NA Cross-sectional (16)
Khuzestan - 180/572 NA Cross-sectional ()]
Khorasan Razavi - 89/150 Dairy (> 24) Cross-sectional (18)
Kerman 5/15 55/181 Dairy (12-36), No Cross-sectional (19)
Fars 39/39 2371856 Dairy (> 12), No Cross-sectional (20)
Isfahan - 462/642 Dairy (> 0), No Cross-sectional (21)
Fars - 20/56 NA Cross-sectional (22)
Khuzestan - 28/50 NA Cross-sectional (22)
Kohgilooye va - 12/29 NA Cross-sectional (22)
Boyer Ahmad
Different regions 2 13/15 314/558 Dairy,/beef (12-48), No Cross-sectional (23)
Markazi 11/12 286/803 Dairy (> 12), No Cross-sectional (24)
Qazvin 5/8 36/504 Dairy (12-48), No Cross-sectional (25)
Hamedan 34/41 289/492 Dairy (> 6), No Cross-sectional (26)
Chaharmahal va - 103/192 Dairy Cross-sectional (27)
Bakhtiari
Khorasan - 88/290 Dairy Cross-sectional (27)
Semnan - 72/306 Dairy Cross-sectional 27)
Sistan and - 35/94 Dairy Cross-sectional 27)
Baluchestan
Fars - 182/184 NA Cross-sectional (28)
Khuzestan - 260/534 (>0), No Cross-sectional (29)
Zanjan 8/10 64/562 (>0), No Cross-sectional (30)
Isfahan 16/16 156/216 Dairy (> 12), No Cross-sectional (31)
Fars 13/18 167/420 Dairy (> 0), No Cross-sectional (32)
Qazvin 9/16 52/1017 Dairy (> 12), No Cross-sectional (33)
Yazd, South 50/76 400/800 Dairy (> 12), No Cross-sectional (34)
Khorasan

NA: Not available

p/s: No. of positive/sample

a: Yazd, Khorasan, Fars, Markazi, East Azerbaijan and Qom
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2.3.Statistical analysis
We estimated the pooled seroprevalence of Bovine herpesvirus type 1 in cattle by either the
fixed-eff ects or random-eff ects model with 95% confidence interval and a significant level of
5%, and they are displayed using the FORST PLOT accumulation chart. Heterogeneity of
included studies was performed using the Cochran’s heterogeneity statistic (Q-test) and 12
statistic. Egger’s regression test was used to assess possible publication bias. Analysis was done

using the Comprehensive Meta-Analysis V.3 software.

3. Results
As presented in Fig. 1, initially, a total of 124 documents were collected. In secondary
screening, based on title and abstract, 41 duplications were removed and 83 remained for full-
text review. Of those, 34 documents based on title and abstract and 29 documents based on the
selection criteria were excluded. Finally, a complete of 25 studies from 20 documents were
eligible to be included in this meta-analysis study (Table 1). Based on us analyze, evidence of

publication bias was not observed (P = 0.295) (Figure 2).

The provinces where seroprevalence of BHV-1 among cattle in Iran was studied, was showed
in Fig 3. The total seroprevalence of BHV-1 in apparently healthy cattle at animal level based
on antibody-captured ELISA test, was reported in-25 studies. Our analysis included a total of
10,151 cattle and the overall prevalence of BHV-1, based on the random-effects model (1> =
98.20, Q test P = 0.00), was 40.2% (95% CIl= 32.3-48.6) (Figure 4). Also, the total prevalence
of BHV-1 infection at herd level, was reported in 12 studies and 288 herds and the overall
prevalence based on the random-effects model (1 = 61.56, Q test P = 0.00), was 75.5% (95%
Cl=63.9-84:2) (Figure 5).
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Meta Analysis

Study name Statistics for sach study Event rate and 95% CI

Evert Lower Upper

rate  Benit  limit Z-Value p-Value
Morshedi o1 al | 2003 (West Azeraian) 0342 0278 0412 4276 0000 E 3
Rahmani, 2004 (Kurdestan) 0373 0330 0410 -5343 0.000 | |
Hayl Hajiolaet of al . 2006 (Khuestan) 0318 0278 0354 -BE44 0000 n
Hasheré Tabar ef al, 2009 (Khoeasan Razsiy 0583 0513 0668 2273 0023 g
Saknape et al | 2006 (Kerman) 0304 0241 0378 5129 0.000 [ 3
Badiei ot 8l 2010 {Fars) 0277 0248 0.308-12568 0.000 ]
Shirvani st al,, 2012 (isfahan) 0720 0884 0753 10.728 0.000 | |
Sadn, 2012 (D#erert regicns) 0563 0521 0608 2855 0.003
Namavan of at., 2012 (Fars) 0357 0243 0480 2908 0038
Namavar ef al,, 2012 (Khuzeatan) 0560 0421 0690 0848 0397
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Kamkar & Namarvan, 2017 (Fars) 0982 0968 0867 6245 (.00 [ ]
Adeli e 4l 2017 (Khuzesian) 0487 0445 0529 0606 0545 B
Erfary et al, 2018 (Zamgan) 0114 0080 0.143.15451 0.000 | |
Necaman & Nabinejad 2020 (Istahan) 0722 0659 0778 6250 0000 =
Hasherrs et al . 2022 (Fars) 0358 0352 0445 4166 0.000 | ]
Hashems et al 2022 (Qazvin) 005¢ 0039 0066-20517 0.000
Karimi et of., 2022 (Yazo, South Khorasan)  0.500 0.485 0538 0.000 1.000

0402 0323 0486 -2277 0023
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Meta Analysis

Study name Statistics for each study Event rate and 95% CI
Event Lower Upper
rate  Bmit  limit Z-Value p-Value

Morshecs at al , 2003 {(West Azerbayan) 0818 0604 09630 2721 0007 —
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Ghaemmaghami et ai, 2013 (Markaz)) 0917 0587 06688 2266 0022 —
Ezp st al, 2013 {Qazvin) 0626 0285 D875 0659 0484 —T
Bahan et al , 2013 {Hameadan) 0829 06383 0816 3808 0000 —
Esfar @t al, 2018 (Zanjan) 0B00 0459 0950 1754 0080 +—8—
Noaman & Nabinajad, 2020 (Isfshan) 0971 0664 0608 2436 0015 —
Hashemi ot &1 | 2022 (Fars) 0722 0481 0878 1816 0069 ——
Hashemi et al., 2022 (Qazvin) 0563 0324 0775 0489 08618
Karmi et @, 2022 (Yazd. South Khoeasang 658 0545 0.758 2705 0007 B3
0755 0639 0842 3934 0000 -
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Meta Analysis

Figure 5. Forest plot for the seroprevalence of BoHV-1 in cattle population at herd level in Iran

4. Discussion
According to the report of Iranian Ministry of Agriculture (2018), there are approximately
8,000,000 cattle-of three groups of cattle breeds in Iran, including pure exotic, crossbred of
native and exotics and pure native breeds that kept in industrial, semi-industrial and traditional
husbandry systems. The most important breed bred is the Holstein, with an estimated annual

milk and meat production of approximately 1,059,000 and 830 (x1000 tons), respectively.

From 1964-70 to date, BHV-1 antibody detected in cattle, sheep, goat, buffalo, camel, pig and
horse and isolated from cattle in Iran (13,35). So far, a number of research has been carried out
on cattle in various parts of Iran (Table 1), to our knowledge, this is the first meta-analysis of
the global prevalence of BHV-1 infection in apparently healthy cattle based on ELISA test in

Iran.

There are differences between the reports of the seroprevalence rate from various countries and

areas. Probably, this result might be associated with weather condition, geographical situation,

10
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sample size, sampling season, diagnostic methods, diversity of breed, age and sex and
husbandry systems. It is reported that colder and higher altitude area can acts as a risk factor
for cattle herds to have experienced BHV-1 infections (36). It is well known that all breeds of
cattle at any age are susceptible to BHV-1 infections, however; the disease is prevalent in older
animals, probably because of their greater exposure to natural sources of infection and loss of

maternal immunity (8).

In light of our outcomes, the seroprevalence of BHV-1 among cows and herds was 40.2% (95%
Cl=32.3-48.6) and 75.5% (95% CIl= 63.9-84.2) respectively in Iran. The pooled prevalence
of BHV-1 was higher than the previous study has been carried out on 9968 sera collected from
the whole country using serum neutralization test that the rate of infection was estimated as
30.6% (37), which shows that the situation of BHV-1 infection in Iran has become more and

more serious in recent years.

There are many serologic reports in cattle population from around the world. Based on a review
on epidemiology and control of BHV-1 infection/in Europe (6), the serologic prevalence has
been reported in cows from as low as 12%.in Scotland to very high rate (77.5%) in Southern
Italian Apennines and in herds from as low as 22% in Estonia to very high rate (100%) in
Central Italy. The pooled estimate of seroprevalence of BHV-1 at animal and herd level in Iran
in comparison with the other/countries, shows. that Iran could be considered among the
intermediately infected countries.

BHV-1 infection can cause major economic consequences in cattle breeding herds including
abortion, infertility, loss of production and deaths. The costs of treatment, preventive and
control measures should also be taken into account (38).The most prevalent reason of culling
cows inran is frequent abortion and reproductive failure (39). Occurrence of high prevalent
abortion in cattle population of Iran (11.1-18.6%) has multifactorial etiologies (40). However,
some researchers (41-44) believe that BoHV-1 can act as an abortion pathogen in cattle, as

BoHV-1 DNA was‘isolated between 6.8 to 100% of aborted fetuses in different regions of Iran.

The control and eventual eradication of BoHV-1 is based on the detection and removal of
infected animals, with or without the use of marker vaccines but this is inefficient for
eradication of infection in countries with large herds or high seroprevalence of BHV-1.
Alternatively, repeated vaccination of infected herds can be undertaken to increase protection,
reduce the effects of disease, and reduce the risk of re-excretion by latently infected animals
(26,45).

11
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In conclusion, the endemicity of BHV-1 infection in cattle population of Iran with the high
prevalence in herds and animals found in this study suggested necessity of an intensive control
program for reducing BHV-1 infection rates. Based on present findings, there are no national
IBR/IPV control programs in Iran. A well-defined control strategy for preventing and
controlling BHV-1 infection in Iran should be based on further studies on BHV-1
epidemiology, control of animal and semen importation, using marker vaccine and planned
biosecurity measures to control the epidemiological risk of infection due to the presence of
BHV-1 latent carriers.
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