Preprints are preliminary reports that have not undergone peer review.

6 Research Sq uare They should not be considered conclusive, used to inform clinical practice,

or referenced by the media as validated information.

Seroprevalence and host-related risk factors of
infectious bovine rhinotracheitis in Indian bovines:
a large-scale multi-state epidemiological study

Laxmi Narayan Sarangi

laxmisarangi®email . com

Project Directorate on Foot and Mouth Disease https://orcid.org/0000-0003-2159-3960

Amitesh Prasad
National Dairy Development Board

Sandhya Rani Satla
National Dairy Development Board

Kota Sri Naga Leela Surendra
National Dairy Development Board

Nadikerianda Muthappa Ponnanna
National Dairy Development Board

Research Article

Keywords: Infectious bovine rhinotracheitis, BoHV-1, seroprevalence, epidemiology, risk factors, cattle,
buffalo, India

Posted Date: June 23rd, 2026
DOI: https://doi.org/10.21203/rs.3.rs-10017456/v1

License: € ® This work is licensed under a Creative Commons Attribution 4.0 International License.
Read Full License

Page 1/21


https://doi.org/10.21203/rs.3.rs-10017456/v1
https://doi.org/10.21203/rs.3.rs-10017456/v1
https://orcid.org/0000-0003-2159-3960
https://doi.org/10.21203/rs.3.rs-10017456/v1
https://creativecommons.org/licenses/by/4.0/

Abstract

Infectious bovine rhinotracheitis (IBR)/ infectious pustular vulvovaginitis (IPV), caused by Varicellovirus
bovinealphal (BoAHV-1), is a highly contagious disease of cattle and buffaloes, resulting in substantial
economic loss to the global diary industry. The present study investigated the seroprevalence of IBR/IPV
and associated host-related risk factors in Indian bovines using serum samples collected under breed
improvement programmes between 2016 and 2024. Following data cleaning, 34,355 bovines from 213
districts across 13 states were included in the analysis. Antibodies against BOAHV-1 were detected
using a commercial gB ELISA. The overall apparent and true seroprevalence of IBR were 31.95% (95% ClI:
31.46-32.45%) and 31.13% (95% Cl: 30.61-31.66%), respectively. Buffaloes exhibited significantly
higher seroprevalence than cattle (37.69% vs. 26.10%) and remained at greater risk of seropositivity after
adjustment for age, sex and geographical location (AOR =1.57;95% Cl: 1.44-1.71; p<0.001). Among
cattle, indigenous breeds showed significantly higher seroprevalence than exotic and crossbred cattle,
with indigenous cattle exhibiting 2.20-fold higher odds of seropositivity than exotic cattle (p <0.001).
Female animals and older age groups also showed significantly higher odds of seropositivity. In addition,
IBR-seropositive animals were 2.42 times more likely to be seropositive for brucellosis (p < 0.001). The
findings demonstrate widespread circulation of BOAHV-1 virus in Indian bovines and identify important
host-related factors associated with seropositivity. The study provides valuable baseline epidemiological
evidence to strengthen surveillance and develop effective IBR control strategies in India.

INTRODUCTION

Infectious bovine rhinotracheitis (IBR) is an economically important viral disease of cattle and buffaloes
caused by Varicellovirus bovinealphal (BoAHV-1; formerly bovine herpesvirus-1), a member of the genus
Varicellovirus, subfamily Alphaherpesvirinae, and family Herpesviridae (Black et al. 2026;
http://ictv.global/taxonomy). Depending on the route of infection and tissue tropism, BoAHV-1 may
cause respiratory disease (infectious bovine rhinotracheitis), genital disease (infectious pustular
vulvovaginitis and infectious balanoposthitis), conjunctivitis, abortion, neonatal disease and generalized
infection in young calves. Acute infection is characterized by respiratory, ocular and reproductive
manifestations, although subclinical infections are common (Muylkens et al. 2007; Biswas et al. 2013;
Rimayanti et al. 2024; Sandhyarani et al. 2025). In addition to its direct clinical effects, BOAHV-1 is an
important component of the bovine respiratory disease complex and can predispose animals to
secondary bacterial and viral infections through its immunosuppressive properties (Biswas et al. 2013;
Jones et al. 2019).

A characteristic feature of BOAHV-1 infection is the establishment of lifelong latency following primary
infection. The virus persists in sensory ganglia and may reactivate periodically under conditions such as
stress, transportation, parturition, corticosteroid administration or concurrent disease (Muylkens et al.
2007; Biswas et al. 2013; Chandrasekhar Reddy et al. 2020). Reactivated animals may shed virus without
clinical signs, facilitating long-term persistence and transmission within susceptible populations and
posing a major challenge to disease control programmes. Because infected animals generally remain
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seropositive for prolonged periods, serological testing has become an important tool for epidemiological
investigations, surveillance and disease control (Biswas et al. 2013; Sarangi et al. 2021b).

BoAHV-1 is distributed worldwide and remains endemic in many cattle-producing countries, although
several European nations have successfully controlled or eradicated the disease through systematic
surveillance, movement control, vaccination and test-and-slaughter programmes (Raaperi et al. 2014;
Waldeck et al. 2021; Rimayanti et al. 2024). The infection is associated with substantial economic losses
arising from reduced milk production, reproductive failure, neonatal calf mortality, impaired growth
performance, trade restrictions and costs associated with disease prevention and control (Nandi et al.
20009; Biswas et al. 2013; Sibhat et al. 2018; Tejaswi et al. 2023; Kolech et al. 2025). Furthermore,
increasing emphasis on the One Health approach and prudent antimicrobial use has highlighted the
importance of controlling viral infections such as BoAHV-1 that can interact with other pathogens,
exacerbate bovine respiratory disease and indirectly contribute to antimicrobial usage in livestock
production systems (Nickell and White 2010; Ghoughal et al. 2026).

India possesses the world's largest bovine population and the dairy sector plays a pivotal role in rural
livelihoods, nutritional security and the national economy. IBR was first reported in India in 1976, and
since then both the virus and serological evidence of infection have been documented from almost all
regions of the country (Renukaradhya et al. 1996; Biswas et al. 2013; Das et al. 2014, Sarangi et al.
2021a; Naveena et al. 2022; Patil et al. 2022; Chandrasekhar Reddy et al. 2025). However, most
investigations have been restricted to specific districts, states or production systems and were often
based on relatively small sample sizes. Consequently, comprehensive epidemiological information on
the distribution of IBR and the influence of major host-related risk factors at a broader geographical
scale remains limited. Such information is essential for understanding disease dynamics and for
designing effective surveillance and control programmes in the Indian dairy sector.

Therefore, the present study was undertaken to estimate the seroprevalence of IBR in Indian bovines
using a large and geographically diverse sample population and to evaluate the association of
seropositivity with species, cattle breed type, sex and age. In addition, the relationship between IBR and
brucellosis seropositivity was investigated. The findings are expected to improve understanding of the
epidemiology of IBR in India and provide evidence to support the development of effective surveillance,
prevention and control strategies.

MATERIALS AND METHODS
Study design, source of samples and study population:

A retrospective cross-sectional study was conducted to estimate the seroprevalence of infectious bovine
rhinotracheitis (IBR) in dairy bovines in India and to evaluate the influence of selected host-related
factors on IBR seropositivity. Serum samples submitted to the National Dairy Development Board
(NDDB) Research and Development Laboratory, Hyderabad, India, between January 2016 and December
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2024 for IBR screening were included in the study. These samples originated from cattle and buffaloes
enrolled in progeny testing and pedigree selection programmes implemented under the Rashtriya Gokul
Mission across different states of India.

The initial dataset comprised 39,502 serum samples screened for antibodies against BOAHV-1. The
dataset included duplicate records arising from repeated testing of the same animals, records lacking
essential demographic information (species, breed, sex or location), and records for which animal
traceability could not be established. In addition, samples collected from calves younger than nine
months of age were excluded to minimize potential interference from maternally derived antibodies. For
animals tested on multiple occasions, only the most recent test result was retained for analysis.

Following data cleaning and validation, a total of 34,355 individual animal records were included in the
final analysis. The study population comprised cattle and buffaloes from 213 districts across 13 states
of India, including 29 cattle breeds and 9 buffalo breeds. The dataset represented a broad spectrum of
bovine genetic resources, agro-climatic zones and production systems within the Indian dairy sector.

Serological testing:

A commercially available ELISA kit (IDEXX IBR gB X3 Ab test, IDEXX Laboratories, USA) was used to
detect antibodies directed against glycoprotein B of BoOAHV-1. The test method has been found suitable
for use in Indian cattle and buffalo populations (Sarangi et al. 2021b). The test was performed according
to the manufacturer's instructions. Briefly, to the BoAHV-1 antigen-coated plates, 50 pL of wash solution
(1X) was added to each well, followed by 50 pL of positive and negative control samples (supplied by the
manufacturer with the kit), internal control samples (known positive and negative), and test samples.
The plates were incubated for 2 hours + 5 minutes at 37 + 1°C. Following washing, 100 pL of ready-to-use
conjugate was added to all wells, and the plate was incubated again for 60 + 3 minutes at room
temperature (18°C-26°C). Following washing, 100 pL of TMB —Substrate N.12 was added to all wells and
the plate was incubated for 10 + T minutes at 18-26°C in a dark place for enzymatic reaction. Finally,
100 pL of stop solution N.3 was added to each well to stop the reaction and the optical density (OD)
values were read with an ELISA reader (Synergy HT, BioTek) at 450nm. The blocking percentage was
calculated as per the formula suggested by the manufacturer: 100 x [NCx (a450) = Sample (a450)l/
[NCX(A45O)]. The samples were considered positive when the blocking percentage was = 55%; suspect

when the blocking % was < 45 to < 55%; and negative when the blocking % was < 45.

Quality control:

All testing was performed in an ISO/IEC 17025:2017-accredited laboratory in accordance with
established quality management procedures. The test method was included within the laboratory's
accredited scope of testing. Quality assurance measures included the use of trained and competency-
assessed personnel, calibrated equipment, verification of new ELISA kit lots prior to routine use, and
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testing of internal positive and negative control sera in duplicate on every ELISA plate, in addition to the
manufacturer-supplied controls. Test results were accepted only when both kit controls and internal
quality control samples met predefined acceptance criteria. Internal quality assurance was further
supported through blind sample testing, duplicate testing and retesting of previously analysed samples.
Suspect samples were routinely verified using alternative ELISA platforms and serum neutralisation
tests. External quality assurance was ensured through regular participation in proficiency testing
programmes conducted by the Veterinary Laboratories Agency Quality Assurance Scheme (VETQAS),
Animal and Plant Health Agency (APHA), United Kingdom, with 100% concordance achieved in all
proficiency testing rounds. In addition, as part of a WOAH laboratory twinning project, 60 serum samples
were independently tested by the World Reference Laboratory for IBR (APHA, United Kingdom) in 2023,
and complete agreement was observed between the results of the two laboratories.

Statistical analysis:

For analysis, the dataset containing individual animal information, sample sources, and other relevant
information, including test results, was maintained in a Microsoft Excel® spreadsheet. For further
analysis, all suspect samples were treated as negative to obtain a dichotomous outcome. Under this
classification, the diagnostic sensitivity and specificity of the IDEXX IBR gB ELISA were previously
determined to be 96.47% and 97.21%, respectively (Sarangi et al. 2021b).

Apparent prevalence was calculated as the proportion of ELISA-positive animals among the total
animals tested. True prevalence and corresponding 95% confidence intervals (Cl) were estimated by
adjusting for the diagnostic sensitivity and specificity of the assay using Epitools (Sergeant et al. 2018).

Differences in seroprevalence among species, cattle breed types, sex categories and age groups were
assessed using the chi-square test. Univariable associations between IBR seropositivity and explanatory
variables were evaluated by calculating odds ratios (OR) and 95% confidence intervals from contingency
tables. The association between IBR seropositivity and Brucella seropositivity was also assessed using
odds ratio analysis.

To identify factors independently associated with IBR seropositivity, multivariable logistic regression
analysis was performed in Jamovi version 2.7 (The jamovi project 2025), with IBR serostatus as the
binary outcome variable. Variables with biological relevance and/or significant associations in
univariable analyses were included in the multivariable models. Adjusted odds ratios (AOR) and 95%
confidence intervals were estimated after controlling for potential confounding effects. Statistical
significance was considered at p < 0.05. Three multivariable logistic regression models were
constructed. The primary model included species and sex as explanatory variables and utilized the
complete dataset (n = 34,355) while adjusting for state-level variation. Since age information was
available for a subset of animals, a secondary model was developed using records with complete age
information (n = 18,426) to evaluate the independent effect of age on IBR seropositivity. This model
included species, sex and age group as explanatory variables while adjusting for state. A third model

Page 5/21



was restricted to cattle and was used to assess the association between breed type and IBR
seropositivity after adjustment for sex, age group and state (n = 8,896). Adjusted odds ratios (AOR), 95%
confidence intervals were calculated for all multivariable models. Model significance was assessed
using likelihood-ratio chi-square tests.

RESULTS
Seroprevalence of IBR:

Screening of 34,355 bovines by gB ELISA test revealed an overall apparent seroprevalence of 31.95%
(95% CI: 31.46—-32.45%), while the estimated true prevalence after adjustment for test sensitivity and
specificity was 31.13% (95% Cl: 30.61-31.66%). Considerable variation in seropositivity was observed
across Indian states (Fig. 1). Seropositive animals were detected in all surveyed states, indicating
widespread circulation of the pathogen across diverse agro-climatic regions of the country. Species-wise
analysis revealed a significantly higher true seroprevalence in buffaloes [37.69% (95% Cl: 36.86-
38.52%)] than in cattle [26.10% (95% CI: 25.43-26.77%)] (p < 0.001) (Table 1). Among cattle, indigenous
breeds exhibited the highest seroprevalence [36.16% (95% Cl: 35.09-37.24%)], followed by exotic
[18.41% (95% Cl: 16.86—20.05%)] and crossbred cattle [17.45% (95% Cl: 16.54—18.40%)], with significant
differences observed among breed categories (p < 0.001) (Table 1). Breed-level analysis demonstrated
substantial variation in seropositivity among individual breeds. Among breeds represented by more than
400 animals, the highest seroprevalence was recorded in Banni buffaloes (78.1%), followed by
Pandharpuri (57.9%) and Mehsana buffaloes (45.9%). Murrah buffaloes constituted the largest breed
group included in the study (n = 11,534) and showed a seroprevalence of 34.0%. Among cattle breeds,
Tharparkar (41.4%), Kankrej (40.3%) and Sahiwal (36.4%) exhibited comparatively high seropositivity.
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Table 1

Apparent and true seroprevalence of infectious bovine rhinotracheitis (IBR) in bovines according to

species, breed type, sex, age group and state

Variable

Species

Cattle Breed
type

Sex

Age

State

Description

Buffalo

Cattle

Crossbred

Exotics

Indigenous

Male

Female

<2years

2-5years

> 5 years

Andhra
Pradesh

Chhattisgarh

Gujarat
Haryana
Karnataka
Kerala

Madhya
Pradesh

Total

14929

19426

7852

2740

8834

15710

18645

10990

2887

4549

1095

203

9127

7553

295
192

Apparent prevalence

% 95% CI
positivity
38.09 37.32-
38.88
27.24 26.62-
27.87
19.14 18.29-
20.03
20.04 18.58-
21.58
36.67 35.67-
37.68
25.07 24.40-
25.76
37.75 37.06-
38.45
21.87 21.10-
22.65
30.45 28.80-
32.15
45.68 44.24-
47.13
13.42 11.53-
15.57
91.13 86.42-
74.32
32.75 31.79-
33.72
38.85 37.75-
39.95
39.39 24.68-
56.32
6.44 4.16-9.84
29.17 23.20-
35.95
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True prevalence

% ege o
positivity
37.69
26.10
17.45
18.41
36.16
23.79
37.32
20.36
29.52
45.78
11.35
94.30
31.98
38.49

39.07

3.90
28.16

95% CI
36.86—
38.52

25.43-
26.77

16.54-
18.40

16.86—
20.05

35.09-
37.24

23.07-
24.52

36.58-
38.07

19.55-
21.20

27.76-
31.34

44.24-
47.33

09.33-
13.64

89.27-
97.70

30.96-
33.02

37.32-
39.67

23.37-
57.14

1.46-7.53

21.78-
35.40




Variable Description Total Apparent prevalence True prevalence
% 95% CI % 95% ClI
positivity positivity
Maharashtra 3313 30.00 28.47- 29.05 27.41-
31.59 30.74
Punjab 5487 27.08 25.92- 25.93 24.69-
28.27 27.20
Rajasthan 2315 38.23 36.27- 37.83 35.74-
40.23 39.96
Tamil Nadu 1407 24.73 22.55- 23.42 21.09-
27.05 25.90
Uttar Pradesh 2935 28.45 26.85- 27.39 25.68-
30.11 29.16
Uttarakhand 400 21.75 17.99- 20.24 16.22-
26.05 24.83
Total 34355 31.95 31.46- 31.13 30.61-
32.45 31.66

Female animals exhibited a higher seroprevalence [37.32% (95% Cl: 36.58-38.07%)] than males [23.79%
(95% CI: 23.07-24.52%)] (p < 0.001). An age-related increase in seropositivity was also observed.
Animals younger than two years exhibited a prevalence of 20.36% (95% Cl: 19.55-21.20%), whereas
animals aged 2-5 years and > 5 years had prevalences of 29.52% (95% CI: 27.76-31.34%) and 45.78%
(95% Cl: 44.24-47.33%), respectively.

Univariable analysis of risk factors:

Univariable analysis identified significant associations between IBR seropositivity and species, breed
type, sex and age (Table 2). Buffaloes were 1.64 times more likely to be seropositive than cattle (OR =
1.64;95% Cl: 1.57-1.72; p < 0.001). Female animals exhibited significantly higher odds of seropositivity
than males (OR =1.81; 95% Cl: 1.73-1.90; p < 0.001). Compared with animals younger than 2 years,
bovines aged 2-5 years and > 5 years had 1.59-fold (95% Cl: 1.45-1.77) and 3.01-fold (95% Cl: 2.79-
3.24) higher odds of seropositivity, respectively (p < 0.001). Among cattle breeds, crossbred cattle had
significantly lower odds of seropositivity than indigenous cattle (OR =0.41; 95% CI: 0.38-0.44; p < 0.001),
whereas no significant difference was observed between exotic and indigenous cattle (OR = 0.94; 95%
Cl: 0.85-1.05; p =0.3075).
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Table 2

Univariable logistic regression analysis of factors associated with infectious bovine
rhinotracheitis (IBR) seropositivity in bovines

Variable Description % positivity

Species Buffalo 37.69
Cattle 26.1

Cattle Breed type  Exotics 18.41

Crossbred 17.45

Indigenous  36.16

Sex Female 37.32
Male 23.79
Age <2 years 20.36

2-5years 29.52
> 5 years 45.78

Odds Ratio

1.64
1.00
1.00
0.94
2.53
1.81
1.00
1.00
1.59
3.01

95% ClI
1.57-1.72

0.851t01.05
0.83-1.06
2.28-2.81
1.73 10 1.90

1.45t0 1.77
2.79t0 3.24

p value

<0.001

0.3075
0.31

< 0.001
<0.001

<0.001
<0.001

Multivariable analysis of risk factors:

Multivariable logistic regression analysis was performed to identify factors independently associated
with IBR seropositivity while controlling for geographical variation among states (Table 3). In the primary
model utilizing the complete dataset (n = 34,355), both species and sex were significantly associated
with IBR seropositivity. Buffaloes had significantly higher odds of seropositivity than cattle (AOR = 2.20;
95% Cl: 2.07-2.34; p < 0.001), while female animals had 2.13-fold higher odds of seropositivity than

males (AOR =2.13; 95% Cl: 2.03-2.24; p < 0.001).
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Table 3

Multivariable logistic regression analysis of factors associated with infectious bovine
rhinotracheitis (IBR) seropositivity in bovines

Variable Description Adjusted Odds Ratio (AOR) 95% CI p value

Model I (Primary model; All animal; n = 34,355)*

Species Buffalo 2.20 2.07-2.34 <0.001
Cattle (Ref.) 1.00 - -

Sex Female 2.13 2.02-2.24 <0.001
Male (Ref.) 1.00

Model Il (Age-adjusted model; All bovines with age data; n = 18,426)**

Species Buffalo 1.57 1.44-1.71 <0.001
Cattle (Ref.) 1.00 - -

Sex Female 1.32 1.17-1.49 <0.001
Male (Ref.) 1.00

Age 2-5years 1.45 1.29-1.64 <0.001
> 5 years 2.18 1.91-2.49 <0.001

<2 years (Ref.) 1.00 - -
Model Il (Cattle only model; n = 8,698)***
Breed type Indigenous 2.20 1.81-2.67 <0.001
Crossbred 0.81 0.63-1.04 0.096
Exotic (Ref.) 1.00 - -

Sex Female 1.72 1.44-2.05 <0.001
Male (Ref.) 1.00

Age 2-5years 2.11 1.78-2.50 <0.001
> 5 years 2.07 1.71-2.52 <0.001

Ref. = Reference category

* Model | adjusted for state.

** Model Il adjusted for state and included only animals with available age data.
*** Model 1l adjusted for state and included only cattle with co

mplete breed, age and sex information.
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Variable Description Adjusted Odds Ratio (AOR) 95% CI p value
Model I (Primary model; All animal; n = 34,355)*
<2years (Ref.) 1.00 - -
Ref. = Reference category
* Model | adjusted for state.
** Model Il adjusted for state and included only animals with available age data.

*** Model Ill adjusted for state and included only cattle with co

mplete breed, age and sex information.

To evaluate the effect of age, a secondary multivariable model was constructed using animals for which
age information was available (n = 18,426). Inclusion of age in the model reduced the magnitude of the
species and sex associations observed in the primary model, indicating that age acted as a confounding
factor. Nevertheless, both variables remained significantly associated with IBR seropositivity after
adjustment. Buffaloes exhibited 1.57-fold higher odds of seropositivity than cattle (AOR =1.57; 95% Cl:
1.44-1.71; p < 0.001), while females had 1.32-fold higher odds of seropositivity than males (AOR =1.32;
95% Cl: 1.17-1.49; p < 0.001). A significant age-dependent increase in IBR seropositivity was observed,
with animals aged 2-5 years and > 5 years exhibiting 1.45-fold (95% CI: 1.29-1.64; p < 0.001) and 2.18-
fold (95% CI: 1.91-2.49; p < 0.001) higher odds of seropositivity, respectively, compared with animals
younger than 2 years (Table 3).

A separate multivariable logistic regression model was developed for cattle to assess the effect of breed
type while adjusting for sex, age and state (n = 8,896). Indigenous cattle had significantly higher odds of
IBR seropositivity than exotic cattle (AOR =2.20; 95% Cl: 1.81-2.67; p <0.001), whereas no significant
difference was observed between crossbred and exotic cattle (AOR=0.81;95% Cl: 0.63-1.04; p = 0.096).
Female cattle had significantly higher odds of seropositivity than male cattle (AOR =1.72; 95% Cl: 1.44~-
2.05; p<0.001). Age was also independently associated with IBR seropositivity within cattle populations,
with animals aged 2-5 years and > 5 years exhibiting 2.11-fold (95% CI: 1.78-2.49; p < 0.001) and 2.07-
fold (95% CI: 1.71-2.52; p < 0.001) higher odds of seropositivity, respectively, compared with cattle
younger than 2 years (Table 3).

Association between IBR and brucellosis seropositivity

The association between IBR and brucellosis serostatus was evaluated in animals, with results available
for both diseases (Table 4). Brucella seropositivity was detected in 659 IBR-positive animals and 595
IBR-negative animals. Bovines seropositive for IBR were significantly more likely to be seropositive for
brucellosis than IBR-negative animals (OR =2.42; 95% Cl: 2.16-2.71; p < 0.001), indicating a strong
positive association between the two infections.
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Table 4

Association between infectious bovine rhinotracheitis (IBR) and brucellosis seropositivity
in bovines

IBR Odds Ratio  95% CI p value

Positive  Negative

Brucellosis Positive 659 595 2.42 2.16-2.71 <0.001

Negative 10031 21940

DISCUSSION

The present investigation revealed a high burden of IBR-associated seropositivity in Indian dairy bovines,
with an overall true seroprevalence of 31.13% (95% Cl: 30.61-31.66%). Since vaccination against IBR is
not routinely practised in India, the detected antibodies are likely to reflect natural exposure to the virus.
The widespread occurrence of seropositive animals across all surveyed states further supports the
endemic status of the infection in the country. The prevalence observed in the present study was
remarkably similar to that reported in a recent nationwide survey by Patil et al. (2022) and to estimates
from Ethiopia, Belgium and Ireland (Sibhat et al. 2018; Barrett et al. 2018; Boelaert et al. 2000; Asmare et
al. 2023). In contrast, substantially higher seroprevalence has been reported from Pakistan, Brazil,
Kazakhstan and certain regions of Egypt, whereas lower estimates have been documented from Kenya,
Egypt and Nepal (Fernandes et al. 2019; Rehman et al. 2020; Kipyego et al. 2020; Mahmoud and Ali 2022;
Paudel et al. 2022; Karabassova et al. 2026). Collectively, these findings indicate that IBR remains widely
distributed globally, although its prevalence varies considerably between regions and production
systems.

Variation in seroprevalence across countries and regions is likely influenced by differences in herd
density, production systems, management practices, breeding methods, biosecurity measures, sampling
strategies and diagnostic tests employed (Segura-Correa et al. 2016; Kipyego et al. 2020; El-Sheikh et al.
2024; Karabassova et al. 2026). Notably, the prevalence observed in the present study was substantially
lower than the 51.6% reported by Renukaradhya et al. (1996), one of the earliest multi-state
investigations of IBR seroprevalence in India. Although direct comparisons between studies should be
interpreted cautiously because of differences in study design, geographical coverage and sampled
populations, the relatively lower prevalence reported in recent nationwide investigations may reflect
improvements in breeding practices and disease control measures implemented in the Indian dairy
sector over the past three decades. In particular, the widespread adoption of artificial insemination and
implementation of the Minimum Standard Protocol for Production of Bovine Frozen Semen issued by the
Department of Animal Husbandry and Dairying (DAHD), Government of India, may have contributed to
reducing dependence on natural service and limiting the dissemination of infection through
contaminated semen. While the impact of these interventions cannot be quantified from the present
study, they may have played an important role in reducing venereal transmission and restricting the
spread of infection within Indian dairy populations.
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A major finding of the present study was the significantly higher seroprevalence in buffaloes (38.1%)
than in cattle (27.2%). This association remained significant after adjustment for age, sex and
geographical location, with buffaloes showing 1.57-fold higher odds of seropositivity. Similar
observations have been reported from India and other endemic regions (Renukaradhya et al. 1996;
Trangadia et al. 2010; EI-Sheikh et al. 2024), although some studies have reported either higher
prevalence in cattle or no significant species-wise differences (Verma et al. 2014; Patil et al. 2022). The
higher seropositivity in buffaloes may partly be attributable to exposure to antigenically related
alphaherpesviruses, particularly Varicellovirus bubalinealpha (formerly called bubaline alphaherpesvirus-
1, BUAHV-1), which shares substantial antigenic similarity with BoAHV-1 and may induce antibodies
detectable by gB-based ELISA assays. Recent evidence from India has demonstrated a high
seroprevalence of BUAHV-1 in buffalo populations (Chandrasekhar Reddy et al. 2025), suggesting that a
proportion of ELISA-positive buffaloes may have been exposed to BuAHV-1 rather than BoAHV-1 alone.
Differences in management practices may also contribute to the higher seropositivity recorded in
buffaloes. Supporting this hypothesis, exceptionally high seroprevalence was observed among buffaloes
in Banni (78.1%), Pandharpuri (57.9%), and Mehsana (45.9%). Banni buffaloes are traditionally reared by
Maldhari pastoral communities under extensive grazing systems in Kutch, Gujarat, while Pandharpuri
buffaloes are largely restricted to their native breeding tract in southern Maharashtra. The high
seroprevalence observed in these geographically localized breeds suggests long-term endemic
circulation of alphaherpesviruses within their native populations.

Another notable findings of the present study was the significantly higher seroprevalence in indigenous
cattle compared with exotic and crossbred cattle. After adjustment for potential confounders,
indigenous cattle had 2.20-fold higher odds of seropositivity than exotic cattle. Similar findings have
been reported earlier (Danu et al. 2024; El-Sheikh et al. 2024), although several earlier studies suggested
greater susceptibility of exotic and crossbred cattle to infection (Saravanajayam et al. 2015; Sibhat et al.
2018; Ortiz-Gonzalez et al. 2022; Ghougal et al. 2026). However, seropositivity is influenced not only by
host susceptibility but also by the intensity and duration of exposure to infection. Therefore, the higher
seroprevalence observed in indigenous cattle in the present study should not necessarily be interpreted
as evidence of greater biological susceptibility. Rather, it may reflect differences in management
practices, production systems and exposure opportunities. Indigenous cattle are commonly maintained
under extensive or semi-intensive systems involving communal grazing, natural breeding and frequent
contact with neighbouring herds, whereas exotic and crossbred cattle are often managed under more
intensive systems with better reproductive management and biosecurity. The relatively high
seroprevalence observed in indigenous breeds such as Tharparkar (41.4%), Kankrej (40.3%) and Sahiwal
(36.4%) supports the hypothesis that differences in exposure opportunities and management practices
may be more important than genetic susceptibility in explaining the observed breed-wise variation.

Female animals showed significantly higher seropositivity than males in both univariable and

multivariable analyses. Although females remained at higher risk after adjusting for age and

geographical location, the association became weaker after adjustment, indicating that part of the

observed sex difference was influenced by the greater proportion of older animals among females
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retained for breeding and milk production. Similar observations have been reported previously (Kaddour
et al. 2019; Ortiz-Gonzalez et al. 2022; Danu et al. 2024). However, contradictory findings have also been
reported, suggesting that sex is likely a secondary risk factor influenced by management practices and
herd structure rather than an inherent biological predisposition (Raaperi et al. 2014; Waldeck et al. 2021;
El-Sheikh et al. 2024; Ghougal et al. 2026).

Age was identified as an important risk factor for IBR seropositivity, with animals aged 2-5 years and > 5
years exhibiting 1.45-fold and 2.18-fold higher odds of seropositivity, respectively, compared with
animals younger than two years. This finding is consistent with numerous previous studies that have
identified age as one of the most important and consistent risk factors associated with BoAHV-1
infection (Raaperi et al. 2014, Saravanajayam et al. 2015; Segura-Correa et al. 2016; Sibhat et al. 2018).
The higher seroprevalence observed in older animals is most likely attributable to cumulative exposure
over time and the lifelong latent nature of BoAHV-1 infection. Periodic reactivation of the virus helps
maintain detectable antibody levels for extended periods, allowing infected animals to remain
seropositive and act as a source of infection for susceptible animals.

An additional finding of the present study was the significant association between IBR and brucellosis
seropositivity, with IBR-positive animals being 2.42 times more likely to be seropositive for brucellosis.
Similar associations between IBR seropositivity and other infectious diseases, including brucellosis,
bovine viral diarrhoea, Q fever, neosporosis and leptospirosis, have been reported previously (Waldeck et
al. 2021; Sarangi et al. 2021a; Naveena et al. 2022). A plausible explanation for this association is the
immunosuppressive nature of BOAHV-1 infection increasing susceptibility to secondary infections
(Biswas et al. 2013; Jones 2019). Nevertheless, the observed association may also be influenced by
shared epidemiological risk factors, including management practices, breeding systems and biosecurity
measures that facilitate exposure to multiple pathogens within the same production system.

The high seroprevalence of IBR observed in the present study highlights the need for implementation of
comprehensive control measures. Although artificial insemination and semen screening programmes
have likely reduced venereal transmission, these measures alone are insufficient to control a disease
characterized by lifelong latency and periodic viral reactivation. Several countries have successfully
controlled or eradicated IBR through integrated programmes combining glycoprotein E (gE)-deleted
marker vaccines with surveillance and movement control. Previous studies have demonstrated that
vaccination can substantially reduce BoAHV-1 transmission within herds, with the basic reproduction
number (R,) declining from approximately 2.8—7.0 in unvaccinated populations to levels approaching or
below the threshold required for sustained transmission (reviewed in Raaperi et al., 2014; Brock et al.,
2020). In India, field evaluation of a commercially available inactivated gE-deleted marker vaccine
demonstrated significant reductions in disease occurrence and abortion rates in endemic dairy herds
(Sarangi et al. 2020). Furthermore, gE-deleted marker vaccines have been shown to confer protection
against BUAHV-1 infection in buffaloes (Montagnaro et al. 2015; Martucciello et al. 2023). Considering
the endemic nature of IBR in India, preventive vaccination using marker vaccines may be particularly
beneficial in organized dairy herds, milk-shed areas and regions implementing breed improvement
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programmes such as progeny testing and pedigree selection. Such interventions would help reduce virus
circulation, improve reproductive performance and increase the availability of IBR-free breeding stock.
However, vaccination should form part of a broader control strategy that includes enhanced surveillance,
routine testing of breeding animals and semen, strengthened farm biosecurity, regulation of animal
movement and farmer awareness programmes. Adoption of such an integrated approach would reduce
the burden of IBR while improving herd productivity and sustainability of dairy production systems.

The present study has several important strengths. It represents the largest study conducted on IBR
seroprevalence in India in terms of the number of animals analysed and includes a diverse population of
cattle and buffaloes representing 29 cattle breeds and 9 buffalo breeds. Serological testing was
performed using a validated commercial ELISA, and prevalence estimates were adjusted using
experimentally determined diagnostic sensitivity and specificity values. The study however, has certain
limitations that should be considered while interpreting the findings. The study was retrospective and
observational in nature, and therefore the identified associations should not be interpreted as causal
relationships. In addition, the gB ELISA used in the study could not differentiate antibodies induced by
BoAHV-1 from those induced by related alphaherpesviruses such as BUuAHV-1, BoAHV-5 and CpAHV-1.
Furthermore, the samples were originally collected for breed improvement programmes and not
specifically for epidemiological investigation of IBR; consequently, complete randomization was not
possible and the study population may not be fully representative of the national bovine population.
Nevertheless, the large sample size, extensive geographical coverage, broad breed representation and
inclusion of samples collected over a nine-year period (2016—2024) provide robust baseline information
on the epidemiology of IBR in Indian bovines. These findings can guide surveillance activities, inform
disease control policies and support the development of a national IBR control programme in India.

CONCLUSION

The present study provides a comprehensive assessment of IBR seroprevalence in Indian bovines based
on the largest animal-level dataset analysed to date in the country. The estimated true seroprevalence of
31.13% confirms that IBR and related alphaherpesvirus infections remain widely distributed and endemic
in Indian dairy populations. Buffaloes, indigenous cattle, female animals and older bovines exhibited
significantly higher odds of seropositivity, highlighting the influence of host and management-related
factors on disease occurrence. The significantly higher seropositivity observed in buffaloes and
indigenous cattle suggests that exposure patterns, husbandry practices and the possible contribution of
antigenically related alphaherpesviruses such as BUAHV-1 may play an important role in shaping the
epidemiology of the disease in India.

The findings emphasize the need for strengthening surveillance and implementing integrated control
strategies, including enhanced biosecurity, continued monitoring of breeding animals and semen, and
strategic use of marker vaccines, particularly in organized dairy herds and breed improvement
programmes. The study provides valuable baseline information for future epidemiological investigations
and offers a scientific foundation for the development of a national IBR control programme in India.
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Figure 1

State-wise distribution of true seroprevalence of infectious bovine rhinotracheitis (IBR) in Indian
bovines showing sample size and prevalence estimates
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