
REGULAR ARTICLES

Tropical Animal Health and Production (2026) 58:56
https://doi.org/10.1007/s11250-026-04869-2

	
 Yavuzkan Paksoy
yavuzkan7@gmail.com

Ömer Barış İnce
incebaris@gmail.com

Emrah Gökay Özgür
emrahgokayozgur@gmail.com

Ahmet Sait
saitvet@gmail.com

1	 Department of Animal Nutrition and Animal Husbandry, 
Ceyhan Faculty of Veterinary Faculty, Çukurova University, 
Adana, Türkiye

2	 Department of Virology, Veterinary Faculty, Necmettin 
Erbakan University, Eregli, Konya 42310, Türkiye

3	 Department of Biostatistics and Medical Informatics, Faculty 
of Medicine, Marmara University, Istanbul, Türkiye

4	 Viral Diagnostic Laboratory, Pendik Veterinary Control 
Institute, Pendik, Istanbul 34890, Türkiye

Abstract
Bovine respiratory disease complex (BRDC) is one of the main causes of illness and financial losses in cattle farming 
around the world. The aim of this cross-sectional study was to estimate the seroprevalence of viral pathogens associ-
ated with the bovine respiratory disease complex (BRDC) and to identify farm- and animal-level risk factors, including 
biosecurity practices and indirect contacts, in cattle farms in Konya and Adana provinces of Türkiye. However, the role 
of farm-level biosecurity practices and indirect contacts in shaping these infection patterns remains unclear, including 
in Türkiye where data on farm-level biosecurity practices and indirect contacts are limited. This cross-sectional study 
involved collecting blood and nasal swab samples from 274 cattle on 16 farms in the provinces of Konya and Adana 
between March 2023 and April 2024. Blood serum samples were tested using indirect ELISA to determine the presence 
of antibodies against Bovine respiratory syncytial virus (BRSV), Bovine parainfluenza virus-3 (BPIV-3), and Bovine viral 
diarrhea virus (BVDV). Nasal swabs were analyzed using one-step multiplex real-time RT-PCR to detect the presence of 
viral nucleic acids. Information about biosecurity at the farm level was collected using a questionnaire and field observa-
tions. Potential risk factors were evaluated using logistic regression and generalized estimating equations (GEE). At the 
farm level, the number of seropositive animals varied from 0% to 50%, while at the animal level, the overall seropositivity 
rate was 21% (57 out of 274). The test showed that 2.19% (6/274) of the samples had BVDV RNA, but none had BRSV 
or BPIV-3. In the multivariable analyses, increasing age (odds ratio [OR] = 7.05; 95% confidence interval [CI]: 3.21–15.48; 
p < 0.001) and farm visitors (OR = 11.74; 95% CI: 4.86–28.5; p < 0.001) were found to be the most significant risk factors. 
The size of the farm was almost statistically significant. The study showed substantial heterogeneity between farms in 
seropositivity for viral BRDC pathogens, and highlighted the role of indirect contacts and biosecurity-related factors in 
shaping these patterns. Visitors and shared transport vehicles were identified as the main determinants of transmission. 
Main strategies to reduce risk include providing protective clothing, minimizing unnecessary animal movements, and 
strengthening vehicle disinfection protocols. The findings highlight the importance of raising biosecurity awareness among 
farmers and veterinarians. Due to budgetary and logistical constraints, this exploratory study was conducted in a relatively 
small number of herds from only two provinces.
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Introduction

Bovine respiratory disease complex (BRDC) is a multifac-
torial syndrome characterized by elevated morbidity and 
mortality rates, particularly among young calves and feed-
lot cattle (Yarnall et al. 2024; O’Donoghue et al. 2025). The 
BRDC is the result of a combination of viral and bacterial 
pathogens, environmental stress, and management prac-
tices. Previous studies have shown that BRDC can cause 
reduced growth rates, decreased milk production, increased 
treatment and labour costs, and additional workload for herd 
health management, leading to substantial economic losses 
in cattle production systems (Smith 2020; Yarnall et al. 
2024). The primary viral pathogens associated with BRDC 
include Bovine herpesvirus-1 (BoHV-1), Bovine respira-
tory syncytial virus (BRSV), Bovine parainfluenza virus-3 
(BPIV-3), and Bovine viral diarrhea virus (BVDV).In recent 
years, the influenza D virus (IDV) has also been considered 
within this group (Ferreira et al. 2024). These pathogens 
can spread through direct transmission (animal movements, 
droplet transmission) as well as indirect routes (visitors, 
transport vehicles, shared equipment, fomites, pastures). 
Although indirect contacts may appear less effective than 
direct contacts regarding disease transmission, their high 
frequency makes them an important epidemiological issue 
that is worthy of further investigation. Veterinarians, artifi-
cial insemination technicians, feed and transport vehicles, 
and even staff working at neighboring farms may act as car-
riers of pathogens between farms (Bates et al. 2001; Rossi 
et al. 2017). This situation demonstrates the necessity of 
considering indirect contact in farm biosecurity protocols.

Biosecurity includes management and physical measures 
aimed at preventing the introduction of infectious agents 
into farms and limiting their spread within the herds. The 
“prevention is better than cure” approach adopted by the 
European Union in 2007 emphasizes that farm-level biose-
curity should be at the core of animal health strategies (Fer-
reira et al. 2024). However, studies conducted in various 
countries have shown that biosecurity practices are lacking 
or insufficient on many farms (Sarrazin et al. 2018; Alquati 
et al. 2025).

There have been various studies on the prevalence of 
BVDV and other respiratory viruses in Türkiye (Özkul et 
al. 1995;  İnce 2020; Kadiroğlu et al. 2020;  İnce and Ayaz 
2023), but there are no comprehensive studies that look at 
the risk of these infections entering farms through indirect 
contact. This gap poses a major limitation for the develop-
ment of effective biosecurity strategies at the national level.

The aim of this cross-sectional study was to estimate 
the seroprevalence of viral pathogens associated with the 
BRDC and to identify farm- and animal-level risk fac-
tors, including biosecurity practices and indirect contacts, 

in cattle farms in Konya and Adana provinces of Türkiye. 
Field data were collected using serological and molecular 
tests, survey-based biosecurity assessments were conducted, 
and risk factors were examined using statistical models. The 
study thus provides scientific evidence on which biosecurity 
measures should be prioritized on farms and offers recom-
mendations to address gaps in implementation.

Material and methods

Study area and sampling design

This cross-sectional study was conducted in 16 cattle farms 
located in the provinces of Konya (37°52′-39°08′ N; 31°14′-
34°26′ E) and Adana (36°01′-37°45′ N; 34°25′-36°36′ E) 
between March 2023 and April 2024 (Fig.  1). The study 
area comprises approximately 31,000 cattle farms (TUIK 
2022). The cattle farms included in the study were selected 
from among those that agreed to participate using Neyman’s 
stratified sampling method (Neyman 1934). The provinces 
of Konya and Adana were chosen as the study area because 
they are located in different regions of Türkiye with distinct 
climatic conditions, represent important cattle-producing 
areas, and provide marked diversity in farm management 
and biosecurity practices. The farms were considered in two 
strata according to province, and the total number of farms 
to be sampled was set at n = 16, taking into account field and 
logistical constraints. To ensure representativeness across 
strata, proportional allocation was applied using Neyman’s 
stratified sampling method (Neyman 1934):

nh = Nh

N
· n

Where:

	● nh = number of farms to be sampled in stratum h 
(province)

	● Nh​ = total number of farms in stratum h
	● N = total number of farms
	● n = total sample size (number of farms)

Accordingly, a total of 16 farms were included. From these 
farms, individual samples were collected from 274 cattle, 
thus balancing the limited number of farms with a larger 
animal-level sample size (Cochran 1977; Neyman 1934; 
Dohoo et al. 2009).
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Biosecurity data

A structured questionnaire was administered to farm owners 
or managers to evaluate farm-level biosecurity practices and 
indirect contacts. The questionnaire consisted of 43 items 
grouped into seven sections: (i) general farm characteristics, 
(ii) animal movements and purchase practices, (iii) visitor 
access and human-related contacts, (iv) hygiene and bios-
ecurity measures for people and equipment, (v) vehicles 
and environmental hygiene, (vi) herd health management 
and farmer perceptions, and (vii) additional perceptions and 
experience related to BRDC and biosecurity. Items covered 
general farm information, animal movements, pasture use, 
purchase of animals from outside sources, transport vehicles 
entering the farm premises, visitor frequency, and the use 
of protective equipment by farm personnel. Most questions 
were closed-ended with pre-defined response categories 
(e.g. yes/no, multiple choice or Likert-type scales), com-
plemented by a small number of items allowing multiple 

responses and “other: please specify” options. These data 
were used as input variables in the analysis of potential risk 
factors. The questionnaire was developed, implemented and 
reported in line with the STROBE guidelines (von Elm et 
al. 2008; www.strobe-statement.org). The model structure 
of the biosecurity questionnaire (English translation) is 
presented in Supplementary Table S1, and the completed 
STROBE checklist is provided in Supplementary Table S2.

Laboratory analyses

Blood samples were collected from the jugular vein of a 
total of 274 cattle into both coagulated and anticoagulated 
tubes and transported to the laboratory under cold chain con-
ditions. The presence of antibodies against BRSV, BPIV-3, 
and BVDV in serum samples was tested using commercial 
ELISA kits [Bio-X Diagnostics BRSV Ab Test and BPI3 Ab 
Test (Rochefort, Belgium); IDEXX BVDV Total Ab Test 
(IDEXX Laboratories, Westbrook, ME, USA)] following 

Fig. 1  Study area
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R version 4.5.1 (R Core Team 2025). To estimate seropreva-
lence, a statistical model accounting for diagnostic uncer-
tainty, considering test sensitivity (Se) and specificity (Sp), 
was applied (Sergeant 2017). Descriptive statistics were 
presented as frequencies and percentages, while seropreva-
lence estimates were presented with 95% confidence inter-
vals (CI). In univariable analyses, Pearson’s chi-square and 
Fisher’s exact tests were used, and variables with p ≤ 0.20 
were included in multivariable logistic regression analysis. 
Relationships between positive ELISA results and risk fac-
tors were evaluated using odds ratios (OR), and the good-
ness-of-fit of multivariable models was assessed with the 
Hosmer-Lemeshow test (Dohoo et al. 2009).

Results

Seroprevalence

Antibodies against at least one respiratory virus were 
detected in 57 out of 274 serum samples from cattle (21.0%; 
95% CI: 16.1–26.7) (Table  2). When evaluated by virus, 
BRSV had the highest seropositivity rate (8.4%). This was 
followed by BPIV-3 (6.6%) and BVDV (5.8%). These 
results indicate that viruses associated with BRDC are cir-
culating at a certain rate in the study area. According to the 
generalized estimating equation (GEE) model, the overall 
seroprevalence within the farm was estimated to be 21% 
(95% CI: 16.1–26.7). At the farm level, seropositivity rates 
ranged from 0% to 50%. This wide variation is consistent 
with heterogeneity in management, biosecurity practices 
and environmental conditions between farms; however, the 
present study was not designed to disentangle these effects, 
and the observed differences should therefore be interpreted 
with caution.

PCR

Multiplex real-time RT-PCR analysis of nasal swab samples 
detected only BVDV RNA (6/274; 2.19%; 95% CI: 0.9–4.6) 
(Table 3). In contrast, no samples tested positive for BRSV 
or BPIV-3. This finding indicates that active viral infection 
of the respiratory system was low during the study period, 
but that BVDV remains in circulation in the region.

the manufacturer’s instructions. Nasal swab samples were 
then homogenized in Phosphate Buffered Saline (PBS), 
following which the samples were subjected to a centrifu-
gation process at 1200 × g for a duration of 20 min. There-
after, the samples were stored at a temperature of -80 °C. 
The process of RNA extraction was conducted utilizing the 
QIAamp cador Pathogen Mini Kit (Qiagen, Germany). The 
method was optimised according to the procedures specified 
in the kit. Viral RNA was detected by one-step multiplex 
real-time RT-PCR using primers and probes specific for the 
BVDV 5′UTR region, the BRSV nucleoprotein gene, and 
the BPIV-3 matrix gene (Lindberg et al. 2006) (Table  1). 
The fixed reaction conditions for the multiplex system were 
as follows: a total reaction volume of 20 µL containing 5 µL 
of 5× QuantiFast Pathogen Master Mix, 0.25 µL of 100× 
QuantiFast Pathogen RT Mix, 0.1 µL of each primer (10 
µM), 0.2 µL of each probe (10 µM), 3 µL of nucleic acid 
template, and RNase-free water added to a final volume of 
20 µL. Amplification was performed using the following 
program: 50 °C for 20 min, 95 °C for 5 min, followed by 45 
cycles of 95 °C for 15 s and 60 °C for 30 s.

Risk factors and statistical analysis

For each farm, variables such as the animal’s age, sex, farm 
size, shared grazing with small ruminants, acquisition of 
new animals, and lactation status were considered potential 
risk factors. For the purposes of analysis, explanatory vari-
ables were grouped into two conceptual domains: (i) indica-
tors of indirect contact (e.g. visitor frequency, presence of 
permanent workers who also worked on other farms, ani-
mal purchases, use of common pastures) and (ii) farm-level 
biosecurity practices (e.g. use of farm-dedicated protective 
equipment, recording of visitors, presence of disinfection 
mats and quarantine facilities). All data were coded and 
entered into Microsoft Excel, then transferred to the R pro-
gram for analysis. Statistical analyses were performed using 

Table 1  Primer and probe sequences used in One-Step Multiplex Real-
Time PCR studies
Agent Primer/prob Sequence (5’-3’)
BVDV BVDV-F228

BVDV-UTR
BVDV-Pro

​T​C​G​A​G​A​T​G​C​C​A​C​G​T​G​G​A​C
​A​T​G​T​G​C​C​A​T​G​T​A​C​A​G​C​A​G​A
CY5-​A​C​C​C​T​A​T​C​A​G​G​C​T​G​
T-MGB

BRSV BRSV-N-141 bp-F
BRSV-N-141 bp-R
BRSV-N-Probe

​A​T​A​C​A​A​A​G​G​A​C​T​C​A​T​C​C​C​G​
A​A​A​G
​A​A​G​A​T​T​C​C​T​T​C​T​A​C​C​C​T​A​C​T​A​
C​C​T​C​C NED-​A​G​T​A​T​T​T​G​A​A​A​
A​G​T​A​C​C​C​T​C-MGB

BPIV3 BPIV3M-113 bp-F 
BPIV3M-113 bp-R 
BPIV3-MTPro

​C​A​G​G​A​A​C​T​C​C​T​A​C​A​A​G​C​C​G​C
​C​A​T​G​G​G​T​A​C​A​G​T​T​C​A​G​G​T​T​
T​A​A​T​G
VIC-​C​T​A​T​C​A​T​C​T​C​C​G​T​G​G​
C-MGB

Table 2  Antibody positivity rates detected by ELISA
Agent Positive Total Seropositive (%) 95% CI
BRSV 23 274 8.4 5.4–12.4
BPIV-3 18 274 6.6 4.1–10.3
BVDV 16 274 5.8 3.5–9.4
Total 57 274 21.0 16.1–26.7
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et al. 2009; Kadiroğlu et al. 2020; İnce et al. 2022; Aydın 
et al. 2024). In the international literature, seroprevalence 
estimates range from around 30% (e.g. Argentina, Sweden) 
to 80% (e.g. Brazil, Ecuador) (Hägglund et al. 2006; Saa 
et al. 2012; Hoppe et al. 2018). The relatively low estimate 
observed in our study may reflect a combination of factors, 
including sample size, age distribution, and specific man-
agement and biosecurity practices in the participating herds. 
A recent meta-analysis has reported a global average BRSV 
seroprevalence of 62% based on antibody-based tests 
(Werid et al. 2024), placing our findings at the lower end 
of both the national and international ranges and suggesting 
that infection pressure may be comparatively limited in the 
study area, although this interpretation should be made with 
caution given the limited number of herds.

Seropositivity was higher in adult cattle than in young ani-
mals, which is consistent with the role of repeated lifetime 
exposure in the development of humoral immunity. Simi-
lar age-related patterns, with higher BRSV seroprevalence 
in adults, have been reported in studies from other coun-
tries (Figueroa-Chávez et al. 2012; Hoppe et al. 2018). The 
seroprevalence of BPIV-3 has been determined to be 6.6%. 
Studies in Türkiye have generally reported rates between 10 
and 25% (Alkan et al. 2003; Erol et al. 2007; Yeşilbağ and 
Güngör 2008; Kadiroğlu et al. 2020), while global estimates 
range from 15% to 70% (Ellis 2010; Mahmoud and Allam 
2013; Callaby et al. 2016; Tiwari et al. 2016; Muftuoglu et 
al. 2021; Milićević et al. 2024; Xu et al. 2024; González 
et al. 2025). The relatively low level observed in our study 
may reflect similar factors to those discussed for BRSV 
and BVDV, including differences in age structure and man-
agement/biosecurity practices between herds, regional 
variation in infection pressure, and potential differences in 
diagnostic sensitivity between test methods. Nevertheless, 
BPIV-3 clearly remains an important factor to consider in 
the pathogenesis of BRDC.

BVDV seropositivity was detected at 6.2%, which is 
lower than the 20–60% range reported in Türkiye (İnce 
2020; İnce and Ayaz 2023). This may be related to relatively 
limited animal movements or effective control practices 
in some herds, but the cross-sectional design and limited 
sample size preclude firm conclusions. The literature indi-
cates that, in general, one of the most important risk fac-
tors for BVDV introduction is the purchase of animals from 
herds that are not certified BVDV-free, which can lead to 
rapid spread of infection through the introduction of persis-
tently infected animals into the farm (Bisschop et al. 2025). 
In a recent study, Bisschop et al. (2025) reported higher 
infection risk in dairy herds located within 500 m of other 
farms. In addition, previous studies have shown that hous-
ing structure and human-related movements can influence 
BVDV infection risk. In our study, the observed association 

Risk factors

In univariable analyses, age, visitor presence, farm size, and 
new animal introduction were found to be associated with 
seropositivity. In the multivariable logistic regression analy-
sis, age and visitor presence emerged as the strongest risk 
factors (Table 4). The risk of seropositivity increased sev-
enfold in cattle aged two years and older (OR = 7.05; 95% 
CI: 3.21–15.48; p < 0.001). The risk of infection was signifi-
cantly increased by approximately 12-fold in farms where 
visits occurred (OR ≈ 11.74; 95% CI: 4.86–28.5; p < 0.001). 
In contrast, farm size showed borderline statistical signifi-
cance (p = 0.08), while the introduction of new animals did 
not show a significant effect in the multivariable model.

Discussion

In this cross-sectional study, we estimated the seropreva-
lence of viral pathogens associated with the BRDC in cattle 
farms located in the Konya and Adana provinces of Türkiye 
and evaluated their association with selected farm- and ani-
mal-level risk factors, including biosecurity practices and 
indicators of indirect contact. The overall seroprevalence 
was 21.0%, which lies at the lower end of the wide range 
of values reported in Türkiye and worldwide. These rela-
tively low seroprevalence levels may reflect a combination 
of factors, including genuinely lower infection pressure in 
the study area, partial effectiveness of certain biosecurity 
measures implemented on some farms, and the limited num-
ber of herds and animals included in this exploratory study. 
In this study, BRSV seropositivity was determined to be 
8.4%. This rate is significantly lower than the 46–73% range 
previously reported in Türkiye (Yavru et al. 2005; Yeşilbağ 
and Güngör 2008; Karaotçu and Yıldırım 2019; Yıldırım 

Table 3  Multiplex real-time RT-PCR results
Agent Positive Total Positive (%) 95% CI
BVDV 6 274 2.19 0.9–4.6
BRSV 0 274 0 –
BPIV-3 0 274 0 –

Table 4  Multivariable logistic regression analysis results
Variable Categories OR 95% CI P value
Age 06–12 months*

> 12 months 7.05 3.21–15.48 < 0.001
Farm size ≤ 20*

21–100 2.280 0.524–9.918 0.109
Farm visitors No*

Yes 11.74 4.86–28.5 < 0.001
* References
OR: Odds ratio
CI: Confidence interval
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and the exploratory nature of the study. Future research 
in Türkiye should therefore consider multi-centre, larger-
scale studies encompassing a broader range of herds with 
different levels of biosecurity measures and a wider panel 
of respiratory viruses, including BoHV-1, bovine coronavi-
rus, adenoviruses and IDV, in order to confirm and refine 
these exploratory findings and to more robustly charac-
terise the associations between biosecurity practices and 
infection risk.From a practical point of view, our findings 
underline the central role of everyday biosecurity practices 
in the prevention of BRDC on cattle farms. Measures that 
are likely to be particularly effective include restricting and 
recording visitor access to animal areas, providing dedi-
cated protective clothing, boots and gloves for visitors and 
staff, strengthening cleaning and disinfection procedures 
at farm entrances and for vehicles entering and leaving the 
premises, and avoiding unnecessary animal movements and 
mixed-source purchases. Although the present study cannot 
quantify the individual effect of each of these measures, it 
supports the view that routine, consistently implemented 
biosecurity protocols are essential components of BRDC 
prevention.

Conclusion

In conclusion, this exploratory study documents relatively 
low seroprevalence levels of major viral BRDC pathogens 
in cattle herds in Konya and Adana, but identifies clear asso-
ciations between infection and specific biosecurity-related 
risk factors such as visitor presence and herd characteristics. 
These results suggest that strengthening basic biosecurity 
practices—particularly control of visitor access, consis-
tent use of farm-dedicated protective equipment, effective 
cleaning and disinfection of farm entrances and vehicles, 
and prudent management of animal movements—can con-
tribute to reducing the risk of introduction and spread of 
BRDC-associated viruses in cattle farms. Larger, multi-cen-
tre studies including more herds with varying levels of bios-
ecurity measures are warranted to confirm and refine these 
recommendations. 

Supplementary Information  The online version contains 
supplementary material available at ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​5​0​-​0​
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between visitor and vehicle entry, the presence of perma-
nent workers and BVDV seropositivity is consistent with 
this evidence. Permanent staff may work on more than one 
farm or have additional off-farm jobs; if protective clothing, 
boots and hand hygiene are not strictly standardised between 
farms, they may act as mechanical carriers (fomites) of 
pathogens. Furthermore, familiarity with daily routines 
may lead to “fatigue” or lapses in adherence to biosecurity 
protocols over time, further contributing to the observed 
association. Despite the low seroprevalence detected in this 
study, BVDV continues to be present in the region. Control 
of animal movements, training of farm staff in consistent 
biosecurity practices and avoidance of mixed-source animal 
purchases therefore remain important for reducing the risk 
of BVDV introduction and spread. In multivariable logistic 
regression analysis, the presence of visitors increased the 
risk of infection by approximately 12 times (OR = 11.74). 
While this strongly supports the role of visitors as carriers, it 
should be noted that such high OR values may also be partly 
explained by confounding factors. Larger herds accepting 
more visitors and being more vulnerable in terms of bios-
ecurity may explain this effect (Dohoo et al. 2009; Rossi et 
al. 2017). Farm size showed only a trend-level association, 
possibly due to limited sample size.

The most important limitation of this study is the small 
number of herds included; this restricts the representa-
tiveness of the farm sample at regional and national level 
and reduces the precision of farm-level estimates. Due to 
field and laboratory cost constraints, this study should be 
regarded as exploratory/pilot in scope. Although biological 
samples were obtained from a total of 274 animals and ade-
quate statistical precision was achieved at the animal level, 
the cross-sectional design does not allow conclusions to be 
drawn about temporal dynamics or causal relationships. 
Furthermore, detailed information on vaccination against 
BRDC-associated viruses and systematic recording of clini-
cal BRDC cases were not consistently available across all 
farms and were therefore not included in the analysis. As a 
result, the seropositivity reported here should be interpreted 
as evidence of past exposure (due to infection and/or vac-
cination, where applicable) rather than as a direct measure 
of clinical disease occurrence at herd level. Therefore, the 
relatively low seroprevalence levels observed here should 
be regarded as exploratory findings that may reflect a com-
bination of lower infection pressure in the study area, differ-
ences in biosecurity practices between farms, and sampling 
variability. Another limitation is that only three viral agents 
(BRSV, BPIV-3 and BVDV) were examined. Other BRDC-
associated viruses such as bovine herpesvirus-1 (BoHV-1), 
bovine coronavirus and bovine adenoviruses, which are 
known to be important respiratory pathogens in cattle, were 
not included in the present panel due to resource constraints 

1 3

56  Page 6 of 8

https://doi.org/10.1007/s11250-026-04869-2
https://doi.org/10.1007/s11250-026-04869-2


Tropical Animal Health and Production (2026) 58:56

Callaby R, Toye P, Jennings A, Thumbi SM, Coetzer JA, Van Conradie 
IC, Hanotte O, Mbole-Kariuki MN, Bronsvoort BM, Kruuk LE, 
Woolhouse ME, Kiara H (2016) Seroprevalence of respiratory 
viral pathogens of Indigenous calves in Western Kenya. Res Vet 
Sci 108:120–124. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​r​v​s​c​.​2​0​1​6​.​0​8​.​0​1​0

Cochran WG (1977) Sampling techniques 3rd ed. New York: John 
Wiley & Sons. ISBN: 978-0471162407

R Core Team (2025) R: a language and environment for statistical 
computing. Version 4.5.1 (Great Square Root). R Foundation for 
Statistical Computing, Vienna, Austria. Available at: ​h​t​t​p​s​:​/​/​w​w​
w​.​r​-​p​r​o​j​e​c​t​.​o​r​g​​​​​​​

Dohoo I, Martin W, Stryhn H (2009) Veterinary Epidemiologic 
Research, 2nd ed. Charlottetown, Prince Edward Island, Canada: 
VER Inc; 2009. ISBN: 978-0-919013-60-5 

Ellis JA (2010) Bovine parainfluenza-3 virus. Vet Clin North Am Food 
Anim Pract 26(3):575–593. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​c​v​f​a​.​2​0​1​0​.​0​
8​.​0​0​2

Erol N, Gur S, Yildirim Y, Tan MT (2007) A serological investigation 
on parainfluenza-3 (PI-3) and bovine adenovirus (BAV) infec-
tions in dairy cow enterprises in Aydın Province. Kafkas Univ Vet 
Fak Derg 13(1):43–47. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​9​​7​7​5​​/​k​v​​f​d​.​2​0​0​7​.​0​4​-​A

Ferreira JS, Baccili CC, Nemoto BS, Vieira FK, Sviercoski LM, Ienk 
T, Pagno JT, Gomes V (2024) Biosecurity practices in the dairy 
farms of Southern Brazil. Front Vet Sci 11:1326688. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​3​​3​8​9​​/​f​v​​e​t​s​.​2​0​2​4​.​1​3​2​6​6​8​8

Figueroa-Chavez D, Segura-Correa JC, Garcia-Marquez LJ, Pescador-
Rubio A, Valdivia-Flores AG (2012) Detection of antibodies and 
risk factors for infection with bovine respiratory syncytial virus 
and parainfluenza virus 3 in dual-purpose farms in colima Mex-
ico. Trop Anim Health Prod 44:1417–1421. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​
0​7​​/​s​1​​1​2​5​0​-​0​1​2​-​0​0​8​1​-​9

González CB, Briñez K, Tobón JC, Corredor DS, Bauermann FV, Bar-
ragán BL (2025) Cross-sectional Seroprevalence study of bovine 
herpesvirus 1, bovine respiratory syncytial virus, and parainflu-
enza virus 3 in cattle from Villavicencio, Colombia. BMC Vet 
Res 21:24. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​9​1​7​-​0​2​4​-​0​4​4​6​1​-​6

Hagglund S, Svenson C, Emanuelson U, Valarcher J, Alenius S (2006) 
Dynamics of virus infections involved in the bovine respiratory 
disease complex in Swedish dairy herds. Vet J 172:320–328. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​t​v​j​l​.​2​0​0​5​.​0​4​.​0​2​9

Hoppe IBAL, Medeiros ASR, Arns CW, Samara SI (2018) Bovine 
respiratory syncytial virus Seroprevalence and risk factors in non-
vaccinated dairy cattle herds in Brazil. BMC Vet Res 14:208. ​h​t​t​p​​
s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​1​8​6​​/​s​1​​2​9​1​7​-​0​1​8​-​1​5​3​5​-​8

Ince OB (2020) Investigation of bovine viral diarrhoea virus (BVDV) 
infection epidemiology at dairies in the Province of Afyonkara-
hisar. Van Vet J 31(3):122–126. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​6​4​8​​3​/​v​​a​n​v​e​t​j​
.​7​3​1​5​1​4

Ince OB, Ayaz A (2023) Seroprevalence and risk factors associated 
with bovine viral diarrhoea virus in Turkey. Trop Anim Health 
Prod 55:246. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​5​0​-​0​2​3​-​0​3​6​6​6​-​5

Ince OB, Sevik M, Ozgur EG, Sait A (2022) Risk factors and genetic 
characterization of bovine respiratory syncytial virus in the inner 
Aegean region Turkey. Trop Anim Health Prod 54:4. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​5​0​-​0​2​1​-​0​3​0​2​2​-​5

Kadiroglu B, Alpay G, Yesilbag K (2020) Seroprevalence of respi-
ratory viruses and pestivirus screening in ruminant species in 
Diyarbakır region Turkey. J Res Vet Med 39(1):26–33

Karaotcu A, Yildirim Y (2019) Serological investigation of bovine 
respiratory syncytial virus infection in cattle in the Denizli and 
Burdur districts. J Health Sci Inst 7:114–123. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​
4​9​9​​8​/​m​​a​e​u​s​a​b​e​d​.​6​4​6​9​3​3

Lindberg A, Houe H, Eddi C, Brownlie J, Gunn GJ, Moennig V, Saat-
kamp HW, Sandvik T, Valle PS (2006) The control of bovine viral 
diarrhoea virus in europe: today and in the future. Rev Sci Tech 
25(4):961–979. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​0​5​0​​6​/​r​​s​t​.​2​5​.​3​.​1​7​1​1

Funding  Open access funding provided by the Scientific and Tech-
nological Research Council of Türkiye (TÜBİTAK). This study 
was carried out within the scope of the project number (Project No: 
23GAP25001) supported by Necmettin Erbakan University Scientific 
Research Projects Coordination Office.

Data availability  The data that support the findings of this study are 
available from the corresponding author upon reasonable request.

Code availability  Not applicable.

Declarations

Ethical approval  This study was performed in line with the principles 
of the Declaration of Helsinki. In this study, ethical permission was 
obtained from the Selçuk University Faculty of Veterinary Medicine 
Experimental Animal Production and Research Center Ethics Com-
mittee with the decision number 2023/055.

Conflict of interest  The authors declare no competing interests.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit ​h​t​t​p​​:​/​/​​c​r​e​a​​t​i​​v​e​c​​o​m​m​o​​n​s​.​​o​
r​g​​/​l​i​c​e​n​s​e​s​/​b​y​/​4​.​0​/.

References

Alkan F, Özkul A, Bilge-Dagalp S, Yesilbag K, Oguzoglu TC, Akca Y, 
Burgu I (2003) Virological and serological studies on the role of 
PI-3 virus BRSV BVDV and BHV-1 on respiratory infections of 
cattle: the detection of etiological agents by direct Immunofluo-
rescence technique. Dtsch Tierarztl Wochenschr 107:193–195

Alquati F, Quagliardi M, Gavazza A, Roncarati A, Galosi L, Corradini 
CM (2025) A survey on biosecurity and animal welfare in twenty-
five beef cattle farms in the Marche region central italy: applica-
tion of the classyfarm checklists. Animals 15(3):312. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​3​​3​9​0​​/​a​n​​i​1​5​0​3​0​3​1​2

Aydin O, Yilmaz A, Turan N, Richt JA, Yilmaz H (2024) Molecular 
characterisation and antibody response to bovine respiratory syn-
cytial virus in vaccinated and infected cattle in Turkey. Pathogens 
13(4):304. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​p​a​​t​h​o​g​e​n​s​1​3​0​4​0​3​0​4

Bates TW, Thurmond MC, Carpenter TE (2001) Direct and indirect 
contact rates among beef dairy goat sheep and swine herds in 
three California counties with reference to control of potential 
foot-and-mouth disease transmission. Am J Vet Res 62(7):1121–
1129. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​4​6​0​​/​a​j​​v​r​.​2​0​0​1​.​6​2​.​1​1​2​1

Bisschop PIH, Strous EEC, Waldeck HWF, van Duijn L, Mars MH, 
Santman-Berends IMGA, Wever P, van Schaik G (2025) Risk 
factors for the introduction of bovine viral diarrhea virus in the 
context of a mandatory control program in Dutch dairy herds. J 
Dairy Sci 108(1):821–834. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​1​6​8​​/​j​d​​s​.​2​0​2​4​-​2​5​0​
0​6

1 3

Page 7 of 8  56

https://doi.org/10.1016/j.rvsc.2016.08.010
https://www.r-project.org
https://www.r-project.org
https://doi.org/10.1016/j.cvfa.2010.08.002
https://doi.org/10.1016/j.cvfa.2010.08.002
https://doi.org/10.9775/kvfd.2007.04-A
https://doi.org/10.3389/fvets.2024.1326688
https://doi.org/10.3389/fvets.2024.1326688
https://doi.org/10.1007/s11250-012-0081-9
https://doi.org/10.1007/s11250-012-0081-9
https://doi.org/10.1186/s12917-024-04461-6
https://doi.org/10.1016/j.tvjl.2005.04.029
https://doi.org/10.1016/j.tvjl.2005.04.029
https://doi.org/10.1186/s12917-018-1535-8
https://doi.org/10.1186/s12917-018-1535-8
https://doi.org/10.36483/vanvetj.731514
https://doi.org/10.36483/vanvetj.731514
https://doi.org/10.1007/s11250-023-03666-5
https://doi.org/10.1007/s11250-021-03022-5
https://doi.org/10.1007/s11250-021-03022-5
https://doi.org/10.24998/maeusabed.646933
https://doi.org/10.24998/maeusabed.646933
https://doi.org/10.20506/rst.25.3.1711
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ani15030312
https://doi.org/10.3390/ani15030312
https://doi.org/10.3390/pathogens13040304
https://doi.org/10.2460/ajvr.2001.62.1121
https://doi.org/10.3168/jds.2024-25006
https://doi.org/10.3168/jds.2024-25006


Tropical Animal Health and Production (2026) 58:56

Smith DR (2020) Risk factors for bovine respiratory disease in beef 
cattle. Anim Health Res Rev 21(2):149–152. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​
0​1​7​​/​S​1​​4​6​6​2​5​2​3​2​0​0​0​0​1​1​0

STROBE Statement (2024) Strengthening the reporting of observa-
tional studies in epidemiology. Available at: ​h​t​t​p​​:​/​/​​w​w​w​.​​s​t​​r​o​b​​e​-​s​t​​
a​t​e​​m​e​n​​t​.​o​r​g (Accessed 11 May 2021)

STROBE Initiative, von Elm E, Altman DG, Egger M, Pocock SJ, 
Gotzsche PC, Vandenbroucke JP (2008) The strengthening the 
reporting of observational studies in epidemiology (STROBE) 
statement: guidelines for reporting observational studies. J Clin 
Epidemiol 61(4):344–349. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​1​6​​/​j​.​​j​c​l​​i​n​e​​p​i​.​2​​0​0​​
7​.​1​1​.​0​0​8

Tiwari K, Cornish C, Gamble B, Thomas D, Sharma RN (2016) Sero-
prevalence of bovine parainfluenza virus type 3 (bPI-3V) in rumi-
nants from Grenada. Open J Vet Med 6(2):23–27. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​
1​0​.​4​​2​3​6​​/​o​j​​v​m​.​2​0​1​6​.​6​2​0​0​4

Turkish Statistical Institute (TUIK) (2022) Animal data. ​h​t​t​p​​s​:​/​​/​t​u​r​​k​s​​t​a​
t​​w​e​b​.​​t​u​i​​k​.​g​​o​v​.​t​r​/ (Accessed 03 Sep 2022)

Werid GM, Wubshet AK, Araya TT, Miller D, Hemmatzadeh F, Reichel 
MP, Petrovski K (2024) Detection of bovine respiratory syncytial 
virus in cattle: A systematic review and meta-analysis. Ruminants 
4(4):491–514. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​r​u​​m​i​n​a​n​t​s​4​0​4​0​0​3​5

Xu X, Zhao W, Xiang Z, Wang C, Qi M, Zhang S, Geng Y, Zhao Y, 
Yang K, Zhang Y, Guo A, Chen Y (2024) Prevalence molecular 
characteristics and virulence identification of bovine parainflu-
enza virus type 3 in China. Viruses 16(3):402. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​
0​.​3​​3​9​0​​/​v​1​​6​0​3​0​4​0​2

Yarnall M, Amovilli F, Assie S, Bokma J, Pugh M, Werling D (2024) 
Identifying and addressing barriers and opportunities for bovine 
respiratory disease complex vaccination: A consensus paper on 
practical recommendations for best practice vaccination. Front 
Vet Sci 11:1368060. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​8​9​​/​f​v​​e​t​s​.​2​0​2​4​.​1​3​6​8​0​6​0

Yavru S, Simsek A, Yapkic O, Kale M (2005) Serological evaluation 
of viral infections in bovine respiratory tract. Acta Vet Beograd 
55:219–226. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​2​9​8​​/​A​V​​B​0​5​0​3​2​1​9​Y

Yesilbag K, Gungor B (2008) Seroprevalence of bovine respiratory 
viruses in north-western Turkey. Trop Anim Health Prod 40:55–
60. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​5​0​-​0​0​7​-​9​0​5​3​-​x

Yildirim Y, Yilmaz V, Faraji Majarashin AR (2009) Kuzeydoğu 
Anadolu Bölgesi sınır Illerinde Bulunan sığırlarda viral solunum 
sistemi enfeksiyonlarının seroprevalansı. Kafkas Univ Vet Fak 
Derg 15(4):601–606. ​h​t​t​p​s​:​​​/​​/​d​o​​i​.​o​​r​​g​​/​​1​0​​.​9​7​​​7​5​/​​k​​v​f​d​.​2​​0​0​9​​.​0​7​8​-​A

Publisher’s note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Mahmoud MA, Allam AM (2013) Seroprevalence of bovine viral diar-
rhea virus (BVDV) bovine herpesvirus type 1 (BHV-1) parainflu-
enza type 3 virus (PI-3V) and bovine respiratory syncytial virus 
(BRSV) among non-vaccinated cattle. Glob Vet 10(3):348–353. ​
h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​5​​8​2​9​​/​i​d​​o​s​i​​.​g​v​​.​2​0​1​​3​.​​1​0​.​3​.​7​2​1​1​9

Milicevic V, Solaja S, Glisic D, Ninkovic M, Milovanovic B, Dorde-
vic M, Ristevski S, Spasojevic F, Dacic M (2024) Bovine parain-
fluenza virus 3 and bovine respiratory syncytial virus: dominant 
viral players in bovine respiratory disease complex among Ser-
bian cattle. Animals 14(10):1458. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​a​n​​i​1​4​1​
0​1​4​5​8

Muftuoglu B, Kurucay HN, Elhag AE, Yildirim S, Cicek-Yildiz Y, 
Tamer C, Ozan E, Sahna KC, Yildirim Y, Albayrak H, Okur-
Gumusova S, Yazici Z (2021) A serosurvey for bovine respirovi-
rus 3 in Turkish domestic ruminants: the first comparison study 
of A and C genotypes. Vet Med Sci 7(5):1625–1632. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​
r​g​/​​1​0​.​1​​0​0​2​​/​v​m​​s​3​.​5​3​4

Neyman J (1934) On the two different aspects of the representative 
method: the method of stratified sampling and the method of pur-
posive selection. J R Stat Soc 97:558–606. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​2​​3​
0​7​​/​2​3​​4​2​1​9​2

O’Donoghue S, Waters SM, Morris DW, Earley B (2025) A compre-
hensive review: bovine respiratory disease current insights into 
epidemiology diagnostic challenges and vaccination. Vet Sci 
12(8):778. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​3​​3​9​0​​/​v​e​​t​s​c​i​1​2​0​8​0​7​7​8

Ozkul A, Cabalar M, Bilge S, Akca Y, Burgu I (1995) Süt 
sığırcılığı işletmelerinde rastlanılan IBR/IPV ve BVD virus 
enfeksiyonlarının infertilite olgularındaki rolü. Ankara Univ Vet 
Fak Derg 42(3):381–387

Rossi G, De Leo GA, Pongolini S, Natalini S, Zarenghi L, Ricchi M, 
Bolzoni L (2017) The potential role of direct and indirect contacts 
on infection spread in dairy farm networks. PLoS Comput Biol 
13(1):e1005301. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​3​7​1​​/​j​o​​u​r​n​a​l​.​p​c​b​i​.​1​0​0​5​3​0​1

Saa LR, Perea A, Jara DV, Arenas AJ, Garcia-Bocanegra I, Borge C, 
Carbonero A (2012) Prevalence of and risk factors for bovine 
respiratory syncytial virus (BRSV) infection in non-vaccinated 
dairy and dual-purpose cattle herds in Ecuador. Trop Anim Health 
Prod 44:1423–1427. ​h​t​t​p​​s​:​/​​/​d​o​i​​.​o​​r​g​/​​1​0​.​1​​0​0​7​​/​s​1​​1​2​5​0​-​0​1​2​-​0​0​8​2​-​8

Sarrazin S, Damiaans B, Renault V, Saegerman C (2018) Transmis-
sion of cattle diseases and biosecurity in cattle farms. In: Dewulf 
J, Van Immerseel F (eds) Biosecurity in animal production and 
veterinary medicine. Acco, Leuven, pp 358–376

Sergeant ESG (2017) Epitools epidemiological calculators. AusVet 
Animal Health Services and Australian Biosecurity Cooperative 
Research Centre for Emerging Infectious Disease; 2017. ​h​t​t​p​​s​:​/​​/​e​
p​i​​t​o​​o​l​s​​.​a​u​s​​v​e​t​​.​c​o​​m​.​a​u (Accessed 01 Apr 2023)

1 3

56  Page 8 of 8

https://doi.org/10.1017/S1466252320000110
https://doi.org/10.1017/S1466252320000110
http://www.strobe-statement.org
http://www.strobe-statement.org
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.1016/j.jclinepi.2007.11.008
https://doi.org/10.4236/ojvm.2016.62004
https://doi.org/10.4236/ojvm.2016.62004
https://turkstatweb.tuik.gov.tr/
https://turkstatweb.tuik.gov.tr/
https://doi.org/10.3390/ruminants4040035
https://doi.org/10.3390/v16030402
https://doi.org/10.3390/v16030402
https://doi.org/10.3389/fvets.2024.1368060
https://doi.org/10.2298/AVB0503219Y
https://doi.org/10.1007/s11250-007-9053-x
https://doi.org/10.9775/kvfd.2009.078-A
https://doi.org/10.5829/idosi.gv.2013.10.3.72119
https://doi.org/10.5829/idosi.gv.2013.10.3.72119
https://doi.org/10.3390/ani14101458
https://doi.org/10.3390/ani14101458
https://doi.org/10.1002/vms3.534
https://doi.org/10.1002/vms3.534
https://doi.org/10.2307/2342192
https://doi.org/10.2307/2342192
https://doi.org/10.3390/vetsci12080778
https://doi.org/10.1371/journal.pcbi.1005301
https://doi.org/10.1007/s11250-012-0082-8
https://epitools.ausvet.com.au
https://epitools.ausvet.com.au

	﻿Seroprevalence of viral pathogens associated with bovine respiratory disease complex and biosecurity-related risk factors in cattle farms in Türkiye
	﻿Abstract
	﻿Introduction
	﻿Material and methods
	﻿Study area and sampling design
	﻿Biosecurity data
	﻿Laboratory analyses
	﻿Risk factors and statistical analysis

	﻿Results
	﻿Seroprevalence
	﻿PCR
	﻿Risk factors

	﻿Discussion
	﻿Conclusion
	﻿References


