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Abstract
Bovine respiratory syncytial virus (BRSV) is one of the causative viral agents of the bovine respiratory disease complex. 
This study was conducted to determine the seropositivity and risk factors associated with BRSV infection and to evaluate the 
phylogenetic relatedness of the BRSVs in the inner Aegean region of Turkey. In this cross-sectional study, serum samples 
(n = 557) and nasal swabs (n = 21) were collected from cattle herds (n = 43) between February 2018 and March 2019. A com-
mercial indirect-ELISA kit was used for the detection of antibodies in the sera samples. Reverse-transcriptase PCR was used 
to detect viral RNA in nasal swabs. Nasal samples were also examined for the detection of bovine parainfluenza-3, bovine 
viral diarrhoea virus, and bovine herpesvirus 1 by molecular detection methods. Genetic characterization of the local BRSV 
field isolates was conducted by sequencing attachment glycoprotein (G) gene segment. Epidemiological data on potential 
risk factors were collected from each sampled herd during blood collection. All herds had at least one seropositive animal. 
After adjustment for assay sensitivity and specificity, the overall true seropositivity was 58.48% (95% CI: 53.32–63.47). 
BRSV RNA was detected in 2 of the 21 nasal swabs, whereas other infectious agents were not detected in the investigated 
samples. Phylogenetic analysis showed that the field isolates of BRSV obtained in this study belonged to subgroup III, but 
they were located on separate branch from previously characterised Turkish subgroup III isolates. BRSV field strains from 
this study displayed 3 new amino acid substitutions (P89S, D115G, and S165L) in the G protein chains compared to other 
main reference BRSV isolates, demonstrating that BRSV is still evolving. Generalised estimating equation model showed 
that there were positive associations between BRSV infection, age (OR = 2.36, p = 0.001), herd size (OR = 10.32, p < 0.001), 
herd type (OR = 8.97, p < 0.001), a past history of respiratory disease (OR = 4.06, p < 0.001). The results of this study revealed 
that BRSV infection is common among cattle herds in the inner Aegean region of Turkey. The obtained epidemiological 
and genetic data on BRSV infection from this study could be beneficial for designing effective biosecurity practices and 
vaccination strategies.
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Introduction

Bovine respiratory syncytial virus (BRSV, renamed as 
bovine orthopneumovirus), a non-segmented negative-
strand RNA virus, is a member of the family Pneumoviri-
dae (ICTV, 2019). Its genome has nine structural proteins: 
the attachment glycoprotein (G), fusion protein (F), RNA 
polymerase (L), matrix protein (M), nucleoprotein (N), the 
polymerase cofactors M2-1 and M2-2, phosphoprotein (P), 
and small hydrophobic protein (SH) (Valarcher and Tay-
lor 2007). The G and F genes are immunogenic antigens, 
and they have important roles in viral infectivity (Valarcher 
and Taylor 2007). Genetic analysis of the G and F proteins 
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indicates that there are eight subgroups for the BRSV 
(Krešić et al. 2018).

BRSV infects sheep and goats, but infection usually 
occurs in cattle (Sarmiento-Silva et al. 2012). BRSV pri-
marily affects young animals (especially 3 to 12-month-old 
calves) following the introduction of the virus into a herd. 
Although adult animals can be clinically or subclinically 
infected, severe clinical signs are seen mostly in young 
calves including upper and lower respiratory damage. 
The main symptoms are fever, coughing, loss of appetite, 
increased breathing rate, and nasal discharge (Valarcher and 
Taylor 2007). Furthermore, BRSV infection can increase the 
risk of secondary bacterial infections that can result in pneu-
monia (Brodersen 2010). The morbidity rate varies between 
60 and 80%, and mortality rate varies between 2 and 3%, but 
it may reach up to 20% in calves (Elvander 1996; Valarcher 
and Taylor 2007).

Literature on the transmission of BRSV reported that the 
virus is mainly transmitted via aerosols, fomites, direct con-
tact with infected animals, and humans as passive vectors 
(Norström et al. 2000; Valarcher and Taylor 2007). Infec-
tion is more prevalent in the autumn and winter seasons, 
and intensification practices, environmental stress factors, 
herd size, and age distribution can influence the occurrence 
of disease (Van der Poel et al. 1994; Norström et al. 2000; 
Sacco et al. 2014; Ferella et al. 2018). Although vaccination 
and biosecurity are effective methods of preventing BRSV 
infection, prevalence of infection is higher in developing 
countries because of the cost of control programs and the 
absence of information on the risk factors associated with 
BRSV (Norström et al. 2000; Saa et al. 2012; Ferella et al. 
2018).

There is limited knowledge available about the prevalence 
of BRSV infection (Yavru et al. 2005; Yeşilbağ and Güngö, 
2008; Kadiroğlu et al. 2020) and genetic features of BRSV 
strains circulating in Turkey (Hacıoğlu et al. 2019; Timurkan 
et al. 2019; Yazici et al. 2020). Furthermore, the possible 
risk factors for BRSV infection in cattle have not been stud-
ied in Turkey. To establish a successful control program, 
they are important to determine the infection prevalence and 
risk factors associated with disease. The aims of this study 
were therefore to determine the seropositivity and risk fac-
tors associated with BRSV infection and to identify genetic 
variations of the BRSVs circulating in the inner Aegean 
region of Turkey.

Material and methods

Study area

The study was carried out in cattle herds (n = 43) in the 
Afyonkarahisar and Uşak Provinces, located within 37° 45′ 

North and 39° 17′ North latitudes and 28° 97′ East and 31° 
43′ East longitudes, in the inner Aegean region of Turkey 
(Fig. 1). The study area is one of the major livestock cen-
tres in the Aegean region with approximately 600,000 cattle 
(TUIK, 2019). According to the Köppen-Trewartha climate 
classification, the study area has a continental temperate cli-
mate (average low-temperature and average high-tempera-
ture is − 2.4 °C and 21.8 °C, respectively), and elevation of 
studied area varies between 907 and 1012 m (GDM, 2020).

Study design and sample collection

This cross-sectional study was carried out during the months 
of February 2018 and March 2019 on 43 cattle herds. The 
sample size was determined based on expected prevalence 
of 50% with 95% confidence level (CI) and a precision of 
5%. In this study, a two-stage cluster sampling was used. The 
initial sample size (n = 384) was increased to 557 animals 
(6–54 months) with the design effect based on parameters 
used in sampling: number of herds = 43, number of sampling 
animals in each herd = 2, and design effect = 1.45 and intra-
class correlation coefficient (ICC) = 0.28 which are values 
mentioned for BRSV (Segura et al. 2013). A random sam-
pling programme (Win Episcope 2.0) was used to determine 
the number of animals by random sampling in each selected 
herd (Sergeant 2017). To avoid misinterpretation of results 
due to presence of maternal immunity among young cattle, 
cattle > 6 months of age were sampled.

For BRSV detection, nasal swabs were collected from 
21 cattle (aged between 1 and 9 months) suspected to have 
BRSV infection with clinical signs including cough, ocu-
lar and nasal discharge. Samples originated from four beef 
herds in the Uşak Province and seven dairy herds in the Afy-
onkarahisar Province. On these herds, there were no vaccina-
tion records against BRSV. The medical history of sampled 
herds was obtained from questionnaire survey.

Serological assays

Blood samples were collected using a sterile vacuum tube 
without an anticoagulant from the jugular vein and trans-
ferred to the laboratory on frozen ice. Sera were separated by 
centrifugation (3000 rpm for 15 min at 20 °C) and stored in 
a freezer (at − 20 °C) until analysis. A commercial indirect-
ELISA kit (BIO K 061/5, BioX, Rochefort, Belgium) was 
used for the detection of BRSV anti-F specific antibodies in 
the sera samples. The reported specificity and sensitivity of 
the kit were 87% and 93%, respectively. The optical density 
was measured using a spectrophotometer (BioTek Instru-
ments Inc., Winooski, USA) at 450 nm. ELISA results were 
evaluated according to the manufacturer’s instructions.
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Nucleic acid extraction and screening BRDC 
associated viruses

A commercial extraction kit (Cador Pathogen Mini Kit, Qia-
gen, Hilden, Germany) was used for the extraction of total 
nucleic acids from the nasal swabs. Total nucleic acids were 
tested by RT-PCR methods for detection of bovine parain-
fluenza-3 (BPIV-3), bovine viral diarrhoea virus (BVDV), 
and BRSV. The protocols described by Valarcher et  al. 
(2000), Zhu et al. (2011), and Vilcek et al. (2001) were used 
for detection of BRSV, BPIV-3, and BVDV, respectively. 
Furthermore, samples were also tested by a PCR method 
described by Vilcek et al. (1994) that detects BoHV-1.

Genetic analysis of the G gene

The amplicons were purified with a commercial kit 
(QIAquick Gel Extraction Kit, Qiagen, Hilden, Germany) 
and sequenced in both orientations. ABI 3130 × l DNA 

Analyser (Applied Biosystems, USA) was used for the col-
lection of sequence data. The sequence reads were analysed 
and aligned using BioEdit software version 7.0.5.3. Phylo-
genetic tree with neighbour-joining method and bootstrap 
1000 replicates was constructed for G gene segments of 
BRSV using the MEGA × software version 10.2.4 (Kumar 
et al. 2018). The GenBank accession numbers of BRSV field 
strains from this study are MW881233 and MW881234.

BRSV has been divided into seven subgroups based on 
the G gene sequence variability, designated as subgroup 
I-VII (Bertolotti et al. 2018). Subgroup I of BRSV strains 
is isolated in Switzerland and the UK; subgroup II includes 
strains isolated in Belgium, Denmark, France, Japan, and 
Sweden; subgroup III includes strains isolated in the USA; 
subgroup IV contains European and US strains; subgroups 
V and VI include Belgian and French isolates; and subgroup 
VII includes Italian strains (Valarcher et al. 2000; Bidokhti 
et al. 2012; Sarmiento-Silva et al. 2012; Bertolotti et al. 
2018). The G gene sequences of BRSV strains representing 

Fig. 1   Location of sampled provinces in Turkey
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seven different subgroups were obtained from the GenBank 
and were used in the phylogenetic analysis.

Risk factors

To assess risk factors associated with BRSV seropositivity, 
a questionnaire was administered to herd owners during the 
blood sampling. The questionnaire included; type of herd 
(dairy or beef), size of herd (≤ 20 or > 20 cattle), age of the 
animal (06–12 months or > 12 months), history of past res-
piratory disease (yes or no), cattle origin (purchased or born 
on herd), and season (winter or summer). In addition, all 43 
herds had similar climate classification, altitude, and breeds, 
so data on these variables were not included in the analyses.

Data analysis

Descriptive statistics were used to analyse the obtained data 
from the sampled herds. A herd was defined as positive if 
at least one of the samples was seropositive within herd. 
The mean seropositivity within positive herds was used to 
calculate the within-herd seropositivity. The true seroposi-
tivity of BRSV in sampled herds was calculated from the 
apparent seropositivity, specificity, and sensitivity of the 
ELISA kit and with 95% CI (Rogan and Gladen method), 
using EpiTools (Sergeant 2017).

A dummy variable was created for a season variable with 
more than two categories. Generalised estimating equation 
(GEE) model was used to determine risk factors at indi-
vidual level, and the herd was included as random effect. 
The choice of correlation structure (either independent or 
unstructured) within the GEE model was based on the quasi-
information criteria (QIC). The association between possible 
risk factors and the BRSV seropositivity was evaluated using 
a univariate analysis. Those significant factors (p ≤ 0.20) 

were analysed by multivariate GEE model. An assessment 
of the model’s goodness of fit was performed with a Hos-
mer–Lemeshow test (Dohoo et al. 2009). Odds ratios (OR) 
and standard errors were assessed using the method of GEE 
with an “exchangeable” correlation matrix among observa-
tions within each herd. Statistical analyses were performed 
using SPSS package version 21 (SPSS Inc., Chicago, IL, 
USA). P value < 0.05 was considered statistically significant.

Results

Seropositivity and associated risk factors of BRSV

Out of the 557 sera collected from 43 herds, 333 sera were 
positive for BRSV. The apparent individual-based seroposi-
tivity of BRSV was 59.78% (95% CI: 55.66–63.78). After 
adjustment for Ab-ELISA test kit sensitivity and specific-
ity, the overall true seropositivity was 58.48% (95% CI: 
53.32–63.47). All sampled herds had at least one seroposi-
tive cattle, and intra-herd seropositivity found in this study 
ranged from 21.43 to 91.67%.

The prevalence of BRSV antibodies was higher during 
the winter (60.80%) than in summer (58.10%). Fever (above 
40 °C), coughing, loss of appetite, and nasal discharge were 
the most common clinical signs reported in the infected 
herds. The results of the study showed that herds with a past 
history of respiratory disease had significantly higher sero-
positivity of BRSV (RR: 1.80, 95% CI: 1.51–2.14) (Table 1).

According to univariate analysis, six factors were found 
to be associated with BRSV seropositivity. Potential risk 
factors associated with BRSV seropositivity are presented 
in Table 1. Seropositivity was higher in cattle > 12 months 
of age compared with cattle aged between 6 and 12 months 
(RR: 1.43), and BRSV seropositivity was higher in herds 

Table 1   Risk factors associated 
with BRSV infection in cattle

CI confidence interval, P seroprevalance, RR relative risk

Variable Category Positive Negative P (%) RR 95% (CI) p-value

Age  > 12 months 258 135 65.65
06–12 months 75 89 45.73 1.43 1.19–1.72 0.0001

Herd size  > 20 275 75 78.57
 ≤ 20 58 149 28.02 2.8 2.23–3.51  < 0.0001

Herd type Dairy 262 69 79.15
Beef 71 155 31.42 2.51 2.06–3.07  < 0.0001

Season Winter 211 136 60.80
Summer 122 88 58.10 1.04 0.90–1.20 0.5

A past history 
of respiratory 
disease

Yes 245 93 72.49
No 88 131 40.18 1.80 1.51–2.14  < 0.0001

Cattle origin Purchased 132 79 62.56
Born in herd 201 145 58.09 1.07 0.93–1.23 0.29
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with > 20 cattle (RR: 2.8) and dairy herds (RR: 2.51). The 
GEE model determined that age (> 12 month) (OR = 2.36; 
CI %95: 1.43–3.89), herd size (OR = 10.32; 95% CI: 
6.32–16.82), herd type (OR = 8.97, 95% CI: 5.51–14.58), 
and history of past respiratory disease (OR = 4.06, 95% CI: 
2.50–6.61) are risk factors for BRSV infection (Table 2).

Detection and genetic characterization of the BRSV

BRSV-specific RNA was detected in 2 of the 21 nasal 
swabs, and these two RT-PCR-positive samples were 
sequenced and phylogenetic analysis was done. The 
sequence analysis of the G gene showed that the two iso-
lates in the present study had 99.3% homology, whereas 
homology with previously characterised BRSV isolates 
ranged between 78.8 and 96%, the lowest with Italian iso-
late (IT16813) and highest with previous Turkish isolate 
(ESK/25/TR). A 98.6% amino acid sequence similarity 
was observed among the two isolates from this study. 
BRSV field isolates TR/AFYONKARAHISAR/2019 
displayed 5 nucleotide substitutions in the G gene com-
pared to TR/AFYONKARAHISAR/2018 isolate (A404G, 

G424A, and C459T). Two of the 5 nucleotide substitu-
tions were non-synonymous substitutions. The mutations 
K135R (from a hydrophilic to a hydrophilic residue) and 
A142T (from a hydrophobic to a hydrophilic residue) were 
found in the TR/AFYONKARAHISAR/2019 isolate. The 
two BRSV field isolates isolated in present study displayed 
3 amino acid substitutions (P89S, D115G, and S165L) in 
the G protein chains compared to other main reference 
BRSV isolates from Belgium, Croatia, Denmark, Italy, 
France, Switzerland, Sweden, Netherlands, Turkey, the 
USA, and the UK (Fig. 2). These amino acid substitutions 
have not been reported.

The phylogenetic tree based on G gene sequences showed 
that field isolates in the present study belonged to subgroup 
III, but they were located on separate branch from previously 
characterised Turkish subgroup III isolates (Fig. 3).

Other viral agents of BRDC

BPIV-3 and BVDV RNA and BoHV-1 DNA were not 
detected in the investigated nasal samples.

Table 2   Results of the 
multivariate GEE model of risk 
factors associated to BRSV 
seropositivity

Estimates and SE were assessed using generalized estimating equation (GEE) with an “exchangeable” cor-
relation matrix among observations within each herd (intercept =  − 3.292; model QIC: 472.072)
B regression coefficient, SE standard error, OR odds ratio
* Reference category

Variable Category B SE OR 95% CI p-value

Age  > 12 months*
6–12 months 0.86 0.25 2.36 1.43–3.89 0.001

Herd size  > 20*
 ≤ 20 2.34 0.24 10.32 6.32–16.82  < 0.001

Herd type Dairy*
Beef 2.19 0.24 8.97 5.51–14.58  < 0.001

A past history of res-
piratory disease

Yes*
No 1.41 0.24 4.06 2.50–6.61  < 0.001

Fig. 2   Amino acid replacements on G protein in BRSV field isolates from this study when compared with main reference BRSV isolates
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Discussion

Determining risk factors and seropositivity studies at the 
country level are important to implementing appropriate 
and effective prevention measures against viral infections. 
A control and eradication programme against BRSV has not 
yet been implemented in Turkey. There is scant knowledge 
about the prevalence and genetic diversity of BRSV in cat-
tle herds in Turkey. The aims of this study were therefore 
to provide data about the risk factors associated with BRSV 
seropositivity and genetic diversity of BRSV in cattle and to 
contribute to the development of control measures against 
BRSV infection in Turkey. To our knowledge, this is the first 
epidemiological study that evaluated possible risk factors for 
BRSV infection in cattle in Turkey.

The individual seropositivity (59.78%) obtained in this 
study was in accordance with previous studies that reported 
seropositivity of BRSV in cattle ranged between 46.06% 
and 73% in Turkey (Yavru et al. 2005; Yeşilbağ and Güngör, 
2008; Kadiroğlu et al. 2020). The highest seropositivity 
(73%) was found in Marmara region of Turkey. In Marmara 
region, most of the farms are large-scale farms (> 50 cattle). 
Therefore, the highest seropositivity in Marmara region may 
be result of close contact between infected and uninfected 
cattle in larger herds. Serologic BRSV prevalence rate in the 
Aegean region was previously reported 68.38% (Karaotcu 
and Yildirim 2019). However, in this study, BRSV sero-
positivity in the Aegean region was 59.78%. The differences 
between our and previous result may be related to the sample 
size, the age of animals, and management conditions.

The lower seropositivity found in this study compared 
with previous studies that reported seropositivity of BRSV 
in cattle were 67% in Finland (Härtel et al. 2004), 79.5% 

in Brazil (Hoppe et al. 2018), and 80.48% in Ecuador (Saa 
et al. 2012). However, higher seropositivity found in this 
study compared with previous studies that reported sero-
positivity of BRSV in cattle was 30% in Sweden (Häg-
glund et al. 2006), 30.2% in Argentina (Odeón et al. 2001), 
31.2% in Norway (Gulliksen et al. 2009), 50.8% in Mexico 
(Figueroa-Chávez et al. 2012), and 51.1% in central region 
of Iran (Shirvani et al. 2011). Possible explanations for the 
differences in seropositivity of BRSV in different countries 
are the number of sampled animals, the time of sampling, 
the detection method, housing conditions, and insufficient 
information about the disease and management conditions.

There was a significant relationship between the age 
of animals and BRSV infection. The GEE model showed 
that age was an important risk factor for BRSV infection 
(OR = 2.36; CI %95: 1.43–3.89, p = 0.001) (Table 2). The 
seropositivity of BRSV in adult animals (> 12 months) was 
higher than that expected in adult animals (> 12 months), 
which reached 65.65% of samples. This result is in agree-
ment with the previous studies (Figueroa-Chávez et al. 2012; 
Hoppe et al. 2018). The seropositivity (45.73%) in young 
animals (06–12 months) was lower than in adult animals, 
and it could be even lower due to maternal antibody and 
immunological status. Higher seropositivity of BRSV infec-
tion in adult cattle can be explained by the reinfection with 
BRSV throughout their life.

The analysis of risk factors for the prevalence of BRSV 
antibodies showed that type of herd was risk factor. It was 
found that BRSV is widespread among dairy herds com-
pared with beef herds (OR = 8.97, 95% CI: 5.51–14.58, 
p < 0.001 (Table 2). This finding is in agreement with 
previous studies conducted by Norström et  al. (2000) 
and Saa et al. (2012). Beef herds in Turkey have a better 

Fig. 3   Phylogenetic tree con-
structed based on the 410-nt 
sequences of attachment gly-
coprotein gene. The sequences 
from this study clustered in a 
separate branch from the previ-
ously characterised Turkish 
isolates in subgroup III, and 
they are marked with round 
black spot
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biosecurity level than dairy herds. High seropositivity of 
BRSV infection in dairy herds can be explained by the 
intensive animal farming, increased herd traffic by herd 
employees for milk delivery or artificial insemination, and 
dairy farmers prefer high milk yield so stress induced by 
practices to produce high milk yields could suppress the 
immune system (Norström et al. 2000; Dahl et al. 2020).

At herd level, size of herd has been identified as risk 
factor increasing seropositivity of BRSV. The BRSV sero-
positivity was significantly higher in large herds (> 20 cat-
tle) than in small herds (≤ 20 cattle) (OR = 10.32; 95% CI: 
6.32–16.82, p < 0.001; Table 2). This finding is in agree-
ment with previous studies (Van Donkersgoed et al. 1993; 
Norström et al. 2000; Hoppe et al. 2018). The number of 
animals susceptible to infection in large herds is higher 
than in small herds, which may contribute maintenance 
of infection, and increasing transmission rate of the infec-
tion within the herd (Norström et al. 2000). Biosecurity 
measures can be applied to prevent the introduction of 
viral infections into herds and to reduce the prevalence of 
infection in endemic regions.

Furthermore, the seropositivity rate of BRSV was higher 
during the winter than in summer, which is in agreement 
with previous reports that reported incidence rate of BRSV 
is much higher in colder seasons (Hägglund et al. 2007; Luz-
zago et al. 2010). The possible explanations for the higher 
seropositivity in winter could be due to inclement weather, 
close confinement of animals, and poorly managed barns 
combined with poor ventilation. In this study, herds with a 
past history of respiratory disease had significantly higher 
seropositivity of BRSV (OR = 4.06, 95% CI: 2.50–6.61 
p < 0.001; Table 2), which is in agreement with previous 
report that reported incidence rate of BRSV is much higher 
in herds with history of respiratory disease (Hägglund et al. 
2006). It can be said that history of respiratory disease in 
early life might be associated with increased prevalence of 
BRSV infection. However, a study conducted in southern 
Brazil did not identify historical of respiratory disease as a 
risk factor for BRSV infection. The possible explanations 
for the difference could be due to the level of herd owners’ 
knowledge, the conditions of care and feeding, the immune 
status of the host, the age of animals, and the sample size. 
The movement of infected animals is a risk factor for dis-
ease spread (Kobayashi et al. 2014; Şevik et al. 2015). Pur-
chased animals and cattle introduced from other herds are 
thought to be responsible for transmission of BRSV infec-
tion, which was confirmed in a previous study that reported 
BRSV infection occurred frequently following the introduc-
tion of purchased animals (Elvander 1996). However, in this 
study, GEE model showed that presence of purchased cattle 
was not a risk factor for BRSV infection. The differences 
between our and previous results may be related to the differ-
ences between herds in the number of animals purchased and 

management conditions. Further researches are required to 
determine the effect of purchased cattle on BRSV infection.

In our study, BRSV RNA was detected in two of 21 
(9.5%) nasal samples. However, other viruses, most fre-
quently associated with BRD include BoHV1, BVDV, and 
BPIV-3 were not detected. In this study, samples were not 
tested for the presence of bovine adenovirus, bovine corona-
virus, and bacterial agents that associated with BRD such as 
Mycoplasma bovis and Pasteurella multocida (Härtel et al. 
2004). It is, therefore, possible that negative samples were 
infected with viral and bacterial agents which were not tested 
in this study. Furthermore, BRSV mainly causes lower res-
piratory tract infection and BRSV replication in the upper 
respiratory tract only occurs in an early stage of infection 
(Larsen 2000; Viuff et al. 2002). It has also been reported 
that BRSV RNA can be detected in nasal swab samples for 
up to four weeks (Klem et al. 2019). This could explain 
why viral RNA was detected in only 2 of 21 nasal samples. 
Bronchoalveolar lavage and lung tissues are more suitable 
samples for the detection of BRSV in later stages of the 
disease (Larsen 2000; Viuff et al. 2002).

It has been reported that there is a significant interac-
tion between geographic regions and genetic subgroups of 
BRSVs (Yaegashi et al. 2005). Turkey is a bridge between 
Europe and the Middle East due to its geographic location. 
The G gene phylogenetic tree showed that BRSVs from Tur-
key were grouped in subgroup III with isolates from the 
USA and Italy (Fig. 3). This result is in agreement with 
earlier studies that reported BRSV subgroup III is in circula-
tion in Turkey (Hacıoglu et al., 2019; Timurkan et al. 2019; 
Yazici et al. 2020). However, field isolates in this study were 
genetically separated from the most of the other European 
strains. Turkey imports live animals from the USA and some 
of the European countries. The importation of live animals 
from the USA and European countries to Turkey suggests 
that source of infection appears to be animal trade. Further 
researches are required to identify the source of infection.

The G protein has a function in the virion attachment 
to host cell surfaces. Furthermore, G protein is one of the 
major protective antigens of BRSV, and specific antibodies 
inhibit the entry of virus into target cells (Taylor et al. 1997). 
It has been reported that mutations in G protein, particularly 
in the immunodominant region between amino acids (aa) 
174–188, may cause imperfect vaccine protection (Valarcher 
and Taylor 2007). The mutation N179S was found in our 
BRSV isolates (Fig. 2). Therefore, to provide effective pro-
tection vaccines should include local BRSV isolates. Further 
studies are needed to determine the genetic and antigenic 
relationships between field isolates circulating in Turkey and 
vaccine virus.

The four cysteine (Cys) residues (173C, 176C, 182C, 
186C), called as cysteine noose, are highly conserved in 
respiratory syncytial viruses (Akerlind-Stopner et al. 1990). 
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Based on sequence analysis, all Cys residues were conserved 
in our field isolates (Fig. 2). However, translated sequences 
showed multiple amino acid substitutions in the G protein 
(Fig. 2). G protein consists of three regions: cytoplasmic 
(located between 1 and 37 aa), transmembrane (38–65 aa), 
and extracellular (66–257 aa) (Langedijk et al. 1996). In this 
study, amino acid substitutions have been detected in the 
extracellular region of the G protein. This region is responsi-
ble for binding the virus to the host cells (Lerch et al. 1990). 
Furthermore, mutations in G protein provide an opportunity 
for viral escape from naturally induced immunity (Akerlind-
Stopner et al. 1990; Taylor et al. 1997). Therefore, it can 
be speculated that detected amino substitutions might be 
associated with facilitation of viral attachment to host cell 
surfaces and escape from previously established immunity.

In conclusion, the results of the study demonstrate that 
the BRSV infection is common in cattle herds in the inner 
Aegean region of Turkey. To improve knowledge of the epi-
demiology of BRSV, infection could help to develop effec-
tive prevention and control strategies. The age, herd size, 
herd types, and history of past respiratory disease are risk 
factors for BRSV infection in the surveyed region. These 
factors should be taken into account when developing con-
trol strategies for BRSV infection. Furthermore, biosecurity 
measures should be implemented to reduce the incidence 
of BRSV in herds. Genetic analyses of the detected BRSVs 
showed the circulation of BRSV subgroup III in Turkey 
and indicated that BRSV is still evolving. The evolutionary 
changes are especially important in developing more effec-
tive BRSV vaccines.
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