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ABSTRACT 

Objectives: Bovine Rhinitis A Virus (BRAV) is a significant respiratory pathogen which plays a role in the 

development of bovine respiratory disease complex (BRDC) in cattle worldwide, however, genomic data 

regarding its prevalence and genetic diversity in Türkiye remain scarce. This study describes the first 

molecular characterization and phylogenetic analysis of BRAV in Türkiye.  

Materials and Methods: Nasal swab samples which were positive for BRAV in real-time RT-PCR screening 

were tested via conventional RT-PCR targeting a partial region of the viral 3D polymerase (3Dpol) gene of 

BRAV. Seven samples were sequenced using the Sanger method. 

Results: The obtained BRAV sequences were deposited to GenBank (accession numbers PZ150730-

PZ150736). The sequence data were analyzed phylogenetically and the Turkish BRAV isolates showed high 

nucleotide identity (97.91-100%) with each other, forming a distinct cluster when compared to global BRAV 

isolates. The nucleotide identity between Turkish BRAV isolates and global isolates ranged between 86.82% 

and 92.23%, while the nucleotide identity with the reference BRAV strain Sd-1 ranged from 86.93% to 

88.21%.  

Conclusions: This study provides the first genetic characterization of BRAV strains circulating in the cattle 

population in Türkiye, filling a significant gap in the global and national molecular epidemiology of BRAV. 

These data will serve as a baseline for future large-scale surveillance in our country. 
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INTRODUCTION 

Bovine respiratory disease complex (BRDC) is one 

of the most significant challenges in the global cattle 

industry, leading to substantial economic losses due 

to decreased productivity, treatment costs, and high 

mortality rates and especially affecting calves. BRD 

imposes substantial economic burdens through 

mortality, decreased weight gain, and lower carcass 

yield, and also has effects including trade 

limitations and reduced long-term productivity 

(Taylor et al., 2010; Peel, 2020; O'Donoghue et al., 

2025). The etiological agents of BRDC consist of 

many bacterial and viral pathogens. The leading 

viral agents are bovine herpesvirus-1 (BoHV-1), 

bovine respiratory syncytial virus (BRSV), 

parainfluenza-3 virus (PI-3V), bovine viral diarrhea 

virus (BVDV), influenza viruses, and bovine 

coronavirus (BCoV) (Zhang et al., 2019; Gaudino et 

al., 2022; Donbraye et al., 2026). While these viral 

agents have been extensively studied globally, the 

role of emerging or neglected viruses in the BRDC 

pathogenesis is gaining increasing attention 

currently as metagenomic surveillance expands 

(Mitra et al., 2016; Ng et al., 2016; Werid et al., 2026). 

The significance of neglected viruses such as bovine 

rhinitis A virus (BRAV) within the BRDC is 
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becoming progressively more recognized currently 

(Hause et al., 2015; Zhang et al., 2019; Zhang et al., 

2021; Ambrose et al., 2023).  

BRAV is a member of the Aphthovirus genus within 

the Picornaviridae family, and currently named as 

Aphthovirus bogeli (ICTV, 2024). The genome of 

BRAV consists of a single-stranded, positive-sense 

RNA of approximately 7.5 to 8.5 kb. Similar to other 

picornaviruses, the polyprotein is processed into 

structural (P1) and non-structural (P2 and P3) 

regions. The 3D polymerase (3Dpol), located at the 

3' end of the genome, functions as the RNA-

dependent RNA polymerase (RdRp) responsible for 

viral replication. Due to its highly conserved motifs 

and essential functional role, the 3Dpol gene is a 

primary target for molecular detection and 

phylogenetic studies, providing critical insights 

into the evolutionary history and taxonomic 

classification of bovine picornaviruses (Hause et al., 

2015; Rai et al., 2016; Brito et al., 2023; Koizumi et 

al., 2025).  

BRAV was first identified as bovine rhinovirus 1, 

with the prototype BRAV Sd-1 strain isolated in 

Germany in 1962 (Bögel and Böhm, 1962). Despite 

its global distribution, the molecular epidemiology 

of BRAV remains under-reported in many countries 

and epidemiological data on BRAV are limited 

globally. In a study conducted in China, BRAV 

positivity was detected at a rate of 22.09% in nasal 

swab samples (Zhou et al., 2023). In the United 

States, metagenomic analysis of calves with bovine 

respiratory disease (BRD) revealed a BRAV 

prevalence of 24% (Ng et al., 2015). In Canada, a 

metagenomic study involving both BRD-affected 

and healthy calves reported a BRAV detection rate 

of 4.8% (Zhang et al., 2021). Another metagenomic 

study from Canada found BRAV in 12% of BRD-

affected calves and 3% of healthy animals, with the 

difference between the groups being statistically 

significant (Zhang et al., 2019). Additionally, a 

metagenomic analysis conducted in feedlot cattle 

from the United States and Mexico, including both 

BRD-affected and clinically healthy animals housed 

in the same facilities, reported a BRAV prevalence 

of 52.7% (Mitra et al., 2016). In our previous study, 

we demonstrated the presence of BRAV in cattle for 

the first time in Türkiye, with an overall prevalence 

of 24.5%, including 40% in BRD-affected animals 

and 9% in asymptomatic animals (Aksoy et al., 

2025). Recent metagenomic studies in respiratory 

diseases in cattle have led to increasing scientific 

interest in BRAV currently. 

Genomic investigations of BRAV including whole-

genome sequencing and phylogenetic analyses, 

have been conducted in several countries such as 

USA, Mexico, China, Canada (Mitra et al., 2016; 

Zhang et al., 2019; Zhou et al., 2023). Although, our 

group have reported the presence of BRAV in both 

symptomatic and asymptomatic cattle in Türkiye 

for the first time (Aksoy et al., 2025), the genetic 

characterization of the circulating BRAV strains 

remained unexplored in our country. To address 

this knowledge gap, the present study aims to 

provide molecular analysis of the 3D polymerase 

(3Dpol) gene from representative isolates, 

facilitating an understanding of the genetic 

diversity of BRAV in Türkiye. 

MATERIALS AND METHODS 

Samples 

A total of 100 nasal swab samples were collected 

from cattle showing respiratory symptoms in our 

previous study (Aksoy et al., 2025), and real-time 

RT-PCR assays for BRAV was performed with the 

primers and probe that were developed by 

Ambrose et al. (2023). In this study, for genetic 

characterization of BRAV, a total of seven samples, 

previously identified as BRAV-positive via real-

time RT-PCR in our initial survey (Aksoy et al., 

2025), were selected for partial genomic sequencing 

(Table 1).  

Conventional RT-PCR 

Total RNA was extracted from the nasal swab 

samples using a commercial viral RNA isolation kit 

(High Pure Viral RNA Kit, Roche) following the 

manufacturer's instructions. cDNA synthesis was 

performed with using random hexamer primer 

(Thermo Scientific, USA), dNTPs (Thermo 

Scientific, USA), RNase inhibitor (Thermo 

Scientific, USA), RT buffer and reverse transcriptase 

(New England Biolabs, USA), and incubated at 25°C 

for 5 min, 42°C for 1 hour and 65°C for 20 min. 

Following cDNA synthesis, to detect BRAV via 

conventional RT-PCR, a partial region of the 3Dpol 

gene was amplified using previously described 

primers (Table 2). PCR conditions were optimized 

as follows: initial denaturation at 94°C 3 min; 36 

cycles of 94°C 30 s, 60°C 30 s, 72°C 30 s; final 

extension at 72°C 10 min. The expected 252 bp PCR 

products were visualized by 2% agarose gel 

electrophoresis, and positive samples showing the 

expected band size were sent to Sentebiolab 

Genetics (Ankara, Türkiye) for Sanger sequencing. 
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Table 1. Animal- and symptom-related information of the samples that analyzed in this study. Fever status, 

respiratory symptoms, and nasal discharge findings were recorded at the time of sampling. 

Sample No Age Fever Respiratory Symptoms Nasal Discharge  

1 6-8 months None Coughing and respiratory depression Present 

2 6-8 months None Coughing and respiratory depression None 

3 6-8 months None Coughing and respiratory depression None 

4 9 months None Coughing None 

5 2-3 months Present Coughing Present 

6 2-3 months None Coughing None 

7 2-3 months None Coughing None 

 

Table 2. Primer sequences used in conventional RT-PCR in this study. The forward primer is also used in 

Sanger sequencing. 

Primer Sequence (5'→3') Product length Reference 

6550–6570 F ATGATTGAGGCCGTGTTCTCG 
252 bp Koizumi et al., 2025 

6782-6801 R GTCGTCCCCATAAGCAACCA 

 

Phylogenetic analysis 

The alignment and phylogenetic analysis of the 

seven Turkish BRAV isolates were analyzed using 

MEGA 12 software. Nucleotide sequences were 

aligned using the MUSCLE algorithm with codon-

based alignment to maintain the correct reading 

frame of the 3Dpol gene. The best-fit evolutionary 

model for the dataset was determined to be the 

Kimura 2-parameter (K2) model with a discrete 

Invariant Sites (+I) distribution, based on the 

Bayesian Information Criterion (BIC) in MEGA 12 

software. Following alignment, sequences were 

manually trimmed to remove poorly aligned 

regions and to ensure equal sequence length across 

all samples. The final sequence dataset with no gaps 

or missing data, which was used for all downstream 

analyses and GenBank submission. The 

phylogenetic tree was constructed using the 

Maximum Likelihood method based on the Kimura 

2-parameter model with 1000 bootstrap replicates. 

Pairwise nucleotide distances were calculated using 

the Kimura 2-parameter model, and nucleotide 

similarities between sequences were calculated as 

percentages in Microsoft Excel. 

RESULTS 

A total of seven Bovine rhinitis A virus (BRAV) 

sequences obtained from cattle in Türkiye were 

successfully amplified and analyzed based on a 252 

bp region of the 3D pol gene via conventional RT-

PCR (Figure 1). The 195-nucleotide sequences 

obtained from all Turkish BRAV strains were 

submitted to GenBank under accession numbers 

PZ150730–PZ150736. Sequence alignment revealed 

no insertions or deletions, and all sequences were of 

equal length, allowing the inclusion of all positions 

in subsequent analyses. 

 

Figure 1. Conventional RT-PCR results of seven 

BRAV-positive samples on 2% agarose gel. M: 

Marker (Bioron, Germany), NC: negative control 

(dH2O), 1-7: BRAV isolates from this study.  

Pairwise nucleotide identity analysis demonstrated 

that the Turkish BRAV isolates shared a high degree 

of identity among themselves, ranging from 97.91% 

to 100%, indicating a close genetic relationship 

(Table 3). In contrast, the nucleotide identity 

between the Turkish BRAV isolates and 

international strains ranged from 86.82% to 92.23% 

(Table 4).  
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Table 3. Pairwise nucleotide sequence identity (%) matrix of Turkish BRAV strains and selected global strains, 

based on a 195-nucleotide fragment of the 3Dpol gene. Pairwise nucleotide distances among BRAV sequences 

were calculated using the Kimura 2-parameter model in MEGA and nucleotide identity percentages were 

calculated in Excel. The diagonal values represent internal identity.  

BRAV Isolates TR_1 TR_2 TR_3 TR_4 TR_5 TR_6 TR_7 Sd-1 WBYDN H-1

TR_1 100 

TR_2 100 100 

TR_3 98.44 98.44 100 

TR_4 98.44 98.44 98.96 100 

TR_5 97.91 97.91 99.48 98.44 100 

TR_6 97.91 97.91 99.48 98.48 98.96 100 

TR_7 97.91 97.91 99.48 99.48 98.96 100 100 

Sd-1* 87.57 87.57 88.21 86.93 87.57 87.57 87.57 100 

WBYDN** 91.77 91.77 91.17 91.77 90.56 91.17 91.17 87.62 100 

H-1*** 89.90 89.90 91.73 90.52 91.13 91.13 91.13 84.82 91.77 100 

*Reference BRAV strain NC_038303.1, **PX941976.1 (China), ***JN936206.1 (Japan)

Table 4. Nucleotide identity ranges between 

Turkish BRAV isolates and other strains from 

different countries. 

Country 
Number of 

Sequences 

Nucleotide 

Identity Range (%) 

China1 3 88.70 - 91.77 

USA2 7 86.82 - 92.23 

Mexico3 3 88.06 - 91.17 

Australia4 2 86.88 - 88.79 

Germany5 1 86.93 - 88.21 

Japan6 1 89.90 - 91.73 

1 PX941976.1, MZ004694.1, MZ004695.1 from China; 
2PX680750.1, PX680752.1, PX680761.1, PX680762.1, 

PX680769.1, PX680771.1, KP264974.1 from the USA; 
3PX680751.1, PX680754.1, KU159363.1 from Mexico; 
4OP020162.1, OP020164.1 from Australia; 5 NC_038303.1 

from Germany (the reference strain); 6JN936206.1 from 

Japan. 

Based on the nucleotide identity matrix, the BRAV 

sequences from China, Japan, USA and Mexico 

displayed the most significant genetic proximity to 

the Turkish isolates (Table 5), revealing a consistent 

pattern with minor variations among isolates. 

BRAV_TR_1 and BRAV_TR_2 showed the highest 

similarity to the Chinese isolate (91.77%), 

BRAV_TR_3 exhibited the greatest similarity to the 

Japanese isolate (91.73%). BRAV_TR_4 

demonstrated equally high similarity to both the 

Chinese and one U.S. isolate (91.77%), BRAV_TR_5, 

the highest similarity was observed with a U.S. 

isolate (92.23%), and BRAV_TR_6 and BRAV_TR_7 

both showed the greatest similarity to a U.S. isolate 

(91.63%) (Table 5). In contrast, the greatest genetic 

divergence was noted against from Australian 

BRAV strains and German BRAV reference strain 

Sd-1 (Table 4).  

According to nucleotide and amino acid sequence 

comparison, several nucleotide substitutions were 

detected between reference Sd-1 strain and Turkish 

BRAV strains, however these variations did not 

result in any amino acid changes (data not shown). 

Although there are many synonymous 

substitutions in the 3Dpol gene amino acid 

sequence analysis indicated that the protein still 

remains highly conserved. 

The phylogenetic analysis conducted in this study 

highlights the evolutionary relationships between 

the Turkish BRAV isolates and previously 

identified global strains. Phylogenetic analysis 

based on a partial sequence of the 3Dpol gene 

revealed that all BRAV isolates obtained from 

Türkiye clustered together in a distinct 

monophyletic group, supported by a high bootstrap 

value (87%) (Figure 2). This suggests a common 

evolutionary origin or a localized circulation of 

BRAV isolates within the region. The BRAV 

reference sequence Sd-1 (NC_038303.1) and 

Australian BRAV strains (OP020162 and OP020164) 

were positioned in more distant branch, indicating 

the genetic divergence of the Turkish isolates 

(Figure 2). 
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Table 5. Nucleotide identity (%) of Turkish BRAV isolates compared to selected global strains showing the 

highest identity scores. The global reference sequences from China (PX941976.1), USA (PX680769.1, 

PX680771.1), Mexico (PX680751.1), and Japan (JN936206.1) were selected based on their high genetic similarity 

and geographical representation.  

Turkish 

Isolates 

China 

(PX941976.1) 

USA 

(PX680769.1) 

USA 

(PX680771.1) 

Mexico 

(PX680751.1) 

Japan 

(JN936206.1) 

BRAV_TR_1 91.77 90.56 89.78 89.33 89.90 

BRAV_TR_2 91.77 90.56 89.78 89.33 89.90 

BRAV_TR_3 91.17 91.17 91.63 91.17 91.73 

BRAV_TR_4 91.77 91.77 91.02 90.56 90.52 

BRAV_TR_5 90.56 91.77 92.23 91.77 91.13 

BRAV_TR_6 91.17 91.17 91.63 91.17 91.13 

BRAV_TR_7 91.17 91.17 91.63 91.17 91.13 

Figure 2. Phylogenetic tree based on partial 3D polymerase gene sequences (195 nt) of bovine rhinitis A virus 

(BRAV). The tree was constructed using the Maximum Likelihood method with the Kimura 2-parameter 

model and 1000 bootstrap replicates. Turkish isolates are indicated by filled red circles. 

DISCUSSION 

Bovine respiratory disease (BRD) still remains a 

major global challenge for cattle industry due to its 

association with high mortality rates, particularly in 

calves, and economic impact. With the increasing 

approach of metagenomic analyses, BRAV has been 

identified among BRD-associated viruses and has 

recently gained scientific attention. While the first 

detection and risk factor analysis of BRAV in cattle 

in Türkiye were previously reported by our group 

(Aksoy et al., 2025), comprehensive genetic 
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characterization of the virus has remained 

unexplored. Although epidemiological, 

metagenomic, and phylogenetic studies of BRAV 

have been conducted in various countries—

including China, the USA, Mexico, and Australia—

the present study provides the first detailed genetic 

characterization of BRAV isolates in Türkiye, filling 

a critical gap for molecular epidemiology. 

In this study, we report the first molecular and 

genetic characterization of BRAV in Türkiye. By 

employing RT-PCR targeting the 3Dpol region 

followed by Sanger sequencing, we aimed to 

confirm the presence of the virus and determine its 

phylogenetic relationship with international 

isolates. Phylogenetic analysis based on the 3Dpol 

gene sequences revealed that all seven Turkish 

BRAV isolates (BRAV_TR_1 to TR_7) clustered 

together in a distinct monophyletic group with a 

bootstrap support of 87% (Figure 2). This 

independent clustering suggests a common 

evolutionary origin for the circulating strains in the 

study region, potentially indicating a localized 

transmission cycle or a single introduction event 

followed by regional diversification. 

The pairwise identity analysis of the 3Dpol gene 

sequences demonstrated that the seven Turkish 

BRAV isolates shared a high degree of nucleotide 

identity, ranging from 97.91% to 100% (Table 3). 

Although all Turkish BRAV isolates clustered 

together in phylogeny; in nucleotide level, they did 

not cluster exclusively with a single geographic 

lineage. While BRAV_TR_1, 2, and 4 showed a 

closer affinity to Asian (Chinese) and North 

American (USA) strains, BRAV_TR_5, 6, and 7 

demonstrated higher identity with the USA lineage. 

BRAV_TR_3 was uniquely closer to the Japanese 

reference strain, suggesting a high level of genetic 

diversity among the circulating BRAV strains in the 

region (Table 5). The findings of this study 

demonstrate a notable genetic diversity among the 

Turkish BRAV isolates, as evidenced by their 

varying nucleotide identity scores (89.33% to 

92.23%, Table 4) against global reference strains. 

Our analysis indicates that the circulating Turkish 

strains do not represent a single, uniform 

introduction; instead, they reflect a complex 

phylogenetic landscape with multiple geographical 

affiliations. Furthermore, regarding nucleotide 

identities, variation was observed among isolates 

from different states of the USA. Notably, isolates 

obtained from Indiana displayed higher nucleotide 

identity compared to those from Texas and 

Kentucky. 

The seven Turkish BRAV isolates displayed a 

nucleotide identity of 86.93%–88.21% with the 

prototype Sd-1 strain (NC_038303.1) (Table 3). 

Notably, the higher similarity observed with the 

more recent Chinese isolate (91.77%) than with the 

prototype sequence highlights the ongoing genetic 

shift and regional diversification of BRAV lineages 

globally. Comparative identity analysis revealed 

that Turkish BRAV isolates are genetically more 

related to currently circulating global BRAV isolates 

than to the reference Sd-1 strain (Table 3). This 

indicates a significant genetic divergence from the 

reference genome and suggests that circulating 

strains in Türkiye may share a more recent common 

ancestor with East Asian lineages. 

In a comprehensive study conducted in China 

(Zhou et al., 2023), three near-full-length BRAV 

genomes (CHN1_LZ01, LZ10, and LZ11) were 

characterized, showing a nucleotide identity of 

79.3–87.5% compared to other available BRAV 

complete genomes in GenBank. In our study, based 

on the highly conserved partial 3Dpol gene, we 

observed a higher identity range (86.38%–92.23%) 

with global BRAV strains. This discrepancy is likely 

due to the conserved nature of the 3Dpol region 

compared to the higher variability found across the 

entire viral genome (Rai et al., 2016).  

Similar to the high intra-group genetic 

homogeneity (97.3–99.9% nt identity) reported by 

Zhou et al (2023) for Chinese BRAV isolates, our 

Turkish isolates exhibited a remarkably stable 

genetic profile with 97.9%–100% identity. This 

might be influenced by partial sequence of highly 

conserved 3Dpol gene was used for phylogeny in 

this study, while near-full-length sequences were 

gained for Chinese isolates (Zhou et al., 2023). 

The high degree of genetic conservation observed in 

the 3Dpol region of these Turkish isolates further 

supports the stability of the virus during local 

circulation. Sequence analysis revealed that all 

nucleotide mutations in the Turkish BRAV isolates 

were phenotypically silent, as no alterations were 

detected in the corresponding amino acid profiles 

compared to the reference sequence Sd-1. The lack 

of amino acid changes underscores the evolutionary 

stability of the viral polymerase (3Dpol), which is 

critical for consistent viral replication and 

pathogenesis, and potential diagnostic targeting 

(Rai et al., 2016; Koizumi et al., 2025). Such stability 

in the 3Dpol gene is also significant for the core 

replication machinery of BRAV remains 

functionally consistent across different 

geographical lineages. 



[First Phylogenetic Analysis of BRAV in Türkiye]  TJVR, 2026; 10(2):161

7 

CONCLUSION 

In the present study, molecular characterization of 

Turkish BRAV isolates was conducted based on 

partial 3Dpol gene sequencing, providing essential 

baseline data on the in Türkiye. Comprehensive 

complete genome analysis will be crucial for 

identifying site-specific mutations across the entire 

viral polyprotein, detecting potential 

recombination events, and assessing the impact of 

genetic diversity on viral virulence and diagnostic 

accuracy. Thus, to fully understand the molecular 

epidemiology and viral evolution of local BRAV 

isolates, whole-genome sequencing is imperative in 

future studies with a national scale. 

REFERENCES 

Aksoy E, Şenel Y and Azkur AK. First detection and prevalence 

of bovine rhinitis A and B viruses in cattle in Türkiye: Risk 

assessment and association with bovine respiratory disease. 

Pak Vet J. 2025; 45(4):2028-2035. 

Ambrose RK, Blakebrough-Hall C, Gravel JL, Gonzalez LA, 

Mahony TJ. Characterisation of the upper respiratory tract 

virome of feedlot cattle and its association with bovine 

respiratory disease. Viruses. 2023; 15(2):455. 

Bögel K, Böhm H. Ein rhinovirus des rindes. Zentralbl Bakteriol. 

1962; 187:2-14. 

Brito BP, Frost MJ, Anantanawat K, et al. Expanding the range 

of the respiratory infectome in Australian feedlot cattle with 

and without respiratory disease using metatranscriptomics. 

Microbiome. 2023; 11(1):158.  

Donbraye E, McLeod L, Carson CN, et al. Prevalences of 

respiratory viruses and bacteria in Western Canadian 

commercial feedlot calves detected using a single 

metagenomic sequencing protocol vary during the first two 

weeks of arrival and by age group. Front Vet Sci. 2026; 

12:1704412.  

Gaudino M, Nagamine B, Ducatez MF, Meyer G. 

Understanding the mechanisms of viral and bacterial 

coinfections in bovine respiratory disease: a comprehensive 

literature review of experimental evidence. Vet Res. 2022; 

53(1):70.  

Hause BM, Collin EA, Anderson J, Hesse RA, Anderson G. 

Bovine rhinitis viruses are common in U.S. cattle with bovine 

respiratory disease. PLoS One. 2015; 10(3):e0121998.  

International Committee on Taxonomy of Viruses (ICTV). 

Virus Taxonomy: 2024 Release. Available at: 

https://ictv.global/taxonomy Accessed March 30, 2026. 

Koizumi S, Nishi T, Morioka K, Fukai K. Development of a 

conventional reverse transcription-PCR system for broad 

detection of Bovine Rhinitis A Virus. Vet Med Sci. 2025; 

11(5):e70491. 

Mitra N, Cernicchiaro N, Torres S, Li F, Hause BM. 

Metagenomic characterization of the virome associated with 

bovine respiratory disease in feedlot cattle identified novel 

viruses and suggests an etiologic role for influenza D virus. 

J Gen Virol. 2016; 97:1771-1784. 

Ng TFF, Kondov NO, Deng X, Van Eenennaam A, Neibergs 

HL, Delwart E. A metagenomics and case-control study to 

identify viruses associated with bovine respiratory disease. J 

Virol. 2015; 89:5340-5349. 

O'Donoghue S, Waters SM, Morris DW, Earley B. A 

Comprehensive Review: Bovine respiratory disease, current 

insights into epidemiology, diagnostic challenges, and 

vaccination. Vet Sci. 2025; 12(8):778.  

Peel DS. The effect of market forces on bovine respiratory 

disease. Vet Clin North Am Food Anim Pract. 2020; 36:497-

508. 

Rai DK, Lawrence P, Pauszek SJ, Piccone ME, Knowles NJ, 

Rieder E. Bioinformatics and molecular analysis of the 

evolutionary relationship between Bovine Rhinitis A Viruses 

and Foot-And-Mouth Disease Virus. Bioinform Biol Insights. 

2016; 9(Suppl 2):43-58.  

Taylor JD, Fulton RW, Lehenbauer TW, Step DL, Confer AW. 

The epidemiology of bovine respiratory disease: What is the 

evidence for predisposing factors? Can Vet J. 2010; 51:1095. 

Werid GM, Hemmatzadeh F, Batterham T, et al. Metagenomic 

and metatranscriptomic analyses reveal microbial dysbiosis 

and bacteria-virus interactions in the lungs of Australian 

feedlot cattle with bovine respiratory disease. Vet Microbiol. 

2026; 315:110926. 

Zhang M, Hill JE, Alexander TW, Huang Y. The nasal viromes 

of cattle on arrival at western Canadian feedlots and their 

relationship to development of bovine respiratory disease. 

Transbound Emerg Dis. 2021; 68:2209-2218. 

Zhang M, Hill JE, Fernando C, et al. Respiratory viruses 

identified in western Canadian beef cattle by metagenomic 

sequencing and their association with bovine respiratory 

disease. Transbound Emerg Dis. 2019; 66(3):1379-1386.  

Zhou Y, Chen X, Tang C, Yue H. Detection and genomic 

characterization of Bovine Rhinitis Virus in China. Animals 

(Basel). 2023; 13(2):312.  

ACKNOWLEDGMENTS 

Author contribution: EA and AKA designed the study. YŞ 

collected the samples and clinically examined animals. EA and 

AKA performed laboratory studies and phylogenetic analysis. 

EA, YŞ and AKA participated in drafting and revising the 

manuscript. EA: Emel Aksoy, YŞ: Yasin Şenel, AKA: Ahmet 

Kürşat Azkur  

Financial Disclosure: The authors declared that this study has 

received no financial support. 

Conflict of interest: The authors declared no conflict of interest. 

Additional information: All authors have read and agreed to 

the published version of the manuscript Correspondence and 

requests for materials should be addressed to AKA. 

Ethical approval: This study consists of the samples from 

previous study which was approved by Kırıkkale University 

Animal Experiments Local Ethics Committee (Approval 

number: 2023/09/32). 

Reprints and permissions information is available at 

https://dergipark.org.tr/tr/pub/tjvr/policy  

Publisher’s note Dergipark remains neutral with regard to 

jurisdictional claims in published maps and institutional 

affiliations. 

https://dergipark.org.tr/tr/pub/tjvr/policy


[Emel Aksoy et al.] TJVR, 2026; 10(2):161

8 

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 license, and indicate if changes were made. The 

images or other third-party material in this article are included 

in the article’s Creative Commons license, unless indicated 

otherwise in a credit line to the material. If material is not 

included in the article’s Creative Commons license 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 license, visit 

http://creativecommons.org/licenses/by/4.0/. 

  © The Author(s) 2026 




