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Abstract

:

Bovine respiratory syncytial virus (BRSV) is one of the most important respiratory pathogens of cattle. In this study, frequency of infection, analysis of variants, and the immune status of vaccinated and non-vaccinated cattle were studied. Blood (n = 162) and nasal/oropharyngeal (n = 277) swabs were collected from 62 cattle herds in Turkey. Lung samples (n = 37) were also taken from dead animals and abattoirs. Antibodies to BRSV were detected in 76 (46%) out of 162 sera. The antibody levels in the vaccinated and non-vaccinated groups were statistically significant. Among 277 nasal/oropharyngeal swabs and 37 lungs, ten nasal/oropharyngeal and four lung samples were positive for BRSV-RNA. BRSV-G gene sequences of 5 out of 14 RT-PCR positive samples showed that all viruses clustered as Group-III in phylogenetic analysis with 88–100% homology. Similarity with previous Turkish BRSVs was 89–98%, and that with BRSVs detected in the USA and Czechia was 89.47–93.12%. BRSV continues to circulate in Turkish cattle, and vaccination seems beneficial in preventing BRSV. The diversity of the BRSVs found in this study needs be considered in vaccination strategies.
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1. Introduction


Bovine respiratory syncytial virus (BRSV), also called bovine orthopneumovirus, is one of the causative agents of bovine respiratory disease complex (BRDC), which causes significant economical losses for the cattle industry due to severe respiratory disease leading to illness and even death as well as associated treatment and preventive biosecurity costs [1,2,3]. BRSV is an enveloped negative-sense single-stranded RNA virus and a member of the Orthopneumovirus genus within the family Pneumoviridae (International Committee on the Taxonomy of Viruses, ICTV). The non-segmented BRSV genome consists of ten genes that encode eleven proteins. The genome has nine structural proteins, namely, the attachment glycoprotein (G), fusion protein (F), RNA polymerase (L), matrix protein (M), nucleoprotein (N), polymerase cofactors M2-1 and M2-2, phosphoprotein (P), small hydrophobic protein (SH), and the two non-structural proteins NS1 and NS2 [4,5]. Phylogenetic analysis of the G and F glycoproteins indicate that there are ten subgroups for BRSV at present [6,7,8].



Cattle are the natural hosts and the reservoir for BRSV; the presence of infectious virus or antibodies to BRSV has been documented in sheep, goats and wild ruminants as well [9,10,11]. BRSV can infect cattle of all ages and breeds, although the highest incidence of severe disease is seen in young calves under six months of age. The main clinical signs observed in young calves are fever, coughing, decreased feed intake, increased breathing rate, oedema, and nasal discharge. BRSV infection predisposes cattle to secondary bacterial infections (e.g., Mannheimia haemolytica, Pasteurella multocida, Histophilus somni and/or Mycoplasma bovis) that may result in pneumonia; mortality rates in calves can be up to 20% [12,13]. Adult cattle often experience subclinical infection; such animals are the main source of virus spread. BRSV is mainly transmitted by direct contact, aerosols, and fomites, often anthropogenic [14,15]. BRSV outbreaks occur more frequently in the autumn and winter [16]. Shipping of animals, husbandry, age, and abrupt feed modifications can influence the onset and severity of BRD [17]. Vaccination and biosecurity measures to keep BRD-associated pathogens, including BRSV, out of cattle barns are effective strategies for preventing BRSV infection and the BRD complex [18,19].



Phylogenetic studies using the BRSV-F and BRSV-G gene sequences reported a total of ten genotypically different subgroups of BRSV [7,8,20]. BRSV Subgroup-I includes genotypes identified from the initial isolation of BRSV in 1980 [21,22,23]. The presence of the BRSV Subgroup-I in cattle was last reported in Belgium in 1997 [24]; since the 2000s, no Subgroup-I has been reported [25]. BRSV Subgroup-II includes genotypes detected in northern European countries such as Denmark, Sweden, and Norway; some of the BRSV genotypes detected in Japan have been reported to belong to Subgroup-II as well [20,25]. BRSV Subgroup-III, including the strains detected in Turkey, mainly includes genotypes reported from the USA [20,26,27]. BRSV Subgroup-IV is divided into two subclasses, called IA and IB, as reported by Valarcher and colleagues [20]. BRSV Subgroup-IV subclass-IA includes the BRSV Dorset and Snook genotypes isolated in England in 1971 and 1976, while Subgroup-IV subclass-IB includes BRSV genotypes isolated in the Netherlands in the 1980s [20]. BRSV Subgroup-V and Subgroup-VI have been detected in Western European countries, including Belgium and France [20,25]. In a study conducted in Croatia in 2018, two new subgroups Subgroup-VII and Subgroup-VIII, were identified by molecular diagnostic tests, including phylogenetic analyses targeting the BRSV-G gene [7]. These two subgroups were found to be similar to the BRSV genotypes detected in Italy [6]. As a result of phylogenetic analyses conducted by Kumagai and others [8] using primers targeting the BRSV-G gene, two more subgroups (IX, X), were identified. In summary, BRSV genetic diversity includes a total of ten different subgroups at present.



Vaccination against BRSV is a critical component of comprehensive herd health management strategies aimed at minimizing the impact of respiratory diseases in cattle. Vaccination protocols for BRSV are tailored to specific herd health management practices, and may vary based on factors such as the age of the cattle, their reproductive status, and the level of risk of exposure to BRSV. BRSV vaccines come in various forms, including modified live virus (MLV) vaccines and inactivated (killed) virus vaccines; each type has its own advantages and considerations. The efficacy of BRSV vaccines in preventing disease depends on several factors, including the timing of vaccination, the health status of the cattle at the time of vaccination, and the presence of maternal antibodies in calves. Vaccinated animals develop antibodies against BRSV-specific antigens, which can be detected in serological tests such as ELISA and virus neutralization [2,4,18].



Virus isolation as well as both serological and molecular techniques have been used for the detection and identification of BRSV [28,29,30]. BRSV has been isolated from many countries in Europe, America, Asia, and Africa including Turkey [31,32,33,34,35]. The majority of studies in Turkey have been aimed at determining the seroprevalence of BRSV among cattle herds, and there is limited knowledge available about sequence and phylogenetic analyses of BRSV [27,36,37]. The isolation of the virus using cell cultures is rather difficult; in addition, two samples separated by an interval of 2–3 weeks need to be taken for the antibody response to distinguish between infected and vaccinated animals. Therefore, in this study we have focused on frequency, molecular detection, and sequencing of the virus to help in identifying circulating BRSV genotypes and variants in Thrace district, Turkey. We investigated the immune status of infected and vaccinated animals by detecting specific antibodies to BRSV. Because livestock farms contain high numbers of animals, serology, especially ELISA, is a cost effective way to screen antibody response to vaccination and herd exposure to infections. Knowing the antibody status of the herd helps to reduce the risk of virus transmission within and among herds and during transport of animals. Sequencing of BRSV genes in previous studies mostly targeted the F and G genes [29,35], as these genes are involved in fusion and antibody response to BRSV. As mentioned above, rapid diagnosis of BRSV by real time RT-PCR, partial amplification of the BRSV-G gene by RT-PCR, sequence and phylogenetic analyses, and comparison with other BRSVs in GenBank from both our country and other countries are valuable inputs to aid in understanding the genotypes and variants of circulating BRSV strains in Turkey.




2. Materials and Methods


2.1. Study Design


The objectives of this study were as follows: (i) to estimate the frequency and immune status of BRSV in vaccinated and non-vaccinated cattle herds from the Thrace district in Turkey reporting outbreaks of respiratory clinical signs in calves; and (ii) to determine the genotypes of circulating BRSV strains. The area of investigation included the European part of Turkey, which shares borders with Greece and Bulgaria. Dairy cattle farming is an important part of Thrace’s economy, with many small family-owned herds. As an etiological agent of BRD in young cattle, the prevalence of BRSV infection can be very high [20]; for the purposes of this study, we investigated BRSV infection in 62 herds, assuming that the virus would be present in 80% (±10) of the herds. The herds were selected randomly from among a list of herds with clinical signs provided by veterinary clinical practitioners.




2.2. Sampling and Study Population


Sixty two (62) cattle herds located in Thrace district, which borders the European Union, were visited between January 2019 and March 2022 during the autumn and winter seasons. Calves and young cattle 2 to 12 months old that showed signs of respiratory disease were sampled (Table 1). Blood samples were taken into tubes without EDTA for ELISA along with nasal or oropharyngeal swabs for PCR and virus isolation (Table 1). In addition, lung tissue samples were taken from animals in abattoirs and post-mortem from necropsied animals with severe respiratory disorders, including pneumonia (Table 1). A total of 162 blood, 277 swab, and 37 lung samples were collected. Swabs and lung samples were taken into tubes containing transport medium (Gibco, Dulbecco’s minimum essential medium-DMEM, Cat. No: 41966-029, New York, NY, USA) with 5% penicillin/streptomycin (Gibco, Cat. No: 15070063, New York, NY, USA) and carried to the laboratory in cold storage/4–8 °C (Table 1). Samples were either processed directly or kept in refrigerator until the next day to complete the sample processing.




2.3. Extraction of RNA and Reverse Transcription


Viral RNA was extracted from swabs and tissue samples using the PureLink™ RNA Mini Kit (Invitrogen, Cat. No: 12183018A, Austin, TX, USA) as described by the manufacturer. Complementary DNA (cDNA) was generated using the HighCapacity cDNA reverse transcription kit (Applied Biosystems, Cat. No: 4368814, Vilnius, Lithuania) following the manufacturer’s protocol and kept at −80 °C until required.




2.4. Determination of RNA Concentration and Purity


The amount of RNA in the extracted material was measured using a NanoDrop spectrophotometer (NanoDrop 1000c, Thermo Scientific, Waltham, MA, USA). The RNA concentrations and purity ratios (A260/A280) were determined using Nanodrop. A260/A280 values of high purity RNA are expected to be 1.8–2.1, though this may change depending on the structure of sample [38].




2.5. PCR Inhibitors of RNA Extracts


The presence or absence of PCR inhibitors can be verified by testing different dilutions prepared from RNA extracts. For this purpose, RNA was diluted 1:10 and β-actin analysis was performed by SYBR-Green real time RT-PCR using a real-time PCR instrument (Thermo Fisher Scientific, Appliedbiosystems, StepOnePlus, Waltham, MA, USA). The primers used in this study were controlled with SnapGene 6.0.2 (GenBank Accession Number: AY141970.1). Standardized SYBR Green real time RT-PCR consisted of 12.5 μL Maxima Probe/ROX qPCR Master Mix (Thermo Scientific 2× Master Mix, Cat. No: K0231, Vilnius, Lithuania), 1 μL of each primer (400 nM), 0.5 μL SYBR Green (AAT Bioquest, Cat. No: 17591, Pleasanton, CA, USA), and 0.25 μL MgCl2 (25 mMol) (Thermo Scientific, Cat. No: R0971, Vilnius, Lithuania) in a final volume of 25 μL PCR reaction. Cycling conditions were at 95 °C for 10 min followed by 45 cycles of 95 °C for 15 s, 63 °C for 20 s, and 72 °C for 15 s, and the melting curve was set from 60 °C to 90 °C, increasing 1 °C each 10 s. The results were evaluated according to the following acceptance criteria [38]: i. The difference between the theoretical Ct value and Ct value of the sample should be <0.5; ii. The average value of linear regression (R2) shall be ≥0.981; and iii. The average value of the slope of the standard curve shall be in the range of −3.6 ≤ slope ≤ −3.1.




2.6. Detection of BRSV by Real Time RT-PCR


For BRSV detection, previously published primers and the TaqMan probe targeted to the nucleoprotein (N) gene of BRSV were used [39]. The sequences of the primers and probe are provided in Table 2. For real-time RT-PCR, a total volume of 25 μL PCR mixture containing 12.5 μL Maxima Probe/ROX qPCR Master Mix (Thermo Scientific 2X Master Mix, Cat. No: K0231, Vilnius, Lithuania), 2 μL of each specific primer (10 μM), 1 μL of TaqMan probe (10 μM), 1 μL cDNA, and 6.5 μL nuclease free water was used. For all PCR reactions, nuclease-free water was used as negative control in place of template. Positive controls were obtained from samples submitted to the Department of Virology, Veterinary Faculty of Istanbul and previously confirmed to be BRSV positive by PCR and sequence analyses. All amplifications were performed using a real-time PCR instrument (Thermo Fisher Scientific, Appliedbiosystems, StepOnePlus, Waltham, MA, USA). Cycling conditions were at 95 °C for 10 min followed by 45 cycles of 95 °C for 15 s and 59 °C for 60 s.




2.7. Sequencing and Phylogenetic Analysis


Samples found to be positive by real time RT-PCR were subjected to RT-PCR for sequencing. For this, BRSV glycoprotein G (gG) gene was partially amplified by using previously published method and primers (Table 2) [29]. A total volume of 25 μL reaction mixture composed of 12.5 μL Maxima Probe/ROX qPCR Master Mix (Thermo Scientific 2X Master Mix, Cat. No: K0231, Vilnius, Lithuania), 1.25 μL (10 μM) each primer, 2 μL MgCl2 (25 mMol) (Thermo Scientific, Cat. No: R0971, Vilnius, Lithuania), 2 μL bovine serum albumin (Bioshop, Cat. No: ALB001.100, Burlington, ON, Canada), 2 μL of cDNA, and 4 μL nuclease-free water was used to amplify 603 bp of BRSV partial G gene. For all PCR reactions, nuclease-free water was used as negative control in place of template. Positive controls were obtained from samples submitted to the Department of Virology, Veterinary Faculty of Istanbul and previously confirmed to be BRSV positive by PCR and subsequent sequencing. All amplifications were performed in a PCR instrument (Thermo Fisher Scientific, Appliedbiosystems, StepOnePlus, Waltham, MA, USA). Cycling conditions were at 95 °C for 10 min followed by 35 cycles of 94 °C for 45 s, 50 °C for 45 s, 72 °C for 1 min, and finally one cycle at 72 °C for 7 min.



Amplified PCR products were sent to a commercial company for sequencing, and the PCR products were purified before sequencing (MedSantek, Istanbul, Turkey). The sequencing data of partial G genes (603 bp) of BRSV were edited using Chromas Pro and aligned using MAFFT version 7 (online version) [40], using multiple alignments of partial G gene sequences of BRSV data available from the National Centre for Biotechnology Information to compare the genotypic relationship between the BRSV strains in this study and other BRSV strains detected in different countries. The Maximum Likelihood:RAxML method was used to construct the phylogenetic tree with 1000 Bootstrap replicates using MegAlign Pro Software (DNASTAR, Version 17, Goettingen, Germany). The same software was used to determine the percentage homology between the BRSV strains. Five field strains of BRSV detected in this study were submitted to GenBank under the submission numbers OQ736254, 743526, OQ789520, OQ689745, and OQ713830.




2.8. ELISA


The sera collected from cattle were tested for the presence of antibodies to BRSV using commercial indirect ELISA kits (Bio-X Diagnostics, Monoscreen Ab-ELISA BRSV Kit, BIO K 061/2, Rochefort, Belgium). This test uses recombinant F protein (F) of BRSV for the detection of monoclonal antibodies specific to the F protein of BRSV. The test protocol was applied as recommended by the manufacturers. The optical density was measured using a spectrophotometer (Spectra SLT Classic, Virginia, Wietzendorf, Germany) at 450 nm, and the results were evaluated as described by the manufacturer.




2.9. Virus Isolation


Three nasal/oropharyngeal swabs and one lung sample that were found to be positive for BRSV and had low Ct values (below 26) per real-time RT-PCR were used for virus isolation. The swab samples were first diluted 1:2 using DMEM (Gibco, Cat. No: 21969035, Paisley, UK) containing 1% penicillin/streptomycin, then homogenized by vortexing. Lung tissue samples (0.5 g) in transport medium were cut into small pieces, placed in a sterile mortar, and homogenized with 5 mL of DMEM containing 1% penicillin/streptomycin. The homogenate was then centrifuged and the supernatant was filtered through a 0.22-µm filter (Aisimo, Cat. No: ASF33PVI22S, Shanghai, China). This filtrate (0.5 mL) was inoculated into each well of Madin-Darby bovine kidney (MDBK) cells cultured in six-well plates and incubated for 1 h at 37 °C, then the inoculations were discarded and 3 mL DMEM containing 1% penicillin/streptomycin was added. MDBK cells (ATCC CLL 22) were checked daily for the presence of cytopathic effects (CPE), particularly for syncytium formation. After 7 days of inoculation, the cell cultures were frozen and thawed and supernatants were transferred to a newly cultured MDBK cell monolayer. Blind passages were performed up to the third cell passage. In each passage, the supernatant was analysed for the presence of BRSV-RNA using real-time RT-PCR as described above.




2.10. Statistical Analyses


The distribution of ELISA OD values was applied to histogram analysis in the Minitab software program (Minitab, Version 19.2020.2.0, Chicago, IL, USA). It was observed that there were groupings in two fields in the histogram data; for this, the Grubbs test and boxplot were drawn in the MedCalc program and “outlier values control” was performed.



Statistical analysis of the relationship between positivity and the vaccinated and non-vaccinated status of animals found to be positive by ELISA and real time RT-PCR was performed using the Chi-Square test in the MedCalc software program (MedCalc, Version 20.218, Ostend, Belgium). p values of less than <0.05 were considered statistically significant.





3. Results


3.1. Clinical and Necropsy Findings


Clinical findings, gross pathology of the lungs, and information about the farms and animals analysed in this study are provided in Table 1. In animals from which nasal/oropharyngeal swabs (277) and blood (162) samples were taken, one or more of symptoms such as fever, fatigue, depression, respiratory distress, cough, and serous eye and nasal discharge were observed as clinical findings (Table 1). Wheezing, dyspnea, labored breathing, increased respiratory rate, and foamy discharge from the mouth were observed in a calf that had severe pneumonia and was positive for BRSV by real-time RT-PCR (Figure 1).



Relevant information about 37 lung samples taken from animals which died as a result of severe pneumonia and from cattle with pneumonia before or after slaughter in the abattoir are provided in Table 1. In the lung samples which were positive by real-time RT-PCR, consolidation, areas of local or widespread congestion, edema, and interlobular or interstitial emphysema were present at necropsy (Figure 2).




3.2. Seropositivity of BRSV Detected by ELISA


Overall, antibodies to BRSV were detected in 76 (46.91%) of 162 sera from 62 herds having BRSV-vaccinated and non-vaccinated calves and young cattle with respiratory system disorders (Figure 3 and Figure 4). BRSV seropositivity was detected in 33 (34%) of 97 sera from non-vaccinated animals (Figure 3) and 43 (66%) of 65 sera from vaccinated animals (Figure 4). The distribution of negative and positive ELISA OD values of vaccinated and non-vaccinated cattle are provided in Figure 5A,B. Of the 33 positive sera from non-vaccinated animals, 11 included samples from Usak and 22 from the Thrace region, which borders the European Union. Eight sera belonged to calves in the 6–12 months age group and 25 sera were from the 0–6 months age group. All of the 43 positive sera from vaccinated animals were from the Thrace region, 13 belonged to calves in the 6–12 months age group and 30 sera were from the 0–6 months age group.



When ELISA OD data were analysed with histogram analyses by the Chi-squared test to compare seropositives and seronegatives, the difference between the vaccinated and non-vaccinated groups was found to be statistically significant (p < 0.05).




3.3. Efficiency of Real Time RT-PCR and Detection of BRSV-RNA in Clinical Samples


The results for the PCR efficiency using the β-actin gene and real-time RT-PCR threshold cycle (Ct) values obtained by serial dilutions of positive control are shown in Figure 6A,B. When ten-fold dilution of the positive control sample was used to determine the real time RT-PCR efficiency, the Ct values were obtained as 29, 32, 35, 38, and 41, respectively. Ct was detected up to 10−4 dilutions with positive control, while no Ct was detected in the negative control (Figure 6B).



Analyses of 277 nasal/oropharyngeal swabs and 37 lung samples by real-time RT-PCR showed that a total of fourteen samples, ten swabs, and four lung samples were found to be positive for BRSV by real-time RT-PCR (Figure 7). The fourteen samples which were detected as positive by real time RT-PCR originated from six different farms. The Ct of the positive samples ranged from 26–38 (Figure 7). BRSV-RNA was detected in eight of the nasal/oropharyngeal swabs collected from the farms in Thrace and in three of the lungs (Figure 7), and was detected in two of the nasal/oropharyngeal swabs taken from Usak and one of the lungs (Figure 7).



The results of the statistical analyses show no statistical significance between vaccinated and non-vaccinated animals concerning real-time RT-PCR positivity (p = 0.3722), although positivity was relatively higher in non-vaccinated animals (Figure 8).




3.4. Sequencing and Phylogenetic Analysis


Among the ten nasal/oropharyngeal swabs and four lung samples found to be positive by real-time RT-PCR, a 603 base-pair band corresponding to the expected size of the BRSV-G gene was seen on agarose gel electrophoresis in four nasal/oropharyngeal swabs and one lung sample (Figure 9) after amplification by RT-PCR. Sequences of these samples were compared with other BRSV-G gene sequences containing 247 nucleotides submitted to GenBank using the Geneious Prime program in order to determine the percentage of similarity. The obtained data on the percentages of similarity are provided in Table 3.



According to the phylogenetic tree, the identified BRSV-G gene sequences in the present study belong to Subgroup-III (Figure 10). The sequences of amplified positive samples in this study demonstrated 88–100% identity. The percentage similarity between two nasal/oropharyngeal swab and one lung sample obtained from the same farm and positive by RT-PCR was 88–100% (Table 3: OQ736254-swab, 743526-swab, and OQ789520-lung). The similarity rate of two nasal/oropharyngeal swab lung samples taken from the same farm was found to be 96% (Table 3: OQ689745-swab and OQ713830-swab). The sequence in the BRSV-positive lung sample was found to be 97.17% similar to the BRSV genotype in the lung sample previously detected in our country and reported to GenBank (Table 3: MH133326.1). It was found that four positive nasal/oropharyngeal swab samples were 89–98% similar to the BRSV-G gene sequences previously detected in our country and reported to GenBank (Table 3: MH133326.1, MH133327.1, MW881233.1, MW881234.1).



When compared with the BRSV genotypes detected in other countries, the highest similarity of 89.47–93.12% was found between the genotype reported in the USA (Table 3: L08414.1) and the genotype reported in Czechia (Table 3: AY910755.1). There was 86.23–89.07% similarity between the gene sequences of five positive samples and the genotype reported to GenBank from Iraq, our neighboring country (Table 3: MN129181.1). The lowest similarity rate (78.95%) was found among the genotype detected in Brazil (Table 3: MK599389.1).



The gene region containing 247 nucleotides from the BRSV-G gene partial sequence analysis of four swabs and one lung which were found to be positive as a result of RT-PCR analysis was at least three nucleotides compared to the BRSV-G gene sequences previously reported to GenBank from our country, and sequence differences containing up to 26 nucleotides were found, while 44–52 nucleotide differences were detected with the genotype detected in Brazil (Table 3: MK599389.1), which had the lowest similarity rate. When the genotype sequence detected in our neighboring country of Iraq (Table 3: MN129181.1) was compared, 30–34 nucleotide differences were found.




3.5. Virus Isolation


Three nasal swabs and a lung sample with a low Ct value (below 26) per real-time RT-PCR were subjected to virus isolation. From the three animals with virus-positive swabs, only one animal was antibody-positive by ELISA, while the other two were antibody-negative. Monolayer MDBK cells were inoculated with 200 μL of the sample/well. After 7 days of inoculation, if there was no CPE, three blind passages were carried out. No CPE was detected in any of the samples after the first inoculation or after each passage. After each blind passage, the cell culture supernatant was collected and analysed by real-time RT-PCR for BRSV. BRSV-RNA was detected in only one swab sample after 7 days from the first inoculation, and no CPE was detected in these cells (Figure 11). All the other cell supernatants taken during cell culture studies were negative by real-time RT-PCR, there was no CPE in the control cells, and no Ct was detected in culture supernatant by real-time RT-PCR.





4. Discussion


Bovine respiratory syncytial virus infection causes serious respiratory tract infections in calves and young cattle and economic losses in many countries, including Turkey [36,41]. BRSV infection especially affect young animals, spreads rapidly among non-vaccinated animals, and can cause serious respiratory disorders such as pneumonia, especially in the presence of other respiratory pathogens causing bovine respiratory disease complex (BRDC) [2,12]. Therefore, this study investigated the frequency, antibody response, molecular diversity, and circulating genotypes of BRSV in cattle on farms located in Turkey’s Usak province and Thrace district, which borders the European Union.



BRSV has been causing outbreaks in Europe and other continents since 1970 [20]. In the present study, antibody response to vaccination and infection was investigated using ELISA. Other studies have detected the seroprevalance of BRSV in Europe as between 11.6% to 100%; the rate was 11.6% in Spain [42], 69.1% in Italy [10], and 100% in Ireland [43,44]. It has been emphasized that low prevalence is correlated with the presence of maternal antibodies, while high prevalence (90%) is associated with a history of pneumonia [44]. These reports show that cases with pneumonia should be examined for BRSV. Similarly, most of the non-vaccinated animals in which antibodies were detected in the present study were those with clinical pneumonia.



In the USA, BRSV antibodies have been detected at a level of 69.5% in the southern US, while the same rate was found to be 40.9% in the northern US [45]. Similar to the USA, studies on seroprevalence carried out in South American countries found seropositivity to be 78.64% in Argentina [46] and 79.5% in Brazil [33].



A number of studies have been performed on BRSV seroprevalence in Turkey. The first study reported 46.12% seropositivity in non-vaccinated cattle [47]. Non-vaccinated cattle sera were analysed in another study in Turkey, which found seropositivity of 44.6% in Central Anatolia [48], 58.48% in Afyonkarahisar and Usak provinces [27], 67.3% in Eastern and Southeastern Anatolia [49], 73% in Marmara Region [50], 76.38% in Denizli and Burdur provinces [51], 97.1%in Adiyaman province [52], and 98.6% in Aydın province [51]. In neighboring countries, BRSV seroprevalence in non-vaccinated animals was found to be 83.11% in Iraq [53] and 51.1% [54] and 89.1% in two studies from Iran [55].



According to the data of the studies reported above, both low and high seropositivity have been detected in Turkey as well as in other countries. In the present study, the overall seroprevalence in 162 vaccinated and non-vaccinated sera was found to be 46.9%. This value is higher than the seroprevalence values found in Spain and the northern US, and is lower than the southern US, Italy, Ireland, Serbia, Argentina, Brazil, Iraq, and Iran. Seroprevalence studies in our country were performed with serum samples from animals that were not vaccinated against BRSV. The seroprevalence (34%-33 of 97 sera) found in the non-vaccinated cattle in the present study was lower than the seropositivity values previously determined in our country [47,48,49,50,51,52]. In the present study, BRSV antibodies were detected in 43 samples (66%) out of 65 sera from vaccinated cattle. It is thought that the majority of this positivity detected in vaccinated animals is due to the antibodies formed as a result of the vaccination. In order to determine whether the BRSV antibodies detected in vaccinated animals are due to the vaccine or to an infection, paired serum samples taken at 3–4 weeks intervals should be used and the seroconversion should be checked. However, this was not the target of our study.



It is not surprising that vaccinated animals had higher levels of BRSV-specific serum antibodies than nonvaccinated animals. Because there is no DIVA (differentiating infected from vaccinated animals) BRSV vaccine available as of yet, we cannot differentiate vaccinated from infected animals. The only conclusion that we can draw from this is that the “vaccinated” group was most likely vaccinated with a BRSV vaccine. The seronegative animals within the “vaccinated” group were most likely vaccinated some time ago and in need of a booster vaccination.



In addition to serology, we analysed nasal/oropharyngeal swabs and tissue samples for the presence of BRSV-RNA using real-time RT-PCR and RT-PCR, as previously used by others [31,41,56,57,58]. In this study, rapid and specific detection of BRSV-RNA, probability-based real-time RT-PCR targeting the N gene of BRSV was used [39,56,58,59]; however, other genes, such as the F and G genes, have been targeted to detect BRSV-RNA in previous studies [60,61]. In the present study, 277 nasal/oropharyngeal swabs and 37 lung samples were analysed by real-time RT-PCR, with ten swabs (3.6%) and four lungs (10.8%) found to be positive for BRSV-RNA. The difference in detection between swabs and lung samples could be due to the different levels of viral load in swabs and lungs or to the disease stage of the animals, i.e., whether they were acutely or chronically infected.



Both low and high detection rates of BRSV infection in cattle have been reported in other countries using real-time RT-PCR [57,62]. Concerning Europe, in Italy all nasal/oropharyngeal swabs, bronchoalveolar lavage samples, and lung samples were positive for BRSV-RNA [34]. In another study, 14.5% of 138 oropharyngeal swabs were positive in cattle transferred from France to Southern Italy [63]. BRSV-RNA was detected in 29.4% of 128 bronchoalveolar fluid samples in Belgium [64], 21% of 764 nasal swabs in Sweden [62], 86% of 21 respiratory tract samples in Norway [57], and 5.1% of 541 nasal swabs and bronchoalveolar lavage samples in the United Kingdom [31]. In the USA, 3.79% of 3215 nasal and oropharyngeal swabs samples [32] and 9.1% of 122 animals [65] were found to be positive for BRSV-RNA. The data obtained in the US are similar to those found in the present study. However, when the data from European countries are compared with the present study, it is noteworthy that lower positivity was detected in this study. This may be due to the fact that most of the animals sampled in this study were vaccinated, and vaccination may lead to low level of shedding and circulation of BRSV among cattle. This point is important in terms of prevention and control of BRSV in cattle.



Findings with PCR in other studies performed in Turkey have been both similar and different compared to those obtained in the present study [27,36,37]. In one previous study in Erzurum, Turkey, 1.29% of 155 nasal swabs were positive for BRSV-RNA [36]. The rate of positivity found in this study is higher than the detection rate found by Timurkan and others [36]. However, in a study performed in 2018 in Samsun, Turkey, three lugs were analysed and all samples were positive for BRSV-RNA [37]. In addition, 2 of 21 nasal swabs were positive for BRSV-RNA in Afyonkarahisar and Usak, representing a low level of BRSV circulation [27]. Higher detection rates were reported in the neighboring countries Iraq (37.31%) [53] and Iran (78.12%) [66].



The varying level of detection in our country and other countries could be due to the age of animals, their vaccination and clinical status, the time of sampling (presence of clinical signs), application of the diagnostic tests, and differences in virus circulation levels in different farms and geographic areas. Although all these factors affect the frequency of BRSV in cattle, vaccination is an important practice to reduce the virus frequency and circulation of BRSV in the field, as was seen in this study. In the present study, when nasal/oropharyngeal swab samples of 43 vaccinated animals found to be seropositive by ELISA were examined by real-time RT-PCR, BRSV-RNA was detected in two samples. On the other hand, when nasal/oropharyngeal swab samples of 33 non-vaccinated animals which were found to be seropositive by ELISA were examined by real-time RT-PCR, BRSV-RNA was detected in six samples. Although the correlation of BRSV-RNA detection in vaccinated and non-vaccinated animals was not statistically significant, the proportion of BRSV-RNA positivity in non-vaccinated cattle was higher than in vaccinated cattle.



Sequence analysis studies on BRSV have either targeted the whole genome or partial/whole genes of interest. Next-generation sequencing techniques have been used for whole genome analysis in recent years. The F [12,36], N [6,34], and G gene [8,41,67] of BRSV are frequently targeted to investigate mutations in these genes for sequence analysis; because mutations in the G gene are more frequent than in the F gene, there are more studies on sequencing the BRSV-G gene. Therefore, the BRSV-G gene was targeted in this study to investigate circulating genotypes and genotypic diversity. Phylogenetic analyses using the BRSV-F and BRSV-G gene sequences resulted in a total of ten genotypically different subgroups of BRSV [7,8,20].



Subgroup-II genotypes have been reported to circulate in Norway [57] and Japan [8]. According to the data of recent studies, genotypes belonging to Subgroup-III have been found to circulate in Turkey [27] and in the USA [26]. BRSV genotypes detected in western Europe are generally included in Subgroup-V and Subgroup-VI [25]. In the present study, partial G gene sequences of BRSV from four nasal/oropharyngeal swab samples and one lung sample indicated that all genotypes belonged to Subgroup-III. It was found that while all of the partial G gene sequences were similar, there was some degree of diversity compared to those previously reported in Turkey. In a previous study performed in Eskisehir, Turkey, two lung samples were reported to be in BRSV Subgroup-III [67]. These were 97.17% similar to the lung sample found in this study. Similarly, BRSV Subgroup-III was found in two nasal swab samples from Erzurum, Turkey [36]. Two nasal swab samples detected in Usak, Turkey were characterised as BRSV Subgroup-III [27], and were 89–95% similar to the nasal/oropharyngeal samples found in this study. Five BRSV genotypes detected in this study were similar to the BRSV genotypes detected in other countries, and especially with genotypes reported in the USA [68] and Czechia [25]. It was observed that the highest similarity with the genotypes was 89.47–93.12% [25]. The lowest similarity rate was found among the genotype detected in Brazil [69].



The results of other studies have revealed that isolation of BRSVs is rather difficult for a number reasons, including the requirement for many passages, cell types, cell specificity–affinity, the difficulty of attaching and adaptation to cells [70], the clinical stage of BRSV-infected animals, the type of samples, and the viral load of samples [1,71,72]. In the present study, BRSV isolation was attempted using samples from the clinically ill animals; however, BRSV could not be isolated from any samples using MDBK cells even though three blind passages were made. Similar results have been obtained in other studies, where no CPE was seen in cell cultures used for virus isolation [73,74]. Yazıci and others [37] reported CPE after 72 h of incubation in MDBK cell cultures, whereas Arns and others [72] were able to detect CPE in MDBK cells in only 1 of 33 samples after nine blind passages. In the present study, we could not see CPE after three passages and failed to detect BRSV-RNA in the culture supernatants.



The limitation of virus isolation is the low number of repassages, as three passages seem to not be enough. However, as discussed above, both three repassages and higher numbers of repassages have been used in other studies [72,73,74]. Another limitation of our study is that we could not differentiate vaccinated from infected animals, as DIVA BRSV vaccines are not available yet. Paired serum samples taken at 3–4 week intervals could have been taken to check seroconversion in vaccinated and non-vaccinated animals, which could help to differentiate infected from vaccinated; however, this was not aim of our study. Another limitation was that we only amplified a portion of the BRSV genome (the G protein gene) and used this for our phylogenetic analyses; however, we believe that these limitations did not have a significant impact on our results or their interpretations.



In conclusion, BRSV infection continues to be a threat to cattle production in Turkey, despite vaccinations. It is beneficial to continue monitoring, vaccinations, and eradication studies for BRSV infections. The results of this study show that antibody positivity in vaccinated animals was statistically significant and that the detection rate of BRSV-RNA in these animals was lower than in non-vaccinated animals. The integrated farms and small public farms should have a vaccination strategy, and interference of vaccine strains with maternally-derived antibodies should be taken into account. In addition, the diversity of the BRSVs found in this study should be considered in vaccination strategies.







Author Contributions


Conceptualization, J.A.R. and H.Y.; Methodology, O.A., A.Y., H.Y. and N.T.; Software, O.A. and A.Y.; Validation, O.A. and A.Y.; Formal Analysis, O.A. and A.Y.; Investigation, O.A., H.Y. and N.T.; Resources, J.A.R. and H.Y.; Data Curation, O.A. and A.Y.; Writing—Original Draft Preparation, O.A., A.Y. and H.Y.; Writing—Review and Editing, J.A.R. and H.Y.; Supervision, H.Y.; Project Administration, H.Y.; Funding Acquisition, J.A.R. and H.Y. All authors have read and agreed to the published version of the manuscript.




Funding


This study was funded by the Istanbul University-Cerrahpasa (IUC-BAP, Doktora Tezi, Project No: 31182). It was partially supported by the AMP and MCB cores of the National Institute of General Medical Sciences (NIGMS) of the National Institutes of Health under award number P20GM130448 (JAR) and by generous support from the Vanier–Krause BRI Endowed Professorship in Animal Infectious Diseases (JAR).




Institutional Review Board Statement


This study was approved by the Ethics Committee on Animal Experiments of the Istanbul University-Cerrahpasa, Veterinary Faculty (Issue number:180). During the study, all applicable national, international, and/or institutional guidelines for the care and use of animals were followed.




Data Availability Statement


All data are included in the manuscript.




Acknowledgments


We would like to thank Istanbul University-Cerrahpasa for funding this study (IUC-BAP, Doktora Tezi, Project No.: 31182). We thank Ozge Erdogan Bamac for assessing the gross lesions seen in the lungs. AThe help of veterinary surgeon Cihan Güneş in sample collection is gratefully acknowledged.




Conflicts of Interest


The J.A.R. laboratory received support from Tonix Pharmaceuticals, Xing Technologies, Genus plc, and Zoetis, outside of the reported work. J.A.R. is inventor on patents and patent applications on the use of antivirals and vaccines for the treatment and prevention of virus infections, owned by Kansas State University, KS. The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as potential conflicts of interest.




References


	



Klem, T.B.; Sjurseth, S.K.; Sviland, S.; Gjerset, B.; Myrmel, M.; Stokstad, M. Bovine respiratory syncytial virus in experimentally exposed and rechallenged calves; viral shedding related to clinical signs and the potential for transmission. BMC Vet. Res. 2019, 15, 156. [Google Scholar] [CrossRef] [PubMed]

	



Yilmaz, A.; Umar, S.; Turan, N.; Kayar, A.; Richt, J.A.; Yilmaz, H. Current scenario of viral diseases and vaccination strategies of cattle in Turkey. J. Infect. Dev. Ctries. 2022, 16, 1230–1242. [Google Scholar] [CrossRef] [PubMed]

	



Baykan, K.Z.; Ozcan, M. Causes of Culling and Disease Incidences at First Production Year of Imported Brown Swiss and Simmental Cows from Austria. Kocatepe Vet. J. 2019, 12, 178–184. [Google Scholar]

	



Valarcher, J.F.; Taylor, G. Bovine respiratory syncytial virus infection. Vet. Res. 2007, 38, 153–180. [Google Scholar] [CrossRef] [PubMed]

	



Rima, B.; Collins, P.; Easton, A.; Fouchier, R.; Kurath, G.; Lamb, R.A.; Lee, B.; Maisner, A.; Rota, L.; Wang, C. ICTV Virus Taxonomy Profile: Pneumoviridae. J. Gen. Virol. 2017, 98, 2912–2913. [Google Scholar] [CrossRef] [PubMed]

	



Bertolotti, L.; Giammarioli, M.; Rosati, S. Genetic characterization of bovine respiratory syncytial virus strains isolated in Italy: Evidence for the circulation of new divergent clades. J. Vet. Diagn. Investig. 2018, 30, 300–304. [Google Scholar] [CrossRef] [PubMed]

	



Krešic, N.; Bedeković, T.; Brnić, D.; Šimić, I.; Lojkić, I.; Turk, N. Genetic analysis of bovine respiratory syncytial virus in Croatia. Comp. Immunol. Microbiol. Infect. Dis. 2018, 58, 52–57. [Google Scholar] [CrossRef]

	



Kumagai, A.; Kawauchi, K.; Andoh, K.; Hatama, S. Sequence and unique phylogeny of G genes of bovine respiratory syncytial viruses circulating in Japan. J. Vet. Diagn. Investig. 2021, 33, 162–166. [Google Scholar] [CrossRef] [PubMed]

	



Sausker, E.A.; Dyer, N.W. Polymerase chain reaction and DNA sequencing for detection of ovine herpesvirus 2 in American bison (Bison bison). J. Vet. Diagn. Investig. 2002, 14, 40–46. [Google Scholar] [CrossRef] [PubMed]

	



Citterio, C.; Luzzago, C.; Sala, M.; Sironi, G.; Gatti, P.; Gaffuri, A.; Lanfranchi, P. Serological study of a population of alpine chamois (Rupkapra rrupkapra) affected by an outbreak of respiratory disease. Vet. Rec. 2003, 153, 592–596. [Google Scholar] [CrossRef]

	



Larios Mora, A.; Detalle, L.; Gallup, J.M.; Van Geelen, A.; Stohr, T.; Duprez, L.; Ackermann, M.R. Delivery of ALX-0171 by inhalation greatly reduces respiratory syncytial virus disease in newborn lambs. MAbs 2018, 10, 778–795. [Google Scholar] [CrossRef]

	



Sarmiento-Silva, R.E.; Nakamura-Lopez, Y.; Vaughan, G. Epidemiology, molecular epidemiology and evolution of bovine respiratory syncytial virus. Viruses 2012, 4, 3452–3467. [Google Scholar] [CrossRef] [PubMed]

	



Urban-Chmiel, R.; Wernicki, A.; Majer-Dziedzic, B.; Gnat, S.; Puchalski, A.; Dec, M. Use of different cell lines for in vitro cultures of bovine respiratory syncytial virus. J. Virol. Methods 2014, 204, 62–64. [Google Scholar] [CrossRef] [PubMed]

	



Ohlson, A.; Heuer, C.; Lockhart, C.; Tråvén, M.; Emanuelson, U.; Alenius, S. Risk factors for seropositivity to bovine coronavirus and bovine respiratory syncytial virus in dairy herds. Vet. Rec. 2010, 167, 201–206. [Google Scholar] [CrossRef] [PubMed]

	



Saa, L.; Perea, R.A.; Jara, D.V.; Arenas, A.J.; Garcia-Bocanegra, I.; Borge, C.; Carbonero, A. 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. 2012, 44, 1423–1427. [Google Scholar] [CrossRef] [PubMed]

	



Norström, M.; Skjerve, E.; Jarp, J. Risk factors for epidemic respiratory disease in Norwegian cattle herds. Prev. Vet. Med. 2000, 44, 87–96. [Google Scholar] [CrossRef] [PubMed]

	



Zeineldin, M.; Lowe, J.; Aldridge, B. Contribution of the mucosal microbiota to bovine respiratory health. Trends Microbiol. 2019, 27, 753–770. [Google Scholar] [CrossRef] [PubMed]

	



Ellis, J.; Gow, S.; Berenik, A.; Lacoste, S.; Erickson, N. Comparative efficacy of modified-live and inactivated vaccines in boosting responses to bovine respiratory syncytial virus following neonatal mucosal priming of beef calves. Can. Vet. J. 2018, 59, 1311. [Google Scholar] [PubMed]

	



Stokstad, M.; Klem, T.B.; Myrmel, M.; Oma, V.S.; Toftaker, I.; Østerås, O.; Nødtvedt, A. Using biosecurity measures to combat respiratory disease in cattle: The Norwegian control program for bovine respiratory syncytial virus and bovine coronavirus. Front. Vet. Sci. 2020, 7, 167. [Google Scholar] [CrossRef] [PubMed]

	



Valarcher, J.F.; Schelcher, F.; Bourhy, H. Evolution of bovine respiratory syncytial virus. J. Virol. 2000, 74, 10714–10728. [Google Scholar] [CrossRef]

	



Paccaud, M.F.; Jacquier, C.A. Respiratory syncytial virus of bovine origin. Arch. Gesamte Virusforsch. 1970, 30, 327–342. [Google Scholar] [CrossRef]

	



Inaba, Y.; Tanaka, Y.; Sato, K.; Omori, T.; Matumoto, M. Bovine respiratory syncytial virus studies on an outbreak in Japan, 1968–1969. Jpn J Microbiol. 1972, 16, 373–383. [Google Scholar] [CrossRef]

	



Stott, E.J.; Taylor, G. Respiratory syncytial virus. Brief review. Arch. Virol. 1985, 84, 1–52. [Google Scholar] [CrossRef]

	



Prozzi, D.; Walravens, K.; Langedijk, J.P.; Daus, F.; Kramps, J.A.; Letesson, J.J. Antigenic and molecular analyses of the variability of bovine respiratory syncytial virus G glycoprotein. J. Gen. Virol. 1997, 78, 359–366. [Google Scholar] [CrossRef] [PubMed]

	



Valentova, V.; Antonis, A.; Kovarcik, K. Restriction enzyme analysis of RT-PCR amplicons as a rapid method for detection of genetic diversity among bovine respiratory syncytial virus isolates. Vet. Mic. 2005, 108, 1–12. [Google Scholar] [CrossRef]

	



Mitra, N.; Cernicchiaro, N.; Torres, S.; Li, F.; Hause, B.M. 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. [Google Scholar] [CrossRef]

	



Ince, Ö.B.; Şevik, M.; Özgür, E.G.; Sait, A. Risk factors and genetic characterization of bovine respiratory syncytial virus in the inner Aegean Region, Turkey. Trop. Anim. Health Prod. 2022, 54, 4. [Google Scholar] [CrossRef] [PubMed]

	



Philippou, S.; Otto, P.; Reinhold, P.; Elschner, M.; Streckert, H.J. Respiratory syncytial virus-induced chronic bronchiolitis in experimentally infected calves. Virchows Arch. 2000, 436, 617–621. [Google Scholar] [CrossRef]

	



Bidokhti, M.R.; Tråvén, M.; Ohlson, A.; Zarnegar, B.; Baule, C.; Belák, S.; Alenius, S.; Liu, L. Phylogenetic analysis of bovine respiratory syncytial viruses from recent outbreaks in feedlot and dairy cattle herds. Arch. Virol. 2012, 157, 601–607. [Google Scholar] [CrossRef] [PubMed]

	



Kamdi, B.; Singh, R.; Singh, V.; Singh, S.; Kumar, P.; Singh, K.P.; George, N.; Dhama, K. Immunofluorescence and molecular diagnosis of bovine respiratory syncytial virus and bovine parainfluenza virus in the naturally infected young cattle and buffaloes from India. Microb. Pathog. 2020, 145, 104165. [Google Scholar] [CrossRef]

	



Thonur, L.; Maley, M.; Gilray, J.; Crook, T.; Laming, E.; Turnbull, D.; Nath, M.; Willoughby, K. One-step multiplex real time RT-PCR for the detection of bovine respiratory syncytial virus, bovine herpesvirus 1 and bovine parainfluenza virus 3. BMC Vet. Res. 2012, 8, 37. [Google Scholar] [CrossRef]

	



Lubbers, B.V.; Renter, D.G.; Hesse, R.A.; Peddireddi, L.G.; Zerse, M.T.; Cox, E.A.; Meyer, B.D. Prevalence of respiratory viruses and Mycoplasma bovis in US cattle and variability among herds of origin, production systems and season of year. Bov. Pract. 2017, 159–164. [Google Scholar] [CrossRef]

	



Hoppe, I.B.A.L.; de Medeiros, A.S.R.; Arns, C.W.; Samara, S.I. Bovine respiratory syncytial virus seroprevalence and risk factors in non-vaccinated dairy cattle herds in Brazil. BMC Vet. Res. 2018, 14, 1–6. [Google Scholar] [CrossRef] [PubMed]

	



Giammarioli, M.; Mangili, P.; Nanni, A.; Pierini, I.; Petrini, S.; Pirani, S.; Gobbi, P.; De Mia, G.M. Highly pathogenic Bovine Respiratory Syncytial virus variant in a dairy herd in Italy. Vet. Med. Sci. 2020, 6, 740–745. [Google Scholar] [CrossRef] [PubMed]

	



Larsen, L.E.; Tjørnehøj, K.; Viuff, B.; Jensen, N.E.; Uttenthal, A. Diagnosis of enzootic pneumonia in Danish cattle: Reverse transcription-polymerase chain reaction assay for detection of bovine respiratory syncytial virus in naturally and experimentally infected cattle. J. Vet. Diagn. Investig. 1999, 11, 416–422. [Google Scholar] [CrossRef] [PubMed]

	



Timurkan, M.O.; Aydin, H.; Sait, A. Identification and Molecular Characterisation of Bovine Parainfluenza Virus-3 and Bovine Respiratory Syncytial Virus—First Report from Turkey. J. Vet. Res. 2019, 63, 167–173. [Google Scholar] [CrossRef] [PubMed]

	



Yazici, Z.; Ozan, E.; Tamer, C.; Muftuoglu, B.; Barry, G.; Kurucay, H.N.; Elhag, A.E.; Cagirgan, A.A.; Gumusova, S.; Albayrak, H. Circulation of indigenous bovine respiratory syncytial virus strains in Turkish cattle: The first isolation and molecular characterization. Animals 2020, 10, 1700. [Google Scholar] [CrossRef]

	



Hougs, L.; Gatto, F.; Goerlich, O.; Grohmann, L.; Lieske, K.; Mazzara, M.; Narendja, F.; Ovesna, J.; Papazova, N.; Scholtens, I.; et al. Verification of analytical methods for GMO testing when implementing interlaboratory validated methods. In EUR 29015 EN; Publication Office of the European Union: Luxembourg, 2017. [Google Scholar]

	



Boxus, M.; Letellier, C.; Kerkhofs, P. Real Time RT-PCR for the detection and quantitation of bovine respiratory syncytial virus. J. Virol. Methods. 2005, 125, 125–130. [Google Scholar] [CrossRef] [PubMed]

	



Kumar, S.; Stecher, G.; Tamura, K. MEGA7: Molecular Evolutionary Genetics Analysis Version 7.0 for Bigger Datasets. Mol. Biol. Evol. 2016, 33, 1870–1874. [Google Scholar] [CrossRef] [PubMed]

	



Jia, S.; Yao, X.; Yang, Y.; Niu, C.; Zhao, Y.; Zhang, X.; Pan, R.; Jiang, X.; Xiaobo, S.; Qiao, X.; et al. Isolation, identification, and phylogenetic analysis of subgroup III strain of bovine respiratory syncytial virus contributed to outbreak of acute respiratory disease among cattle in Northeast China. Virulence 2021, 12, 404–414. [Google Scholar] [CrossRef]

	



Jiménez-Ruiz, S.; García-Bocanegra, I.; Acevedo, P.; Espunyes, J.; Triguero-Ocaña, R.; Cano-Terriza, D.; Torres-Sánchez, M.J.; Vicente, J.; Risalde, M.Á. A survey of shared pathogens at the domestic–wild ruminants’ interface in Doñana National Park (Spain). Transbound. Emerg. Dis. 2022, 69, 1568–1576. [Google Scholar] [CrossRef] [PubMed]

	



McCarthy, M.C.; O’Grady, L.; McAloon, C.G.; Mee, J. Longitudinal Prevalence of Antibodies to Endemic Pathogens in Bulk Tank Milk Samples from Dairy Herds Engaged or Not in Contract Heifer Rearing. Front. Vet. Sci. 2021, 25, 785128. [Google Scholar] [CrossRef] [PubMed]

	



Bugarski, D.; Petrović, T.; Milanov, D.; Lazić, S. Seroprevalence of bovine respiratory syncytial virus (BRSV) in Vojvodina [Serbia]. Arch. Vet. Med. 2011, 4, 23–29. [Google Scholar] [CrossRef]

	



Grubbs, S.T.; Kania, S.A.; Potgieter, L. Prevalence of ovine and bovine respiratory syncytial virus infections in cattle determined with a synthetic peptide-based immunoassay. J. Vet. Diagn. Investig. 2001, 13, 128–132. [Google Scholar] [CrossRef]

	



Ferella, A.; Aguirreburualde, M.S.P.; Margineda, C.; Aznar, N.; Sammarruco, A.; Santos, M.J.D.; Mozgovoj, M. Bovine respiratory syncytial virus seroprevalence and risk factors in feedlot cattle from Córdoba and Santa Fe, Argentina. Rev. Argent. Microbiol. 2018, 50, 275–279. [Google Scholar] [CrossRef] [PubMed]

	



Burgu, I.; Toker, A.; Akca, Y.; Alkan, F. A seroepidemiologic study of bovine respiratory syncytial virus (BRSV) in Turkey. Dtsch. Tierarztl. Wochenschr. 1990, 97, 88–89. [Google Scholar] [PubMed]

	



Alkan, F. Sığırlarda viral nedenli solunum sistemi enfeksiyonlarının seroepidemiyolojisi. Ankara Üniv Vet. Fak. Derg. 1997, 44, 1–8. [Google Scholar]

	



Çabalar, M.; Can-Şahna, K. Doğu ve güneydoğu anadolu bölgesinde süt sığırlarında parainfluenza virus-3, bovine herpes virus-1 ve respiratory syncytial virus enfeksiyonlarının seroepidemiyolojisi. YYÜ Vet. Fak. Derg. 2000, 11, 101–105. [Google Scholar]

	



Yeşilbağ, K.; Güngör, B. Seroprevalence of bovine respiratory viruses in North-Western Turkey. Trop. Anim. Health Prod. 2008, 40, 55–60. [Google Scholar] [CrossRef] [PubMed]

	



Karaotcu, A.; Yildirim, Y. Denizli ve Burdur yörelerindeki sığırlarda bovine respiratory syncytial virus enfeksiyonunun serolojik olarak araştırılması. MAKU J. Health Sci. Inst. 2019, 7, 114–123. [Google Scholar] [CrossRef]

	



Öner, E.B.; Yesilbag, K. Besi sığırlarında solunum sistemi virüslerinin seroprevalansı ve persiste BVD virüs enfeksiyonu tespiti. Ankara Üniv Vet. Fak. Derg. 2018, 65, 1–7. [Google Scholar]

	



Hussain, K.J.; Al-Farwachi, M.I.; Hassan, S.D. Seroprevalence and risk factors of bovine respiratory syncytial virus in cattle in the Nineveh Governorate, Iraq. Vet. World 2019, 12, 1862. [Google Scholar] [CrossRef] [PubMed]

	



Shirvani, E.; Lotfi, M.; Kamalzadeh, M.; Noaman, V.; Bahriari, M.; Morovati, H.; Hatami, A. Seroepidemiological study of bovine respiratory viruses (BRSV, BoHV-1, PI-3V, BVDV, and BAV-3) in dairy cattle in central region of Iran (Esfahan province). Trop. Anim. Health Prod. 2012, 44, 191–195. [Google Scholar] [CrossRef] [PubMed]

	



Farzinpour, M.; Badiei, K.; Pourjafar, M.; Ghane, M.; Karim, Z. Antibody Tracing, Seroepidemiology and Risk Factors of Bovine Respiratory Syncytial Virus and Bovine Adenovirus-3 in Dairy Holstein Farms. J. Fac. Vet. Med. Istanbul Univ. 2016, 42, 5–10. [Google Scholar]

	



Willoughby, K.; Thomson, K.; Maley, M.; Gilray, J.; Scholes, S.; Howie, F.; Caldow, G.; Nettleton, P.F. Development of a real time reverse transcriptase polymerase chain reaction for the detection of bovine respiratory syncytial virus in clinical samples and its comparison with immunohistochemistry and immunofluorescence antibody testing. Vet. Microbiol. 2008, 126, 264–270. [Google Scholar] [CrossRef] [PubMed]

	



Klem, T.B.; Rimstad, E.; Stokstad, M. Occurrence and phylogenetic analysis of bovine respiratory syncytial virus in outbreaks of respiratory disease in Norway. BMC Vet. Res. 2014, 10, 15. [Google Scholar] [CrossRef] [PubMed]

	



Nefedchenko, A.; Glotov, A.; Koteneva, S.; Glotova, T. Developing and testing a real-time polymerase chain reaction to identify and quantify bovine respiratory syncytial viruses. Mol. Gen. Microbiol. Virol. 2020, 35, 168–173. [Google Scholar] [CrossRef] [PubMed]

	



Timsit, E.; Maingourd, C.; Dréan, E.L.; Belloc, C.; Seegers, H.; Douart, A.; Assié, S. Evaluation of a commercial real-time reverse transcription polymerase chain reaction kit for the diagnosis of bovine respiratory syncytial virus infection. J. Vet. Diagn. Investig. 2010, 22, 238–241. [Google Scholar] [CrossRef] [PubMed]

	



Hakhverdyan, M.; Hägglund, S.; Larsen, L.E.; Belák, S. Evaluation of a single-tube fluorogenic RT-PCR assay for detection of bovine respiratory syncytial virus in clinical samples. J. Virol. Methods 2005, 123, 195–202. [Google Scholar] [CrossRef]

	



Selim, A.; Gaede, W. Evaluation of reverse transcription-PCR protocols based on the fusion gene for diagnosis of bovine respiratory syncytial virus infections. Biotech. Anim. Hus. 2013, 29, 53–64. [Google Scholar] [CrossRef]

	



Studer, E.; Schönecker, L.; Meylan, M.; Stucki, D.; Dijkman, R.; Holwerda, M.; Glaus, A.; Becker, J. Prevalence of BRD-related viral pathogens in the upper respiratory tract of swiss veal calves. Animals. 2021, 11, 1940. [Google Scholar] [CrossRef] [PubMed]

	



Pratelli, A.; Cirone, F.; Capozza, P.; Trotta, A.; Corrente, M.; Balestrieri, A.; Buonavoglia, C. Bovine respiratory disease in beef calves supported long transport stress: An epidemiological study and strategies for control and prevention. Res. Vet. Sci. 2021, 135, 450–455. [Google Scholar] [CrossRef] [PubMed]

	



Pardon, B.; Callens, J.; Maris, J.; Allais, L.; Van Praet, W.; Deprez, P.; Ribbens, S. Pathogen-specific risk factors in acute outbreaks of respiratory disease in calves. J. Dairy. Sci. 2020, 103, 2556–2566. [Google Scholar] [CrossRef] [PubMed]

	



Fulton, R.; D’Offay, J.; Landis, C.; Miles, D.; Smith, R.; Saliki, J.; Ridpath, J.; Confer, A.; Neill, J.; Eberle, R. Detection and characterization of viruses as field and vaccine strains in feedlot cattle with bovine respiratory disease. Vaccine. 2016, 34, 3478–3492. [Google Scholar] [CrossRef] [PubMed]

	



Tajbakhsh, E.; Khamesipor, F.; Momeni, M. Evaluate the frequency of respiratory syncytial virus (RSV) in dairy herds in the Chaharmahal va Bakhtyari province-IRAN. Iran. J. Med. Microbiol. 2015, 9, 32–38. [Google Scholar]

	



Hacioglu, I.K.; Coşkun, N.; Yelken, S.D.; Sevinc, S.; Alkan, F. Phylogenetic analysis of bovine respiratory syncytial virus from calves with respiratory disorders. Kafkas Univ. Vet. Fak. Derg. 2019, 25, 251–256. [Google Scholar]

	



Stine, L.C.; Hoppe, D.K.; Kelling, C.L. Sequence conservation in the attachement glycoprotein and antigenic diversity among bovine respiratory syncytial virus isolates. Vet. Microbiol. 1997, 54, 201–221. [Google Scholar] [CrossRef] [PubMed]

	



Leme, R.A.; Agnol, A.M.D.; Balbo Pereira, F.L.; Possatti, F.; Alfieri, A.F.; Alfieri, A.A. Molecular characterization of Brazilian wild-type strains of bovine respiratory syncytial virus reveals genetic diversity and a putative new subgroup of the virus. Vet. Q. 2020, 40, 83–96. [Google Scholar] [CrossRef]

	



Socha, W.; Rola, J. Comparison of four RT-PCR assays for detection of bovine respiratory syncytial virus. Pol. J. Vet. Sci. 2011, 14, 449–451. [Google Scholar] [CrossRef] [PubMed]

	



Flores, E.F.; Weiblen, R.; Medeiros, M.; Botton, S.A.; Irigoyen, L.F.; Driemeier, D.; Schuch, L.F.; Moraes, M. A retrospective search for bovine respiratory syncytial virus (BRSV) antigens in histological specimens by immunofluorescence and immunohistochemistry. Pesq. Vet. Bras. 2000, 20, 139–143. [Google Scholar] [CrossRef]

	



Arns, C.; Campalans, J.; Costa, S.; Domingues, H.; D’Arce, R.; Almeida, R.; Coswig, L. Characterization of bovine respiratory syncytial virus isolated in Brazil. Br. J. Med. Biol. Res. 2003, 36, 213–218. [Google Scholar] [CrossRef] [PubMed]

	



Mahmoud, N.; Salem, G. Isolation and molecular identification of BHV-1 from cattle suffering from respiratory signs. Kafrelsheikh Vet. Med. J. 2012, 10, 119–140. [Google Scholar] [CrossRef]

	



Toker, E.B.; Yesilbag, K. Molecular characterization and comparison of diagnostic methods for bovine respiratory viruses (BPIV-3, BRSV, BVDV, and BoHV-1) in field samples in northwestern Turkey. Trop. Anim. Health Prod. 2021, 53, 79. [Google Scholar] [CrossRef] [PubMed]








[image: Pathogens 13 00304 g001] 





Figure 1. Clinical picture of calf with severe pneumonia, positive for BRSV-RNA by real-time RT-PCR, showing dyspnea, increased respiratory rate, cough, and frothy discharge from the mouth. 
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Figure 2. Air blebs (arrows), areas of consolidation (stars), and diffuse interstitial emphysema in the interlobular and subpleural regions in the lung of a BRSV-RNA positive calf as seen at necropsy. 
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Figure 3. ELISA cutoff and OD values of non-vaccinated cattle. The red line indicates the border line for the cutoff value. Seropositive animals are marked with red star *. 
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Figure 4. ELISA cutoff and OD values of vaccinated cattle. The red line indicates the border line for the cutoff value. Seropositive animals are marked with red star *. 
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Figure 5. (A) Distribution of negative and positive ELISA OD values of vaccinated and non-vaccinated cattle (MedCalc) and (B) histogram showing the number of animals in the corresponding ELISA OD values of vaccinated and non-vaccinated cattle (Minitab). 
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Figure 6. Ct values obtained using serial dilutions of positive control for PCR efficiency: (A) results of PCR efficiency and (B) amplification curves obtained after serial dilutions of positive control by real time RT-PCR. a, positive control (neat); b, 10−1 dilution of positive control; c, 10−2 dilution of positive control; d, 10−3 dilution of positive control; e, 10−4 dilution of positive control; f, negative control. 
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Figure 7. The Ct values of the positive samples: a, 9716 swab; b, 4351 swab; c, 7578 swab; d, 4343 lung; e, 4346 lung; f, 2601-12 swab; g, positive control; h, 4372 swab; i, sep lung; j, 1501 swab; k, 7592 swab; l, 4391 swab; m, negative control; n, usak lung; o, positive control; p, usak os1 swab; r, usak os3 swab; s, negative control. 
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Figure 8. Distribution of negative and positive real-time RT-PCR results in vaccinated and non-vaccinated cattle (MedCalc). 
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Figure 9. The 603 bp amplified products of the partial BRSV-G gene on horizontal gel electrophoresis: A, 7 578-swab; B, 9716-swab; C, 4343-lung; D, 4346-lung; E, 4351-swab; F, positive control; G, negative control; H, usak lung; I, usak os1 swab; J, usak os3 swab; K, negative control; L, positive control. 
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Figure 10. Phylogenetic tree of partial G genes of representative BRSVs. The Maximum Likelihood:RAxML method was used to construct the phylogenetic tree with 1000 Bootstrap replicates using MegAlign Pro Software (DNASTAR), using the G gene sequences of the strains detected in this study (OQ736254-swab, OQ743526-swab, OQ789520-lung, OQ689745-swab, and OQ713830-swab) and representative BRSV strains reported elsewhere. The accession numbers written in bold characters are the BRSVs detected in this study. 
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Figure 11. Appearance of MDBK cells after inoculations of the samples: (1A) confluent MDBK cells; (1B) swab sample-7578 at 7 days after inoculation of (first blind passage); (1C) second blind passage (day 7); (1D) third blind passage (day 7); (2A) appearance of MDBK cells after inoculation of the samples; (2B) swab sample-9716 at 7 days after inoculation (first blind passage); (2C) second blind passage (day 7); (2D) third blind passage (day 7); (3A) confluent MDBK cells; (3B) swab sample-7578 at 7 days after inoculation (first blind passage); (3C) second blind passage (day 7); (3D) third blind passage (day 7); (4A) confluent MDBK cells; (4B) swab sample-7578 at 7 days after inoculation (first blind passage); (4C) second blind passage (day 7); (4D) third blind passage (day 7) (Evos XL Core, 10×). 






Figure 11. Appearance of MDBK cells after inoculations of the samples: (1A) confluent MDBK cells; (1B) swab sample-7578 at 7 days after inoculation of (first blind passage); (1C) second blind passage (day 7); (1D) third blind passage (day 7); (2A) appearance of MDBK cells after inoculation of the samples; (2B) swab sample-9716 at 7 days after inoculation (first blind passage); (2C) second blind passage (day 7); (2D) third blind passage (day 7); (3A) confluent MDBK cells; (3B) swab sample-7578 at 7 days after inoculation (first blind passage); (3C) second blind passage (day 7); (3D) third blind passage (day 7); (4A) confluent MDBK cells; (4B) swab sample-7578 at 7 days after inoculation (first blind passage); (4C) second blind passage (day 7); (4D) third blind passage (day 7) (Evos XL Core, 10×).



[image: Pathogens 13 00304 g011a][image: Pathogens 13 00304 g011b]







 





Table 1. Date of sample collection, sample type, locality, age and number of animals, and clinical signs/pathology of the animals analysed in this study.
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Sample Collection Date

	
Sample Region

	
Age (Months)

	
Number of Samples

	
Clinical Signs/Pathology




	
Blood

	
Swabs

	
Lungs






	
21 January 2019

	
Luleburgaz

	
0–6

	
10

	
10

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
20 February 2019

	
Luleburgaz

	
0–6

	
2

	
2

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
20 February 2019

	
Catalca-Istanbul

	
0–6

	

	
18

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
21 February 2019

	
Luleburgaz

	
0–6

	
11

	
11

	
2

	
Dead calf




	
26 February 2019

	
Usak

	
0–6

	

	
20

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
13 January 2019

	
Malkara

	
0–6

	
18

	
18

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
14 January 2019

	
Kirklareli

	
0–3

	
9

	
9

	

	
Cough, serous nasal secretions, fatigue




	
26 January 2019

	
Kirklareli

	
0–6

	

	
25

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
10 February 2019

	
Edirne

	
0–3

	
15

	
15

	

	
Cough, serous nasal secretions, fatigue




	
13 February 2019

	
Cilingirkoy-Istanbul

	
0–12

	
11

	
10

	

	
Fever and cough




	
22 February 2019

	
Luleburgaz

	
0–6

	

	
19

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
23 February 2019

	
Kirklareli

	
0–12

	
3

	
1

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
24 February 2019

	
Kirklareli

	
0–6

	

	
5

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
4 March 2021

	
Luleburgaz

	
0–6

	
25

	
25

	
1

	
Dead calf




	
9 March 2021

	
Kirklareli

	
0–6

	

	
4

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
18 March 2021

	
Kirklareli

	
0–6

	
9

	
9

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
2 April 2021

	
Kirklareli

	
0–6

	

	
5

	

	
Dyspnea, cough, serous nasal secretions, fatigue




	
2 April 2021

	
Buyukcekmece-Istanbul

	
6–18

	

	

	
5

	
Abattoir sample:

Consolidation, hyperemia




	
7 April 2021

	
Cilingirkoy-Istanbul

	
0–12

	
7

	
7

	

	
Fever and cough




	
19 April 2021

	
Edirne

	
0–12

	
12

	
12

	

	
Cough, serous nasal secretions, fatigue




	
7 April 2021

	
Balikesir

	
12–24

	

	

	
19

	
Abattoir sample:

Consolidation, hyperemia




	
4 November 2021

	
Edirne

	
0–6

	
6

	
6

	

	
Cough, serous nasal secretions, fatigue




	
17 December 2021

	
Edirne

	
0–6

	
11

	
11

	

	
Cough, serous nasal secretions, fatigue




	
5 January 2022

	
Esenyurt-Istanbul

	
12–24

	

	

	
9

	
Abattoir sample:

Consolidation, hyperemia




	
20 January 2022

	
Usak

	
0–6

	
3

	
3

	
1

	
Dead calf

Cough, serous nasal secretions, fatigue




	
1 March 2022

	
Edirne

	
0–3

	

	
2

	

	
Cough, serous nasal secretions, fatigue




	
4 March 2022

	
Usak

	
0–6

	

	
20

	

	
Cough, serous nasal secretions, fatigue




	
7 March 2022

	
Kirklareli

	
0–3

	
10

	
10

	

	
Fever, serous nasal secretions, fatigue




	
Total

	

	

	
162

	
277

	
37

	











 





Table 2. Primers and probe used for detection and sequencing of BRSV.
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Primers and Probe

	
Target Genes

	
Primers and Probe Sequences

	
Size (bp)

	
Positions

	
References






	
B5A-B6A

RT-PCR

	
G gene

	
F: 5′-CCACCCTAGCAATGATAACCTTGAC-3′

R: 5′-AAGAGAGGATGC(T/C)TTGCTGTGG-3′

	
603

	
110–134

691–712

	
[29]




	
BRSV

Real time RT-PCR

	
N gene

	
F: 5′-GCAATGCTGCAGGACTAGGTATAAT-3′

R: 5′-ACACTGTAATTGATGACCCCATTCT-3′

	
123

	
977–1001

1076–1100

	
[39]




	
Probe

	
FAM-5-ACCAAGACTTGTATGATGCTGCCAAAGCA-3-TAMRA

	
1028–1056

	
[39]











 





Table 3. Percentage homology of the nucleotide sequences among bovine respiratory syncytial virus strains detected in different countries and in Turkey based on partial (603 bp) G gene analysis (MegAlign Pro Software (DNASTAR).
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Distance/

Distance

	
OQ713830_9716

2019_TÜRKİYE

	
OQ689745_7578

2019_TÜRKİYE

	
OQ736254_USOS1

2022_TÜRKİYE

	
OQ743526_USOS3

2022_TÜRKİYE

	
OQ789520_USAKC

2022_TÜRKİYE

	
Distance/

Distance

	
OQ713830_9716

2019_TÜRKİYE

	
OQ689745_7578

2019_TÜRKİYE

	
OQ736254_USOS1

2022_TÜRKİYE

	
OQ743526_USOS3

2022_TÜRKİYE

	
OQ789520_USAKC

2022_TÜRKİYE






	
OQ713830_9716_2019_TÜRKİYE

	
0.00

	
96.36

	
89.88

	
89.88

	
88.26

	
KY753468.1_2017_ITALY

	
87.85

	
87.04

	
87.04

	
87.04

	
85.43




	
OQ689745_7578_2019_TÜRKİYE

	
96.36

	
0.00

	
89.07

	
89.07

	
87.45

	
M58307.1_1990_USA

	
87.45

	
87.45

	
86.64

	
86.64

	
85.02




	
AY910755.1_2005_CZECHIA

	
92.71

	
93.12

	
91.50

	
91.50

	
89.88

	
Y08719.1_1997_ENGLAND

	
87.45

	
88.26

	
87.45

	
87.45

	
85.83




	
L08414.1_1997_USA

	
92.71

	
93.12

	
90.69

	
90.69

	
89.47

	
AY910765.1_2005_CZECHIA

	
87.04

	
85.83

	
87.04

	
87.04

	
85.43




	
AY910756.1_2005_CZECHIA

	
92.31

	
92.71

	
91.09

	
91.09

	
89.47

	
KF501149.1_2014_NORWAY

	
87.04

	
87.85

	
86.23

	
86.23

	
84.62




	
L08416.1_1997_USA

	
91.90

	
92.31

	
90.69

	
90.69

	
89.07

	
FJ555202.1_2008_BRASIL

	
87.04

	
86.23

	
86.23

	
86.23

	
84.62




	
L08415.1_1997_USA

	
91.90

	
92.31

	
90.69

	
90.69

	
89.07

	
AF188583.1_2000_FRANCE

	
87.04

	
87.04

	
87.04

	
87.04

	
85.43




	
MW881233.1_2021_TÜRKİYE

	
91.09

	
91.90

	
93.93

	
93.93

	
92.31

	
Y08717.1_1997_ENGLAND

	
86.64

	
86.23

	
86.64

	
86.64

	
85.02




	
U24716.1_1997_BELGIUM

	
91.09

	
91.50

	
90.69

	
90.69

	
89.07

	
U92100.1_1997_DENMARK

	
86.23

	
86.23

	
86.23

	
86.23

	
84.62




	
LC499991.1_2019_JAPAN

	
91.09

	
92.31

	
89.88

	
89.88

	
88.26

	
AF188588.1_2000_FRANCE

	
85.83

	
85.43

	
85.83

	
85.83

	
84.21




	
L08411.1_1997_USA

	
90.69

	
91.09

	
89.47

	
89.47

	
87.85

	
KY660261.1_2017_CROATIA

	
85.43

	
85.43

	
83.81

	
83.81

	
82.19




	
MH133326.1_2018_TÜRKIYE

	
90.28

	
89.47

	
98.79

	
98.79

	
97.17

	
KY753469.1_2017_ITALY

	
85.43

	
83.81

	
84.62

	
84.62

	
83.00




	
MH133327.1_2018_TÜRKİYE

	
90.28

	
89.47

	
98.79

	
98.79

	
97.17

	
AF188604.1_2000_FRANCE

	
85.43

	
85.02

	
86.23

	
86.23

	
84.62




	
OQ736254_USOS1_2022_TÜRKİYE

	
89.88

	
89.07

	
0.00

	
100.00

	
98.38

	
AF188603.1_2000_FRANCE

	
84.62

	
84.21

	
85.43

	
85.43

	
83.81




	
OQ743526_USOS3_2022_TÜRKİYE

	
89.88

	
89.07

	
100.00

	
0.00

	
98.38

	
KY753463.1_2017_ITALY

	
84.62

	
85.02

	
83.81

	
83.81

	
82.19




	
MW881234.1_2021_TÜRKiYE

	
89.88

	
90.69

	
95.14

	
95.14

	
93.52

	
KF501172.1_2014_NORWAY

	
84.21

	
85.02

	
82.59

	
82.59

	
80.97




	
KY680331.1_2018_CROATIA

	
89.88

	
88.66

	
88.66

	
88.66

	
87.04

	
KY753456.1_2017_ITALY

	
84.21

	
83.81

	
85.02

	
85.02

	
83.40




	
LC499984.1_2019_JAPAN

	
89.88

	
90.28

	
89.47

	
89.47

	
87.85

	
KY753464.1_2017_ITALY

	
84.21

	
83.81

	
83.00

	
83.00

	
81.38




	
KY680337.1_2018_CROATIA

	
89.47

	
88.26

	
88.26

	
88.26

	
86.64

	
KY680318.1_2018_CROATIA

	
84.21

	
84.62

	
84.21

	
84.21

	
82.59




	
KY680336.1_2018_CROATIA

	
89.47

	
88.26

	
88.26

	
88.26

	
86.64

	
KF501153.1_2014_NORWAY

	
83.81

	
85.43

	
82.19

	
82.19

	
80.57




	
KY680333.1_2018_CROATIA

	
89.47

	
88.26

	
88.26

	
88.26

	
86.64

	
AF188597.1_2000_FRANCE

	
83.81

	
83.40

	
83.81

	
83.81

	
82.19




	
KY753451.1_2017_ITALY

	
89.47

	
88.26

	
88.26

	
88.26

	
86.64

	
MK599397.1_2019_BRASIL

	
83.81

	
84.21

	
82.59

	
82.59

	
80.97




	
MN129181.1_2019_IRAQ

	
89.07

	
87.85

	
87.85

	
87.85

	
86.23

	
KY680327.1_2018_CROATIA

	
83.40

	
83.81

	
84.21

	
84.21

	
82.59




	
AF092942.1_1998_GERMANY

	
89.07

	
89.07

	
87.45

	
87.45

	
85.83

	
KY680328.1_2018_CROATIA

	
83.00

	
83.40

	
83.81

	
83.81

	
82.19




	
KY753452.1_2017_ITALY

	
89.07

	
87.85

	
88.66

	
88.66

	
87.04

	
Y11205.1_1997_ENGLAND

	
82.59

	
81.38

	
81.38

	
81.38

	
79.76




	
LC499985.1_2019_JAPAN

	
89.07

	
88.66

	
87.85

	
87.85

	
86.23

	
U57823.1_1997_BELGIUM

	
82.59

	
81.38

	
81.38

	
81.38

	
79.76




	
OQ789520_USAKC_2022_TÜRKİYE

	
88.26

	
87.45

	
98.38

	
98.38

	
0.00

	
AF295544.1_2001_USA

	
82.59

	
81.38

	
81.38

	
81.38

	
79.76




	
AF248593.1_2000_DENMARK

	
88.26

	
88.26

	
87.45

	
87.45

	
85.83

	
MK599389.1_2019_BRASIL

	
82.19

	
83.40

	
80.57

	
80.57

	
78.95




	
AF188584.1_2000_FRANCE

	
88.26

	
88.26

	
87.45

	
87.45

	
85.83

	
AF188585.1_2000_FRANCE

	
81.38

	
81.78

	
82.19

	
82.19

	
80.57




	
AF188582.1_2000_FRANCE

	
88.26

	
88.26

	
86.64

	
86.64

	
85.02

	
AF188586.1_2000_FRANCE

	
81.38

	
81.78

	
82.19

	
82.19

	
80.57




	
LC499994.1_2019_JAPAN

	
88.26

	
88.66

	
88.66

	
88.66

	
87.04

	
AF188587.1_2000_FRANCE

	
81.38

	
81.78

	
82.19

	
82.19

	
80.57




	
U24714.1_1997_BELGIUM

	
87.85

	
87.85

	
87.04

	
87.04

	
85.43
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