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Abstract: This study reports the high prevalence and molecular characterization of BoHV-1 infection in imported cattle with 

respiratory system disease after international transport. A high mortality rate of 14.16% (51/360) was reported in a group of animals 

imported from Hungary to Turkey in 2019. A total of 17 samples were evaluated (3 lung tissue and 14 nasal swab samples) from 15 

cattle aged 6 to 9 months not vaccinated against BoHV-1. Virus isolation, polymerase chain reaction (PCR) and restriction 

endonuclease analysis (REA) procedures were performed within the scope of this study. By virus isolation in MDBK cells, 

cytopathologic effects was detected in 8 samples (3 lung tissue and 5 nasal swabs samples). The same eight samples were also found 

positive by BoHV-1 PCR targeting gC (UL44) gene region. According to the sequencing result, the sample (ID: 10054) dropped into 

a cluster of BoHV-1.1. The REA was applied to the samples to confirm the results of phylogenetic analysis. All of the isolates were 

identified in the subgroup BoHV-1.1 by REA. These results showed a high mortality risk for imported animals and the possibility for 

BoHV-1 entering the receiving country via imported animals after transport. This event is a serious problem both for the control of 

BoHV-1 as well as for animal health and welfare.  
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Bovine herpesvirus tip 1’in (BoHV-1) neden olduğu yüksek ölüm oranlı nakil hastalığı vakaları 

Özet: Bu çalışmada, uluslararası nakil sonrası solunum sistemi hastalığı tespit edilen ithal sığırlarda BoHV-1 enfeksiyonunun 

yüksek prevalansını ve etkenin moleküler karakterizasyonunun bildirilmesi amaçlanmıştır. 2019 yılında Macaristan'dan Türkiye'ye 

ithal edilen bir grup sığırda yüksek ölüm oranı (%14,16; 51/360) tespit edildi. 6-9 ay yaş aralığında ve BoHV-1’e karşı aşılanmamış 

15 hayvandan sağlanan toplam 17 örnek (3 akciğer dokusu ve 14 burun svabı) değerlendirildi. Çalışma kapsamında virus izolasyonu, 

PCR ve restriksiyon endonükleaz analizi (REA) işlemleri uygulandı. MDBK hücrelerindeki virus izolasyonu çalışması sonucunda 8 

örnekte (3 akciğer dokusu ve 5 burun svabı) sitopatolojik etki tespit edildi. BoHV-1’in gC (UL44) gen bölgesini hedefleyen PCR 

metodu aracılığıyla aynı 8 örnekte pozitif sonuç alındı. Nükleik asit dizi analizi için seçilen 1 izolatın (ID: 10054) filogeni analizinde 

BoHV-1.1 alt tipinde yer aldığı tespit edildi. Filogenetik analiz sonuçlarını doğrulamak için numunelere REA uygulandı ve tüm 

izolatların BoHV-1.1 alttipi içerisinde yer aldığı teyit edildi. Bu sonuçlar, nakliye sonrasında ithal hayvanlarda BoHV-1 kaynaklı 

yüksek mortalite oranının görülebileceğini ve uluslararası hayvan ticaretinde uygulanan tüm test protokollerine rağmen BoHV-1'in 

ithal hayvanlar aracılığıyla yeni bölgelere rahatlıkla taşınabileceğini göstermektedir. Bu durum hem BoHV-1'in kontrolü hem de 

hayvan sağlığı ve refahı için ciddi bir sorun teşkil etmektedir. 

Anahtar sözcükler: BoHV-1, hayvan nakli, PCR, sekanslama, nakil hastalığı. 

 
 

 

Introduction 

Bovine herpesvirus-1 (BoHV-1), which causes 

infectious bovine rhinotracheitis (IBR) infection, leads to 

significant economic losses in the cattle industry. BoHV-

1 (renaming to bovine alphaherpesvirus-1) is a member of 

the genus Varicellovirus in the Alphaherpesvirinae 

subfamily, which belongs to the Herpesviridae family 

(13). The viral genome with a length of around 135 kb 

contains about 70 proteins. Based on viral peptide models 

and genomic analysis, BoHV-1 comprises three subgroups 

namely BoHV-1.1, BoHV-1.2a, and BoHV-1.2b. While 

BoHV-1.1 is associated with respiratory and genital 

system infections, BoHV-1.2 has been mostly associated 

with genital system infections (19). BoHV-1.1 and BoHV-
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1.2 subtypes contain differences in glycoprotein C (gC) 

epitopes (25).  

The virus can lead to fever (40.5–42ºC), anorexia, 

increase in respiratory rate, dyspnea, persistent severe 

cough, depression, and severe reduction in milk 

production in dairy cattle. IBR, the respiratory form of the 

infection can form subclinical, mild, or severe disease and 

have a very high morbidity rate (20). BoHV-1 settles in 

the sensory neurons of the trigeminal ganglion and 

germinal centers of the pharyngeal tonsils following acute 

infection and causes lifelong latency. Latent infection is 

reactivated under stressful conditions such as bad care, 

crowded pens, weaning, and transport (15, 27). 

Subsequently, the virus spreads and leads to transmission 

between housemates. Also, BoHV-1 accelerates apoptosis 

in CD4+ T cells and causes the immune system to be 

suppressed (15). Immune suppression by BoHV-1 can 

lead to the formation of pneumonia caused by secondary 

bacterial agents i.e. Mannheimia haemolytica, Pasteurella 

multocida, and Histophilus somni. IBR is not a lethal 

disease in general, but it can cause significant economic 

losses due to abortion, loss of weight and milk yield, die 

of newborn calves, infertility, insufficient feed 

conversion, secondary viral/bacterial pneumonia, and 

treatment costs. While the morbidity rate is approximately 

30% due to IBR in dairy herds, losses ranging from $ 25 

to $ 55 per cow can occur (29). Bovine respiratory disease 

(BRD) complex, also known as shipping fever, has been 

reported to cause at least 1 billion $/year of economic loss 

for the US cattle industry (15). Not only latent infection 

and immunosuppression of BoHV-1 but also economic 

losses create an important problem for herd health. The 

presence of latent BoHV-1 infection causes the continuous 

circulation of the infection in the herd. For this reason, it 

is important that the quarantine applications before animal 

entry, screening of regularly herd for the presence of 

BoHV-1, and removing infected cattle from the herd. In 

the risk assessment study for biosecurity, it was reported 

that the high probability of transmission of BoHV-1, 

especially through animal transport by local movement or 

by introduction from another country (3). 

Turkey had a cattle population of approximately 18 

million and about 700,000 live cattle were imported only 

in 2019 (31). Although health control practices are applied 

in the origin countries, quarantine and screening test 

applications are important for diseases that may develop 

during and after transportation. However, if the animal is 

not acutely infected and the latent infection is not 

reactivated, negative results would be obtained in 

virological tests (33). The rules and test protocols to be 

applied during animal import to Turkey are determined by 

the Ministry of Agriculture and Forestry. For BoHV-1 

controls in import cattle from European Union member 

states to the Republic of Turkey, different veterinary 

health control procedures such as allowing the import of 

either unvaccinated and sero-negative animals or animals 

vaccinated with EU approved killed marker vaccines and 

to be detected negative by IBR-gE ELISA, are 

implemented (23). However, there can be mistakes existed 

in the selected method or during the practices. This 

situation causes great problems for both the individual 

herds and national interest, especially in BoHV-1 

infections that generally flow latently. Therefore, re-

testing or bringing the existing applications to a better 

level, imported animals for suspected diseases after 

transportation can contribute to both the importance of 

controlling BoHV-1 infections for international trade and 

the identification of the infection source. The aim of this 

study was to point out the risk of BoHV-1 infection for 

imported cattle showing signs of the respiratory system 

and high mortality rate after transport. 

 

Materials and Methods 

Case record of the herd: In the study, cattle imported 

to Southeastern Turkey (Adıyaman province) from 

Hungary were examined for the presence of BoHV-1. 

Imported cattle were 6 to 9 months old and no vaccine was 

applied before transport. All the imported animals were 

reported to be in a healthy appearance during the transport 

and kept under quarantine conditions in the same facility 

as a single import party. A total of 51 (14.16%) from 360 

imported animals were recorded to be died after 

transportation due to respiratory problems. Random 

sampling was performed in affected animals and sent to 

our laboratory for virological analysis. In addition, the 

isolation of Pasteurella multocida and Mannheimia 

haemolytica were recorded in these animals. 

Field samples: A total of 17 samples (3 lung tissue 

and 14 nasal swab samples) obtained from 15 cattle (3 

dead and 12 live cattle) were tested. The collected nasal 

swab samples were placed into tubes containing 2 mL 

sterile phosphate-buffered saline (PBS) and brought to the 

laboratory under a cold chain. Tissue samples were 

collected from the lungs of dead animals and they were 

delivered to the laboratory under the cold chain 

conditions. Approximately 1 gram of lung tissue material 

was homogenized in 9 mL sterile PBS. Both the swab 

samples and tissue homogenates were vortexed and 

centrifuged at + 4ºC, 3000 rpm for 20 minutes. The 

supernatants were collected into a stock tube by passing 

through a 220 nm filter and stocked at -80 °C until testing. 

Cell culture and virus isolation: Madin Darby 

Bovine Kidney (MDBK) cell line (100,000 cells/mL) was 

used for virus isolation from samples and the production 

of test viruses. In the preparation of MDBK cell cultures, 

Dulbecco's Modified Eagle's Medium (DMEM) (Sigma, 
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D7777, USA) supplemented with 10% fetal calf serum 

(FCS) (Capricorn, FBS-11A, South America), 100 UI/mL 

Penicillin/Streptomycin (BI, 03-031-1B, Israel) and 250 

µL/mL Amphotericin B solution (BI, 03-028-1B, Israel) 

were used. The cell line and FCS were free of bovine viral 

diarrhea virus and mycoplasma.  

For virus isolation, 24-well plates coated with 

MDBK cells were used. All of the 17 samples were 

subjected to virus isolation. Two hundred microliters of 

inoculum were added onto MDBK and plates were 

incubated for 1 h at 37°C for virus adsorption. After 

incubation, 1 ml of DMEM was added to the plate wells 

and the cells were examined under a microscope for 7 days 

for the presence of cytopathogenic effects (CPE). On the 

7th day, the cells were harvested by freezing at –80 °C and 

thawing at 37°C. All these steps were repeated with three 

blind passages. 

Viral DNA extraction and PCR amplification: Viral 

DNA extracted from all the samples (supernatants of a 

nasal swab, lung homogenates, and cell culture 

supernatants) using the commercial nucleic acid isolation 

kit (Macherey-Nagel Nucleospin Virus, Germany). The 

collected DNA was subjected to PCR targeting the partial 

gC gene of BoHV-1. The primers PF: 5’-

CGGCCACGACGCTGACGA-3’ and PR: 5’-

CGCCGCCGAGTACTACCCT-3’ (11) were used in the 

reaction. The PCR master mix was performed in a volume 

of 50 μL: 22 µL DNase/RNase-free water, 25 µL Maxima 

hot start Green Taq PCR master mix (2×, Thermo 

scientific, K1061), 1 µL PF primer (50 pmol), 1 µL PR 

primer (50 pmol) and 1 µL DNA. The thermal protocol 

profile was 95oC for 4 min; 35 cycles of 95oC for 30 s, 

58oC for 30 s and 72oC for 35 s, and a final extension at 

72oC for 10 min. The 575-bp PCR product was detected 

by electrophoresis. 

The samples obtained from the imported animals 

were also screened against common viruses of the 

respiratory system (BCoV, BVDV, BRSV, and BPIV-3) 

by RT PCR as described by Chou et al. for BCoV (9) and 

Toker et al. for BVDV, BRSV, and BPIV-3 viruses 

respectively (28).  

Sequencing and phylogenetic analysis: One of the 

samples that were strongly positive in electrophoresis was 

selected. Sequence analysis was performed using Sanger 

dideoxy sequencing by a commercial company 

(Macrogen, South Korea). The gC gene sequences were 

aligned using the BioEdit program. Phylogenetic analysis 

was carried out by the Maximum likelihood method with 

1000 bootstrap replication using MEGA-X. The reference 

sequences of the phylogenetic tree were obtained from 

GenBank. 

Restriction endonuclease analysis (REA): For 

typing of the viral strains, a restriction endonuclease 

analysis was applied as described (17). Firstly, a multiplex 

PCR was applied to the nucleic acids of all the field 

isolates via the RS1 primer pair, 493-bp (UL39, F: 5′-

TCGTCGAAGAGCGTCCACACA-3′, and R: 5′-

ACCGCGCTGTACCGGCAGCT-3′) and RS2 primer 

pair, 700-bp (US3, F: 5′-TACAAATCGGCGGCGCC 

AAA-3′ and R: 5′-TTGTTGACGGCCAAGTATAA-3′). 

The RS1 and RS2 primers were replicated in UL39 open 

reading frame and US3 upstream intergenic region of 

BoHV-1, respectively, and have one HindIII restriction 

site (sequence AAGCTT). Briefly, the PCR reaction 

contained 1 µL DNA, 1 µL of both RS1 and RS2 sense 

and antisense primers (50 pmol), 25 µL Maxima hot start 

Green Taq PCR master mix (2×, Thermo scientific, 

K1061), DMSO (6%), and nuclease-free water up to 50 

μL. The thermal protocol profile was 95oC for 5 min; 40 

cycles of 95oC for 30 s, 54oC for 1 min and 72oC for 1 min, 

and a final extension at 72oC for 5 min. Subsequently, the 

PCR products obtained were incubated with a fast digest 

HindIII enzyme (Thermo scientific, FD0504) at 37oC for 

15 minutes. The REA products were visualized on the 1% 

agarose gel with Safe View Classic. 

 

Results 

Virus isolation and PCR: During the virus isolation, 

a total of 8 samples (3 lung tissue and 5 nasal swabs) 

produced CPE on MDBK cell monolayers on the different 

day of the incubation (Fig 1). By the applied PCR method 

according to partial gC gene region, the same 8 samples 

were found positive to produce a 575 bp product. In 

addition, since both lung tissue and nasal swab samples of 

two cattle were positive, BoHV-1 was found in 6 out of 15 

cattle. 

Besides, other common viruses of the respiratory 

system (BCoV, BVDV, BRSV, and BPIV-3) were also 

investigated in these cattle and found negative. 

BoHV-1 sequencing and phylogenetic analysis: 

After sequencing of the isolate BoHV-1/10054, which was 

strongly positive in PCR, phylogenetic analysis was 

performed with previously reported gC gene sequences of 

the BoHV-1 genome. The isolate 10054 was in the cluster 

with BoHV-1.1 (Fig 2). The obtained sequence has been 

deposited to GenBank (Accession number: MW316648). 

Restriction endonuclease analysis: For further 

confirmation of the phylogenetic classification of the 

isolate BoHV-1 10054, the REA was performed. The REA 

results were evaluated as for the criteria: (i) BoHV-1.1 

subtype shows no cleavage both in RS1 and RS2 

fragments; (ii) BoHV-1.2a subtype is not cleaved in the 

RS1 fragment, while the RS2 fragment is divided into 2 

sub-fragments; (iii) BoHV-1.2b subtype was also cleaved 

into 2 sub-fragments, both in RS1 and RS2 fragments. 

According to this assay, all of the tested eight isolates 

dropped in the group of BoHV-1.1 (Fig 3). 
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Figure 1. Microscope images were obtained in virus isolation (x20 magnification).  

A: Cytopathologenic effect of nasal swab sample 10054 (1st passage level) at 96 h p.i. B: Uninfected MDBK cell culture. 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Phylogenetic typing of BoHV sequences based on partial gC (UL44) gene coding sequences. Field strain is marked with a 

square. 
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Figure 3. Restriction endonuclease analysis of BoHV-1 isolates. 

Line (1): DNA ladder (100bp, GeneAll, GA-010, Korea); (2): BoHV-1 Cooper (BoHV-1.1); (3): BoHV-1.2b isolate (unpublished); (4): Negative control 

(ddw); (5-12): Samples 10047, 10048, 10049, 10051, 10054, 10059, 10060, 10061.  

 

 

 

Discussion and Conclusion 

After primary infection, BoHV-1 enters the sensory 

ganglia, becomes latent, and causes the animals to remain 

seropositive throughout their lifetime. Since the chance of 

detecting acute BoHV-1 infection is low, serological 

methods are used more often in the diagnosis of BoHV-1 

(21). The agent BoHV-1 was detected for the first time in 

dairy cows in California, USA in 1953 (35), while it was 

isolated from cattle in Turkey in 1987 (6). The presence of 

BoHV-1 infection in Turkish cattle has been demonstrated 

by various studies (4, 22, 30, 36). Although BoHV-1 

infection is common worldwide, there are differences in 

prevalence and incidence found in different territories. 

Despite the infection has been eradicated from some 

European countries including Austria, Denmark, Finland, 

Sweden, Switzerland, and Norway (1), it still exists in 

other countries including Belgium, Scotland, Ireland, 

Lithuania, and Hungary (5, 10, 14, 18, 26). 

In the present study, eight BoHV-1 isolates were 

obtained from severe respiratory cases of imported cattle 

after transport from Hungary to Turkey. We found that 

these 8 isolates were included in the BoHV-1.1 subtype 

using sequencing, phylogenetic analysis (Fig 2), and REA 

assay (Fig 3). These data indicate the compatibility 

between phylogenetic analysis and REA assay results as 

previously offered (17). In light of this result, BoHV-1 

subtyping can be carried out more quickly and easily 

without the need for nucleic acid sequencing. 

In addition to the virological results, Pasteurella 

multocida and Mannheimia haemolytica have been 

identified in the suspected cases (data not shown). 

Although mixed infections are frequently detected in the 

etiology of BRD; the primary cause of BRD is usually 

viral agents (2, 24). Since BHV-1 suppresses the immune 

system of the host by various mechanisms (7, 12, 32), it 

can cause mixed infection and severe pneumonia 

especially with secondary bacterial infections (35). This 

situation leads to death in affected animals and serious 

economic problems for the enterprise.  

The cattle that were tested in the study, were 

imported from Hungary to Turkey. This means 

approximately 2500 kilometers of road distance for 

imported cattle. Many previous studies have reported an 

increase in the level of corticosteroids in animals even 

after 4-6 hours of transport (16, 34). Significantly, another 

research has been reported that transportation stress 

increases serum concentrations of oxidative stress 

biomarkers that are related to episodes of BRD and 

mortality in calves (8). It has also been reported in 

previous studies that BoHV-1 is reactivated after transport 

(27) and has a high probability of transmission through 

animal transport (local movement or entry from other 

European countries) (3). In the present study, the detection 

of BoHV-1 in transported animals supports the formation 

of respiratory tract diseases (shipping fever) in animals 

after transport. The detected mortality rate of 14.16% 
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(51/360) represents a very important economic impact of 

BoHV-1 induced shipping fever to beef cattle 

establishments. 

In this study, BoHV-1 infection was detected in 

imported 6 to 9 months old animals possibly due to 

reactivation of the latency. Having clinical disease soon 

after arrival when the animals were in quarantine period 

also supports this hypothesis. The data of this study 

indicate that imported animals can still act as a source of 

BoHV-1 infection for cattle populations in the target 

country. This is particularly crucial for disease free 

regions and countries. When Turkey's high quantities of 

live animal import are considered, especially the entry of 

persistent or latent diseases can pose a serious problem for 

the country's economy. Official rules for animal 

importation described by the local authority should be 

strictly applied in the field. Any case, both the countries 

having IBR control program and individual enterprises in 

the countries with no official control program should be 

aware of BoHV-1 transmission risk by animal transport 

despite official protocols applied. Importantly, it is 

indisputable that those of infected animals will be the 

BoHV-1 reservoir throughout their lives. 
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