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ÖZET: 

Bal arılarını infekteleyen virüsler dünyanın her yerinde bal arılarının her gelişim evresinde 

infeksiyona neden olan ve ekonomik zarara yol açan hastalıklardır. Bu araştırmada dünya 

çapında yaygın olan iki bal arısı virüsünün (deforme kanat virüsü [DWV] ve kronik arı paraliz 

virüsü [CBPV]) varlığı ve yaygınlığını belirlemek için bir survey çalışması gerçekleştirilmiştir. 

Viral RNA’yı belirlemek amacıyla Bingöl ili sınırlarındaki 9 farklı lokaliteden toplam 128 

arılık ziyaret edilmiştir. Toplanan 384 bal arısı örneği her virüse özgü genom spesifik primerler 

kullanılarak moleküler olarak (revers-transkriptaz polimeraz zincir reaksiyonu, RT-PCR) 

testlenmiştir. 128 arılığın 28’i (%21.87) DWV için pozitif reaksiyon vermiştir fakat hiçbir 

arılıkta CBPV patojeni tespit edilmemiştir. Pozitif örneklerden rastgele seçilen birinin 

klonlanarak ortaya çıkarılan 702 bazlık nükleotit dizisi gen bankasına MZ357973 ulaşım 

numarasıyla kaydedilmiştir. NCBI veri tabanındaki BLASTn analizine göre, Bingöl ilinde 

belirlenen DWV etmeninin nükleotit dizisi aynı virüsün diğer izolatlarıyla kıyaslandığında 

%77.82-98.45 arasında değişen nükleotit benzerliği göstermiştir. Ayrıca, farklı orijinlerden 

izolatların kullanıldığı filogenetik ağaca dayanarak bizim izolatımız Türkiye’den Erzincan-

DWV izolatıyla yakın filogenetik ilişki içerisinde olduğu tespit edilmiştir. Literatür 

taramalarına göre, bu çalışma Bingöl ilinde DWV ve CBPV yaygınlığını ve varlığını DNA 

temelli yöntemlerle ortaya koyan ilk kayıt niteliğindedir 
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ABSTRACT: 

Viruses infecting honey bees are diseases that cause infection and economic damage in every 

developmental stage of honey bees all over the world. In this study, a survey was conducted to 

determine the presence and prevalence of two worldwide common honeybee viruses (deformed 

wing virus [DWV] and chronic bee paralysis virus [CBPV]). 128 apiaries from 9 different 

localities in the province of Bingöl were visited to determine viral RNA. Collected 384 honey 

bee samples were tested molecularly (reverse-transcriptase polymerase chain reaction, RT-

PCR) using genome-specific primers specific to each virus. In molecular tests, 28 of 128 

apiaries (21.87%) gave a positive reaction for DWV, but no CBPV pathogen was detected in 

any apiary. The 711 bp nucleotide sequence revealed by cloning one of the randomly selected 

positive samples was registered in the gene bank with the accession number MZ357973. 

According to the BLASTn analysis in the NCBI database, the nucleotide sequence of the DWV 

agent determined in Bingöl Province showed nucleotide similarity between 77.82-98.45% 

when compared to other isolates of the same virus. In addition, our isolate was found to be in a 

close phylogenetic relationship with the Erzincan-DWV isolate from Turkey, based on the 

phylogenetic tree using isolates from different origins.  According to our literature screening, 

this study is the first record that reveals the prevalence and the presence of DWV and CBPV in 

Bingöl Province with DNA-based approaches. 
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INTRODUCTION 

Honey bee (Apis mellifera L.) colonies are invaded by pathogens and parasites such as bacteria 

(Melissococcus plutonius, Paenibacillus larvae), fungi (Aspergillus spp., Ascosphaera apis), protozoa 

(Nosema spp.), and parasitic insects (Acarapis woodi, Varroa destructor, Tropilaelaps spp.). Besides 

these, honeybee viruses also create stress for the colonies by affecting their morphology, physiology, 

and behavior, and causing colony weakening and collapse (Genersch and Aubert, 2010). 

Most known viruses can be found in single or multiple forms, leading to latent and persistent 

infections in honey bees at the colony or individual level (Bailey et al., 1981; Gauthier et al., 2007). 

The DWV, responsible for most colony losses, is a 30 nm icosahedral particle comprising a single, 

positive-stranded RNA genome typical for iflaviruses, a genus of the Iflaviridae family in the order 

Picornavirales (Adams et al., 2014). The virus, which is widespread worldwide, is well-known among 

all honeybee viruses (Ai et al., 2012). Today, DWV is encountered in adults, pupae, and larvae of A. 

mellifera and A. cerena, as well as in Varroa mites (Posada-Florez et al., 2019), Tropilaelaps 

mercedesae (Forsgren et al., 2009), Bombus terrestris (Reynaldi et al., 2013). DWV can be transmitted 

by queens and drones vertically (de Miranda and Fries, 2008) or horizontally from larval food (Möckel 

et al., 2011). Although the virus causes benign and asymptomatic infections, typical symptoms such as 

wing anomalies, short and swollen abdomen, and color changes occur if the virus is transmitted to the 

pupae via varroa. High mite infestations and viral load shorten the lifespan of honey bees, eventually 

resulting in death (Bailey and Ball, 1991; Yang and Cox-Foster, 2007; de Miranda and Genersch, 

2010).  

Chronic bee paralysis is a viral disease caused by Chronic bee paralysis virus that causes severe 

symptomatology, including loss of colonies. The virus, which has a global distribution, causes large 

worker bee losses, mostly in strong colonies. The disease is characterized by two different types: The 

disease is characterized by two different types: paralysis, which includes tremor, ataxia, and 

flightlessness, and hairlessness syndrome, which includes black hairless individuals with a short 

abdomen. Both syndromes can affect a colony simultaneously (Budge et al., 2020). Infected 

symptomatic honey bees clump in front of the hive, eventually dying in about a week. This leads to 

colony collapse or a decrease in honey production because of a weakened colony. The agent has a 

worldwide distribution, including in Asia, Europe, and North America, with an increasing incidence of 

CBPV (Traynor et al., 2016; Porrini et al., 2016; Li et al., 2017). 

To date, different studies on honeybee viruses have been carried out in different regions of 

Turkey and five different viruses with RNA genomes (DWV, SBV, BQCV, ABPV, CBPV) have been 

reported (Rüstemoğlu and Sipahioğlu, 2016; Karapınar et al., 2018; Rüstemoğlu and Sipahioğlu, 2019; 

Rüstemoğlu, 2020). This study intends to figure the presence and prevalence of two viral agents 

important for beekeeping in worker honey bee samples collected from apiaries of Bingöl Province 

(Turkey) in 2020, using the Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) method. 

MATERIALS AND METHODS 

Sampling 

From April to September in 2020, 128 apiaries were visited from 8 regions within the borders of 

Bingöl Province (Table 1). According to the randomized plots trial design, symptomatic and 

asymptomatic live worker honey bees were sampled. Three samples taken from apiaries were placed in 

plastic bottles and brought to the laboratory in a cold chain and stored at -80°C until total RNA 

extraction. 
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Table 1. Chart showing the number of apiaries and samples collected in the surveyed regions 

District No. of inspected apiaries No. of collected Samples 

Centre 44 132 

Adaklı 12 36 

Kiğı 11 33 

Karlıova 10 30 

Solhan 19 57 

Yedisu 11 33 

Genç 17 51 

Yayladere 4 12 

Total 128 384 

Presence of Viral Infections 

Total RNA Extraction (TRE), complementary DNA (cDNA) synthesis, and Reverse 

Transcriptase Polymerase Chain Reaction (RT-PCR) methods were employed to verify DWV and 

CBPV. TRE was done according to the silica-based method reported by Foissac et al., (2001). For 

cDNA synthesis, the commercially available kit was handled according to the manufacturer’s 

instructions. In PCR tests, primer sets specific to the coat protein gene (CP) were used, as reported by 

Chen et al., (2004) for DWV and Ribiere et al., (2002) for CBPV (Table 2).  

Each 25 μl PCR mix had 2 µl of cDNA, 17.3 µl of RNAase free water, 1.5 µl of MgCl2 (25 

mM), 0.5 µl of dNTPs (10 mM), 2.5 µl of 10× PCR buffer (Promega, Carlsbad, USA), 0.2 µl of Taq 

DNA Polymerase (10U/μl) (Thermo, USA), and 0.5 µl of forward and reverse primer (100µM each). 

The specific primers practiced in PCR tests and thermocycling parameters are shown in Table 2. 

Table 2. Chart showing expected amplicon, temperature cycles, and specific primers used in PCR assays 

Virus Primer sets Product Cycling 

DWV 

 

F-5’-ATCAGCGCTTAGTGGAGGAA-3’  

R-5’-TCGACAATTTTCGGACATAC-3’  
711 bp 

94°C 2 min 

94°C 30s 

55°C 60s           40 cycling 

68°C 2 min 

72°C 5 min 

CBPV 

 

F- 5’-AGTTGTCATGGTTAACAGGATACGAG-3’ 

R- 5’-TCTAATCTTAGCACGAAAGCCGAG-3’ 455 bp 

For the reliability of PCR, DWV isolate previously got from honeybee (Apis mellifera L.) by 

Güller et al. (2021), was used as a positive control. Asymptomatic honeybee was served as the 

negative control. All PCR tests were completed on Eppendorf Mastercycler (Hamburg, Germany). 

Fifteen µl of PCR product and 1500 bp DNA marker were separated on a 1% agarose gel and viewed 

in a UV transilluminator (Syngene™ UV Transilluminator 2020LM). 

Molecular Cloning, Sequencing, and Phylogeny 

The amplified viral genome was purified using a GeneJET Gel Extraction Kit (Thermo, USA) 

and immediately cloned into the prokaryotic plasmid vector (pGEM-T Easy, Madison, USA) using 

DNA ligase enzyme (Promega, USA), followed by transformed into competent cell E. coli (Promega, 

USA). Potential recombinant plasmids (50 µl) purified from recombinant bacteria were sequenced by 

New Generation Sequencing (NGS) (Sentebiolab, Turkey), and CP-DNA sequence of the DWV- 

Bingöl isolate was submitted to GenBank (National Center for Biotechnology Information).  

Twenty-one isolates from various countries and hosts were used to determine the phylogenetic 

relationships of the 711 bp sequence detected in Bingöl Province. The molecular phylogeny was 

revealed using the Neighbor-joining algorithm by 1000 re-sampling analysis. The black queen cell 

virus (BQCV) (AF183905.1) was chosen as an outsource for better branching. 
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RESULTS AND DISCUSSION 

Viral Infection Incidence of Surveyed Regions 

Viruses affecting honeybees (A. mellifera and A. cerena) are dangerous infectious diseases that 

cause an economic loss for the beekeeping industry worldwide. PCR is a fast and dependable 

technique for analyzing honey bee viruses (Haddad et al., 2017). In the present study, the PCR assays 

were performed and DWV and CBPV were investigated from the collected samples. DWV, a common 

virus today, has infected at least 55% of colonies/apiaries on average in 32 countries (Martin and 

Brettell, 2019). In many surveys, different virus incidence of both viruses was reported over the world, 

such as Austria (Berenyi et al., 2006), Brazil (Weinstein-Teixeira et al., 2008), Denmark (Nielsen et 

al., 2008), France (Tentcheva et al., 2004), Spain (Antunez et al., 2012), Thailand (Sanpa and 

Chantawannakul, 2009), Jordan (Haddad et al., 2008), and Greece (Bacandritsos et al., 2010). In the 

present research, 384 worker honey bee samples were gathered from 128 apiaries from the province of 

Bingöl. Virus-specific tests showed that the overall infection rate for DWV was 21.87%, in 28 of 128 

apiaries (Table 3). Compared to studies conducted worldwide, the DWV outputs of this study 

(21.87%) were lower than in most countries, including Serbia (76.4%) (Simeunović et al., 2014), 

China (approx. 40-95%) (Chen et al., 2021), Chile (42%) (Rodríguez et al., 2014), Austria (91%) 

(Berenyi et al., 2006), Denmark (55%) (Nielsen et al., 2008), and France (97%) (Tentcheva et al., 

2004), but higher than Brazil (20.3%) (Weinstein-Teixeira et al., 2008) and Spain (18.6%) (Antunez et 

al., 2012). No CBPV infections were found in our tests. This is because the viral infection causes 

honey bee deaths outside the hive in a short time, but the surveys in the current study were sampling 

from alive individuals of the colony. In addition, viral agents are rarer or have a less frequency than 

other common viral pathogens in studies conducted in Turkey and around the world (Allen et al., 1996; 

Berènyi et al., 2006; Toplak et al., 2013). 

Table 3. Localities of DWV-infected samples detected in Bingöl Province of Turkey 

Districts No. of surveyed apiaries No. of DWV-positive samples Incidence (%) 

Centre 44 5 11.30 

Karlıova 19 2 10.50 

Solhan 17 5 29.40 

Genç 12 3 25 

Yedisu 10 4 40 

Adaklı 11 5 45.40 

Yayladere 4 2 50 

Kiğı 11 2 18.18 

Total 128 28 21.87 

In Turkey, viruses infecting honey bees have been well-studied and detailed using different 

primer sets from various districts. In most studies, DWV is the predominant virus, consistent with our 

study, and the infection frequency is relatively low compared to other studies. Likewise, CBPV was 

undetected or had a low prevalence. In the Black Sea region (Sinop, Samsun, Amasya, Giresun, 

Trabzon, Rize), Gumusova et al. (2010) reported the rate of CBPV and BQCV infection as 25% and 

21%, and no ABPV infection was found in the surveyed areas. Samples of 76 apiaries with colony loss 

complaints from Bursa, Kütahya, Manisa, İzmir, Aydın, Muğla, and Adana were tested against 

different honeybee viruses. DWV virus was reported as the most common virus, with a rate of 44.7%. 

Other viruses were detected in ABPV 35.5%, BQCV 28.9%, SBV 22.3%, CBPV 18.4% and IAPV 

6.5% (Kalaycı et al., 2020). In 260 adult honey bees from 26 beehives in Van province, Karapınar et 

al., (2018) detected DWV and BQCV with prevalence rates of 69.23% and 88.46%, but ABPV and 

CBPV could not be found in any apiaries. Rüstemoğlu (2019), Cagirgan et al., (2020), and Güller et 
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al., (2021) reported that the frequency of DWV infection is 38% for Şanlıurfa, Diyarbakır, Mardin, 

Siirt and Şırnak provinces, 88% for Burdur Province, and 50% for Erzincan province. Of adult bees 

from 111 apiaries sampled from Aegean of Turkey (İzmir, Aydın, Muğla, Manisa, Kütahya, Uşak, 

Denizli), 22 (19.8%) and 2 (1.8%) were positive for DWV and CBPV (Cagirgan and Yazici, 2021). 

Primer sets amplifying different DNA fragments are widely used for the correct identification of 

honeybee viruses. DNA fragments of 488 bp, 269 bp, 395 bp, and 618 bp were got using different 

primers designed for various gene regions by Gülmez et al. (2009), Rüstemoğlu and Sipahioğlu 

(2019), Usta and Yıldırım (2021), and Cagirgan and Yazici (2021), respectively. In our study, the 

primer sets specific to the CP gene amplified 711 bp DNA fragments for DWV (Fig. 1), which agrees 

with other researchers using the same primer sets (Chen et al., 2004; Desai et al., 2012). 

 
Figure 1. Agarose gel image exhibiting DWV-positivity determined in RT-PCR tests applied to honey bee samples from 

Bingöl province; M: 100-1500 bp marker; 18, 25, 50, 80, 118; Positive samples; NK: negative control; PK: positive control 

Molecular Phylogeny of Bingöl-DWV Isolate 

A casually selected one of the DWV-positive isolates was successfully cloned and the CP gene 

partial nucleotide sequence was revealed. The sequence (711 bp) identified was denominated as Bingol 

13, registered in the GenBank database under the acc. No. MZ357973. To establish phylogenetic 

relationships and nucleotide similarity, 21 different DWV isolates from distinct regions of the world 

were selected from the NCBI database (Table 4). 

Table 4. Chart showing accession number, origin, host, gene, nucleotide similarity of different isolates of DWV 

in the NCBI database 

No Acces. no. Country Host Genome Nucleotide identity 

1 MW962982 Turkey A. melifera Polyprotein % 98.45 

2 AY224602 France A. melifera Polyprotein % 97.75 

3 KU847397 Australia European honeybee Structural protein % 97.33 

4 AY292384 USA A. melifera Polyprotein % 97.33 

5 MW962981 Turkey A. melifera Polyprotein % 97.33 

6 HM067438 England A. melifera Polyprotein % 97.33 

7 MN746311 Sweden A. melifera Polyprotein % 97.05 

8 LN851545 Syria A. melifera Polyprotein % 97.05 

9 KJ437447 England A. melifera Polyprotein % 96.91 

10 MT096518 Spain Insect metagenome Polyprotein % 96.91 

11 JQ413340 Chile Honey bee Polyprotein % 96.77 

12 MK262743 Spain A. melifera Complete genom % 96.62 

13 MG831200 USA Honey bee Polyprotein % 96.20 

14 KY909333 Italy Vespa crabro Polyprotein % 95.92 

15 MH165180 China A. melifera Polyprotein % 95.78 

16 JX878305 South Korea A. melifera Polyprotein % 95.64 

17 MF036686 Chile A. melifera Polyprotein % 95.36 

18 MF770715 China A. melifera Polyprotein % 95.36 

19 MN538209 Holland A. melifera Polyprotein % 77.50 

20 KX783225 Belgium A. melifera Polyprotein % 77.25 

21 MT747987 Italy A. melifera Polyprotein % 77.22 
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BLAST analyzes showed that the nucleotide identity of the CP gene sequence of DWV-Bingöl 

isolate varied from 98.45-77.22% with other isolates identified in other locations around the world. 

Our DWV isolate indicated nucleotide similarity with the lowest (77.22%) Italian isolate (MT747987) 

and the highest (98.45%) Turkish isolate (MW962982) (Table 4). Computer-based nucleotide 

sequence consensus revealed that 9 substitutions were detected in Bingol 13 isolate, throughout the CP 

gene, corresponding to nearly 1.2% (Table 5). 

Table 5. Chart showing the nucleotide substitutions of Bingol 13 DWV isolate (MZ357973) based on 

the consensus in the CP gene region 

Order  Consensus Substitution Order Consensus Substitution 

287 T C 502 T C 

288 C T 512 T A 

305 T C 605 A G 

311 A G 647 T C 

458 T C    

The created phylogenetic tree confirmed the results of BLAST analysis that DWV-Bingöl isolate 

is in the same cluster and genetically similar to the other Turkey isolate (Erzincan isolate, MW962982) 

(Fig. 2). The phylogenetic dendrogram was divided into three main clades. Isolates from Holland, 

Belgium, and Italy from the European continent were in group 2, and isolates from China (Asia) and 

Chile (South America) from different origins were in group 3. DWV isolates from different countries 

from the Asian, American and European continents (group I) showed closer phylogenetic 

interrelationship, which resulted in same clusters, because of high nucleotide similarity (95.64% -

98.45%). All these results show the groups formed in the phylogenetic tree are not dependent on the 

geographical origin. The reason for this is most likely because of the spread of honeybee pathogens via 

the international trade in queen bees, beekeeping tools and equipment, and honey bee products (pollen, 

honey, etc.) (Mutinelli, 2011; Di Pasquale et al., 2013). 

Using contaminated tools and equipment and the infected queen bee handles colony collapse and 

the spread of honeybee viruses amongst colonies and apiaries. Some specific insect vectors, especially 

Varroa destructor, also play a crucial role in the transmission of honeybee viral agents and decreased 

honeybee health (Chen, 2011; Di Pasquale et al., 2013). Two ant species (Camponotus vagus and 

Formica rufa) were described as critic reservoir hosts for CBPV in France by Celle et al., (2008). 

It has been recorded that DWV is infectious in 65 species of arthropods, including eight orders of 

insects and three orders of Arachnida, except bees. It triggers infection in wild bee species (Colletes 

inaequalis and Megachile rotundata) (Dolezal et al., 2016) and ant (Messor concolor) (Rüstemoğlu, 

2020). In the investigation conducted in Argentina, it was reported that the transmission of ABPV was 

caused by a parasitic infestation of Braula schmitzi for the first time (Avalos et al., 2019).  

Toplak et al., (2013) reported that Nosema ceranae, a protozoan pathogen of honeybees, and 

CBPV have a synergistic effect on the death of honeybees in vitro.Israel acute paralysis virus (IAPV) 

and Black queen cell virus positivity were determined in large wax moth (Galleria mellonella) larvae 

employing the RT-PCR method carried out in Apis cerana japonica colonies of Japan in 2012 

(Traiyasut et al., 2016). BQCV and IAPV were examined in darkling beetles (Alphitobius diaperinus) 

(Li et al., 2016), Moku virus in wasps (Vespa spp) (Highfield et al., 2020), and DWV in small hive 

beetle (Aethina tumida) (Eyer et al., 2009). The presence of Nosema and varroa in Bingöl Province 

was announced by Kutlu and Gül, (2020) and Kutlu and Ekmen, (2003). During the surveys of the 

current study, foreign visitors such as ants, Vespa, and small hive beetles were encountered around and 

inside the hive. In the light of current literature reviews, combating potential vector insect species is of 
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critical importance in terms of control and management of honeybee viruses and sustainable 

beekeeping activities. 

 

Figure 2. Radial phylogenetic tree of DWV-Bingöl isolate (MZ357973) (shown underlined) with other DWV isolates 

based on the nucleic acid sequence of the CP gene using the neighbor-joining method with 1000 bootstrap analysis 

CONCLUSION 

In this study, honey bee samples were analyzed using the PCR technique. Examined colonies of 

Bingöl Province (Turkey) were positive for DWV (21.87%) with varying incidences and negative for 

CBPV (0%). The absence of CBPV is an advantage for this region, but it is important to pay attention 

to routine hygiene and basic care practices to prevent the spread of honeybee diseases and later 

economic losses. 
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