
J. APIC. SCI.  Vol. 66 No. 1 2022J. APIC. SCI.  Vol. 66 No. 1 2022

85

OCCURRENCE AND MOLECULAR PHYLOGENY OF ECONOMICALLY 

RELEVANT VIRUSES INFECTING HONEY BEES (APIS MELLIFERA L.) 

OF BINGÖL PROVINCE, TURKEY
Abdullah Güller*
Zeynelabidin Kurt

A b s t r a c t
In this study, we conducted a six-month survey to evaluate the current status of three 
common honey bee viruses (black queen cell virus [BQCV], acute bee paralysis virus 
[ABPV], and sacbrood virus [SBV]) in Turkey’s Bingöl region and revealed their phylogenetic 
relationships with the same types of viruses in other parts of the world. We randomly 
sampled 384 worker honey bees from a total of 128 apiaries from different locations of 
this region. Molecular tests confirmed the presence of SBV and BQCV, with infection rates 
of 7.03% and 11.7%, respectively, but ABPV could not be detected in any of the surveyed 
apiaries. In addition, double infection was detected in an apiary with an infection rate of 
0.78%. The sequences of a partial polyprotein gene region of a randomly selected isolate 
from each detected virus were collected and registered in GenBank under the accession 
numbers MZ357971 and MZ357972 for SBV and MZ357974 for BQCV. The nucleotide 
sequence similarity of Turkish BQCV and SBV isolates was 75.71-96.58% and 85.96-
92.98%, respectively. A comparison of  the phylogenetic tree of Bingöl honey bee viral 
genomes  with other isolates from around the world revealed that  Bingöl SBV isolates 
were closely related to another Turkey isolate while  Bingöl BQCV isolate to France, Italy, 
Australia, and Brazil isolates. To our knowledge, the presence and phylogenetic affinity 
of SBV and BQCV viruses detected in the present study is the first recording for Turkey’s 
Bingöl province.
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INTRODUCTION

Honey bees are indispensable productive social 
insects for both human beings and ecological 
continuity due to the products they provide 
and pollination. However, the sustainability of 
beekeeping and the individual well-being and 
colony order of honey bees are threatened 
by such pests and parasites as fungi, bacteria, 
protozoal and over twenty-four distinct 
viruses (Grozinger & Flenniken, 2019). Acute 
bee paralysis virus (ABPV), black queen cell 
virus (BQCV), and sacbrood virus (SBV) of  the 
order Picornavirales are prevalent honey bee 
viruses and have a (+) ssRNA genome that 
infects honey bees (de Miranda et al., 2013). 
ABPV of the Aparavirus genus and BQCV 
of the Cripavirus genus are members of the 

Dicistroviridae family, whereas SBV is a member 
of the Iflavirus genus of the Iflaviridae family. 
The family Dicistroviridae has an RNA genome 
of approximately 8–10 kb, which encoded two 
polyproteins, open reading frame (ORF) 1 and 
ORF2. The uncoated virion is nearly 25-30 nm in 
diameter with icosahedral symmetry. The family 
Iflaviridae, comprising more than ten  species, 
characteristically possess a non-enveloped, non-
segmented 9-11 kb of (+) ssRNA structure and 
exhibit icosahedral symmetry with a diameter 
of 22–30 nm (Bonning, 2009). 
SBV, which infects both adults and larvae, was 
first discovered by Bailey in 1964 and has since 
spread worldwide. The larvae are strongly 
sensitive to the infectious agent, and the sen-
sitivity decreases as the age of the larvae 
increases (Choe et al., 2012). An infected larva 
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characteristically displays distinct morphological 
symptoms. The larva cannot pass to the pupa 
stage and dies in an upright position in the form 
of a brown sac adhering to the cell due to the 
accumulation of ecdysial fluid between the body 
and the skin. On the other hand, adult bees do 
not show visible symptoms, and their life span is 
reduced due to latent infection (Grabensteiner 
et al., 2001). BQCV is a pathogen which primarily 
infects queen bee larvae of A. mellifera and 
A. cerana and secondarily adult bees (Chen et 
al., 2021). The larval symptoms are similar to 
those of SBV; the pupae and prepupae lose 
their natural color, turn brown and eventually 
die. Specific symptoms noticed in adult bees are 
dysentry, swollen abdomens, intestinal oedema 
and enlarged rectum (Tentcheva et al., 2004). 
BQCV is positively correlated with presence 
of the protozoa Nosema apis, and additionally 
molecular analyses indicated that it is found 
in the faeces, intestines, and ovaries of honey 
bees, and in the ectoparasite Varroa destructor 
(Chen et al., 2006; Milićević et al., 2018).
Similar to other honey bee viruses, ABPV is 
transmitted by V. destructor and predispos-
es to colony collapse (Tentcheva et al., 2004; 
Kevan et al., 2006). ABPV, first diagnosed as 
an asymptomatic disease in adult honey bees in 
1963, causes such symptoms as paralyzed adult 
bees, flightlessness and discolored larvae. Adult 
honey bees infected with ABPV die within 2–3 
days. The virus is destructive in different castes 
of honey bees and at each developmental stage 
(egg, larva, pupa, and adult) (Bailey & Woods, 
1977). To date, honey bee virus particles have 
been identified through the use of electron 

microscopy imaging, serological methods (im-
munodiffusion assays, radioimmunoassay, 
and enzyme-linked immunosorbent assay) 
and sensitive DNA-based methods (hybridiza-
tion, quantitative real-time polymerase chain 
reaction [PCR]) (Anderson, 1984; Olivier et al., 
2008; Schurr et al., 2019). Over the past few 
years, beekeepers in Turkey have frequently 
reported colony depopulations, morphological 
changes in adult bees and symptoms due to 
central nervous system dysfunction or even 
sudden collapse of entire colonies (Ünal et al., 
2010; Kutlu & Gül, 2020). Therefore, a survey 
of ABPV, BQCV and SBV in Turkey is crucial 
for assessing their impact on beekeeping in 
this country. The aim of this study is to inves-
tigate the occurrence and prevalence of these 
three viruses in symptomatic and asymptomatic 
honey bee colonies through reverse transcrip-
tion (RT)-PCR in Bingöl province of Turkey and 
reveal their phylogenetic relationships.

MATERIAL AND METHODS

Honeybee sampling process
From March to April 2020, a total of 128 apiaries 
were visited in eight different areas of the 
Bingöl province: 44 apiaries in Center (1), 10 in 
Karlıova (2), 19 in Solhan (3), 17 in Genç (4), 11 
in Yedisu (5), 12 in Adaklı (6), 4 in Yayladere (7) 
and 11 in Kiğı (8) (Fig. 1). During the surveys, a 
total of 384 worker bees from three different 
hives of each apiary were randomly sampled 
from outside the beehives and stored at -20°C 
for subsequent use.

Fig. 1. Map showing surveyed areas and location of Bingöl province of Turkey.
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Viral detection
To determine whether honey bees are infected 
with a certain virus, total RNA isolation and 
cDNA synthesis were performed as reported 
by Foissac et al. (2001) and Rüstemoğlu & 
Sipahioğlu (2019), respectively. All molecular 
processes were performed with the same device, 
an Eppendorf Mastercycler Personal (Hamburg, 
Germany). The synthesized cDNAs were used 
as a template for the PCR assays. Standard PCR 
reaction components in a 50 μl volume consisted 
of 2 μl cDNA, 36.6 μl nuclease-free water, 5 μl 
10X PCR Buffer, 3 μl 25 mM MgCl2, 1 μl 10 mM 
dNTP, 1 μl 20 μM virus-specific primer sets (Tab. 
1) and 0.4 μl 5U/μl Taq DNA polymerase enzyme 
(Fermentas, Thermo Fisher Scientific, USA). 
The PCR thermocycling procedures were initial 
denaturation at 94°C for 2 min, followed by 
denaturation, 94°C/2 min, annealing: 55°C/1min 
(56°C/30s for SBV), extension: 68°C/2 min (30s 
for SBV) for 40 cycles and a final extension at 
72°C for 5 min. In PCR tests, isolates confirming 
viral presence in preliminary studies were used 
as a positive control. The cDNA extracted from 
healthy bees was used as a negative control. 
Upon completion of the amplification process, 
PCR products (15 μl) were run on a 1% agarose 
gel with 1.5 kb DNA marker (Fermentas, USA) 
and subsequently analyzed in a gel documenta-
tion device using UV light (Syngene™ UV Transil-
luminator 2020LM). 

Cloning, sequencing, and molecular 
phylogeny
The virus-positive bands were gel-purified 
(Thermofisher Gel Extraction kit, USA) and 
ligated directly to the pGEM T-Easy bacterial 
plasmid using T4 DNA ligase enzyme (Promega, 
USA). The resulting recombinant plasmids 
(5 μl) were transformed into competent cell 
E. coli bacteria JM109 (100 μl) (Promega, USA) 
for blue-white colony selection. Recombinant 
plasmids containing viral inserts of correct 
sizes were purified from transformed bacteria 
growing in liquid LB medium with ampicillin 
derived from white colonies (GeneJET Plasmid 
Miniprep Kit, Thermo, USA). Approximately 25 μl 
of the recombinant plasmid was sequenced with 
the use of Next-Generation Sequencing (NGS)
(Sentebiolab/Ankara/Turkey). DNA sequence 
data of honeybee viral genomes were submitted 
to GenBank. 
To determine the phylogenetic relationships 
of SBV and BQCV isolates in Turkey's Bingöl 
province, the following identified sequences 
were first used: 700 nt and 342 nt sequences 
encoding a polyprotein gene of BQCV and SBV, 
respectively. Sequences were phylogeneti-
cally compared with other honeybee viral DNA 
sequences isolated worldwide with the use 
of the neighbor-joining algorithm by 1000-
replicate bootstrap search. Multiple sequence 
alignments and molecular phylogeny inference 

Table 1. 

Oligonucleotide primer sets used in this study in order to specify honeybee viruses

Virus Genom specific primerlers (5’→3’) Amplicon Gene region Reference

BQCV
F- TGGTCAGCTCCCACTACCTTAAAC
R-GCAACAAGAAGAAACGTAAACCAC

700 bp Polyprotein Benjeddou et al., 2001

SBV
F-CGTAATTGCGGAGTGGAAAGATT
R-AGATTCCTTCGAGGGTACCTCATC

342 bp Polyprotein Sguazza et al., 2013

ABPV
F-TTATGTGTCCAGAGACTGTATCCA
R-GCTCCTATTGCTCGGTTTTTCGGT

900 bp Coat Protein Benjeddou et al., 2001
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were created by CLC Main Workbench 6.7.1 bio-
informatics software (Qiagen). The phylogenetic 
dendrogram was constructed with the use of  
isolates identified in the current study, together 
with isolates from different hosts in different 
regions of the world and an outgroup.

RESULTS 

Survey of viral pathogens and infection 
incidence
We demonstrated the previously unevalu-
ated infection rate and distribution pattern of 
BQCV, ABPV and SBV in eight different regions 
where beekeeping activities are intense in the 
province of Bingöl. In this study, we visited 128 
apiaries for molecular determination of the 
presence of three viruses. We detected the 
presence of BQCV and SBV, respectively, but all 
apiaries were ABPV negative. SBV was found 
in nine apiaries with a prevalence of 7%, while 
BQCV was detected in fifteen apiaries with a 
prevalence of 11.7%. The overall infection rate 
was 18.75%. In molecular tests, double infection 
was also detected in an apiary with an infection 
rate of 0.78%. Detailed information is given in 
Tab. 2.

Sequence analysis and molecular phylogeny
Amplified PCR amplicons of one isolate for 
BQCV and two isolates for SBV were success-

fully cloned and sequenced. The resulting BQCV 
sequence (MZ357974) was named Bingol 92, 
and the two SBV sequences were named Bingol 
18 and Bingol 8 (MZ357972 and MZ357971) 
in the GenBank/EMBL database. Multiple 
alignments showed that the BQCV-Bingöl 
isolate had approximately 75.71%–96.58% 
nucleotide identity with the other BQCV world 
isolates retrieved from GenBank. It displayed 
a high sequence homology (96.58%) with the 
Brazil isolate (EU292211) from A. mellifera 
and the France isolate (MN565034) from 
Vespa velutina, and the least with the Polish 
(82.86%) (EF517519) and Swedish (75.71%) 
(KY363519) isolates from A. mellifera. We con-
structed a phylogenetic dendrogram based on 
multiple nucleotide sequence comparisons of 
approximately twenty isolates from different 
countries, including the Bingöl-BQCV isolate 
(MZ357974), with a bootstrap value of 1000 
replicates using the neighbor-joining method. It 
was independently clustered with isolates from 
Brazil (EU292211), France (MN565034), Italy 
(MT416539) and Australia (KY465680) on the 
phylogenetic tree (Fig. 2). BLASTn analysis of the 
342 bp sequences revealed that the Bingöl-SBV 
sequences (MZ357972 and MZ357971) had 
100% nucleotide homology with each other, 
even though each was from apiaries in different 
locations, 92.98% with the other Turkish isolate 
(MH251274) from A. mellifera, and the least 

Table 2.
Chart showing surveyed apiaries and SBV and BQCV positivity in Bingöl province, Turkey

Locations Number of apiaries Positivity
Infection 
incidence

SBV BQCV SBV BQCV
1 44 4 1 9.1 2.27
2 19 0 0 0 0
3 17 1 4 5.8 23.5
4 12 1 0 8.3 0
5 10 0 0 0 0
6 11 1 4 9.1 45.4
7 4 0 2 0 50.0
8 11 2 4 18.2 36.36

Total 128 9 15 7.03% 11.7%
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with the China isolate (85.96%) (JX679488). 
The neighbor-joining molecular phylogeny of 
Bingöl-SBV isolates (MZ357971 and MZ357972) 
was analyzed with the use of twenty isolates 
from different geographical regions, consistent 
with the results of the BLASTn analysis. They 
clustered with the other isolate from İzmir, 
Turkey (MH251274) due to the close similarity 
of the nucleotide sequence (Fig. 3).

DISCUSSION

Honeybee viruses are devastating to the 
beekeeping industry, and individual honeybee 
health in the colony is closely related to good 
beekeeping practices. In most of the apiaries, we 
have observed that beekeeping activities were 
conducted with the hives on the ground, close to 
each other, exposed to direct sunlight, and away 
from clean water sources. In some randomly 
visited apiaries, we encountered signs of hon-
eybee-specific diseases, including depopulated 

Fig. 2. Neighbor-joining phylogenetic tree based on nucleotide sequence alignment of BQCV isolates from 
Bingöl/Turkey (MZ357974) and other countries. The units at each node mean bootstrap scores as a result 
of 1000 iterations. Genomic RNA for the polyprotein gene of the deformed wing virus (DWV, AJ489744) 
was selected as the outgroup.

Fig. 3. Neighbor-joining phylogenetic tree based on nucleotide sequence alignment of SBV isolates from 
Bingöl/Turkey (MZ357972 and MZ357971) and other countries. The units at each node mean bootstrap 
scores as a result of 1000 iterations. The polyprotein partial mRNA sequence of the deformed wing virus 
(DWV, AY224602) was selected as the outgroup.
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colonies and split-winged, weakness to fly, and 
crawling honey bees, suggesting viral symptoms. 
These symptoms can also be triggered by other 
parasites (Nosema spp.), pests (varroa, honey 
bee lice), such abiotic factors as poor nutrition 
and sublethal exposure to pesticides. 
Based on asymptomatic viral infections, our viral 
results are in agreement with those reported 
by Ullah et al. (2021) which suggest that honey 
bees commonly harbor asymptomatic viral latent 
infections. Here, we analyzed the phylogenetic 
relations of ABPV, SBV and BQCV isolates, which 
are responsible for the viral disease of honey 
bees. In this study, while SBV (9/128) and BQCV 
(15/128) agents were detected, ABPV was not 
present in any apiaries. Based on the polypro-
tein gene, the PCR amplified viral bands were 
700 bp in size as predicted for BQCV, equivalent 
to the works by Benjeddou et al. (2001), Chen et 
al. (2004), and Li et al. (2016). In addition, viral 
bands with a size of approximately 342 bp for 
SBV are in harmony with those of Reynaldi et 
al. (2013), Kalaycı et al. (2019), and Bravi et al. 
(2020). However, the confident viral detection 
was executed through the use of primer sets 
synthesized based on different gene localities 
in previous studies (Berényi et al., 2006; Haddad 
et al., 2008). 

Infection incidence of Bingöl isolates 
The prevalence of BQCV infection of honey bees 
has been reported in different hosts worldwide. 
In previous studies, primer sets amplifying the 
specific viral gene regions, i.e. helicase, RNA-de-
pendent RNA polymerase, protease and capsid 
protein gene, were used for accurate viral 
diagnosis (Zhang et al., 2012; Choi et al., 2015; 
Rüstemoğlu, 2020). Based on the PCR amplified 
700 bp DNA sequence of the viral polypro-
tein gene, 11.7% and 7.03% of apiaries in this 
study were positive for BQCV and SBV as single 
infections, respectively. In addition, the BQCV 
prevalence found in the current study is lower 
than in such countries as France (86%), Austria 
(30%), and Syria (29%) (Tentcheva et al., 2004; 
Berényi et al., 2006; Abou Kubaa et al., 2018) 
but higher than in Spain (10.4%), England (1.4%), 
and Denmark (1%) (Higes et al., 2007; Baker & 

Schroeder 2008; Nielsen et al., 2008; Antunez et 
al., 2012). In Turkey, BQCV positivity was found 
to be considerably higher than that reported in 
our study, similar to those conducted worldwide. 
The presence of BQCV was first reported by 
Gumusova et al. (2010) at an infection rate 
of 21.42% in the Black Sea region (Samsun, 
Amasya, Rize). Oğuz et al. (2018) determined that 
the BQCV infection rate was 88.5% in twenty 
three of twenty six colonies in the Van province 
using the same pairs of primers. Kalaycı et al. 
(2020) tested seventy-six apiaries for BQCV in 
seven different provinces (Adana, Aydın, Bursa, 
İzmir, Kütahya, Muğla, and Manisa). Primers 
designed based on the partial coat protein gene 
produced 536 bp DNA amplicon in PCR tests, 
with a 28.9% (22/76) infection rate. In a com-
prehensive study conducted in Turkey's nine 
ecogeographic regions (Antalya, Bolu, Hatay, 
İstanbul, Kahramanmaraş, Mersin, Muğla, Sivas, 
and Yalova), Muz & Muz (2018) determined that 
the BQCV infection rate was 47.6%. SBV-para-
sitized honey bees were reported in numerous 
localities across the globe with infection 
incidences (Welch et al., 2009). In Turkey, SBV 
was found in nine of 128 surveyed apiaries 
with a 7.03% infection rate is lower than that in 
Greece (87%), and Denmark (81.25%) but higher 
than in Spain (1.1%) (Nielsen et al., 2008; Bacan-
dritsos et al., 2010; Antunez et al., 2012). Fur-
thermore, the prevalence of SBV in this study 
is lower than in studies that surveyed other 
regions of Turkey-12.2% in Hakkari and 22.3% in 
Burdur (Rüstemoğlu & Sipahioğlu, 2019; Kalaycı 
et al., 2020). Their high prevalence is probably 
because the sampling was conducted when 
brood production was increasing (de Miranda 
et al., 2011). However, sampling from within 
the hive can affect the frequency of certain 
viruses, especially SBV. It is noteworthy that 
BQCV and SBV rates, 11.7% and 7.03%, respec-
tively, are lower than those detected in surveys 
conducted in different regions of Turkey, which 
indicates that the Bingöl province is a region 
where beekeeping can be good, both in terms 
of other factors affecting colony survival (low 
pollution, plant diversity, etc.) and reduction in 
the incidence of certain viruses.
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Honey bees are commonly exposed to mixed 
infection by two or more viruses. In our tests, 
only one apiary (0.78%) was co-infected with 
both viruses. Simultaneous viral infections in 
apiaries have been reported in Turkey with 
different infection frequencies (Rüstemoğlu 
& Sipahioğlu, 2019; Kalaycı et al., 2020). This 
finding is also consistent with the results 
of surveys conducted by most researchers 
worldwide (Haddad et al., 2008; Nielsen et al., 
2008). 
ABPV is recognized as a prevalent viral agent 
in seemingly healthy apiaries, often responsible 
for sudden colony collapse, which beekeepers 
around the world find difficult to comprehend. 
Distribution of the infective agent was 
reported in various countries from almost every 
continent, with high frequencies of infection 
(Bakonyi et al., 2002; Bacandritsos et al. 2010). 
In the current study, we were unable to identify 
ABPV infection in any of the surveyed apiaries 
in Bingöl province, but screening of Turkish 
apiaries revealed that ABPV was present at an 
infection rate of 35.5% in seven regions from 
the Aegean region (Kalayci et al., 2020), 86.66% 
in Burdur province (Cagirgan et al., 2020), 
and 2.2% in Hakkari province (Rüstemoğlu & 
Sipahioğlu, 2016). However, ABPV was not 
detected in a previous study in the Black Sea 
Region (Gumusova et al. 2010), in line with the 
current study in the Eastern Anatolia Region, 
which hosts the province of Bingöl. Conse-
quently, the studies conducted in the provinces 
of Hakkari and Bingöl in Turkey's Eastern 
Anatolia region indicated low ABPV incidence 
or no infection. This could be attributed to the 
fact that this region is not on the migratory 
beekeeping route or does not provide appro-
priate environmental conditions for honey bee 
disease, unlike the Aegean region, which has 
rich flora and suitable climate. Another possible 
reason is that mountainous regions and conti-
nental climate conditions restrict the flight of 
honey bees and thus prevent viral transmission 
among colonies.

Molecular phylogeny of Bingöl isolates and 
nucleotide similarity
National, documentation on viral disease of 
honey bees is adequate, but the phylogenetic 
relationships of Turkish isolates have not been 
adequately studied. Multiple alignments of the 
BQCV-Bingöl isolate revealed high sequence 
homology with the other BQCV world isolates 
recovered from the GenBank. Our isolate is in-
dependently clustered with isolates from Brazil, 
France, Italy and Australia on the phylogenetic 
dendrogram, which indicates that the polypro-
tein genome of our viral isolate is closely related 
to other isolates in evolutionary origin. This 
is probably due to the presence of substan-
tially conserved regions in the relevant gene 
sequence, which is mainly due to the supplying 
of queen bees through cross-country trade. 
Molecular characterization of Turkish-BQCV 
isolates was first revealed by Muz & Muz (2018), 
who had targeted the helicase and coat protein 
gene region. In this study, they determined 
nucleotide similarity between the helicase genes 
of BQCV isolates ranging from 37% to 85%. 
On the contrary, the coat protein nucleotide 
similarity of related isolates varied between 
86% and 99% compared to other world isolates. 
These data indicate that the coat protein gene 
is more stable than the helicase. The extended 
nucleotide similarity (75.71-96.58%) in this 
study may be related to the higher genetic 
variation susceptibility and mutation probabil-
ity occurring in honeybee viruses. In addition, 
the presence of recombination in viruses that 
are members of the Picornaviridae family is a 
common phenomenon (Tapaszti et al., 2009; 
Noh et al., 2013).
Cagirgan et al. (2020) reported that the Turkish-
Burdur BQCV isolate was evolutionarily included 
in the same cluster with other Turkish isolates 
(BQCV-Aydın, -Muğla, and -İzmir), which could 
be attributed to the high sequence homology 
of partial polyprotein gene sequence (383 
bp). Cagirgan & Yazici (2021) phylogenetically 
analyzed the 514 bp amplified gene sequence of 
six Turkish-BQCV isolates expressing structural 
polyprotein. Five viral sequences showed high 
sequence similarity to one another, while the 
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other showed close association with the Polish 
isolates (EF517516, EF517517, and EF517518). 
Contrary to this report, our isolate (MZ357974) 
showed a distant phylogenetic relationship 
with the Polish isolate (EF517519) with 82.86% 
nucleotide sequence similarity. This inconsist-
ency is probably due to the different sizes of 
the nucleotide sequences analyzed, 700 bp in 
our study and 514 bp in another study.
Although samples were collected from different 
apiaries, the Bingöl-SBV sequences in this study 
were completely identical to one another, and 
showed high sequence consensus with the other 
Turkish isolate from A. mellifera. Rüstemoğlu 
& Sipahioğlu (2019) recorded the nucleotide 
sequence encoding a partial coat protein gene 
of the Turkish-Hakkari SBV isolate and reported 
that this isolate showed 77-90% nucleotide 
identity. Cagirgan & Yazici (2021) defined the 
partial polyprotein gene sequence of Turkish 
SBV isolates (four-strain). When compared 
with the intercontinental records in the NCBI 
database, Turkish strains exhibited 89-90%, 
88-90% and 87-89% nucleotide sequence 
similarity to European-Uruguayan, Asian and 
Korean strains, respectively. Kalaycı et al. (2019) 
determined that four Turkish genotypes showed 
a genetic variance of 10.4%, 11.4%, and 12.5% 
with European–South American, Asian and 
Korean genotypes, respectively. The nucleotide 
percentages obtained here are higher than the 
nucleotide sequence similarity results of other 
Turkish isolates in studies conducted in different 
parts of Turkey. This could be attributed to 
the recombination induced by the different 
selective pressure between different ecozones. 
On the contrary, the most specific feature of 
RNA viruses is their superior ability to generate 
and maintain extraordinary genetic variability, 
which underlies their survival and adaptation. 
The variation is optimized to be substantially 
below the deleterious mutation threshold and 
is produced through error-prone replication and 
extensive recombination between respective 
variants. Furthermore, viruses can incorporate 
large segments of genetic material into their 
genomes from other viruses, the host or any 
conceivable source. This situation results in the 

emergence of a dynamic and amorphous group 
of variants that are constantly changing and 
interconnected by genetic and functional rela-
tionships yet remain globally stable (de Miranda 
et al., 2011). Based on the neighbor-joining phy-
logenetic tree, Bingöl-SBV isolates (MZ357971 
and MZ357972) were clustered with the other 
isolate from Turkey's İzmir (MH251274) due to 
the close similarity of the nucleotide sequence 
(Fig. 3).
Honey bee viruses have multiple transmission 
routes due to their strong adaptability. Viral 
RNA is vectored by many insects,  including 
ants (Messor concolor), bumblebees (Bombus 
atratus), wax moth (Galleria mellonella), mites 
(V. destructor), honey bee lice (Braula schmitzi), 
darkling beetle (Alphitobius diaperinus), small 
hive beetle (Aethina tumida) and wasps (Vespa 
spp.) inside and outside of the colony (Eyer et al., 
2009; Rosenkranz et al., 2010; Reynaldi et al., 
2013; Li et al., 2016; Traiyasut et al., 2016; Avalos 
et al., 2019; Highfield et al., 2020; Rüstemoğlu, 
2020). In addition, the epidemiology of BQCV in 
honey bees is directly related to microsporidian 
pathogens (N. apis and N. ceranae) (Oğuz et al., 
2018). In the Bingöl province, the presence of 
Nosema spp. and Varroa was reported by Kutlu 
& Gül (2020), and the presence of ants, Vespa 
spp. and small hive beetle was observed in our 
surveyed areas. 
A drug-based strategy has not yet been 
developed for the control of honey bee viruses, 
But  the RNA interference (RNAi) approach is 
one of the most promising developments (Glover 
et al., 2011). However, it is unclear whether 
this costly achievement will be accepted by 
consumers in terms of its practicability in field 
beekeeping and any possible nucleic acid con-
tamination in honey. Therefore, cultural control 
approaches and such beekeeping practices as 
hygienic working, pest control, timely replace-
ment of the queen bee, and avoiding stress in 
honey bees interrupt viral transmission in terms 
of sustainable beekeeping. 
To our knowledge, there has been no screening 
for the presence of honey bee viruses in eastern 
Turkey's Bingöl province to date. Therefore, our 
study is the first to provide evidence regarding 
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BQCV and SBV viral diseases infecting honey 
bees. The spread of viral disease in honey bees 
is increasing gradually and is a cause for concern. 
Therefore, virus screening programs should be 
incorporated into the usual international trade 
control procedures and the health status of 
honey bees should be continuously monitored 
for beekeepers to prevent interregional virus 
spread.
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