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Abstract—Pollen is important for honey bees and humans to maintain a healthy diet and strong immune sys-

tem. The aim of this study was to determine the prevalence of honey bee viruses in pollen. One hundred pol-
len samples were collected from different regions of Tiirkiye. The seven most devastating viral diseases of
honey bees (Black Queen Cell Virus (BQCV), Israeli Acute Paralysis Virus (IAPV), Deformed Wing Virus
(DWV), Kashmir Bee Virus (KBV), Acute Bee Paralysis Virus (ABPV), Sacbrood Virus (SBV), Chronic Bee
Paralysis Virus (CBPV)) were tested for their presence in pollen using the reverse transcriptase-polymerase
chain reaction method. 15% of the pollen samples were identified as positive for five viruses (ABPV, BQCV,
DWV, CBPV and KBV). While ABPV was the most common virus in the samples, IABV and SBV were not
found. Two viruses (ABPV + KBV and ABPV + CBPV) were detected simultaneously in two pollen samples.
The results of this study showed that pollen is a reservoir of honey bee viruses. In addition, the use of pollen
instead of live bees taken from the hive for regional detection of viral diseases in honeybees is an important
choice to reduce the number of live bees used in experiments.

Keywords: pollen, reservoir, RNA viruses, honey bee health
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INTRODUCTION

Honeybees play a very important role in the polli-
nation of flowering plants (Corbert et al., 1991). Thus,
the existence of life depends largely on the role of hon-
eybees in pollination (Korkmaz and Aydin, 1999). In
particular, it has been found that when beehives are
ptackdtivity plant production areas,
Increases between 20 and 60% depending on the plant
species (Yilmaz, 2016).
The various viral diseases threaten the health of
honey bees (Gisder and Genersch, 2015). To date,
more than twenty-five viral pathogens with symptom-
atic and asymptomatic features have been identified in
honey bees (Beaurepaire et al., 2020). The seven most
destructive of these diseases are known as (Black
queen cell virus (BQCV), Israeli acute paralysis virus
(IAPV), Deformed wing virus (DWV), Kashmir bee
virus (KBV), Acute bee paralysis virus (ABPV), Sac-
brood virus (SBV), Chronic bee paralysis virus
(CBPV)) (Tantillo et al., 2015; McMenamin and
Flenniken, 2018; Kalayci et al., 2020). While four of
these viruses (ABPV, IAPV, KBV, and BQCV) belong
to the family Dicistroviridae, two (SBV and DWV)
belong to the family Iflaviridae, CBPVs have not yet
been placed in a family. They are known as unclassi-
fied (Qi et al., 2023). Honeybee viruses were found to
be similar in their genome sequences in the replicase,

polyprotein, helicase, protease, and polymerase
regions (Baker and Schroeder, 2008).

Viral diseases can be transmitted from diseased

bees to healthy bees in many ways, both horizontally
and vertically (Chen and Siede, 2007; De Miranda
etal., 2012). One of these pathways is thought to be
pollen through oral transmission (Singh et al., 2010;
Pereira et al., 2019; Fetters et al., 2022). Oral transmis-
sion, which is a direct horizontal transmission route,
occurs as a result of healthy honeybees consuming
virus-contaminated pollen (Chen et al., 2006a). In
addition, the process of pollen packaging also results
in the spread of the viral agent among adults. Detec-
tion of the virus in the intestinal tissue and faeces of
bees also confirmed that oral infectivity is active
(Chen et al., 2006a).

In recent years, increasing studies on the detection

of viral contamination in pollen have raised concerns
about the transmission of pathogens to healthy indi-
viduals in the hive (Mutinelli, 2011; Schittny et al.,
2020; Balkanska et al., 2023; Salkova et al., 2024).
Studies have investigated the transmission capacity of
virus-contaminated pollen within the hive and found
that the virus replicates and causes disease in the bod-
ies of healthy bees (Mazzei et al., 2014; Schittny et al.,
2020). Studies on the detection of viral load in bee
products are still limited (Balkanska et al., 2023).
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Fig. 1. Tiirkiye map showing the location of collected pollen and the location of virus-positive samples.

Since Tirkiye is a country where beekeeping is
common, many studies have been conducted on viral
bee diseases (Selvitopi and Eroglu, 2023; Oz et al.,
2023; Utkan and Eroglu, 2023; Akpinar et al., 2024;
Altay et al., 2024). However, despite all these efforts,
it has not yet been clarified whether there is virus con-
tamination in bee products in our country. This study
aims to investigate the frequency of the seven most
lethal honey bee viruses cJBQCV, IAPV, DWV, KBV,
ABPV, SBV and CBPV) in pollen collected from dif-
ferent regions of Turkey. Thus, the contamination of
pollen with honey bee viruses in our country has been
clarified for the first time in Turkey. In ac?élition, the
nucleotide sequences of the viruses that we
molecularly detected in pollen were used together
with the sequences of viruses detected in honeybees
in our country and in the world to construct
phylogenetic trees.

MATERIALS AND METHODS
Pollen Collection

A total of 100 pollen samples were collected from

beekeepers in spring and summer in 7 reglons of Tur-
kiye in 2023 and 2024 (Fig. 1). The pollen was col-
lected by the beekeepers by placing pollen traps at the
entrance of the hives. A small amount of pollen was
collected from each hive so as not to interfere with the
pollen needs of the honeybees. The pollen collection
method was carefully applied so as not to cause any
physical harm or stress to the bees. The amount col-
lected from different hives in each apiary was recorded
as a sample. The pollen was kept in a cold chain to pre-

vent fungal and bacterial contamination until it was
taken to the laboratory.

Viral RNA Extraction

60 mg of pollen samples were weighed, transferred

to 2 mL sterile tubes and numbered. A steel ball and
800 pL phosphate buffer solution (PBS) were added to
each tube and homogenised in a tissue lyser (Qiagen)
for 4 min at a speed of 50 strokes. The samples were
then centrifuged at 5000 rpm for 4 min at 4°C and
350pL of the supernatant was transferred to a new
tube. Total nucleic acid extraction of viruses likely to be
present in pollen samples was performed according to the
manufacturer’s instructions using the Indimag Pathogen
Kit (Indical Bioscience, Cat. no.: SP947457). After
measurln%the purit and quantity of the extracted
RNAs in the microdrop, they were stored at -80°C

until they were converted into complementary DNA
(cDNA).

cDNA Synthesis and RT-PCR Reactions

The Intron Maxime™ RT PreMix Kit was used for

cDNA synthesis. 8 L dH20 and 2 pyL RNA were

added to the premix solution containing random
primers and incubated in the thermal cycler at 45°C
for 60 min and 95°C for 5 min. The primers listed in
Table 1 were used for RT-PCR (Riistemoglu and Sipa-
hioglu, 2016; Riistemoglu and Sipahioglu, 2019). The
reaction mixture was prepared by addln%]12 .5 YL Eco-
taq 2x PCR master mix, 1 pL of each primer, 1 pL

BIOLOGY BULLETIN Vol. 52:89 2025
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Table 1. Primers used for RT-PCR detection of viruses in pollen samples

Family Vir us Target region Sequences I%%?re Tm | References
Dicistroviridae | ABPV Capsid protein Forward: 5'-GTATGGAAGTGGGCTGAGGA-3' 476 bpb5°CRuistemoglu and
Reverse: 5'-CGCGGTACTAAAAAGCTACGA-3' Sipahioglu, 2016
IAPV Forward: 5'-TTGGCGTGCAACTATGTGTT-3' 402 b Ristemoglu and
Reverse: 5'-TCTTCTGCCCACTTCCAAAC-3' Sipahioglu, 2019
KBY Forward: 5'-CACATTCCGAACAATAA-3' 339 bp
Reverse: 5'-GCGATAGGAATTTTGCGGTA-3'
BQCV Forward: 5'-GACAGCGTGCCAAAGAGAG-3' 567 bp
Reverse: 5'-GCGAACCCGTCCAATACTTA-3'!
Iflaviridae | SBV Forward: 5'-TATTCAGGGGGACGCTACAC-3' 429 bp
Reverse: 5'-AGTGCTGCTTGAAACCCTGT-3'
DWY | Non-structural protein | ¢, a g 5-TTGGTATGCTCCGTTGACTG-3" 488 bp
Reverse: 5'-ATTCCTCAGAAGTTGGTTTCG-3!
Unclassified CBPV RNA-dependent RNA Fprward: 5'-GCAAACTGCCCACCAATAGT-3' 500 bp
polymerase Reverse: 5'-TGGTACGGAAGGTGTGTCAA-3'

cDNA, and 4.5 pL dH20. RT-PCR conditions were as
follows 30 s at 9%°C, 35cycles of 10 s at 94°C, 15 s at
55°C, 45 s at 72°C and a final extension of 1min at
72°C. To observe the presence of bands after the reac-
tion, a 0.8% agarose gel containing ClearBand SAFE
DNA Gel Stain Solution (Ecotech Biotechnology,

Cat. No. SDGS1) was run at 80 V for 40 min and
imaged under UV light. Samples with bands of the
expected size were sent to the bioinformatics
company

for one-way sequence analysis (Sentebiolab, Tiirkiye).

Phylogeny

All sequences were aligned in the Bioedit 7.7 pro-
gram, and the sequences were trimmed in the Mega 11
software at the end and head to prepare for phyloge-
netic analysis (Tamura et al., 2021). For phylogenetic
analysis, the sequences obtained from the database
were used together with the sequences of the Turkish
isolates. Phylogenetic trees were drawn separately for
each virus based on the amplified gene regions (capsid
protein (cp), RNA-dependent RNA polymerase

(RdRp), and nonstructural protein). The phyloge-

netic tree was constructed using the Tamura-Nei
model of the Maximum Likelihood Neighbor-Joinin
method with 1000 bootstraps (Tamura et al., 2004).

Data Analysis

The prevalence graph of honey bee viruses in pol-
len was plotted using GraphPad Prism 9.5.1.

The Pearson chi-square test was used for the statis-

tical analysis of the viral contamination of the pollen
samples. The results were statistically analyzed using
IBM SPSS Statistics 29. The prevalence of pathogens
in each geographical region of Tiirkiye was determined
BIOLOGY BULLETIN

Vol. 52:89 2025

using the Pearson chi-squared test at p < 0.05 using a
contingency table and a two-way frequency table.

RESULTS
Regional Distribution of Viruses
While the presence of five tested viruses was

detected in the pollen samples (ABPV, KBV, DWV,
BQCV, and CBPV), the presence of IAPV and SBV
was not detected. The presence of mixed viruses was
also detected in 2 pollen samples. 15% of the pollen
was virus-positive (Table 2). The prevalence rates of
bee viruses detected in pollen were ABPV 6/100, 6%,
BQCV 4/100, 4%, KBV and CBPV 2/100, 2%, and
DWV 1/100, 1%. Statistical results were obtained for
ABPV (x2 =16.314,n =100, df = 2, p = 0.04), BQCV
(x2 =14.244,n =100, df =2, p = 0.04), KBV and
CBPV (x2 = 6.204, n =100, df = 2, p = 0.04) and
DWV (x2 = 4.006, n =100, df = 2, p = 0.04). In the
samples collected and analyzed from seven different
regions, the presence of viruses was found in all
regions. The prevalence of the viruses studied varied
significantly between the regions (Fig. 2, Table 2).

Among the regions of Tirkiye, the two regions with

the most diverse virus contamination in pollen were
Central Anatolia (BQCV, CBPV, KBV, ABPV) and
Eastern Anatolia (BQCV, KBV, ABPV). In addition,

the presence of contamination was detected in these
regions. These results show that pollen collected from
these regions of the country shows a high diversity in
virus contamination (Fig. 2).

Phylogeny

The resulting sequences were deposited in the
GenBank database, National Center for Biotechnol-
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Table 2. Type, and name of infection, and locality information of virus-positive pollens

YASEMIN AS, GOZDE BUSRA EROGLU

Regions Virus contaminated Virus name Contamination
pollen, %
Black Sea 13 BQCV S
Aegean 17 ABPV S
Mediterranean 8 DWV S
Marmara 21 ABPV S
Central Anatolian 23 KBV, S
CBPvV, S
BQCV, S
ABPV + CBPV M
Eastern Anatolian 13 ABPV, S
BQCV, S
ABPV + KBV M
South Eastern Anatolian 5 BQCV S

Total 100%

*S: Single, M: Multiple.

ogy Information (NCBI), and accession numbers are four for the partial cp gene of BQCV (89-93%), two
given in Fig. 3. We successfully sequenced six positive for the partial cp gene of KBV (98%) and the partial
RdRp gene of CBPV (99%), and one for the partial

samples for the partial cp gene of ABPV (97-98%),

20

15¢
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KBV
«CBPV
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Fig. 2. Frequency of virus positivity (DWV, KBV, ABPV, BQCV, CBPV, and SBV) in pollen samples collected from seven regions

of Tiirkiye.
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nonstructural protein gene of DWV (99%). The phy-
logenetic analysis also included virus sequences iso-
lated from other countries in the database that
sequenced the same %ene regions. The phylogeny of a
DWV detected in pollen from Tirkiye is shown in
Fig.3a. According to this analysis, it clustered close to
DWVs ﬁreviously isolated from Tirkiye and Uzbeki-
stan. The phylogeny of two CBPV isolates detected in
pollen in this study is shown in Fig.3b. The monophy-
letic clustering of the isolates isolated in this study
and the isolates from Tirkiye in different studies
suggests a homogeneous population in the country.
While the 4 BQCVs detected in pollen clustered
together with the Turkish isolates isolated from the
eastern Anatolian region, they clustered far away from
the viruses iso- lated from the western part of the
country. This situa- tion indicates that the strains of
Turkish BQCV iso- lates show genetic diversity (Fig.
3c). Figure 3d shows the phylogeny of Turkish ABPV
isolates obtained from pollen samples. The sequences
obtained in this study clustered with the other isolates
isolated from Tirkiye in the database, forming a
Turkish clade. Figure 3e shows that the KBVs detected
in pollen clustered close to the French isolate.

DISCUSSION

Studies over the past two decades have reported the

Eresence of many viruses in pollen and other in-hive
oney bee foods, including ABPV, BQCV, CBPV,

DWV, IAPV, KBV, and SBV (Chen et al., 200643,

2006b; Shen et al., 2005). Asymptomatic or covert-

persistent infected honeybees contaminate pollen

through various secretions. Because honeybees are

highly social and colonial, the disease can spread hor-

izontally in a short time (Li et al., 2014).

The presence of some viruses in pollen has been
reported in the literature, and they have even been
reported to cause infection in healthy honeybee indi-
}/iduaolls (Schitt{w et al., 2020). Viral particles are trans-
erredtoyounglar i

ABPV-infected bees é’%?ntuﬂé"uﬁ%g é%%?é% ’v%?hapgg gH.Of
This has been demonstrated by the detection of ABPV
in the pharyngeal gland and feces of young larvae
(DeMiranda and Genersch, 2010; Ribiere et al.,

2008; Benjeddou et al., 2001). In addition, contami-
nation of pollen, the food source in the colony, with
KBV has been demonstrated by the presence of KBV
in honey bee faeces, suggesting that the infection is
transmitted orally (Hung, 2000; De Miranda et al.,
2010). DWV can be transmitted by exposure to viruses
deposited on flowers or by contact with contaminated
pollen carried by bees (Singh et al., 2010; Koch et al.,
2017; Grozinger and Flenniken, 2019). Singh et al.
(2010) were the first to detect BQCV, SBVY, and DWV

in pollen collected from worker bees using molecular
detection methods. Their studies showed that the
queen, fed with contaminated pollen and honey stored
in the hive, was infected with these viruses and laid

BIOLOGY BULLETIN Vol. 52:89 2025
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infected eggs. The viruses were found to infect not
only honeybees but also another important group of
pollinators, bumblebees, and wasps. The results sug-
gest that honeybee viruses have a broad host spectrum
and threaten the health of other organisms in the eco-
system. Mazzei et al. (2014) collected pollen from
flowers visited and not visited by honeybees and
examined the virus load in the pollen and whether
these viruses were infectious. They found the presence
of DWV in pollen from flowers visited by honeybees.
They also found that when they injected the virus into
healthy honeybees, it replicated and caused active
infection. Schittny et al. (2020) noted that their studies
of the ability of DWV-contaminated hive products to
transmit the virus to healthy bee individuals showed a
positive relationship between DWV concentration and
mortality in honey and pollen. Thus, they demon-
strated that virus transmission is possible via honey
and pollen. Balkansa et al. (2023) detected the pres-
ence of two honey bee viruses (DWV and SBV) in pol-
len and perga samples collected in Bulgaria using
molecular methods. Salkova et al. (2024) reported the
presence of four honey bee viruses (DWV, BQCV,
ABPV, and IAPV) in honey bee products (pollen, bee
bread, and royal jelly). In this study, the five most
lethal honey bee viruses (DWV, ABPV, CBPV, KBV,

and BQCV) in pollen were collected from different
regions of Tirkiye (Fig. 1). The presence of all viruses
detected in pollen in this study is the first record for
Turkiye. Although DWV was previously detected pre-
dominantly in honey bee products (Singh et al., 2010;
Balkanska et al., 2023; Koch et al., 2017; Grozinger
and Flenniken, 2019), the most abundant virus in our
samples were ABPV and BQCV, respectively. In addi-
tion, IAPV and SBV were not detected in any of the
samples. CBPV and KBV were equally distributed

among the pollen samples. DWV was the least fre-
quent. The prevalence rates of bee viruses detected in
pollen were ABPV 6/100, 6%, BQCV 4/100, 4%, KBV
and CBPV 2/100, 2% and DWV 1/100, 1%. Statistical

resl8t3lérechiifedforABPV( X2
df=2,p=0.04), BQCV (x2 =14.244,n =100, df = 2,
p =0.04), KBV and CBPV (x2 = 6.204, n = 100, df = 2,
p=0.04) and DWV (x2 = 4.006, n =100, df = 2,
p=0.04).

While the two most common viruses detected in
honey bees in our country so far are BQCV and DWV
(Akpinar et al., 2024), it is noteworthy that the first
most common virus in pollen in this study was ABPV.
BQI?V was the second most common virus found in
pollen.

When the viruses detected in pollen and honey bee
samples were compared as phylogenetic, virus isolates
from pollen generally had the highest similarity to
Turkish virus isolates previously detected in honey-
bees (Fig. 3). As a result of the phylogenetic tree con-
structed using sequences obtained from DWV-con-
taminated pollen, our samples clustered with isolates
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Fig. 3. Phylogenetic tree of nonstructural protein, RdRp, cp genes nucleotide of DWV, CBPV, BQCV, ABPV, and KBV viruses
obtained from the GenBank and Tiirkiye. Phylogenetic trees were constructed by the Megall software using the Maximum Like-
lihood method and Tamura-Nei model, and a bootstrap value of 1000 replicates. Branches marked indicate the sequences
obtained from the work. (a) Phylogeny tree of DWV as per nonstructural protein, (b) Phylogeny tree of CBPV as per RdRp gene, (c)
Phylogeny tree of BQCV as per cp gene, (d) Phylogeny tree of ABPV as per cp gene, (e) Phylogeny tree of KBV as per cp gene.
Country names and corresponding GenBank accession numbers are indicated for each known and new sequence.

obtained from DWV-infected honeybees in Tiirkiye and
Uzbekistan (Fig. 3a). Akpinar et al. (2024) obtained
DWV isolates from Tirkiye and found that their
samples clustered on a common branch with other
European countries in the tree they constructed on
this basis. The sequences of our samples with CBPV-
contaminated pollen clustered very closely with the
sequences of samples from Turkish honey

bees infected with CBPV, previously identified by
Utkan and Eroglu (2023) (Fig. 3b). This suggests that
the viruses contaminating pollen are transmitted from
the honey bee host. However, different and distant
clustering was observed between the west and east of
the country for BQCV isolates (Fig. 3c). Avci et al.
(2022) collected BQCV-infected honey bees from the
intensive beekeeping regions of Central Anatolia and
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the Mediterranean areas of Tlrkiye. Phylogenetic analysis showed

that Turkish BQCV strains clustered with Australian and European
strains. They reported that this result showed di
between continents without any geographical distinction
et al. (2024) reﬁorted that phylogenetic analysis of ho

e virus they collected from all ove

infected with t
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showed that Turkish isolates were generally similar. Still, there
were isolates from different coun- tries of origin in cOMMOPTH1es APPROVAL AND CONSENT

branches and Turkish iso- lates interacted with isolates fro
other countries, and this situation posed significant risks to bee

TO PARTICIPATE

health in Tirkiye. Cagirgan and Yazici (2021) detected ABMi imork does not contain any studies involving human
bees collected from the Eger region of Turkey and statefhihail subjects.

these samples clustered close to the Polish isolate as a result of

phylogenetic analysis. In this study, the six ABPV sequences most

frequently found in pollen from Tirkiye clustered together and

CONFLICT OF INTEREST

clus- tered close to the Turkish ABPV isolates detected i%%%?thors of this work declare that they have no con-
isolates detected in pollen were compared with sequenfiggs ferest.

different countries, as the KBV isolate reported from Tiirkiye was

Cagirgan and Yazici studies (Fig. 3d). In this study,

not included in the database and clustered close to the French

isolate (Fig. 3e).

Data from phylogenetic analyses show that

sequences from virus-contaminated pollen have a high
degree of overlap with sequences from honeybee-host
viruses, suggesting that viral sequences from different
hosts are highly conserved.

CONCLUSIONS

Virus detection in hive products provides a non-
invasive approach to detecting viral diseases in honey
bees. Rapid detection of the presence of diseases in
pollen entering the hive will provide a significant
advantage in developing strategies to prevent the
spread of these diseases within the hive. Honey bees
are social creatures and many factors can lead to col-
ony losses, particularly viruses, which are thought to
play an important role in colony decline. This study
molecularly identified the five most lethal honey bee
viruses in pollen, suggesting that pollen may serve as a
virus reservoir and has the potential for non-invasive
virus monitoring.

ACKNOWLEDGMENTS

We thank the High Technology Research and Applica-

tion Center (YUTAM) for supporting research facilities to
carry out this study.

AUTHOR CONTRIBUTION

Yasemin As: Conceptualization, methodology, and data
curation, Gozde Blisra Eroglu: Investigation, writing origi-
nal draft, and supervision.

BIOLOGY BULLETIN

Vol. 52:89 2025

REFERENCES

Akpinar, R., Ozan, E., Celik, S., Bayram, Y., Akman, A,
Kalayci, G., and Karaoglu, S.A., Prevalence and molecular
analysis of some important viruses in honey bee colonies
in Turkiye: the status of multiple infections, Arch. Virol.,
2024, vol. 169, no. 9, p. 173.
https://doi.org/10.1007/s00705-024-06103-6

Alger, S.A., Burnham, P.A., and Brody, A.K., Flowers as
&ié%snot spots: Honey bees (Apis mellifera) unevenly

viruses across plant species, PLoS One, 2019, vol. 14,
p.e0221800.
https://doi.org/10.1371/journal.pone.0221800

Altay, K., Isidan, H., Erol, U., Turan, T., Sahin, O.F., Ka- lin,
R., and Mogulkoc, M.N., Molecular survey and phylo- genetic
analysis of bee pathogens, with a note first detection of Apis
mellifera Filamentous Virus, Varroa destructor virus-1, Apis
rhabdovirus-1, and Apis rhabdovirus-2 in Tiirkiye, J. Apicult.
Res., 2024, pp. 1-13.
https://doi.org/10.1080/00218839.2024.2423456

Avci, 0., 0z, M.E., and Dogan, M., Silent threat in honey

bee colonies: infection dynamics and molecular epidemio-
logical assessment of black queen cell virus in Turkey, Arch.
Virol., 2022, vol. 167, no. 7, pp. 1499-1508.
https://doi.org/10.1007/s00705-022-05458-y

Aydin, B., Aktiirk, D., and Arsoy, D., Economic and effi-
ciency analysis of beekeeping activity in Turkey: case of
Canakkale Province, Ankara Univ. Vet. Fak. Derg., 2020,
vol. 67, no. 2, 571371.
https://doi.org/10.33988/auvfd.571371

Baker, A.C. and Schroeder, D.C., The use of RNA-depen-
dent RNA polymerase for the taxonomic assignment of Pi-
corna-like viruses (order Picornavirales) infecting Apis mel-
lifera L. populations, Virol. J., 2008, vol. 5, p. 10.
https://doi.org/10.1186/1743-422X-5-10

Balkanska, R., Shumkova, R., Atsenova, N., Salkova, D.,
Dundarova, H., Radoslavov, G., and Hristov, P., Molecu- lar
detection and phylogenetic analysis of deformed wing vi-
rus and sacbrood virus isolated from pollen, Vet. Sci.,
2023, vol. 10, no. 2, p. 140.
https://doi.org/10.3390/vetsci10020140

Beaurepaire, A., Piot, N., Doublet, V., Antunez, K.,

Campbell, E., Chantawannakul, P., Chejanovsky, N., Gaj-

da, A., Heerman, M., and Panziera, D., Diversity and glob-
me?i_istribution of viruses of the Western honey bee, Apis



89 Page 8 of 9 lifera, Insects, 2020, vol. 11, p. 239.
https://doi.org/10.3390/insects11040239
Benjeddou, M., Leat, N., Allsopp, M., and Davison, S.,

Detection of acute bee paralysis virus and black queen cell
virus from honeybees by reverse transcriptase PCR, Appl.
Environ. Microbiol., 2001, vol. 67, no. 5, pp. 2384-2387.
https://doi.org/10.1128/AEM.67.5.2384-2387.2001

Cagirgan, A.A. and Yazici, Z., The prevalence of seven cru-
cial honeybee viruses using multiplex RT-PCR and their
phylogenetic analysis, Turk. J. Vet. Anim. Sci., 2021, vol. 45,
no. 1, pp. 44-55. https://doi.org/10.3906/vet-2004-139

Chen, Y., Evans, J., and Feldlaufer, M., Horizontal and
vertical transmission of viruses in the honey bee, Apis mel-
lifera, J. Invertebr. Pathol., 20064, vol. 92, no. 3, pp. 152-
159.

https://doi.org/10.1016/}.jip.2006.03.010

Chen, Y.P., Pettis, J.S., Collins, A., and Feldlaufer, M.F.,
Prevalence and transmission of honey bee viruses, Appl.
En- viron. Microbiol., 2006b, vol. 72, no. 1, pp. 606—-611.
https://doi.org/10.1128/AEM.72.1.606-611.2006

Chen, Y.P. and Siede, R., Honey bee viruses, Adv. Virus
Res., 2007, vol. 70, pp. 33-80.
https://doi.org/10.1016/S0065-3527(07)70002-7

Dalmon, A., Dievart, V., Thomasson, M., Fouque, R.,
Vaissiere, B.E., Guilbaud, L., Le Conte, Y., and Henry, M.,
Possible spillover of pathogens between bee communities
foraging on the same floral resource, Insects, 2021, vol. 12,
p. 122. https://doi.org/10.3390/insects12020122

De Miranda, J.R., Cordoni, G., and Budge, G., The acute bee
gﬁ[%lysis virus-Kashmir bee virus-Israeli acute paralysis

complex, J. Invertebr. Pathol., 2010, vol. 103, pp. 30-47.
https://doi.org/10.1016/j.jip.2009.06.014

De Miranda, J.R. and Genersch, E., Deformed wing virus,

J. Invertebr. Pathol., 2010, vol. 103, pp. 48-61.
https://doi.org/10.1016/].jip.2009.06.012

De Miranda, J.R., Gauthier, L., Ribiere, M., and Chen, Y.P.,
Honey bee viruses and their effect on bee and colony
health, Honey Bee Colony Health: Challenges and Sustain-
able Solutions, 2012, pp. 71-102.

Dobelmann, J., Loope, K.J., Wilson-Rankin, E., Quinn, O.,
Baty, J.W., Gruber, M.A,, and Lester, P.J., Fitness in inva-
sive social wasps: the role of variation in viral load, immune
response and paternity in predicting nest size and reproduc-
tive output, Oikos, 2017, vol. 126, pp. 1208-1218.
https://doi.org/10.1111/0ik.04117

Eroglu, G.B., Detection of honey bee viruses in Vespula

germanica: Black queen cell virus and Kashmir bee virus,
Biologia, 2023, vol. 78, no. 9, pp. 2643-2647.
https://doi.org/10.1007/s11756-023-01416-4

Fetters, A.M., Cantalupo, P.G., Wei, N., Robles, M.T.S.,

Stanley, A., Stephens, J.D., et al., The pollen virome of wild
plants and its association with variation in floral traits and
land use, Nat. Commun., 2022, vol. 13, no. 1, p. 523.
https://doi.org/10.1038/s41467-022-28143-9

Forzan, M., Sagona, S., Mazzei, M., and Felicioli, A., De-
tection of deformed wing virus in Vespa crabro, Bull. Insec-
tol., 2017, vol. 70, pp. 261-265.

Gisder, S. and Genersch, E., Honey bee viruses, Viruses,
2015, vol. 7, no. 10, pp. 5603-5608.
https://doi.org/10.3390/v7102885

YASEMIN AS, GOZDE BUSRA EROGLU

Grozinger, C.M. and Flenniken, M.L., Bee viruses: ecolo-

gy, pathogenicity, and impacts, Annu. Rev. Entomol., 2019,
vol. 64, no. 1, pp. 205-226.
https://doi.org/10.1146/annurev-ento-011118-111942

Hung, A.C.F., PCR detection of Kashmir bee virus in hon-

eybee excreta, J. Agric. Res., 2000, vol. 39, pp. 103-106.
https://doi.org/10.1080/00218839.2000.11101029

Koch, H., Brown, M.J.F., and Stevenson, P.C., The role of
disease in bee foraging ecology, Curr. Opin. Insect Sci., 2017,
vol. 21, pp. 60-67.
https://doi.org/10.1016/.cois.2017.05.008

Korkmaz, A. and Aydin, A., Suirdirebilir Tarimda Bal Arisi
(Apis mellifera L.)’min Rold, Ziraat Miihendisligi, 1999,
vol.323, pp. 24-26.

Li, J., Cornman, L., Evans, R.S.,, Pettis, J.D., Zhao, J.S.,
Murphy, Y., et al.,, Systemic spread and propagation of a
plant-pathogenic virus in European honeybees, Apis mellif-
era, MBio, 2014, vol. 5, no. 1, pp. 10-1128.
https://doi.org/10.1128/mbio.00898-13

Mazzei, M., Carrozza, M.L., Luisi, E., Forzan, M.,

Giusti,M.,, et al., Infectivity of DWV associated to flower
pollen: experimental evidence of a horizontal transmission
route, PLoS One, 2014, vol. 9, p. e113448.
https://doi.org/10.1371/journal.pone.0113448

McMenamin, A.J. and Flenniken, M.L., Recently identi-
fied bee viruses and their impact on bee pollinators, Curr.
Opin. Insect Sci., 2018, vol. 26, pp. 120-129.
https://doi.org/10.1016/j.c0is.2018.02.009

Mutinelli, F., The spread of pathogens through trade in
honey bees and their products (including queen bees and
semen): overview and recent developments, Rev. Sci. Tech.-
OIE, 2011, vol. 30, no. 1, p. 257.

Nicholls, E., Rands, S.A., Botias, C., and Hempel de Ibar-

ra, N., Flower sharing and pollinator health: a behavioural
perspective, Philos. Trans. R. Soc., B, 2022, vol. 377, p.
20210157.

https://doi.org/10.1098/rsth.2021.0157

0z, M.E., Avcy, 0., and Dogan, M., Impact of deformed
wing virus master variants (DWV-A, DWV-B, and DWV-C)
in managed honey bee colonies of Tlrkiye, Eurasian J. Vet.
Sci., 2023, vol. 39, pp. 124-131.
https://doi.org/10.15312/EurasianJVetSci.2023.407

Pereira, K.D.S., Meeus, 1., and Smagghe, G., Honey bee-
collected pollen is a potential source of Ascosphaera apis in-
fection in managed Bumble bees, Sci. Rep., 2019, vol. 9,
no.l, p. 4241.
https://doi.org/10.1038/s41598-019-40804-2

Ribiere, M., Ball, B.V., and Aubert, M.F.A., Natural history

and geographic distribution of honeybee viruses, Virology and
the Honeybee, Aubert, M.F.A., Ball, B.V., Fries, 1., Milani, N.,
and Morritz, R.F.A., Eds., Brussels, Belgium: EC Publica-
tions, 2008.

Ristemoglu, M. and Sipahioglu, H.M., Occurrence and mo-
lecular characterization of acute bee paralysis virus (ABPV) in
honeybee (Apis mellifera) colonies in Hakkari province, Yuzu-
ncu Yil Univ. J. Agric. Sci., 2016, vol. 26, pp. 174-182.
Riistemoglu, M. and Sipahioglu, H.M., Occurrence and
prevalence of six honey bee viruses in Hakkari (Turkey) and
their genomic divergence, Munis Entomol. Zool., 2019,
vol.14, pp. 574-583.

Salkova, D., Balkanska, R., Shumkova, R., Lazarova, S.,

Radoslavov, G., and Hristov, P., Molecular detection and

BIOLOGY BULLETIN Vol. 52:89 2025



MOLECULAR DETECTION AND PHYLOGENETIC ANALYSIS

phylogenetic relationships of honey bee-associated viruses

in bee products, Vet. Sci., 2024, vol. 11, no. 8, p. 369.
https://doi.org/10.3390/vetsci11080369

Schittny, D., Yanez, 0., and Neumann, P., Honey bee virus

transmission via hive products, Vet. Sci., 2020, vol. 7, no. 3,
p. 96.

https://doi.org/10.3390/vetsci7030096

Selvitopi, Z. and Eroglu, G.B., Determination of mixed vi-

rus infection in honey bees from Erzurum, Tirkiye, Tiirk
Doga Fen Dergisi, 2023, vol. 12, no. 3, pp. 66-71.
https://doi.org/10.46810/tdfd.1257690 Shen, M.Q., Cui,

L.W., Ostiguy, N., and Cox-Foster, D.,

Intricate transmission routes and interactions between pi-
corna-like viruses (Kashmir bee virus and sacbrood virus)
with the honeybee host and the parasitic Varroa mite, J.
Gen. Virol., 2005, vol. 286, pp. 2281-2289.
https://doi.org/10.1099/vir.0.80824-0

Singh, R., Levitt, A.L., Rajotte, E.G., Holmes, E.C., Osti-
guy, N., Vanengelsdorp, D., et al., RNA viruses in hy-
menopteran pollinators: evidence of inter-taxa virus trans-
mission via pollen and potential impact on non-Apis hy-
menopteran species, PLoS One, 2010, vol. 5, no. 12,

ﬁ.e14357.. )
ttps://doi.org/10.1371/journal.pone.0014357 Tamura, K.,

Nei, M., and Kumar, S., Prospects for infer-

ring very large phylogenies by using the neighbor-joining
method, PNAS, 2004, vol. 101, pp. 11030-11035.
https://doi.org/10.1073/pnas.040420610

Tamura, K., Stecher, G., and Kumar, S., MEGA11: molec-
ular evolutionary genetics analysis version 11, Mol. Biol.
Evol., 2021, vol. 3 88 3022—%027.
https://doi.org/10.1093/molbev/msab120

BIOLOGY BULLETIN Vol. 52:89 2025

Page 9 of 9 89

Tantillo, G., Bottaro, M., Di Pinto, A., Martella, V., Di

Pinto, P., and Terio, V., Virus infections of honeybees Apis
mellifera, Ital. J. Food Saf., 2015, vol. 4, no. 3, p. 5364.
https://doi.org/10.4081/ijfs.2015.5364

Topal, A., Uzun, A., and Polat, O., Apifloristic diversity in
the eastern Mediterranean region: implications for biodi-
versity conservation and use, Arch. Biol. Sci., 2023, vol. 75,
no. 2, pp. 221-236.
https://doi.org/10.2298/ABS230331018T

Toplak, I., Simenc, L., Pislak Ocepek, M., and Bevk, D.,
Determination of genetically identical strains of four hon-
eybee viruses in bumblebee-positive samples, Viruses, 2020,
vol. 12, no. 11, p. 1310.

https://doi.org/10.3390/v12111310

Utkan, N.G. and Eroglu, G.B., Molecular identification of
microbial pathogens in honey bees from Amasya, Uludag
Artcilik Dergisi, 2023, vol. 23, no. 1, pp. 93-104.

https://doi.org/10.31467/uluaricilik.1254857

Qi, Y.H., Ye, Z.X., Zhang, C.X., Chen, J.P., and Li, J.M.,
Diversity of RNA viruses in agricultural insects, Comput.
Struct. Biotechnol. J., 2023, vol. 21, pp. 4312-4321.

DltR/ RO B A BERRARTE RIS Gnemi, or-

du’da Tartim, 2016, vol. 20, no. 118, pp. 1-2.

Publisher’s Note. Pleiades Publishing remains
neutral with regard to jurisdictional claims in

published maps and institutional affiliations.
Al tools may have been used in the translation or
editing of this article.


https://www.researchgate.net/publication/392553350

