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Abstract

Background and Aim: Recently, viral diseases of honey bees (4pis mellifera) have presented an increasing threat to
beekeeping. This study aimed to examine the presence of honey bee viruses in Apis and non-Apis bee species, the mite
Varroa destructor, and pollinated plants in Armenia.

Materials and Methods: Sampling was performed in Tavush Province, in the northeast of the Republic of Armenia, from
Augustto November 2019. Overall, 200 A. melliferabees, 50 V. destructor mites, and 20 wasps were collected (corresponding
to three bees, five mites, and 2—11 wasps in each investigated sample) and homogenized for RNA isolation and detection
of viruses. Ten pollinated plants were taken from each plant, and 2 g of each sample was used for homogenization. In
each investigated case Apis mellifera, Varroa destructor, Vespula germanica and plants received percentages of the virus
presence.

Results: Six important honey bee viruses (acute bee paralysis virus [ABPV], deformed wing virus [DWV], 4. mellifera
norovirus [ANV], Lake Sinai virus-2 [LSV-2], Big Sioux River virus [BSRV], and A. mellifera filamentous virus [AmFV])
were detected in samples by polymerase chain reaction. Our results showed that DWV, ANV, and ABPV were the most
common viruses in honey bees. All viruses were detected in wasps, but LSV-2 and ANV were present in almost all samples.

Conclusion: Our results showed that almost all viruses were present in V. destructor. Although ANV is very common in
honey bees, it did not appear in any mite samples. Our study indicates that viruses typically associated with honey bees were
also actively infecting wasps. Our data suggest that the survival of viruses in plants can be an important source of seasonal
transmission of viruses to bees. In addition, pollinated plants can potentially serve as reservoirs for honey bee viruses.

Keywords: Apis mellifera, honey bee virus, polymerase chain reaction assay, pollinated plants, Varroa destructor.

Introduction of bee packets, has meant that viruses can easily
become established in regions where they were previ-
ously absent [6, 7]. Viral transmission can occur hor-
izontally (e.g., via food and/or vectors) or vertically
(from mother to offspring). The mite Varroa destruc-

tor plays an important role in spreading viral diseases

Recently, viral diseases of honey bees (Apis
mellifera) have presented an increasing threat to bee-
keeping and a wide range of crops, including fruit,
vegetables, oilseeds, and legumes that are pollinated

by bees. Moreover, viruses infecting honey bees
can affect many other insect species, thereby threat-
ening ecosystems more profoundly than previously
thought [1-5]. In the past decade, the emergence of
new strains of previously unknown viruses has been
reported; this development, together with the sending
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by acting as a reservoir and transmitter of honey bee
viruses [2, 7-10]. Many studies have elucidated the
presence of the virus in other hosts that can be consid-
ered potential sources of virus transmission [11, 12].
Some of the viruses cause severe diseases and are
distributed worldwide. The prevalence of such viruses
has also been reported in neighboring countries for
example, in the Islamic Republic of Iran [6, 13]. These
viruses include acute bee paralysis virus (ABPV),
A. mellifera norovirus (ANV), A. mellifera filamentous
virus (AmFV), deformed wing virus (DWV), Big Sioux
River virus (BSRV), and Lake Sinai virus-2 (LSV-2).
This study aimed to examine the presence of
honey bee viruses in Apis and non-Apis bee species
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and the mite V. destructor, in Armenia, to elucidate
possible floral resources that can be considered as nat-
ural settings where viruses spread.

Materials and Methods

Ethical approval

The study was reviewed and approved by the
Ethics Committee of the Institute of Molecular
Biology NAS RA (IRB 06042021/1, 2021).

Study period and location

The study was conducted from August to
November 2019. Sampling was performed in Tavush
Province (Data present in Figures-1A-D) in the north-
east of the Republic of Armenia. The geographical
area of interest for this study was the north-eastern
region of the Republic of Armenia. The Tavush
Province is situated in the north-eastern part of the
Armenian Republic and the south-east is bordered
by the Azerbaijan Republic, having a 300 km border
with Azerbaijan (Figure-1, https://www.google.com/
maps/)), and is comparatively isolated from the other

regions of Armenia. The territory is mainly mountain-
ous and rocky hillsides are covered by forests.

Viruses
The following viruses were considered in the inves-
tigation: ABPV, ANV, AmFV, DWYV, BSRV, LSV-2.

Arthropod and plant sampling

Six aviaries of 4. mellifera Caucasia, a bee species
that is neither endangered nor protected, that are dedicated
to honey production were studied. At least 100 adult bees
from each apiary were collected. Ten honey bees were
used for each sample which was used in viral detection
with a polymerase chain reaction (PCR) method.

For mite sampling, five aviaries were investi-
gated for the presence of Varroa mites and 50 sam-
ples (5 V. destructor were used in each sample) were
collected. Wasps (Vespula germanica) were sampled
on two occasions at 20 samples (two and 11 were per
sampling) near the apiaries in the fall of 2019.

The following pollinated plants were used in the
investigation.: Crocus sativus, Tilia cordata, Nicotiana
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Figure-1: Map of the sampling sites with honey bee virus-positive samples in different arthropods and in pollinated plants.
(A) Honey bee samples. (B) Varroa destructor samples. (C) Vespula germanica samples. (D) Samples were obtained from
different pollinated plants [Base map source: https://www.google.com/maps/].
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tabacum, Cornus mas, and Robinia pseudoacacia. At
least ten samples (2 g in weight for each sample) of
each experimental plant consisting of entire inflores-
cences were collected.

All obtained samples were put in a cooler bag
and immediately sent to the laboratory, where they
were frozen at —26°C. All samples were homogenized
in a ceramic mortar with sterile diethylpyrocarbon-
ate-treated water for nucleotide extraction. In each
investigated case Apis mellifera, Varroa destructor,
Vespula germanica, and plants received percentages
of the virus presence.

RNA extraction and polymerase chain reaction (PCR)
assay

Homogenized samples were subjected to
nucleic acid extraction using a HiGene™ Viral RNA/
deoxyribonucleic acid (DNA) Prep Kit (BIOFACT,
Yuseong-gu, Darjeon, Republic of Korea), in accor-
dance with the manufacturer’s instructions. RNA/
DNA samples were then reverse-transcribed with
a REVERTA-L kit (AmpliSens Biotechnologies,
InterLabService, Moscow, Russia). Viruses in sam-
ples were detected by polymerase chain reaction
with a Q1600 Real-time PCR device. The assay used
the previously described primers for ABPV, AmFV,
DWYV, LSV-2, [14], and BSRV [15]. ANV prim-
ers used for amplification were designed based on
Apis norovirus isolate RI-11 sequence (GenBank:
KY354240.1) of genes in FASTA format and ordered
from Integrated DNA Technology-IDT (https:/www.
idtdna.com/pages) as follows: All primers are listed
in Table-1. The PCR reactions were implemented
using a BioMaster HS-Taq PCR kit (Biolabmix
Moscow, Russia) following the manufacturer’s pro-
tocol. All complementary DNAs were amplified by
PCR for the related viral target, and amplicons were
visualized on 2% agarose gel and stained with GelRed
(Biotium, USA).

Results

Polymerase chain reaction detection of six bee viruses
in honey bee (A. mellifera), mite (V. destructor), and
wasps

The data on the PCR detection of six bee viruses
in honey bee and wasp samples are shown in Figure-2.
In honey bees, DWV was observed at the highest fre-
quency (almost 90%), followed by ANV and ABPV
(about 70%), then BSRV and AmFV (about 50%), and
finally LSV-2 (in only 33% of the investigated honey
bees) (Figure-2a).

The presence of DWV was detected in all inves-
tigated samples of Varroa mites. Meanwhile, ABPV
and LSV-2 were observed in 70%-80% of investi-
gated apiaries AmFV and BSRV were described as
being rare (25%), and no Varroa samples had ANV
(Figure-2b). All investigated viruses were detected
in wasps; however, LSV-2 and ANV were present in
almost all samples and all other viruses were present
in about 50% of them (Figure-2c).

Table-1: Oligonucleotide primer pairs employed in PCR
assays.

Viruses Primer Sequence (5'-3")
ABPV F: TTATGTGTCCAGAGACTGTATCCA
R: GCTCCTATTGCTCGGTTTITCGGT
ANV TTA: F: TGGGTGAAAACAACAGGGCT
R-R: R: ACGTGTCCTGTAGCGTTGAG
AmFV F: CGCATGTACCAACAACTCGTAC
R: CACAGTTGGTGTAGCGCAGT
DWV F: ATCAGCGCTTAGTGGAGGAA
R: TCGACAATTTTCGGACATCA
BSRV F: GTGCAGCTTTATGCGTTGCC
R: CCGCTGTTGAGAATAAGGATATCCAGG
LSV-2 F: CGGCCGGTCTAGCGTGGTTG
R: TGGCAAGCTGTGACGAATCCCT

PCR=Polymerase chain reaction, ABPV=Acute bee
paralysis virus, ANV=Apis mellifera norovirus,
AmFV=Apis mellifera filamentous virus, DWV=Deformed
wing virus, BSRV=Big Sioux River virus,

LSV-2=Lake Sinai virus-2
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Figure-2: Distribution of honey bee viruses in arthropods
Tavush Province. (a) Viruses detected in honey bees.
(b) Viruses detected in Varroa destructor. (c) Viruses
detected in Vespula germanica.

Polymerase chain reaction detection of six bee
viruses in pollinated plants (N. tabacum, C. sativus,
R. pseudoacacia, C. mas, and T. cordata)

We investigated the two important pollinated fall
plants (N. tabacum [Figure-3a], C. sativus [Figure-3b])
and three common pollinated trees in spring/summer
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Figure-3: Distribution of honey bee viruses in pollinated plants: (a) Viruses detected in Nicotiana tabacum. (b) Viruses
detected in Crocus sativus. (c) Viruses detected in Cornus mas. (d) Viruses detected in Tilia cordata. (e) Viruses detected

in Robinia pseudoacacia.

(C. mas [Figure-3c], T. cordata [Figure-3d], and
R. pseudoacacia [Figure-3e)). Apis mellifera fila-
mentous virus was absent from all plant samples. All
viruses were found at different frequencies in flowers
and trees. More often, plant samples were identified
as ABPV, DWYV, and LSV-2 viruses. Apis mellifera
norovirus was found in Crocus, R. pseudoacacia, and
T. cordata, but was almost absent from N. tabacum
(about 5%), and was completely absent from C. mas.
The presence of BSRV was observed in C. sativus,
N. tabacum, and T. cordata. However, this virus was
uncommon in C. mas and R. pseudoacacia (5%—10%).

Discussion

Honey bees are the most important crops and
pollinators of wild plants. In terms of their value,
these pollination services provide billions of dollars of
added value to agriculture [16—20]. Most viral infec-
tions pass without clinical manifestations of charac-
teristic disease signs. However, viral infestations are
of great concern as they can damage honey bees at
various developmental stages, such as egg, larva,
pupa, adult worker, drone, and queen [21].

The findings described in this paper demonstrate
for the 1% time the infection of honey bees by viruses
in Armenia. Among the studied honey bee viruses,
DWYV and ABPV are well-characterized viruses that
cause overt disease and are the most important in bee-
keeping [22-25].

Based on our results, besides DWV and ABPV,
ANV was the most common virus detected by PCR in
honey bees. Apis mellifera norovirus is an unclassified
positive-strand RNA positive-strand virus associated
with Drosophila species, which was recently detected
and identified [7]. There is limited information about
the geographical distribution and transmission routes
of ANV.

In the past two decades, particular attention
has focused on discovering bee viruses in different

arthropod species and their possible transmission routes.
It is well known that the globally distributed ectoparasite
V. destructoris a vector for viral pathogens of 4. mellifera.
The presence of honey bee viruses in V. destructor has
been described in many articles; moreover, V. destructor
infestation of A. mellifera colonies can introduce several
important honey bee viruses and/or promote their rep-
lication [26-29], so the detection of almost all viruses
in our investigations was not unexpected. Interestingly,
even though ANV was present in honey bees and wasps,
it did not appear in any samples of mites.

Recently, research has been intensifying on
Vespula wasps as carriers of honey bee pathogens.
These wasps may play an important role in virus
transmission and be a reservoir for emerging honey
bee viruses.

Our study showed that viruses typically asso-
ciated with honey bees also actively infect German
wasps. All viruses were detected in wasps, but LSV-2
and ANV were present in almost all samples. The
literature describes that the wasp pathogen fauna is
similar to that of honey bees [30, 31], so the simi-
larity of viruses between honey bees and wasps was
anticipated.

It is currently considered that floral resources
can act as platforms for the spread of pathogens
between commingling pollinator species and provide
transmission routes through which these pathogens
can be acquired. However, despite intensive research
on this issue, the role of plant species and floral trait
variability in shaping transmission dynamics is almost
completely unexplored.

Dogwood (C. mas) is one of the earliest flow-
ering plants (starting in early spring), attracting bees
and providing them with an important source of nutri-
tion. Meanwhile, R. pseudoacacia flowering usually
takes place in May to June. Short-term flowering of
linden (7 cordata) usually occurs in early July. Thus,
the flowers of these trees are not pollinated by bees
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before sampling from several weeks to 3—4 months.
However, dried flowers continue to maintain the pres-
ence of all viruses, except AmFV.

These findings support the assertion that flowers
serve as bridges in the transmission of viruses between
bees [12]. According to the data, we can assert that
the survival of viruses in plants can be an important
source of seasonal transmission of viruses to bees. In
addition, pollinated plants can serve as possible reser-
voirs for honey bee viruses.

Conclusion

These findings lead us to suppose that the sur-
vival of viruses in plants can be an important source of
seasonal transmission of viruses to bees. Also, polli-
nated plants can serve as possible reservoirs for honey
bee viruses.

Authors’ Contributions

HAv and ZK: Conceptualization, methodology,
and data curation. HAv and ZS: Resources, funding
acquisition. HAv and ZK: Project administration,
supervision, writing-review, and editing. HA, HAv,
JS, and LS: formal analysis, visualization. HAwv,
HA, JS, LS, and ZS: Investigation, validation. All
authors have read, reviewed, and approved the final
manuscript.

Acknowledgments

The authors would like to thank the administra-
tion of the Institute of Molecular Biology NAS RA,
Armenia, for their facilities. The work was supported
by the Science Committee of RA, Armenia, in the
frames of the research project No. 21T-4A143.

Competing Interests

The authors declare that they have no competing
interests.

Publisher’s Note

Veterinary World remains neutral with regard
to jurisdictional claims in published map and institu-
tional affiliation.

References

1. McMenamin, A.J. and Flenniken, M.L. (2018) Recently
identified bee viruses and their impact on bee pollinators.
Curr. Opin. Insect Sci., 26: 120-129.

2. Chen, Y.P. and Siede, R. (2007) Honey bee viruses. Adv.
Virus Res., 70: 33-80.

3. Genersch, E. (2010) Honey bee pathology: Current threats
to honey bees and beekeeping. Appl. Microbiol. Biotechnol.,
87(1): 87-97.

4. Tsevegmid, K., Neumann, P. and Yafiez, O. (2016) The
honey bee pathosphere of Mongolia: European viruses in
Central Asia. PLoS One, 11(3): e0151164.

5. Vanengelsdorp, D., Evans, J.D., Saegerman, C., Mullin, C.,
Haubruge, E., Nguyen, B.K., Frazier, M., Frazier, J., Cox-
Foster, D., Chen, Y., Underwood, R., Tarpy, D.R. and
Pettis, J.S. (2009) Colony collapse disorder: A descriptive
study. PLoS One, 4(8): e6481.

6. Beaurepaire, A., Piot, N., Doublet, V., Antunez, K.,
Campbell, E., Chantawannakul, P., Chejanovsky, N.,

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Gajda, A., Heerman, M., Panziera, D., Smagghe, G.,
Yafiez, O., de Miranda, J.R. and Dalmon, A. (2020)
Diversity and global distribution of viruses of the western
honey bee, Apis mellifera. Insects, 11(4): 239.

Remnant, E.J., Shi, M., Buchmann, G., Blacquiére, T.,
Holmes, E.C., Beekman, M. and Ashe, A. (2017) A diverse
range of novel RNA viruses in geographically distinct
honey bee populations. J. Virol., 91(16): e00158-17.

Shen, M., Cui, L., Ostiguy, N. and Cox-Foster, D. (2005)
Intricate transmission routes and interactions between
picorna-like viruses (Kashmir bee virus and sacbrood virus)
with the honeybee host and the parasitic varroa mite. J. Gen.
Virol., 86(Pt 8): 2281-2289.

Vanengelsdorp, D. and Meixner, M.D. (2010) A historical
review of managed honey bee populations in Europe and
the United States and the factors that may affect them.
J. Invertebr. Pathol., 103(Suppl 1): S80-S95.

Dainat, B., Evans, J.D., Chen, Y.P.,, Gauthier, L. and
Neumann, P. (2012) Dead or alive: Deformed wing virus
and Varroa destructor reduce the life span of winter honey-
bees. Appl. Environ. Microbiol., 78(4): 981-987.

Traiyasut, P., Mookhploy, W., Kimura, K., Yoshiyama, M.,
Khongphinitbunjong, K. and Chantawannakul, P. (2016)
First detection of honey bee viruses in a wax moth. Chiang
Mai J. Sci., 43(4): 695-698.

Alger, S.A., Burnham, P.A. and Brody, A.K. (2019) Flowers
as viral hot spots: Honey bees (4pis mellifera) unevenly
deposit viruses across plant species. PLoS One, 14(9):
€0221800.

Ghorani, M., Madadgar, O., Langeroudi, A.G.,
Rezapanah, M., Nabian, S., Akbarein, H., Farahani, R.K.,
Maghsoudloo, H., Abdollahi, H. and Forsi, M. (2017)
The first comprehensive molecular detection of six honey
bee viruses in Iran in 2015-2016. Arch. Virol., 162(8):
2287-2291.

Moharrami, M. and Modirrousta, H. (2018) Molecular iden-
tification of six honeybee viruses in Iranian apiaries. Arch.
Razi Inst., 73(4): 311-318.

Kubaa, R.A., Molinatto, G., Khaled, B., Daher-Hjaij, N.,
Heinoun, K. and Saponari, M. (2018) First detection of
Black queen cell virus, Varroa destructor macula-like virus,
Apis mellifera filamentous virus and Nosema ceranae in
Syrian honey bees Apis mellifera syriaca. Bull. Insectol.,
71(2): 217-224.

Runckel, C., Flenniken, M.L., Engel, J.C., Ruby, J.G.,
Ganem, D., Andino, R. and DeRisi, J.L. (2011) Temporal
analysis of the honey bee microbiome reveals four novel
viruses and seasonal prevalence of known viruses, Nosema,
and Crithidia. PLoS One, 6(6): €20656.

Requier, F., Garnery, L., Kohl, P.L., Njovu, H.K.,
Pirk, C.W.W., Crewe, R.M. and Steffan-Dewenter, 1. (2019)
The conservation of native honey bees is crucial. Trends
Ecol. Evol., 34(9): 789-798.

Séez, A., Aizen, M.A., Medici, S., Viel, M., Villalobos, E.
and Negri, P. (2020) Bees increase crop yield in an
alleged pollinator-independent almond variety. Sci. Rep.,
10(1): 3177.

Cirkovic, D., Stevanovic, J., Glavinic, U., Aleksic, N.,
Dijuric, S., Aleksic, J. and Stanimirovic, Z. (2018) Honey
bee viruses in Serbian colonies of different strength. Peer.J,
6: e5887.

Bailes, E.J., Deutsch, K.R., Bagi, J., Rondissone, L.,
Brown, M.J.F. and Lewis, O.T. (2018) First detection of bee
viruses in hoverfly (syrphid) pollinators. Biol. Lett., 14(2):
20180001.

Gallai, N., Salles, J.M., Settele, J. and Vaissiére, B.E. (2009)
Economic valuation of the vulnerability of world agricul-
ture confronted with pollinator decline. Ecol. Econ., 68(3):
810-821.

Ullah, A., Gajger, I.T., Majoros, A., Dar, S.A., Khan, S.,
Kalimullah, Shah, A.H., Khabir, M.N., Hussain, R.,
Khan, H.U., Hameed, M. and Anjum, S.I. (2021) Viral

Veterinary World, EISSN: 2231-0916

1033



Available at www.veterinaryworld.org/Vol.16/May-2023/15.pdf

23.

24.

25.

26.

27.

impacts on honey bee populations: A review. Saudi J. Biol.
Sci., 28(1): 523-530.

Posada-Florez, F., Childers, A.K., Heerman, M.C.,
Egekwu, N.I., Cook, S.C., Chen, Y., Evans, J.D. and
Ryabov, E.V. (2019) Deformed wing virus Type A, a major
honey bee pathogen, is vectored by the mite Varroa destruc-
for in a non-propagative manner. Sci. Rep., 9(1): 12445.
Schroeder, D.C. and Martin, S.J. (2012) Deformed wing
virus: The main suspect in unexplained honeybee deaths
worldwide. Virulence, 3(7): 589-591.

Schittny, D., Yafiez, O. and Neumann, P. (2020) Honey bee
virus transmission via hive products. Vet. Sci., 7(3): 96.
Marzoli, F., Forzan, M., Bortolotti, L., Pacini, M.IL.,

28.

29.

30.

Rosenkranz, P., Aumeier, P. and Ziegelmann, B. (2010)
Biology and control of Varroa destructor. J. Invertebr.
Pathol., 103(Suppl 1): S96-S119.

Posada-Florez, F., Ryabov, E.V., Heerman, M.C., Chen, Y.,
Evans, J.D., Sonenshine, D.E. and Cook, S.C. (2020) Varroa
destructor mites vector and transmit pathogenic honey bee
viruses acquired from an artificial diet. PLoS One, 15(11):
€0242688.

Simenc, L., Knific, T. and Toplak, I. (2021) The comparison
of honeybee viral loads for six honeybee viruses (ABPV,
BQCYV, CBPV, DWV, LSV3 and SBV) in healthy and clin-
ically affected honeybees with TagMan quantitative real-
time RT-PCR assays. Viruses, 13(7): 1340.

Rodriguez-Flores, M.S., Felicioli, A. and Mazzei, M. (2021) 31.  Lester, P.J., Bosch, P.J., Gruber, M.A., Kapp, E.A., Peng, L.,
Next generation sequencing study on RNA viruses of Vespa Brenton-Rule, E.C., Buchanan, J., Stanislawek, W.L.,
velutina and Apis mellifera sharing the same foraging area. Archer, M., Corley, J.C., Masciocchi, M., Van Oystaeyen, A.
Transbound. Emerg. Dis., 68(4): 2261-2273. and Wenseleers, T. (2015) No evidence of enemy release
Levin, S., Sela, N. and Chejanovsky, N. (2016) Two novel in pathogen and microbial communities of common wasps
viruses associated with the Apis mellifera pathogenic mite (Vespula vulgaris) in their native and introduced range.
Varroa destructor. Sci. Rep., 6: 37710. PLoS One, 10(3): ¢0121358.
skeoskeoskoskoskokskok

Veterinary World, EISSN: 2231-0916

1034



