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Summary
This study aimed to determine the presence and prevalence of viral and parasitic infections causing high
rates of colony loss in honey bee colonies in Van province, eastern Turkey. Twenty-six different apiaries were
collected from five counties in Van province. These samples were tested by Reverse-Transcriptase PCR (RT-PCR)
for acute bee paralysis virus (ABPV), chronic bee paralysis virus (CBPV), black queen cell virus (BQCV) and
deformed wing virus (DWV). Selected positives were sequenced, phylogenetically analyzed and investigated in
terms of Varroa. DWV and BQCV were identified in 69.23% (18/26) and 88.46% (23/26) of the bees respectively
whereas ABPV and CBPV were not detected in the sampled apiaries. Results of the phylogenetic analysis of
DWV and BQCV sequences showed 94-100% similarity to DWV and BQCV isolates obtained from Genbank.
Prevalence of varroasis was 89% (23/26) in Van. The obtained samples were identified as Varroa destructor by
morphological investigation. The study showed that viral and parasitic agents commonly infect honeybees in
Van province, with high prevalence rates for BQCV and DWV. There was also a high degree of conservation
of DWV and BQCV sequences distinct from DWV and BQCV isolates from other geographical regions. These
findings, including current prevalence and phylogenetic analysis data for DWV, BQCV and varroazis in
honeybees, are useful for future studies.
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Apiculture contributes significantly to the agricultural economy and vegetative production through
worldwide pollination (32). As in other countries, beekeeping has become a developing industry in Turkey
(10). Turkey is an important region for beekeeping in
terms of its surface area, topographic character, climate
and vegetation. Recent studies have reported that bee
viruses play a role in the collapse of bee colonies.
It has also been reported that the probability of the
simultaneous infection of bee colonies in which collapses are observed with viral and parasitic pathogens
is higher than the probability of the other pathogens
being observed together (4, 7, 33).
Bee viruses first described in the early 20th century
have become one of the biggest threats to the health
1)
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of honeybees. These include Deformed Wing Virus
(DWV), Black Queen Cell Virus (BQCV), Acute Bee
Paralysis Virus (ABPV) and Chronic Bee Paralysis
Virus (CBPV) (17).
DWV is an RNA virus with a single fibril and virus
positive polarity, located in the genus Iflavirus (15).
The virus, which is can be seen in different seasons,
infects both larvae and adults, causing wrinkles in
wings, shrinking of the body, faded color, shortened
lifespan and regression in eggs in queens and adults
(3, 9, 17). In addition to horizontal and vertical infection, it has also been determined that the agent infects
through Varroa destructor (28, 29).
BQCV of the genus Cripavirus of the family Dicistroviridae has an RNA genome with an active single
strand (6). It causes thickening in the cell walls of
larvae and pupa, death of queen bee larvae, diarrhea
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in adult bees, intestinal edema and expanded abdomen infections that progress latently (17). The disease
increases in the spring and summer, spreading both
in horizontal and vertical ways. The disease agent is
detected in eggs, which shows that the disease is also
transmitted transovarially (11). The infection is carried
by the parasite Nosema apis while Varroa destructor
also plays a role (7, 29).
CBPV is an RNA virus with a single fibril with active
positive polarity. Paralysis, shaking and crawling are
seen in affected bees, and the colony may collapse suddenly (23). The agent is transmitted both horizontally
and vertically, with a significant number of agents in
feces (24).
ABPV of the genus Cripavirus of the family Dicistroviridae, has an RNA genome with an active single
fibril (13). Following a 3 to 5 day incubation, affected
bees suffer shaking in the wings and body, paralysis
and sudden death while colony collapses are also
observed (17). Varroa destructor plays a role as both
vector activator (29). As well as horizontal and vertical infection, detection of the agent in sperm shows
that the disease may also be transmitted genitally (34).
Varroa species (mite: Varroidae) was first collected from the eyes of Apis cerena larvae in 1904 by
E. Jacobson in Java (Indonesia), and named Varroa
jacobsoni. In 2000, from their evaluation of the
sequence and body measurement differences among
Varroa mites, Anderson and Trueman determined that
Varroa destructor is a distinct species (1). They also
divided this species into two classes, Japan-Thailand
and Korea haplotype, based on reproductivity. Varroa
mites are important vectors in the transmission of viral
diseases (12). More specifically, V. destructor may
infect honey bees at all developmental stages: larvae,
pupa and adult. Apis mellifera has devastating destructive effects on bee colonies (1).
This study had the aim of determining the prevalence
of viral and parasitic infection in honey bee colonies
in Van province in eastern Turkey, using PCR, and to
determine the molecular characterization of honey bee
viruses in this region.
Material and methods
Samples. A total of 260 adult worker bees were collected
from 26 colonies at five apiaries located in counties within
Van province between April and June 2015. The locations
of the sampled regions are shown in Figure 1. The bee colonies provided from the fieldwork samples were determined
to be distant from each other and dead bee samples were
provided at specified times, determined with the colony
owners during the study. At least ten adult worker bees from
each colony were collected. The main clinical feature in all
colonies was the presence of signs of diarrhea and bee death.
RNA extraction and cDNA synthesis. The ten bees
collected from the same beehive were considered as one
single sample and placed in a sterile tube before removing
heads and wings and homogenizing abdomens and thoraxes
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Fig. 1. Distribution of beekeping regions sampled in Van

in a 10 mL phosphate buffer solution (phosphate-buffered
saline-PBS) at +4°C. The homogenate was used in the
supernatant viral RNA extraction that was formed after
centrifugation for 15 minutes at 4500 rpm. RNA extraction
was conducted in accordance with the kit procedures using
viral nucleic acid isolation kit (Thermo Scientific GeneJET
Viral DNA and RNA Purification Kit).
The cDNA synthesis of each sample was made in accordance with the kit procedures (Thermo Scientific RevertAid
First Strand K1622, USA). The first mixture was prepared
with 3 µL sterile distilled water, 0.5 µL random hexamer
primer and 3 µL RNA, and the tubes were placed in a thermocycler. After having been kept in this device at 70°C for
5 minutes the tubes were placed in ice. Next, the second
mixture was prepared with 2.0 µL 5 × reaction buffer, 1.0 µL
10 mM dNTP mix and 0.5 µL M-MuLV reverse transcriptase
at 3.5 µL. This was added to the tubes containing the first
mixture, which were then incubated at 48°C for 45 minutes.
The series of primers used in the RT-PCR reaction, and the
PCR size and references are given in Table 1 (6, 14, 25).
Reverse transcription-polymerase chain reaction
(RT-PCR). For PCR amplification, 30 µl PCR master mix
was formed with 3 µl of DNA, 75 mM Tris-HCl (pH 8.8),
20 mM NH4(SO4)2, 1.5 mM of MgCl2, primers 10 pmol,
Tab. 1. Primers used for DWV, CBPV, ABPV, BQCV detection
Primer

Sequence (5’-3’)

DWV1

TTTGCAAGATGCTGTATGTGG

DWV2

GTCGTGCAGCTCGA-TAGGAT

CBPV1

GTTGTCATGGTTAACAGGATACGAG

CBPV2

TCTAATCTTAGCACGAAAGCCGAG

ABPV1

TTATGTGTCCAGAGACTGTATCCA

ABPV2

GCTCCTATTGCTCGGTTTTTCGGT

BQCV1

TGGTCAGCTCCCACTACCTTAAAC

BQCV2

GCAACAAGAAGAAACGTAAACCAC

Length (bp)

Reference

395

Gülmez
et al. (2009)

455

Ribiere
et al. (2002)

900

Benjeddou
et al. (2001)

700

Benjeddou
et al. (2001)
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Fig. 2. Ethidium bromide stained agarose gel electrophoresis
image of the RT-PCR products of DWV
Explanations: M – Marker (100 bp DNA ladder); 1, 4, 5, 6 – positive samples

Med. Weter. 2018, 74 (7), 460-465

Fig. 3. Ethidium bromide stained agarose gel electrophoresis
image of the RT-PCR products of BQCV
Explanations: M – Marker (100 bp DNA ladder); 1-8 – positive
samples

0.2 mM of dNTP and Taq DNA polymerase at 0.5 U (MBI, segments was examined in the area where the chitin layer
Fermentas, Lithuania). The temperature programs used in was thin and soft. In order to gain a clear result, the bees
the thermocycler varied with virus type as follows:
were placed in jars of warm water at 10°C and one drop
For DWV, following denaturation at 95°C for 6 minutes, of detergent was dropped on them. The bees were then
the values were 60 seconds at 54°C, 30 seconds at 72°C examined for Varroa approximately 10 minutes after being
and 30 seconds at 95°C. This temperature program was removed from the jars.
repeated for 35 cycles. The process was completed with
Results and discussion
a final extension of 7 minutes at 68°C.
For BQCV, ABPV, and CBPV, following denudation for
One of the important problems for the apiculture
2 minutes at 95°C, the values were 60 seconds at 55°C; 120 sector is bee pests. Although apiculture has a very
seconds at 68°C and 30 seconds at 95°C. This temperature important place for Turkey’s economy, studies conprogram was repeated for 40 cycles. The process was comducted in this field are rare. To keep honey bee pests
pleted with a final extension of 7 minutes at 68°C.
under control, it is particularly essential that viral
For evaluation purposes, standard 100 bp was used, and
the amplified DNA products were stained with ethidium infections are diagnosed quickly and accurately (11).
One study that investigated bee viruses in the Black
bromide in 1% agarose gel before examination under UV
Sea
region reported CBPV in 25% (7/28) of bees
light in a Gel Imaging Device (Fig. 2 and 3).
and
BQCV in 21.42% (6/28) whereas ABPV was
Sequencing and phylogenetic analyses. Before the analyses, five sample series selected from among the positive not detected (22). BQCV positivity rates determined
products were purified using a commercial purification kit by PCR ranged between 22.2 and 100% in samples
(High Pure PCR Cleanup Micro Kit, Roche, Germany) and obtained from different regions (19). In our study,
exposed to capillary electrophoretic separation in a private BQCV prevalence was 88.46% (23/26), which has
laboratory (Refgen, Ankara, Turkey). The series analyses attracted attention since it is a higher prevalence rate
were conducted on the products with the help of Bioedit than that in previous studies. Given that companies
Version (7.0.5.3.), while the phylogenetic map was formed in Van deal with migratory beekeeping and travel to
using Mega 6.1 (27). The phylogenetic tree included those cities with warmer climates, like Mersin and Hatay,
sequences selected from the different countries Tab. 2. DWV, CBPV, ABPV, BQCV positivity rates according to the samaligned with the Turkish sequences.
pled regions
V. destructor determination. A certain
Number
RT-PCR (%)
number of broods were collected from each
Sampled
of hives
region
hive and their eyes were opened while the adult
DWV
BQCV
ABPV
CBPV
examined
bees brought to the laboratory were analyzed Erek
5
4 (80%)
5 (100%)
0 (0%)
0 (0%)
for Varroa. Sedimentation was used to separate
Kasımoğlu
10
7 (70%)
9 (90%)
0 (0%)
0 (0%)
the Varroa mites from the wastes of the hive
3
3 (100%)
3 (100%)
0 (0%)
0 (0%)
wood floor. One part of waste was mixed with Özalp Yolu
10 parts of oil. Varroa mites that accumulated Bostaniçi
5
1 (20%)
4 (80%)
0 (0%)
0 (0%)
on the surface of the oil were collected after Kale Yolu
3
3 (100%)
2 (66.66%)
0 (0%)
0 (0%)
the waste had precipitated. In adult bees, the
26
18 (69.23%)
23 (88.46%)
–
–
level of the membrane and wings between the Total
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during winter, and considering
the existence of the virus in the
Black Sea region, it is possible
to conclude that BQCV is highly
prevalent in Turkey. Similarly, the
virus has been detected in 86% of
adult samples and 23% of pupae in
a survey of healthy French bee colonies (29) and recently in Austrian
apiaries (7).
Like our study, DWV was
reported by various studies of
samples collected from Ordu in
2007 and Hatay in 2009 (14, 20).
Phylogenetic analysis data from
different geographical areas also
indicate that DWV is widely distributed in Apis mellifera honey
bees in Europe (31). A study of
40 bee colonies in Algeria in 2013
reported a DWV positivity rate of
40% (16).
Our study showed that DWV and
BQCV positivity rates are fairly
high in Van. While 18 of a total of
26 hives (69.23%) were positive for
DWV, 23 (88.46%) were positive
for BQCV (Tab. 2). Thus, similarly
to previous research, we found that
BQCV and DWV are the two most
common honey bee pathogens (35).
In our study, structural polyproteins gene-region specific primers
of PCR procedures were performed
for nucleic acid amplification
for BQCV and DWV. These two
viruses were selected from positive samples from each region for
series analyses in order to create
a phylogenetic map (Fig. 4 and 5).
The Turkish DWV strains
obtained in the present study were
highly similar among themselves
and with a previous Turkish isolate
(FJ011106). The identity rate was
100%. The comparative sequence
analysis determined that the DWV
sequences (KU521779, KU521780,
KU521781 and KU521782) showed
98-100% identity with European
DWV isolates from Denmark,
England and Italy. The similarity rates were 100%, 98-100%
and 99%, respectively. They also
showed high identity with South
American isolates from Chile and
Brazil, as well as Asian isolates
from Vietnam, with similarity rates
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Fig. 4. Neighbor-joining analysis of polyprotein gene of DWV. New sequences from
Van province are indicated with “filled triangle”, Turkish isolate “filled circle” and
other sequences are indicated by the Accession Number, isolate name and country
respectively. Triatoma virus is included as outgroup

Fig. 5. Neighbor-joining analysis of capsid gene of BQCV. New sequences from
Van province are indicated with “filled circle” and other sequences are indicated
by the Accession Number, isolate name and country respectively. Triatoma virus
is included as an outgroup
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Tab. 3. Number of hives examined and varroasis infestation
rate
Region
Erek
Kasımoğlu

Number of hives examined

Infestation rate

5

100

10

80

Özalp Yolu

3

67

Bostaniçi

5

100

Kale Yolu

3

100

of 99%, 98% and 94% respectively. There was also
a high degree of conservation of nucleotide sequences
between isolates from different geographical regions
worldwide, as reported in previous studies (5, 8).
The phylogenetic tree for the Turkish BQCV isolates
was created and compared with BQCV isolates from
different countries, using the Triatoma virus strain
from Argentina as an outgroup. The BQCV sequences
(KU521775, KU521776, KU521777 and KU521778)
showed 100% homology among themselves. The
comparative sequence analysis determined that the
Turkish BQCV sequences were highly similar to
European isolates from Belgium and England, with
similarity rates of 95% and 95-100% respectively. They
also showed identity with Asian isolates from South
Korea, China, Japan and Thailand at 94-95%, 95%,
95% and 95%, respectively. They showed 94% identity with the North America isolate and 95% and 96%
identity with South American isolates from Uruguay
and Brazil, respectively. Parallel to a previous study,
the present study found that all BQCV sequences were
very closely related to each other and distinct from the
Triatoma virus (18).
We observed Varroasis in 23 (89%) of the 26 bee
colonies of the five apiculture companies examined in
Van. The average size of the sampled Varroa mites was
1.2 mm while the width was 1.6 mm. The number of
beehives examined and the results are shown in Table 3.
From the morphological and genetic examinations
of the Varroa mites collected from various cities and
regions of Turkey it was determined that V. destructor had the Korean genotype (30). V. destructor was
detected by morphological examination of the mites
obtained in the present study.
Various studies have reported that V. destructor is
very common across various regions of Turkey (2,
26), having been detected at a rate of 25% in Elazığ
region and 27% in the Southern Marmara region. It
is currently accepted that V. destructor is found in all
regions of Turkey at different rates and that no regions
are free of it (21, 26). Varroasis rates were 100% in
the beehives examined in Van, Central Anatolia and
Erzurum. Likewise, Varroasis rates were 100% in beehives examined in Hakkari in southeastern Turkey (2)
while V. destructor was found in 100% of 900 colonies
sampled from 30 different companies in six different
wintering areas in Hatay in southern Turkey (21). The
present study followed these findings, with Varroasis

detected in 23 of 26 bee colonies examined, indicating
an infection rate for Van region of 89%. Parallel with
previous research, this indicates that the disease has
continued to spread in the region.
Recent studies have reported that the probability of
simultaneous infection of bee colonies in which collapses are observed with viral and parasitic pathogens
is higher than the probability of the other pathogens
being observed together. Parallel to these results, the
present study found that viral and parasitic agents
infect honey bees at similar rates. BQCV and DWV
were highly prevalent in Van province. The molecular
characterization data showed a high degree of conservation of DWV and BQCV sequences within the
sampled region that are also distinct from DWV and
BQCV isolates from different geographical regions
worldwide. We believe that this study provides useful
findings for future studies by including molecular
characterization data supported by prevalence data
for DWV, BQCV and Varroasis in honey bees in one
region of Turkey.
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