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Research article
Ερευνητικό άρθρο

ABSTRACT: Chronic bee paralysis virus (CBPV) is a major contributor to global bee colony losses. However, among 
the RNA viruses infecting honeybees, CBPV is still not classified. In this study, samples of asymptomatic adult honey 
bees were randomly collected from 45 apiaries in three provinces (Burdur, Antalya, and Isparta) in Turkey. Five of the 
45 samples were determined to be positive by reverse transcription polymerase chain reaction (RT-PCR). In addition, 
three positive samples from Burdur, Isparta, and Antalya were confirmed by sequencing. We constructed a phylogenet-
ic tree that was divided into five main groups based on the RNA-dependent RNA polymerase gene region. The Turkish 
strains TUR/BUR/CBPV1, TUR/ISPT/CBPV2, and TUR/ANT/CBPV3 and the Turkish strains from obtained previous 
studies formed a different cluster. The sequence homology results of a phylogenetic analysis showed that the Turkish 
strains shared 97-98.9% of their nucleotide identity and had 96.9-99% similarity rates with each other. The strains 
obtained in this study and the Turkish strains detected in previous studies were also 81-84.6% similar to European, 
Chinese, and Uruguay strains. This research underlines the presence of CBPV in apparently healthy Turkish bee colo-
nies and the remarkable differences in Turkish CBPV strains. Further investigation is needed to identify the molecular 
characterization, complete genome sequence, and pathogenesis of Turkish CBPV strains.
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INTRODUCTION

Honey bees, which contribute greatly to agricul-
ture and economics, are one of the most import-

ant pollinators in the world (Morse and Colderone, 
2000; Chauzat et al., 2003; Celli and Maccagni, 
2003). However, the number of honey bee colonies 
has decreased significantly in recent years because of 
a large number of biotic and abiotic stressors (vanEn-
gelsdorp et al., 2011; Cornman et al., 2012). Bacteria, 
parasites, and viruses are some of the main threats to 
honey bee health, among which viruses have caused 
significant colony losses (Brutscher et al., 2016; Gis-
der et al., 2016; Tehel et al., 2016).

CBPV is one of the most common viruses affect-
ing honey bee colonies. First detected by Bailey et al. 
(1963), CBPV is an infectious and contagious disease 
that causes a high mortality ratein adult honey bees. 
CBPV is transmitted by two main routes: through 
physical contact between adult healthy bees and in-
fected individuals (Bailey et al., 1983) and oral con-
tact between healthy bees and infectious particles in 
the feces of paralyzed bees (Ribiere et al., 2007). In 
particular, this virus causes individual black, hairless 
bees to stand at the hive entrance and leads to clus-
ters of trembling, flightless, crawling bees (Chen and 
Siede, 2007; Dittes et al., 2020). Bees with symptoms 
from CBPV die within 6 days, and inapparent virus in-
fections can persist in colonies (Youssef et al., 2015).

The symmetry, size, and genomic structure of 
CBPV are completely different from other bee vi-
ruses. For example, CBPV has anisometric particles 
that measure 20 nm in width and 30-60 nm in length 
(Bailey et al., 1968). In addition, it is an unclassi-
fied polymorphic, segmented, non-enveloped, posi-
tive single-stranded RNA virus, with a viral particle 
composed of two major RNAs (RNA1 [3674 nt] and 
RNA2 [2305 nt]) and three minor RNAs (RNA 3a, 
3b, and 3c). It also has seven overlapping open read-
ing frames (ORFs), with three on RNA1 and four 
on RNA2. The RNA-dependent RNA polymerase is 
encoded by RNA1-ORF3 (Olivier et al., 2008). The 
structural proteins hSP and pSP are thought to be en-
coded by RNA2-ORF2 and RNA2-ORF3, respective-
ly (Chevin et al., 2015). To date, CBPV has not been 
classified by the International Committee on Taxon-
omy of Viruses (ICTV) (http://www.ictvonline.org). 
It was stated by Oliver et al (2008) that only ORF3 
on RNA1 showed similarities with the Nodaviridae 
and Tombusviridae families. However, Lake Sinai Vi-
rus, which is a novel honey bee virus, and CBPV are 

thought to belong to a new viral family (Schuster et 
al., 2014).

CBPV is commonly detected in bee colonies 
worldwide, such as France (Tentcheva et al., 2004), 
Uruguay (Antunez et al., 2005), Australia (Berenyi et 
al., 2006), Hungary (Forgach et al., 2008), Denmark 
(Nielsen et al., 2008), China (Wu et al., 2015; Li et 
al., 2017), Iran (Ghorani et al., 2017) and Turkey (Ca-
girgan et al., 2020; Kalayci et al., 2020). In addition 
to agarose gel immune-diffusion assay (AGID) (Ball, 
1999), RT-PCR (Ribiere et al., 2002, Blanchard et 
al., 2007a), multiplex RT-PCR (Sguazza et al., 2013; 
Cagirgan and Yazici, 2020), and real-time RT-PCR 
(Blachard et al., 2007b) are used for the diagnosis 
of CBPV. However, it is possible to detect CBPV by 
RT-PCR test, even in the case of inapparent infections 
(Tentcheva et al., 2004; Blanchard et al., 2007a; Ca-
girgan et al., 2018). 

This study aims to investigate the presence of 
CBPV in asymptomatic adult honey bees in the 
southern cities of Burdur, Isparta, and Antalya in Tur-
key and construct its phylogenetic tree based on the 
RNA-dependent RNA polymerase gene region.

MATERIAL AND METHODS

Ethics Statement
No ethics committee approval document was re-

quired for this study. The study involved the Apis 
mellifera which is neither a protected nor endangered 
species.

Samples and Preparation
Samples of alive asymptomatic adult bees were 

randomly collected from 45 apiaries in three provinc-
es (Antalya [n=17], Isparta [n=8], and Burdur [n=20]) 
of Turkey (Figure 1). The samples were collected be-
tween March and November 2019. The samples were 
taken from three hives from each apiary. A pool con-
sisting of 30 adult bees was created for each apiary. 
These pools were homogenized with 9 ml of Eagle’s 
Minimum Essential Medium (Sigma Aldrich, UK). 
Then, the homogenates were centrifuged at 5000 rpm 
at 4ºC for 30 minutes. 

Following this step, 200 μl of the supernatant were 
taken for RNA extraction after centrifuging the ho-
mogenates. This step was carried out using the High 
Pure Viral RNA Kit (Roche, Germany) according to 
the manufacturer’s instructions. The extracted RNA 
was stored at -20°C until testing.
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Figure 1. The geographical location of the three proviences of Turkey where honeybee samples were collected.

RT-PCR
An RT-PCR for the partial genes was conducted 

using the oligonucleotide sense and antisense primers 
(5’-TCAGACACCGAATCTGATTATTG-3’ 1921-
1933 and 5’-CCGGAGACAAAGGTCATCAT-3’ 
3445-3426) targeting a 1525-bp fragment of the 
RNA-dependent RNA polymerase gene of the CBPV, 
as described by Blanchard et al. (2009). For the am-
plification, an Xpert One-Step RT-PCR Kit (Grisp 
Research Solutions, Porto, Portugal) was used. The 
total reaction volume was 25 µl, and the final concen-
tration of the primer was 0.4 mM. 

The thermocycler was programmed with the fol-
lowing steps and cycling times. First, one cycle at 
45ºC for 15 minutes was performed for the reverse 
transcription, followed by the initial denaturation at 
95ºC for 3 minutes. This step was followed by anoth-

er denaturation at 95ºC for 10 seconds, annealing at 
55ºC for 10 seconds. Finally, an extension at 72ºC for 
15 seconds was sustained for 35 cycles, with a final 
extension at 72ºC for 1 minute. The final PCR prod-
ucts were analyzed in a 1.5% agarose gel electropho-
resis (containing ethidium bromide) and visualized 
under a UV light source. 

The PCR products were sequenced in the Forward 
and Reverse directions by a Microsynth AG (Bal-
gach, Switzerland). A phylogenetic analysis of the 
partial RNA-dependent RNA polymerase gene region 
targeting a 1290-bp region was performed using 32 
CBPV sequences from Turkey and other geographical 
regions of the world. These additional sequences were 
taken from National Center for Biotechnology Infor-
mation (NCBI). The nucleotide sequence results were 
analyzed and assembled, and the obtained sequenc-
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es were aligned using DNADynamo DNA Sequence 
Analysis Software. To interpret the results of the phy-
logenetic analysis, an SDT a stand-alone program was 
used (Muhire et al., 2014). A graphical port demon-
strated pairwise identity scores using a color-coded 
pairwise-identity matrix and enabled the visualization 
of the proximity among sequences in a dataset. Phy-
logenetic analyses were constructed the MEGA X 
(Kumar et al., 2018) with Maximum likelihood trees 
based on the Tamura-Nei parameter (TN93+G) model 
with 1,000 bootstrap replicates for the determination 
of genetic distances between nucleotide sequences. 
GenBank accession numbers were taken for three dif-
ferent strains obtained in this study.

RESULTS AND DISCUSSION
The results revealed that 5 of the 45 samples were 

CBPV positive. The basic local alignment search tool 
(BLAST) at the National Center for Biotechnology 
Information (NCBI) was used for searching the ob-
tained nucleotide sequences. The TUR/BUR/CBPV1, 
TUR/ISPT/CBPV2, and TUR/ANT/CBPV3 strains 
detected in this study and the Turkish strains detected 
in previous studies formed a separate branch in phy-
logenetic tree (Figure 2). Based on the non-structural 
RNA-dependent RNA polymerase gene region, the 
tree was divided into five main groups. According to 
phylogenetic analysis, the sequence homology results 
showed that the Turkish strains shared 97-98.9% of 
the nucleotide identity and 96.9-99% similarity rates 
with each other (Figure 3). All of the strains obtained 
in this study and the Turkish strains detected in previ-
ous studies showed 81-84.6% similarities with Euro-
pean, Chinese, and Uruguayan strains. 

Figure 2. The phylogenetic tree constructedusing Maximum Likelihood (ML) method with Tamura-Nei parameters, included in the 
MEGA-X software, on the aligment of the 1290 bp of RNA-dependent RNA polymerase sequences of 32 CBPV strains.
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Figure 3. Detailed nucleic acid identity and similarity rates for 32 CBPV strains

Figure 4. SDT color-coded matrix of nucleotide pairwise identity scores performed by alignment of a 1290 bp fragment RNA-depen-
dent RNA polymerase gene for 32CBPV strains. Each colored square symbolizes a percentage identity score between two sequences
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A total of 32 CBPV strains were analyzed using 
the Sequence Demarcation Tool (SDT) program. 
The nucleotide pairwise identity changed between 
the interval of 100% to 85%. The identity showed in 
different colors: from maroon to dark red, to red, or-
ange-red, orange, yellow, yellow-green, aquamarine, 
turquoise, and blue to navy blue. The CBPV strains 
reported in this study largely showed as blue (~86-
88%) and dark blue (~85%) (Figure 4). According to 
the SDT graphic, the Turkish CBPV strains exhibited 
high differences compared to European, Uruguayan, 
and Chinese strains.

Honeybees play an important role in pollination 
and, as such, offer both ecological and economic con-
tributions. Turkey, with its 7.9 million honeybee col-
onies (FAOSTAT, 2018), is one of the most important 
honey producers in the world. One of the major chal-
lenges that Turkish beekeepers face is viruses. CBPV 
is common in Turkish bee colonies and the cause of 
many colony losses (Kalayci et al., 2020).

In France, CBPV was sporadically detected in 
adult bees sampled from 360 healthy colonies using 
the RT-PCR diagnosis method. CBPV was found in 
28% of 36 apiaries (Tentcheva et al. 2004). Previous 
studies in Europe show that the prevalence of this vi-
rus was low in Austria, Denmark, and Croatia, respec-
tively (Berenyi ve ark., 2006; Nielsen ve ark., 2008; 
Gajger ve ark., 2014). Ghorani et al. (2015) reported a 
finding of CBPV in 3 out of 89 (3.3%) apiaries in Iran.

The first molecular detection of CBPV in Turkey 
was reported by Gumusove et al. (2010), who detect-
ed the virus in 7 of 28 (25%) samples from the Black 
Sea region in Turkey. CBPV was previously reported 
in 1.8% of 111 apparently healthy colonies in seven 
provinces of the Aegean Region (Cagirgan, 2018). In 
addition, CBPV was identified in 14 of 76 (18.4%) 
apiaries complaining of colony losses in Turkey (Ka-
layci et al., 2020). In this study, CBPV was detected 
in 5 of 45 (11.1%) apiaries.

The nucleotide similarity rates of the three CBPV 

strains obtained from the Burdur, Isparta, and An-
talya provinces were 96.9-99%. Their similarities 
with the strains obtained from different countries are 
shown in Figure 3, which details that the strains ob-
tained from different countries and the Turkish strains 
ranged in similarity from 81-84.6%. This range can 
be explained by the fact that CBPV is a segmented 
and variable virus. In addition, the genomic variabili-
ty of honeybee viruses, such as the Sacbrood virus in 
Turkey has been previously described (Kalayci et al., 
2019; Yildirim et al., 2020). The genetic variability of 
CBPV was also reported in a previous study by Ca-
girgan (2018).

The phylogenetic tree based on the RNA-depen-
dent RNA polymerase gene region was first construct-
ed by Blanchard et al. (2009). In the phylogenetic eval-
uation, CBPV strains formed four different groups: A, 
B, C, and D. Strains obtained from the same countries 
took place in different branches on the phylogenetic 
tree. Strains of the same country were included in dif-
ferent groups. Turkish strains formed the E group in 
the study conducted by Cagirgan (2018). In that study, 
the Turkish strains were separated into a different 
branch. This difference suggests that Turkish CBPV 
strains generate a new group in addition to the groups 
formed by Blachard et al. (2009). In a study based 
on the RNA-dependent RNA polymerase gene region, 
the strains from Iran formed Group 1 and Group 2 
(Ghorani et al., 2015). While CBPV reveals genetic 
differences even in the same countries, the Turkish 
strains were not separated into different groups.

In conclusion, this study underlines the presence 
of CBPV in apparently healthy colonies in Turkey 
and remarkable differences between Turkish CBPV 
strains, which divide into different branches of the 
phylogenetic tree, from the CBPV strains obtained in 
other countries. Further investigation of CBPV strains 
is necessary to reveal their geographical distribution 
and genetic variability, to evaluate the global distribu-
tion of this virus, and to investigate the role of CBPV 
in disease outbreaks in Turkey.
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