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ARASTIRMA MAKALESI RESEARCH ARTICLE

Determination of The Prevalence of Honey Bee Diseases and Parasites in Samples from
Sivas Province

Sivas Ili Orneklerinde Bal Aris1 Hastaliklar1 ve Parazitlerin Yaygmliginin Belirlenmesi

Arif BOZDEVECI?, Rahsan AKPINAR? Sengiil ALPAY KARAOGLU*
Abstract

Honey bees, Apis mellifera L. (Hymenoptera: Apidae), are the most important pollinators of agricultural
products and plants in the natural environment. Honeybees are an important ecosystem component due to their
role in nature and agricultural production. Bacterial, fungal, viral, and parasitic factors in bee farms are among
the most important causes of honey bee colony losses. Honey bee diseases (bacterial, fungal and viral) and
parasites are among the most important factors limiting beekeeping development and production efficiency in
Tiirkiye. In addition to diseases caused by bacterial and fungal agents, diseases caused by viral agents are very
diverse. Viruses, especially mixed infections, cause colony losses and are the most important factors in the
decline of honey bee colonies. In this study the presence and prevalence of honey bee pathogens (Varroa
destructor, Nosema ceranae, Paenibacillus larvae, and nine viruses) in suspicious samples with colony losses
were investigated in Sivas province. For this purpose, microscopic, microbiological, and molecular methods
were investigated on larvae and adult bee. The results showed that the most common viral pathogens in samples
from Sivas province were Deformed Wing Virus (70%), Apis mellifera Filamentous Virus (60%), Black Queen
Cell Virus (60%), Sacbrood Virus (55%) and Varroa destructor virus-1 (40%), respectively. In some samples, it
was observed that there was a double (17.5%), triple (30%), quadruple (22.5%), or even quintuple (17.5%)
association of viral agents. The viral infection/varroa coexistence rate was determined to be 50%. It was
determined that 22.5% of the samples examined contained Nosema spores, while 12.5% were positive for P.
larvae. Revealing the distribution of bee diseases will help beekeepers in disease-fighting and taking measures.
This study showed the presence of the AmFV and the Varroa destructor viriis-1 in the Sivas province of Tiirkiye
for the first time.
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Oz

Bal arilari, Apis mellifera L. (Hymenoptera: Apidae), dogal ortamdaki tarim iiriinleri ve bitkilerin en 6nemli
tozlayicilaridir. Bal arilari dogadaki ve tarimsal iretimdeki bu rolleri nedeniyle ekosistemin Onemli bir
bilesenidir. Ar ¢iftliklerinde bakteriyel, fungal, viral ve paraziter faktorler bal arist koloni kayiplarinin en 6énemli
nedenleri arasinda yer almaktadir. Bal arisi hastaliklar1 (bakteriyel, fungal ve viral) ve parazitleri Tiirkiye'de
aricihigim gelismesini ve iiretim verimliligini sinirlayan en 6nemli faktorler arasinda yer almaktadir. Bakteriyel ve
fungal etkenlerin neden oldugu hastaliklarin yani sira viral etkenlerin neden oldugu hastaliklar da oldukca
cesitlidir. Virtsler, ozellikle de karisik enfeksiyonlar koloni kayiplarina neden olur ve bal aris1 kolonilerinin
azalmasindaki en 6nemli faktorlerdir. Bu ¢alismada Sivas ilinde koloni kayiplari olan siipheli 6rneklerde bal aris1
patojenlerinin (Nosema ceranae, Varroa destructor, Paenibacillus larvae ve dokuz viriis) varligi ve yayginlig
aragtirtlmistir. Bu amacla larva ve ergin arilarda mikroskobik, mikrobiyolojik ve molekiiler yontemlerle
aragtirmalar yapilmistir. Sonuglar Sivas ilinden alinan 6rneklerde en sik goriilen viral patojenlerin sirastyla
Deformed Wing Virus (%70), Apis mellifera filamentous virus (%60), Black Queen Cell Virus (%60), Sachbrood
Virus (%55) ve Varroa destructor virus-1 (%40) oldugunu gostermistir. Baz1 drneklerde viral etkenlerin ikili
(%17.5), ugli (%30), dortli (%22.5) ve hatta besli (%17.5) birlikteligi oldugu goriilmiistiir. Viral
enfeksiyon/varroa birlikteligi oran1 %50 olarak belirlenmistir. Incelenen drneklerde Nosema spor varligi %22.5,
P. larvae pozitiflik orani ise %12.5 oldugu belirlenmistir. Ar1 hastaliklar1 dagiliminin ortaya ¢ikarilmasi aricilara
hastaliklarla miicadele ve dnlem alma konusunda yardimci olacaktir. Bu ¢aligma ile Tiirkiye'nin Sivas ilinde ilk
kez AmFV ve Varroa destructor-1 viriisiiniin varligini gosterilmistir.

Anahtar Kelimeler: Apis mellifera L., Bal aris1 patojenleri, Virus, Varroa destructor, Sivas
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1. Introduction

Honey bees, Apis mellifera L. (Hymenoptera: Apidae), are the most important pollinators of agricultural
products and plants in the natural environment. Worker bees, which constitute most of the honey bee population,
produce a wide variety of products with high economic value, such as honey, pollen, propolis, royal jelly, bee
venom, and beeswax. However, parasites and diseases seen in honey bees negatively affect the development and
progress of beekeeping activities. Many pathogens and parasites that affect honey bees also have a worldwide
distribution. These pathogens (bacteria, fungi, and viruses) and parasites can be found alone or in groups
(Steinhauer et al., 2018; Beaurepaire et al., 2020; Nanetti et al., 2021). Nosemosis and varroosis, common and
harmful infectious diseases in honey bee and larvae, play an important role in low honey yield (Salkova and
Gurgulova, 2022). Varroosis is one of the diseases that directly or indirectly causes bee loss in beekeeping.
Varroosis is so common that it has been reported in almost every part of the world today (Doganay and Aydin,
2017). Varroa destructor causes loss of development by sucking hemolymph in the larval and pupal stages of the
honey bee. In addition to causing an average 7% weight loss in the pupa, varroa can act as a biological vector for
many viruses and transmit viral agents horizontally and vertically. Nosemosis is one of the most important and
common diseases of beekeeping, seen in the digestive system of adult honey bees and causing both colony losses
and low honey yield. According to new studies, Nosemosis disease is of fungal origin and is caused by two
species, Nosema apis, and N. ceranae, which belong to the Nosema genus in Microspora (Grupe and Quandt,
2020). Many factors play a role in the spread of nosemosis, such as climatic conditions, inadequate care
conditions, diseases such as amoebiasis, and insufficient nutritional supplements during the winter (Mayack and
Hakanoglu, 2022). American Foulbrood (AFB) disease is a contagious infection that causes severe losses to the
larvae of the honey bee Apis mellifera L. and other Apis species. Paenibacillus larvae, the causative agent of
AFB, is a Gram-positive, dangerous, and contagious bacterium whose spores are highly resistant to adverse
environmental conditions (Pernal and Clay, 2013). The spore form germinates in honey bee larvae and causes
disease. The spore form, which is pathogenic for larvae, does not cause pathogenicity in adult bees. The spore
form is highly resistant to environmental conditions, heat, and chemicals. AFB disease occurs after germinating
spores in the midgut due to hatched larvae consuming food contaminated with bacterial spores, leading to
septicemia (Chioveanu et al., 2004).

One of the problems in beekeeping is symptomatic and asymptomatic infections caused by viral disease. Bee
viruses can be transmitted to bees horizontally, vertically, or via vectors (Beaurepaire et al., 2020). Varroa
destructor is a biological or mechanical vector for many bee viruses and is accepted as an ectoparasite of honey
bees in vector-mediated transmission (Yafiez et al., 2020). It is known that there is a close mutualistic
relationship, especially between the Deformed Wing Virus (DWV) and Varroa mite, and even for a long time,
the clinical symptoms of DWV were mistakenly associated with Varroa destructor (Gebremedhn et al., 2020).
Bee viruses can cause wing deformations, loss of body hair, paralysis, tremors, developmental disorders in larvae,
the short lifespan of bees, or death in different life forms in honey bees. While most viruses known to exist in
honeybees, showing symptomatic or asymptomatic symptoms, carry RNA genetic material, a small portion carry
genetic material in DNA. The research on viral infections in honey bees has focused chiefly on RNA viruses
(Beaurepaire et al., 2020). Acute Bee Paralysis Virus (ABPV), Varroa destructor virus-1 (VDV1), Black Queen
Cell Virus (BQCV), Chronic Bee Paralysis Virus (CBPV), Deformed Wing Virus (DWV), Kashmir Bee Virus
(KBV), Sacbrood Virus (SBV), and Israeli Acute Paralysis Virus (IAPV) are some of the most studied honeybee
RNA viruses (Beaurepaire et al., 2020). Apis mellifera Filamentous Virus (AmFV) is a double-stranded DNA
virus that infects honey bees. AmFV is thought to be the most common and least harmful bee virus (Bailey,
1982).

The study aimed to identify the presence and distribution of parasitic and disease-causing pathogens in
honeycomb, adult bees, and larvae samples taken from suspicious beehives in different districts of Sivas
province. The study determined the distribution of honey bee disease pathogens and parasites and the viral
factor-induced multiple infection rates.

2. Materials and Methods
2.1. Collection of suspicious samples and microscopic diagnosis of parasitic diseases

The study was conducted with suspected samples from Sivas province, where bee enterprises are practiced
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(Figure 1). Suspicious samples were taken from the hives in the bee enterprises. Samples from different hives
(honeycomb and adult bees) were examined for Varroa destructor positivity and Nosema ceranae positivity in adult
bees. V. destructor identification was carried out according to the instructions described in the OIE Terrestrial
Manual (OIE, 2021). Morphological identification of V. destructor was performed by detection with the alcohol
washing method (Oliver, 2020). Both larval and adult bee samples were examined to investigate the presence of
varroosis in the hives. All pupae, larvae, and honeybee samples collected from each hive were examined separately,
and all containers were placed at -20°C overnight, and the surviving bees were allowed to die or dorm. The container
with bees was poured into a petri dish, and 50-500 adult bees were examined under the stereomicroscope for Varroa
spp., presence. The spaces between the abdominal segments and under the wings of all bees were especially checked.
V. destructor samples were first examined morphologically. All positive samples were stored at -20°C (Doganay and
Aydin, 2017; OIE, 2021). The abdomens of 20 bees were separated and crushed in 3 mL of SF (serum physiologic)
to diagnose nosemosis. For direct examination, approximately 3 drops of the resulting suspension were taken and
placed on a microscope slide, a coverslip was applied, and the spores were examined under a light microscope (400X
magnification). Samples found positive for Nosema spores were photographed (Tel et al., 2021).

Sivas ili

Figure 1. Districts where suspicious samples were collected in Sivas province
2.2. Investigation of American Foulbrood disease by culture method

In the diagnosis of AFB, 3-5 honey bee larvae selected from each comb were suspended in 9 ml of PBS
(phosphate-buffered salt solution). Approximately 15 adult bee samples were transferred to a cryotube in 3 ml
PBS and disrupted in a homogenizer (Bead Ruptor Elite, Bead Mill Homogenizer, USA). All prepared solutions
were heated in a water bath at 80°C for 10 minutes to eliminate vegetative bacteria. The basic honeycomb
sample weighing 1.5 grams was dissolved in 10 ml chloroform. Two millilitres of this solution were mixed with
six millilitres of physiological saline. Following this, a direct inoculation of 100 microliters solution was carried
out. For the isolation of Paenibacillus larvae, Brain Heart Infusion agar (BHIA, Thiamine added), Colombia
sheep blood agar (CSA 5% sterile defibrinated sheep blood, Nalidixic acid/Pipedimic acid added) and MYPGP
agar (Mueller-Hinton broth, yeast extract, K;HPOa, glucose, sodium pyruvate, agar and nalidixic acid/pipedimic
acid added) were used. All cultured media were incubated at 37°C in an incubator with 5-7% CO, for 3-5 days.
Petri dishes on which no microorganism growth was observed were incubated under the same conditions for one
week. Gram and nigrosin staining were performed and examined under a light microscope to identify the
observed microorganism colonies. Additionally, catalase testing was performed on bacterial cultures for
diagnosis (OIE, 2018).
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2.3. Total Nucleic Acid Extraction and One-step RT-PCR Analysis

Adult bees and larvae taken from each hive were homogenized separately. Fifteen larvae samples from the
same hive were transferred to 7 mL cryotubes, and 3 mL of PBS (Sigma, 806544, USA) was added. Larval and
adult bee samples were homogenized in an automatic homogenization device (Bead Mill Homogenizer SKU 19-
042E, OMNI International, USA). After homogenization, the samples were centrifuged at 4000 rpm at 4 °C for
15 min, and the supernatants were collected. The supernatant was used for RNA extraction. RNA extraction was
performed using a commercial kit (High Pure Viral Nucleic Acid Kit, Roche, Germany) according to the
company's protocol.

RNA extracts obtained from larval and adult bee samples were tested separately with One-step RT-PCR for
nine viruses that are thought to cause honey bee diseases. The list of primers used for each disease is given in
Table 1. Reaction mixtures and thermal conditions were applied the same for one-step RT-PCR testing in all
viral diseases. The one-step RT-PCR method specified by Chen et al. (2006) was used for this purpose. A
commercial kit (RT-PCR Kit, QIAGEN, Germany) was used for the one-step RT-PCR assay. The reaction
mixture was prepared by adding 12.5 uL of RT-PCR Master Mix, 0.8 pL of each of 10 pmol of forward and
reverse primers, 0.25 pL. of RT Mix, and 5.65 pL of ultrapure water. By adding 5 pL of the suspicious RNA
sample, the total reaction volume became 25 pL. The reaction mixtures were transferred to the Thermal Cycler
device (T100 Thermal Cycler, BIO-RAD, Singapore). Thermal conditions were applied in the Thermal Cycler,
so RT and PCR steps were performed as one. It was kept at 50 °C for 30 minutes to convert the RNAs into
cDNA and then at 95 °C for 15 minutes to inactivate the reverse transcriptase enzyme. Following this process,
60 seconds at 94 °C for pre-denaturation, 60 seconds at 55 °C for annealing, and 60 seconds at 72 °C for
extension were applied in 40 repetitions. Finally, the reaction was terminated by a final extension at 72 °C for 10
minutes. After the PCR reaction, PCR samples were run on a 2% agarose gel containing ethidium bromide for 45
minutes at 75 Volts and visualized under UV light. Positive virus DNA samples and accession numbers used in
the study, respectively, ABPV (OP504103), BQCV (OK345070), DWV (OP504101), AmFV (OP642035),
CBPV (EU122229), KBV (OP504105), SBV (OP504108), IAPV (OP504110), and VDV1 (OP504112). These
positive virus DNAs were used as positive controls in PCR.

Table 1. Primers used in this study

Viruses * Primer sequences (bp) References

ABPV-F: 5°- CATATTGGCGAGCCACTATG -3’ _
ABPV ABPV-R: 5°-- CCACTCCACACAACTATCG3’ 398 (Benjeddouetal., 2001)

IAPV-F: 5°-CGATGAACAACGGAAGGTTT-3’ .
IAPV IAPV-R: 5°-ATCGGCTAAGGGGTTTGTTT-3’ 767 (Palacios et al., 2008)

KBV-F: 5*-GATGAACGTCGACCTATTGA-3’
KBV KBV-R:5-TGTGGGTTGGCTATGAGTCA-3' s (Stoliz et al., 199)

BQCV-F: 5’-CTTTATCGAGGAGGAGTTCGAGT-3’
BQCV-R: 5’-GCAATAGATAAAGTGAGCCCTCC-3’

DWV-F: 5-TGGTCAATTACAAGCTACTTGG -3’
DWV DWV-R: 5’-TAGTTGGACCAGTAGCACTCAT -3’ 269 (Squazzaetal., 2013)

SBV- F: 5-CGTAATTGCGGAGTGGAAAAGATT-3’
SBV SBV- R: 5’-AGATTCCTTCGAGGGGTACCCTCATC-3’ 342 (Squazza et al., 2013)

CBPV-F: 5°- AACCTGCCTCAACACAGGCAAC-3’
CBPV CBPV-R: 5’- ACATCTCTTCTTCGGTGTCAGC-3’ ra (Squazzaetal., 2013)

AMFV-F:5-CAGAGAATTCGGTTTTTGTGAGTG -3 _
AMFVALZ - AmFV-R:5°-CATGGTGGCCAAGTCTTGCT-3° P51 (Gauthleretal, 2015)

VDV-1 F:5’- GCCCTGTTCAAGAACATG-3’
VDV1 430 Gauthier et al., 2011
VDV-1 R:5’-CTTTTCTAATTCAACTTCACC-3’ ( ' )
* ABPV: Acute Bee Paralysis Virus, BQCV: Black Queen Cell Virus, CBPV; Chronic Bee Paralysis Virus, DWV; Deformed Wing Virus, KBV;
Kashmir Bee Virus, SBV; Sacbrood Virus, IAPV; Israeli Acute Paralysis Virus, AmFV-112: Apis mellifera Filamentous Virus, VDV1: Varroa
destructor Virus-1

BQCV 536 (Squazza et al., 2013)
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3. Results and Discussion
3.1. Determination of Varroosis, Nosemosis, and American Foulbrood

Tiirkiye has a rich plant diversity due to its geographical structure and climatic conditions, and beekeeping
activities are carried out in many regions. Sivas province is among the provinces with the highest honey
production in Turkey due to its climate and flora (Yiizbasioglu, 2022). In Sivas province, the beekeeping activity
lasts shorter than in other regions due to the extended winter season, and the flowering periods of the plants
differ according to the regions. Although temperature conditions shorten the duration of beekeeping activities,
non-sweltering summer temperatures create favorable conditions for this activity (Kog et al., 2020). Diseases
encountered in beekeeping, such as viruses, bacteria, Nosema, and Varroa, affect adult honey bees and their
larvae, causing low honey productivity, colony losses, and serious economic losses globally (Bordin et al., 2022).

Larval honeycomb and adult bee samples sent to the Samsun Veterinary Control Institute from Sivas
province between 2020 and 2023 were examined. The research was carried out in the Sivas center and eight
districts. The study investigated the presence and spread of N. ceranae, P. larvae spores and V. destructor in
honey bees and suspected larvae. The results showed that N. ceranae spores were present in the preparations,
while V. destructor was present in the bees, as shown in Figure 2. The study found that Varroa mite was quite
common in the samples examined, with a 50% prevalence rate, whereas the presence of Nosema spores was
observed to be less frequent, with a prevalence rate of 22.5%.

c DA 4

Figure 2. A-B; V. destructor on honey bee larvae, C: Nosema ceranae spores, D: Paenibacillus larvae
nigrosin staining zigzag positive image

In a study conducted in Bulgaria in 2020-2021, Varroa destructor was investigated in honey bee samples,
which were examined by light microscopy. The results revealed that 32.43% of the bees were infected with V.
destructor (Salkova and Gurgulova, 2022). In the study by Yilmaz et al. (2018), where they examined the
frequency of V. destructor in hives in the autumn period in the Eastern Black Sea region, the highest incidence of
V. destructor was observed in Rize province (47.7%), while the lowest incidence was reported to be in Bayburt
province (20%). Koseman et al. (2017) reported that varroosis is the most common honey bee disease in Malatya
(47.8%). Karapinar et al. (2018) reported that the suspicious samples from Van province that were examined
morphologically, were found to be V. destructor, the prevalence 89%. In our study, V. destructor prevalence was
determined to be 50% in microscopic and morphological examination of samples from Sivas province. The
discrepancies observed in studies conducted in different regions of Tiirkiye are attributed to the variation in
climate and seasonal timings. Determining the prevalence of Varroa mite is crucial as it is a vector for bee
viruses, acting as an ectoparasite. V. destructor is one of the reasons for the morphological damage it causes to
adult bees and larvae, as well as the spread of disease agents in hives. In a study conducted in Bulgaria, it was
observed that 25.40% of the honey bee samples were contaminated with N. ceranae spores. It was determined
that 32.43% of the Bulgarian samples were infected with both Varroa mite and Nosema spores. Negative
samples had the lowest value, with 9.74% (Salkova and Gurgulova, 2022). In a study conducted in the South
Marmara region, it was reported that none of the colonies sampled were infected with N. apis, and N. ceranae
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was found in 64.3% of all sampled colonies (Mayack and Hakanoglu, 2022). In a study conducted in Central
Anatolia and Mediterranean regions, the rate of N. ceranae was reported as 46% (Avci et al., 2022). In a survey
conducted in the Mugla provinces, only the N. ceranae species was detected, while the prevalence of nosemosis
was reported as 71.53% (Kartal et al., 2021). It is thought that the high disease intensity in Siirt, Sanliurfa
(43.8%) (Tel et al., 2021), Mugla (71.53%) (Kartal et al., 2021), and Ordu (44%) (Yaman et al., 2015) provinces
may be due to climate differences and bee population density. According to Ozgor et al. (2015), it was reported
that temperature and humidity values directly affect Nosema species and density in apiaries. The spores of N.
ceranae increased where these two factors increased, and the density of Nosema apis increased where these two
factors decreased. The reason for the difference in disease prevalence between regions may be the differences in
climatic conditions. In our study, the nosemosis infection rate was found as 22.5%. Our result was not as high as
the prevalence in Mugla and Ordu provinces. The reason for that Sivas province has cold and harsh winters, and
there is abundant snowfall in the winter months. In fungal infections, humidity and other conditions may also
affect nosemosis intensity. Although the long winter season in Sivas province shortens the duration of
beekeeping activities, the summer temperature values create suitable conditions for this activity.

In our study, P. larvae-positive samples were determined by cultural analysis of suspicious samples from
Sivas province. The samples sent to investigate the positivity of American Foulbrood (AFB) disease agent
Paenibacillus larvae were analyzed. Clinical observation revealed that the larvae had concave and punctured lids,
and the color of the larvae changed from beige to brown. In the matchstick test, when a needle was inserted into
the larval remains and removed from the cell, it was observed that the larvae elongated in threads, which is
known as AFB symptoms. Microscopically, a spiralling structure typical of AFB was observed in the nigrosin
staining preparation (Figure 2). In culture examination, small, regular, sometimes rough, and beige-colored P.
larvae colonies were observed on MYPGP agar medium. P. larvae could not be detected in any of the basic
comb samples received. In the cultural analysis of larval combs and adult bees, a 12.5% spread was determined
(Table 2). It was determined that the samples with positive AFB culture came from the centre, Yildizeli, and
Kangal districts. Among the samples examined in the Northwest Pakistan region, the prevalence of AFB-positive
samples was in the Kohat region, with the highest positivity rate of 39%, followed by Bannu at 37% and Karak
region at 34.5% (Anjum et al., 2015). Sik et al. (2022) reported 30.7% P. larvae positivity in their study of
suspected AFB samples from Ankara Etlik Veterinary Control Central Research Institute between 2015 and
2020. In a study conducted in the South Marmara region, AFB was prevalent in 31.3% (Mayack and Hakanoglu,
2022). Another study conducted in the Central and Eastern Black Sea region reported a prevalence of 4.38% for
AFB (Akpinar et al., 2023). In our study, it was observed that P. larvae positivity was less than the results in
other studies (Mayack and Hakanoglu, 2022; Sik et al., 2023; Akpinar et al., 2023).

3.2. Determination of viral agents by One-step RT-PCR method

Between 2020 and 2023, suspicious larval honeycomb and adult bee samples in Sivas province were sent to
the Samsun Veterinary Control Institute to be examined for the presence of the virus. For this purpose, the larval
and adult bee samples were homogenized and used for RNA isolation. The resulting RNA material was
converted into cDNA to use in RT-PCR. PCR products resulting from RT-PCR were visualized on a 2% gel. The
presence of PCR products of different sizes obtained for nine viruses was evaluated as positive (Table 1, Figure
3).

Tentcheva et al. (2004) reported that the virus prevalence was higher in adult bees than in larvae. Chronic
Bee Paralysis Virus (CBPV) prevalence was 28% in adult bees but could not be detected in larvae. In a study
conducted in Croatia in 2014, the frequency of CBPV was reported to be very low at 9.75% (Gajger et al., 2014).
Other European survey studies observed that the prevalence of CBPV was relatively low. Giimiisova et al.
(2010), reported a study in the Black Sea region and a prevalence of 25% of CBPV, while Cagirgan and Yazici
(2021), conducted a study in the Aegean Region and reported a prevalence of 1.8%. The results showed that the
virus with the highest prevalence was Deformed Wing Virus (DWV) (19.8%), followed by Black Queen Cell
Virus (BQCV) (18%), Acute Bee Paralysis Virus (ABPV) (3.6%), and Sacbrood Virus (SBV) (2.7%),
respectively. Consistent with the study conducted in the Marmara region, it was reported that CPBV could not be
detected (Mayack and Hakanoglu, 2022). It was determined that CBPV, one of the nine viruses investigated in
the suspicious samples in our study, could not be detected in any sample. Similar to our study's result, it was
reported that CPBV could not be detected in the study conducted in the Marmara region (Mayack and Hakanoglu,
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2022). Although the values varied in studies conducted on the prevalence of CBPV, it was observed that the
results were consistent with the results in our study. In the study conducted in Amasya and Elaz1g provinces, the
spread of three viruses, DWV (23.81%), ABPV (12.93%), and BQCV (10.20%), was revealed (Aydin and Oksal,
2023). In Bingol province, SBV and BQCYV infection rates were reported as 7.03% and 11.70%, respectively, but
ABPV infection was not detected in any of the apiaries (Giiller and Kurt, 2022). Avci et al. (2022) showed that
90% of worker bees were infected with at least one virus. BQCV (90%) had the highest prevalence, followed by
DWYV and ABPV prevalence of 84% and 62%, respectively. In our study, the SBV and BQCYV infection rates
were relatively high in our samples from Sivas province, at 55% and 60%, respectively, while the ABPV
infection rate was low at 7.5%.

The presence of honey bee viruses in different climatic regions of Argentina was evaluated and compared. In
the study, it was reported that Kashmir Bee Virus (KBV) and Israeli Acute Paralysis Virus (IAPV) could not be
detected, and five other viruses had different prevalence: DWV (35%), ABPV (21.5%), BQCV (8.0%), CBPV
(2.2%) and SBV (1.1%). Approximately 25% of sampled colonies were found to have double and triple viral
associations (Molineri et al., 2017). Other studies reported the presence of KBV in France and Denmark
(Tentcheva et al., 2004), but KBV could not be detected in Austria, Croatia, and Hungary (Gajger et al., 2014).
According to Tozkar et al. (2015), KBV was not detected in their studies conducted in Tirkiye. Similarly,
Cagirgan and Yazici1 (2021) reported that neither KBV nor IAPV were detected in larvae and honey bee samples
collected from the Aegean region. In the study conducted in the Marmara region, the KBV rate was reported as
2.4% (Mayack and Hakanoglu, 2022). The result in our study was determined as KBV 2.5% and IAPV 10%.
When the studies were compared in general, the prevalence of KBV and IAPV was very low or could not be
detected at all.

M kv kev 1 2 M sev sev 1 2 M meviav 1 2 M vovawvoval 2
PC  NC PC  NC PC NC PC NC

M aspvasrvl 2 Moeacveacvl 2 Moceevceev 1 2 Mowvowy 1 2 M reveey 1 2
oC NG Y

PCNC PC PC NC PCNC PCNC

Figure 3. PCR gel images of viruses in One-step RT-PCR

PC; Positive control, NC; Negative control, M; marker, Acute Bee Paralysis Virus (ABPV), Black Queen Cell Virus (BQCV), Chronic Bee
Paralyses Virus (CBPV), Deformed Wing Virus (DWV), Kashmir Bee Virus (KBV), Sacbrood Virus (SBV), Israeli Acute Paralysis Virus
(IAPV), Apis mellifera Filamentous Virus (FV), Varroa destructor Virus-1 (VDV1)

The number of studies revealing the existence and spread of viral diseases of honey bees in Tiirkiye has
increased rapidly in recent years. DWV and the closely related Varroa destructor virus-1 (VDV1) are the most
common honeybee viruses. VDV1 was known to cause high rates of overwintering colony losses in Europe but
was unknown in the USA. After developing new sequencing technology, VDV1 was identified in honeybee
pupae in the USA. In 2016, VDV1 was found in 66.0% of 603 beehives in the USA; this makes VDV1 the
second most common virus after DWV, found in 89.4% of colonies (Ryabov et al., 2017). DWV and VDV1 are
related, but there is little information about the prevalence of VDV1. While it was known as VDV1 when first
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identified, it was named DWV-B, or genotype B in the following years (Paxton et al., 2022). There is a
knowledge gap about this virus, considering its potential role in the colony loss rates of virus diseases. Paxton et
al. (2022) reported that DWYV is one of the main factors in colony collapse, and VDV1 has started to replace the
DWV virus in Europe. Since VDV1 is a recombinant form of DWV, it may further increase the severity of the
disease and colony collapse. In our study, the prevalence of DWV and VDV1 in Sivas province was determined
to be 70% and 40%, respectively. It is noteworthy that DWV prevalence is relatively high in suspected samples,
while VDV1 prevalence is close to Varroa prevalence (50%). Considering that V. destructor is accepted as an
ectoparasite vector for DWV and VDV1 (Paxton et al., 2022), it is an inevitable result that the prevalence values
are similar.

Table 2. Percentage of positivity in suspicious samples from Sivas province by district

Locality Sample ABPV BQCV CPBV DWV KBV SBV IAPV VDVl AmFV Var Nos AFB

Center 10 0 5 0 6 0 5 1 4 6 4 0 2
Yildizeli 6 2 2 0 6 1 3 0 3 3 4 2 2
Zara 6 0 3 0 3 0 2 0 6 5 2 0 0
Gemerek 5 0 4 0 5 0 4 0 1 2 4 2 0
Kangal 4 0 4 0 1 0 3 1 1 2 2 3 1
Imranh 3 0 3 0 2 0 3 1 0 2 0 1 0
Dogansar 2 1 2 0 2 0 1 0 1 1 2 0 0
Altinyayla 1 0 0 0 1 0 0 0 0 0 1 0 0
Hafik 1 0 1 0 1 0 0 0 0 1 1 1 0
Sarkisla 1 0 0 0 1 0 1 0 0 1 0 0 0
Susehri 1 0 0 0 0 0 0 1 0 1 0 0 0
Total 40 3 24 0 28 1 22 4 16 24 20 9 5
% 100 75 60 0 70 25 55 10 40 60 50 225 125

ABPV; Acute Bee Paralysis Virus, BQCV; Black Queen Cell Virus, CBPV; Chronic Bee Paralysis Virus, DWV; Deformed Wing Virus, KBV; Kashmir Bee
Virus, SBV; Sacbrood Virus, I1APV; Israeli Acute Paralysis Virus, VDV1; Varroa destructor Viris-1; AmFV: Apis mellifera Filamentous Virus, AFB;
American Foulbrood, Nos; Nosema ceranae, Var; Varroa destructor
Apis mellifera filamentous virus (AmFV) is a double-stranded DNA virus that infects honey bees. The

prevalence of AmFV in apiaries was found to vary between 10% and 80% in China (Hou et al., 2017), and that

prevalence was 61% (19/31) in eight provinces of Argentina (Quintana et al., 2021). Although AmFV was

considered a weak pathogen for honey bees, it has been proposed that it may weaken the bees to a certain degree,

making them more susceptible to other pathogens (Yang et al., 2022). In a study comparing the prevalence of

AmFV in the USA and Switzerland using PCR analysis, it was reported to be detected in 64% of Swiss colonies

and 100% of US colonies (Hartmann et al., 2015). The presence and prevalence of AmFV were not associated

with V. destructor in honey bee colonies, suggesting that Varroa is not an important factor in AmFV prevalence

and transmission (Gauthier et al., 2015). In our study, the presence of AmFV was detected in all districts sampled

in Sivas province (except Altinyayla), and its prevalence was determined to be 60%. AmFV prevalence (60%)

was one of the two most common viruses after the DWV virus (70%). Similar to previous studies (Quintana et

al., 2021), the prevalence of AmFV in Sivas province was determined to be high. In a study in Germany, the

most common viruses found were BQCV (84%) and DFW-B (35%).

Honey bees in asymptomatic colonies were infected with an average of two different viruses, and
simultaneous infection with four to six viruses was common (14%) (D'Alvise et al., 2019). In the multiple
infection rates of honey bees in beekeeping enterprises in the Burdur region, the percentage of samples that were
not infected at all was only 6.4% (Usta and Yildirim, 2022). In comparison, the share of positive samples
infected with one virus was 38.7%, the rate of positive samples infected with two viruses was 29%, and the
percentage of virus-infected samples with three viruses was 25.8%. As a result of our study, it was determined
that the viruses were sometimes found alone and sometimes in multiple mixtures (double, triple, or quintuple). In
our study, the percentage of samples with no viral infection was 7.5%, while the percentage of samples infected
with a single virus was 5%. The percentages of double, triple, quadruple, and quintuple viral infections resulting
in multiple viral infections were 17.5%, 30%, 22.5%, and 17.5%, respectively. These results were similar to
those of other studies (D'Alvise et al., 2019; Usta and Yildirim, 2022)
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Figure 4. The multiple viral infection rates in suspicious samples from Sivas province
4. Conclusions

In conclusion, according to the study data, it has been concluded that V. destructor and N. ceranae are prevalent
and dominant species in Sivas province, as in many other regions of Tiirkiye. Gaining insight into the dynamics of
honeybee bacterial and virus infections can aid in mitigating their harmful impact on colonies. Developing a strategy
to tackle Varroa mites and viral infections can help beekeepers prevent colony losses. Therefore, creating prevention
and control measures for honey bee diseases and parasites that pose a global threat is crucial.
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