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ARTICLE INFO ABSTRACT
Keywords: Honey bees play an important role in the pollination of crops and wild plants and provide
Apis cerana important products to humans. Pathogens and parasites are the main factors that threaten

Apis mellifera

beekeeping in South Korea. Therefore, a nationwide detection of 14 honey bee pathogens,
Honey bee pathogens

including parasites (phorid flies, Nosema ceranae, and Acarapis woodi mites), viruses, bacteria, and

B
ISVoZema fungal pathogens, was conducted from 2017 to 2021 in the country. The infection rate and the
DWV trend of detection of each pathogenic agent were determined. A total of 830 honey bee samples
BQCV from Apis cerana (n = 357) and A. mellifera (n = 473) were examined. N. ceranae (35.53%),

deformed wing virus (52.63%), sacbrood virus (SBV) (52.63%), and black queen cell virus
(55.26%) were the most prevalent honey bee pathogens, and their prevalence rapidly increased
from 2017 to 2021. The prevalence of Paenibacillus larvae, Israeli acute paralysis virus, Ascos-
phaera apis, A. woodi, Melissococcus plutonius, and chronic bee paralysis virus remained stable
during the surveillance period, with infection rates ranging from 5.26% to 16.45% in 2021. Other
pathogens, including acute bee paralysis virus, phorid flies, Kashmir bee virus, and Aspergillus
flavus, had low infection rates that gradually declined during the detection period. The occurrence
of honeybee pathogens peaked in July. SBV was the most common pathogen in A. cerana, whereas
N. ceranae was predominant in A. mellifera. This study provides information regarding the current
status of honey bee pathogens and presents the trend of the occurrence of each pathogen in South
Korea. These data are important for predicting outbreaks of honey bee diseases in the country.

1. Introduction

Honey bees are important pollinators of crops and wild plants and provide important products to humans, including honey, royal
jelly, pollen, beeswax, and propolis. Notable losses of honey bee colonies worldwide have received considerable attention from
beekeepers and researchers. Of the various factors assumed to be associated with the decline of honey bees, parasites and pathogens
are significant [1-4].

Viral infections pose a serious threat to honey bee health, and viral diseases cause damage to honey bees at all stages, including
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eggs, larvae, pupae, and adults [5]. More than 30 viruses have been identified in honey bees [6,7], of which seven, including the acute
bee paralysis virus (ABPV), black queen cell virus (BQCV), chronic bee paralysis virus (CBPV), deformed wing virus (DWV), Israeli
acute paralysis virus (IAPV), Kashmir bee virus (KBV), and sacbrood virus (SBV), are the most prevalent and threatening in apiculture
[4]. The identification of viral infections based on specific honey bee symptoms is inefficient and ineffective due to asymptomatic bees
with low infection levels, similar symptoms of different viral infections, and co-infection with several pathogens [6]. Therefore,
molecular methods using specific primers should be used to accurately detect and differentiate viral diseases in honey bees [8].

In addition, fungal and bacterial pathogens that cause brood diseases significantly affect the health of honey bees. Fungal brood
disease, chalkbrood, and stonebrood are caused by the fungal species Ascosphaera apis and Aspergillus spp., including Aspergillus flavus.
Gram-positive bacteria Melissococcus plutonius and Paenibacillus larvae are pathogens of European foulbrood and American foulbrood,
respectively. Brood diseases have spread throughout the world and are a significant cause of death of honey bee larvae, which may
result in weakening and even death of infected colonies [9-13]. The accurate identification of brood diseases is important to determine
the appropriate treatment method. Polymerase chain reaction (PCR)-based detection is recommended to accurately identify causative
pathogens [12,14,15].

In contrast, parasites contribute to honey bee colony loss [16], including the mites Varroa destructor, Tropilaelaps clareae, and
Acarapis woodi, which are considered to be the most harmful parasites. Mites feed on honey bees and cause winter colony loss [17].
V. destructor and T. clareae mites are important vectors of honey bee pathogens [18-20]. In addition, microsporidia such as Nosema
ceranae shorten the lifespan of adult honey bees, reduce brood rearing and pollen collection, and alter honey bee behavior, resulting in
decreased productivity and survival of honey bee colonies [2,11,21]. The phorid fly (Apocephalus borealis) is a new threat to honey
bees, as they parasitize honey bees by laying eggs on the bee’s abdomen. The hatching larvae feed on the bees, ultimately killing them
[22]. V. destructor and T. clareae mites can be directly observed in honey bee hives [22-24]. However, smaller parasites or those inside
honey bees are difficult to detect by direct observation, and microscopic detection is time-consuming [25,26]. Therefore, molecular
detection with specific primers is an alternative method for the rapid identification of parasites, including A. woodi, Nosema, and
A. borealis [22,27,28].

Beekeeping has an important role in the economy of South Korea. The estimated annual honey bee production and pollination
values are approximately 5.5 billion USD [20]. In 2020, there were 2,697,842 colonies and 27,532 apiaries in South Korea [29].
However, parasites and pathogens have become major challenges for beekeepers in South Korea [30]. Viral diseases, brood diseases,
and parasites have been reported in Korean apiculture [31]. SBV has been identified as the major pathogen causing the loss of A. cerana
colonies [32,33]. The number of apiaries in South Korea declined from 29,026 apiaries in 2019 to 27,532 apiaries in 2020 [29], and
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Fig. 1. Collection of honey bee samples in South Korea. A total of 830 samples of Apis mellifera (n = 473) and A. cerana (n = 357) honey bees were

collected from 2017 to 2021. The numbers of samples collected in each of nine provinces are shown.
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serious colony loss due to unclear reasons has been reported in many regions of the country. Therefore, it is necessary to identify the
factors that adversely affect beekeeping. A significant V. destructor and T. clareae mite infestation is affecting Korean apiculture [20].
However, the identities of other viral pathogens, brood pathogens, and parasites are unclear. Therefore, 14 major honey bee viruses,
brood disease pathogens, and parasites were investigated from 2017 to 2021 in this study. Distribution of the pathogens in the last five
years were determined. It is important for predicting outbreaks of honey bee diseases and selecting the appropriate methods for
mitigating the propagation of honey bee diseases in the country.

2. Materials and methods
2.1. Honey bee sample collection

A total of 830 honey bee samples, including adults (n = 1414) and larvae (n = 615), were collected throughout South Korea (Fig. 1)
from 2017 to 2021 for the detection of honey bee pathogens. Overall, 357 A. cerana and 473 A. mellifera samples were collected from
apiaries where paralysis and dead adult bees or symptoms of honey bee brood diseases in larvae were observed (Figs. S1-S3). The
samples were collected and stored in a dry ice box, then carried to the Honey Bee Disease Laboratory, Animal and Plant Quarantine
Agency, Republic of Korea for pathogen detection.

2.2. Nucleic acid extraction

The nucleic acids were extracted using a Maxwell® RSC viral total nucleic acid purification kit (Promega, Madison, WI, USA). Two
adult or five larvae samples were combined with 600 pL PBS solution in a tissue-homogenizing tube with steel beads (diameter =
2.381 mm; SNC, Hanam, South Korea) and homogenized using a Precellys 24 tissue homogenizer (Bertin Instruments, Montigny-le-
Bretonneux, France) for four 15-s cycles at 5000 rpm. Then, 300 pL homogenate, 300 pL lysis buffer, and 30 pL proteinase K solu-
tion were combined in a 1.5-mL microcentrifuge tube and incubated at 56 °C for 10 min. The nucleic acids were then purified
automatically using the automated Maxwell® RSC instrument according to the manufacturer’s instructions. Finally, 100 pL total
nucleic acids was used to detect honey bee pathogens.

2.3. Detection of honey bee pathogens

The LiliF™ SBV/KSBV/DWV/BQCV reverse transcription real-time polymerase chain reaction (RT-qPCR) kit and LiliF™ ABPV/
KBV/IAPV/CBPV RT-qPCR kit (iNtRON Biotechnology, Inc., Seongnam, Korea) were used to detect DWV, ABPV, BQCV, CBPV, IAPV,
KBV, and SBV (Table 1). RT-qPCR consisted of reverse transcription at 45 °C for 30 min, incubation at 95 °C for 10 min, and 40 PCR
cyclesof 15sat 95 °Cand 1 min at 62 °C, positive detection was identified with the cycle threshold (Ct) value < 35. The POBGEN™ Bee
Pathogen Detection Kits (DB-A2 and DB-B2) (POSTBIO Inc., Guri, Korea) were used to detect fungal pathogens (A. flavus, the causative
agent of stonebrood, and A. apis, the causative agent of chalkbrood), microsporidians (N. ceranae), bacterial pathogens (P. larvae, the
causative agent of American foulbrood and M. plutonius, the causative agent of European foulbrood), and parasites (A. woodi mites and

Table 1
Primer and probe sequences used to detect viral pathogens.

No. Target Primer Sequence (5" — 3') Target gene Reference

1 SBV SBV-F AGAAGACATTTGATACAGTGGACTC Polyprotein gene, 131 bp This study
SBV-R GGAATTCCAGATTCTTCGTCCAC
Probe FAM-GATTTGTTTAATGGTTGGGTTTCTGGTA-BHQ-1

2 DWV DWV-F TTCAACTCGGCTTTCTACGG Polyprotein gene, 170 bp This study
DWV-R GTGTCTTTTTCTCTTTCTGACACC
Probe ROX-ATGTCAACATTGGTATGCTCCGTTGAC-BHQ-2

3 BQCV BQCV-F CCTTTGGCAATAGAACAAATACC Capsid, 143 bp This study
BQCV-R GTGGCTATATCGAGATTATTCCG
Probe Cy5-AGTCGCAGAGTTCCAAATACCGTACTATG-BHQ-3

4 ABPV ABPV-F TGCCCTATTTAGGGTGAGGAG Capsid, 239 bp This study
ABPV-R GGAGTTTCCACATCATGAAAGG
Probe FAM-CTCTGAAGAAAACTCAGTTGAAACGGAAC-BHQ-1

5 KBV KBV-F ACCAGGAAGTATTCCCATGGTAAG Capsid, 79 bp This study
KBV-R TGGAGCTATGGTTCCGTTCAG
Probe HEX-CCGCAGATAACTTAGGACCAGATCAATCACA-BHQ-1

6 IAPV IAPV-F TGCCCTATTTAGGGTGAGGAG Capsid, 245 bp This study
IAPV-R GGAGTTTCCACATCATGAAAGG
Probe ROX-ACTAGTGAGAACTCGGTTGAGACCCAAG-BHQ-2

7 CBPV CBPV-F CGCAAGTACGCCTTGATAAAGAAC RdRp, 101 bp This study
CBPV-R ACTACTAGAAACTCGTCGCTTCG
Probe Cy5-TCAAGAACGAGACCACCGCCAGTTC-BHQ-3

Abbreviations: ABPV: acute bee paralysis virus; BQCV: black queen cell virus; CBPV: chronic bee paralysis virus; DWV: deformed wing virus; IAPV:
Israeli acute paralysis virus; KBV: Kashmir bee virus; SBV: sacbrood virus.
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A. borealis) (Table 2). PCR detection was performed at 95 °C for 5 min for initial denaturation followed by 40 PCR cycles of 10 s at 95 °C
and 30 s at 60 °C, positive detection was identified with Ct value < 35.

2.4. Data analysis

Each sample was analyzed for 14 honey bee parasites and pathogens. The infection rates were calculated by dividing the number of
samples with positive results by the total number of collected samples and multiplying by 100%. The Mann-Whitney U test was used to
compare the results of two independent groups, and the one-way ANOVA test was used to compare more than two groups. Statistical
significance was set at p < 0.05. All analyses were conducted using PAST version 4.03 software [34].

3. Results
3.1. Detection of honey bee pathogens

ABPV, phorid flies, KBV, and A. flavus had a low infection rate that gradually declined throughout the study period. In 2017, the
infection rates of ABPV, phorid flies, KBV, and stonebrood were 10.00%, 1.71%, 4.27%, and 7.69%, respectively. In 2021, only
stonebrood (0.66%) and KBV (0.66%) were detected (Fig. 2A; Table S1).

P. larvae, IAPV, A. apis, A. woodi, M. plutonius, and CBPV had moderate infection rates during the surveillance period. The infection
rate of A. apis decreased from 15.38% in 2017 to 5.26% in 2021. The infection rate of CBPV rapidly increased from 4.27% in 2017 to
27.91% in 2020, and decreased to 16.45% in 2021. The infection rates of P. larvae, IAPV, A. woodi, and M. plutonius decreased during
the study period (Fig. 2B; Table S1).

The most prevalent honey bee pathogens in South Korea were N. ceranae, DWV, SBV, and BQCV. The infection rates of these
pathogens increased significantly during the study period (p = 0.0293). The infection rates of N. ceranae, DWV, SBV, and BQCV
increased from 8.55%, 14.53%, 7.69%, and 11.97% in 2017 to 35.53%, 52.63%, 52.63%, and 55.26%, respectively, in 2021 (Fig. 2C;
Table S1).

3.2. Seasonal occurrence of honey bee disease

The number of honey bee samples infected with at least one pathogen was significantly different between the seasons (p < 0.001).
The number of infected samples increased to a peak infection rate in July, then declined from August to December (Fig. 3A-D;
Table S2). The period of pathogen development was February to October, and pathogen propagation occurred from May to July. The
variation of prevalent pathogens in viral (SBV, BQCV, DWV, and CBPV), bacterial (P. larvae), parasitic (A. woodi), and fungal group
(N. ceranae and A. apis) were seen with significant difference among the seasons (p < 0.01). These pathogens showed the highest
number of infected samples from June to July (Fig. 3A-D). Meanwhile, other less common pathogens (IAPV, ABPV, KBV, M. plutonius,
Phorid fly, A. flavus) were seen with low number of infected samples in the whole year (Fig. 3A-D; Table S2).

Table 2
Primers and probe sequences used to detect brood diseases and parasites.

No.  Target Primer Sequence (5'—3') Target gene Reference

1 Paenibacillus larvae (AFB) AFB-F AAATCATCATGCCCCTTATG 16S rRNA, 158 bp This study
AFB-R CGATTACTAGCAATTCCGACT
Probe FAM-CGTACTACAATGGCCGGTACAACG-BHQ-1

2 Melissococcus plutonius (EFB) EFB-F TGTTGTTAGAGAAGAATAGGGGAA 16S rRNA, 69 bp This study
EFB-R CGTGGCTTTCTGGTTAGA
Probe Cy5-AGAGTAACTGTTTTCCTCGTGACGGT-BHQ-3

3 Apocephalus borealis (phorid fly) ~ Phorid-F CCTCTGTTCTACTTTCATTGGTTTAT 18S rRNA, 255 bp  This study
Phorid-R GAGRGCCATAAAAGTAGCTACACC
Probe JOE-GGCATTAGTATTACGACGCGAGAGGTG-BHQ-1

4 Acarapis woodi mite ACAR-F CAGTAGGGCTAGATATCGATACCCGAGCTT COlI, 247 bp This study
ACAR-R TGAGCTACAACATAATATCTGTCATGAAGA
Probe TexasRed-CAATCCACCTACAGAAAATAAAAATAAAAATCC-BHQ-

2

5 Nosema cerana Nosema-F CGGATAAAAGAGTCCGTTACC LSU rRNA, 249 bp  This study
Nosema- GAGCAGGGTTCTAGGGAT
R
Probe FAM-CGTTACCCTTCGGGGAATCTTC-BHQ-1

6 Aspergillus flavus (stonebrood) ASP-F GCTGCCCATCAAGCACGG ITS2, 127 bp This study
ASP-R CCTACAGAGCGGGTGACAAAG
Probe JOE-TGTGTGTTGGGTCGTCGTCCCCTCTC-BHQ-1

7 Ascosphaera apis (chalkbrood) ASCO-F ATTGCGCCCTCTGGTATTC ITS2, 215 bp This study
ASCO-R CCACTAGAAGTAAATGATGGTTAGA
Probe TexasRed-GCTTGAGGGTTGCAATGACGCTCG BHQ-2

Abbreviations: AFB: American foulbrood; EFB: European foulbrood.
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Fig. 2. Infection rates of 14 honey bee pathogens. The detection trends of the 14 honey bee pathogens differed. The infection rates of acute bee
paralysis virus (ABPV), Kashmir bee virus (KBV), A. borealis, and A. flavus gradually declined during the study period (A). The infection rates of
P. larvae, A. apis, M. plutonius, Israeli acute paralysis virus (IAPV), A. woodi, and CBPV were moderate throughout the study period (B). The infection
rates of N. ceranae, deformed wing virus (DWV), sacbrood virus (SBV), and black queen cell virus (BQCV) increased during the study period (C).
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Fig. 3. Seasonal fluctuation of honey bee pathogen infection in South Korea. The number of honey bee samples carrying viral (A), bacterial (B),
parasitic (C), and fungal group (D) of 14 pathogens in each month of the study period are shown.

3.3. Prevalence of pathogens in different honey bee species

The infection rates of the 14 pathogens were not significantly different between A. cerana and A. mellifera honey bees during the
study period (p > 0.05), except for M. plutonius (p = 0.010) and IAPV (p = 0.036; Fig. 4), the two pathogens were mainly detected in
A. mellifera. However, a significant difference (p < 0.001) was seen in infection rate among the pathogens detected in each honey bee
species. SBV was the most common pathogen in A. cerana with an infection rate of 51.32%, followed by BQCV (33.14%), DWV
(24.93%), P. larvae (15.84%), N. ceranae (12.32%), and A. woodi (11.14%). Other pathogens were seen with infection rate lower than
5%, and phorid fly was not detected in A. cerana (Fig. 4). Meanwhile, A. mellifera was majorly infected with four pathogens DWV



A.-T. Truong et al. Heliyon 9 (2023) e13494

60 -

mA. cerana u A. mellifera 0.210
[
50 A
I 0.209
& 40 0.095 h 1
Py [ [ |
2
©
[
5 30
2
1%
£ 50 | 083 0:42 W
£ = 0.143 LRl
0.010 = o
[

& N

o )

& ¢
ol o ™ e

N\ ¥

Pathogens

Fig. 4. Infection rates of honey bee pathogens in different honey bee species. The infection rates of 14 honey bee pathogens in Apis cerana and
A. mellifera are shown. Mann-Whitney U test was performed to compare infection rate of each pathogen between two honey bee species, P values
shown. Phorid fly was detected only in A. mellifera.

(36.61%), N. ceranae (33.54%), BQCV (29.04%), and SBV (27.61%). The pathogens with moderate infection level include CBPV
(16.97%), A. apis (16.16%), IAPV (11.86%), and P. larvae (10.22%). Other pathogens were seen with infection rate lower than 10%
(Fig. 4; Table S3).

3.4. Infection rate of pathogens in larva and adult honey bees

Infection rate of the 14 pathogens and parasites was not significantly different (p > 0.05) between larvae and adult bees (Fig. 5).
However, a great difference (p < 0.001) was seen in the infection rate among the pathogens and parasites detected in each living stage
of honey bee. SBV was the most prevalent pathogen detected in larvae whose infection rate was 27.64%, followed by P. larvae and
DWYV with 21.14% of each pathogen, BQCV (17.07%), A. apis (12.20%), and N. ceranae (10.57%). Other targets were seen with low
infection rate (<10%), and phorid fly was not detected in larval samples. Meanwhile, adult bees were prevalently infected with SBV
(39.04%), followed by DWV (33.66%), BQCV (33.10%), N. ceranae (27.30%), CBPV (13.58%), P. larvae (11.03%), and A. apis
(11.46%). Other pathogens and parasites were seen with infection rate lower than 10% (Fig. 5; Table S4).

4. Discussion

In this study, the infection rates of 14 honey bee pathogens in South Korea were detected from 2017 to 2021. N. ceranae, DWV, SBV,
and BQCV were the most prevalent pathogens adversely affect beekeeping in the country. These pathogens rapidly propagated in
summer and mainly distributed in Gyeonggi, Gyengsangbuk, and Chungcheongbuk provinces.

Several pathogens that have been reported in Asia have affected beekeeping in South Korea [35] including viruses, bacteria, fungi,
and parasites [20,36]. N. ceranae, DWV, SBV, and BQCV were the most prevalent pathogens detected in this study. The prevalence of
honey bee pathogens in South Korea has changed in the last decade with the occurrence of DWV, SBV, and BQCV [31]. V. destructor and
T. mercedesae mites were reported to have high infestation rates in 2012 (75%) [31] that increased to 93.6% in 2019 [20]. These mites
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Fig. 5. Infection rates of honey bee pathogens in larvae and adult honey bee. The infection rates of 14 honey bee pathogens and parasites in larvae
and adult bees from 2017 to 2021 are shown.
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feed directly on honey bees and are an important natural reservoir contributing to the transmission of honey bee viral pathogens [19,
20,37]. The role of mites in the high propagation of DWV, SBV, and BQCV requires additional research.

Previous studies have reported that the observed increase in SBV is correlated with an increase in temperature and that the risk of
SBV disease increases temporally [38,39]. In this study, the infection rates of SBV and other viral and bacterial pathogens increased
from June to August and peaked in July. Therefore, there is a high risk of honey bee colony loss during the summer months in South
Korea. During the summer season, worker bees increase their foraging activities as the temperature increases. As foragers invade other
colonies to steal honey, the propagation of pathogens among colonies increases [38,40]. Increased temperature also result in increased
honey bee mites [38] that serve as a vector for 12 honey bee pathogens [20]. Infestations of Varroa mites result in drifting behaviors in
adult honey bees, increasing the movements of foraging honey bees into other colonies [19], allowing for the transfer of mites and the
spread of honey bee pathogens.

In South Korea, A. cerana suffers from three major pathogens: SBV, BQCV, and DWV. These pathogens were also prevalently
detected in A. cerana in other Asian countries, including China [41,42] and Vietnam [43], and SBV was seen with the highest infection
rate. SBV was first detected in A. mellifera [44], and different geographical genotypes of SBV were identified in Asian honey bee,
A. cerana [45]. These genotypes have more devastating effects on A. cerana than on A. mellifera [46], and become the major pathogens
threatening A. cerana in different countries such as China [47], Vietnam [48], Korea [32], and Thailand [49]. The Korean genotype of
SBV poses a threat to A. cerana since it was first recorded in 2008, and up to 90% of the A. cerana colonies in South Korea have been
affected by SBV disease [32,33]. The international trade of living honey bees may lead to the spread of geographical SBV variants to
other countries, resulting in outbreaks of the disease in native honey bee strains. Therefore, an efficient method for the prevention and
treatment of SBV disease is necessary. RNA interference [50] or artificial breeding with selection for disease-resistant honey bee strains
may be effective methods to prevent SBV disease [51].

Four major pathogens were prevalent in A. mellifera honey bees in this study, including N. ceranae, DWV, BQCV, and SBV. These
were also the major pathogens of A. mellifera in other countries, such as China [52], the United States [53,54], European countries,
Italy [55], Belgium [56], and Austria [57]. SBV and BQCV adversely affect honey bee by causing the death of larvae [58,59].
Meanwhile, N. ceranae and DWV have been associated with honey bee colony losses over winter [60-62]. Co-infections of N. ceranae
and BQCV have also been reported to significantly affect honey bee colonies [63]. Therefore, these pathogens may be linked to winter
colony loss in A. mellifera apiaries in South Korea.

The BQCV, SBV, and DWV were majorly detected pathogens among the 14 targets in both adult and larval stages. Although
infection rate of the three viral pathogens was higher in adult compared to larval stage, the pathogens adversely influence brood stage
of the honey bee [64,65]. SBV was the most damaging pathogen of A. cerana by causing the death of larvae in Asian countries [32,41,
43,49]. Meanwhile, DWV infection in developing pupae causes the pupal death or deformed wings in adult bee [66]. Varroa destructor
mite was the most important vector of this pathogen, and the widespread of the mite in A. mellifera apiaries could result in the
prevalence of DWV [20,67]. These pathogens infected all stages of honey bee. However, the symptoms of infection in adult bees are not
clear [59,66,68], and the identification of each pathogen infection by directly observing the bees is difficult. Therefore, the molecular
identification using specific primer is important. In addition, CBPV and N. ceranae are the common parasite and pathogen affecting
adult bees [21,69]. Therefore, the two targets were predominantly detected in adult bees in this study. Another brood pathogen,
P. larvae, the causative agent of American foulbrood disease was highly detected in larvae. This pathogen adversely affects young
larvae when the spores of P. larvae were ingested [70].

N. ceranae and viral pathogens including DWV, SBV, and BQCV were dominantly detected among the 14 selected targets in this
study. Beekeeping in South Korea also suffers from heavy infestation of V. destructor and T. clareae mite [20]. However, other path-
ogens such as Varroa destructor virus-1, Lake Sinai virus, and Nosema apis were not targeted for detection in this study. These pathogens
were identified to increase winter mortality or colony loss of honey bee [21,71,72]. In addition, small hive beetle (Aethina tumida), a
serious parasite of honey bees, was also recorded in South Korea [73,74]. However, the prevalence of this parasite in Korean bee
keeping still remain unknown. Therefore, further study needs to be conducted to understand the prevalence of the remaining path-
ogens and parasites in South Korea. It could be important to identify the causative agents of honey bee colony losses recently occurred
in the country (https://www.newstree.kr/newsView,/ntr202205120006; https://www.nst.com.my/world/region/2022/01/761016/
millions-honey-bees-mysteriously-killed-or-missing).

5. Conclusion

Fourteen honey bee pathogens were detected in South Korea between 2017 and 2021, of which N. ceranae, DWV, SBV, and BQCV
were the most prevalent. The most common pathogens of A. cerana include SBV, DWV, and BQCV. The most common pathogens of
A. mellifera are SBV, BQCV, N. ceranae, and DWV. The pathogens develop during the summer months, peaking in July. Therefore,
appropriate management practices to control the propagation of pathogens during the summer months should be established. The
results of this study are important for identifying the occurrence patterns of honey bee pathogens and the major factors affecting
apiculture in South Korea. These results can also be used to predict the outbreak of related diseases and estimate the economic loss
caused by pathogens in the beekeeping industry. Furthermore, the result provided important information on the geographical dis-
tribution of each honey bee pathogens by which the appropriate methods to control spread of pathogens via trading of living honey bee
could be selected.
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