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reared in eastern Gyeongbuk province, Korea
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The ecologically and economically important honeybee species are susceptible to infections by various
pathogens. This study was investigated to detect infectious pathogens in honeybee colonies reared in
eastern Gyeongbuk province by PCR in 2010~2011. A total of 11 infectious pathogens, including 6
viruses, 2 bacteria, 2 fungi, and 1 parasite, were investigated in honeybee colonies suffering from symp-
toms of sudden collapse, depopulation, or paralysis. The infectious pathogens and infection rates among
24 honeybee colonies detected were as follows: sacbrood virus (66.7%), deformed wing virus (4.2%),
black queen cell virus (12.5%), Kashmir bee virus (29.2%), American foulbrood (41.7%), European
foulbrood (12.5%), stonebrood (45.8%), chalkbrood (4.2%), and Nosema (33.3%), respectively. Since
the coinfection rates of multiple pathogens were detected high in honeybee colonies reared in eastern
Gyeongbuk province, large-scale investigation and appropriate control programs need to be established

in this region.
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Table 1. Sequences of the oligonucleotide primers specific to honeybee pathogens used in this study

Target Pathogen* Primer sequence (5' — 3") Tm (°C) Size (bp) Reference

SBV F: ACCAACCGATTCCTCAGTAG 52 258 Yoo et al, 2007b
R: TCTTCGTCCACTCTCATCAC

DWV F: TCATCTTCAACTCGGCTTTCTACG 55 479 Lee et al, 2005a
R: CGAATCATTTTCACGGGACG

BQCV F: TGGTCAGCTCCCACTACCTTAAAC 55 701 Benjeddou et al, 2001
R: GCAACAAGAAGAAACGTAAACCAC

KBV F: GATGAACGTCGACCTATTGA 50 415 Stoltz et al, 1995
R: TGTGGGTGGCTATGAGTCA Yoo et al, 2007b

ABPV F: TTATGTGTCCAGAGACTGTATCCA 55 901 Benjeddou et al, 2001
R: GCTCCTATTGCTCGGTTTTTCGGT

CBPV F: AGTTGTCATGGTTAACAGGATACGAG 55 455 Ribiere et al, 2002
R: TCTAATCTTAGCACGAAAGCCGAG

AFB F: GTGTTTCCTTCGGGAGACG 55 233 Lee et al, 2004
R: CTCTAGGTCGGCTACGCATC

EFB F: AAGAGTAACTGTTTTCCTCG 45 564 Ha et al, 2005
R: ACGCCTTAGAGATAAGGTTT

SB F: ATCGGGCGGTGTTTCTATG 55 312 Lee et al, 2004
R: ACCGGGCTATTTAAGGGCCG

CB F: GGCTGTAGGGGGGAACCAGGA 55 994 Lee et al, 2005b
R: CGGGTGGTCGTTTCCAGCCTC

Nosema F: CTGCCTGACGTAGACGCTAT 50 592 Yoo et al, 2007b

R: CTTCGATCCTCTAGCTTACG

*SBV: sacbrood virus, DWV: deformed wing virus, BQCV: black queen cell virus, KBV: kashmir bee virus, ABPV: acute bee paralysis virus,

CBPV: chronic bee paralysis virus, AFB: American foulbrood, EFB: European foulbrood, SB: stonebrood, CB: chalkbrood.
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Table 2, Infectious pathogens molecularly detected from honeybee colonies reared in eastern Gyeongbuk province according to areas in 2010~

2011
Arca No. No. of positive (%)
tested SBV DWV  BQCV KBV ABPV  CBPV AFB EFB SB CB Nosema
Gyeongju 10 9 (90) 1(10) 2(20) 3(30) 4 (40) 6 (60) 1(10) 1(10)
Pohang 2 2 (100) 1 (50)
Yeongdeok 12 5(41.7) 1(83) 4(33.3) 50@1.7) 325 5(41.7) 7 (58.3)
Total 24 16(66.7) 1(42) 3(12.5) 7(19.2) 0(0.00 0(.0)0 10@1.7) 3(12.5) 11(45.8) 1(4.2) 8(33.3)

SBV: sacbrood virus, DWV: deformed wing virus, BQCV: black queen cell virus, KBV: kashmir bee virus, ABPV: acute bee paralysis virus, CBPV:
chronic bee paralysis virus, AFB: American foulbrood, EFB: European foulbrood, SB: stonebrood, CB: chalkbrood.

Table 3, Infectious pathogens molecularly detected from honeybee colonies reared in eastern Gyeongbuk province according to developmental
stages in 2010~2011

No No. of positive (%)
Age )
tested SBV DWV  BQCV KBV ABPV  CBPV AFB EFB SB CB Nosema
Imago 6 6 (100) 1(16.7) 1(16.7) 3(50) 5(83.3) 2(33.3)
Larva 18 10(55.6) 1(56) 2(11.1) 6(33.3) 7(389) 3(16.7) 6(333) 1(5.6) 6(33.3)
Total 24 16(66.7) 1(42) 3(125) 7(292) 0(.00 0(0.00 10(41.7) 3(12.5) 11(458) 1(4.2) 8(33.3)

SBYV: sacbrood virus, DWV: deformed wing virus, BQCV: black queen cell virus, KBV: kashmir bee virus, ABPV: acute bee paralysis virus,
CBPV: chronic bee paralysis virus, AFB: American foulbrood, EFB: European foulbrood, SB: stonebrood, CB: chalkbrood.

Table 4. Infectious pathogens molecularly detected from honeybee colonies reared in eastern Gyeongbuk province according to seasons in 2010

~2011

No. No. of positive (%)
Season

tested gy DWV  BQCV KBV  ABPV CBPV  AFB EFB SB CB Nosema
Spring 7 1(143)  1(143) 1(14.3) 1(143) 1(143) 5(714)
Summer 8 8 (100) 1(12.5)  4(50) 4(50)  1(12.5) 4(50) 1(12.5)
Autumn 8  7(87.5) 1(12.5) 3(37.5) 6(75) 225  6(75) 1(12.5)
Winter 1 1 (100)
Total 24 16(66.7) 1(42) 3(125) 7(292) 0(0.0) 0(0.0) 10(41.7) 3(12.5) 11(458) 1(42) 8(33.3)

SBYV: sacbrood virus, DWV: deformed wing virus, BQCV: black queen cell virus, KBV: kashmir bee virus, ABPV: acute bee paralysis virus,
CBPV: chronic bee paralysis virus, AFB: American foulbrood, EFB: European foulbrood, SB: stonebrood, CB: chalkbrood.

203 e, o]20] SBV 100%, KBV, AFB @ wil, AJoFE W 97 RILo|Al= Nosema 77.8%,
SB 50%, BQCV, EFB 9 Nosema 12.5% <=©.& U}el  SBV, DWV  BQCV 11.1%¢] 4o & #AZw9lct
vl 7kSo] SBV 87.5%, AFB @ SB 75%, KBV (Table 5).
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Table 5] depi it 54E B 157 StolAs S9H(20.8%) 0% L}Ep;{q, 2 047 BT Z 157 &

SBV 100%, SB 73.3%, AFB 66.7%, KBV 46.7%, EFB  (62.5%)] 4] 27}A] o]4to] B o] % 2
20%, BQCV 13.3%, CB @ Nosema 6.7% <02 Vel o2 UePgtHTable 6).
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Table 5. Infectious pathogens molecularly detected from honeybee colonies reared in eastern Gyeongbuk province according to breeds in 2010~

2011

No.

No. of positive (%)

Breed
tested gy pwv

BQCV KBV ABPV

CBPV AFB EFB SB CB Nosema

Oriental 15 15 (100) 2(13.3) 7(46.7)
honeybee

Western 9 1(11.1) 111 1QL1)
honeybee

Total 24 16(66.7) 1(42) 3(125) 7(292) 0(0.0)

10(66.7) 3(0) 11(733) 1(67)  1(6.7)

7(77.8)
0(0.0) 10(41.7)

3(12.5) 11(458) 1(42)  8(33.3)

SBYV: sacbrood virus, DWV: deformed wing virus, BQCV: black queen cell virus, KBV: kashmir bee virus, ABPV: acute bee paralysis virus,
CBPV: chronic bee paralysis virus, AFB: American foulbrood, EFB: European foulbrood, SB: stonebrood, CB: chalkbrood.

Table 6. Degree of single and mixed infections in 24 honeybee colonies reared in eastern Gyeongbuk province in 2010~2011

Complexity of infection

None Single

Double Triple Quadruple Quintuple

No. of infected honeybee colonies (%) 1(4.2) 8(33.3)

5(20.8) 3(12.5) 2(8.3) 5(20.8)
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