2022.37(3) : 191-198
DOI: 10.17519/apiculture.2022.09.37.3.191

Original research article

Ty oy

rOI'

Status of Honeybee Pathogen in Apiaries during Blooming Acacia
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m Several diseases of the honeybee (Apis mellifera L.) pose severe problems on honeybee
production and productivity. In addition, it become a serious economic lost in the beekeeping
sector. The acacia (Robinia pseudoacacia) honey is a major product of the beekeeping industry
in Korea. Therefore, detecting diseases of honeybee is important during the blooming season of
acacia. In this study, we performed the polymerase chain reaction ([PCR) analysis to detect seven
viruses (Sacbrood Virus (SBV); Acute Bee Paralysis Virus [ABPV); Deformed Wing Virus (DWVJ;
Black Queen Cell Virus (BAQCV); Kashmir Bee Virus (KBVJ; Chronic Bee Paralysis Virus (CBPV];
Israel Acute Paralysis Virus (IAPV)), two bacteria (Paenibacillus larvae and Melissococcus
pluton), and three fungi (Ascosphaera apis, Nosema ceranae, and N. apis) in samples of
honeybees (A. mellifera) that were collected from 24 apiaries in Korea during the blooming
season of acacia. In 2021, three diseases (BQCV, N. ceranae, and N. apis) were detected from
24, 23, and 24 apiaries respectively, and in 2022, seven diseases (SBV, DWV, BQCV, IAPV, EFB,
N. ceranae, and N. apis) were detected from 4, 5, 24, 4, 1, 20, and 20 apiaries respectively. In
particular, three viral diseases (SBV, DWV, and IAPV] were newly detected in 2022 from 4, 5, and
4 apiaries respectively. These diseases are mainly transmitted by Varroa destructor. This could
be attributed to high damages caused by the V. destructor in 2022. Our present study could be
a milestone to beekeepers in fighting against these diseases during the blooming seasons of
acacia to bust up honey production and other hives products.

Disease, Honeybee, Acacia, Blooming, Korea

M 2 2|2 (acute bee paralysis virus, ABPV), T HuH]|Z v}

o] 2 (chronic bee paralysis virus, CBPV), o] A2t

Tl AW A vpo|g|AAg, Aletd, AR & /JutH] 5 vho]2 A (Israel acute paralysis virus, IAPV), 7

F& 4 Ut EHOA 2 AHQI vro|y A A 2ofogrdal vlo]# A (black queen cell virus, BQCV), 7t

HolH iy Hfo]# A (sacbrood virus, SBV), Y7i&7H}t |29 Hio] A (kashmir bee virus, KBV) 5 7%50] B

o] 2]~ (deformed wing virus, DWV), B4 utH|= v}o] 1150 Qlth(Allen and Ball, 1996). B43'HutH]5 Hho]2]
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UZZ, YZE2, Ui, 584, USY, 44, trl, yo
29} o] J/4 mHISAIE Yetdl= Hiolg2e 551 F FE AFolA 2 HISS AFAISEAL Atk (Lew, 1992; Park
B Aol A AR G vAE Aeg HAlwo] 9] et al., 2020). °l°, ST Ao § E2 A=

O™ (Choi et al., 2007), 1% ©]2~etAGAJupH] S vlo]g
2= BHO| 28 APHE-S YEFH I (Maori er al., 2009;
Carrillo-Tripp et al., 2016) 53] @4} (Colony Collapse
Disorder, CCD)¥=. AE|o] Qli= Aoz dejA gtk
(Cox-Foster et al., 2007). 12|11 -2 vlol 2| A
2 olHo] {1 HH7|oA A TAEHUL
o, SLTOML o AFEA7] = 7P 2t 9

o2 &raiA QI (Bailey and Wood, 1977; Anderson,

A=
~—

o =0
=2 o=

Ut
1993).

Alad A2 24 65 o] dHo] Hals
W IF vl Ay FHRAE Y] g9Eol
< Ao 2 HiEo] Itk (Chung, 2012a). ©] F
Paenibacillus larvae®t Melissococcus pluton®l 2]
S Aom fEout Aol HH, nl=RA o
T 9=0 gEAMoZ Wil Hlo g2 AYS
A 0] e E Wbl HalE|o] QITH(Chung, 2012a).

Ascosphaerea apis®] 730l olaf o] WAgol=
=2 5ol TAsE ZrolH,
apis®] ZZ7F YA {52
(Choi et al., 2013). & M4
ZHR721 N. ceranaet N. apis©ll %
Hol| Ho|&F2 sk =F XA} Zﬂqﬁ = A4
Hth(Higes et al., 2007; Fries, 2010). Nosema EA = F
B B S A e S0 7 e

= 5ol ok A9t 9 B o w 4A HolHrh(de
1994; Higes et al., 2007; Fries, 2010; Gisder
ASHETFO
or& 7lojeh

/o] ofote

o
==
U‘Eo

Graaf et al.,
et al., 2011). Nosema ZEAto]| Z4ae 22
2 o5l BHuuty} 2ke HA} T HE

=20

= S4°] YeRAtH (Chung, 2012b). E3F
T FEe AU A Y-S AdF5HA] ko] HerAQl &

B &0l Azt HAL o]= B &4 E oloj A A Hrt
(Martin-Herndndez et al., 2018; Chaimanee et al., 2019).

ojg% o AL B BF sl A o
T A B ofye} Bto] Al ofste oofA &= A
AT SRR w7l 5 AREA Q] R Esol= G PIAA
o,

He, =l Zo 2R oA el S oFh
Aot FELS S EE F Ao oF 70%E AR5t
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1. BHAR

T o] AHg Adsty] fste] ot YR 75k 7E
¢l 5¥of| B AF ARE AHsEALH 2021 dFE 2|
T EL FRE HeR AFE st £ ARE
A B AEA 170 7T A7 (A, o=, M,
o]y 671 57, *%E(Z* ) 371 57t SHEE(EHL) 2
N 57t AAEE (s, oA, A=, 7], 1434) o7k iﬂ
I3 AT (io Lq) 370 B7h= F 24709 BUHR S
(Table 1), HYE A 2L Aolole AHE G231 5 siAt
& &3] A7HA] —70°Col Bkt

Table 1. Location information of 24 farms sampled for the diag-
nosis of honeybee diseases during blooming season of acacia in
2021~2022 in South Korea

Area Number of apiaries

Sejong 1
Hwaseong-si 2

G id Icheon-si 1

eonggi-do

yeonee Paju-si 2
Yeoncheon-gun 1

Gangwon-do Cheorwon-gun 3
Chungcheongbuk-do ~ Boeun-gun 2
Andong-si 2

Gimcheon-si 1

Gyeongsangbuk-do Gumi-si 1
Sangju-si 3

Yecheon-gun 2

Gyeongsangnam-do Changnyeong-gun 3
Total number of apiaries 24

http://journal.bee.or.kr/
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Table 2. Primers used in this study for the diagnosis of 12 diseases (7 viruses, 2 bacteria and 3 fungi) of honeybees

Pathogen Disease Primer Sequence (5'-3") acSeir;iinI]flo. Anngilze
Virus Sacbrood virus SBV_FV GTG GAA CCC GAG TGT TTT GTA AF092924 266
SBV_R? CCA CCG CAC CAT TAATTC CAT
Deformed wing virus DWV_F ATG GTC GGA ATG GAT GAC GTA HMO067437 192
DWV_R TCC TCC ACT AAG CGC TGATTA
Acute bee paralysis virus ABPV_F AAG TGG GCT GAA GAT GTG GTA AF150629 346
ABPV_R CCC TAC CTT CTT TAT CCG CAA
Chronic bee paralysis virus CBPV_F AGT TGG TTG AAG AGG GTG CAT NCO010712 255
CBPV_R GTG TTC TAT GGC GCT GAT GTA
Israel acute paralysis virus IAPV_F GAC TCC GCT CAATTG CTT CAT NC009025 459
IAPV_R ACG CTC TCT TCATGC ATG GAA
Black queen cell virus BQCV_F GGA GTC GCA GAG TTC CAA ATA AF183905 477
BQCV_R CAT TCT GAC TCT ACA CAC GGT
Kashmir bee virus KBV_F TCG AGA TGA GTC TGC CAAACT AY275710 438
KBV_R CAA GGG TGT TCC TGC ACA TAT
Bacterium American foulbrood AFB_F ACT CAC GGA GCT ACA GAA CAT AF111421 229
AFB_R CCG AAG GTC CTT TGT AAC GAT
European foulbrood EFB_F TCA CCAAGG CAA CGATGC ATA X75752 226
EFB_R GTT AGATAC CGT CAC GAG GAA
Fungus Chalkbrood Asco 18S_F TGC GAT AAC GAA CGA GACCTT M83264 306
Asco 18S_R ACG TAATCG GCA CAA GCT GAT
N. ceranae N. ceranae_F GGC GAC TTG ATG ATG ACA GTA DQ486027 333
N. ceranae_R TGC ACT GGG CAG AAT TCACTT
N. apis N.apis_F TAA TAG TGG TGC ATG GCC GTT U97150 382
N.apis_R TGG TTC TCC AAC AGC AAC CAT

F: forward primer.
YR: reverse primer.

7t F7PAR sube]d A
A9 BHAPERS o] 85to] FASKSHT Clear-S™ Total
RNA Extraction kit®} Clear-S™ Quick DNA Extraction
kit (InVIRUStech, Korea)& ©|-85t0] Al&2] AJoF 44
o] @2} RNACF DNAE F&513lth 554 total RNAE
amfiRivert Platinum cDNA synthesis enzyme (GenDEPOT,
TX, USA)& ©|-&5to] AlF2] AHE- 81 w2 cDNAE
ol—/H 0].021 on:] ol/HE] CDNAQ—]' %Q DNA— _zoocoﬂ
Hytsto] ZA 0] o] 853t

3. HEIH| AL (primer)

el 12714 W3 35%
HA7aF, F4U0HZ, B

R, Aol dutol o279 G, Sl =

ufo] |29, Ml FR A, §HRAY

A 3, , M5, LA
0} (Nosema ceranae, N. apis)iﬂ HAAE Aoz A

HA S AT (Table 2). THAA AR (PCR,
polymerase chain reaction) A H2]E $13ll 100 pmol/uL &
9] forward primer 10 uL2} reverse primer 10 uL 12|17
DEPC water 180 pLE Z2t5t9] primer mixerS #1551

FHAF SEZ AccuPower® HotStart PCR PreMix
(Bioneer, Korea) A2 A& 8ol oh2} PCR PreMix
9 (template) 1 uL 12
1 nuclease-free water 18 uLE 3d7Foto] F&Fo] 20 uL
7 HEs soch Hholaiad AW AN Ag FEe

= "0

tube 170 primer mixer 1 pL,
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Table 3. Results of JPCR-based infection diagnosis of 12 diseases in honeybees sampled during blooming season of acacia in 2021 from

apiaries in 24 regions in South Korea

Virus

Bacterium Fungus

SBV DWV ABPV CBPV

IAPV BQCV KBV AFB EFB ASCO N.ceranae

N. apis

Sejong - - - - -
Hwaseong-1 - - - - -
Hwaseong-2 - - - - -
Icheon - - - - -
Paju-1 - - - - -
Paju-2 - - - - -
Yeoncheon - - - - -
Cheorwon-1 - - - - -
Cheorwon-2 - - - - -
Cheorwon-3 - - - - -
Boeun-1 - - - - -
Boeun-2 - - - - -
Andong-1 - - - - -
Andong-2 - - - - -
Gimcheon - - - - -
Gumi - - - - -
Sangju-1 - - - - -
Sangju-2 - - - - -
Sangju-3 - - - - -
Yecheon-1 - - - - -
Yecheon-2 - - - - -
Changnyeong-1 - - - - -
Changnyeong-2 - - - - -
Changnyeong-3 - - - - -

+
|
|
|
|

+ + + +

R T T T T S i S S S R S R
|
|
|
|
R I T T T T T T S e O S S S A A

|
|
|
|
R T T T T T T T S S S T S A S S

Number of apiaries (+) 0 0 0 0 0
Infection rate (%) 0 0 0 0 0

24 0 0 0 0 23 24
100 0 0 0 0 96 100

*SBYV, sacbrood virus; DWYV, deformed wing virus; ABPV, acute bee paralysis virus; CBPV, chronic bee paralysis virus; IAPV, Israel acute paralysis virus;
BQCYV, black queen cell virus; KBV, kashmir bee virus; AFB, american foulbrood; EFB, european foulbrood, ASCO, Ascosphera apis; N. ceranae, Nosema

ceranae; N. apis, Nosema apis.

cDNAE ARSI At = Zatd AX A4 35
DNAE ARESFATE 42} 5-2-2 2720 Thermal Cycler
(Applied Biosystems, USA)= AF&5H3 0™ 94°CofA] 55
7F pre-denaturation= =35}l 94°COfA] 30%, 55°COllA]
30% Z18] 11 72°COA 3022 32 cycleS HHESH & 72°C
oA 587t & A% (final extension)= SFHTH F-4A 5
Z JHE-2 100 bp DNA ladder (Bioneer, Korea)2t &7 0.1
pL/mL2] ethidium bromide (Sigma-Aldrich, USA)7} &
H 1.8% agarose gel (Lonza, Swiss)Z 7|95 st
Aol P B Fof =S Skt

0

[¢]
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2 o

2 A= 202195 E 2@7F FPE GO W, of7FAILY
TS EF 2 2HE] A
Ak Ames AFAL 4715, F9E 5 6709 A=t 13
7N Aol f1AekaL Q= 24709] Fe-s7tellA -
o 12F9] Aol it A o 75 ZAFSHITH(Table
33t 4). 71 AvE 202100 1259 A F 35 (HS
of Ay vlo|H A N. ceranae, N. apis)e] A Yo] A=
Q1AL 20223 0fl= 7F (S-St HiolH A, E
£ Hrol A, F2oldd violH A o] AgtedlgAdnt
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Table 4. Results of qPCR-based infection diagnosis of 12 diseases in honeybees sampled during blooming season of acacia in 2022 from

apiaries in 24 regions in South Korea

Virus Bacterium Fungus
SBV DWV ABPV CBPV IAPV BQCV KBV AFB EFB ASCO N.ceranae N.apis
Sejong - - - - - + - - - — _ _
Hwaseong-1 - - - - + + - - + - + +
Hwaseong-2 - - - - - + - - - — + +
Icheon - + - - - + - - - - + +
Paju-1 - - - - - + - - - - + +
Paju-2 - - - - - + - - - - + +
Yeoncheon + - - - + + - - - - + +
Cheorwon-1 - - - - + + - - - — + +
Cheorwon-2 - + - - - + - - - — + +
Cheorwon-3 - + - - - + - - - — + +
Boeun-1 + + - - - + - - - - - -
Boeun-2 + - - - - + - - - — + +
Andong-1 - - - - - + - - - — + +
Andong-2 - - - - - + - - - — + +
Gimcheon - - - - - + - - - — — _
Gumi - - - - - + - - - — _ _
Sangju-1 - - - - - + - - - — + +
Sangju-2 - - - - - + - - - — + +
Sangju-3 - + - - - + - - - — + +
Yecheon-1 - - - - - + - - - - + +
Yecheon-2 + - - - + + - - - — + +
Changnyeong-1 - - - - - + - - - - + +
Changnyeong-2 - - - - - + — - - - + +
Changnyeong-3 - - - - - + - - - - + +
Number of apiaries (+) 4 5 0 0 4 24 0 0 1 0 20 20
Infection rate (%) 17 21 0 0 17 100 0 0 4 0 83 83

*SBYV, sacbrood virus; DWYV, deformed wing virus; ABPV, acute bee paralysis virus; CBPYV, chronic bee paralysis virus; IAPV, Israel acute paralysis virus;
BQCYV, black queen cell virus; KBV, kashmir bee virus; AFB, american foulbrood; EFB, european foulbrood, ASCO, Ascosphera apis; N. ceranae, Nosema

ceranae; N. apis, Nosema apis.

e

Hio|HqA S HEAW N, ceranae, N. apis)2] 2HY

= Qle. Aol vholgiAe 213 9] A 7]
ot 100% (2471 57H 2] A EE-S LEFH .2 (Table 3
LAuS-E fdshs Al S92 ShRI N. apis=
H]-8-(2021, 100%; 2022, 83%) 2 T =Tt gt
, 20229l 202193 D2] 35-2] violaiAa AR (d
SorFiH, 471 57k e Eel | AT AE, 5 E
7h ol 22t AgAuHHE, 47l F7h A 159 Al AH
FHEAE, 170 57hel F7 das Aoz It
(Table 4, Fig. 1).

o
e

[l

o & o gy oN

o B HF B

o %
202183} 2022 oAU FREE7 ol 24709] 8- E
7]»_ rﬂ/\]—gg A Ooqgl-ahﬂ]- H]—o]e—‘l/\ 7 Oq—ra J_/\].
St A wfe =2 S5 HHER YEETH20219
20224 100%; Table 37} 4). ¥ 17 Ao} U}{b}x}i,
O Sk ] 0]l AR thE A8 ol A= 2011
Aol ZHEE 100% (2071 “57F, Hong et al., 2011), 2012
ol 83% (2370 57T, Hong et al., 2012), 2013 100% (16
70 57}, Hong et al., 2013)2 SR1E o] o] A2 HHo]
THdH o 82 EAckH= AL 2 A H T (Hong et al., 2013).
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Virus Bacterium Fungus

Disease of honeybee

Fig. 1. Comparison of infection rates of 12 diseases for honeybees sampled during blooming season of acacia in 2021~2022 from apiaries

in 24 regions of South Korea.

3 2 AFNAE LASS FUSH= N. ceranae
(20219, 96%; 2022, 83%)t N. apis (20219, 100%;
2022, 83%) = itk A= o] Sli= AR SIE S
t}. o] A= 2009} 20124 OPHAE Aslr|of 2
AR AR o B AU HIRSE HEolth 2l B 5
73%, Kim et al., 2010; 2370 57t % 83%, Hong et al.,
2012). A L] Aol A= eARF 229 FXF 5 glo]

R -1

o 4 & 220 NS 2ARFAY] 2o 2 o
T ZAateto] et vl oA g, LA nS-2 A g

o Y vpol2i ALt upZR2| 2 oAU JRE] o
T2 7rdElo] 9l AWl Ao s FHETH(Kim ef al.,
2010; Hong et al., 2012).

202290 BAE A1 5 A7 sToll A= SR F
2 wi7iste= 359 HiolH A (dE-EotR o, YIlET
Hpo] 2| A A, o] AetdgAduH g7t &
UE Ao = FRIE|GIT(Table 4, Fig. 1). ©]
Hoj -2 oAU Zi3E7 bl ZAHE Hong2] A 2
Tl A o] gl vE ARt 227l 57t 5 370 5
7}, Hong et al., 2011; 2370 57t % 1770 57}, Hong et al.,
2012), A%ZE 29 (Apis mellifera)°l= 2 A Fo] e A
©0 2 &4 A QIch(Yongsawas ef al., 2020).

Hhdof| G E T o] ARtdgAdntH| 2 o] °H9‘r
g 2022d% =2 HE(1721%) 2 TFEH AL
UERdTH(Hong ef al., 2011; Hong et al., 2012; Fig. 1). 0]
= Ao 8 EH-ZMN (Varroa destructor)®ll &3l 7

oh 2
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= oZRAIUE N2 |gte] B AlmE AR SHIT PCR
A S ol 8ot A Y oAFE AR A3 20219
o= 3%9 A9 (H2Ag gl 2d 9T, 100%:; N.
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