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Current Status of Fluvalinate Resistance in Varroa destructor in
Korea and Suggestion for Possible Solution

Young Ho Kim* and Si Hyeock Lee'*
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'Department of Agricultural Biotechnologies, CALS, Seoul National University, Seoul 08826, Republic of Korea

The beekeeping industry in Korea has been severely challenged by winter losses of honey bee
colonies recently. Various factors such as climate changes, pesticides, pathogens, nutritional
imbalance, parasitic mites and other environmental factors are argued as the causes of the
large-scale losses of winter bees. However, it is more rational to suggest that a combination
of these multiple stressors rather than a single factor is responsible for this damage. Among
these factors, the ectoparasitic mites, particularly Varroa destructor, has been widely reported
to significantly cause winter losses of honey bee colonies in various countries, and beekeepers
in Korea complain that it is difficult to control mites with conventional methods. Considering that
fluvalinate has been the most abundantly used synthetic acaricide in Korea, and intensive and
repetitive use of fluvalinate has been suggested to be result in the development of resistant V.
destructor populations in previous studies, we first focused on discussing the mode of action
of fluvalinate and the mechanism of pyrethroid resistance. Current status of the fluvalinate
resistance V. destructor in Korea and selection of alternative acaricides are further discussed in
this review.

Honey bee colony losses, Varroa destructor, Fluvalinate, Acaricide, Resistance
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Fig. 1. Schematics of sodium channel and potassium channel (A) and action potential (B).
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Fig. 2. Diagram of voltage-gated sodium channel (VGSC). The VGSC possesses four repeat domains (labelled domain I-I1V), each contain-
ing six transmembrane o-helix segments (labelled S1 through S6). Red arrows indicate putative binding sites of pyrethroid (A). The four

domains are arrayed in the membrane to form a central pore (B).
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Trouiller, 1998; Mozes-Koch et al., 2000; Macedo et al.,
2002; Martin, 2004; Tremolada et al., 2004; Noureddine
and Haddad, 2013; Sammataro et al., 2013; Gonzalez-
Cabrera et al., 2016; Kamler et al., 2016; Higes et al., 2020;
Benito-Murcia et al., 2021; Millan-Leiva et al., 2021). =
FHEYo|E A E-Soll vGScold B E= &
Hol5-2 L1770P, L925V/M/I, F975L0] EalH HEZE gle
L} (Liu et al., 2006; Hubert et al., 2014; Gonzéalez-Cabrera
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Fig. 3. Mechanism of pyrethroid resistance. In normal conditions, depolarization and repolarization are created by respective open and
close of voltage-gated sodium channel (VGSC) (A). When susceptible pests are exposed to pyrethroid, pyrethroids bind the VGSC and in-
hibit the function of VGSC, which cause prolonged depolarization or tail current of VGSC (B). In the pyrethroid resistant pests, pyrethroid

cannot bind the VGSC and normal action potential is created (C).
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Fig. 4. Representative electropherograms of Varroa destructor individual with different genotype (SS, RS and RR) at the V9251 mutation
site of the voltage-gated sodium channel (A). V9251 allele frequencies found in dead or survived V. destructor at 24 h post-treatment of flu-
valinate. Resistance homozygote (RR, L925I) was only found in the survived V. destructor (B).

2172 domain IT S5 A Fof| Y 2|5t= ofm]icito 2 1]
AgolEo] F Q3 ARRLIRE Al 917l (O'Reilly
et al., 2006) L925 & Ho] o] S qo]ES] &
TS darA APdS fdohs Ao r Btk o]
L925 E¢Ro] NIk o} ZRdrU|o|E A3 1o &
2 A A= A5 H T (Gonzilez-Cabrera et al., 2013,
2016, 2018; Hubert et al., 2014; Alissandrakis et al., 2017).
L925/M =0l S22rte} Zx[otol| 4] HAlE Il
(Gonzélez-Cabrera et al., 2016), L925I/V = ol= 1
Aol R H EE-S-o ol A] (Alissandrakis et al., 2017)
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o] Ex=AAACE HH o S7ete AdS Hole
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TH(Kim er al., 2009). 2|2t A= o] 59
Hlo]E Zio“Ur Wi A7 s vt g, o
A 7 QATE 2718 o 20109 oA = SR
°|ES %ﬁ Bl Al 2 of2lgol §lld Al
= et Jeu 2T g E el Sl Aol of
Aol FshA 2asta Qa, AA FEHAL e &
YOl E AA S| EI7} 79| Qirts TAT} A&

o

T 121 20229 Zof DAY AF Bt HAF A4
ARl F stz Ed-goflo] WA Auf7t A= gl
Il A (RAD, 2022) -2|uet Ed-3ol o] S5
o|E A3 e Aol tigh AAAR] A= 24H
Atetolet e Th,

—

.{

rzérlrizlﬂ

2, fE|Lt2t EFEHI0IE XY SHHO| &Y g

AR E EE-goflol SFLHUICIEES
S ANAeE AFgRt Aol DNAE F&5k] vGSce
L925 A1 9] 22 AE& A5 A, AP 7hA €]
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Table 1. Genotype for position 925 of the voltage-gated sodium channel of Varroa destructor collected from Kyungpook National Univer-

sity apiary in July 2021, May 2022, and July 2022.

July 2021 May 2022 July 2022

Colony No. Genotype Genotype Genotype

Susceptible Resistance Susceptible Resistance Susceptible Resistance
Sangju 1 @) ©) ©)
Sangju 2 @) @) ©)
Sangju 3 @) O ©)
Daegu @) @) ©)
Uiryeong O O O
L9254 ®A¥sh= EdHol7F EF Y0 E A4 U, o StollA= A" EE-5h Al 100%°14 A
of Fa3t 4de Zﬂi} SR Afolth(Fig. 4). °1E & A FHo] ¥ ‘;’it‘r(Table 1). 20229 54 °]5 E+
S L925 A o] EAHolet S0 E A/ e o] EH-gofjoll thgh L9251 EAolof tiet AP
‘gagel eeld }oﬂ whet 20213 2022 U AR A AT 27 (Sangju 1, 2) S BT Bl
Aol AgE BE-Zololl A9 Lo2s EAHC] HAS A A %{%‘ AL W=z A, A3 ZHAl 100%1
F7F AT 021Lf1 A" 1770 219 9] =gl A L9251 EAHo|7F HEEHJI A 3 B2 B A
ME 5 a7 AGolA Lo2s1 Bl o] Ty &

A3, 2022 0fl= 4170 AP RS F 3470 2ol A L9251
=dWo] FHFo] HES STt (unpublished data). 2197F

Z 5871 2| 9] Fofjoll A WAH SAHol = 5 L9251
2 ool HarH 37k2] FEj O] FARC] L925V/IM
% (Liu et al., 2006), -2 U2l A= L9251 = Aol gh &
AYstar Qlis o] Eolgk Argtoltt,

3. 92|tz BRYUI0|E R M4 Tt

= -3l A
o A Hart FLokA| gobA 2:7e] At
= o5 HUY = AR APE EARO] A
Z9] v]-&-& T BohH 2021 24%°114] 2022 83%
5 & F a7} 9ot (unpublished

data). 137+ EFTY|0|E A o** °Z*°37”4 A=A
= B
o M= ¥ E lTh(Table 1). B E—h_L’OﬂH% 20214
&=, gFollA Fulet 378 %—E(Sangju 1-3), S (Daegu)
2 oJF (Uiryeong)oll A ZH2F FHuliet 270 B2 Aksst
IR, 2021E 79 ol FollA AR EE-gol
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T Bl A FdEL ds wEEA 4o
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Table 2. Genotype for position 925 of the voltage-gated sodium
channel in Varroa destructor from 30 colonies near Kyungpook
National University apiary in July 2022.

Genotype

Colony No.

Susceptible Resistance

O

O 0 N N AW N -

O o0 OO OO0 O0OO0o0OO0O 0o Oo

13 NA

>
O 000 O

19 NA

)
O
0O o0 OO OO0 OO0 0 00

Total 4

[\
e}

NA, Not available due to no Varroa destructor collection
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AE AEste] AbgstE 2ol vhg s, A ofA =
A A2 A FuE A ofn|Edtz Alu]obE

T "o

AAstE 2 A= Bl (thymol), 7HUIT &

=T
& 5 % Qe 7 ope] 54 L A4 712 of
o g stirt.

1. R0ZA

FotEAE F710A A - AHlA=A FdAUA
(cholinergic nervous system)—J NAA- A AAAEE
A2l oA ZH (acetylcholine) S Eall5h= 7HEall
21 ofAE Z2 o AE| | 0] Z (acetylcholinesterase) S
7teA o= Asffsto] = 28-S Aot A AAH =
EF Lol ESt A EH-Sofl WAl 2 A=A
ot Ml Aol okale] 487 e ng w
2ol =4 oAle] that 4G4l AE o) HhA) oFAE
A 8L AHT % 9lek, B daide S4o] 3]
out BHSofel Nzo] HEYe Hel BARY
o glo] WE Yol ehatshA A 4 Qv A #
ARl o) 2AE ToiELAY B BE B
5ol Xt oF 750~800#H 2] 2polE Helo B4 wRe] w4
L =xo] AtjA o g2 Ang-S skeld 4= 919TH(Cho et

al., unpublished data). 13U SFH Y| EE 1A|7F A
of Aejd Edof FutEAE ALH o2 T B¢
Hof| gt /o] ot F7Fot= @28l tiet Havt
A28 2 (Johnson et al., 2009), EF I H|o|E 77}
== L AH7E AR EE HEol FREAE A
& 7 -oll= FY7F a4 Ho A7 el A= 1)
271, Aapeflo] 2], Fup] 5] A|lFo] AREEIL §lont,
w3l WA Ao et F7HA Q1 A7t B e sttt of

2t

2. Ol0|E2}t= Gl AJDjo}E

oln|Egt2 L xEotu|d (formamidine) Al FH Y A
Z.2A|o] dEo2A A AAAHCR ErHLof A
off @it ARHAL e, FHolM = HEZtEEA
L EEEE oUPIE SO AFE LR FEHA Uk
ot Egtz= BEGN SFAUEA Y SEITIS-EA]

(octopamine receptor) ]l Z-8-A| (agonist) 2 2}-8-01o] 2=

N
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ﬂ LE_ ?ﬂ G =g HAofl thA OWHEH AMgE
Utk e, 2 AA o] 2 ofn|Egt 27} A
H EHE vl Ao tigt WS ofStA7| = A o=
A A QOB E (O’ Neal et al., 2017), BH-Sof o] W7}
iOW Hiole| A gl 7]e} Argof| et HA A 5h7} -2 5
:,L_4 oﬂh o]—u]Ea}-Z_,] /\} < A]Z—a] 731-16]]

of gt} SEIN A HGA|Al= 23] "4 &
ﬁi} 9%h 514 (Kuo and Cheng, 2018), Ot E
I WY 9hg9] A5
d (prostaglandin) 3d-& A 5lloh=
2 (Bonsall and Turnbull, 1983), o} Egt=e} HHH
2+0] 35S 2H-gof tigt Hop Ak Qe A7 Z e st

AlujotE AA| ZFom|dA AF - AB[A = A OTDIE
2t2ot FA 2877 EAE A QleHE &
Tedlo|E Aol 24171 2 wf oA A= *}3%‘
T Ao ofu| Egt2et FARE TN ol Fof
ofght},

=22 2835l g A

OI

7oz A 9l

k)
lO uy IN
12 8 M orr o

3. HEnO=L0|E

BRuogddolEx F7|T2AA HAHA 24 of

NEZo|AE o= AAR d=lA Omr(Mehlhorn
2008). t7t=, EH] 5o AlFHor oA 5
Aoy frIRRAA BN =2 R4l —rﬁiﬂJ— A
HAgolA = 2011900 AHEFA] EQOBER thA] oFA
2A AR et

4.ElE

gee gedeld felE A2 A
Ul opafzfol ml 5ol A%

T glom ze|zre 2 et

T T

FE2A] o7 }E g
oz Sy &
BAe}F AR E]E]'”]
(tyramlne)—r 24 = GABA —/F Aol 2-g-sho] H2F
48 Yetf= Zo 2 daEA Stk (Priestley ef al., 2003;
Enan, 2005). CFs H2S giAfo 2 21-85tm e 2oy
TIEEoE o g Zog AR 9l AE
HA= AFgo] ZHRSIE R A A2 &8 4 ot
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Zul it SRR BRSOl o] NS E-E Aot
S4AS et Aoz deA et 23AIEA 28
S} (Song and Scharf, 2009). = oA d2] A= 1L
UOLE AREA] Ao thet EE=37t BAfjote] B
of gt eFsli7} vIvis] WAt Qlet. Edof tigt 54

2 A48 5 Gl AAle] that Hgbo] o] 7ol
¥l g Al Alel Aol wrare ZEgel Bl -8
a7 AhgE 4 9l

ds d B el 2l 27t 5= B ¥F
Al 7hsAdo] AA SRRt A2 on] 529 o
2] A ER ASH v QLo B2 (Genersch et al., 2010;
Guzman-Novoa et al., 2010; Schéifer et al., 2010; Van
Dooremalen ef al., 2012), @5 7 2H2lo] G829l
A7 deAolth sl e E5 A EE5NE A%
skal avpA o ® WA|sh] flsiM= HlwE d5ado]
St A4 AuAE TeiH o AMgstal it 1
U, 2 EFLEUC|ES IR mF AR =A] oA
of thet =l =8l Aol FE eIk &4t
Al A

glomz ol A4 W] e FAgo] W
[e)

[e]
S HAR djle] E 4 Qles

L

7 AT EE 9% 3
AR, BERT A A PAE el B
ol AR B 5eRe) Shitel Tk AN U
B2 A 0] ABYL FRSA 7] Sl 2

E A4 FEe Ao
7 BEER SHIEE A4eE Bl 34 shio] 7t
5 A §10] FEolof gtk o] ¢Js) FEA
watolUje ope 7k A7l A4 97 FEIE F48
of A BT 9 WS oAF 4 9 AEHE AN
¥4 918 Ao Kt
SA), 9% A B2AoE A4 BHSNH

S
R (fltl’leSS)Oﬂ et AR3FHE 7} A F5H), o]
FEEYolE #dd -9 A-8-o14 (fitness
advantage) T+ -5 lﬂ] J
ShA] 7o) A7t B
et
A, H
Wt volelAg v
24 24 99l 3re

% W ZHR-E (hive debris)= A S 2 EHH-8off
Sty Ao W s Aekslgto
2 Afrsto] wet Solad 4

O

o

AlAog B AT S RUEHE 4 Q= HAL=0]
Zasitt ol5 Edz dF A 82 45 4374
= Aol Hrtota Helsto 24 UF AES Aagt
.

EH-gofo] ZRUo|E AT} L5E HA
ZHe] AP A o et BAQle] He W S Wl B
oo EFEYCIE Aol oHE Arolle EF
Fe|dlolE Bl ST Ao A2 SISkl ofeke]
/g ARA B A ARAIE A oFAl = AdEske] WAt
ARgSfioF Rttt ol & AsiME A=4 oz EHSH A
g Aot AP A=E st A A AH]
of mhet 2H3t ofAlE sk Zlo] Eazjoltt. net

©°

resistance marker)S Y=ot o] &85 BT
(molecular diagnosis) 715 <] /T ®yo§E|ofof sict A
H A E2-8 Az} Aol A BT 25}A]

I
re
rE
el
o

9w Bugo] Aol HEAS Befohe Astas
FE4EE Y

(cytochrome P450)S H|&SH ThQFsh TiA
4 gelon AESnE o) 49| LS
2 petel Aakd BUE=0] Fawch Kot ot
A4 ol 0] 7Rssict,
Tt 1:]—01201- xﬂum oz o

4?4 ﬂxmﬁq 948 B2 & 9l B7to]
AlFsich ol A 55 1 Qe oFAo] FAg 2AA
AE Bl SR oFAle] oS Tt A U

SJA|sfjoF 2t} = E-golf
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2k A A Stoto] F7tol] Bggto=a) oF
S WAZHE Al&oHA ZAksho] o of
o o]} TE_‘ Aol 4] otetotal & okA A
SHS 4 Qlojof gith. T3
AESHA ZARE 4= Qe HE
2 YIS Hgote] 57
11 FA _@4 Ei d= &2 CT 7|5 AP ARUFAAE
TSR Ko} golobA H=7He El-3of A
2|7} 7HssHA 2 A Olt}
-3l SAE

EER Y|
Axe & 2
A ALY 8

27} °lT°1 d =S oHOF st
THd-& 7]sfoF ﬂt} 20109 % =t HAH Yo} tfsto
A B3t vl oFE-w7te] s Wl FofkkR Aol of
oF By 2 Z 2370F2] st A =4S 259
ol dgAm 2 35089 SHEAIRE A AT 47%
oo WgAlmolA AuAQl EFEY|o|E, Futx
2 9 opn|Egf2 thAz, A A 9] Chlorothalonilo] HE
E]9lom ShRoAE A&t A o]e]ok thaFsh 4
A 4 ”Zlﬂﬂ AZE A (Mullin ef al., 2010). T2hA
Addgo] zHRH oheFet Za-goff WA
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