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Abstract Malaria is mainly transmitted by Anopheles sinensis which is dominant species in malaria high-
risk area, northern part of Gyeonggi province in Korea. Pyrethroid insecticide is used for malaria vector, An.
sinensis in Korea and the previous investigation consistently reported insecticide resistance from the vector.
This study investigated insecticide susceptible and resistant alleles from An. sinensis and the status of malaria
vector control in malaria high-risk area. For the study, 4n. sinensis collected from Paju, Gimpo and Ganghwa
were sequenced for kdr detection. In Paju, there was no homozygous susceptibility and all of tested samples
had homozygous or heterozygous resistance. There were 6.7% for susceptible homozygosity and 93.3% for
resistant homozygosity or heterozygosity in Gimpo. Furthermore, the percentages of homozygous susceptibility
and homozygous or heterozygous resistance in Ganghwa were 5.7% and 94.3% respectively. The results
showed that the frequency of the insecticide resistance from An. sinensis in malaria high-risk area were
increased much more than the previous investigation. Hence, this study suggests that malaria vector control
programs should have to be prepared for the management of pyrethroid insecticide resistance.
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M B

20159 AABAZIF BHIA(WHO, 2015)0] w2,
Anopheless 7N 2710l 03] 7AE = detgoles EUdE
dete] o} (Plasmodium falciparum)®l| 23] A3, sk
3l 2008H o] A= 405H o)de] Al At
Aol A gt Ut AU AZ (Plasmodium vivax)Rt
o] Hxsk= Ao dHA AUrk AARAZIF= 1979d
SElvetell A B she deleobrt $hds] vhaE itk A
AFYATHWHO, 1981) 19933%E Ze}zjo} a7t thA]
Yo v EslA T BT 9l S0 tHKCDC,
2012). AR 2015 weke]ol Ao W=
AA7EA 7P e ol gk 200040+ e AEAE
AL 4,142 9] A7 AP o] F=2 20104714
200835 Al9g wid 1000~200098 2] ZHA7}T HAE
ATHKCDC, 2015). 3A1%F 20113A7E & G2 10007
olgf 2 7+aste] 2011 7679, 20139 38519 LejE]o}
A7t A s

o] detEoks Ui WA 24 s 3
737] B AoA dATH(Park et al,, 2003). 2014
WHO HEiAol] mp=d -ejuiete] dehejol Wiy B3l
E gojglol WS v AN Aget MAAE <l
gk w7 R7] JRAIES] Mol mE ACR it itk
SEARE Hekake] 57 Q1 H A E9] RIFMIeE 9
ato] miZfE7] Al Aol B ofEgo]l WEA 9l
(WHO, 2014; KCDC, 2012; Chang et al., 2016). 25+ o}
2t ol2lgh Ao Al AAskL e B AF AR AS
AFLEZF AH Tl AL Sl FelA FFrAd A
W ik dA) AW RIS Ak 7P 284
152 A1 AQ1 WS sheha WA=, g-ejuEtel A misi R
| Al AREHE AeAe e 24 A8 {7107
AN Hsl Q7] gk diF o W 54w
YLz =A] AFA7E F2 AHE AL ATk (Chang et al,
2009). sHAIYF FEd AFA| AR R Qls) A A3
< 7 N RT] RAS SR o5 WAl EAI7F A
7] A1 tHRee, 2005).

dEfe|olE vl dls B F2 Anophelessoll &3t
FTO2 Sheol BEIRS Anophelestols < HAE
Anopheles belenrae®t Anopheles kleinis E 334 85l
ATHRueda et al., 2010). ©] F Anopheles sinensis, Anopheles
sineroides, Anopheles lesteri, Anopheles pullus, An. belenrae,
An. kleinfe Hyrcanus 15l (Li et al., 2005), Anopheles
koreicus®} Anopheles lindesayi= 2}2+ Barbirostris?} Lindesayi
ol 2sHET 200088 2MIAE An. sinensisTre] -
gl getEjols wivliske Zo® deIAT H2
ATNME An. pullus, An. kleini, An. lesteri, An. belenrae

(o3 mlo

N

A= dEEolE WY ¢ e FeE BiHT ok
(Joshi et al., 2009; Rueda et al., 2010; Joshi et al., 2011).
ST 2 Aol AR o] FAdE AxE, vt 2§
vt Zetelol AFAGAM = An. sinensis7t HEOZ
(Lee et al., 2007; Kang et al., 2012), ©] o] $-2juzt &
giejol el B FIS VAL e AoE A7t

AA FEivet 2] BAld ARSEE gE AR =A 0
et A FE A= sodium voltage-gated channel
gene®| domain I S6 Go] Fslal o] FHAR= F 2~
o]z #xte] oYz}t DDT (Dichloro-Diphenyl-Trichlo-
roethane) 54 Aol Hofsh= A0 d&A Utk
(Hemingway et al., 2004). o213+ A& =3 A3,
kdr (knockdown resistance)°|2}al S}, kdr A3 4 F
A& 51014 (Lew: TTG)IA L1014F (Leu-to-Phe: TTT),
L1014S (Leu-to-Ser: TCG), L1014C (Leu-to-Cys:TGT), L1014W
(Leu-to-Typ:TGG) 522 FHolel oajx S}, of
At kdr A FAFEL 2719 A dAAHeE T
glzlo} ARGl F2 BEEL T Anopheles gambiae,
Anopheles arabiensis, Anopheles culicifacies, Anopheles
stephensi, An. sinensis S|~ BRILE|3 8] 3 (Diabate et al.,
2004; Gayathri and Murthy, 2006; Hoti et al., 2006; Kim
et al, 2007; Hunt et al, 2011) ©]&= @e}elo} mizfms] W
Aol W FEFoz At A oj5] Uig A ==
el = WHO (1998)0014 518 47K =54 Als<l
22 o|=A19] deltamethrin, lambda-cyhalothrin, permethrin,
cyfluthrin, 7FaFH| 9] EA2] bendiocarb, propoxur, -f7]<14
9] fenitrothion, malathion, 7192412 DDT, dieldrin 5
o] AZA7F AREE AL Yl AR olth B A5l tigh A
A A AR 2007 F-Elvketel] 28k An. sinensis
2HE kdr AHEFZE Weol] ek A57F BIEAL(Kim
et al., 2007), 2012:39+= Hycanus L9l &3 65 o
St AP aZo|TA ASA AT HAEoNAM An. sinensisTt
o] A FHAFHE 7 AR ZAEUTH(Kang et al.,
2012). 200933 20139 An. sinensisS] fr5oll tI$k bioassay
ASA APAME Aol BHHJATH(Chang et al.,
2009; Chang et al., 2013). webx, Zetelo} ¢ XA
o A=Al Agdol gk A&AQ AT Bast Aol
olol] S-gjujete] detejol AFAARI AXE, v, A3t Al
Aol A 9] TR0l =A] AgAlo o] s}eh4] WA 25
B ZElglo} vi/N27] An. sinensisS] kdr NEIEAS 54
sto] AZAl Ao st 48S Hastas) st
ME ¥
SAE M

2 AgA ARESE B7) AE2 & FAIA 2
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(BioTrap, Seoul, Korea)s ©|-§3tod -2tz wetefol ¢
FA Al AHFAN Zshy £4=(G7° 45 58" N, 126°
27' 35" E)llA 266704, 771 % 3A] mRE2](37° 52' 53."
N, 126° 45' 24" E)llA 239704 2 XAl HFE(37° 42'
32" N, 126° 38' 33" Bl 21570A12] dn. sinensisE ¥ A
Tol] AR&-3FSATH(Table 1).

Z
B AroA AHHE Anopheles HyrcanusZ&E°l 43k 6
E(An. belenrae, An. kleini, An. lesteri, An. pullus, An.
sinensis, An. sineroidesys 2+ A8, Al7|E 10071AE A
&3 & DNA 5% 7]E(Bioneer Corp., Dagjeon, Korea)=
0|83t genomic DNAE FE3H 3L A ESE HY
o] &3] & FA 34 tt(Joshi et al. 2010). & FHE A
£ 5 Anopheles sinensisi+e A8t} A-AE, A 7]
PE 2 H|w&}$tH(Table 1). Polymerase Chain Reaction
(PCR) 20-50 ng2] genomic DNA, 1 X PCR buffer, 1.5
mMe] MgCl, 0.2 mMe] dNTP, Joshi et al. (2010)°] <3}
AAE 72+ 65 et 0.4 uMe] Zz}o]w(Table 2) 2 0.5
Unite] Tag DNA polymeraseZ &313lo] AAI5I8ItE PCR
L 7|12 By &% A0 g AAEA oM (Joshi et al,
2010), PCR 2H2-2 2.5% agarose geloll A7]95 3l o]v]
A A 2"E Bl BE JNAY] SEE DNATHES &<l
skt
Table 1. Collection of An. sinensis from three localities in
malaria high-risk area in 2014

ue o

N

¢

Locality n June July August
Paju 239 73 66 100
Gimpo 215 59 83 73
Ganghwa 266 76 90 100

Table 2. List of PCR primers for the study

N

0
ol

nz
02
=l

b
0x
Ton
02

T} PCR &7 F 25uL &3l 20-50nge] genomic
DNA, 1 X PCR buffer, 0.2 mM<] dNTP, 1.5 mM®] MgCl,,
0.4 uM2| Z2lo]H(Table 2), 0.5 Unit Tag polymeraseS &
grate] AT PCR 2742 95°Col|lA] 3% &, 95°C 20
%, 57°C 20%, 68°C 137+ 45 Alo]Z2 DNAE 53319
t} £ZH PCR AHE2 1.5% agarose geloll #17]9%2 4
AlSFAAL o)A A|25lS oA =S ER18E F ExoSAP-
IT (USB, Cleveland, USA)S ©]8-3l A€ AEZ DNA
B71MES 4519 TH(SolGent CO., Ltd. Korea). ¥|& 2~
2oluA AR FH3E S XI5 DNA 9714
de AREIHS T gl rh(Fig. 1). B8, 4
3t AFE= Bioedit 7.2.55 olg3te] A7IMEE YEsa
kdr 7382 ZAFE AA8IITHHall, 1999).

7 9 0@

2 d¥e sEvEr getelel S1EAYRI ABE 55
g AEA T2 AQHFAA] AsrelM APE 7] F
detelo} WiNETIQ1 An. sinensisE & 573 3tal(Table 1),
ol EEHH HHARo|uA AFA A3 FAF el o
3 ZALE AAI5H3ITHTable 3). Table 1904 1% A|eje] g
4 An. sinensis AT 750 thE F Aol HlefA] &
FE7F 9 dehe AE & 7 ATk ol o] AYelA
Hyrcanus Z59l &3l= & $E5°] & o sl £
7] WEo g2 AZHE) Kang et al. 2012y A A1717}
G A A FIAT 2270 AHF A T AHE A AolA 7t
A o3t Hyrcanus 2450l &3k $o] EX3= Ao=

PCR Forward/Reverse Sequence (5°-3°) References
Identification PCR Forward
ITS2 Forward TGTGAACTGCAGGACACATGAA Li et al. (2005)
Reverse
Sin 28S-1077 AGGGTCAAGGCATACAGAAGGC Joshi et al. (2010)
Pul 28S-685 AATCGGACAGACGGATGCCAC
Bel ITS2-481 TGTATCGTTAGGACCGCCATGC
Kle ITS2-385 CCATACTGTCTCAACGAAACC

Les ITS2-263
Snr ITS2-192
Forward
5’ASIIS56
Reverse
3’ASIIS56intron

kdr PCR

CGGACTTCATGCACTCCTTCA

TCGCGGGAACACATCTGCTGCTG
AGCGGATCGGCGCGATCCTTTC

Kim et al. (2007)

TTAGCGCATTTGCTACGITC
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Flg. 1. Nucleotide sequence chromatograms of kdr allele
genotypes in the red box at kdr mutation sites. (A) Homozygous
susceptible genotype (Leucine). (B) Homozygous resistant
genotype (Phenylalanine). (C) Homozygous resistant genotype
(Cysteine). (D) Heterozygous resistant genotype (Leucine/
Phenylalanine). (E) Heterozygous resistant genotype (Leucine/
Cysteine). (F) Heterozygous resistant genotype (Phenylalanine/
Cysteine).

BuEt FeRel=A 4FA AFH FAYD 2A
A 2 Ao AEE 57] Fo] 7H o] WA
A

of
e

S
1= 8

T2 Adsig o, sFdAE Leu-Leu (TTG)
fFAgdo] AR Ay BE A= 7t
g =Hol7t e o Zl"d shte] A3k
T ol Be 58 AP FAFES 7
AR olFg A3 %{fﬂe % Phe
ys (TGT) ©|@ A& FdF2e] 40%= 7V =
Cys-Cys (TGT) 538 A3 340l 34%= 7H
W XS BT AxY] A9E 6.7%2 WA} Leu-
Leu 5% 72444 f43848 7KK AJL A3 4%

A2 933%2] A7} 7 E Aoz Yesttt. o] Al

o=

2Uzl2|0b OWHEZ| Anopheles sinensisQ| LHAR

Ol ME CipEd 24 289
ZAHE 3342 Phe-Phe 58 AFA Fd3d4e] 33.3%
2 7P =% Cys-Cyso| 3.4%%E 7PF Wt} 733lolA
= 5.7%% Leu-Leu 538 754 823 943%9] 53
T

i o3 A4 FHZEo] BARUT 2AE FAF4

1..

=
& Phe-Phe &% A3 8] 372%= 7P =4 Y
B 02 ARG Bgk WIEE HAY I toR
Phe-Cys ©]@ A3 @ =el
ek AF7HA ] A AR
vt detelol AEA G EEske ek ot mi R
An. sinensis®] 735, Leu-Leu 58 774 41322 ¢
wro 7102 YERSI Phe-Pheo] ZREH O 2 A 2|of H
3L e B 9 s 9o A= Phe-Cys ©]
216‘01-}\3 .rr;qsﬂ;ﬂo] }\h:]— ] H}o] ‘:‘_,1‘_5}_ 74_& q.Elru—
TS SR ] A9, Kang et al. (2012)2] ZAMS=
he-Cys o]y A FHF o] Phe-Phe 53 AT
FAHT T Bo] E¥she Ao® AT o
9] 2}01 e A AFA ] tigk =] JiA
o ME FAEE Wk Bt o3 Zlow
able 4= 7 AQE A kel A3 1At
T HES ZAT Zlolvh v, Ax g AFslolA
3%/86.7%, 28.3%/71.7%, 18.6%/81.4%2] 7423/4183
BE dwrh yeith s AdE an
sinensis®] A QAAFE] EE WET7E 7P G Ao
A 7P = e ole 3 A9l HE T A
HleiM A A Q127 B \A BEsk lvke s B
4L Q).
B AFoA A XD 2RE An. sinensis 2=
AA7IA] B dgazol=A A A3 F4F
Hsg B8 2 €A~— Table 59} 2ok, AR Xl‘f‘]
5 Aole] A%, 77 28e] AA 2AME H7} 9L
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Table 3. Investigation of insecticide resistant genotypes from three localities in malaria high-risk area

. Genotype frequency (%)
Locality n
L/L F/F c/C L/F L/C F/C
Paju 30 0 30 34 133 133 40
Gimpo 30 6.7 333 34 10 10 13.3
Ganghwa 35 5.7 37.2 5.7 17.1 8.6 25.7

L indicates the susceptible allele (Leucine: TTG). C and F indicates the resistant alleles, Cysteine (TGT) and Phenylalanine (TTT)

respectively.

Table 4. Levels of insecticide susceptible and resistant alleles from three localities in malaria high-risk area

Locality 2N? Susceptible allele (%) Resistant allele (%)
Paju 60 13.3 86.7
Gimpo 60 28.3 71.7
Ganghwa 75 18.6 814

 Indicates numbers of chromosomes tested.
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Table 5. Comparison of insecticide allele frequencies with previous investigation from three localities in malaria high-risk area

Insecticide susceptible allele (Leu-Leu) frequency (%)

Locality : ;
Kim et al. 2007 Kang et al. 2012 This study
Paju 21.9 11.8 0
Gimpo - - 6.7
Ganghwa - - 5.7
20079 AR ©5HA Leu-Leu 53 T4 Hd3do|

21.9% EESAL(Kim et al. 2007), 20123 FAfolM &=
11.8%7} BE3e 202 B cHKang et al, 2012).
SHARE, 2 ZAMIA = Leu-Leu % 773 fraddo] &
AR &947] wiFol o] R ol BXES= An. sinensis A
Z4] FY2Ro|=A ATAll tist A el A&
Aoz Frtek A0 Z HATHTable 5). X A H9] %,
Kang et al. (2012)2 ©] A|9o|A] HyrcanusZ& 6% 5 An.
sineroeidesE A28 UM 552 ANSIAAT An. sinensis

o tigh AFA] A A ZAVSIAl Bk An. kleini,
An. lesteri, An. belenrae, An. pullus Y| &l tgt A5A)
A AL ofwd AR QA BAEA] BT
743t A|9e] Agole dEtEol APAFLAE Bk
200733} 20129 ZAPIA BT A 9= Qi)

B A7 AP AYS vt detelol @AY olA|
gh R e APAREA ] gk AAAQ] 2] BAl=
o]Fo|R|A] AL Sl AR oIkt A5, o] AH
= 22 FAA B7] AAA0)7] b w9 2ol
A= A °]5HH B717} A=A e}, Al
B oulel o] AL AHE FE Y AR o|EA AFA|
A&A 07 Fo| o Q= o], HZoe T2
o|EA|9] EHZEL FAG} V] QUIE] 0| EA] AFA
7F AR8EL JJBHKS Chang, personal communication,
September 30, 2016). ©]2 &t 271¢] A5A A3 A=
TA] A 8] Ago B7] AA|e] gt WA Z2 3o &
FEIL YA FE A G 9] Ao e T FE A
Lot AFAl] ol =Fo] L ool wE AFA A7
T T Skl vk webs, & AFtelx AR
< Y ARo|=A AEA 116“33 Zetejol A
A mjfol] 715 WAlskeT Jlo] & EAl7E 2 AeE A

2T, AA7A] An. smenszs°ﬂ/\1‘:‘ DDT9} ¥jg|2g2o|=
A AFA wAA o]l Barg vl Q)3 (Wang et al.,
2013), SEuiEtehs A7) b ofzriel e wilE

o} A9l 7o WHO (2012004 = 2&E, T 59
HHS BEIA T 7Y 0] A2 TE Ag_g].zﬂ-x% ZLe- ocpd o] A
A ARS AL Ut T2 NHVHETE‘-‘?* wAE F
A WiAETE BAlShs ol AYS AA 2HE Fol

E AW ASAle] i HJ’—H]O] w7 R7] A 8Hd
2ol 71 o)Al Zleg ¥ Y3sla 9lth(Mnzava et al.,

M ox R

2015). o|2 Fu 2 Sk A4 g daleo} mjyie
7] WA zEaHS

o|=A] Al AFA A7 HAs] 8%
o

#A 2
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