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ABSTRACT: In total, 654,362 adult mosquitoes were captured using black light traps in Gangwon-do Province of the Republic of Korea
from 2012 to 2017. The collected mosquitoes were identified to the species level, placed in pools of up to 50 mosquitoes each, by species
and date of collection, and screened for flaviviruses using a reverse transcription-polymerase chain reaction assay. A total of 276,224
adult mosquitoes were grouped in 7,721 pools for virus testing, and 68 flavivirus positive pools (0.9%) were detected. Flavivirus-positive
products were confirmed by DNA sequencing. Japanese encephalitis viruses were detected in single pools collected from Chuncheon
(2012, 2017: Culex pipiens, 2,728 and 1,111 mosquitoes, respectively), Hoengseong (2013: Culex orientalis, 19), and Gangneung (2017: C.
pipiens, 724). All the Japanese encephalitis viruses detected were revealed as genotype V. Chaoyang viruses were detected in 63 pools
of 5,055 Aedes vexans nipponii and a single pool of 585 C. pipiens collected in Gangwon-do Province from 2012 to 2017. Chuncheon was
the region with the highest minimum infection rates (MIR, 0.32) and maximum likehood estimate (MLE, 0.33; confidence interval (CI)
95%, 0.23-0.46) of A. vexans nipponii for Chaoyang virus, followed by Hoengseong (MIR 0.30, MLE 0.30, CI 0.16-0.52) and Gangneung
(MIR 0.21, MLE 0.21, CI 0.13-0.31). Monthly MIR and MLE values of 4. vexans nipponii for Chaoyang virus were the highest in October
(MIR 0.38, MLE 0.38, CI 0.07-1.25).
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Sehato |22 (Flavivirus)= Ee8|Bto 2|2 2(Flaviviridae)
of &3h= A DU RNA (positive sense single strand
RNA)E FAEZ R 28= 19 "fo]&| A o]cl(Heinz and Stiasny,
2012). FA F/o] T2 70015-9] Blol| A7t HarEof gl
o, 277} Bioj]2et A =7|uf7) vlol2] Az SHEE T
(Kuno, 1998). Afgtoll Al AHe do7]= B7|uf7) Sebuldt
o|g| Aofl= BFguto]HA(Yellow fever virus), Q70| A
(Dengue virus, serotypes I-IV), G| Guto|g| A, YAELTY
vlo| & A (West Nile virus), 2] ofdlo] 2] 2(Chikungunya
virus), Z12]31 2|7 ko] 2| A(Zika virus) 50 {tf. 7] R}
el A w5} ShepEol, Qiklel 5w waby
A3 walo] Z7eka 900, selolsl B4 W AR 27
2 <lslo] o)) 7] ol 2l g AR 2, Aol
Bl %, AAETAD 59 U7 FsAE A3 Sl
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3f] 2844 o] APLSFATH Gubler, 2007).
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sample)E 7 AFSFCH Chiang and Reeves, 1962; Cowling et al.,
1999; Graham, 1996). $HHA| =0 T3t HAPA TS EA5H=
WO 2= MIR (F479E, Minimum Infection Rates per
1,000)3} MLE (2| t]--%= 5, Maximum Likehood Estimate per
1,000) 9] 7 7}A] W o] t 4] 0 = ARG-ETh MIRS i 7H 4]
HHEE T4l 78 2] ARgE= ol o Aol &
2 172) 2R} QUeke 714 shol] AL
Ago| mf$ 22 o §as BEAHo|tKChiang and Reeves,
1962; Gu et al., 2003). ¥HH, MLE®= $HgA| 2o A 2HE7HA)]
U128 FASHE WHL.OR MIR®) & mgtsto] wt A1
o 4 Qe THRAAE B 4 Qs o) g
o] 7 EAIRe) 2717} 2 ] B Hak 4ol
(Graham, 1996; Park, 2012).
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2012~2017G7H4] vl 4~10, Wi 23] 4% 37 A] -
HEAN, A, D) 7 94 el Anom e
1.5~2.0 m o] 45 (Black light trap; SC2000, 4154
A28, Korea)& A2]3to] A 6458 tha'd o3 84714
A skt AHE 271= -20C W arelaf AFEAIR] £ 2
Foto] 5 F7goFtHNam, 2013). Z7|ulj7l Bie]2 29
RNAL Ao U7 HE715351] wlEo)l(Andrews and
Turell, 2016; Burkhalter and Savage, 2017; Turell et al., 2002),
Ao 4] e AZK30E o] ) 4yEl AR Qg Sepulu}
0|24 RNA Aol dao] 51 Aow fekack A=
719 #£57 - $4= ol e W =8 sk S
A A Y-S 248 AT
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w2t 2l 50mte]E 170 A w(pool) = FH(pooling) st
ghajutol ] I o g ZARSHRLE 20122 &4, 7
A AR E7] 5 o 28)(R ek AlA ) A 2] 5 D
SN RE A B HI)E e R AL, &
w2t 23R FLp AA ) AR ELT] S A ET P R e
= o= AL 2013~2017d-2> 5= 23] A E A&
SN FE AR e AR 2 E ez Sea)
ol A AARE AAsHSth T E A= Automatic homo-
genizer (QIAGEN, TissueLyser II, Germany) & &.7| 228 1}
23+ 3, QlAamp Viral RNA Mini Kit (QIAGEN, Germany) 2
viral RNAE %3191t

SofH]atol| (Fautole L, ®7jHiole L, dE ] Huf
o]l PlAELhuto]el2) $HRE AN lstel 22
¥ RNAZHE Verso SYBR Green 1-Step QRT-PCR Low
ROX kit (Thermo Scientific, USA) S AR8-5}¢] 7500 Fast Real
Time PCR System (Applied Biosystem, USA)oJ|A] one-step
SYBR Green real-time RT-PCR-& 33314t} Zahu|dto|g
29] vtz g 5 G- A X (nonstructural protein 5 (NS 5)
gene)2] L& HOIE 10 = 3k= primer FL-F1 (5-GCC
ATA TGG TAC ATG TGG CTG GGA GC-3', sense), FL-R3
(5'-GTK ATT CTT GTG TCC CAW CCG GCT GTG TCA
TC-3', antisense), FL-R4 (5'-GTG ATG CGR GTG TCC CAG
CCR GCK GTG TCA TC-3’, antisense)< ©|-&5}o] Za}u|u}
o)A FHAE A& Yang et al., 2010).

ZEZ 2 (amplification plot) F-4]of| A K ol=gFA| 10|
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A 9] vl-&-& $435= MLE &% 3-2 Mosquito Surveillance
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2o19] AEH A%

201251 201797H4] 6 AZF 2= W 370 A (34,
A, BT olA A E 7= F 65 13F 654,36201]
9] ® 717} AR = 1 S H(trap night: 1,130), Lok F 379 E
Mol A QR Ho AR 74221 TI (Trap Index; Individuals/
trap/night)= 579.10|¢ick. A= TI= 20124 5224018,
20134 448.19}2], 20144 553.1u}2], 20154 670.01}2], 2016
| 747.5012], 18]31 201732 540.10}2] 2 2012~2016 A7}t
A A& WAG7FF7FHe FAIE B vk 1220174
Sl AQET] ARSI AU o] 27.8% gashict
(Table 2). 2017 A= T7| A2 7F40] 28 Yoo A=)
wy)o] ub 7k mhEo 2 A glth, ASUn ] o] wy

Table 1. Real time RT-PCR conditions and melt curve program for the detection of flaviviruses

RT-PCR cycle Temperature Time
1 cycle cDNA synthesis 50C 30 min
Inactivation of reverse transcriptase 95T 15 min

45 cycles Denaturation 94°C 15 sec
Annealing 58C 20 sec

Extension 72°C 30 sec

1 cycle Denaturation 95C 30 sec
1 cycle Starting temp. 60C 30 sec
Melting step® 60C 10 sec

®Increase in temperature set at 0.5°C per cycle.
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Table 2. summary of trap index (TI) for mosquitoes collected by light traps at three study sites in Gangwon-do, the Republic of Korea, from

2012to0 2017
Species 2012 2013 2014 2015 2016 2017 Mean TI Total No. (%)
Culex bitaeniorhynchus 0.1 0.1 0.1 0.1 0.2 0.1 0.1 106 (0.02)
Culex orientalis 0.3 0.4 0.3 0.2 0.3 0.3 0.3 318 (0.05)
Culex pipiens 26.9 23.7 222 334 333 11.2 25.1 28,375 (4.24)
Culex tritaeniorhynchus 1.6 2.8 3.4 1.5 14.2 30.0 8.8 9,980 (1.53)
Culex vagans 0.1 0.2 0.1 56 (0.01)
Mansonia uniformis 0.5 1.2 0.7 0.4 450 (0.07)
Anopheles sinensis 399.9 265.5 306.6 371.0 381.7 195.7 320.3 361,955 (55.31)
Aedes albopictus 0.3 0.7 0.1 0.1 0.2 0.1 0.2 273 (0.04)
Aedes vexans 87.9 142.9 216.2 257.2 307.9 297.0 216.8 245,026 (37.45)
Aedes lineatopennis 1 0.0 1 (0.00)
Ochlerotatus hatorii 1 0.0 1 (0.00)
Ochlerotatus koreicus 1.5 2.3 0.6 0.7 1.6 1.5 1.4 1,552 (0.24)
Armigeres subalbatus 4.0 9.9 3.7 5.5 6.8 34 5.6 6,269 (1.00)
No. of trap night 194 192 186 186 186 186 1,130
No. of female 101,343 86,026 102,873 124,623 139,036 100,461 654,362
No. species 9 9 9 10 12 12 12
Mean TI 522.4 448.1 553.1 670.0 747.5 540.1 579.1
g 712wt ol 24| G o (Ree and Lee, o AEE0] FoAHA A5 EAF] St Aem 4

1993), 27]9] 328 YA 7)1 6~7 Y 2] =27 =ego] 500 mm
o ufj 27| eAiEFo] 2A Sk, 500 mm Hok AU A
7870l BL7] W Rko] k= A YEh=Hl(Kim et al,,
2016), 20179 6~7Y =AY =2 734=550] 265.3 mm (KMA,
N.D.) 2 22 7ol Qs Abebaa o] Eol&of 717t
%‘iﬂ o7 FAsIeIT v 24 A9 6~7H FA7
2 619.3 mmz B2 7HKMA, N.D.) 0.2 9l5lo] 7]
G55 301 EA150] 7] W] S AT AR 2
ot
Ar=EZ FHl 7] [dedes vexans nipponii (Theobald)] 2]
27171 F=d), 20124 TI 87.9u}2] GO} ujd Z7}81e] 2017
¥297.0ulg] 2 61 AFo] 2F3.41) goi FTHTable 2). 24
7]+= 4 ‘T4 7|(Floodwater mosquitoes)’ 2 &2 7 A
loﬂﬂﬂ St glon, 7 2 R olu =-8g 0l
A o 2 gRigtHLee, 2017). H8leR 7= 2571 20~2
5Cy “41 LA FE AdF7HA] 9~11L A r=rfof] Z]A] ¢kl
(Read and Moon, 1996), 552 BEEE =K Trpis and
Shemanchuck, 1970). 2A}717F 501 A HF-2%=7120C o]4f
o] Jo] H¥(2000~2011: 105.4)of| H|3}| 3.2~18.2A(KMA,
N.D.) Eojyton, B 712 % 0.6~0.8 C Al53}9ith Hat 7|
L0 Alx0 7 FHle=t 7] A Life cycle)7} WA AL
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jolla] 3 AzIsol, Tl 445He 1715 0] 5 chabehen
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Fig. 1. Distribution of female mosquitoes collected weekly at the three study sites, from 2012 to 2017.
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Hu7] 19uk], 127 At 5 1719 AdwollA HE5 o
MIR 52.63, MLE 55.64 (CI 3.13~253.01) & 714 =2 7+ &
= 230, 2017 7 ol A A3 T 7] MIR 1.38,
MLE 1.37 (CI 0.08~6.56), 2017 &= AJo| A Y H w7H
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Table 3. Total number of specimens and pools?® for flavivirus detection in Gangwon-do, the Republic of Korea, from 2012 to 2017

Cx. Cx. Cx. Cx.

Cx.

Man. Ae. Ae. Oc. Ar. Oc.

Species bit®  ori®  pipt i vag'  uni®  albt vex.! kord  subX  hat! Total
Chuncheon No. 6 61 21,427 324 23 214 31 98,534 679 2,419 - 113,835
Pools®  0/6 0/49  3/585 0/65 0/9 0/59 0/26  32/2,108 0/173 0/192 - 35/3,272
Gangneung No. 54 226 3,454 9,356 21 4 205 97,599 539 2,377 - 123,718
Pools® 0/36  0/90  1/262 0/277 0/9 0/4 0/70  20/2,092 0/141 0/200 - 21/3,181

Hoeongseong No. 30 58 1,062 392 11 229 4 36,738 40 106 1 38,671
Pools® 0/19  1/37 0/198  0/39 0/4 0/47 0/2 11/855 0/24 0/42 0/1 12/1,268
Total No. 90 345 25,943 10,072 55 447 240 232,871 1,258 4,902 1 276,224
Pools® 0/61 1/176 4/1,045 0/381 0/22 0/110 0/98 63/5,055 0/338 0/434 0/1  68/7,721

®Pools: No. of positive pools / No. of tested pools.
B Cx. bit: Culex bitaeniorhynchus.
“Cx. ori.: Culex orientallis.

dCx. pip:: Culex Pipiens.

eC){ tri: Culex tritaeniorhynchus.
fCx. vag:: Culex vagans.

9Man. uni: Mansonia uniformis.
hAe. alb.: Aedes albopictus.

'Ae. vex: Aedes vexans.

JOc kor: Ochlerotatus koreicus.
%Ar. sub.: Armigeres subalbatus.
'Oc. hat: Ochlerotatus hatori.

Table 4. Summary of Japanese encephalitis virus infection rates using MIR and MLE values for three regions in Gangwon-do, the Republic

of Korea, from 2012 to 2017

Year Study site Positive species m(I\SI;)l.Ji?[ieS tesiz':ofols positl\is.e(;)fools Genotype  MIR? MLE® (CI°)
2012 Chuncheon Culex pipiens 2,728 131 1 A% 0.37 0.37 (0.02-1.78)
2013 Hoengseong Culex orientalis 19 12 1 A% 52.63  55.64 (3.13-253.01)
2017  Chuncheon Culex pipiens 1,111 55 1 A% 0.90 0.90 (0.05-4.34)
Gangneung  Culex pipiens 724 54 1 \Y% 1.38 1.37 (0.08-6.56)

®MIR: minimum infection rates per 1,000.
PMLE: maximum likehood estimate per 1,000.
Cl: 95% confidence interval.

= glon, iy utolzAe 89 25H 10 2714 AR
270 A HEE o] LY el TYA 7] 9k AR5k
75k, SO QREAL el R Bl e
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Table 5. Summary of Chaoyang virus infection rates using MIR and MLE values for three regions in Gangwon-do, the Republic of Korea,

from 2012 to 2017

No. of

No. of

No. of

Study site Positive species mosquitoes tested pools positive pools MIR® MLE" (CT)
Chuncheon Aedes vexans 98,534 2,108 32 0.32 0.33 (0.23-0.46)
Culex pipiens 21,427 585 1 0.05 0.05 (0.00-0.23)
Gangneung Aedes vexans 97,599 2,092 20 0.21 0.21 (0.13-0.31)
Hoengseong Aedes vexans 36,738 855 11 0.30 0.30 (0.16-0.52)

®MIR: minimum infection rates per 1,000.
PMLE: maximum likehood estimate per 1,000.
Cl: 95% confidence interval.
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MIR 0.29, MLE 0.29 (0.15~0.51), 8¢ MIR 0.27, MLE 0.27
(C10.17~0.42), 64 MIR 0.24, MLE 0.25 (CI 0.13~0.43), 5
MIR 0.19, MLE 0.19 (CI 0.06~0.47)£=0] It Table 7). 7~9L

Table 6. Collection sites and dates, and mosquito species for flavivirus-positive mosquito pools, from 2012 to 2017

Study site Collection Date Species Pathogen
Chuncheon 29 May 2012 Aedes vexans Chaoyang virus
Gangneung 13 August 2012 Aedes vexans Chaoyang virus
Chuncheon 11 September 2012 Culex pipiens Japanese encephalitis virus
Chuncheon 15 July 2013 Aedes. vexans Chaoyang virus
Chuncheon 22 July 2013 Aedes vexans Chaoyang virus
Hoengseong 02 September 2013 Aedes. vexans Chaoyang virus
Hoengseong 02 September 2013 Culex orientalis Japanese encephalitis virus
Hoengseong 09 September 2013 Aedes vexans Chaoyang virus
Hoengseong 16 September 2013 Aedes vexans Chaoyang virus
Chuncheon 23 September 2013 Aedes vexans Chaoyang virus
Gangneung 14 October 2013 Aedes vexans Chaoyang virus
Chuncheon 27 May 2014 Aedes vexans Chaoyang virus
Chuncheon 02 June 2014 Aedes vexans Chaoyang virus
Chuncheon 03 June 2014 Aedes vexans Chaoyang virus
Chuncheon 06 June 2014 Aedes vexans Chaoyang virus
Chuncheon 16 June 2014 Aedes vexans Chaoyang virus
Hoengseong 23 June 2014 Aedes vexans Chaoyang virus
Gangneung 30 June 2014 Aedes vexans Chaoyang virus
Chuncheon 21 July 2014 Aedes vexans Chaoyang virus
Gangneung 04 August 2014 Aedes vexans Chaoyang virus
Chuncheon 11 August 2014 Aedes vexans Chaoyang virus
Gangneung 25 August 2014 Aedes vexans Chaoyang virus
Chuncheon 25 August 2014 Aedes vexans Chaoyang virus
Hoengseong 18 May 2015 Aedes vexans Chaoyang virus
Hoengseong 06 July 2015 Aedes vexans Chaoyang virus
Chuncheon 27 July 2015 Aedes vexans Chaoyang virus
Gangneung 24 August 2015 Aedes vexans Chaoyang virus
Gangneung 21 September 2015 Aedes vexans Chaoyang virus
Chuncheon 13 June 2016 Aedes vexans Chaoyang virus
Chuncheon 14 June 2016 Aedes vexans Chaoyang virus
Chuncheon 20 June 2016 Aedes vexans Chaoyang virus
Hoengseong 28 June 2016 Aedes vexans Chaoyang virus
Gangneung 12 July 2016 Aedes vexans Chaoyang virus
Gangneung 12 July 2016 Aedes vexans Chaoyang virus
Chuncheon 12 July 2016 Aedes vexans Chaoyang virus
Gangneung 19 July 2016 Aedes vexans Chaoyang virus
Gangneung 26 July 2016 Aedes vexans Chaoyang virus
Gangneung 02 August 2016 Aedes vexans Chaoyang virus
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Table 6. Continued

Study site

Collection Date

Species

Pathogen

Gangneung
Chuncheon
Hoengseong
Hoengseong
Gangneung
Chuncheon
Gangneung
Gangneung
Chuncheon
Gangneung
Chuncheon
Chuncheon
Chuncheon
Chuncheon
Chuncheon
Chuncheon
Chuncheon
Gangneung
Chuncheon
Chuncheon
Chuncheon
Chuncheon
Chuncheon
Gangneung
Hoengseong
Chuncheon
Hoengseong
Gangneung
Chuncheon

Gangneung

09 August 2016
09 August 2016
16 August 2016
17 August 2016
30 August 2016

12 September 2016
16 September 2016

10 May 2017
27 June 2017
27 June 2017
07 July 2017
07 July 2017
08 July 2017
17 July 2017
17 July 2017
20 July 2017
20 July 2017
7 August 2017
7 August 2017
7 August 2017
7 August 2017
10 August 2017
17 August 2017
28 August 2017
29 August 2017

13 September 2017
11 September 2017
12 September 2017

2 October 2017
12 October 2017

Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Culex pipiens
Aedes vexans
Culex pipiens
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Aedes vexans
Culex pipiens

Aedes vexans

Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus

Chaoyang virus

Japanese encephalitis

Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus
Chaoyang virus

Chaoyang virus

Chaoyang virus

virus

Japanese encephalitis virus

Table 7. Summary of MIR and MLE of Chaoyang virus infection rates by month in Gangwon-do, the Republic of Korea, from 2012 to 2017

Month No. of mosquitoes  No. of tested pools No. of positive pools MIR? MLE?® (CI)
April 39 6 0 0.00 -
May 20,592 481 4 0.19 0.19 (0.06-0.47)
June 45,048 967 11 0.24 0.25(0.13-0.43)
July 57,118 1,210 17 0.30 0.30(0.18-0.47)
August 69,758 1,460 19 0.27 0.27 (0.17-0.42)
September 35,077 764 10 0.29 0.29(0.15-0.51)
October 5,239 167 2 0.38 0.38 (0.07-1.25)

*MIR: minimum infection rates per 1,000.
MLE: maximum likehood estimate per 1,000.
Cl: 95% confidence interval.
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