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20259 = 2=k 0712 7] ZA| A2}

S JRH G2 Z2U7PH R 7| (Culex tritaeniorhynchus) g 8 WIZAZ R ot violg| A PO 2, FiolA= mid 10-207 Y]
Shx} wbgo] ¥ nglch AEAH A EA RN dEHE A oS Aol wid wi R WA A7|eF A4S ootk
2 A7+ 20259 S FEEG wif Y] ZA ARE ZASHY w79 AP Y ST AE X FAE Brska A
W 20259 EHG WARY] FAE DS 6470 AHoA F3BsHHIL, ol AL A7IHARARE B 1270 Al- & RASHA
T-o] SAtoA AT B7] A ARE FAHLE AP 7= 252 o185t s, vnEAS s =7 A+
A AR /A7) F/ARD)E ArEstgie T3 2237 2719 4 A S BASH] AEE 28 A7) 9 AY T AolE
H w5t 2 volF A HES Al A4 45 stk
ARSI AH 7] A= 251.20H20]w, A2 RT] 24 67.40 2| 2 e
sioh FeEiR w0 ML 7-99 AFEAY, 3654 A HAF S 7|E5 At EH AgL
A AaE P G2 A s Btk AHE B0 2HEFAA ol H A HAF A, 9719] Al gm0l A Aol FRIE I
ZE: 20259 A2 7] 4= A iy 34.8%, B4 diH] 9.1% At £5Z Bk ol HHHT 2.0C £%d 952 ¥
 712(25.70)3 7¥8 3¢9 ASI(200-700 mm)7F ZH2E7HE R 7] 9] P& WA o] JFS £ AL R BRIt 7|¥ H3lE
sl W7 7] E& AIZ17 HFARA L U= vHE, FF EHFY AT A feiAl= ol HetE W A &Hoa Y

3t AAAA 7 85-d.

FQ AMOf: QEHF; w7, 22 E T 7], A

NoE Kofo} AH A e B0 Bu Fez W) %o

(1]. @A L& A2 otrlot & MEBF A 2471= o1

YEEHHS H7E WiAZ At volgay dge oA fFastal glom, A AlAA ez mid of 677 g2 &

2, 18713 L2 M2 4 A7 HiE ofF gob A AYSh= A o= FAHERR]. dEHY Helgie &

"
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YEL G 27t w77 9 wi/fAolH, 7]9] B
A A9 Al 723 4T 5 715 899 Oﬂook—% Ll
£t FHolAE 8-10¥ Atelo| WVHJ X o2 gt
o, B 7L ASL giinr]e] EF 717 AFAIE &
Ak

@ MZO0| €A = ee?

20254 FEtdw ] e 67.40ke 2, AW(103.401

2]) ¥l 34.8%, BE(74.20F2]) diH] 9.1% 45

® AAEE?

7% st Joz QuHY tAusle &8 A%t
AR FYAAL Gou], A A POl s} et
9lch. ool uheh chopst 24 Aglo] m7] wAye] w1
L g BHY 5 USE 454 44 Aael 4%
4j0] Washet,

et ato] 2] A3 (Flaviviridae) ] &eF8|vHo] & 2x(Flavivirus)©]
&3hs ©U7HE RNA o2 A%, 49d L7 Ale &
gole oA dubEnh3]. b F5/delA
Aol IAAE AR S5

J

2o FARE

NAAZS AWss £5 HYPo g Agsto] oF 20-30%2] A
HET} W2 747t o4, &% uhH] 5 AFsHY 5 85S 5

HFeE 4= QUTH4].

YEH Y =0 w7 = HE7]E(Culex spp.)oll &
Sk A28 X 7] (Culex tritaeniorhynchus)2 24 912
o, ofAlo} XS FHOE A AA oF 400 7= o)/l &
HEoh= 208 dA SIS o] T2 =1 FAF FHY
ol EoflA WAISHAL o7t &8 &5 sk §4= AUH,
BT DR A P ERl o]Q] FYHR
71(Culex orientalis)®} 87+ 27| +(Culex pipiens complex)
S G FoME L&Y HolH A9 w7l 7HsAdo] By

o

840

FZolle 7159 274 gl et AR w7
WA Al719F ZE ol Wt wE AL Qv Bt 7]

I EF e ARA

it

7le 8910 = 28T 4 glon ojof upg YRHY FR
W Al7] S AR e = S Holal )T f-u
2o A9 PEu ] TR WAL WAl 9] o] & A 4ot
Aol &6t 2010 o] vid B+ 10-2078 Wl
SA7E A& 02 HAFI YeH6]. ERF S SRb= 27
et S71ske 8-114d0l 3 TAshks B3de 2o il
2719 A A Y B4 9T BAE AARI

AYBY P QB Y ufrr] o Wieel BuE 7HAls

1. IR7H27| ZHE

PG WiAET] DA A= 1270 Al - = BASAA
T, 1670 7153t AGALE, 57 AEoSAH, 47 =
2 7133 gEoto] F 6470 AGoA = At mAR
7] 9 wstol] tigt 2AH= A AHE A BHEGEA =
AL B 5) 2 2AF 3719 Zojof] w2 dlolE WIS Hi
stot7] el A-2ug o] £ AN FAE Ao
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e A, FEEE AFAD Y AHE Aol vy
HEASHATE 2AF 7172 20259 39 31YRH
10 3127HA(14-44F)Rem, A2 F 7L o) =7
WY 7hsde st FAEE, FARFAl, Aot Al

FEUAAEE 133269 24DPE 242 2959t @

D7 UeE

Q) AAstgon, e A2 A GAste] oY A% A A
b

(VectorNet)2 53l 275 st

A A ANSIom, P4 A

A7k Sl A9 DInR AAALLRE HF AAY
RNA 9 A1 $3sko] 23 2ol Al Wl §HY B4

w7 & 95<97N 2717 (Anopheles spp.)
= 342 FHdl 307214 Z3(pool-
ing)sto] Ao AME-SFH

Homogenizer (Bertin Technologies)E ©|

A& Precellys® Evolution
231 7,500 rpmO|
A 302 23] #43tstloH, 13,000 rpmollAl 187+ A
AR 23t AFEHo|A] Clear-S™ Total RNA Extraction Kit
F=oFATHE]. &
£ Clear-MD" DENV/ZIKA/CHIKV/JEV/WNV/YFV

(Invirustech)S AH&5}o] RNAS 2= RNA

Multiplex Real-Time RT-PCR Detection Kit (Invirustech)

£ o] 8ol A FAS] R Ao wet real-time reverse-tran-

scription polymerase chain reaction (RT-PCR)& 4345192

www.phwr.org Vol 19, No 20, 2026

™, & 4 I5E2 QuantStudio™ 5 Real-Time PCR System
(Thermo Fisher Scientific)2 A5+ tHS]

Ao Ay Ao A FHoz FIH AA o A=
YE x| A Hio]2] A9 NS3-NS4b A4 IS HHO0=2

=

Clear-MD"® DENV, YFV, CHIKV, JEV, WNV, ZIKA RT-
Nested PCR Kit (Invirustech)& AH&sto] A7|AE 24& ¢
Pttt sid £42 7|E ARAA AFste AdS &
Foto] = o AR B o2 D} Nested-PCR
9] 12} ¥h8-2 F/d HA RNA 5 ol 12} PCR premix 15 pl
£ A7kt F 20 g om st B 212 o
HAH50T, 208), &4
15%), 23H59T, 30%), 4%H(72TC, 40%) IH42 403 ¥t
B35t} 22 BH3-2 12} PCR AHE 1 plE 0.2 ARE9]
o] 22} PCR premix 19 g 71t F 20 pl SEEHO 2 4=

PorAot ¥-E 2US B84 AIH95T, 58) oF, WA

C,

(95T, 20%), A3H61T, 20%), AH72T, 30%) HAHL

358] urEohg]
% FE ABL A7195S B YL Hguioly

& Eo] WiE(535 bp)E RIS, M13 forward prim-
er (TGTAAAACGACGGCCAGT)®} M13 reverse primer
(CAGGAAACAGCTATGAC)E AH8sto] H7IAE E4S
ST SEE 7ML 7120 Bl P2X Y Hiol
22 FAAtel Blasto] Hiol# A Y o FE Felst,
%1% (genotype)= #4151tk

o

3. oI &4

27 8 U £4E 98] 2AREE A AHE v
9= W7] A4 (trap index, TI) (AH WA/ 7] F/AH
U)E AtEotlon, 20254 H U=E Blel] s
7 34¥(2022-20249)9 Y 717 A AHE HlA £4
of &&stglch ] ExEE AEH TIE 7I8I22 ArcGIS

9.0 (Environmental Sustems Research Institute, Inc.)2]
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interpolation®| 4] Inverse Distance Weighted, Spatial Analyst
ToolZ ©]-&3to] 2|9 W7| & P2 A48ttt

4, UELH FoH/FR
A ARS8l fofdl HolHE 7INtez ArdE
20259k vholH A4 RIIMAAA A TR o 271

St FolE gl FH U V&S HBSIATI]. dEHA F9

1o

1_.

w_

Gl Awof F wiAEA A2EHH R 22 GY
0 e JEHY FJRE F 23] YA 7)<
B3 MAS F 22EzH 27171 5000t2] o]4fol|A
AA 27] D& 50% oS AT wf, HHH B4 4
Ex Y vpolg A7t ReHAY FAA7 HEEHAS o, BE
S QEEY I SRS o THE

i
3Q
tlo

,_.
e,
o,

=

2

1. B7| ZA| Zo}

20259 127 RASAATA(E

e A4 72rE

AtHE 1). 20259
27] A$E 674012

7] Y AZIE A At

Hg ek 23 &
AA TI= 251.202 3o, 27y

1471 ARAA ) A A
84 22%0] iy

S AeHaY 1). A How

AlFEEAA oA 13

FApol| 2z dAo] SIS, o]F FAFAAI(1553)),
AAEE17F2), A =Q0FAD), SARFAA(2153)),

A 2374, T

2Hog Iy E 91, 8Y7} 9¥o

fr

E1.20259 AR S8 27 A5
=3 = Zig 27| X|%? HIE (%)

EH7% ox&n7] Aedes esoensis 0.1 <0.1
A5 &R7| Aedes alboscutellatus 0.0 <0.1
e Aedes vexans 102.0 40.6
TR ER ] Aedes lineatopennis 0.0 <0.1
AdEwn7 Aedes albopictus 0.5 0.2
AEYANRTE IS & Anopheles spp. 58.4 23.3
S27& ZHAPER Armigeres subalbatus 2.0 0.8
LEERE L3 b Cogquillettidia ochracea 0.0 <0.1
AE7)& ojUEN] YR 7] Culex inatomii 0.0 <0.1
TEHZY Culex orientalis 0.4 0.2
Ldp i Culex pipiens 14.5 5.8
227 1 7] Culex tritaeniorhynchus 67.4 26.8
SR Culex vagans 0.0 <0.1
Sl B hng Culex rubensis 0.0 <0.1
Ll v Culex bitaeniorhynchus 0.4 0.1
A SH 7| L ASHE7| Culex halifaxii 0.0 <0.1
ER7)& Llsh=wd En Mansonia uniformis 2.2 0.9
TR 74 TEEE Ochlerotatus dorsalis 0.1 <0.1
StEZ &R Ochlerotatus hatorii 0.2 <0.1
Ll Ochlerotatus koreicus 1.8 0.7
Sloj7lxR 7] Ochlerotatus nipponicus 0.2 <0.1
EN&H7 Ochlerotatus togoi 1.0 0.4

V7] A4 A AR/ A7) /- L.

842
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AGoA Ao g &2 TVF BREQ. o]F 7] 2o &
obgo] wet 10€ollE AutAQl TVF #adhs FAS B
ct.

FAHE AA TIE 247 21
(362D HHHE 715 F 37572 E adchs A
BATHIHY 3). AW tiv] TV A g o2 &7 Yepd 717t

2 28%F, 36, 3841542 ERIFGoH, A fjH] A&

20259 HA TI= 99 =

o

600

R LR
5075 E euziym|
500 -
400 -
<+
3
= 300
H

200 A

100

2020 2021 2022 2023 2024 2025
Ar
T2 1. AA AR mr)e F2uziAns]e] ®r] A4(2020-
20254)

27] Al AR A/ AR /A8

H(6-89) TIE g3 ¥, 712 EO-109)0E JHoz
F7kste Aol bt 2208 HeuRs] 458 2
43 A%, 29F7RE ARSI SR Al 3677
o Hth A5E 71ST 5, 37FARE Fasts Pyl Ha
e He) 4 A7) A9ES SUsH 367 et

HHHE 3).

2. Y2k|H FolH/HE LY

20259 d2HH FARE W] FAZE AEE A5
)l 39 2641352 AFEFAAE AFAI% debde
oA A" 2] F AP Hzxe gl
of mt, 39 27 A=l FHHIUT o]F dEH A FH=
74 304G 15FA) HEtdE SrolA AFPE 27 5 A2
7R 7F AR 2719] 60.1% 6339+ /1,0539HE])E A
AR Ao g glEo], 89 1972 M=o TP At

20259 171 71588 AQAE G399 37) 24
HAAE, B75, BAFE)NA 919

H2 A9 A4 R7] A A $24(2021-20259)
REIK|d HRAE =X
20214 20224 20234 20244 20254

AZEEAA T AZA 14% 16% 14% 13% 13%
S AL A g 145 15% 3% 145 15%
e %A 255 175 16% 16% 175
Ao EEE 23% 26% 28% 16% 20%
4G A Soaata - - - 245 215
oA 57 - - - 245 23%
FHEE 374 30% 30% 28% 255 26%
AREE FHA 32% 27% 27% 25% 27%
AEEUAA = % 23% 30% 29% 263 28%
REAEPEAN g2 - - - = 28%
339 o4t 34% 325 30% 28% 34%
B AEEAA = BEA - 29% 31% 24% 325

224 35% k= 28% 24% 263

YT - 32% 24% 26% 30%
A wAA,
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° AHHAY ° Y o XY ° AHYAY
LR 48 27|25 58 27|24 [ EREES
. o o 10 P 10 e o
> [ 10.1-50 C > [ 10.1-50 /:’ 7 10.1-50 il [10.1-50
b [150.1-100 = [150.1-100 e [ 50.1-100 b [150.1-100
[ 100.1-300 I 100.1-300 I 100.1-300 = 100.1-300
s I 300.1-500 s I 300.1-500 s I 300.1-500 s I 300.1-500
Kilometers. . >500 Kilometers. B >500 Kilomete . >500 Kilometers. . >500

© Y © Y

7€ 27|25 8 27|25
7 o o C o
( . £10.1-50 4 10.1-50
2 [£150.1-100 o [ 50.1-100
1 100.1-300 9 100.1-300
s I 300.1-500 s I 300,1-500 s
m—flﬁ:mm\ametms B >500 Kilometers . >500

0 25 50 75 100

J3 2. 20259 2247 R7| 9] € B A9 Y] A5 X

TL4(2022-2024) O{7H27|
2024\ 0727
1 20254 Of7H=7)|

900 -
8001
ol 700 -
<+ 600 A
R
= x1 500 -
N 400
EH -
*F 3001
)
& 200-
100 -
0 o T T 1 T T T T T T T
QMwmwwmmm%%M%%
3 49 52 62 78
YEE Y Hio|HA FAFL el 43 =4 23 o
25| volHA §FHF 1 (genotype I, GD) 31T F4F v
(genotype V, GV) 67122 Yt ow, A-2H7H K 7] o] A

844

0 25 50 75 10

1 T T
27 28 29 30 31(32 33 34 35|36 37 38 39|40 4142 43 44

o Y o Y
9g 27|A|% 108 27|25
i 1o - o0
ol j’ £10.1-50 & ;7 [£10.1-50
ha [ 50.1-100 L [ 50.1-100
I 100.1-300 [ 100.1-300
I 300.1-500 s I 300.1-500
Kilometers B >500 Kilometers . >500

T14(2022-2024) A 27|
2024\ | 27|

—o— 20251 27|

T2 3.202549 8 AAR7) 2 &

[=]
o8 108 WA R 7] A5

o
-

%

= GI 373 GV 34, ¥ =74 GV 24, 18l &
Ar 7)o GV 1740] AL ATHI 3).
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H3.20259 dEHF vfol A G AA Kl A
AMEXH HMEA 23 2715 7Y

BUE 234 4373} A Zouzbgm 7| GI

7= SHgA 3453t = SEHET] GV
3423} A w7 7| GV
4023} A ZF o7 5 7| GV

7%= A 4052 =4 A2 L] GI
4073} =4 A2azre GI

BE A 3453} ENE ZF-oubzbA o ] GV
4352 A R GV

B AT 3457 =4 ey ] GV

= 9 R 74 270 QR WRs] UE Fao) JFS

2025 A= 1471 FAIRAHNA AhE 2] 8 F
A}, AA TR AW(296.8012]) Y] 15.4%, ¥
W(2022-202449 B+t 313.991]) thH] 20.0% A6ttt
e T Ad(103.471) oiH] 34.8%, Hd
(74.2912]) o] 9.1%
7-9¢0l ASEHALH 53] 8ol FH A qoA &2 T4
o] WA= A8 AYEE 9 1P| 5 HE AW
Al TIZF 5002 de TUE F1to] FAFeH 99
T g9RY 2 29t fAEGIS v A5 EAAE U
HEE 5 98 (92 HA AJ7)7F AE
o7 L1 Urk gttt

ol2|g Wahe 20259 A2 oM V14 P4 2
2 ®elth 20259 o15H(6-89)

o

=)
T‘__—/‘\“IL

i

R A

Fad 22 BT B A7E

EL 1

=

)

[10]. ®¥Fd, F=rde

A= Bt 619.7
FE(727.3 mm)2] oF 85% 2320 &2 Lrokx|ul
&l A=A 22 200-700 mmo] AFZL7F BEHS

Aegde 9 $=d dF A9S 5

242 WASFACHI0]. ol9h Ze FHAHQ 123 FFE L}

www.phwr.org Vol 19, No 20, 2026

Z 5 9tk AHOE Ve A5 1719 AHT WA &
L=t =

ABAE AZSHAG 2 4 Z9Fo] 90 mmE W
A9 G337 29 fAR oo 4 IH13]. 20254 oI5
A7) WEE A A% WHe L5 AN §5 A
4AE 2ANAE FHsAe] 9om, ol A9 7k 2] WE
ool G F 89 F hiE 48PS Ao FUt.

Az ol AL AuE 718 Aot 24 Ao Wsie

B ARG A% G Aol et Feuztynslel
ZFeA A QA WS Beo] itk o

i

4535t AE MAS0] BE 712 Ao Hkgolo] dAFo R
253 5 HAbohs 2R A EM[14], o] 4 w7 =7
o] &5 Aldo] wrEtyof wet I A|A I ARHE dFA

AL Qe AoR G wj/frr])e &8 A|7]8ut ofy
2 2oE 3 UE SUAE 7|E0H o2 SolHll &

845
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o] =1 et 2025V A o 7HAlEA 2ol A
g F<Q Al 7]5F AAIZF B7] A (Artificial Intelligence-
Digital Mosquito Monitoring System, AI-DMS) A& (7|3
Ag, A WA WEd, F2 g5 A G
S A2 RT|7E BR A HQ A7 = oAl oA
Bt A (A, FAPFGA], BT, SHEHAES w2

HAHAH. =€ cle dYL A

1

20259 =4 dEHH SAE T THLR 9¥RE 11
7HA @At e, 53] 94 7H B2 SR HAE Qi
(15]. Z-2EA 7] A= 84 1007t 3o s §5
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Surveillance Report

Surveillance Results of Japanese Encephalitis Vector Mosquitoes in
the Republic of Korea in 2025

Hyeon-Seok Oh @, Jinsung Seo @, Jung—-Won Ju @, Hee-Il Lee*

Division of Vectors and Parasitic Diseases, Department of Laboratory Diagnosis and analysis, Korea Disease Control and Prevention Agency,
Cheongju, Korea

ABSTRACT

Objectives: Japanese encephalitis (JE) is a viral infectious disease primarily transmitted by Culex tritaeniorhynchus, with
approximately 10-20 human cases reported annually in the Republic of Korea (ROK). The Korea Disease Control and
Prevention Agency conducts annual surveillance to monitor vector mosquito occurrence and trends. This study aimed to
evaluate the seasonal occurrence and regional distribution patterns of JE vector mosquitoes based on 2025 surveillance data.
Methods: In 2025, JE vector surveillance was conducted across 64 regions in the ROK. This study analyzed data from 12
provincial Health and Environment Institutes, where black light traps were installed at cattle barns. The trap index (individuals/
traps/days) was calculated to compare seasonal patterns and regional differences in Cx. tritaeniorhynchus abundance. In
addition, genetic analysis was performed to detect the JE virus in mosquito samples.

Results: A total of 22 mosquito species belonging to 8 genera were identified. The overall trap index was 251.2, with a
Cx. tritaeniorhynchus trap index of 67.4. Seasonal occurrence of Cx. tritaeniorhynchus was concentrated between July and
September, with a peak in the 36th week. Southern regions showed earlier emergence and higher densities, whereas northern
regions showed delayed emergence and lower densities.

Conclusions: In 2025, the trap index for Cx. tritaeniorhynchus decreased by 34.8% compared to the previous year and by 9.1%
relative to the 2022-2024 average year. This reduction was likely associated with climatic conditions, including a higher-than-
normal summer mean temperature (25.7°C; +2.0°C above normal) and heavy rainfall in mid-July (200-700 mm), which
may have affected mosquito survival and breeding. Continuous and high-resolution surveillance is essential for effective JE

prevention, particularly in the context of climate change.

Key words: Japanese encephalitis; Vector mosquito; Culex tritaeniorhynchus; Surveillance

*Corresponding author: Hee-ll Lee, Tel: +82-43-719-8560, E-mail: isak66kr@gmail.com

Introduction JE has occurred endemically, mainly in South Asia and the
Western Pacific region [1]. JE is currently endemic in more
Japanese encephalitis (JE) is a mosquito-borne viral dis- than 24 countries across Asia and the Western Pacific re-

ease. Since the first clinical case was reported in Japan in 1871, gion, and approximately 60,000-70,000 cases are estimated
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Key messages
(D What was known previously?

Japanese encephalitis is primarily transmitted by Culex
tritaeniorhynchus, and its occurrence and density are
strongly influenced by climatic factors such as tempera-
ture and precipitation. In the Republic of Korea, most
human cases occur between August and October, and
rising mean temperatures may extend the mosquito ac-
tivity period.

@ What new information is presented?

In 2025, the average trap index for Cx. tritaeniorhyn-
chus was 67.4, representing a 34.8% decrease from 2024
(103.4) and a 9.1% decrease from the 2022-2024 aver-
age (74.2).

® What are the implications?

Ongoing climate change appears to influence mosqui-
to emergence and regional distribution patterns. These
findings underscore the need for continuous surveillance
to better understand environmental impacts on vector

ecology.

to occur worldwide each year [2]. Japanese encephalitis virus
(JEV) belongs to the genus Flavivirus of the family Flaviviridae.
It is a single-stranded RNA virus that is transmitted when in-
fected mosquitoes feed on humans [3]. Most infected individu-
als are asymptomatic or experience only mild symptoms, such
as fever and headache. However, some cases progress to severe
encephalitis involving the central nervous system, with a case
fatality rate of approximately 20-30% and possible neurologi-
cal sequelae, including seizures, sensory abnormalities, and
motor paralysis [4].

The primary JE vector mosquito is known to be Culex
tritaeniorhynchus, a species of the genus Culex (Culex spp.),

and is distributed across more than 40 countries worldwide,

www.phwr.org Vol 19, No 20, 2026

particularly in Asia [5]. This species breeds in standing water
around rice paddies and livestock farms and is characterized by
nocturnal blood-feeding activity, showing occurrence patterns
closely associated with rural and livestock environments. Other
species, including Culex orientalis and the Culex pipiens com-
plex, also exhibit the potential to transmit JEV [6].

Recently, the timing of occurrence and distribution pat-
terns of JE vector mosquitoes have been found to change with
respect to climate and environmental change. Rising mean
temperatures might contribute to earlier emergence of vector
mosquitoes and an extended activity period, and accordingly,
the issuance of JE advisories has also tended to occur earlier
[7]. In the Republic of Korea (ROK), although the incidence
of JE has declined substantially since vaccine introduction, an
average of approximately 10-20 cases have continued to be re-
ported annually since 2010 [6]. In addition, cases in the ROK
tend to be concentrated between August and November, when
mosquito density increases, suggesting a close association with
the seasonal occurrence patterns of vector mosquitoes.

Korea Disease Control and Prevention Agency (KDCA)
monitors the density and distribution of JE vector mosquitoes
to rapidly identify the timing and trends of occurrence and
uses these findings to issue JE advisories and warnings for pre-
vention activities. This study analyzed the 2025 nationwide JE
vector mosquito surveillance results to examine the seasonal
occurrence characteristics of Cx. tritaeniorhynchus and to pro-
vide scientific evidence for effective future JE prevention and

control through pathogen detection and genotype analysis.
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Methods

1. Vector Mosquito Collection

JE vector mosquito surveillance was conducted in coopera-
tion with 12 provincial Institutes of Health and Environment,
16 Regional Centers for Vector Surveillance against Climate
Change, five Regional Centers for Disease Control, and four
Agencies under Ministry of National Defense, covering a total
of 64 collection sites. To minimize data bias arising from differ-
ences in collection environments by surveillance site (livestock
farms, urban areas, ports, etc.) and from differences in survey
frequency, the analysis of changes in vector mosquito density
was limited to collections conducted at livestock farms, which
are the major breeding sites of Cx. tritaeniorhynchus. A total of
14 collection sites were selected by the 12 provincial Institutes
of Health and Environment for JE vector mosquito density
analysis (Chuncheon-si, Gangneung-si, and Hoengseong-gun
in Gangwon-do; Jinju-si in Gyeongsangnam-do; Yeongcheon-
si in Gyeongsangbuk-do; Dong-gu in Daegu Metropolitan
City; Gijang-gun in Busan Metropolitan City; Janggun-
myeon in Sejong Special Self-Governing City; Ulju-gun in
Ulsan Metropolitan City; Hampyeong-gun in Jeollanam-
do; Jeonju-si in Jeonbuk-do; Jeju-si in Jeju-do; Yesan-gun in
Chungcheongnam-do; and Cheongju-si in Chungcheongbuk-
do). The survey period extended from March 31 to October
31, 2025 (weeks 14-44). Considering the possibility of
early emergence of JE vector mosquitoes, surveillance in
Gyeongsangnam-do, Busan Metropolitan City, Jeollanam-do,
and Jeju-do began in March 24 (week 13). Mosquitoes were
collected twice per week (one day per collection) using black
light traps. For each collection, the traps were installed before

sunset and retrieved before sunrise the following day, operating

850

overnight. Traps were installed approximately 1.5 m above the
ground on walls under covered areas within livestock farms
or near locations where mosquitoes could rest, such as agri-
cultural film or bundles of rice straw. The species of the col-
lected mosquitoes were identified by each institution, and the
results were compiled through the Infectious Disease Vector
Surveillance Network (VectorNet) within KDCA’s Integrated

Disease and Health Control System.

2. Pathogen Analysis

For JEV detection, primary pathogen testing was con-
ducted by the Regional Centers for Vector Surveillance against
Climate Change, Centers for Disease Control, the Agencies
under Ministry of National Defense, and selected provin-
cial Institutes of Health and Environment (Gangwon-do,
Gyeonggi-do, Gyeongsangbuk-do, Daegu Metropolitan City,
Ulsan Metropolitan City, Jeollabuk-do, and Chungcheongbuk-
do). When suspected positive specimens were identified, RNA
and homogenates of the specimens were sent to the Division of
Vector and Parasitic Diseases (DVPD) of KDCA for secondary
confirmatory testing and genotype analysis. Among the col-
lected mosquitoes, all individuals except Anopheles spp. were
pooled by species, with up to 30 individuals per pool, and used
for analysis. The samples were homogenized twice for 30 sec-
onds at 7,500 rpm using a Precellys” Evolution Homogenizer
(Bertin Technologies). RNA was extracted from the superna-
tant obtained after centrifugation at 13,000 rpm for 1 minute
using the Clear-S™ Total RNA Extraction Kit (Invirustech)
[8]. Real-time reverse-transcription polymerase chain reaction
(RT-PCR) was performed using the extracted RNA with the
Clear-MD® DENV/ZIKA/CHIKV/JEV/WNV/YFV Multiplex

Real-Time RT-PCR Detection Kit (Invirustech), following the

www.phwr.org Vol 19, No 20, 2026
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manufacturer’s instructions. Amplification and interpretation
were performed using the QuantStudio™ 5 Real-Time PCR
System (Thermo Fisher Scientific) [8].

Specimens confirmed as positive in the PCR assays were
subjected to sequencing analysis, which was performed using
the Clear-MD® DENV, YFV, CHIKV, JEV, WNV, ZIKA RT-
Nested PCR Kit (Invirustech), targeting the NS3-NS4b gene
region of JEV. The analysis was conducted according to the in-
structions provided by the kit's manufacturer. Briefly, the first
round of nested PCR was performed in a total reaction volume
of 20 pl, consisting of 5 ul of RNA from the positive specimen
and 15 pl of primary PCR premix. The reaction protocol was
as follows: reverse transcription at 50°C for 20 minutes and
enzyme activation at 95°C for 1 minute, followed by 40 cycles
of denaturation (95°C, 15 seconds), annealing (59°C, 30 sec-
onds), and extension (72°C, 40 seconds). The second round
was performed in a total reaction volume of 20 pl, consisting
of 1 ul of the first-round PCR product as the template and 19
ul of secondary PCR premix. The reaction protocol was as fol-
lows: enzyme activation at 95°C for 5 minutes, followed by 35
cycles of denaturation (95°C, 20 seconds), annealing (61°C,
20 seconds), and extension (72°C, 30 seconds).

Subsequently, the amplified products were subjected to
electrophoresis to confirm the JEV-specific band (535 bp),
and sequencing analysis was performed using the M13 for-
ward (TGTAAAACGACGGCCAGT) and reverse primers
(CAGGAAACAGCTATGAC). The obtained sequences were
compared with previously reported JEV sequences to confirm

viral infection and analyze the genotype.

3. Data Analysis

To analyze mosquito occurrence density, the trap index (TT)

www.phwr.org Vol 19, No 20, 2026

(number of collected individuals/number of traps/collection
days) was calculated based on the collection results from each
survey site. To evaluate occurrence density in 2025, collec-
tion results from the same period over the previous three years
(2022-2024) were used for comparative analysis. Mosquito
distribution maps were generated to visualize regional mos-
quito distribution patterns based on the calculated TT us-
ing the Inverse Distance Weighted method with the Spatial
Analyst Tool in ArcGIS 9.0 (Environmental Systems Research

Institute, Inc.).

4. JE Advisory and Warning

Based on the data obtained through the surveillance proj-
ect, the criteria for issuing advisories and warnings were ap-
plied in accordance with KDCA’s 2025 Guidelines for the
Management of Viral Mosquito-Borne Infectious Diseases
[9]. A JE advisory is issued when the main vector species, Cx.
tritaeniorhynchus, is collected for the first time in the relevant
year. A JE warning is issued when Cx. tritaeniorhynchus ac-
counts for at least 50% of the total mosquito density and the
daily average number of Cx. tritaeniorhynchus among mos-
quitoes collected twice per week is 500 or more, when JEV is
isolated or its genetic material is detected among the collected

mosquitoes, or when a JE case occurs in the ROK.

Results

1. Mosquito Surveillance Results

A total of 22 species belonging to eight genera were identi-
fied based on species classification of all mosquitoes collected
in 2025 by 12 Institutes of Health and Environment (a to-

tal of 14 collection sites) (Table 1). In 2025, the total TI was
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Table 1. Mosquito species composition and indices collected in 2025
Genus Species Trap index? %
Aedes Aedes esoensis 0.1 <0.1
Aedes alboscutellatus 0.0 <0.1
Aedes vexans 102.0 40.6
Aedes lineatopennis 0.0 <0.1
Aedes albopictus 0.5 0.2
Anopheles Anopheles spp. 58.4 23.3
Armigeres Armigeres subalbatus 2.0 0.8
Coquillettidia Coquillettidia ochracea 0.0 <0.1
Culex Culex inatomii 0.0 <0.1
Culex orientalis 0.4 0.2
Culex pipiens 14.5 5.8
Culex tritaeniorhynchus 67.4 26.8
Culex vagans 0.0 <0.1
Culex rubensis 0.0 <0.1
Culex bitaeniorhynchus 0.4 0.1
Lutzia Culex halifaxii 0.0 <0.1
Mansonia Mansonia uniformis 2.2 0.9
Ochlerotatus Ochlerotatus dorsalis 0.1 <0.1
Ochlerotatus hatorii 0.2 <0.1
Ochlerotatus koreicus 1.8 0.7
Ochlerotatus nipponicus 0.2 <0.1
Ochlerotatus togoi 1.0 0.4
“Trap index: individuals/ traps/days.

251.2, and the TI for Cx. tritaeniorhynchus was 67.4 (Figure
1). Analysis of the regional occurrence timing of Cx. tritae-
niorhynchus showed that the first occurrence was confirmed
in Jeju-do in week 13. Thereafter, occurrence was observed
in Busan Metropolitan City (week 15), Gyeongsangnam-do
(week 17), Jeollanam-do (week 20), Ulsan Metropolitan City
(week 21), Daegu Metropolitan City (week 23), and Gangwon-
do and Chungcheongbuk-do (week 20), indicating a pattern of
expansion from southern to northern regions (Table 2, Figure
2). After July, the distribution range expanded nationwide.
In August and September, relatively high TI was observed
in the regions of Gyeongsangnam-do and Gyeongsangbuk-

do. Subsequently, as temperatures declined, the overall TI

852

600 -

Il Total mosquito
507.8 = Culex tritaeniorhynchus

500 -

400 -

300 A

Trap index

200 A

100 A

2020 2021 2022 2023 2024 2025
Year

Figure 1. Trap index of total mosquito and Culex tritaeni-
orhynchus (2020-2025)
Trap index: individuals/traps/days.
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Table 2. First collected week of Culex tritaeniorhynchus by region (2021-2025)
First collection week
Region
2021 2022 2023 2024 2025
Jeju Island Jeju-si 14 16 14 13 13
Busan Metropolitan City Gijang-gun 14 15 13 14 15
Gyeongsangnam-do Jinju-si 25 17 16 16 17
Jeollanam-do Hampyeong-gun 23 26 28 16 20
Ulsan Metropolitan City Ulju-gun - - - 24 21
Daegu Metropolitan City Dong-gu = = = 24 23
Chungcheongbuk-do Cheongju-si 30 30 28 25 26
Gyeongsangbuk-do Yeongcheon-si 32 27 27 25 27
Jeonbuk State Wanju-gun 23 30 29 26 28
Sejong-si Janggun-myeon - - - - 28
Chungcheongnam-do Yesan-gun 34 32 30 28 34
Gangwon state Gangneung-si = 29 31 24 32
Chuncheon-si 35 31 28 24 26
Hoengseong-gun - 32 24 26 30
“~” indicates that surveillance was not conducted.
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Figure 2. Monthly and regional distribution of the Culex tritaeniorhynchus trap index in 2025
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decreased in October.

Analysis of the weekly total TT showed that the total TT in
2025 peaked in early September (week 36) and subsequently
decreased from week 37 (Figure 3). The periods during which
the TT was relatively higher than in the previous year were
weeks 28, 36, and 38-41. Compared with the previous year,
the TI decreased during summer (June-August) but showed
a relatively increasing trend in autumn (September—October).
Weekly analysis of the Cx. tritaeniorhynchus TI showed that
the number of individuals began to increase from week 29,
peaking in week 30, and then decreasing from week 37. Thus,
the peak occurrence period was the same as in the previous

year (Figure 3).

2. Issuance of JE Advisories and Warnings

In 2025, the JE advisory was issued nationwide on March
27, after Cx. tritaeniorhynchus was first identified among
mosquitoes collected from Jeju-si, Jeju-do, and Wando-gun
in Jeollanam-do on March 26 (week 13), immediately after
the start of vector mosquito surveillance. Subsequently, the JE
warning was issued nationwide as of August 1, after Cx. tritae-
niorhynchus accounted for 60.1% (633/1,053) of all mosqui-

toes collected from Wando-gun in Jeollanam-do on July 30

2022-2024 Culex tritaeniorhynchus Tl
2024 Culex tritaeniorhynchus Tl
[1 2025 Culex tritaeniorhynchus Tl
900 ~

800 -
700
600
500
400
300
200 A
100

Trap index
(no. of mosquitoes/trap/day)

(week 31).

3. Reports of JE-Positive Specimens

In 2025, nine JEV-positive specimens were confirmed by
one Regional Center for Vector Surveillance against Climate
Change (Gwangju Metropolitan City) and three Institutes of
Health and Environment (Gangwon-do, Gyeonggi-do, and
Gyeongsangbuk-do). Genotype analysis identified three cas-
es of JEV genotype I (GI) and six cases of genotype V (GV).
Among Cx. tritaeniorhynchus, three cases of GI and three cas-
es of GV were identified; two GV cases were identified in the
Cx. pipiens complex, and one GV case was identified in Cx.

orientalis (Table 3).

Discussion

Analysis of mosquito occurrence patterns based on mos-
quitoes collected at 14 surveillance sites nationwide in 2025
showed that the total TI decreased by 15.4% compared with
the previous year (296.8) and by 20.0% compared with
the average for 2022-2024 (313.9). Cx. tritaeniorhyn-
chus TI decreased by 34.8% and 9.1% compared with the
previous year (103.4) and the 2022-2024 average (74.2),

2022-2024 Total mosquitoes TI
2024 Total mosquitoes Tl
-e— 2025 Total mosquitoes Tl

Figure 3. Weekly trap index (TT)
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Table 3. Reported cases of Japanese encephalitis virus-positive mosquito pools in 2025
Region Collection week Environment Mosquito species Genotype

Chuncheon-si, Gangwon state 43 Livestock Culex tritaeniorhynchus GI

Hwaseong-si, Gyeonggi-do 34 Urban Culex orientalis GV
34 Urban Culex pipiens complex GV
40 Urban Cx. tritaeniorhynchus GV

Suwon-si, Gyeonggi-do 40 Urban Cx. tritaeniorhynchus GI
40 Urban Cx. tritaeniorhynchus GI

Yeongcheon-si, Gyeongsangbuk-do 34 Livestock Cx. tritaeniorhynchus GV
43 Livestock Cx. pipiens complex GV

Seo-gu, Gwangju Metropolitan City 34 Urban Cx. tritaeniorhynchus GV

respectively. Occurrence was concentrated between July and
September, with particularly high occurrence observed in
southern regions in August. In some inland areas, including
parts of Gyeongsangbuk-do and Daegu Metropolitan City,
high-density regions with a TT exceeding 500 were identi-
fied, and high density in southern regions was maintained in
September. In contrast, some regions, including Gangwon-do,
Chungcheongnam-do, Chungcheongbuk-do, and Jeollabuk-
do, showed relatively later occurrence timing and lower
density.

These changes appear to be closely associated with the
unusual weather patterns observed during the summer of
2025. During the summer of 2025 (June-August), the na-
tional mean temperature was 25.7°C, the highest on record
(+2.0°C above normal). An early heatwave began in late June
and persisted for an extended period until late August [10]. In
contrast, the national mean precipitation was 619.7 mm, ap-
proximately 85% of the normal level (727.3 mm). However,
heavy rainfall of 200-700 mm was observed nationwide in
mid-July, and multiple episodes of localized torrential rain-
fall exceeding 100 mm per hour occurred in early August,
mainly in Chungcheongnam-do, Jeollanam-do, and parts of

the Seoul metropolitan area [10]. These weather conditions,

www.phwr.org Vol 19, No 20, 2026

characterized by repeated extreme high temperatures and
heavy rainfall, may have contributed to a decrease in JE vector
mosquito density. In general, rising temperatures are known
to increase mosquito growth and reproduction rates; however,
sustained high temperatures might negatively affect reproduc-
tion by reducing adult survival rates and decreasing nocturnal
activity [11,12]. Meanwhile, precipitation also has an impor-
tant influence on mosquito density. Moderate rainfall provides
oviposition sites in rice paddies and puddles, but when daily
cumulative rainfall exceeds 90 mm, it might lead to the loss of
larvae and eggs [13]. The localized rainfall pattern concentrat-
ed over short periods during the summer of 2025 may have
led to the loss of larval habitats in some regions, which might
have contributed to the regional decreases in mosquito density.

In recent years, the issuance timing of JE advisories and
warnings in the ROK has gradually advanced due to rising an-
nual mean temperatures and changes in precipitation patterns.
Following an average advancement of 0.7 days in JE advisory
issuance dates over the past 10 years, there have been repeated
cases since 2020 wherein the issuance timing has advanced
to March [7]. This change in issuance timing is closely relat-
ed to the intermittent occurrence of Cx. tritaeniorhynchus in

Jeju-do and some southern regions during spring. It reflects a
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phenomenon wherein overwintered adult mosquito individu-
als in a dormant state temporarily become active in response
to rising spring temperatures and then die [14]. In this way, as
the activity timing of vector mosquitoes advances, the starting
point of the advisory system is also presumed to shift earlier.
Distinctive trends that differ from previous patterns have been
observed not only in the emergence timing of vector mosqui-
toes but also in regional occurrence density. Among the data
from the Artificial Intelligence-Digital Mosquito Monitoring
System (AI-DMS) conducted by the DVPD of KDCA in 2025
(unpublished data, DVPD, KDCA), a higher occurrence of
Cx. tritaeniorhynchus, which had been dominant in southern
regions, has been more recorded in Paju-si of Gyeonggi-do,
a northern region, than in other regions (Suncheon-si, Busan
Metropolitan City, Cheongju-si, and Hwaseong-si). Although
this finding is based on data from a single-year, and the pos-
sibility of a temporary phenomenon influenced by meteoro-
logical factors cannot be ruled out, it suggests that high-density
occurrence of Cx. tritaeniorhynchus may also be possible in
northern regions. Therefore, in future surveillance operations,
it will be necessary not only to adjust the timing of surveillance
initiation but also to continuously track regional density varia-
tion patterns through strengthening and analysis of the surveil-
lance network in northern regions.

In 2025, a total of seven JE cases occurred in the ROK be-
tween September and November, with the highest number
of cases reported in September [15]. The TI for Cx. tritaenio-
rhynchus increased sharply to more than 100 in August, and
the first human case was observed approximately 5 weeks later.
Considering viral replication in mosquitoes (approximately
2 weeks) and the average incubation period of JE (approxi-

mately 2 weeks), this finding suggests that increases in vector
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mosquito density precede the timing of human case occur-
rence. It also indicates that mosquito density surveillance data
may be used as a useful indicator for predicting future occur-
rences of the disease.

According to the results of viral detection testing in vec-
tor mosquitoes, a total of nine JEV-positive specimens were
confirmed in Gangwon-do, Gyeonggi-do, Gyeongsangbuk-
do, and Gwangju Metropolitan City in 2025. It is particularly
noteworthy that positive cases were confirmed not only in Cx.
tritaeniorhynchus, the previously known primary vector spe-
cies, but also in the Cx. pipiens complex and Cx. orientalis.
This finding is significant in that it confirms the vector com-
petence of species such as the Cx. pipiens complex in the field,
which has been suggested through recently reported labora-
tory infection models [16]. In addition, three confirmed JEV-
positive cases were GI, which had not been detected in the
ROK since 2018. GI had previously been detected only to a
limited extent in Jeollanam-do and Jeollabuk-do [17], and its
detection in northern regions (Gangwon-do and Gyeonggi-do)
is considered unusual. This finding suggests that not only vec-
tor mosquitoes but also the genotype distribution of JEV may
be expanding geographically, and that in the future, there is
a need to conduct ongoing surveillance and regular genotype
analysis of the patterns of change in viral genotypes in parallel.

This study systematically analyzed JE occurrence pat-
terns based on nationwide vector mosquito surveillance data
from 2025; however, it has several limitations. First, because
the analysis was limited to livestock farm environments at 14
sites nationwide, there may be limitations in regional repre-
sentativeness compared with the overall surveillance data that
include diverse ecological environments, such as urban ar-

eas, ports, and migratory bird habitats. Second, for pathogen
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analysis, data from multiple surveillance projects were inte-
grated and analyzed, and because the analysis was conducted
on a subset of collected mosquitoes (pooled samples) rather
than a complete survey of all collected mosquitoes, the possi-
bility of missing positive cases cannot be completely excluded,
and there were limitations in estimating quantitative infection
rates. Third, although meteorological factors affecting changes
in mosquito density were analyzed mainly in terms of tem-
perature and precipitation, an in-depth analysis of other envi-
ronmental variables that might influence occurrence density,
such as wind speed, humidity, and sunshine duration, was not
conducted.

Despite these limitations, this study is meaningful in that it
clearly confirmed the early emergence of JE vector mosquitoes
and the regional expansion of genotype distribution in 2025.
To overcome the aforementioned limitations, it is necessary
to expand surveillance sites and periods and to integrate real-
time surveillance technologies, such as the AI-DMS, to im-
prove both the representativeness and precision of surveillance
data. In particular, as the detection of viruses in species other
than the known vector species indicates variability in occur-
rence risk, there is a need to ensure the timeliness of issuing ad-
visories and warnings through the advancement of predictive

models incorporating various environmental variables.
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60% ©]AF ¥FAY5Ial QItH(E % H 1; available online).

2. Carbapenemase—-producing Carbapenem-
resistant Enterobacterales 2% A1l $1%t
20249 CRE #9935 Aile F 2,4547 0= o] F CP-

CRE #9359 H &2 72.6% (1,7827)2 &A=t

20209 62.3% (4567), 202149 63.5% (6887), 20224

71.8% (1,3297), 20239 71.6% (1,7107), 20244 72.6%

FAIE Holar 9l

H]-& 78.3%KE

(1,7827)& CP-CRE Z¥3 Hl&2 57t
CHE 2). o] A=+ 20249 CP-CRE 7Y
tHe A& o A= rHA]

EEEEULESS

olN

Klebsiella pneumoniae carbapen-
emase (KPC) 78.7% (1,4037), New Delhi metallo-3-
lactamase (NDM) 15.4% (2754) €02, < 54Ut 534

¥ 2.2020-20244

%% CRE ¥ CP-CRE Z¥Z dx4d A1

2

7= 2020 2022 2023 2024
CRE Z¥%(#A) 732 1,083 1,852 2,387 2,454
CP-CRE Z¥8Z(H) 456 1,329 1,710 1,782
CP-CRE/CRE 88 (%) 62.3 63.5 71.8 71.6 72.6

CRE=Carbapenem-resistant Enterobacterals; CP-CRE=Carbapenem-producing CRE.

H 3.2020-2024¥ 53 CP-CRE 4 E3 7t d & a4 2% AH(FH A& 715)

72 2020 2021 2022 2023 2024

A 456 (100.0) 688 (100.0) 1,329 (100.0) 1,710 (100.0) 1,782 (100.0)
KPC 321 (70.4) 549 (79.8) 1,065 (80.1) 1,353 (79.1) 1,403 (78.7)
NDM 129 (28.3) 135 (19.6) 232 (17.5) 290 (17.0) 275 (15.4)
OXA 1(0.2) 7 (1.0) 36 (2.7) 97 (5.7) 103 (5.8)
IMP 6(1.3) 1(0.1) 3(0.2) 6(0.4) 4(0.2)
VIM 2(0.4) 0(0.0) 2(0.2) 4(0.2) 0(0.0)
GES 0(0.0) 0(0.0) 2(0.2) 1(0.1) 0(0.0)

GES=Guiana extended spectrum B-lactamase.

@9l A(%). CP-CRE=Carbapenemase-producing Carbapenem-resistant Enterobacterales; KPC=Klebsiella pneumoniae carbapenemase;

NDM=New Delhi metallo-p-lactamase; OXA=oxacillinase; IMP=imipenemase; VIM=Verona integron-encoded metallo-B-lactamase;
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Surveillance Report

Characteristics of Carbapenem—Resistant Enterobacterales in the
Chungcheong Region of Republic of Korea, 2024

Jemma Park @9, Sodam Lee @, Yuna Kim*

Division of Infectious Disease Response, Chungcheong Regional Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Daejeon, Korea

ABSTRACT

Objectives: Antimicrobial resistance is increasing worldwide. In particular, the rising incidence of infections caused by Carbapenem-
resistant Enterobacterales (CRE), which have limited treatment options, has been identified as an important public health threat.
This report aimed to analyze the characteristics of CRE infections in the Chungcheong region in 2024 and discuss their public health
implications.

Methods: This analysis was based on CRE infection cases reported through the Korea Disease Control and Prevention Agency’s
integrated infectious disease surveillance system from 2020 to 2024.

Results: In 2024, a total of 2,454 CRE infection cases were reported in the Chungcheong region. The proportion of individuals aged
70 years and older showed a yearly increasing trend, rising from 62.7% (459 cases) in 2020 to 69.4% (1,702 cases) in 2024. By type of
healthcare institution, general hospitals accounted for the largest proportion of reported cases at 51.7% (1,269 cases), while long-term
care hospitals accounted for 16.1% (394 cases), which were identified for the first time in 2024. Among Carbapenemase-producing
CRE (CP-CRE) infections, Klebsiella pneumoniae was the most frequently detected species, accounting for 66.4% of cases, and the
most commonly identified carbapenemase gene type was Klebsiella pneumoniae carbapenemase, accounting for 78.7% of cases.
Conclusions: Since CRE infections were designated as a nationally notifiable infectious disease in the Republic of Korea in 2017, the
number of reported cases in the Chungcheong region has increased annually, and the proportion of CP-CRE infections has also risen.
In particular, the initially reported cases in long-term care hospitals highlight the importance of infection prevention and control
in these facilities. Active cooperation among medical institutions, local governments, and the central government is required to

strengthen CRE infection surveillance and response.

Key words: Antimicrobial resistance; Carbapenem-resistant Enterobacterales; Carbapenemase-producing Enterobacterales;

Healthcare-associated infections
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Introduction worldwide, undermining the effectiveness of infectious dis-
ease treatment and posing a major threat to human health. It is

Antimicrobial resistance and its spread are accelerating now recognized as a global public health issue that is no longer
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Key messages
(D What is known previously?

Since the Republic of Korea transitioned to a complete
enumeration surveillance system, the number of report-
ed cases of Carbapenem-resistant Enterobacterales (CRE)
infections has increased annually.

@ What new information is presented?

Among the 2,454 CRE infection cases reported in the
Chungcheong region in 2024, general hospitals ac-
counted for the highest proportion of cases 51.7%.
Carbapenemase-producing CRE infections accounted for
72.6% of all CRE infection cases, which was similar to
the national average.

(® What are implications?

By examining the occurrence status and epidemiologi-
cal characteristics of CRE infections in the Chungcheong
region, this report provides data to support the estab-
lishment of effective infection prevention and control
strategies.

limited to any specific country or healthcare setting [1]. In
particular, Carbapenem-resistant Enterobacterales (CRE) can
cause infections at various sites, including the urinary tract and
bloodstream, and exhibit resistance to multiple antibiotics, lim-
iting treatment options. When severely ill patients are infected,
CRE can worsen prognosis and increase mortality [2]. CRE
is primarily transmitted via contaminated hands after contact
with patients or contaminated environments surrounding pa-
tients; therefore, intervention measures such as hand hygiene,
environmental disinfection, and minimization of invasive de-
vices are required [3].

In the Republic of Korea (ROK), it was designated as a na-
tionally notifiable infectious disease in 2010 and operated un-

der a sentinel surveillance system. In June 2017, the system

www.phwr.org Vol 19, No 20, 2026

was changed to an all-case surveillance system [3]. When CRE
are isolated from a patient’s clinical specimen according to an-
timicrobial susceptibility criteria, the case must be reported
as a case of a nationally notifiable infectious disease within 24
hours, regardless of the presence or absence of clinical symp-
toms [3]. As the number of reported CRE infection cases in the
ROK has increased annually [4], this report analyzed the sta-
tus of reported CRE infections in the Chungcheong region in

2024.

Methods

The CRE occurrence status in the Chungcheong region
from 2020 to 2024 was analyzed based on CRE infection oc-
currence report forms, CRE infection pathogen report forms,
CRE infection case investigation forms, and Carbapenemase-
producing CRE (CP-CRE) infection report forms reported to
the Infectious Disease Information System of the Korea Disease
Control and Prevention Agency. The data were analyzed based
on the infectious disease notification date reported by medical

institutions.

Results

1. Status of Reported Carbapenem-resistant
Enterobacterales Infections
In 2024, a total of 2,454 CRE infection cases were reported
in the Chungcheong region. The number of reported cases has
shown an increasing trend annually, with 732, 1,083, 1,852,
and 2,387 cases in 2020, 2021, 2022, and 2023, respec-
tively. This trend was consistent with the national reporting

trend. Regarding the general characteristics of CRE infections
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in 2024, males accounted for 56.2% of cases (1,380 cases),
which was higher than the proportion of females at 43.8%
(1,074 cases). The mean age of the overall cohort was 74.0
years, with those aged 80-89 years accounting for 34.2% of
cases (840 cases), followed by those aged 70-79 (25.6%, 627
cases) and 60-09 years (16.1%, 395 cases). In particular, the
proportion of individuals aged 70 years or older showed an
increasing trend annually, rising from 62.7% (459 cases) in
2020 to 69.4% (1,702 cases) in 2024. The reporting status by
type of healthcare institution showed that general hospitals ac-
counted for the largest proportion of cases at 51.7% (1,269
cases), while reports from long-term care hospitals accounted
for 16.1% (394 cases), which were identified for the first time
in 2024 (Table 1).

The isolates from CRE infections were most common-

ly Klebsiella pneumoniae (66.4%, 1,630 cases), followed by

Escherichia coli (19.7%, 483 cases) and Enterobacter spp.
(6.1%, 150 cases). This distribution ranking was confirmed
to be the same as that observed in the Chungcheong region
over the past five years. In particular, K. pneumoniae account-
ed for more than 60% of cases in the Chungcheong region

(Supplementary Table 1; available online).

2. Status of Reported Carbapenemase—producing
Carbapenem-resistant Enterobacterales
Infections
In 2024, a total of 2,454 CRE infection cases were re-

ported, and CP-CRE infections accounted for 72.6% of these

cases (1,782 cases). The proportion of CP-CRE infections has

shown an increasing trend, from 62.3% (456 cases) in 2020

t0 63.5% (688 cases), 71.8% (1,329 cases), 71.6% (1,710 cas-

es), and 72.6% (1,782 cases) in 2021, 2022, 2023, and 2024,

Table 1. Characteristics of CRE in the Chungcheong region, 20202024
Category 2020 2021 2022 2023 2024
Total 732 (100.0) 1,083 (100.0) 1,852 (100.0) 2,387 (100.0) 2,454 (100.0)
Sex
Male 418 (57.1) 624 (57.6) 1,072 (57.1) 1,335 (55.9) 1,380 (56.2)
Female 314 (42.9) 459 (42.4) 780 (42.9) 1,052 (44.1) 1,074 (43.8)
Age group (yr)
0-19 13(1.8) 16 (1.5) 18 (1.0) 28 (1.2) 31 (1.3)
20-39 26 (3.6) 22 (2.0) 34 (1.8) 55 (2.3) 48 (2.0)
40-49 32 (4.4) 39(3.6) 71(3.8) 85 (3.6) 77 (3.1)
50-59 77 (10.4) 103 (9.5) 169 (9.1) 215 (9.0) 201 (8.2)
60-69 125 (17.0) 212 (19.6) 289 (15.6) 417 (17.5) 395 (16.1)
70-79 210 (28.7) 295 (27.2) 507 (27.3) 616 (25.8) 627 (25.6)
80-89 209 (28.6) 339 (31.3) 632 (34.1) 815 (34.1) 840 (34.2)
=90 40 (5.5) 57 (5.3) 132 (7.1) 156 (6.5) 235 (9.5
Healthcare facility type
Advanced general hospital 142 (19.4) 197 (18.2) 528 (28.5) 697 (29.2) 590 (24.0)
General hospital 467 (63.8) 734 (67.8) 1,058 (57.2) 1,251 (52.4) 1,269 (51.7)
Hospital 115 (15.7) 146 (13.5) 254 (13.7) 414 (17.3) 157 (6.3)
Long-term care hospital 0(0.0) 0(0.0) 0(0.0) 0(0.0) 394 (16.1)
Clinic 8(1.1) 6 (0.5) 11 (0.6) 25 (1.1 44 (1.8)
Unit: case (%). CRE=Carbapenem-resistant Enterobacterales.
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Table 2. Number of CRE and CP-CRE cases designated in the Chungcheong region, 2020-2024

Category 2020 2021 2022 2023 2024
CRE infection (no. of cases) 732 1,083 1,852 2,387 2,454
CP-CRE infection (no. of cases) 456 688 1,329 1,710 1,782
CP-CRE/CRE ratio (%) 62.3 63.5 71.8 71.6 72.6

CRE=Carbapenem-resistant Enterobacterales; CP-CRE=Carbapenem-producing CRE.

Table 3. Characteristics of CP-CRE by carbapenemase genotype in the Chungcheong region, 2020-2024 (availability of
duplicate detection)

Category 2020 2021 2022 2023 2024
Total 456 (100.0) 688 (100.0) 1,329 (100.0) 1,710 (100.0) 1,782 (100.0)
KPC 321 (70.4) 549 (79.8) 1,065 (80.1) 1,353 (79.1) 1,403 (78.7)
NDM 129 (28.3) 135 (19.6) 232 (17.5) 290 (17.0) 275 (15.4)
OXA 1(0.2) 7 (1.0) 36 (2.7) 97 (5.7) 103 (5.8)
IMP 6(1.3) 1(0.1) 3(0.2) 6(0.4) 4(0.2)
VIM 2 (0.4) 0 (0.0) 2(0.2) 4(0.2) 0 (0.0)
GES 0 (0.0) 0(0.0) 2(0.2) 1(0.1) 0 (0.0)

Unit: case (%). CP-CRE=Carbapenemase-producing Carbapenem-resistant Enterobacterales; KPC=Klebsiella pneumoniae carbapenemase;

NDM=New Delhi metallo-f-lactamase; OXA=oxacillinase; IMP=imipenemase; VIM=Verona integron-encoded metallo-f-lactamase;

GES=Guiana extended spectrum f-lactamase.

respectively (Table 2). However, these proportions were still
lower than the national proportion of CP-CRE infections in
2024, which was 78.3% [4].

Klebsiella pneumoniae carbapenemase (KPC) (78.7%,
1,403 cases) and New Delhi metallo-f-lactamase (NDM)
(15.4%, 275 cases) were the predominant carbapenemase
genotypes distributed in the Chungcheong region over the past
five years. In particular, the distribution proportion of NDM
continuously decreased from 28.3% (129 cases) in 2020 to
19.6% (135 cases), 17.5% (232 cases), 17.0% (290 cases), and
15.4% (275 cases) in 2021, 2022, 2023, and 2024, respec-

Chungcheong region has continuously increased since 2020
during the coronavirus disease 2019 (COVID-19) pandemic.
This trend was similar to the report by the Centers for Disease
Control and Prevention that CRE infections in healthcare in-
stitutions increased and remained above pre-pandemic levels
in 2022 [2]. In particular, as the proportion of CP-CRE infec-
tions has increased annually, reaching 72.6% in 2024, infec-
tion control activities in medical institutions are important to
prevent transmission, including contact management, screen-
ing, environmental management, and monitoring of personal

protective equipment use through a multifaceted and compre-

tively (Table 3). hensive approach.
In the case of long-term care hospitals, reporting began in
Discussion the Chungcheong region for the first time in 2024. Following

The number of reported CRE infection cases in the
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the introduction of infection prevention and control fees

for long-term care hospitals, long-term care hospitals in the
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Chungcheong region began proactively identifying patients
with CRE infections through active screening, leading to re-
ports being made by long-term care hospitals before patient
transfer to general hospitals. In particular, long-term care hos-
pitals are medical institutions where patients with geriatric
diseases, chronic diseases, and those in recovery after surgery
or injury are admitted [5], and they are characterized by long-
term communal living. In addition, the rate of CRE coloni-
zation is 3.3% in intensive care units of acute care hospitals,
but 30.4% in long-term care facilities [6]. Therefore, long-
term care hospitals have a high risk of CRE infection occur-
rence and transmission in terms of the clinical characteristics
of inpatients and the structural characteristics of the institu-
tions. Currently, at the national level, infection control work-
force standards and organizational systems have been estab-
lished through the 2021 revision of the Medical Service Act
and the Comprehensive Plan for the Prevention and Control
of Healthcare-Associated Infections (2018-2022), and poli-
cies mandating the assignment of dedicated infection control
personnel according to hospital bed size have been strength-
ened since COVID-19 [7,8]. The Comprehensive Plan for the
Prevention and Control of Healthcare-Associated Infections
(2023-2027) plans to promote improvements in the quality
of infection control in long-term care hospitals through the ex-
pansion of regional medical institution networks and to estab-
lish infection control education measures for long-term care
facility workers and non-medical personnel within medical in-
stitutions [9].

The proportion of CP-CRE infections is gradually increas-
ing, and KPC is the most common carbapenemase genotype,
accounting for 78.7% of cases. Globally, KPC is mainly de-

tected in the United States, China, Europe, and Latin America,

868

showing a pattern similar to that observed in the ROK [10]. As
carbapenemases are increasing dramatically worldwide, inter-
national efforts are needed to address antimicrobial-resistant
bacteria, including infection prevention activities, establish-
ment of control measures, and surveillance of emerging trends
[11]. However, because healthcare-associated infectious dis-
eases are counted based on the location of the medical institu-
tion, there are limitations in simply comparing reported cases
nationwide and in the Chungcheong region. Additional factors
should be considered, including the distribution of medical in-
stitutions in the Chungcheong region and the dates when in-
fection control offices were established in medical institutions.
This report identified the distribution status of infectious
disease occurrence based on CRE infection occurrence re-
port forms and case investigation forms. Similar to the na-
tional trend, the number of reported CRE infection cases in
the Chungcheong region has increased annually. As reporting
from long-term care hospitals began in 2024, support will be
needed in various areas, including site-specific infection con-
trol education and response measures tailored to long-term
care hospitals. Moreover, continuous efforts will be required
to prevent the spread of CRE infections by establishing a coop-
erative system among medical institutions, local governments,

and the government.
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Policy Note

Results of the 2025 Emerging and Re—Emerging Infectious Disease
Crisis Management Response Training Program

Eun—-Mi Park @, Young—Man Kim @, Bryan Inho Kim @, Yu-Jeong Min*

Division of Emergency Infectious Disease Response, Department of Infectious Disease Emergency Preparedness and Response, Korea
Disease Control and Prevention Agency, Cheongju, Korea

ABSTRACT

Objectives: The Korea Disease Control and Prevention Agency (KDCA) conducts response training to evaluate collaboration
among local governments (metropolitan and local), and related agencies for the rapid and effective management of emerging and
re-emerging infectious diseases. This study aims to analyze the operational outcomes of the 2025 response training, and propose
strategies for improvement.

Methods: Conducted across 17 metropolitan and provincial governments nationwide, the training program included four key areas:
theoretical education on infectious diseases, functional exercises, tabletop exercises, and personal protective equipment training.
Program effectiveness was evaluated through institutional assessments, individual participant-level evaluations and post-training
satisfaction surveys.

Results: A total of 1,043 participants from 531 institutions participated in the training. Post-training evaluation demonstrated
an enhanced understanding of response procedures and confirmed the effectiveness of interagency collaboration was confirmed.
Overall, satisfaction survey results were positive.

Conclusions: Response training for emerging and re-emerging infectious diseases is crucial for strengthening local governments’
field response capacity and assessing interagency collaboration. KDCA is going to strengthen response capacity of the local

government by supporting training budget and by providing new scenarios.

Key words: Emerging infectious diseases; Re-emerging infectious diseases; Local government training; Crisis management response

training

*Corresponding author: Yu-Jeong Min, Tel: +82-43-719-9100, E-mail: ujeong85@korea.kr

Introduction Early response to such diseases is a key determinant of the scale

of transmission and broader societal impact. Effective response

Emerging and re-emerging infectious diseases remain sig- requires well-defined and continuously evaluated collaborative
nificant threats to national public health, driven by increased systems among local governments, healthcare institutions, and
global mobility, climate change, and ecological disruption. related agencies. The Korea Disease Control and Prevention
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Key messages
(® What is already known?

Since 2010, the Korea Disease Control and Prevention
Agency has consistently strengthened public health
emergency preparedness at the local government level
by implementing response training for emerging and re-

emerging infectious disease crises.

(@ What is new?

In 2025, the training involved 1,043 participants from
531 institutions across 17 metropolitan and provincial
governments. Evaluations showed high participant satis-
faction and marked improvements in understanding of
infectious disease response.

(® What are the implications?

This training plays an important role in strengthening
local government capacity to respond to emerging and
re-emerging infectious diseases and become a corner-
stone of the national preparedness system.

Agency (KDCA) has conducted crisis response training since
2010 using hypothetical outbreak scenarios to assess response
procedures and strengthen local public health emergency pre-
paredness. Its primary objectives are to evaluate local govern-
ment crisis management frameworks and enhance frontline
personnel operational capacity. This study provides a systemat-
ic evaluation of the operational outcomes of the 2025 response

training and identifies strategies for improvement [1].

Methods

1. Participating Institutions and Roles
The KDCA oversaw the training program, developing and
distributing operational guidelines, functional and table-top

exercise scenarios, and evaluation indicators to metropolitan

876

and provincial governments. The Regional Centers for Disease
Control and Prevention offered technical support and assessed
the training implementation. Each metropolitan and provincial
government established and executed its own training plan,
subsequently reporting the results to the KDCA. Provincial in-
fectious disease control and prevention support groups assisted
with training preparation and implementation by providing
technical and personnel support. Public health centers at city,
county, and district levels, along with related agencies, partici-

pated as training institutions [2].

2. Training Topics

The KDCA developed training manuals and scenarios for
emerging and re-emerging infectious diseases, focusing on epi-
demiological likelihood and public health impact. Middle East
Respiratory Syndrome, Avian Influenza in humans, and Ebola
Virus Disease are the target diseases, classified as Group 1 na-
tionally notifiable diseases. Each metropolitan and provincial
government selected one scenario and developed and imple-

mented a training plan to local response conditions.

3. Training Components

The training program comprised theoretical education,
functional exercises, table-top exercises, personal protec-
tive equipment (PPE) training, and a final debriefing ses-
sion. Theoretical education covered epidemiological charac-
teristics and guidelines for the selected diseases. Functional
exercises used simulated scenarios to focus on key response
procedures, including reporting of travelers from high-risk
countries, conducting epidemiological investigations, manag-
ing cases, and tracing contacts. Interactive activities, including

quizzes and role-based tasks, were used to assess participants’
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understanding and practical application. Tabletop exercises
emphasized interagency coordination during initial case de-
tection, subsequent confirmed cases, and post-event response,
with a focus on inter-agency coordination. PPE training in-
tegrated theoretical instruction with hands-on practice in the

donning and doffing of Level C or D equipment.

4. Evaluation

Training evaluation included institutional assessments,
individual participant evaluations, and satisfaction surveys.
Institutional assessments examined the appropriateness of
training design and planning, the implementation quality, and
evaluation and feedback mechanisms. Individual evaluations
used pre- and post-training questionnaires to assess changes
in understanding and response awareness. Satisfaction surveys
assessed participants’ perceptions of the training content and

overall operation.

Results

1. Implementation Status

From May 14 to September 26, 2025, the KDCA conduct-
ed the 2025 response training for emerging and re-emerging
infectious disease crises across 17 metropolitan and provincial
governments, according to their respective schedules. Training
topics included Avian Influenza in humans in 9 regions,
Middle East Respiratory Syndrome in 6 regions, and Ebola

Virus Disease in 2 regions.
2. Participating Institutions and Participant

Characteristics

A total of 1,043 individuals from 531 institutions

www.phwr.org Vol 19, No 20, 2026

participated in the training. Participating institutions including
local governments, infectious disease control and prevention
support groups, quarantine stations, public health and envi-
ronmental research institutes, fire departments, police, the mil-
itary, the Ministry of Justice, education offices, and healthcare
institutions. Among participants, 1,025 completed both pre-
and post-training surveys. Of all participants, 77.9% female
(n=798) and 22.1% male (n=227). The largest age group was
individuals in their 30s (37.6%) formed the largest group, fol-
lowed by those in their 40s (31.4%) and 50s (19.0%). By oc-
cupation, staff frommetropolitan/provincial government and

municipal/district infectious disease control officials accounted

Table 1. General characteristics of 2025 trainees (n=1,025)

Category n (%)

Sex

Male 227 (22.1)

Female 798 (77.9)
Age (yr)

20-29 115 (11.2)

30-39 385 (37.6)

40-49 322 (31.4)

50-59 195 (19.0)

60+ 6 (0.6)

Not reported 2(0.2)
Occupation

Infectious disease response (city/ 570 (55.6)

province, health center)

Healthcare institution 182 (17.8)

Disaster management department 58 (5.7)

(provincial and municipal)

Fire department 54 (5.3)

Police 40 (3.9)

Education office 37 (3.0)

Quarantine 22 (2.1)

Diagnostic laboratory 22(2.1)

Others” 40 (3.9)

“Military, infectious disease control support unit, customs, animal

quarantine department, veterinary research institute.
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for the largest proportion, with 570 participants (55.6%), This
was followed by healthcare workers (17.8%), disaster man-
agement personnel (5.7%), and firefighters (5.3%) (Table 1).
Regarding general work experience, the largest proportion
had 3-5 years of experience (24.9%), followed by 6-10 years
(19.3%) and >21 years (16.3%). In contrast, infectious disease-
related work experience was generally shorter: 26.5% had 3-5
years of experience, 22.8% had <1 year, and 16.3% had no
prior experience (the most common category). Only 4.6% had
>10 years of relevant experience. Furthermore, 52.9% were
first-time training participants (Table 2).

Approximately 20% of participants were aged 250 years

Table 2. Work experience of 2025 trainees (n=1,025)

Category n (%)
Work experience at current institution (yr)
<1 143 (14.0)
1-2 91 (8.9)
3-5 255 (24.9)
6-10 198 (19.3)
11-15 92 (9.0)
16-20 78 (7.6)
21+ 168 (16.3)
Experience in infectious disease-related
work (yr)
None 167 (16.3)
<1 234 (22.8)
1-2 197 (19.2)
3-5 272 (26.5)
6-10 108 (10.5)
11-15 22 (2.1)
16-20 11 (1.1)
21+ 14 (1.4)
No. of training participations
None 542 (52.9)
1 245 (23.9)
2-3 172 (16.8)
4-5 24 (2.3)
6+ 42 (4.1)
878

and 24% had >15 years of general work experience, their in-
fectious disease-related experience did not correspond propor-

tionally to their overall work experience.

3. Knowledge Improvement

Participants’ knowledge was assessed using identical ten
multiple-choice questions on infectious disease knowledge
and response procedures administered pre- and post-training.
A total of 867 participants completed both the pre-and post-
training surveys. The knowledge improvement rate was calcu-
lated as {(post-training mean score—pre-training mean score)/
pre-training mean score}x100. The overall mean score in-
creased by 14.1% increase following the training. By disease,
the improvement rates were 16.4% for Middle East Respiratory
Syndrome, 10.5% for Avian Influenza in humans, and 26.5%

for Ebola Virus Disease (Table 3).

4. Satisfaction

The training achieved an overall satisfaction score of 4.6 on
a 5-point Likert scale. Participants reported improved response
procedure comprehension, increased awareness of the need for
interagency collaboration, and provided practical benefits, par-

ticularly from hands-on PPE training.

5. Suggestions for Improvement

Participants suggested expanding training duration, in-
creasing budget support, developing scenarios involving a
wider range of related agencies, and incorporating sessions
for sharing response experiences. Evaluators recommended
extending tabletop exercise duration, improving survey re-
sponse rates, strengthening facilitator capacity, revising lec-

tures and scenarios to enhance interagency understanding, and

www.phwr.org Vol 19, No 20, 2026


http://www.phwr.org

I Public Health Weekly Re.:uu’\

Table 3. Knowledge improvement rate assessment of 2025 trainees
Average” Improvement

Category Total (n) Pre-training Post—training "F;te (%)” prvalue
Overall 867 7.34+2.08 8.37£1.67 14.1 <0.001
Middle East Respiratory Syndrome 309 7.25+1.98 8.43+1.57 16.4 <0.001
Avian Influenza 444 8.02+2.08 8.86+1.67 10.5 <0.001
Ebola Virus Disease 114 497+2.14 6.29+1.79 26.5 <0.001
“Mean score+standard deviation, b)improvement rate (%): [(post-training score—pre-training score)/pre-training score] x100.

continuing to strengthen local-level capacity.

Discussion

The 2025 nationwide response training was implement-
ed under the leadership of metropolitan and provincial gov-
ernment leadership, even without central budget support.
Participant characteristics indicated that a substantial propor-
tion had limited experience in infectious disease-related work
or were participating in the training for the first time. This
finding likely reflects frequent personnel rotation and job re-
assignment within infectious disease response systems at the
local-level. Furthermore, the training provided an opportunity
to assess inter-agency collaboration in a setting that closely
simulated real-world conditions, underscoring its importance
in strengthening coordinated response capacity.

Previous training scenarios centered on Middle East
Respiratory Syndrome, Avian Influenza in humans, and Ebola
Virus Disease. However, the designation of Nipah virus as a
Group 1 nationally notifiable infectious disease in September
2025 led to a corresponding training scenario and a pilot ex-
ercise conducted in November 2025 for local government re-
sponse personnel. Beginning in 2026, Nipah virus will be in-
corporated into the core curriculum.

Because the training primarily focused on response

www.phwr.org Vol 19, No 20, 2026

measures at public health centers, other interagency partners
(e.g., fire departments, police, and healthcare institutions) have
played relatively limited roles. The 2025 sessions expanded
the role of participating agencies within the training program,
and 2026 will implement a more structured approach to docu-
ment the infectious disease response-related human and mate-
rial resources of these agencies. In addition, the program will
strengthen the role of healthcare institutions by addressing
response measures for in-hospital cases and identifying areas
where support from local governments is required.

Improving the training quality requires more refined evalu-
ation indicators and systems. The Regional Centers for Disease
Control and Prevention’s pre-training consultation will be
strengthened to support the development of tailored training
programs that reflect regional risk factors and response ca-
pacities. To enhance evaluation objectivity and reliability, the
number of internal evaluators will be increased to at least two.
These initiatives are expected to support evidence-based im-
provements, including training budget allocation and strategies
to increase participation in subsequent training cycles.

Response training for emerging and re-emerging infec-
tious disease crises serves as a key strategy for maintaining
and strengthening local public health emergency prepared-
ness, given the need for rapid response and close interagen-

cy collaboration during outbreaks. The 2025 nationwide
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training, conducted even without central budget support,
demonstrated meaningful outcomes in assessing response sys-
tems and strengthening capacity across multiple institutions.
Improvements in participants’ response procedure compre-
hension and interagency collaboration effectiveness were also
observed. With the anticipated dedicated funding allocation
beginning in 2026, training implementation is expected to be-
come more stable. The KDCA will continue to systematically
incorporate training feedback to enhance quality and further
strengthen local capacity to respond to emerging infectious

diseases.
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PHWR

QuickStats

International Comparison of Daily Smoking Rates among OECD
Countries (2023)

According to Organization for Economic Co-operation and Development (OECD) data on daily smoking rates as of 2023,
the rate in Republic of Korea was 15.3%, which is 2.1%p higher than OECD average (13.2%). The daily smoking rate for men
was 26.8%, which is 10.4%p higher than the OECD average, while the rate for women was 3.8%, which is 6.4%p lower than
the OECD average (Figure 1).
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Figure 1. Proportions of daily smokers, compared with 26 OECD countries
*The proportion of daily smokers is defined as the percentage of the population aged 15 years and over who report smoking tobacco everyday.
TOECD (26): average for 26 OECD countries with 2023 (or nearest year) statistics.

Source: OECD Health Statistics, 2025

Reported by: Doyeon Kim (@, Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention and
Control, Korea Disease Control and Prevention Agency
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QuickStats

Trends in Deaths and Socioeconomic Costs Attributable to Direct
Smoking in the Republic of Korea, 2019-2023

The estimated number of deaths attributable to direct smoking among adults aged 30 years and older was 68,536 (60,216
men and 8,320 women) in 2023 (Figure 1). The socioeconomic costs attributable to direct smoking increased to 14.9517 tril-

lion KRW in 2023 as compared to 2.7604 trillion KRW in 2019, reflecting a steady increase over the past 5 years (Figure 2).
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ea Figure 2. Socioeconomic costs attributable to direct smoking,

Figure 1. Deaths attributable to direct smoking, 2019-2023 2019-2023
*Socioeconomic costs are the sum of “direct costs,” such as medical and transportation expenses, and “indirect costs,” such as productivity

losses due to premature death and medical utilization caused by smoking-related disease.

Source: Estimating Smoking-Attributable Mortality and Socioeconomic Burden in South Korea

Reported by: Seonghee Park (@, Division of Climate Change and Health, Department of Health Hazard Response, Korea Disease
Control and Prevention Agency
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