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2 1 2. YHUAHME, 95) YN 3 s
ARAE W WA vES BT AT A5(74.1%)
1. W0l At SR (IS, ZISAE )| Bigt
steEA 0] Wi 4 H]E2 94.0%2 ATHEA(6.0%)
S 283t HHAlo] vlgf FA] &2 H|FS AFA|skgITh 3
2 597 B4 WA H]FL AREE AZ 27l 2AE
100 - 300
Ho|x|ut o] 9l ol KolZ] AT 1).
250
A BA7|HS oz 19 uhy v)Zo] wsls 3} 801
olat7] 915 201943 202392 A= T AINE 1), 3 §W 604 204
o 2
FEAL 1.7% A4, EHELL 1.7% 71819t 183 2 150 %
T 401 e
E49] A, FAHA2.5%), AH(AL.6%), AA(AL.2%), & - 100
AHA0.3%)S A9Jst UeiR] 1371 K| <o) A AMg H]Zo] = 201 - 50
7Vetglal, 1 % 7Pg wol Z7kst 9L ZH(A10.4%) A 0- Lo
2019 2020 2021 2022 2023
o= gel= Yt =
*3| 124, p=0.362 (F2d 2s)
I3 2.2019-20239 A GAE = Tujds}
HF1.20199, 202349 A= Al- =8 S 9hA| FE AE HS
20194 AL HIS 20239 ALR H|= Z72tH|E*
M2 sisiexn zsHex stste zlstAS 3 slelex zsHS R
%) %) o %) %) T %) %) T O
a4 99.2 0.8 1,022 94.4 5.6 1,281 N4.8 A4.8 A259
A7] 89.7 10.3 3,839 89.0 11.0 4,527 N0.7 AO.7 AGSS
e 96.7 3.3 2,498 95.7 43 2,595 A1.0 Al0 A97
B2 100.0 = 1,840 95.0 5.0 1,729 N5.0 A5.0 Al11
g+ 98.5 1.5 423 96.3 3.7 489 N2.2 A2.2 AGO
o - 96.3 3.7 684 95.7 4.3 890 AN0.6 A0.G6 A206
=] 95.7 4.3 339 89.5 10.5 368 N6.2 AG.2 A29
B At 96.2 3.8 1,345 98.7 1.3 1,468 A25 A2.5 Al123
e 88.7 11.3 1,108 88.3 11.7 1,415 A0.4 AQ.4 A307
A 96.0 4.0 123 95.4 4.6 129 AN0.6 AO0.G6 AG
At 98.5 1.5 330 98.8 1.2 333 AO3 A0.3 A3
ol 96.8 3.2 919 98.0 2.0 1,204 Al.2 AW/ A285
A 96.0 4.0 4,050 97.6 2.4 4,450 AlG N1.6 A400
HqE 97.8 2.2 1,258 95.8 4.2 1,473 A2.0 A2.0 A215
A 96.0 4.0 185 94.8 5.2 324 A1.2 Al.2 A139
9 95.7 43 2,110 85.3 14.7 2,010 A10.4 A10.4 A100
5 94.8 5.2 1,233 91.8 8.2 1,281 A3.0 A3.0 A48
A 95.3 4.7 23,306 93.6 6.4 25,966 N1.7 Al7 A2,660
o wiak A A=F7F A=A, *2-HH(p=0.398).
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o] §3(25.9%) WA Kt oF 3u] wo] £y Yict XL
£ ZJo]E Holx] ¥t
FAGE 202 FPH T YSS FRISHHTHLE 2).

A3 HA7Z| TS tao s FgoAd WA vEo] W3}
£ A5k el 201997 20238 A2 B3 AIHE
2), 4% FEL 0.5% A2, 75 FEL 0.5% 78
75 Tl AE(A13.8%), A1=(A8.0%), F71(A2.9%), 73
H(A2.1%), BE(A1.7%), 32 (A1.5%), HT(A1.4%),
AHA0.8%) A <02 34 Z7F6tA1 1 % 71 wol &

7 Ao AFom BelEtt

o

3. Mol AtEdt= HSH HA
22 59(2019-2023 )3t A= HAA71#0A 71 @ol

AR WA ORES] 94 MBS ZARE A3}, 2417 T

gomL EHLEA(18.4%), AHAOIFRER(11.9%),
0.3%), AEFIE(9.2%) £02 AFEE 90
20204 ol FHE L HHEA Al 2] §5 WA L8

oFZ o] HlW| Z AV} ZEHE| QTHE 3).

=4 A& HFe] 201999 wlsh 202349 &F 715t

£ g ARo|E AL AT} 5] =2 BEE A4 BAEFE Holu, BARCE Fod2 glAthE 1).
5tk 201999 149= d-H=EH(23.1%)°|¥oH, o} o= Aoy depvtt 7hE R7] A HIAlA]
H2. 20194, 20239 A A]- £ AZAE 9 FE AL HS
A5 20194 AL HIZ 20234 ME HIF =2 HIE
HE(%) 25(%) ~LOHY HE(%) 25(%) LOHY HE(%) 25(%) o4

el 73.9 26.1 1,022 74.6 25.4 1,282 A0.7 N0.7 A260
7371 70.9 29.1 3,841 68.0 32.0 4,527 N2.9 A29 AGS6
e 76.3 23.7 2,498 74.2 25.8 2,596 A2.1 A2l A98
35 81.8 18.2 1,840 80.1 19.9 1,729 A1.7 Al7 All11
5 78.4 21.6 424 78.9 21.1 489 A0S A0.5 AG5
o 71.9 28.1 684 70.5 29.5 890 Al4 Al4 A206
| 70.0 30.0 338 71.8 28.2 368 Al Al1.8 A30
HA 69.5 30.5 1,345 70.4 29.6 1,468 A09 N0.9 Al123
A& 50.7 49.3 1,107 42.7 57.3 1,416 A8.0 A3.0 A309
AIE 87.7 12.3 123 73.9 26.1 129 A13.8 A13.8 AG
24k 77.2 22.8 330 76.4 23.6 332 N0.8 A0.8 A2
qA 58.7 41.3 919 65.6 34.4 1,203 AGO NG9 A284
A 80.9 19.1 4,051 84.1 15.9 4,451 A32 N3.2 A400
A& 78.3 21.7 1,258 79.9 20.1 1,473 AlG Al.6 A215
A= 92.6 7.4 184 95.5 4.5 325 A29 A2.9 Al141
HE 69.7 30.3 2,110 68.2 31.8 2,009 Al5 Al5 A101
5 77.1 22.9 1,233 80.4 19.6 1,280 A33 N33 A47
A 73.8 26.2 23,306 73.3 26.7 25,966 N0.5 A0S A2,660

ko) Wk . A=F7h A=, *2-HH(p=0.887).

www.phwr.org Vol 19, No 4, 2026


http://www.phwr.org

I Public Health Weekly Re.:uu’\

E 3.2019-202349 9A'E & AHE HIF

o XA HIF, %)

= 20194 20204 20214 20224 20234

1 d-HreEz 23.1 d-HL-EZ 247 d-HwEH 29.1 d-HRE 30.1 d-Hx=E"”  28.1

2 OEHMIZEAY 184 OEHIZEA 186 OJEHIEA 17.4 OﬂlE._aﬂl&%/\ 20.1 JEHMIZEA 185
goixtol 11.9 ool 11.5 ool 129  Ftho] 12.5 Zrpo] 10.6
gzEYY grEY g2 EFY g2 EFY g2 EF

4 wHEZY 10.3 deyEHA 104 et ES 8.3 HW=EA 7.3 HEtYEH 8.2

5  deE"? 9.2 HEA 73 EHHEZA 6.8 HEHEH 0.9 HUWEA 8.1

6  EHHEAY 8.7 HHEZ 6.5 HHEZ 6.7 HHEA 5.7 EE“’%—TSO— 5.3

AlH i E

7 AolHHEY? 4.0 AolHHEH 4.1 HolHuEY 3.8 AolHHEH 3.0 HHEY 4.2

8 Za2HZE 2.1 HYEH 3.2 EFHFE 2.3 EFHEE 2.5 AolHHEd 3.3

9 Jd-H=E"+ 2.0 d-mjl-E"+ 2.0 Bti 1.9 Bti 2.1 YrHEH 2.8
zgEd? zgEY

10 Bacillus 1.9 UEFHFE 19 UY-AXA/EZHA 17 ZZ4Y-T80- 1.6 USFEHFE 25
thuringiensis oY EY? AH-EHY
israelensis
(Bti)?

11 YxgEz 1.5 Bti 1.6 d-¥HrEd+m 1.6 d-Hl-Ezd+Z 13 Bt 2.0

gEY gEY
12 HyEx? 1.2 YxHFH 1.2 YkHFH 1.5 UYLHFH 1.1 d-¥=Ed+ 1.6
TgEY

13 oMg& 1.2 ZZ+d-180- 1.2 HYEH 1.3 THEH 1.0 - -
g’ A e

14 ITZ+U-T80- 1.1 omgZ 1.1 DIEHAA 1.2 - - - -
A= ERY 2z

15 - - - - oo 1.1 - - - -

Zugs
16 7IEH117H) 3.4 71EH117H) 4.7  71EHT7N) 2.3 7]EH1470) 4.7 71EH(1370) 4.6
P A go|=A AEA. VGTIUA AFEA. SRS AFAAA. YA ASA. uPE AEA. I QU TE| o] = A AEA.

(2022-20239) M= PIBELESA, T3LAAA, 45 27 AT 759 GA 2 TAo] g AoE Ho
WA oFF o7 BI7F EAske A BEshL 3leH o 2] 752 #Es] fEide el AXE ¢ e %
AR5 MAA AA, 87 e ), FeA(2F978 (& 23 s, Wz, 2390, 45871, HEro]o]
AAl 5), AR A ], NBELEFA 5) BAIE & & LUo] FHSIAL A Axsfof At W, HF 2
3 =7] Wil AR AuAlYle A 7] 28 2824 e WY AFE ol8sto] WA FEe HEICRN {5
LA 752 A = =¥ 71=&0]aL ATHT]. Hoh g2 HAE wEA G 5 Uk Be 135 HAR
Wl A%, HT 549(2019-20239)7F A= BA7] ot 5ol Hom ZHAARl aFE HolE 4 17| HEo]
oA AREShe ARTAE BA %2 2R 23 /5 4% A S Aeske Aos dddy
(25.9%) 2t 45(74.1%) A7} oF 38 @ol +RF=1L A= HAIRE o2fet 45 Al A W2 4 2719 A4
< AU ol= A= HAZIBNM A AASEAL = ot Aglo] AAgRtet 3ol WA oFES AEstal 9l
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o} olu) sek2Ae HEsl A8T A, HAR] Ao
A7) AHgel T mole] WA
4, 874 99 59 AV BT % k. oleie EAS 3

4317 AL 27 A OFES AT o WA 4

AAA &7 Q5 =

afoF gich. whe, WA EAL ot
of u]HE W} A ow %
ol A4 7t WA Seto2 22wk girh. e 9y
Aol Al o
2 A4 Aol SeHEAT v e B Ege s Feas

Aol veAstey, wok QAo =2E A9, 54 AL 39

5% Aot g 7] Mg U 4 9o

S1IL HeRolu} 2t B 9% 7hze] Holof o
oh 5, WA OFEL WhEA] BRI S8 AR A

otal, AME- Aol A3
A AHEHA ok oFE-2 H)7|EE ol wet -5 w719
o2H SFtEAT ASFELR QI3 BAg 7 wIE
2 A s}afof ghehs]

T 5d(2019-2023 )7 A= BA7|8o A 7HE o]
AHESH WA oFEO] YAlE HEE HEARo|EA G FE
o= It ol AFHoNA &5 AA FEQL A
EOA gt §4 stetEdE §7|9A FERED ZRF
o HAE EAo] ¥ 4% FIIt AL AHo= A
AAHCZ o] AHGETL glom, WA k& AlF<] 30% ol
o] s AR EA G oFFo] Aol 17| HE AL
& gt oh9]

FU o] 4L, T 5z A BAV| B AL 1
HARO|EA LY oFF AHE HFS FHA(IY 1, 2) 71E
O = 69.4% (20199), 71.0% (20204), 69.4% (20219),
67.0% (20224), 65.9% (2023¥)= A= TH5]. ol =
QJEgk ofy gt FUf A E mH AR =AY
2 HZ0F AL HT 9SS Hojze)

2 2Ao A BHelEl oFE UAlolA 202095 EE §7]

™
oo
rE
oo
ot
o
HN
>
:(é
o
_915
O
fin)
i)

oFEol W B

o

178

Hlo| 22 ARG H]Fo] F7Fto] 5=9] Qbofl otE
27 55 HACES f7I0A FEC
o A E A (cholinesterase) wH] A 2802 41747
THE FEot 487] fF8T ofyet "7 A4FA1Z
& UoH10l. HHZEAE S8 AFTSE A HFol 571
StaL glow, 11 ¢ m7] §359 W&o #ejsh= B4 &
229 285 Woj(gus 2 T AT A )5t F4
29l A AR 7= LE5A A A (insect growth regu-
lator)?l YEFHFE, XAE F4ol= EY HH o2 =

f30] HHTHA FH(EDL

] sto] X|AF A7) v|AEAF AR bacillus thuringiensis
israelensis [8] ERF AHE B|Fo] S7ISHAL A= ERISHHH
(& 3).

2019493} 20239 EAEEEEA, ATHERD), A4

ol A Az uae A3, 5
‘IQF
o, 201940 Hle} HBHEAL 1.7% e, WBASAL

1.7% Z7F5H9t}. o= HAKA2.5%), A

A A vlFo

353 75 E3 201993 20239 AHE HIF2 2 WS
Qlo] fAFSHAl ERE o, 201990 ]3] A% FE2 0.5%
A, §F FE2 0.5% 5710 o= AlE5(A13.8%), Al
=(A8.0%), B71(A2.9%), B'(A2.1%), BE(AL1.7%), &
H(AL5%), NT(A1.4%), S4HAO0.8%) A FoA AHE H]F

o F7FHEA £ vlFo] &% F/1% A0 WAL,

| 2% Z7151907] hEQl Ao werE,

B

N

F <+ 59(2019-20239)3F A= BAA7|Ho) A AHE-SH=
A FES Z8ote] WA 9 A% ELEEEEY, A
HHEA), SADAE(RS, 7). YAERE Fesch 1
AT}, 202390 AHEE T Qe B7] A 9FE-2 201949

Mis) ARARY ALE vF0] £ F/1US Bt o 1

i

FZ g BA oFE vF B3 AZ FUFeL S22 &
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Surveillance Report

Analysis of Vector Mosquito Control Status Using Insecticide
Purchase Data from Public Health Institutions in the Republic of
Korea (2019-2023)
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Division of Vectors and Parasitic Diseases, Department of Laboratory Diagnosis and Analysis, Korea Disease Control and Prevention
Agency, Cheongju, Korea

ABSTRACT

Objectives: Mosquitoes transmit various diseases worldwide. In the Republic of Korea, they spread malaria and Japanese
encephalitis, while dengue, Zika, and West Nile virus are concerns abroad. To protect public health, health institutions nationwide
carry out mosquito control activities. This survey aims to provide foundational data for the safe and biorational use of mosquito
control agents by analyzing purchase and usage trends from 2019 to 2023.

Methods: The Korea Disease Control and Prevention Agency analyzed mosquito control agents purchased by national health
institutions over five years, categorized by substance type, growth stage, and raw material.

Results: On average, 94.0% of agents were chemical substances and 6.0% were biorational, such as microbial pesticides. Adult-
targeted agents accounted for 74.1% and larval agents 25.9%. Pyrethroids were the most commonly used. While chemical and adult-
targeted agents remain dominant, the proportion of biorational and larval control agents slightly increased in 2023 compared to 2019.
Conclusions: Although annual differences were not statistically significant, the results suggest a gradual shift toward

environmentally friendly mosquito control using safer substances.

Key words: Mosquito; Disease; Control; Insecticide

*Corresponding author: Hee-ll Lee, Tel: +82-43-719-8560, E-mail: isak@korea.kr

Introduction

Rapid urbanization and climate change in recent years
have led to an increase in the occurrence of medical pests such
as mosquitoes. Both the damage caused by mosquitoes and re-
lated complaints have been steadily increasing from early sum-
mer to late autumn [1]. Of particular concern are Anopheles
mosquitoes and Culex tritaeniorhynchus, which pose signifi-

cant public health risks due to their role in the transmission of

180

endemic diseases such as malaria and Japanese encephalitis,
respectively. While diseases such as dengue fever, Zika virus in-
fection, and West Nile fever [2] have not yet been introduced
to the Republic of Korea (ROK), the ongoing emergence of
imported cases remains a persistent concern because largely
attributable to the escalating trend of international exchanges
and overseas travel. The introduction of such mosquito-borne
diseases from overseas carries a significant risk of rapid spread

throughout ROK due to the presence of Aedes albopictus and
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Key messages
(D What is known previously?

Local governments and health institutions across the
country mainly use chemicals to reduce mosquito den-
sity and prevent the spread of mosquito-borne diseases.

(@ What new information is presented?

Although the purchasing ratio of chemicals and adult
substance is still high, it was confirmed that the propor-
tion of purchases of eco-friendly substances and larval
control agents will increase slightly in 2023 compared to
2019.

® What are implications?

It shows that larvae, the underlying cause of adult mos-
quito outbreaks, are being eliminated, reducing indis-
criminate insecticide use and shifting toward environ-
mentally friendly control.

Cx. pipiens complex, which are widespread across the nation.
In accordance with the provisions of the Infectious Disease
Control and Prevention Act, health agencies are implement-
ing various control methods, including physical (light traps
and LED traps), chemical (residual spraying and space spray-
ing), and biological (predator utilization, etc.) methods, to
reduce the density of mosquitoes within their respective ju-
risdictions. Among these, chemical control of adult mosqui-
toes is the primary method of intervention because of requir-
ing less labor and the capacity to cover a wide area quickly.
However, the US Centers for Disease Control and Prevention,
the Environmental Protection Agency, and the World Health
Organization assert that control initiatives should focus on the
mosquito larval and pupal stages, as this approach has been
identified as the most efficacious strategy to impede the emer-

gence of adult mosquitoes [3]. This study aims to analyze the

www.phwr.org Vol 19, No 4, 2026

status of mosquito control methods with agents purchased
and used by public health centers nationwide over the past five
years (2019-2023). This kind analysis can be established as
fundamental data necessary for the future use of substances

that are safe for human health and the environment.

Methods

The status of 259 health institutions nationwide was ob-
tained from the “National Regional Health Care Institutions”
data published by the Ministry of Health and Welfare [4]. The
status of infectious disease-vector mosquito control chemicals
purchased and used by national health institutions was ob-
tained from the “Procurement Details for Specific Items” by the
Public Procurement Service from January 2019 to December
2023 [5]. In the course of the analysis, the chemicals intended
for the control of non-mosquito pests, veterinary drugs, and
repellents were excluded from this study. Furthermore, regres-
sion analysis and z-tests were performed to confirm statistical
significance when analyzing changes in the purchase status of
control agents by year, substance type (chemical and environ-
mentally friendly substances), and growth stage of mosquito
(adults and larvae). The costs of the purchased raw materials

were aggregated and converted into percentages.

Results

1. Changes in Substances Used for Mosquito
Control (Chemical and Environmentally Friendly
Substances)

An analysis of the average proportion of control methods

by substance revealed that chemical control methods accounted
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for 94.0% of mosquito vector control efforts, which was sig- friendly substances (6.0%). The proportion showed a slight
nificantly higher than the proportion using environmentally increase over the past five years, but no meaningful difference

was observed (Figure 1).
Purchase ratio by substance (%)

Il Chemicals
[ Biorational
— Purchase price

A comparison of 2019 and 2023 data across national

health institutions to identify changes in the proportion of

100 4 r 300 mosquito control methods by substance type (Table 1) revealed
80 4 - 250 a 1.7% increase in environmentally friendly substances. The
500' L 200 g I use of environmentally friendly substances increased in 13 re-
= 60 A 3 5]
g L 450 = 3,:3- gions excluding Busan (A2.5%), Jeonnam (A1.6%), Incheon
@ 52
5 407 100 S % (A1.2%), and Ulsan (A0.3%). Among these, Chungnam (A
) B =]
& ~
20 4 10.4%) showed the largest increase.
- 50
0 - -0 .
2019 2020 2021 2022 2023 2. Current Status of Mosquito Control by Growth
Year*
*Regression analysis, p=0.125 (not significant) Stage (AdUItS and Larvae)
Figure 1. Purchase ratio by substance (2019-2023) An analysis of the average proportion of control measures

Table 1. Proportion of pesticide use by province and substance in 2019 and 2023
2019 proportion of use 2023 proportion of use Increase/decrease proportion*
Provinces Chemicals  Biora— Purchasing Chemicals Biora= Purchasing Chemicals Biora—  Purchasing
(%) tional (%)  price (%) tional (%)  price (%) tional (%)  price

Gwangwon-do 99.2 0.8 1,022 94.4 5.6 1,281 N4.8 A48 A259
Gyeonggi-do 89.7 10.3 3.839 89.0 11.0 4,527 N0.7 A0.7 AGS88
Gyeongsangnam-do 96.7 3.3 2,498 95.7 4.3 2,595 Al.0 Al1.0 A97
Gyeongsangbuk-do 100.0 - 1,840 95.0 5.0 1,729 A5.0 A50 Alll
Gwangju 98.5 1.5 423 96.3 3.7 489 N2.2 A2.2 AGG
Daegu 96.3 3.7 684 95.7 4.3 890 A0.6 A0.6 A206
Daejeon 95.7 4.3 339 89.5 10.5 368 N6.2 AG.2 A29
Busan 96.2 3.8 1,345 98.7 1.3 1,468 A25 A2.5 A123
Seoul 88.7 11.3 1,108 88.3 11.7 1,415 N0.4 A04 A307
Sejong 96.0 4.0 123 95.4 4.6 129 N0.6 A0.6 AG
Ulsan 98.5 1.5 330 98.8 1.2 333 AO03 AN0.3 A3
Incheon 96.8 3.2 919 98.0 2.0 1,204 Al2 Al.2 A285
Jeollanam-do 96.0 4.0 4,050 97.6 2.4 4,450 AlG Al.6 A400
Jeollabuk-do 97.8 2.2 1,258 95.8 4.2 1,473 A2.0 A2.0 A215
Jeju-do 96.0 4.0 185 94.8 5.2 324 A1.2 Al2 A139
Chungcheongnam-do ~ 95.7 4.3 2,110 85.3 14.7 2,010 Al104 A104 A100
Chungcheongbuk-do 94.8 5.2 1,233 91.8 8.2 1,281 A3.0 A30 A48
Total 95.3 4.7 23,3006 93.6 6.4 25,966 A17 Al7  A2,660
Unit: million won. A=increase; A=decrease. *z-test (p=0.398).
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by growth stage revealed that adult control (74.1%) was imple-

mented approximately three times more frequently than larval

control (25.9%). The proportion of mosquito control activities

by growth stage remained consistent over the past five years,

exhibiting no significant annual variation (Figure 2).
Purchase ratio by growth stage (%)

Bl Adult
[ Larva
— Purchase price

A comparison of 2019 and 2023 data across national

health institutions to identify changes in the proportion of

100 4 r 300 mosquito control methods by growth stage (Table 2) revealed

80 - - 250 a 0.5% increase in larval control substances. Larval control in-

g o L 200 é § creased in the following regions: Sejong (A13.8%), Seoul (A

g L 150 % ‘:‘,,.:3- 8.0%), Gyeonggi (A2.9%), Gyeongnam (A2.1%), Gyeongbuk

é 40 - L 100 g%- (A1.7%), Chungnam (A1.5%), Daegu (A1.4%), and Ulsan
i} 20 5o - (A0.8%).

0 -0
2019 2020 5::: 2022 2023 3. Insecticides Active Ingredients Used for

Mosquito Control

*Regression analysis, p=0.362 (not significant)

Figure 2. Purchase ratio by growth stage (2019-2023) According to a survey on the proportion of active

Table 2. Proportion of pesticide use by province and growth stage in 2019 and 2023
2019 proportion of use 2023 proportion of use Increase/decrease proportion*
Provinces A(cj/:)lt Lg);o\;a Pur;):rr;s:mg A((%It L(ao;o\;a Pur[();rfi\szlng Adult (%) Larva (%) Pur::?g:mg

Gwangwon-do 739  26.1 1,022 74.6 254 1,282 A0.7 N0.7 A260
Gyeonggi-do 70.9 29.1 3,841 68.0 32.0 4,527 A2.9 A29 AG86
Gyeongsangnam-do 763 237 2,498 74.2 25.8 2,596 N2.1 A2.1 A98
Gyeongsangbuk-do 81.8 18.2 1,840 80.1 19.9 1,729 ANW/ Al7 A1l
Gwangju 78.4 21.6 424 78.9 21.1 489 A0S A0.5 AGS
Daegu 719 28.1 684 70.5 29.5 890 Al4 Al4 A206
Daejeon 70.0 30.0 338 71.8 28.2 368 AlS8 Al.8 A30
Busan 69.5 30.5 1,345 70.4 29.6 1,468 AO09 A0.9 A123
Seoul 50.7 49.3 1,107 427 57.3 1,416 A8.0 AS3.0 A309
Sejong 87.7 12.3 123 759 26.1 129 Al13.8  Al3.8 A6
Ulsan 77.2 22.8 330 76.4 23.6 332 AN0.8 AO.8 A2
Incheon 58.7 41.3 919 65.6 34.4 1,203 AGO N6.9 A284
Jeollanam-do 80.9 19.1 4,051 84.1 15.9 4,451 A32 A3.2 A400
Jeollabuk-do 78.3 21.7 1,258 79.9 20.1 1,473 AlG Al.6 A215
Jeju-do 92.6 7.4 184 95.5 45 325 A29 A2.9 Al41
Chungcheongnam-do ~ 69.7 30.3 2,110 68.2 31.8 2,009 AlLS5 Al5 A101
Chungcheongbuk-do 77.1 229 1,233 80.4 19.6 1,280 A33 N33 A47
Total 73.8 26.2 23,306 73.3 26.7 25,966 AN0.5 A0S A2,660
Unit: million won. A=increase; A=decrease. *z-test (p=0.887).
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ingredients in the most frequently used pest control chemicals
at national health institutions over the past five years (2019-
2023), pyrethroid-based chemicals consistently ranked among
the top-five most used throughout the survey period. In 2019,
the most-used active ingredient was d-phenothrin (23.1%),
followed by etofenprox (18.4%), lambda-cyhalothrin (11.9%),
bifenthrin (10.3%), and deltamethrin (9.2%). However, start-

ing in 2020, temephos, an organophosphate used for larval

mosquito control, replaced bifenthrin (Table 3).

Discussion

The findings of this survey indicated that local health

agencies nationwide primarily relied on chemical-based control
agents to reduce mosquito populations. This outcome is due to
the faster insecticidal efficacy of chemical substances compared
to environmentally friendly ones. In 2023, the proportion of
environmentally friendly substances modestly increased com-
pared to 2019, driven by heightened public interest and chang-
ing perceptions about the need for environmentally sustainable
control agents, as well as concerns over mosquito resistance
development and environmental contamination [6]. However,
this increase was not statistically significant (Table 1).

The Alameda County (California, USA) Mosquito
Surveillance Report (2022-2023) indicates that mosqui-

to breeding sites are primarily managed using microbial

Table 3. Proportion of use by raw material (2019-2023)
\ Raw material (proportion of use, %)
o 2019 2020 2021 2022 2023

1  d-phenothrin® 23.1 d-phenothrin 24.7 d-phenothrin 29.1 d-phenothrin 30.1 d-phenothrin 28.1

2 Etofenprox” 18.4  Etofenprox 18.6 Etofenprox 17.4  Etofenprox 20.1 Etofenprox 18.5

3 A-cyhalothrin® 11.9  A-cyhalothrin 11.5 A-cyhalothrin 12.9  M\-cyhalothrin 12.5 A-cyhalothrin 10.6

4 Bifenthrin® 10.3 Deltamethrin 10.4 Deltamethrin 8.3 Temephos 7.3 Deltamethrin 8.2

5  Deltamethrin” 9.2 Temephos 7.3 Temephos 6.8 Deltamethrin 6.9 Temephos 8.1

6 Temephosb) 8.7 Bifenthrin 6.5 Bifenthrin 6.7 Bifenthrin 5.7 Phthalthrin+d-T80- 5.3

cyphenothrin

7 Cypermethrin” 4.0 Cypermethrin 4.1 Cypermethrin 3.8 Cypermethrin 3.0 Bifenthrin 4.2

8  Diflubenzuron’ 2.1 Permethrin 3.2 Diflubenzuron 2.3 Diflubenzuron 2.5 Cypermethrin 3.3

9  d-fenothrin+ 2.0 d-fenothrin+ 2.0 Bti 1.9 Bti 2.1 Dinotefuran 2.8
phthalthrin® phthalthrin

10 Bacillus thuringiensis 1.9  Diflubenzuron 1.9 d-cis-trans 1.7  Phthalthrin+d-T80- 1.6 Diflubenzuron 2.5
israelensis (Bti)® prallethrin” cyphenothrin

11 Dinotefuran” 1.5 Bti 1.6 d-fenothrin+ 1.6 d-fenothrin+ 1.3 Bti 2.0

phthalthrin phthalthrin
12 Permethrin” 1.2 Dinotefuran 1.2 Dinotefuran 1.5 Dinotefuran 1.1 d-fenothrin+ 1.6
phthalthrin
13 Imidacloprid” 1.2 Phthalthrin+d-T80- 1.2 Permethrin 1.3 Permethrin 1.0 - -
cyphenothrin

14  Phthalthrin+d-T80- 1.1 Imidacloprid 1.1 Pyrethrin X 1.2 = = = =
cyphenothrin®

15 - - - - Imidacloprid 1.1 - - - -

16 Ete. (11) 3.4 FEte. (11) 4.7 Ete. (7) 2.3 Ete. (14) 4.7 Ete. (13) 4.6

“Pyrethroid insecticides. "Organophosphate insecticides. “Insect growth regulator. “Mixture insecticide. “Biotic insecticide. "Neonicotinoid.
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insecticides and insect growth regulators. The county also fo-
cuses on eliminating mosquito larvae, the root cause of adult
mosquito populations that transmit mosquito-borne diseases,
using physical (habitat removal and environmental manage-
ment), chemical (insect growth regulators), and biological
(predatory fish and microbial insecticides) control methods [7].

In ROK, a survey of mosquito control insecticides by
growth stage at public health centers nationwide over the past
five years (2019-2023) revealed that adult control (74.1%)
was performed approximately three times more frequently
than larval control (25.9%). In order to manage mosquito lar-
vae, it is necessary to search each potential breeding site (such
as stagnant water in drains, irrigation ditches, puddles, artifi-
cial containers, and discarded tires) and apply insecticides. In
contrast, adult mosquito control can cover larger areas more
rapidly than larval control by applying insecticides using spray
vehicles. Furthermore, adult control methods are preferred due
to their lower labor requirements and their ability to demon-
strate visible results.

However, these adult control methods involve spraying in-
secticides in areas where adult mosquitoes are suspected to rest,
regardless of their actual presence. Overuse of chemicals for
mosquito adult control can result in deleterious consequences,
including direct exposure induced poisoning among workers,
the development of insecticide resistance in mosquitoes due to
prolonged use, and environmental contamination. On the oth-
er hand, environmentally friendly substances are gaining atten-
tion as a sustainable means of control, as they are relatively less
harmful to humans and the environment and have a lower risk
of developing insecticide resistance. However, environmentally
friendly substances may also cause skin irritation or allergic

reactions in humans, so wearing protective equipment during

www.phwr.org Vol 19, No 4, 2026

use is recommended, as with chemical substances. If exposed
to any substances (either environmentally friendly or chemi-
cals), immediately stop working and thoroughly wash the af-
fected area with soap and under running water. Additionally,
only insecticides approved by the Ministry of Environment
should be used, strictly following the prescribed usage methods
and dosages. Insecticides that are no longer in use should be
properly disposed of in accordance with the Waste Control Act
to prevent or minimize environmental damage caused by both
chemical and environmentally friendly substances.

Over the past five years (2019-2023), the active ingredi-
ents of the most frequently used pest control chemicals in pub-
lic health centers nationwide were predominantly identified
as pyrethroid-based compounds. This synthetic chemical, de-
rived from pyrethrin, a natural substance extracted from chry-
santhemums, is extensively used worldwide owing to its lower
mammalian toxicity and longer residual insecticidal activity
compared to organophosphate insecticides. It is estimated that
pyrethroid-based insecticides account for more than 30% of
the pest control chemical market worldwide [9]. In ROK, the
proportion of pyrethroid-based insecticides utilized by pub-
lic health centers nationwide over the past five years, based
on purchase value (Figures 1, 2), was 69.4% (2019), 71.0%
(2020), 69.4% (2021), 67.0% (2022), and 65.9% (2023) [5].
This indicates that pyrethroid insecticides are used in large
quantities every year not only abroad but also domestically.

The use of the organophosphate insecticides temephos
among the active ingredients identified in this survey increased
starting in 2020, placing it within the top five. Temephos,
an organophosphate, is designed to target mosquito larvae.
This insecticides mechanism of action involves the inhibi-

tion of cholinesterase activity, resulting in the death of both

185


http://www.phwr.org

I Public Health Weekly Repo: ’\

fourth-instar larvae and pupae [10]. Temephos has seen in-
creasing usage year after year. Additionally, there seems to be
a growing trend in the use of insect growth regulators, such as
diflubenzuron, which interfere with the action of specific hor-
mones involved in the developmental process of mosquito lar-
vae (inhibiting molting hormones or chitin synthesis), thereby
suppressing normal growth, as well as Bacillus thuringiensis
israelensis, which is a microbial insecticide that kills mosquito
larvae by producing a toxic protein within its spores that de-
stroys the midgut when ingested by the larvae (Table 3) [8].

A comparison of insecticide purchases by substance type
and growth stage between 2019 and 2023 revealed that the
proportions of chemical and environmentally friendly sub-
stances remained largely unchanged. The data indicate envi-
ronmentally friendly substances have shown an increase of
1.7%. This may have been attributable to a slight increase in
the proportion of environmentally friendly substance control
in 13 regions, excluding Busan (A2.5%), Jeonnam (A1.6%),
Incheon (A1.2%), and Ulsan (A0.3%).

The proportion of adult and larval control measures
used in 2019 and 2023 remained similar with no significant
change, showing a 0.5% increase in larval control compared to
2019. This may have been due to a slight increase in the pro-
portion of larval control measures, driven by higher usage rates
in the Sejong (A13.8%), Seoul (A8.0%), Gyeonggi (A2.9%),
Gyeongnam (A2.1%), Gyeongbuk (A1.7%), Chungnam (A
1.5%), Daegu (A1.4%), and Ulsan (A0.8%) regions.

The status of pest control operations conducted using in-
secticides employed by public health centers nationwide over
the past five years (2019-2023) was summarized by substance
type (chemical and environmentally friendly substances),

growth stage (adults and larvae), and active ingredient. The

186

results revealed a slight increase in the proportion of environ-
mentally friendly substances used in mosquito control chemi-
cals in 2023 compared to 2019, alongside a slight rise in the
proportion of larval control measures.

No statistically significant differences were found in the
analysis of pest control status by year, substance, and growth
stage using regression analysis and z-tests. Nevertheless, the
modest rise in the incorporation of environmentally friendly
substances and larval control methodologies over the past five
years indicates a discernible trend toward environmentally sus-
tainable pest management, reflecting shifts in public awareness
and interest. Therefore, the results of this study can serve as es-
sential baseline data for expanding the incorporation of envi-
ronmentally safe substances when public health centers nation-

wide develop future mosquito control plans.
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Original Article

Study of Infectious Disease Response Capabilities of Metropolitan
Area Local Governments Following the
Coronavirus Disease 2019 Pandemic

Junseock Son' @, Jae-Hyun Park? @, Jong-Ho Park®@, Sungnam Kim' @, Kyungwon Hwang"*

'Division of Infectious Disease Control and Response, Capital Regional Center for Disease Control and Prevention, Korea Disease Control
and Prevention Agency, Seoul, Korea, “Department of Social and Preventive Medicine, Sungkyunkwan University School of Medicine,
Suwon, Korea, *Department of Health and Medical Information, Daegu University, Gyeongsan, Korea

ABSTRACT

Objectives: This study was conducted to investigate the current status of infectious disease response personnel and organizations in
local governments within the Seoul metropolitan area (Seoul, Gyeonggi, Incheon, and Gangwon). This survey was designed to foster
development of infectious disease prevention and management plans and to strengthen response capabilities. Herein, we present
the results of a survey on infectious disease response capabilities at local government levels including city, county, and district levels
within the metropolitan area, that are facing unique administrative and physical challenges following the coronavirus disease 2019
pandemic.

Methods: We conducted a survey using 42 detailed indicators and targeting infectious disease response personnel belonging to
infectious disease response units in city, county, and district governments to investigate their infectious disease response capacities.
Results: Infectious disease management in local governments within the metropolitan area operates under a “team” structure,
subordinate to “department” in over 50% of cases. More than 50% of the infectious disease response department staff were either full-
time or dedicated. Significant differences were identified between the local governments within the region regarding the composition
of city, county, and district infectious disease patient transfer councils and the proportions of professional civil servants and
physicians responding to infectious diseases.

Conclusions: Local government infectious disease team leaders are expected to play significant roles in maintaining and managing
infectious disease response capabilities. Furthermore, policies are required to reduce the differences between regions, local
governments within a region, and indicators with high coefficients of variation. Ongoing investigations into infectious disease

response capabilities are necessary. The data reported herein can serve as a foundation for policy development.

Key words: COVID-19; Infectious disease response capacity; Basic local governments in the metropolitan area
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Key messages
(D What is known previously?

We conducted a survey to investigate the status of in-
fectious disease outbreaks and infectious disease re-
sponse personnel in metropolitan and provincial gov-
ernments before and after the coronavirus disease 2019
(COVID-19) pandemic.

(@ What new information is presented?

We analyzed the detailed status of infectious disease re-
sponse capabilities within city, county, and district gov-
ernments in the Seoul metropolitan area following the
COVID-19 pandemic. Infectious disease management
within these local governments was structured as “teams”
within “departments” in over 50% of cases, with over
50% of infectious disease response departments com-
prised of full-time or dedicated personnel.

(® What are the implications?

In the metropolitan area, responses to infectious diseas-
es at city, county, and district levels is centered around
team leaders rather than department heads (section
heads), and the number of full-time or dedicated per-
sonnel within infectious disease teams is higher than the
number of full-time personnel in public health centers,
indicating that efforts have been made to improve infec-
tious disease response capabilities in each local govern-
ment since the COVID-19 pandemic.

Introduction

Since 2000, a series of outbreaks of novel and re-emerg-
ing infectious diseases—including coronavirus disease 2019
(COVID-19), Middle East respiratory syndrome, and avian
influenza infections in humans—have underscored the critical
importance of preparedness for and response to infectious dis-
ease threats. In response, systematic approaches for investigat-

ing, analyzing, and evaluating risk factors for infectious disease

www.phwr.org Vol 19, No 4, 2026

outbreaks, as well as for designing preparedness and response
measures to prevent disease spread, have been developed [1-
9]. It is now imperative to engage in sustained, systematic dis-
course on strategies for maintaining and strengthening existing
infectious disease management capacities.

Infectious disease control may be broadly categorized into
three phases: prevention prior to an outbreak, mitigation of
transmission following an outbreak, and response during active
spread. Each phase entails distinct vulnerabilities and requires
tailored countermeasures. A systematic, phased approach is
therefore essential to establish preventive and preparedness
measures in advance and to enable rapid and effective response
to infectious disease emergencies, thereby facilitating early
resolution of crisis situations. Accordingly, numerous stud-
ies have examined preparedness and response strategies to in-
fectious diseases across specific fields. During the COVID-19
pandemic in particular, research has focused on identifying
factors and indicators influencing the emergence and subse-
quent spread of infectious diseases. Several studies have pre-
sented macroeconomic indicators that reflect the socioeco-
nomic dimensions of the pandemic [1,2]. Other investigations
have examined the status of local government personnel re-
sponsible for infectious disease response under the exceptional
conditions of the COVID-19 crisis, with particular emphasis
on the following: infectious disease response teams, personnel
assigned to nationally notifiable infectious diseases, and work-
force capacity for managing such diseases [3]. Moreover, foun-
dational requirements for infectious disease management are
essential for mounting effective initial responses during and af-
ter outbreaks. The COVID-19 pandemic has brought renewed
attention to the necessity of robust preparedness and response

systems, which continue to undergo refinement. Key efforts
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span multiple domains, including revision of legal frameworks
to establish clear statutory authority; development of infectious
disease information systems to support real-time surveillance,
investigation, and analysis; implementation of epidemiological
investigator systems to secure skilled response personnel; ex-
pansion of capacity-building training programs and response
frameworks; strengthening governance mechanisms to en-
hance coordination between central and local governments;
and advancing the development and supply of therapeutics and
vaccines to prevent outbreaks and mitigate transmission.

Against this backdrop, the Capital Regional Center for
Disease Control and Prevention initiated a study entitled
“Development infectious disease copping strategy of capital
area through hazard profiling” [4]. In this study, we aimed
to identify ongoing management needs and areas for im-
provement in infectious disease response capacity within
the metropolitan region, in anticipation of future outbreaks.
Vulnerability to infectious diseases was assessed across the
metropolitan area—comprising Seoul, Incheon, Gyeonggi, and
Gangwon—as well as at the provincial, city, and county/district
levels, with particular attention to vulnerability and response
capabilities. Disparities in infectious disease response resources
and capabilities were systematically analyzed, and the findings
informed the development of tailored prevention and response
strategies to serve as a foundation for policy formulation. This
study presents the findings of a post-COVID-19 survey evalu-
ating the infectious disease response capabilities of basic local
governments within the metropolitan area.

It should also be noted that this paper was prepared based
on a report [4] from the “Development infectious disease cop-

ping strategy of capital area through hazard profiling.”

202

Methods

1. Survey Overview and Content

To assess infectious disease response capabilities in the
metropolitan area, this survey employed indicators reflecting
transmission control and medical response capabilities applied
during large-scale infectious disease emergencies, such as the
COVID-19 pandemic. Infectious disease response capacity
was evaluated across multiple domains, including the availabil-
ity and competencies of response personnel, the effectiveness
of interagency coordination within the affected area, and the
adequacy of secured response resources, such as quarantine-
related supplies. Based on these domains, a set of evaluation
indicators was developed through expert advisory focus group
interviews, and clear operational definitions were established
for each indicator. Consequently, 10 categories covering areas
such as infectious disease response personnel, epidemiologi-
cal investigators, education and training, consultative bodies,
response plan formulation, quarantine supplies, and migrant
management were identified, encompassing 42 specific indica-
tor items. Data collection was subsequently conducted using a
structured questionnaire administered in an Excel-based sur-

vey format (Supplementary File; available online).

1) Operational definitions
(1) Infectious disease response personnel
The term “(number of) infectious disease response person-
nel” refers to all regular and non-regular employees actively en-
gaged in infectious disease-related duties at city, county, or dis-
trict offices and public health centers, including branch offices
and health clinics. Regular employees comprise public officials,

including both general and specialized term-based positions.
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Non-regular employees include part-time and temporary pub-
lic officials, public service and fixed-term workers, partici-
pants in public work programs, short-term workers, and pub-
lic health doctors. Health institution personnel encompassed
within this definition include directors of public health cen-
ters, branch offices, and clinics; physicians; dentists; doctors of
Korean medicine; pharmacists; nurses; nutritionists; health ed-
ucators; medical technicians; nursing assistants; administrative
staff; public health officers; and skilled workers. The infectious
disease response department is used as an umbrella term en-
compassing the Infectious Disease Response Center, Infectious
Disease Response Division, and Infectious Disease Response
Team. The scope of infectious disease response work includes
the management of nationally notifiable infectious diseases, as
well as preparedness and response activities related to infec-
tious disease emergencies. Personnel who occasionally perform
duties unrelated to infectious disease control were excluded
from the category of personnel dedicated to infectious disease
response. A minimum service requirement of 2 years was ap-
plied by summing the duration of current and previous infec-
tious disease response assignments in cases where personnel
had transferred between departments. This requirement ap-

plied to physicians, dentists, and doctors of Korean medicine.

(2) Epidemiological investigator
The term “epidemiological investigator” refers to both cer-
tified and probationary individuals formally appointed to the
role of epidemiological investigator. The classification of regu-
lar and non-regular employees follows the same definitions ap-
plied to infectious disease response personnel. Epidemiological
investigator mentoring denotes a structured one-on-one sys-

tem in which certified epidemiological investigators or more

www.phwr.org Vol 19, No 4, 2026

experienced senior investigators are paired with trainees or
junior investigators to supervise their work and support the
development of professional competencies. The survey as-
sessed whether opportunities to strengthen the capacities of
epidemiological investigators were provided on a regular and
continuous basis through education, mentoring, consultation,
and advisory activities during epidemiological investigations.
In particular, it examined whether trainees and certified inves-
tigators, or senior and junior investigators, jointly participated
in field site assessments and practical training activities, such
as data analysis, to enhance their investigative skills. The term
“epidemiological investigator mentoring for infectious disease
response personnel” refers to the arrangement in which at least
one epidemiological investigator from the infectious disease
response department provides education, guidance, mentor-
ing, and consultation, as needed, to other infectious disease
response personnel. This support aims to enable personnel to
acquire the knowledge and skills required for effective infec-
tious disease response. Emphasis was placed on the capacity
of epidemiological investigators—by virtue of their special-
ized expertise and experience exceeding that of other response
personnel—to provide appropriate intervention or assistance
upon request in their respective areas of specialization. The
term “statistical analysis and academic support for epidemio-
logical investigators” refers to whether the organization allo-
cates funds from its own budget to procure statistical software
and to support academic activities, including expenses related
to English-language editing and publication fees, necessary for
statistical analysis, report preparation, and scholarly output by
epidemiological investigators. Notably, even if such support
is currently not provided in practice, the item was marked as

“Yes” if the relevant allocation is reflected in the organizational
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budget.

(3) Education, consultative bodies, and related
components

In the education-related survey items, the term “comple-
tion” refers to the successful conclusion of training courses
designated for each rank and position by the Korea Disease
Control and Prevention Agency. The number of training ses-
sions for infectious disease response personnel assigned to in-
fectious disease response departments at infection-vulnerable
facilities denotes the frequency, within the past year, of infec-
tious disease response-related training provided to infection
control personnel at facilities vulnerable to disease transmis-
sion, including nursing homes, long-term care hospitals, men-
tal health promotion facilities, facilities for persons with disabil-
ities, and other similar institutions. Disease information moni-
tor registration and annual training refer to both the registra-
tion of disease information monitors at infection-risk facilities,
such as hospitals, clinics, schools, industrial facilities, cafeterias,
social welfare facilities, kindergartens, and daycare centers, and
the provision of at least one training session per year. Training
may be delivered in person, remotely, or through recorded
video lectures and guideline-based instruction. Training con-
tent includes dissemination of infectious disease prevention
and management guidelines, reporting procedures following
the diagnosis of infectious disease cases, and reporting of infec-
tious disease occurrence and prevalence status. Only training
sessions conducted through in-person live instruction, live re-
mote (video-based) instruction, or recorded video training and
guidance were included.

For items related to consultative bodies, cases corre-

sponding to any one of the four defined types of city/county/

204

district-level infectious disease response local government—
medical consultative bodies were marked as “Yes.” These four
types comprise the following: (1) the basic model (city/county/
district government and local medical association, composed
of the director responsible for infectious disease response and
the local medical association); (2) the expert advisory model
(city/county/district government, local medical association,
and advisory group, utilizing networks including regional in-
fectious disease management support teams); (3) the emergen-
cy and medical response model (city/county/district govern-
ment, local medical association, and emergency center, includ-
ing emergency transport systems involving emergency centers
and fire headquarters); and (4) the integrated model (city/
county/district government, local medical association, advisory
group, and emergency center, reflecting integrated participa-
tion at both local and regional levels). The consultative body
for infection-vulnerable facilities refers to a forum in which in-
fectious disease response personnel responsible for managing
infections at facilities vulnerable to disease transmission, such
as long-term care facilities, long-term care hospitals, mental
health promotion facilities, and facilities for persons with dis-
abilities, participate to discuss infection prevention and control.
Exceptional cases in which an infectious disease response local
government-medical advisory body had already been estab-
lished, and in which infectious disease response personnel en-
gaged in infection control at infection-vulnerable facilities par-
ticipated jointly, were also recognized as consultative bodies for
infection-vulnerable facilities. However, it was stipulated that
infection control officers from major infection-vulnerable fa-
cilities within the relevant city or province must participate and
that key facility-related infection control issues be addressed.

Infectious disease crisis management countermeasures
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were considered to be established only if all of the following
components were included: clearly defined roles of respond-
ing agencies during an infectious disease disaster; the structure
of the decision-making system, mobilization mechanisms and
an inventory of facilities and personnel; measures for secur-
ing medical and quarantine supplies; training plans tailored to
different disaster and crisis scenarios; and measures to protect
populations vulnerable to infection.

The establishment of communication channels for immi-
grants refers to the development and operational use of net-
works involving human resources, foreign resident support
centers, or private organizations capable of facilitating com-
munication with immigrants from various countries. This in-
cludes securing a registry of foreign resident support centers or
private organizations that can provide communication support
through bilingual personnel and foreign residents of diverse
nationalities, and the ability to mobilize these resources when
needed. The number of languages used for foreign-language
notices refers to the number of languages in which infectious
disease-related notices, educational materials, and other docu-
ments are prepared and disseminated, corresponding to the
principal nationalities of foreign residents within the local gov-

ernment’s jurisdiction.

2. Participants, Methods, and Survey Period
Official survey request letters were distributed to all 95 lo-
cal governments within the Seoul metropolitan region—com-
prising Seoul (n=25), Gyeonggi Province (n=42), Incheon
(n=10), and Gangwon Province (n=18)—including the public
health centers of each city, county, and district. The survey was
administered by the designated responsible official in each ju-

risdiction and targeted infectious disease response personnel

www.phwr.org Vol 19, No 4, 2026

working within infectious disease response departments (cen-
ters, divisions, and teams). Respondents included individuals
holding key roles such as center directors, branch directors, de-
partment heads, section chiefs, team leaders, and operational
staff. Each local government compiled its responses and sub-
mitted the finalized survey results. The online survey was con-
ducted over a 3-week period, from September 26 to October
14, 2024. Responses were received from all targeted local gov-
ernments, yielding a response rate of 100% across the Seoul

metropolitan region.

3. Statistical Analysis

Relative evaluation indicators are expressed as mean values
for each city, county, and district within the Seoul metropoli-
tan region and subsequently grouped by metropolitan city or
province (Seoul, Incheon, Gyeonggi, and Gangwon). The coef-
ficient of variation was calculated both at the metropolitan city/
province level and for individual cities, counties, and districts
within each jurisdiction to assess variability. For personnel-
related indicators, values were standardized as the number of
personnel per 10,000 registered residents, calculated as: (num-
ber of personnel [persons]x10,000)/(registered population
[persons] of respective local government). For absolute evalu-
ation indicators, predefined benchmark criteria were estab-
lished. The number of local governments meeting each crite-
rion within a given region was then calculated and expressed as
a percentage of the total number of local governments in that
region. Compliance with each criterion was coded dichoto-

mously (1=criterion met; O=criterion not met).
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Results

1. Personnel

During the survey period (September 26 to October 14,
2024), the mean number of public health center personnel per
10,000 population across the Seoul metropolitan region was
11.5. By region, the corresponding figures were 26.1, 18.5, 7.0,
and 0.2 for Gangwon Province, Incheon, Seoul, and Gyeonggi
Province, respectively (Table 1) [4]. Because infectious disease
outbreaks often require rapid activation of emergency pro-
tocols, particularly during the initial response phase, the ef-
ficiency of response operations is strongly influenced by the
availability of regular or dedicated personnel. Accordingly, the
survey assessed the proportion of regular and dedicated staff
within the infectious disease response departments (centers,
divisions, and teams) of public health centers and local gov-
ernments. Incheon recorded the highest proportion of regular
public officials among infectious disease response personnel in
public health centers, at 81.7%. Among personnel working in
infectious disease response departments at the city, county, and
district government levels, the proportion of staff dedicated
exclusively to infectious disease response was highest in Seoul
(69.5%) and lowest in Gangwon (52.4%). Within the Seoul
metropolitan region, Seoul also exhibited higher proportions of
personnel with over 2 years of experience in infectious disease-
related work (15.2%), fixed-term or specialized civil servants
(16.2%), and physicians (7.4%) compared with other regions.
In contrast, Gangwon Province had relatively higher numbers
of dedicated pest control personnel and temporary staff at the
city, county, and district levels, with both categories recorded

at 0.6 personnel per 10,000 residents.

208

2. Epidemiological Investigator

The survey assessing the status of epidemiological inves-
tigators across cities, counties, and districts, as well as public
health centers, within the Seoul metropolitan region, revealed
substantial interjurisdictional disparities across key indicators
(Table 2) [4]. The number of epidemiological investigators
per 10,000 population was highest among personnel assigned
to health centers in Gangwon Province (0.32) and lowest in
Incheon (0.03).

At the city, county, and district government levels,
Gangwon recorded the lowest proportion of personnel dedi-
cated exclusively to epidemiological investigation (16.7%) and
the lowest proportion of investigators with >2 years of service
(25.9%). In contrast, the proportions were highest in Seoul,
at 70.0% and 80.7%, respectively. These findings suggest that
Gangwon relies heavily on investigators who have been recent-
ly appointed as regular employees, whereas Seoul maintains a
workforce characterized by a higher concentration of dedicated
epidemiological investigators with longer service duration.

Overall, the establishment of mentoring systems and the
allocation of budgets for academic support to strengthen the
competencies of epidemiological investigators were limited
across local governments within the Seoul metropolitan region.
Although Seoul and Gyeonggi Province demonstrated com-
paratively higher levels of mentoring system implementation
and academic support, Gangwon Province showed marked de-
ficiencies in both epidemiological investigator mentoring and

the provision of budgetary resources for scholarly activities.
3. Education, Consultative Bodies, and Related

Components

Across cities, counties, and districts within the Seoul

www.phwr.org Vol 19, No 4, 2026
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metropolitan region, training-related indicators for infectious
disease response personnel generally demonstrated low com-
pletion rates, with the notable exception of the field epidemiol-
ogy training program (FETP) completion rate among public
health center team leaders responsible for infectious diseases
(Table 3) [4]. The FETP showed a comparatively higher com-
pletion rate than other training measures, with a regional aver-
age of 37.3%. In contrast, completion rates were low for train-
ing indicators targeting public health center directors; center,
division, and section chiefs at grade 5 or higher with infectious
disease-related responsibilities; infectious disease response
personnel in public health center infectious disease response
departments (FETP); and reserve disease control personnel
among all public health center staff, at 13.5%, 14.0%, and 4.0%,
respectively.

Regarding the establishment and operation of regional
consultative bodies for infectious disease response in cities,
counties, and districts within the Seoul metropolitan region,
Incheon achieved full compliance (100%) in the formation
of local government-medical consultative bodies. Seoul dem-
onstrated relatively higher compliance in the establishment of
consultative bodies for infection-vulnerable facilities (44%),
while Gyeonggi Province showed comparatively higher com-
pliance in the formation of patient transport consultative bod-
ies (12%). Incheon also satisfied all six requirements specified
in the indicators for the establishment and operationaliza-
tion of infectious disease crisis management countermeasures.
Regarding management and utilization of quarantine supplies,
the indicator for assessing the monitoring and management of
quantities and expiration dates was the only measure to achieve
a 100% compliance rate across all regions. However, improve-

ments were identified in storage-related indicators, particularly

www.phwr.org Vol 19, No 4, 2026

those concerning adherence to guidelines for appropriate stor-
age locations and recommended temperature and humidity
conditions. With regard to infection control measures for mi-
grants, Incheon recorded a 20% compliance rate in the estab-
lishment of communication channels for migrant populations.
With respect to the availability of multilingual guidance mate-
rials, Seoul demonstrated the lowest level of utilization, with an

average of 0.2 foreign languages used.

Discussion

This policy research project assessed the infectious disease
response capabilities of all local governments within the Seoul
metropolitan region. The organizational structures for infec-
tious disease response varied across jurisdictions. At the met-
ropolitan city and provincial levels, infectious disease-related
functions were generally organized at the “division” level with-
in health- and welfare-related bureaus. In contrast, at the city,
county, and district levels, infectious disease prevention, re-
sponse, and management activities were primarily implement-
ed at the “division” and “team” levels, largely reflecting the or-
ganizational structures of public health centers. In Gangwon
Province, only 7% of local governments met the prerequisite
of establishing either an infectious disease response “center”
or “division” within their public health centers. With respect
to human resources, more than 50% of infectious disease re-
sponse personnel at the local government level, including epi-
demiological investigators, were regular or dedicated staff.
Although the number of regular term-based or specialized pub-
lic officials, particularly epidemiological investigators, appeared
insufficient at the city, county, and district (public health cen-

ter) levels, this shortfall was partially mitigated through support
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and coordination at the metropolitan city level. These findings
underscore the need for a comprehensive review and care-
ful interpretation of policy research results. Overall, the results
suggest that infectious disease response systems have under-
gone organizational restructuring accompanied by qualitative
improvements in response capacity. However, the focus of this
study was exclusively on infectious disease response capabili-
ties at the city, county, district, and public health center levels
and did not present results from surveys conducted at the met-
ropolitan city or provincial levels.

During this research project, a comprehensive set of indi-
cators was developed to measure infectious disease response
capacity, drawing on field conditions and existing data sources.
Using these indicators, the status of infectious disease response
capacity at both the provincial and city/county/district levels—
the front lines of infectious disease control—was assessed, and
the relative strengths and weaknesses of individual local gov-
ernments were identified. Nonetheless, substantial standard
variability was observed not only across indicators and regions
but also among cities, counties, and districts within the same
region, limiting the generalizability of the findings. This het-
erogeneity may be attributable to intra-regional differences,
including geographic characteristics, population density, ad-
ministrative capacity, and operational practices. In addition,
infectious disease response departments within public health
centers encompass infectious disease response centers, divi-
sions, and teams; however, most are organized at the team
level. Accordingly, the results should be interpreted with cau-
tion. Given the diversity and complexity of infectious disease-
related tasks and classifications, further caution is also warrant-
ed when interpreting survey results related to “infectious dis-

ease response departments” and “infectious disease response

www.phwr.org Vol 19, No 4, 2026

personnel” [3].

Due to space constraints, only a subset of the findings from
this policy research project could be presented in this study.
Nonetheless, the project is remarkable as it identified metropol-
itan-level indicators associated with infectious disease response
capacity in the post-COVID-19 context and provided sys-
tematic, region-wide survey results. Despite some limitations
related to data generation, statistical methods, and the consis-
tency of notation, the findings offer valuable baseline data that
can inform efforts to strengthen regional public health systems.
Future research is expected to further refine crisis response in-
dicators that incorporate considerations of governance and
sustainability, thereby enhancing preparedness for emerging

and re-emerging infectious disease threats.
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Policy Note

Operational Outcomes and Future Directions of a Joint
Public—private Infection Control Simulation Training Program
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ABSTRACT

Objectives: This study aimed to analyze the operational outcomes and evaluate the effectiveness of a newly implemented joint
public-private infection control simulation training program. This initiative was designed to strengthen the collaborative capacity
between healthcare facilities and local governments to effectively respond to healthcare-associated infection outbreaks.

Methods: The simulation training involved 10 sessions, with a total of 422 participants, comprising 263 healthcare personnel and
159 local government officials. Scenarios and manuals were developed to reflect the domestic healthcare environment. Evaluation
methods included quantitative pre- and post-training surveys and qualitative assessments from an operational workshop. Statistical
analyses employed paired t-tests and, where appropriate, the Wilcoxon test.

Results: All 422 participants completed the simulation training. Post-training assessments indicated statistically significant
improvements in participants' knowledge, which increased from 10.0 (+1.4) to 10.5 (+1.0); perception competency, which increased
from 4.5 (+0.5) to 4.7 (+0.4); and performance competency, which increased from 3.4 (+0.8) to 4.0 (+0.7). The overall satisfaction rate
averaged 4.7 points. Qualitative workshop assessments confirmed that facilitators played a crucial role in moderating discussions,
enhancing situational comprehension, and guiding problem-solving.

Conclusions: The simulation training, facilitated by skilled moderators, significantly enhanced participants' knowledge, perception,
and performance competencies. Based on these findings, future improvements should focus on refining scenarios to better delineate

the roles of local governments, diversifying courses to address practical needs, and enhancing the operational systems for facilitators.

Key words: Public-private sector partnerships; Infection control; Simulation training; Facilitators

*Corresponding author: Jaewoo Park, Tel: +82-43-719-7580, E-mail: jwpak@korea.kr
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Introduction facilities, including both inpatient and outpatient settings.
Of the different HAISs, six have been designated as notifiable
Healthcare-associated infections (HAISs) are infections that infectious diseases under the Infectious Disease Prevention

can develop while receiving medical care within healthcare and Control Act, and are managed through the national
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Key messages
(D What is known previously?

It is recognized that strengthening the capabilities of local
government personnel is essential for effectively respond-
ing to healthcare-associated infection (HAI) outbreaks.

(@ What new information is presented?

A novel joint public-private simulation training program
was developed and implemented for healthcare facilities
and local governments, providing practical experience in
HAT outbreak response. This training demonstrated high
educational effectiveness and participant satisfaction.
Qualitative workshop assessments highlighted the critical
role of facilitators in moderating discussions, fostering
situational comprehension, and guiding problem-solving
throughout the training process.

® What are the implications?

The adoption of a reality-based simulation format sig-
nificantly enhanced educational effectiveness and partici-
pant satisfaction. Future efforts should focus on refin-
ing joint public-private scenarios to better integrate local
government roles, further segmenting the training pro-
cess, and systematizing the management and operation
of facilitators.

surveillance system. These six notifiable HAIs are intimately
associated with multidrug-resistant organisms such as carbape-
nem-resistant enterobacterales (CRE), which pose immense
risk of inter-hospital transmission and community spread dur-
ing outbreaks, necessitating prompt response [1].

Therefore, effective management of HAI outbreaks entails
early detection, prompt patient management, and prevention
of in-hospital transmission to avert community spread [2]. In
addition to the internal capacity of healthcare facilities, local
governments play a crucial role in rapidly assessing outbreak

situations and coordinating collaboration among relevant
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stakeholders. The World Health Organization identifies plac-
ing infection control experts in local governments as a core ele-
ment of infection control systems and emphasizes enhancing
the capacity of local government officials who oversee infection
control activities in healthcare facilities [3].

In the Republic of Korea, cases of HAIs have been increas-
ing, with reported CRE infections surging from 30,548 in
2022 to 42,347 in 2024 [1]. Accordingly, there has been a
growing need to optimize responses to HAIs, including mea-
sures to prevent community spread. In this context, the Korea
Disease Control and Prevention Agency (KDCA) launched a
new initiative to develop scenario-based infection control sim-
ulation training programs for HAI outbreaks in 2024 and con-
ducted near-real-world training exercises in 2025. This study
analyzes the outcomes of a joint public-private infection con-
trol simulation training program and proposes directions for

future improvements.

Methods

1. Program Implementation Framework

The joint public-private infection control simulation train-
ing program, headed by the KDCA and implemented by the
Korean Association of Infection Control Nurses, was de-
veloped as a scenario-based, field-oriented program. To en-
sure the validity and effectiveness of the program, seven in-
ternal and seven external experts provided 10 advisory ses-
sions on scenario and manual development as well as train-
ing content design. These experts also analyzed post-training
assessments and proposed directions for improvement.
Participants primarily included infection control person-

nel in long-term care hospitals, general hospitals, and tertiary
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hospitals. Subsequently, attendance from local governments
was requested. A total of 159 local HAI officials participat-
ed, with representation from Seoul Metropolitan City (20);
Busan Metropolitan City (16); Gwangju Metropolitan City,
Jeollanam-do, and Jeonbuk Special Self-Governing Province
(17); Incheon Metropolitan City and Gyeonggi-do (Southern)
(29); Gyeonggi-do (Northern) (7); Daejeon Metropolitan
City, Sejong Special Self-Governing City, Chungcheongnam-
do, and Chungcheongbuk-do (18); Ulsan Metropolitan
City and Gyeongsangnam-do (16); Gangwon Special Self-
Governing Province (8); Gyeongsangbuk-do (18); and Daegu
Metropolitan City (10).

The simulation training program was conducted from
December 19, 2024 to March 24, 2025. Following the com-
pletion of the program, on May 22, 2025, a workshop last-
ing approximately two hours was organized for HAI officials
from all 17 provinces, participating healthcare institutions, fa-
cilitators, and staft from the KDCA'’s Division of Healthcare-
Associated Infection Control. During this workshop, opera-
tional outcomes of the simulation training program were
shared, qualitative assessments were conducted, and areas for

future improvement were discussed.

2. Scenario and Manual Development

Scenarios were developed based on those created by re-
gional central hospital councils under the 2023 Healthcare
Institution Network Project, with further revision by a simula-
tion scenario advisory committee comprising seven internal
and seven external experts [4]. These scenarios reflected the
characteristics of different types of healthcare facilities, such as
acute care hospitals and long-term care hospitals, and included

procedures for investigating and responding to HAI outbreaks.

www.phwr.org Vol 19, No 4, 2026

Processes for assigning isolation beds, prioritizing workforce
deployment, estimating outbreak causes, and developing im-
provement measures were also incorporated. The program was
designed to train collaboration by defining communication
and roles between local governments and healthcare facilities,
covering outbreak detection, patient-list sharing, and cause
identification. Three scenarios were ultimately developed: a
CRE outbreak in a tertiary hospital, a CRE outbreak in a long-
term care hospital, and an in-hospital methicillin-resistant
Staphylococcus aureus (MRSA) outbreak. CRE was selected
because of the complexity of transmission control and inter-
vention procedures, which rendered it appropriate for simu-
lation exercises. MRSA was chosen to evaluate fundamental
infection control systems because of its frequent recurrence in
domestic healthcare facilities and high risk of contact transmis-
sion. For the simulation training held in 2025, the two CRE
outbreak scenarios were applied.

A separate advisory committee comprising four internal
and three external experts was formed to develop manuals
with accompanying storyboards based on these two scenarios.
To ensure program consistency, the training was structured
into lectures, simulations, and debriefings. Additionally, it was
standardized by specifying facilitator requirements, team com-
position, and venue criteria. Particularly, facilitators were des-
ignated as learning operators, rather than mere moderators,
responsible for guiding group discussions and coordinating the
training process. Ultimately, three manuals were produced: a
participant simulation training workbook, a participant refer-
ence guide on CRE/MRSA outbreak responses, and a scenario

guide for facilitators.
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3. Simulation Training Implementation

The simulation training program was conducted across
all 17 provinces, which were grouped into six regions:
Seoul, Chungcheong, Honam, Daegu/Gyeongbuk, Busan/
Gyeongnam, and Gangwon. Joint public-private training teams
were formed by pairing healthcare institutions with local gov-
ernments. A total of 10 sessions were conducted for 422 par-
ticipants. Each team comprised 7-8 members, with 5-6 teams
per session. During each session, one facilitator was assigned to
each team to provide continuous support throughout the pro-
gram. Region-specific training was conducted over a single day
for four hours, comprising a 60-minute lecture, a 160-minute
scenario-based simulation, and 20 minutes for a plenary ses-
sion and other activities. During the simulation, teams ana-
lyzed challenges and derived solutions in the debriefing fol-
lowing group discussions. These solutions were proposed and
reviewed in the subsequent plenary session, during which stan-
dard response measures were also presented to consolidate
learning. Thereafter, a survey was conducted.

Prior to the simulation training, a 90-minute online train-
ing session for 29 facilitators was held on December 14, 2024
using the facilitator scenario guide. Facilitators were nurses
with an average infection control experience of 99.3 months,
of whom 28 were certified infection control specialists. Two
observation-based training sessions were additionally held
on December 19, 2024 in Seoul and December 27, 2024 in
Busan, during which the facilitators participated as assistant fa-
cilitators. Region-specific training schedules were staggered to
enable the sharing of cases from previous simulations, thereby

supporting more effective responses during the sessions.
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4. Simulation Training Evaluation

The simulation training was evaluated quantitatively as
well as qualitatively. For the quantitative assessment, a 42-item
survey encompassing the domains of knowledge (12 items),
perception competency (13 items), performance competency
(13 items), and training satisfaction (4 items) was developed.
Knowledge items focused on CRE response, scored 1 point per
item for a total of 12 points. Perception competency, perfor-
mance competency, and training satisfaction were measured
on a 5-point Likert scale. The same items were applied for the
pre- and post-training surveys except for training satisfac-
tion. Statistical analyses were performed with SPSS version 2.1
(SPSS Inc.), with the level of statistical significance set at 0.05.
Paired t-tests were conducted to compare pre- and post-train-
ing scores, and the Wilcoxon signed-rank test was performed
when normality assumptions were not met.

Qualitative assessment was conducted through a simula-
tion training workshop, which included lectures based on the
simulation theory and practical case applications to propose
effective future operational strategies. Feedback was collected
from local officials, regional disease response centers, and cen-
tral hospitals regarding the operation of the simulation training

and suggestions for improvement.

Results

1. Participant Characteristics

A total of 466 individuals, including 290 from healthcare
institutions and 176 from local governments, registered na-
tionwide for the 2025 joint public-private infection control
simulation training. Of these, 422 participants ultimately at-

tended—263 from healthcare institutions and 159 from local
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governments (Table 1). Table 1 summarizes the number and
proportion of participants by region, categorized by affiliation
with either healthcare institution or local government. Each
value represents the number of participants and the corre-
sponding percentage within each region, and “Total” indicates
both the regional total and the region’s proportion of the over-
all sample (n=422). Among participants from healthcare in-
stitutions, the mean age was 45.5 years and 88.4% were dedi-
cated infection control personnel. All of these participants were

nurses (259; 100.0%) and the majority worked in long-term

Table 1. Participation outcomes by region and institution
Number of participants
Region Healthcare Local

facilities  governments lotal
Seoul (Seoul) 26 (57) 20 43)  46(11)
Busan 29 (64) 16 36)  45(11)
Jeolla 26 (60) 17 (40) 43 (10)
Southern Gyeonggi 27 (48) 29 (52) 56 (13)
Northern Gyeonggi 25 (78) 7 (22) 32(8)
Chungcheong 27 (60) 18 (40) 45 (11)
Gyengsangnam 27 (63) 16 (37) 43 (10)
Gangwon 28 (78) 8122 3609
Gyengsangbuk 22 (55) 18 (45) 40 (9)
Daegu 26 (72) 10(28)  36(9)
Subtotal 263 (62)  159(38) 422 (100)
Unit: person (%).

Table 2. Comparison of knowledge, perception competencies,
and performance competencies before and after training

%;fggg Pre-training  Post-training p-value
Knowledge 10.0£14(5-12) 105+1.0@-12) <0.001”
Perception 45+0.5 4.7+0.4  <0.001°

competency
Performance 3.4£0.8 4.0£0.7 <0.001?
competency

Values are presented as meantstandard deviation (minimum-—

maximum). “Paired t-test or Wilcoxon test was applied.

care hospitals (153; 59.1%).

2. Training Effectiveness and Satisfaction
Effectiveness of the training was evaluated based on re-
sponses from 259 participants by comparing pre- and post-
training knowledge, perception competency, and performance
competency. Mean knowledge scores increased from 10.0
(£1.4) to 10.5 (£1.0), perception competency from 4.5 (+0.5)
to 4.7 (+0.4), and performance competency from 3.4 (+0.8) to
4.0 (+0.7). All values showed statistically significant improve-
ments after training (p<0.001), and the greatest improvement
was observed in performance competency (Table 2). Overall
training satisfaction was high, with a mean score of 4.7. The
item indicating the training was helpful for understanding CRE
outbreak responses compared with other lectures or practical

training methods received the highest score at 4.8 (Table 3).

3. Qualitative Assessment of the Training
Qualitative assessment conducted during the workshop
emphasized promoting collaboration by incorporating com-
munication and decision-making processes between healthcare
institutions and local governments from the scenario develop-

ment stage. Furthermore, participants highlighted the necessity

Table 3. Participant satisfaction with the training program
Category (N=259) Megr;:s/isatﬁggard
Overall satisfaction with the training 4.7+£0.5
Willingness to join other topical 4.7£0.5
training with the same format (table
top)
Willingness to recommend to other 4.7£0.5
personnel
Helpfulness versus other training 4.8+0.8
methods
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of increased central government funding to ensure the sus-
tainable operation of infection control training programs.
Moreover, training quality was considered to be highly depen-
dent on facilitator competence, calling for the establishment of

a standardized system for facilitator training and management.

Conclusion

The joint public-private infection control simulation train-
ing program was implemented to establish a collaborative
framework enabling rapid and systematic responses to HAI
outbreaks. Scenario-based and field-oriented simulations were
developed to model HAI response processes, standardized
through manuals, and implemented to enhance the practical
capacity of healthcare institutions and local government per-
sonnel as well as their intersectoral collaboration.

Quantitative pre- and post-training surveys to verify pro-
gram effectiveness demonstrated statistically significant im-
provements in knowledge, perception competency, and per-
formance competency. Qualitative assessments through work-
shops also facilitated the sharing of operational experiences and
areas for improvement, confirming the practical value of the
program. The outcomes suggest that these simulation-based
programs enhance decision-making and foster judgment skills
applicable to real-world practice. This program is particularly
significant in that it analyzed 12 major domestic and interna-
tional outbreaks of multidrug-resistant organisms reported
since 2015 and systematized response procedures, presenting
a model for a collaborative public-private infection control ed-
ucation system [5].

Simulation-based training has been implemented inter-

nationally to prepare for infectious disease outbreaks. In New
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York City, a phased, scenario-based simulation assuming the
introduction of highly pathogenic avian influenza (H5N1)
was conducted to train hospital infection control responses
and communication procedures with public health authori-
ties under near-real conditions [6]. International literature that
reviewed national infectious disease education programs has
also emphasized that training effectiveness can be enhanced by
tailoring curricula according to the roles and responsibilities of
participants and by employing the Train-the-Trainer model [7].
Based on these insights, several implications for the operation
of joint public-private infection control simulation training
programs to prepare for HAI outbreaks can be drawn.

First, current scenarios are primarily centered around
healthcare institutions, highlighting the need to expand to in-
tegrate local governments with explicitly defined roles and re-
sponsibilities. By incorporating communication and decision-
making processes between healthcare institutions and local
governments from the scenario development stage, continuity
in field responses can be reinforced. Second, training curricula
should be stratified based on the experience and proficiency of
infection control personnel, as tiered scenarios (basic, interme-
diate, and advanced) according to type of facility can improve
training effectiveness. Third, given the field-based nature of
the training, facilitator competence and standardized opera-
tions are essential, necessitating a systematic management
framework [8]. Therefore, facilitators should receive concur-
rent training in simulation pedagogy, team-based communica-
tion and coordination, and outbreak investigation and analysis
procedures to support effective simulation training. Structured
evaluation systems including facilitator-targeted surveys and
participant evaluations of facilitators are also needed to more

accurately assess facilitator performance.
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While this program promoted collaboration between
healthcare institutions and local governments, several limita-
tions remain. First, effectiveness evaluation was performed im-
mediately after training, limiting the assessment of long-term
competency enhancement. Second, team sizes of 7-9 partici-
pants for some regions constrained individual participation
and the depth of discussion. Third, survey analyses did not suf-
ficiently differentiate between healthcare institutions and local
governments. They also did not account for scenario-specific
characteristics, restricting the ability to identify detailed institu-
tional or scenario-specific needs. Considering these limitations,
future simulation programs should include mid- to long-term
evaluations, have smaller group sizes of 4-6 participants, and
analyze data by type of institution and scenario for the devel-
opment of more target improvement strategies.

Furthermore, sustained budget support and public-private
collaboration, as well as the promotion of inter-agency and lo-
cal government coordination are required. Moving forward,
the KDCA plans to continue advancing field-based and com-
munity-centered training that reflects key competencies re-
quired in outbreak response, ensuring a systematic approach to

managing HATs.
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Trends in the Proportion of the Population Consuming More than
500 g of Fruits and Vegetables Per Day, 2016-2024

The proportion of the population consuming more than 500 g of fruits and vegetables per day (age standardization) among

those aged 19 and over was 24.4% in 2024, and has shown a sustained declining trend (Figure 1). The proportion for women

was lower than that for men in 2024 (Figure 2).
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Figure 1. Trends in the proportion of the population consuming
more than 500 g of fruits and vegetables per day, 2016-2024
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Figure 2. Proportion of the population consuming more than
500 g of fruits and vegetables per day by age and sex, 2024

*Proportion of the population consuming more than 500 g of fruits and vegetables per day: proportion of the population aged 19 and over

eating more than 500 g of fruits and vegetables per day.

"The mean in Figure 1 was calculated using age- and sex-specific structures of the estimated population in the 2005 Korea Census.

Source: Korea Health Statistics 2024, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/
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