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ofi2] 7 shild ME1I01I H?_ %%E?i HSat HEXE AL E

ot

z =

25 2024955 20259714 FANA A B AR 290 AER 24 B9 A At A4S Brskgom, of
I AP o2 HEA B9 A4 Fere ANSTA B,

Wi @ape] 579 L A9 W WEAE YO A APAA B 939 FFAAS B3 33} 223} phenolic glycolipid-1

(PGL-D) A BAHE A5t T AFA|% 27 42 F4HCE o3 AAEE B7I5H9t
23 A3 379 % UFAL 59, 9FAL 32901900 1T HEAHE 19, A4 WA= 36501905, PGL- B 71 200

oA} At 21(5.4%) 0 2 B= 3ka} Bol WA} ) AF8] A=A 94 A7t B 241 ko] kg 98 Sz upe =ale
Aol mol7| gFopeh. JetzAt AT, G B F YYEE Wokon 27 ATAL WSk Forh
2 A 8 7 A A0S 0 A A0 kol W] AL 4 A5 e R0 @
ST $F 9% 79 37 FAE efsto] el GAaE AY, A 7] 4
A JAZQ A=A ] Agko] G Qsir]
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F2 AMO: Y, HEA AR, YA A
A = StH1). M. lepraet= F2 5o} TxAFS s, Al
3 AR #4424, *F 715 Aol 718 2 5 9L
Uiog: dezl SHAIM -2 Mycobacterium leprae com- ok Ak 7182 %59 4Y A4 Aoleh w11 AT =
plex (M. leprae, M. lepromatosis)°l| 2|3l WAYot= v &  SHASHA BreA1A] okeh2]. ot A7 =5 53 M7t &
oFFA HgoltHll. dFFTAE =+ AEmzl |y wh-s 8 AEE A J=H1], M. leprae7t v} 1731t

Ao Wt ZAEY, v w2 Au|st Z2HYH (tuberculoid, oA &2 HlEg E45t7] fEolth3]. IE7|= TTY -+
TT)FE 47Fet Y53 (lepromatous, LL)oY| O|27]71A] T}k 3-59, LLY| A% 9-12d0 & F3=H, ¢ 71 JFE7|7t &
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FAES A EE B Aupt 72 4IARE LA 9
ou, AojAts] Hit A 8 WEA ANL B B
=

@ M=Z0| €A & HE=2?

HEA 3788 A4S 2 phenolic glycolipid-1 (PGL-1)
A AARE A8e 23, A 97 B S4 =79 g

A G 420 uek FRY Hol S Ho|A] ggre.
® MAFER?

PGL-T 941 A4 A%k Hot4 w2 Hnet @7 A
ofof gt} THA WAlo] EF Flel4 WEA BelE 9

o Thto] QAR A9, ARE 7]t
o] A7 7o) Basic

HER} A} A7) 2=

g A= Q2] @A Aol it oAl glon,
ATl Htf 90%+= M. lepraec] tiol AH4 E= SE5H A
o] =EHH e tiE AAHA ¢
2] e e HEal 18] SE4RenE o
©] 99.9% ool AFEE o] H o] w=A U4, M.
lepromatosis= # ol MEA B4 Hllg o] Hfldoz,
U B M. lepraecl] AT FHT A9 FEHA eh=th
(5.

A AE 7] 7-(World Health Organization, WHO)ol| t}
2W 20249 A AA 1887=0lA 172,71779] A&A7}
A - BuEglon, o= A thiH] 5.5% A4FE $=3]o]c}
[6]. SFoFAloF A1 F(South-East Asia Region)< 124,295

A72.0%0L2 71 w2 HSS AASHAAL6], 53] /1=

o AP AT

(100,9574, 58.5%), Be+4(22,1294, 12.8%), AL H|AJo}
(14,6984, 8.5%)°A H5&o=z vAgstal Qlrt6]. WHO
oflA XAt ShAY oA 9 =7} 2370 oA 7] bt

Al(Kiribati)7} Q17+ ¥t ¥t 1,207.4H 22 7P =951, o]

582

Z E(Arab Republic of Egypt)= A+ Wigt g 4.5 02 7}
% 2okrHol.

WHOE I 15 B9 19 o|5te] ¥ ES S FX|
71%0o 8 AAISHL 9o, jh=-2 1982|0f SR 1
FAIBEAL 9t} 20084 o]F =y Al3At=
Slg $E0E BRI glom, 2024W0] Hirg 59 4l
3t T fHEC] & It HYS BHoE Yt
20-30d] Q]=+RI0IQIEH7]. 20259 5€ 71, 154] oA =
$= 1699 24 Mo 7 A tju] 8.4% =7}
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52 A=olA 7HE 22 F7HeS EATHSl. 2 M=
Psh A=shAaL, oS Aol A,
o= HI4 AT, =] 7 59 29002 A g of
8ol olEe2 A& 7ol Atk ol AR - BAA H

P HAYE Y2 T2H Ak FE/17H AT 2]
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WHORE 7H7 &A1 ofUje} o2 W 4184 F2A2 X
& HER 24T o2 F o Y 2Pl 9 Folg
A3 YT Fjol A . S B Aye 2
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1. ZAEHA
20244 1€95¥ 202549 129714 A¥#ed 495

O

JHA A" (https://eid.kdca.go.kr)oll A111H FH A THAH
22} 299 HEAE Ao E AYY IJE X

itk BAL GYAL o] dotrAl A4S BEdtel B
A ASpRALE S, AR WY W A RS B
R A9 w2 AYES Bk 2%

A GA)ol A it gto] HEE A4S FRIgTH4). 9]
R oD A4S A= M. leprae =& AlFASG
(Bacterial Index, BD2 B7}otal, 8= M. leprae®) vl & ¥
B Z]<=(Morphological Index, MDZ AH&E31.

Ridley®} Jopling> $AH9] A2 543 WY HEHE 7]
o 2 TT, 22 HY%H (borderline tuberculoid), 7+ 1}

(mid-borderline), T+1% 3 (borderline lepromatous), LLE]

www.phwr.org Vol 19, No 14, 2026

oA 7HA] R o8 ERSFTH1]. WHOE & Aol &
Z3 AGoA g AHAE WS 4 IEF BIE 7E2R
sHg5t9icH11]. BI7F 09 A% 343

(paucibacillary type, PB), BI7} 0X.t} 2 tht ¥ (multibacil-

R L

lary type, MB)2.2 E-53IT}[4]

Mt AEAE Aolsta, 2 149 = FA 37K o)A}, #
20A17F oA} A ;3IAFeF B Z7tol|A 2|4
A5 AR HEAE FoRitHd]. FHdS A6 A=t A=
A9 B, ° W dAEIE F517] fsl 54 71 A1zt
ARR1A AT =23t B9t

WHO°IA It Hie} o] X
A 39 H A 370Y oA,

x%oi ;q ?l'

2 7497t EF Holn

gk whebd 2 Afols

r_u

D
oA
I
Pl
M
A

gAe] S, B, S T8 AA, 2R 71 FR
Aoz nFste] YEAE ERoIPeH, A e
Folglet. Bt A (20249 A9 A, 7HE HEA
t alon ASd EAE 10719 ARE 2FEL 9
d Y] 22 FA 19 6olgltt. &4 B (20259 Al
B &2 ofmtEo] Aot A% = 1
& 7 AEAE RSt B 19 270 ARE 2
S Qe @ 29 22 B4 A 98 A YolA =
7Fs/dol A= AY 2198 E3sto] A8A HEA= F 30
golgth. 20240 F=IAEAGS] A7 S B
et AFA FHE AFsHaL, 20254900 ekl

3] A7 o]zF7mRro] AFFAE HHESte] 23, human
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immunodeficiency virus (HIV) ¥ SHAIH-S 2313t 9=12l &

FH7 = Al Bst A

5. MEX} HA
H7ks] gle) 5% 4

AFH (enzyme-linked immunosor-

AEAY M. leprae =& oJRE
Ag APt aAHIH
bent assay)= ©|-8-3F 4 phenolic glycolipid-1 (PGL-I) &
Al HAFE Aot PGL-I-= M. leprae®] E°] Al24 /4
o7 A%t FAES AYIL Qo] FAHE 5ol A A2
1, oof weh PGL-T |71 4
AEH13]. S=AEAEI = 7 A
ty) #t°ll 1,000& Fstol ‘PGL-1 A A7V & Ab&star(14],
OD 4 0.2 o] FHL2E sfAgtrh4,15]. WA & A+
ol A% PGL-T B4 47} 200 ol/dol® ¥ o= Hiatgict

A AN B g2 fEel

A4 OD (optical densi-

Aet JEA HA A= 3y
TEAHEA AR oA 9 A AR (HEA T
2)E &9l =Hst
2 I3 (Microsoft)

Az BA-8 Microsoft Excel 2016 =
olgsion WaY Wak HEst v

W, BEEAL gt H HAge s

wa&

HEE, 5P HE

A AT

20229 69 Y=ottt 2024 9URE FZ A4 - skAof
FHHg FRlo] WAoo, 202449 119 AP O Z Y
o = RAEA RS oA AR e mR =T
@A BA)CIA FAdtol HEFSIAL BI 6+, MI 10%

on, PGL-T1 A 47} 1,4680]3ith. HAIZE S3a 44

-

Hh-5-(Real-time polymerase chain reaction, Real-time PCR)
AAol| A BHotAloto A F2 WAR= M. lepraeZ EHR1E]
o 9] F AtEl= FAst T 1y kA A3t THS
g L, AF Sxpet JEHT glohal A&sto] 93 =
Fog At B MBE A on, 24709
4o 2 oA 8 7 (dapsone 100 mg

SOITHE 1.

rlr
A

%, rifampicin 600 mg/

2, clofazimine 50 mg/%¥) A3

SHAlY ChEby 29 27t Z41 200 G40

202349 2¥ d=she. 20239 10978 255 wF

=1z =1 A ] 71710]/(0} Z A o] R o}oﬂq. ]_ﬁ,_ i

= i

)

O] FEEUHAAMS Ao A FA ol AEEH AL,

H1.2024-202549 34 A A8 =
72 93y wwy  EE zo 54 e MEne mema POCLE uy
A A 2022.6. 2024.9. 2024.11. F= AHSHA ZHHY 72 FAEE 6+ 10% 1,468 =
2B 2023.2. 2023.10. 2025.9. HE LA, (& D) AZold  FAEE 6+ 50% 879 T3

~¥g AR 25E

HZA 5t
PGL-I=phenolic glycolipid-1I.
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BI 6+, MI 50%$12.™, PGL-T1 &A 97} 8790] L}, Real-
time PCR HAMA SEoAotofl A F3st= #F2 ZQlE]
o ] FY AtElE FAotqich Atz AR, @A Ao}

1 = oHFEC] FE 2R AFE o] YUY FA 1950]
5 Aol SIglou, AL FA| S48 AE R g7l of i
golgk 4 QIgith X MBE AdtEglon, 24719 94
o 2 oA 8% (dapsone 100 mg/¥, rifampicin 600 mg/¥,

clofazimine 50 mg/¥) A% FOITHIE 1).

i

=X EY

2 A HEAE 690l AL B HEA= 3170l
o] HEA % 3779 F. $90l 33 (89.2%) 02 i
< Aottt B A™-2 35.41£8.849.21, 30-394]
78(45.9%), 20-2941 1078(27.0%), 40-494 88(21.6%)
9] &ol9ith. WAL 59(13.5%)01 1 o=
(86.5%)°13Att. 7 A& 18 (2.7%)°1A T A8l d M=
AH= 368(97.3%)°1 ATHIE 2).

dr 4

—_

e 329

ol

H2.2024-202549 344 A FE29 &4
£4 FSEN,
A 37 (100.0)
3
= 33 (89.2)
o] 4 (10.8)
A (A
20-29 10 (27.0)
30-39 17 (45.9)
40-49 8 (21.6)
50-69 2 (5.4)
=3
W=l 5(13.5)
Il 32 (86.5)
q&52
7 A& 12.7)
ALE)A A&} 36 (97.3)
9 E(%).

www.phwr.org Vol 19, No 14, 2026

3. EXI PGL-I &H| Y7t

F1 =27 24 AEA
A =7 24 JEA= 1390100 PGL-1 &4 97t
200 o] Al 28 o® FAELS 5.4%3ATh F At 2%
2t BY AFSA HEAoH, G =7tet AR =7t
A Z¥zb 184 gholE] Qi)

188 27t 24 HE29] PGL-1 FA| <
(H%k 4, AL 223), BEEA 60019129, A5 F7t
241 AEA9] PGL-1 FA| 7k B 93 (H5:3k 20, A
7t 264), BEHA} 580]qltt. A7PHREE U 241 HEAY
PGL-1 @A 947F7F B+t 26 (35238 9, HHZL 54), £EHAE
198 7Pg 2o, HEd &4 AEAY] PGL-1 FA4 971+=
Wit 163 (H%:3% 103, WGk 264), #E2HAL 728 7H =
ITHEE 3).

B HIE Ve 2HE B2 7 Ao BAA AuE

oj8l7] ofel7] WEo] sj4o] 07} Basitt

)

HE2 378 S A 247,

o
i

7t #+t 81

4. = ?Ieix @7t

717¥o] 37l ho] L S5 20417t o] /do] At A} B= ¥
Wo =z olg YA o : 71 o)E 3} ot nfATE 28519
ohal AEshdtt. wEhA, 24191 w5 HEolut Wl 1|
T 2 7|8= AlFHold Ao s wdste] AFA Y ke
< fldee AL E Brletae

A A 20249 1€ dARSE] 1071EA A& A=
of AL Qltt. $HAF Bi= 20249 7€l YAAFste] 1| 274
A B A Az Gl FASHL et F A B A &
W34 S IFAeR Hog AEsfoF staL, 4

17k &3 370l Wom AA Wk FsE TR

oM,

T

o
rlo
ofM

o~

AL ASA wFo] WAY FH5 Aol HEoz BHsly

al
o mebd A4 E AU A4 A9Pow BT
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B 3. &4 3719 3l 41 FEo o2 JE5A9] PGL-1 &4 971 2024-20259
23} w4 SR = NRg =t
TA| QIELAOF EHEH HIE  0jerof | =2 HEY  H= = AH|LF
A& 4(8) 24 8 7 6 3 13 5 3 3 1 1
PGL-T 34 47}
H 81 99 96 26 105 93 62 163 90 20 118
FEEA} 60 69 35 19 70 58 21 72 15
EAP 3 4 4 48 9 30 20 27 103 74
U 69 78 112 15 86 87 60 122 87
gt 223 223 152 54 198 264 89 264 110
PGL-I=phenolic glycolipid-1.
5. MEX =7 2 gyon, HoF 2g a2 A W 9EE IS W
HEA2] PGL-1 A AAF 2ot E41 5719 Al AF 32 AR W Avt 7 EE B2 A0 E Bk

A e gsto] 4 e i dAE sl &4 A &2 379 FolA PGL-1 A 7t 200 o4 A= 278

o] AL A HEA} 6L PGL-1 34| 97171 2% 200 m|vto] 08 WFFEE T oI5 T, & A= A AL

Ao, FHAH 1R A7 SA0R AR 27 HAS 9 W 2524 AubEchs ARHA ko] 238 7FsAol =

8 57 A 13] HAZ ALSHAT 2} B ARl A HEA ot A O] 11 FEVE e o A7) 2 B9

309 5 PGL-I1 &4 97} 200 ol4f Atell 2182 ekl AMY A9l mUE o] Fasttt

Al Tt 1271 F AFARE AlFsha, ol 4 Al&ota Feet A2 A 54 9@ HEA AAE fg

gl Al RETHAHGAHY GA) D RAHARE F7HE A T3 A 90| W Fastch. PGL-1 A 32 Al #ot

YT oot g, e B 5AQ1 HEA = PGL-ITHA| £ vtgste gl A A (surrogate marker)Z 7HEE 0] M.

A717b 3002, S T oA ALetAtt. ot HE leprae TEE BUISIY B AAMA A& BElo] Lol H

AEL S HA A ARE TEE Qs 202549 12 oH4L E3 JE5A A D AdhS 9 A AR &8d

4319 7o S Y 7 Al Agates /igith T oy, B d9AE 2710 EHsta 2719 A=t

CEM A7F &4 E Al TS Y 5 lth PGL-T A

= 9| B HEA = A I lddo] ofF 3H) 2 ZoE B

AEACH[17], FEY AHoA= MB HEA A F49]
F T 247 FdA AnE A ARt 2BeR Z57F 94.6%= Ueht 4 TS Bk sl WS

W5 SR o = 7F E4lolth R AEAA 2 5 HiAlsH= o] f-835F 2o ' A QUcH18]

Hobafotol A 22 A= PO gRIF0] 39 § A 12y PGL-1 FA AAt= 2 7FA AlgH el it A
g2 Fottt. F A B HutEo] 2 MBR Rl A A== °F 50% mlRtoln 5ol oF 80% R
AA[15], FA LW AJZF & oF 72417747 M@0l 9& HuEAH17]. E3 MBY W EE <oF 78%<] ¥IH PB

Aol[16], F=TAEA G| 1914 JHsto] A zet & O] W= OF 34%=E Apol7t ATH19]. FA| §HE SHolA

Astleh. getxAr A7}, Mg Rpeto] HE5E2 gelo] of T PGL-13} L ZAA o] gt AHA HAeH-3-2 LL $A19

586
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90-95%0l Al THE AT TTEA A& 25-60%° A% 2+
ZECHIL 9 Hlale of ARt A I Rt o 2
BEt4 o] PGL-1 T FHES 16.3%=[20] A=At
43.8% (2115t} ot & Aol A % MIZF 50%%] 24t B
9] PGL-1 IA| H7H= 8792 MIZF 10%Q AF AT Wk
ot w2bA PGL-1 4 AAte 918 %E S3tolle -85t &
A o RS FAHAY A9 4E 22 AHA R Bt
ot A #EE AHESH ol Algte] Qlrh. PGL-1 FA 97H=
M HERY] Aot AT =2 oS FAH o' 13}
o 3fj4 =fojof gt}

IeE Etekal EEA AR Y fl9do
3 AHEIE gelsh] A A
AFE AlgstlTh 11 23 HEAF 379 S PGL-1 A 9717t
200 ] 500 =|9EQl AH|7F 278 ERIE QI A 719

)
rir
[©]
T\"

Pk HEY2 MB 32
A

TEoh 588 o H2 A0F FAHEI QIrH12]. wekA, T

7toll A 713 A% o8

At E3 3R] A7 AHE RYEHHSH] Yol PGL-T
A AAFE Aottt &2 A9 B¢, A 58 147]€¥
3} Zo] PGL-T1 TA| 97171 1,4689014 8602.2 74313

ol
ook

o
AL Wao] E21 oS Aol AgHolH, gl
Sioto] oAl4E A0 Aol et Uel @ AE BAo

AR A
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Public Health Response to Imported Hansen’s Disease Cases and
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2024-2025
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Prevention Agency, Daejeon, Korea

ABSTRACT

Objectives: This study assessed the potential for community transmission through contact investigations of two newly reported
cases of Hansen’s disease in the Chungcheong region between 2024 and 2025, and based on these findings, proposed strategies to
improve contact management.

Methods: Household members and workplace contacts of patients underwent clinical examinations and phenolic glycolipid-1
(PGL-I) antibody testing through general health screening programs or integrated health services for foreign nationals. Additionally,
environmental risk assessments were performed in residential and workplace settings.

Results: Of the 37 contacts, 5 were Korean nationals, and 32 were foreign nationals; 1 was a household contact, and 36 were
social contacts. Two contacts (5.4%) had PGL-I antibody titers 2200, and both were workplace contacts of patient B. The mean
antibody titers did not differ significantly according to the leprosy endemicity of the contacts’ countries of origin. Epidemiological
investigations indicated that the risk of workplace exposure was low, and no additional cases were identified.

Conclusions: This case arose from limited exposure rather than ongoing community transmission of Hansen’s disease from
newly diagnosed patients. Given the increasing influx of foreign residents, systematic contact management strategies are necessary,
including multilingual communication support during epidemiological investigations, risk-based contact investigations, and

improvements to information systems for sustained follow-up.

Key words: Leprosy; Contact tracing; Persistent infection; Epidemiology

*Corresponding author: Yuna Kim, Tel: +82-42-229-1520, E-mail: yunaghim@korea.kr

Introduction manifestations are determined by the degree of the host cell-

mediated immune response and range from the relatively mild

Hansen’s disease, also known as Leprosy, is a chronic polar-tuberculoid type (TT) to the severe polar-lepromatous
granulomatous infection caused by the Mycobacterium lep- type (LL) [1]. M. leprae mainly invade the skin and peripheral
rae complex (M. leprae and M. lepromatosis) [1]. Its clinical nerves, and nerve involvement can cause a loss of sensation,
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Key messages
(D What is known previously?

Hansen's disease is primarily transmitted via the up-
per respiratory tract, and early detection of new cases
through contact investigations is essential for preventing

community transmission.

@ What new information is presented?

Among the 37 contacts tested for phenolic glycolipid-1
(PGL-]) antibodies, the mean antibody titers did not dif-
fer significantly according to the leprosy endemicity of
the contacts’ countries of origin.

® What are implications?

PGL-I antibody test results for contact management
should be interpreted alongside exposure history. In
countries where Hansen's disease is rare, effective imple-
mentation requires multilingual communication support,
risk-based contact investigations, and long-term follow-
up systems.

motor dysfunction, and deformities. The transmission mecha-
nism of these pathogens has not been clearly elucidated due to
differences in host susceptibility to infection and the long in-
cubation period [2]. However, transmission through the up-
per respiratory tract is known to be the main route [1] because
M. leprae is frequently present in the nasal and oral mucosa
[3]. The incubation period is estimated to be 3-5 years for the
TT and 9-12 years for the LL; however, cases with longer in-
cubation periods have also been reported [2]. Currently, there
is no preventive vaccine for Hansen’s disease. However, up to
90% of the population has innate or acquired immunity or re-
sistance to M. leprae, and therefore, most individuals do not
become infected even after exposure [2]. Furthermore, even in
infected individuals, more than 99.9% of M. leprae are elimi-

nated with a single dose of rifampicin, leading to a rapid loss of

www.phwr.org Vol 19, No 14, 2026

infectivity [4]. M. lepromatosis, a recently identified causative
agent of Hansen’s disease, presents clinical features that are al-
most indistinguishable from those caused by M. leprae [5].

According to the World Health Organization (WHO), a
total of 172,717 new cases of Hansen’s disease were diagnosed
and reported across 188 countries worldwide in 2024, rep-
resenting a 5.5% decrease compared to the previous year [6].
The South-East Asia Region accounted for the largest propor-
tion of new cases (124,295; 72.0%) [6]. The cases were pri-
marily concentrated in India (100,957; 58.5%), Brazil (22,129;
12.8%), and Indonesia (14,698; 8.5%) [6]. Among the 23
high-burden countries designated by the WHO, Kiribati and
the Arab Republic of Egypt reported the highest and lowest in-
cidence rates at 1,207.4 and 4.5 cases per million population,
respectively [6].

The WHO defines the elimination of Hansen’s disease as
a prevalence of fewer than 1 case per 10,000 population, and
Republic of Korea (ROK) achieved this target in 1982 and
continues to maintain this level. Since 2008, the number of
newly reported cases has remained at single-digit levels an-
nually, and all five new cases reported in 2024 were foreign
nationals in their 20s-30s who had entered the country for
employment from high-prevalence countries [7]. As of May
2025, the number of foreign residents in the ROK aged >15
years reached 1.692 million, representing an 8.4% increase
compared to the previous year, with the Chungcheong region
(Daejeon Metropolitan City, Sejong Special Self-Governing
City, Chungcheongbuk-do, and Chungcheongnam-do) show-
ing the highest growth rate nationwide [8]. Most of these in-
dividuals entered the country for study or employment from
developing countries and may face difficulties in accessing

healthcare voluntarily due to factors such as language barriers,
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limited access to healthcare, and the burden of medical expens-
es. These socio-economic vulnerabilities and structural con-
straints in healthcare access might delay the early detection of
Hansen’s disease, which is characterized by a long incubation
period and non-specific early symptoms.

In countries where Hansen’s disease is rare, effective con-
tact management is essential to minimize community trans-
mission even when a single case occurs. The WHO recom-
mends contact tracing that includes not only household con-
tacts but also neighbors and social contacts, as well as post-
exposure prophylaxis with single-dose rifampicin [9]. In the
ROK, most studies on Hansen’s disease have focused on case
reports, laboratory analyses, or socio-human rights perspec-
tives, and there is limited systematic analysis of contact inves-
tigation outcomes or field-based management reports that in-
clude foreign contacts. Moreover, due to the long incubation
period and the possibility of transmission through subclinical
infection, short-term cross-sectional studies are insufficient to
fully elucidate the epidemiology of Hansen’s disease. Therefore,
mid- to long-term follow-up of contacts has important public
health implications, not only for the early detection of new cas-
es but also for assessing and managing the risk of transmission
within the community and evaluating the effectiveness of man-
agement strategies.

This study aimed to describe the investigation process con-
ducted during the first year of a five-year follow-up project on
Hansen’s disease contacts in the Chungcheong region and to
provide baseline data for establishing strategies for early detec-
tion and sustained management of Hansen’s disease in low-
incidence settings by analyzing the scope and operational expe-

rience of contact management.
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Methods

1. Study Design

A prospective cohort study was conducted among contacts
of two Hansen’s disease patients reported in the Chungcheong
region to the Infectious Disease Information System (IDIS) of
the Korea Disease Control and Prevention Agency (KDCA)
(https://eid .kdca.go.kr) between January 2024 and December
2025. Public health officials conducted epidemiological in-
vestigations of the patients using multilingual epidemiological
investigation forms and assessed exposure risks in the work-
place through interviews with employers and on-site visits. In
addition, contact screening was conducted among groups with
shared exposure risk factors, and the occurrence of additional
new cases within the region was monitored. This study com-
plied with the reporting guidelines of the Public Health Weekly
Report [10].

2. Case Definition

Hansen’s disease is classified as a Class 2 notifiable infec-
tious disease. According to the Notification of Diagnostic
Criteria for Reporting Infectious Diseases, a “patient” is defined
as a person who presents clinical symptoms consistent with
Hansen’s disease and has confirmed pathogen infection based
on diagnostic testing, or a person in whom histopathological
findings consistent with Hansen’s disease are identified on bi-
opsy, even if pathogen infection is not confirmed [4]. A case is
confirmed when the bacilli are detected by molecular testing,
when granulomatous findings consistent with Hansen’s disease
are identified on histopathological examination, or when acid-
fast bacilli are detected on slit-skin smear microscopy (acid-

fast staining) [4]. In particular, in slit-skin smear microscopy
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(acid-fast staining), bacillary density is evaluated using the
Bacterial Index (BI), and the proportion of viable bacilli is cal-
culated using the Morphological Index (MI).

Ridley and Jopling classified Hansen’s disease into five
types based on the patient’s clinical features and immune sta-
tus: TT, borderline tuberculoid, mid-borderline, borderline
lepromatous, and LL [1]. The WHO established a simpli-
fied classification system based on the BI to facilitate access
to healthcare services in resource-limited settings [11]. Cases
with a BI of O are classified as paucibacillary (PB) type, whereas

those with a BI greater than O are classified as multibacillary

(MB) type [4].

3. Definition of Contacts

According to the Guidelines for Hansen’s disease Program
Management of the KDCA, household contacts are defined
as individuals who have actually cohabited in the same space
within the past five years from the date of case notification, and
social contacts are defined as individuals who have had contin-
uous contact with the index case in the same space for 20 hours
per week for at least three months in a year [4]. However,
among foreign nationals who entered the country for employ-
ment, long-term residence in a single institution is uncommon
due to job mobility, and their social networks tend to be rela-
tively limited. Therefore, in this study, as recommended by the
WHO, contacts were defined as individuals who had contact
with an untreated patient with leprosy for at least 3 months
and at least 20 hours per week within the past year. And con-
tacts were further categorized into household contacts and so-

cial contacts [12].

www.phwr.org Vol 19, No 14, 2026

4. Contact Screening

Contacts were classified by comprehensively considering
the patients’ clinical symptoms, disease classification, timing of
symptom onset, and duration of employment, and a total of 37
individuals were included as screening subjects. For patient A (a
new case in 2024), there were no household contacts, and six
co-workers in the same department at the current workplace,
where the patient had been employed for 10 months, were
identified as social contacts. For patient B (a new case in 2025),
one co-worker who had lived in the same apartment for the
past 3 months was classified as a household contact. In addi-
tion, 30 individuals were classified as social contacts of patient
B, including nine co-workers in the same department at the
current workplace, where the patient had been employed for 1
year and 2 months, and 21 employees who had potential con-
tact within the workplace. In 2024, screening was conducted
in the form of general health examinations through outpatient
services at branches of the Korean Hansen Welfare Association
(KHWA). In 2025, screening was conducted in the form of
integrated health examinations for foreign nationals, includ-
ing tuberculosis, human immunodeficiency virus (HIV), and
Hansen’s disease, through mobile medical teams from KHWA

visiting the workplaces.

5. Contact Testing

To assess exposure to the bacilli among contacts, dermato-
logical examinations were performed, along with quantitative
testing for antibodies against phenolic glycolipid-I (PGL-I) us-
ing the enzyme-linked immunosorbent assay. PGL-I is a spe-
cific cell wall component of the bacilli with strong antigenic-
ity, which induces both cell-mediated and humoral immune

responses in infected hosts, leading to the production of PGL-I
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antibodies [13]. The KHWA calculates the PGL-I antibody ti-
ter by multiplying each specimen’s optical density (OD) value
by 1,000 [14], and interprets an OD value of >0.2 as positive
[4,15]. Therefore, in this study, a PGL-I antibody titer of >200

was classified as positive.

6. Data Collection and Analysis

Epidemiological investigation results for patients with
Hansen’s disease and contact screening results were collected
through the Epidemiological Investigation and Management
of Suspected Infectious Disease Cases (Contact Management)
modules of the IDIS. Data analysis was performed using
Microsoft Excel 2016 (Microsoft). Categorical variables were
presented as frequencies and percentages, and continuous vari-
ables were presented as means, standard deviations, minimum

values, and maximum values.

Results

1. Characteristics of Index Cases
1) Patient A
Patient A was a male in his 20s from a high-burden coun-
try for Hansen’s disease and entered the ROK in June 2022.

Erythematous papules developed on both upper and lower

extremities starting in September 2024, and he was diagnosed
with Hansen’s disease in November 2024. In slit-skin smear
microscopy (acid-fast staining) of the lesions performed at the
KHWA research institute, acid-fast bacilli were detected, with
a Bl of 6+, an MI of 10%, and a PGL-I antibody titer of 1,468.
Real-time polymerase chain reaction (Real-time PCR) testing
identified the bacilli as a strain commonly found in Southeast
Asia, suggesting an imported case. However, epidemiological
investigation revealed no family history and no known contact
with a prior case. Therefore, the route of infection was con-
cluded to be unknown. The patient was diagnosed with MB
and is currently undergoing multidrug therapy on a 24-month
regimen (dapsone 100 mg/day, rifampicin 600 mg/day, and
clofazimine 50 mg/day) (Table 1).

2) Patient B

Patient B was a male in his 20s from a high-burden coun-
try for Hansen’s disease and entered the ROK in February
2023. Symptoms, including a skin rash from the face to the
trunk and sensory abnormalities in the hands and feet, devel-
oped in October 2023. Subsequently, fever, nasal swelling, and
decreased sensation in the right hand were observed, and he
was diagnosed with Hansen’s disease in September 2025. In

slit-skin smear microscopy (acid-fast staining) of the lesions

Table 1. Characteristics of newly diagnosed Hansen’s disease cases in the Chungcheong region, Republic of Korea, 2024-2025

Date of Date of Date of - Slit-skin P(.; = Disease
Category . . Clinical symptoms Ml antibody
entry onset diagnosis smear test titor type
Patient A 2022.6. 2024.9. 2024.11. Erythematous papules on the  Acid-fast 6+ 10% 1,468 MB
upper and lower extremities bacilli
Patient B 2023.2. 2023.10. 2025.9.  Skin rash, paresthesia in the Acid-fast 6+  50% 879 MB
hands and feet bacilli

— Fever, nasal swelling,
hypoesthesia in the right hand

BI=Bacterial Index; MB=multibacillary; MI=Morphological Index: PGL-I=phenolic glycolipid-1.
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performed at the KHWA research institute, acid-fast bacilli
were detected, with a BI of 6+, an MI of 50%, and a PGL-I an-
tibody titer of 879. Real-time PCR testing identified the bacilli
as a strain prevalent in Southeast Asia, suggesting an imported
case. Epidemiological investigation identified one household
contact who had previously cohabited in the same apartment
and had a skin disease; however, this individual had left the
country at the time of the investigation, and confirmation of
diagnosis was not possible. The patient was diagnosed with MB
and is currently undergoing multidrug therapy on a 24-month
regimen (dapsone 100 mg/day, rifampicin 600 mg/day, and
clofazimine 50 mg/day) (Table 1).

2. Characteristics of Contacts
Patient A had 6 contacts, whereas Patient B had 31 con-
tacts. Among the 37 contacts for both patients, most were male

(33, 89.2%). The mean age of the contacts was 35.4+8.8 years,

Table 2. Characteristics of contacts of patients with Hansen's disease
in the Chungcheong region, Republic of Korea, 2024-2025
Characteristics Contacts
Total 37 (100.0)
Sex
Male 33 (89.2)
Female 4(10.8)
Age (yr)
20-29 10 (27.0)
30-39 17 (45.9)
40-49 8 (21.6)
50-69 2(5.4)
Nationality
Korean nationals 5(13.5)
Foreign nationals 32 (86.5)
Contacts
Household contacts 12.7)
Social contacts 36 (97.3)
Unit: n (%).

www.phwr.org Vol 19, No 14, 2026

with most contacts aged 30-39 years (17, 45.9%), followed
by 20-29 (10, 27.0%) and 40-49 years (8, 21.6%). Five indi-
viduals (13.5%) were Korean nationals, and 32 (86.5%) were
foreign nationals. In addition, there was one household contact

(2.7%) and 306 social contacts (97.3%) (Table 2).

3. PGL-I Antibody Titers among Contacts

Among the 37 contacts, 24 were from high-endemic coun-
tries for Hansen’s disease, and 13 were from low-endemic
countries. Two individuals had PGL-I antibody titers 2200,
corresponding to a positivity rate of 5.4%. Both cases were so-
cial contacts of patient B, with one from a high-endemic coun-
try and one from a low-endemic country.

Among contacts from high-endemic countries, the mean
PGL-I antibody titer was 81 (minimum, 4; maximum, 223),
with a standard deviation of 60. Among contacts from low-
endemic countries, the mean titer was 93 (minimum, 20;
maximum, 264), with a standard deviation of 58. By country,
contacts from Nepal exhibited the lowest (mean, 26; mini-
mum, 9; maximum, 54; standard deviation, 19) and contacts
from Vietnam exhibited the highest mean PGL-I antibody titer
(mean, 163; minimum, 103; maximum, 264; standard devia-
tion, 72) (Table 3).

As this comparison is based on descriptive statistics and the
sample size is small, caution is required during interpretation

due to limited statistical significance.

4. Exposure Risk Assessment

Patient A had no cohabiting individuals. However, pa-
tient B cohabited with an individual for 3 months and at
least 20 hours per week. Patient B reported routinely wear-

ing long-sleeved clothing and a facial mask due to skin lesions.
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Table 3. PGL-I antibody titers among contacts by Hansen's disease endemicity of country of origin in the Chungcheong
region, Republic of Korea, 2024-2025
High endemicity countries Low endemicity countries
Outcome :
variables Total Indonesia Ph.'.Fth‘ Nepal Myanmar Total Hepublic Vietnam Thailand China  Kenya
ilippines of Korea
Contacts 24 8 7 6 3 13 5 3 3 1 1
PGL-I Ab titer
Mean 81 99 96 26 105 93 62 163 90 20 118
SD 60 69 35 19 70 58 21 72 15
Min 4 4 48 9 30 20 27 103 74
Median 69 78 112 15 86 87 60 122 87
Max 223 223 152 54 198 264 89 264 110
PGL-I=phenolic glycolipid-1; Ab=antibody; SD=standard deviation; Min=minimum; Max=maximum.

Therefore, opportunities for direct skin contact or close droplet
exposure were considered limited, and the exposure risk within
the residence was assessed as low.

Patient A had been employed in the food manufactur-
ing industry since January 2024 for 10 months. Patient B had
been employed in the semiconductor manufacturing industry
since July 2024 for 1 year and 2 months. In both workplaces,
the use of personal protective equipment was mandatory due
to the nature of the work environment and processes, and the
workplaces were characterized by high ceilings, large spaces,
and structures allowing natural ventilation, rendering sus-
tained high-intensity exposure unlikely. Therefore, workplace

exposure risk was also assessed as low.

5. Follow—up Management of Contacts

Individuals for follow-up management were selected based
on PGL-I antibody test results and the Hansen’s disease en-
demicity of their countries of origin. All six social contacts of
patient A had PGL-I antibody titers of <200, but as they were
from high-endemic countries, annual screening for five years
was recommended for early detection of new cases. Among the

30 social contacts of patient B, the two individuals with PGL-I
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antibody titers >200 will undergo re-testing after 12 months in
accordance with the “Guidelines for Hansen’s disease Program
Management,” and if abnormal findings are identified, slit-
skin smear microscopy (acid-fast staining) and biopsy will be
additionally performed. Meanwhile, the household contact of
patient B had a PGL-Iantibody titer of 30 and was, therefore,
excluded from follow-up management. However, contacts
were advised to seek medical care if symptoms develop. As of
December 31, 2025, no additional new cases had been report-

ed in the Chungcheong region.

Discussion

Over the past two years, two new cases of Hansen’s disease
were reported in the Chungcheong region, and both were from
high-endemic countries for Hansen’s disease. Based on mo-
lecular detection testing, both were identified as types mainly
found in Southeast Asia and were, therefore, presumed to be
imported cases. Both cases were confirmed as MB, which is
associated with high transmissibility [15], and because infec-
tivity may persist for up to approximately 72 hours after the

initiation of multidrug treatment [16], both patients were
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hospitalized in single rooms at the KHWA, treated, and then
discharged. Epidemiological investigation made it difficult to
confirm contact with preceding cases, and considering the level
of personal protective equipment use and workplace density,
the possibility of transmission within the residence and work-
place was assessed as low. Among the 37 contacts, two indi-
viduals had PGL-I antibody titers of 2200, and neither had
clinical symptoms. Taken together, these findings suggest that
the cases were more likely limited to restricted exposure rather
than sustained transmission within the community. However,
given the long incubation period of Hansen’s disease, continu-
ous monitoring through long-term follow-up is necessary.

Rapid and accurate diagnosis is critically important for dis-
ease control and the establishment of public policies for contact
surveillance. The PGL-I antibody level is regarded as a surro-
gate marker reflecting bacillary burden and is useful for evalu-
ating infection with the bacilli and for the clinical manage-
ment of patients [4]. It can also be used as a screening marker
for contact surveillance and diagnosis, and early detection and
treatment of subclinical infections may reduce nerve damage
and disability. Contacts who are positive for PGL-I antibodies
have been reported to have ~3-fold higher risk of developing
Hansen’s disease [17]. In endemic areas, among contacts of
MB cases, the negative predictive value has been reported to be
94.6%, indicating that this test is useful for supporting clinical
diagnosis and excluding Hansen’s disease [18].

However, the PGL-I antibody test has several limitations.
Its overall sensitivity has been reported to be <50%, whereas its
specificity is around 80% [17]. In addition, the sensitivity dif-
fers markedly according to disease type, at approximately 78%
for MB and approximately 34% for PB [19]. In terms of anti-

body response, a humoral response to PGL-I and its conjugates

www.phwr.org Vol 19, No 14, 2026

is observed in 90-95% of LL patients but only 25-60% of TT
patients [1]. Although direct comparison is difficult, the PGL-I
antibody positivity rate in Brazil, where the burden of Hansen’s
disease is higher, has been reported to be 16.3% [20], which
is lower than the rate of 43.8% reported in Indonesia [21]. In
the present cases as well, patient B, whose MI was 50%, had a
PGL-I antibody titer of 879, which was lower than that of pa-
tient A, whose MI was 10%. Therefore, although the PGL-I
antibody test is useful for risk stratification, it has limitations as
an indicator for confirming infection or directly assessing the
level of community transmission. PGL-I antibody titers should
be interpreted comprehensively in light of each contact’s epide-
miological background and exposure history.

Nevertheless, PGL-I antibody testing was performed
among contacts to identify subclinical infections and positive
cases at risk of developing Hansen’s disease. As a result, among
the 37 contacts, two cases with PGL-I antibody titers of 2200
and <500 were identified. The mean antibody titer did not
show a clear difference based on the level of Hansen’s disease
endemicity in the country of origin. The highest antibody ti-
ter was observed in a contact from Vietnam, which is classified
as a country with a low level of Hansen’s disease occurrence.
Vietnam has been reported to have a high percentage of MB
cases (92.7%) among reported cases [15]. The risk of infection
among household contacts of MB patients is estimated to be
5-8 times higher compared to that in the general population
[12]. Therefore, considering a long-term history of residence
in countries where Hansen’s disease continues to be reported,
the possibility of antibody formation due to cumulative expo-
sure cannot be excluded. In addition, PGL-I antibody testing
was performed to monitor the treatment course of the patients.

In patient A, the PGL-I antibody titer decreased from 1,468 to
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860 after 14 months of multidrug therapy.

Hansen’s disease is rare, experience with its management
is limited, and attention must also be paid to communication
difficulties with foreign patients, as well as stigma and discrimi-
nation related to the disease. Therefore, systematic manage-
ment strategies should be established in advance for an effec-
tive response. Based on the present response experience, the
following measures for improving contact management are
proposed.

First, a multilingual support system is needed to ensure
the accuracy of information collected during epidemiologi-
cal investigations of foreign patients. Risk factors for Hansen’s
disease include inadequate housing conditions, proximity to a
preceding case, overcrowding, poor dietary habits (malnutri-
tion), immunocompromised status (HIV), and limited access
to healthcare (rural residence) [15,22]. Although multilingual
epidemiological investigation forms have been developed, de-
tailed information gathering remains limited because commu-
nication with foreign patients is often not smooth. Therefore,
in addition to securing interpretation personnel, it is also
necessary to consider using digital technologies, such as Al-
based translation tools, as supplementary means of supporting
communication.

Second, a risk-based approach is required to prioritize con-
tact screening. Among the risk factors related to the index case,
bacillary burden is known to be the only variable associated
with the development of Hansen’s disease in contacts [23].
However, pathogen-related information available through the
infectious disease reporting system is limited. In this study, pa-
tient B exhibited a high bacillary burden, with slit-skin smear
microscopy (acid-fast staining) results showing a BI of 6+ and

an MI of 50%, and also had nasal swelling, suggesting a high
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likelihood of bacillary shedding from the upper respiratory
tract. In addition, the patient had entered employment after
symptom onset and had worked for more than 1 year. Based
on this information, the scope of the contact investigation was
expanded. As a result, two PGL-I antibody-positive cases were
identified. This finding suggests the need for a risk-based ap-
proach in contact management that takes into account the in-
fectivity and exposure characteristics of the index case.

Third, the IDIS needs to be improved to ensure continuity
in contact monitoring. At present, the system has limitations in
continuously managing the follow-up screening history of con-
tacts over time. The initial test results of contacts are entered
into the suspected infectious disease case management (con-
tact management) module, whereas test results obtained 1 year
later are entered into the epidemiological investigation form of
the index case, resulting in fragmented management of infor-
mation for the same contact. Since Hansen’s disease is a rare
chronic infectious disease requiring contact management for
at least 5 years, improvements to the system centered on the
needs of field personnel are expected to enhance the efficiency
of contact management.

This report is based on a descriptive statistical analysis of
Hansen’s disease contacts conducted in a single region, and
the limited sample size warrants caution in the interpretation
of the findings. In addition, because the number of contacts
was small, no statistical analyses for association could be per-
formed, and the study was limited in that it could not suffi-
ciently reflect various epidemiological factors, such as contact
type, duration of exposure, and residential environment. If
test results of the contacts are systematically accumulated and
long-term follow-up studies are conducted in the future, the

relationship between PGL-I antibody test results and the actual
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risk of developing Hansen’s disease could be evaluated more
clearly. Furthermore, if studies that jointly consider the epide-
miological characteristics of contacts and their levels of expo-
sure continue to accumulate, they are expected to provide ob-
jective evidence for establishing contact management strategies
and risk-based screening systems.

In conclusion, although transmission via the upper respi-
ratory tract is known to be the main route of Hansen’s disease
transmission, it remains difficult to clearly define the actual
pattern of transmission and the scope of risky contact. In this
investigation, contact screening was conducted not only for
household contacts but also for social contacts in the work-
place, and as a result, two social contacts were identified with
PGL-I antibody titers of >200. These findings suggest that set-
ting a broader scope for contacts in low-endemic countries
might help identify individuals with subclinical infection. In
the future, risk-based management that takes into account the
epidemiological characteristics of contacts and their level of ex-
posure, together with systematic long-term follow-up, will be
important for the early detection of new cases and the preven-

tion of community transmission.
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Regional Variations in Characteristics and Statistics of Heat-related
llinesses in the Chungcheong Region (2025)

Hoyeong Ahn @, Haejun Pyun @, Joo—Yeon Hwang @, Yeon Hwa Choi*

Division of Chronic Disease Management, Chungcheong Regional Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Daejeon, Korea

ABSTRACT

Objectives: This study aimed to elucidate climate-health vulnerability in the Chungcheong region (i.e., Daejeon, Sejong,
Chungcheongbuk-do, and Chungcheongnam-do) and examine in-depth analytical statistics and evidence for establishing climate-
health policies and risk communication strategies at the national and regional levels.

Methods: Data derived from the Heat Injury Surveillance System by the Korea Disease Control and Prevention Agency in 2025
were used to monitor incidents of heat injuries and heat-related illnesses in the Chungcheong region (36 municipalities). Additional
analyses were conducted using meteorological and healthcare utilization data from the Korea Meteorological Administration and
Health Insurance Review and Assessment Service, respectively. Regional incidence rates were calculated as the number of heat-related
illness cases per 100,000 population. To visualize regional distribution, a hexagon binning (hexbin) tool was applied.

Results: In 2025, a total of 527 heat-related illness cases were reported in the Chungcheong region. Men accounted for 426 cases
(80.8%), which is approximately four times higher than women (101 cases, 19.2%). The highest proportion of cases was observed
for individuals aged 40-59 years (171 cases, 32.4%). The proportion of cases for individuals aged 60 years and older was 39.6%,
representing a decrease of 2.2 percentage points compared with the previous year. The study noted substantial regional disparities in
heat-related illness cases, ranging from 2.3 per 100,000 population in Dong-gu, Daejeon, to 49.6 per 100,000 population in Okcheon
County, Chungcheongbuk-do, which corresponds to a 21.6-fold difference. In Chungcheongnam-do, the areas exhibiting the most
number of cases remained consistent with those observed in the previous year, including Cheongyang County (40.9), Yesan County
(25.4), and Dangjin City (23.8). In Chungcheongbuk-do, the ranking of high-incidence areas was reversed compared with the
previous year, with Okcheon County (49.6), Danyang County (40.6), and Boeun County (36.2) obtaining the highest rates. Estimated
heat-related deaths occurred exclusively in Chungcheongnam-do, with two deaths reported in Dangjin and one each in Cheongyang,
Buyeo, and Gongju.

Conclusions: To enhance climate-health literacy and community engagement, furthering stratifying vulnerable groups at risk of
heat-related illnesses and developing customized health guidance materials are essential measures. In addition, community-based
and ferderalized-/resident-based education and risk communication strategies grounded in regional statistical data are required to

promote active participation and awareness at the local level.

Key words: Climate change; Heat wave; Regional statistics; Chronic disease; Health policy
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Key messages
(D What is known previously?

Although the incidence of heat-related illnesses has in-
creased steadily in the past five years, in-depth regional
analyses that consider geographic and sociodemographic

characteristics remain limited.

@ What new information is presented?

In 2025, the peak period of heat-related illnesses and
estimated deaths shifted earlier—from August to July,
indicating an earlier heat risk. Approximately 45% of
patients presented with underlying conditions, primar-
ily cardiovascular diseases and diabetes, with increased
comorbidity rates throughout the surveillance period.
Regional disparities in heat-related and chronic disease
patterns were identified across the Chungcheong region.

® What are implications?

This study provides regional climate-health statistics for
identifying climate-heat vulnerability to provide support
for vulnerable populations, disparity analyses, targeted
prevention strategies, and awareness efforts.

Introduction

Heatwaves are a major health risk factor attributable to
climate change, and the magnitude and patterns of health im-
pacts vary according to regional and sociodemographic charac-
teristics [1]. In recent years, both the frequency and intensity of
extreme climate events have increased [2], and heatwaves have
shown characteristics of earlier onset and prolonged duration.
On the Korean Peninsula, unlike the previous year when the
period of intense heat began in late July, an early heatwave be-
gan in late June and persisted until late August in 2025 [3]. In
response, several countries have implemented and operated

heat-related illness surveillance systems and heatwave response

www.phwr.org Vol 19, No 14, 2026

monitoring based on community resources [4-7].

The UK Health Security Agency operates the national
Emergency Department Syndromic Surveillance System, which
monitors various syndromes, including heat-related illnesses as
well as cardiovascular and respiratory diseases. In collaboration
with the Met Office, heatwave levels are classified into stages,
and early warnings of health risks caused by heatwaves are is-
sued [4].

In the United States, the Center for Disease Control
and Prevention and National Oceanic and Atmospheric
Administration operate the Heat and Health Initiative.
Through this initiative, they provide information to both the
public and healthcare professionals by predicting and visual-
izing heat-related health risk levels for up to seven days. This
includes the HeatRisk Forecast Tool, HeatRisk Dashboard, and
Clinical Guidance [5].

In 2021, Japan introduced a nationwide heat stroke alert
system, under which specific measures, such as refraining
from outdoor activities and canceling sporting events, are im-
plemented when the Wet-Bulb Globe Temperature reaches
or exceeds 33C or 35C. In addition, the Fire and Disaster
Management Agency of the Ministry of Internal Affairs and
Communications of Japan collects and provides daily and
weekly data on the number of heat-related illness transports
by emergency services nationwide through the “Heatstroke
Surveillance” system from May to September each year [6].
Based on these data, regional risk levels are rapidly identified
and used as a basis for preventive measures by local govern-
ments and for issuing public alerts [7].

The Korea Disease Control and Prevention Agency
(KDCA) operates the Heat-Related Illness Emergency

Department Surveillance System during the summer,
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providing timely information on heat-related illness cases na-
tionwide to raise awareness and promote preventive actions
aimed at minimizing health impacts from heatwaves. However,
regional disparities exist due to differences in heat exposure
environments, healthcare accessibility, and response capacity.
Therefore, community-based analyses are needed to strength-
en regional preparedness for heatwaves and enhancing adap-
tive capacity to climate change.

Community-based analyses related to heat-related illness
have been conducted at the small-area or national level through
analyses of patient incidence data [8,9]. However, compara-
tive analyses of regional disparities at the broader regional
level remain relatively insufficient. The Chungcheong region
has a higher proportion of older adults than the national aver-
age [10,11], and Daejeon, Sejong, Chungcheongnam-do, and
Chungcheongbuk-do differ substantially in sociodemographic
characteristics and include a mix of urban and rural areas, re-
sulting in considerable geographic heterogeneity. Accordingly,
in-depth analyses that take these characteristics into account
are necessary.

This study aimed to analyze climate vulnerability and iden-
tify health disparities in the Chungcheong region using data
from the KDCA Heat-Related Illness Emergency Department
Surveillance System. Through an in-depth analysis of heat-re-
lated illness incidence at the regional level (four metropolitan/
provincial units and 36 municipalities), this study sought to
identify vulnerable areas and at-risk populations, develop pri-
oritized and tailored prevention and communication strategies,

and provide baseline data to enhance regional health equity.

614

Methods

This study utilized data from the KDCA Heat-Related
Iliness Emergency Department Surveillance System conducted
in 2025. The system operates annually from May to September
with the voluntary participation of approximately 500 medical
institutions nationwide, reporting cases of heat-related illness
among patients visiting emergency departments. The reported
data are collected and aggregated following approval by the rel-
evant public health centers and metropolitan/provincial gov-
ernments, and daily updates on heat-related illness incidence
are provided through the KDCA website. In 2025, in align-
ment with the operating period of the government-wide com-
prehensive heatwave response plan, the surveillance period be-
gan on May 15, five days earlier than the previous surveillance
period (May 20 to September 30), and was terminated early
on September 25. For the calculation of regional statistics and
in-depth analysis of heat-related illness in the Chungcheong
region, in addition to the reported data on heat-related illness
occurrence, the scope of information was expanded to include
regional-level data (four metropolitan/provincial units and 36
municipalities) on comorbidity status, trends in occurrence,
and treatment outcomes. In addition, database data—includ-
ing disease statistics from the Health Insurance Review and
Assessment Service and distribution of heat-related illness oc-
currence according to daily maximum temperature (C )—were
linked and utilized for analysis. For the analysis of the regional
occurrence of heat-related illness in the Chungcheong region,
the number of heat-related illness cases by region was divided
by the population of the corresponding region (based on resi-
dent registration population statistics from the Ministry of the

Interior and Safety as of June 2025) to calculate the number
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of cases per 100,000 population. To facilitate intuitive iden-
tification of the distribution of occurrence, hexagon-binning
visualization analysis was applied. Information on comorbidi-
ties was collected in accordance with the reporting form of
the Heat-Related Illness Emergency Department Surveillance
System. The reporting form categorizes comorbidities into dia-
betes, cerebrovascular diseases (cerebral hemorrhage, cerebral
infarction), cardiovascular diseases (hypertension, heart fail-
ure, myocardial infarction, angina, arrhythmia, etc.), endocrine
disorders (hyperthyroidism, hypothyroidism, hyperadreno-
corticism, adrenal insufficiency, etc.), cancer, dementia, others,
none, and unknown, with multiple responses allowed. In this
study, “none” was reclassified as absence of comorbidity, and
all other items were reclassified as presence of comorbidity.
The types of comorbidities included diabetes, cerebrovascular
diseases, cardiovascular diseases, endocrine disorders, demen-
tia, and cancer, with additional inclusion of mental disorders
and respiratory diseases recorded under “others.” Treatment
outcomes were classified as discharge, hospitalization (general
ward, intensive care unit), transfer, discharge against medical
advice, and death. Among these, discharge refers to cases in
which patients returned home after amelioration of symptoms

following treatment at the emergency department.

Results

1. Distribution of Heat-related lllness Occurrence
according to Region in the Chungcheong
Region
The occurrence of heat-related illness was higher in

Chungcheongnam-do and Chungcheongbuk-do than in

Daejeon and Sejong (Figure 1). In both Chungcheongbuk-do

www.phwr.org Vol 19, No 14, 2026

and Chungcheongnam-do, the occurrence of heat-related ill-
ness began to increase at 33C range and increased sharply at
34T range. However, in the >33 T range, the patterns of heat-
related illness occurrence differed between Chungcheongbuk-
do and Chungcheongnam-do: in Chungcheongbuk-do, 76 cas-
es occurred in the 34T range, whereas in Chungcheongnam-
do, the highest number of cases (73) occurred in the 35T
range. In 2024, the highest number of cases occurred in the
33T range in Chungcheongbuk-do (85 cases) and in the 34C
range in Chungcheongnam-do (85 cases), indicating that the
distribution of heat-related illness occurrence according to
daily maximum temperature (C) increased compared with the

previous year (Supplementary Figure 1A; available online).

2. Regional Statistics on Heat-related lliness
Occurrence in the Chungcheong Region
In 2025, a total of 527 heat-related illness cases were re-
ported in the Chungcheong region, with males account-
ing for 426 cases (80.8%), approximately four times higher
than females (101 cases, 19.2%; Table 1) [12]. By age group,

809 o Daejeon
704 —=— Sejong
o» 60 - Chungbuk
% 50 - Chungnam
o 401
]
s 301
Z 920 -
10
0O+ ' 1 T T -7~ :
25|26(27|28(29|30(31|32|33|34|35(36
—— Daejeon 0|0|O0|1]|0| O| 4/ 6|13[10(14] 3
—=— Sejong o|0|1|0]|2| 1] 2 7| 3[12| 3| 2
Chungbuk | 0| 3| 0|2 1[18]|20|47|18|76(29| O
Chungnam| 1 (0| 1|0 | 6|17(18|56(20|22|73|13

Average daily maximum temperature (°C)

Figure 1. Regional incidence of heat-related illness in the
Chungcheong region (2025)

Unit: T, no. of cases
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Table 1. Regional characteristics of heat-related illness cases in the Chungcheong region

Classification

2024 (n=538)

2025 (n=527)

Increase/decrease
(2025-2024)

Sex
Male
Female
Age group (yr)
<20
20-39
40-59
60-79
=80
Region of occurrence
Daejeon
Sejong
Chungbuk
Chungnam
Type of heat-related illness”
Heat stroke
Heat exhaustion
Heat cramps
Heat syncope
Other
Clinical outcome
Discharged
Hospital admission
Admission to intensive care unit
Death
Transfer
Comorbidity
No
Yes”
Cardiovascular disease
Diabetes mellitus
Cerebrovascular disease
Neurological disease
Renal disease
Cancer
Mental disorder
Respiratory disease
Month of occurrence
May
June
July
August
September

418 (77.7)
120 (22.3)

14 (2.6)
120 (22.3)
179 (33.3)
160 (29.7)

65 (12.1)

69 (12.8)
29 (5.4)
196 (36.4)
244 (45.4)

109 (20.3)
303 (56.3)
71 (13.2)
47 (8.7)
8 (1.5

414 (77.0)
79 (14.7)
28 (5.2)

6(1.1)
11 (2.0)

250 (46.5)
288 (53.5)
150 (27.9)
80 (14.9)
23 (4.3)
4(0.7)
16 (3.0)
10 (1.9)
3(0.6)
2(0.4)

3(0.6)
59 (11.0)
93 (17.3)

325 (60.4)
58 (10.8)

426 (80.8)
101 (19.2)

26 (4.9)
121 (22.9)
171 (32.4)
147 (27.9)

62 (11.7)

52 (9.9)
33(6.3)
215 (43.1)
227 (40.8)

68 (12.9)

358 (67.9)

69 (13.1)
26 (4.9)
6(1.1)

405 (76.9)
89 (16.9)
21 (4.0)

5(0.9)
7(1.3)

291 (55.2)
236 (44.8)
153 (29.0)
73 (13.9)
11 (2.1)
8 (1.5
22 (4.2)
25 (4.7)
5(0.9)
2(0.4)

6(1.1)
51 (9.7)
300 (56.9)
157 (29.8)
13 (2.5)

2.3
0.6
A0.9
Al1.8
A0.4

A2.9
0.9
6.7

N4.6

NT7.4

11.6
A0.1
A3.8
A0.4

A0.1

2.2
Al.2
A0.2
A0.7

8.7
A8.7
1.1
A1.0
AN2.2
0.8
1.2
2.8
0.3
0.0

0.5
Al3
39.6
A30.6
A8.3
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Table 1. Continued

Classification 2024 (n=538)

Increase/decrease

2025 (n=527) (2025-2024)

Place of occurrence?

Indoors 108 (20.1)

Outdoors 430 (79.9)
Day of week

Weekday 380 (70.6)

Weekend 158 (29.4)

103 (19.5) N0.6
424 (80.5) 0.6
368 (69.8) 0.8
159 (30.2) 0.8

transportation facilities), residential areas, and other outdoor spaces.

Unit: no. of cases (%), percentage point change. A=decrease. “Types of heat-related illnesses (based on the Heat Injury Surveillance System
reporting form) [16]: heat stroke: core temperature =40T with neurological impairment; heat exhaustion: core temperature of 38-40C
without altered mental status, accompanied by dehydration and generalized weakness; heat syncope: transient loss of consciousness due
to peripheral vasodilation and orthostatic hypotension; heat cramps: painful muscle spasms due to electrolyte imbalance from excessive
sweating; others: heat edema, other effects of heat and light, and unspecified effects of heat and light. "As multiple comorbidities could be
reported per individual, percentages may not reach a total 100% or exceed 100%. “Indoor locations include buildings, greenhouses, indoor

workplaces, and other indoor spaces; outdoor locations include construction sites, roads, farmland, forests, and outdoor workplaces (including

No. of heat-related
illness cases per
100,000 population

1.0-9.9
10.0-19.9
20.0-29.9
30.0-39.9
I 40.0-49.9
[ 50.0-59.9
I 60.0-69.9

ju-si

Yuseo 121

ng-gu 429
2

.1
@67 Daede

Figure 2. Heat-related illness incidence rates in the Chungcheong
region (2025)

Black numbers: Incidence rate of heat-related illness per 100,000
population. Blue numbers: Proportion of heat-related illness patients
with comorbidity (%). Red asterisks: Regions with estimated heat-
related deaths (Dangjin-si [2], Cheongyang-gun [1], Gongju-si [1],
Buyeo-gun [1]).

individuals aged 40-59 years accounted for the largest pro-
portion (171 cases, 32.4%), whereas the proportion of cases
aged =60 years was 39.6%, representing a decrease of ap-

proximately 2.2% compared with the previous year. By region,

www.phwr.org Vol 19, No 14, 2026

Chungcheongnam-do (227 cases) and Chungcheongbuk-do
(215 cases) together accounted for approximately 84% of total
cases. By type of heat-related illness, heat exhaustion was the
most common (358 cases, 67.9%), followed by heat cramps (69
cases, 13.1%) and heat stroke (68 cases, 12.9%). Regarding
treatment outcomes, 405 patients (76.9%) were discharged,
89 (16.9%) were hospitalized in general wards, 21 (4.0%) were
admitted to intensive care units, 5 (0.9%) died, and 7 (1.3%)
were transferred.

A total of 44.8% of patients had one or more underlying
conditions, and the major types of underlying diseases were
cardiovascular diseases (29.0%) and diabetes (13.9%). The oc-
currence of heat-related illness was concentrated in July (300
cases, 56.9%) and August (157 cases, 29.8%), indicating that
the timing of occurrence was advanced by approximately one
month compared with 2024, when cases were concentrated in
August (325 cases, 60.4%). The place of occurrence was pre-
dominantly outdoors (80.5%, 424 cases), approximately four

times higher than indoors (19.5%, 103 cases). The proportion
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of cases occurring on weekdays was 69.8% (368 cases), ap-
proximately 2.3 times higher than on weekends (159 cases,

30.2%).

3. Heat-related lllness Occurrence by

Municipality in the Chungcheong Region

In 2025, disparities in heat-related illness incidence
across municipalities ranged from 2.3 per 100,000 popula-
tion in Dong-gu, Daejeon, to 49.6 per 100,000 population
in Okcheon County, Chungcheongbuk-do, representing ap-
proximately a 21.6-fold difference (Figure 2). In 2005, in
Chungcheongnam-do, the areas with the highest incidence re-
mained the same as the previous year—Cheongyang County
(40.9), Yesan County (25.4), and Dangjin City (23.8). In con-
trast, in Chungcheongbuk-do, the areas with the highest inci-
dence were Okcheon County (49.6), Danyang County (40.6),
and Boeun County (36.2), and the ranking of these areas was
reversed compared with the previous year (Supplementary
Figure 1B; available online). In Daejeon, the incidence in Jung-
gu, which had been among the highest in 2024, decreased
from 8.5 to 4.4 in 2025, whereas Sejong recorded 8.4, similar
to 2024. In 2025, estimated deaths from heat-related illness
occurred in Dangjin (2 cases), Cheongyang (1 case), Buyeo (1
case), and Gongju (1 case), all located in Chungcheongnam-
do; in 2024, five deaths occurred in Chungcheongnam-do and

one in Chungcheongbuk-do.

4. Heat-related lliness Occurrence by Vulnerable
Groups in the Chungcheong Region in 2025
To assess vulnerability to heat-related illness occurrence

in the Chungcheong region, vulnerable groups among pa-

tients with heat-related illness were classified and schematized.
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Vulnerable groups were categorized into occupational, social,
economic, and physical domains, and further subdivided into
16 subgroups, including workplace workers, outdoor work-
ers, recipients of basic livelihood security, and older adults
(Supplementary Figure 2; available online).

Among the total 527 patients with heat-related illness, 292
were classified under the occupational category. Within this
category, workplace workers accounted for 226 cases (42.8%);
followed by agricultural, forestry, and fishery workers (53
cases, 10.1%); military personnel (8 cases, 1.5%); and mobile
workers (4 cases, 0.8%; Table 2). In the economic category,
recipients of basic livelihood security and homeless individu-
als accounted for 17 cases (3.2%). In the physical category,
older adults aged >60 years accounted for 209 cases (39.7%),
and individuals with chronic diseases accounted for 236 cases
(44.8%).

By age group, among workplace workers (226 cases), in-
dividuals in their 40s accounted for 22.6%, whereas among
agricultural, forestry, and fishery workers, those in their 60s
accounted for the largest proportion at 49.1%. Among those
aged =65 years, workplace workers accounted for 14.2%,
whereas agricultural, forestry, and fishery workers accounted
for 49.1%. In the economic category, occurrence was concen-
trated among those aged 50-59 and 60-69, whereas in the
physical category, occurrence was high among those aged 60-
69 and those aged >80 years.

When vulnerable groups were classified by treatment out-
comes, more than 90% of cases in most groups were either dis-
charged or hospitalized in general wards, and were, thus, classi-
fied as mild or moderate cases. Among military personnel, the
proportion of intensive care unit admission was 37.5% of the

total 8. In the economic category, recipients of basic livelihood
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Table 2. Status of heat-related illness cases occurring in vulnerable occupational settings in the Chungcheong region (2025)
Vulnerable groups to heat-related illnesses
. Socioeconomic Physiological groups
Occupational groups (n=292) groups =
(n=17) (n=446)
Public
Classification ) assistance .
Industrial Agrlc.ultural Mobile Foreign - recipients and People with People \.Nlth
workers” and fishery workers workers Military people Older adults disabilities <fhron|c
(n=226) workers (n=4) (n=1) (n=8) experiencing (=) (n=1) diseases
(n=53) (n=236)
homelessness
(n=17)
Age group (yr)
0-9 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
10-19 2(0.9) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
20-29 27 (11.9) 2(3.8) 0(0.0) 0(0.0) 8 (100) 1(5.9 0(0.0) 0(0.0) 9(3.8)
30-39 37 (16.4) 4(7.5) 1(25.00 1(100)  0(0.0) 0(0.0) 0(0.0) 0(0.0) 12(5.1)
40-49 51 (22.6) 5(9.4) 2(50.00 0.0 0(0.0) 1(5.9 0(0.0) 1 (100) 27 (11.4)
50-59 48 (21.2) 8 (15.1) 0(0.0) 0(0.0) 0(0.0) 6(35.3) 0(0.0) 0(0.0) 41 (17.4)
60-69 49 (21.7) 14 (26.4) 0(0.0) 0(0.0) 0(0.0) 4(23.5) 99 (47.4) 0(0.0) 58 (24.6)
70-79 10 (4.4) 12 (22.6) 1(25.00 0.0 0(0.0) 1(5.9) 48 (23.0) 0(0.0) 35 (14.8)
>80 2(0.9) 8 (15.1) 0(0.0) 0(0.0) 0(0.0) 4(23.5) 62 (29.7) 0(0.0) 54 (22.9)
=65 32(14.2) 26 (49.1) 0(0.0) 0(0.0) 0(0.0) 7 (41.2) 157(75.1)  0(0.0) 119 (50.4)
Clinical outcome
Discharged 185 (81.9) 39 (73.6) 3(75.00  1(100) 2 (25.0) 11 (64.7) 148 (70.8) 1(100) 170 (72.0)
Hospital admission/ 35 (15.5) 10 (18.9) 1(25.00 00 3 (37.5) 3(17.6) 49 (23.4) 0(0.0) 55 (23.3)
transfer
Admission to 6(2.7) 3(5.7) 0 () 0 (0) 3(37.5) 2(11.8) 9(4.3) 0(0.0) 8 (3.4)
intensive care units
Death 0(0.0) 1(1.9) 0(0) 0(0) 0(0.0) 1(5.9) 3(1.4) 0(0.0) 3(1.3)
Type of heat-related
illness
Heat stroke 12 (5.3) 9(17.0) 1(75.00  0(0) 4 (50.0) 11 (64.7) 39 (18.7) 1(100) 38 (16.1)
Heat exhaustion 154 (68.1) 40 (75.5) 3 (25.0) 1(100) 4(50.0) 6(35.3) 141 (67.5) 0(0.0) 162 (68.6)
Heat syncope 43 (19.0) 4(7.5) 0(0) 0(0) 0(0.0) 0(0.0) 15(7.2) 0(0.0) 25 (10.6)
Heat cramps 13 (5.8) 0(0) 00 0(0) 0(0.0) 0(0.0) 11 (5.3) 0(0.0) 9(3.8)
Other 4(1.8) 0 (0) 0(0) 0(0) 0(0.0) 0(0.0) 3(1.4) 0(0.0) 2(0.8)
Place of occurrence”
Indoors 46 (20.4) 12 (22.6) 1(25.00 0(0 1(12.5) 0(0.0) 34 (16.3) 0(0.0) 46 (19.5)
Outdoors 180 (79.6) 41 (77.4) 3 (75.0) 1 (100) 7 (87.5) 17 (100) 175 (83.7) 1 (100) 190 (80.5)
Unit: no. of cases (%). “Indoor locations include buildings, greenhouses, indoor workplaces, and other indoor spaces; outdoor locations
include construction sites, roads, farmland, forests, and outdoor workplaces (including transportation facilities), residential areas, and other
outdoor spaces. *Vulnerable occupational settings include cases occurring in indoor and outdoor workplaces where heat exposure is expected.

security and homeless individuals showed 11.8% intensive care
unit admission and 5.9% mortality. Among older adults, 4.3%
were admitted to intensive care units and 1.4% died. Among
military personnel and recipients of basic livelihood security

or homeless individuals, the proportion of intensive care unit

www.phwr.org Vol 19, No 14, 2026

admission was relatively higher compared with other groups.
However, interpretation of the results is limited due to the
small number of cases.

Regarding the types of heat-related illness, heat stroke and

heat exhaustion accounted for more than 80% in all groups,
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Table 3. Comparison of heat-related illness cases by disease type in the Chungcheong region (2025)

Classification

Heat stroke (n=68)

Heat exhaustion (n=358) Heat cramps (n=69)

Region of occurrence
Daejeon
Sejong
Chungbuk
Chungnam

Age group (yr)
0-19
20-39
40-59
60-79
=80

Month of occurrence
May
June
July
August
September

Time of occurrence
8:00-10:00
10:00-12:00
12:00-14:00
14:00-16:00
16:00-18:00
After 18:00

Clinical outcome
Discharged
Hospital admission/transfer
Admission to intensive care unit
Death

Comorbidity
No
Yes”
Cardiovascular disease
Diabetes mellitus
Cerebrovascular disease
Neurological disease
Renal disease
Cancer
Mental disorder

Respiratory disease

4(5.9)
5(7.4)
19 (27.9)
40 (58.8)

2.9
13 (19.1)
14 (20.6)
24 (35.3)
15 (22.1)

2(2.9)
11 (16.2)
42 (61.8)
11 (16.2)

22,9

2(2.9)

9(13.2)
15 (22.1)
20 (29.4)
13 (19.1)

9 (13.2)

34 (50.0)

18 (26.5)

11 (16.2)
5(7.4)

26 (38.2)
42 (61.8)
19 (27.9)
18 (26.5)
1(1.5)
1(1.5)
3(4.49)
7 (10.3)
1(1.5)
1(0.3)

30 (8.4)
21 (5.9
171 (47.8)
136 (38.0)

22 (6.1)
88 (24.6)
107 (29.9)
100 (27.9)

41 (11.5)

4(1.1)
34 (9.5)
203 (56.7)
109 (30.4)
8(2.2)

34 (9.5)

80 (22.3)
55 (15.4)
64 (17.9)
63 (17.6)
62 (17.3)

294 (82.1)
58 (16.2)
6 (1.7)
0(0.0)

196 (54.7)
162 (45.3)
91 (25.4)
46 (12.8)
6(1.7)

7 (2.0)
15 (4.2)
16 (4.5)
4(1.1)
1(1.5)

8 (11.6)
5(7.2)
14 (20.3)
42 (60.9)

2.9
12 (17.4)
40 (58.0)
14 (20.3)

1(1.4)

0(0.0)
4(5.8)
38 (55.1)
24 (34.8)
3(4.3)

3 (4.3)

8 (11.6)
13 (18.8)
23 (33.3)
10 (14.5)
12 (17.4)

52 (75.4)
15 (21.7)
2(2.9
0 (0.0

44 (63.8)

25 (36.2)
15 (21.7)
7 (10.1)
3 (4.3)
0(0.0)
0 (0.0)
2(2.9)
0 (0.0
0 (0.0

Unit: no. of cases (%). “As multiple comorbidities could be reported per individual, percentages may not reach a total of 100% or may exceed

100%.
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except workplace workers. The proportion of heat stroke was
50% (4 cases) among military personnel and 62.5% (10 cas-
es) among recipients of basic livelihood security and homeless
individuals.

The place of occurrence was predominantly outdoors,
whereas indoor occurrence was relatively low. In particular, all
cases (17 cases) among recipients of basic livelihood security

and homeless individuals occurred outdoors.

5. Comparison of Heat-related lliness
Occurrence by Type in the Chungcheong
Region
In 2025, among the types of heat-related illness in the

Chungcheong region, heat exhaustion accounted for 358

(67.9%), heat cramps for 69 (13.1%), and heat stroke for 68

(12.9%; Table 3). Heat exhaustion showed a higher propor-

tion of occurrence in the Chungcheongbuk-do region (47.8%),

whereas heat stroke and heat cramps showed the highest pro-

portions in the Chungcheongnam-do region at 58.8% and

60.9%, respectively. In terms of age distribution, among cases

of heat stroke, those aged =60 years accounted for 57.4% of

the total, showing a higher proportion of occurrence among

[ No. of heat-related illness cases
—e— Comorbidity

older adults compared with heat exhaustion (39.4%) and heat
cramps (21.4%). Regarding the timing of occurrence, heat
exhaustion (56.7%), heat stroke (61.8%), and heat cramps
(55.1%) were all concentrated in July, and more than 50% oc-
curred during the daytime between 12:00 and 18:00.

In the treatment outcome category, most patients with heat
exhaustion (82.1%) were discharged, whereas the proportions
were 75.4% for heat cramps and 50.0% for heat stroke. When
comparing the proportion of comorbidity, 61.8% of patients
with heat stroke had comorbidities, showing a higher propor-
tion than heat exhaustion (45.3%) and heat cramps (36.2%).
Regarding the types of comorbidities, cardiovascular diseases
were most common, followed by diabetes in heat exhaustion,

heat stroke, and heat cramps.

6. Trends in Heat-related lliness and
Comorbidities in the Chungcheong Region in
2025
In 2025, the number of heat-related illness cases was high-

est in July (301), followed by August (157) and September

(13) (Figure 3). The proportion of patients with heat-related

illness with comorbidities exceeded 30% from May, the initial

—— Cardiovascular disease
—o— Diabetes mellitus

350 1 r 100
301
5 3007 - 80
3 )
T 9 250 a0
8 200 60 53
§ S oo 57— 53.8 % g
£ § 150 35.3 [ E— s L40 © &
5 £ 3336e——°— | ¥ ~F
;= 100 A 275 [ 233 L o | 308 o<
2 167,/57 o __214/74: BILog T
501 ™ —o—T—
6 /m" 50 15.3 13
0 +—=o — 19 _
May June July | August |September Figure 3. Trends in major comorbidities
[ No. of heat-related illness cases 6 51 301 157 13 among heat-related illness patients by
—*— Comorbidity 33.3 35.3 38.9 40.8 538 month in the Chungcheong region
~e— Cardiovascular disease 16.7 275 23.3 27.4 23.1 (2025)
—e— Diabetes mellitus 0.0 11.8 13.0 15.3 30.8 Unit: no. of cases, %
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surveillance period, and continued to increase, reaching 53.8%
in September. The proportion of cardiovascular disease comor-
bidity was 16.7% in May and remained above 20% through
September, and the proportion of patients with heat-related ill-
ness with diabetes increased to 15.3% in August and 30.8% in

September.

Discussion

Recognizing the severity of climate change and responding
to it requires an understanding of climate and health among
various stakeholders, including the public, researchers, and
policymakers. Climate health literacy has emerged as an impor-
tant concept, referring to the ability to understand the health
impacts of climate change and to translate this understanding
into community-level responses and behavioral actions.

The health impacts of heatwaves vary in terms of health
damage and patterns according to regional, geographic, and
sociodemographic characteristics [13]. Despite recent work-
er health measures for populations vulnerable to heatwaves
(implemented in June 2025) and the comprehensive summer
natural disaster countermeasures (May 2025), previous policy
research related to heatwaves has been conducted partially for
infants and older adults, and research on diverse vulnerable
groups remains insufficient.

Accordingly, this study identified the occurrence of heat-
related illness in the Chungcheong region (four metropolitan/
provincial units and 36 municipalities) and conducted an anal-
ysis of regional health disparities. Unlike the existing monitor-
ing results of the Heat-Related Illness Emergency Department
Surveillance System (the aggregated number of heat-related ill-

ness cases occurring on the previous day), the incidence rate of

622

heat-related illness per 100,000 population was calculated by
adjusting for regional population size [14]. Based on these re-
gional statistical results, there are plans to establish and imple-
ment community-based participatory and resident-oriented
heat-related illness prevention education and communication
strategies targeting health-vulnerable areas and vulnerable
groups. The Chungcheong region includes metropolitan cit-
ies and rural and fishing areas, making it possible to compare
disparities according to regional characteristics. Differences in
the number of cases by temperature were observed between
Chungcheongbuk-do and Chungcheongnam-do. Although the
average temperatures of the two regions were similar, differ-
ences were identified in the timing and number of days of heat-
waves and tropical nights, as well as in the number of precipi-
tation days, precipitation amounts, and heavy rainfall events.
Research is needed to analyze psychosociological causes and to
assess the current status related to geographic and topographic
climatic characteristics and regional disparities.

In the Chungcheong region, occupationally vulnerable
groups accounted for approximately 55% of all patients with
heat-related illness, and among them, workplace workers ac-
counted for 77.4% of the total occupational group. This is con-
sistent with previous research findings that workers exposed
to high-temperature environments for prolonged periods are
at risk of heat-related illness [1]. Among agricultural, forestry,
and fishery workers, heat-related illness occurrence was high-
er among older adults aged =05 years, whereas the age group
with the highest occurrence among workplace workers was
middle-aged adults aged 40-49 years. Agricultural, forestry,
and fishery workers accounted for the second highest propor-
tion among all occupational groups, reflecting the regional

characteristics of the Chungcheong region, where urban and

www.phwr.org Vol 19, No 14, 2026
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rural areas coexist. Among military personnel, all were in their
20s, and although the number of cases increased by 33% com-
pared with the previous year, the aggregation of case counts
was limited. This is consistent with the first academic journal
article on military heat-related illness that reported an increase
in heat-related illness within military units [15].

In the Chungcheong region, 44.8% of all patients with
heat-related illness had comorbidities, and the types of comor-
bidities were most commonly cardiovascular diseases (29.0%),
followed by diabetes (13.9%). The proportion of comorbid-
ity increased continuously from 33.3% in May to 53.8% in
September, suggesting the need for continuous heatwave man-
agement not only during the intensive heatwave management
period of July-August but also from early summer (May-June)
through late heat (September) and thereafter. In collaboration
with local governments in each region, it is necessary to closely
identify local residents with chronic diseases, such as cardiovas-
cular disease or diabetes, and to establish and implement edu-
cation and communication plans by city, county, and district.

There are limitations in sufficiently explaining the mag-
nitude of occurrence and the distribution of severity of health
impacts resulting from heatwaves based solely on surveil-
lance using a single data source. In this study, analysis of dis-
ease subcategory statistics by healthcare institution location
from the Health Insurance Review and Assessment Service
(2020-2024) showed that, among heat-related illnesses, heat
exhaustion and heat stroke had higher proportions in that
order, and this was similar to the results of the Heat-Related
Illness Emergency Department Surveillance System analysis
(Supplementary Table 1; available online) [106]. In this regard,
the findings of this study suggest the need for research linking

and analyzing multi-layered data for heatwave response.

www.phwr.org Vol 19, No 14, 2026

This analysis is meaningful in that it identified and sum-
marized health vulnerability to heat-related illness through the
production of regional climate-health statistics at the level of
the Chungcheong region (four metropolitan/provincial units
and 36 municipalities). However, it has limitations in explain-
ing the overall magnitude and distribution of health impact oc-
currence resulting from climate change.

In the future, by expanding data sources to include the
National Health Insurance Service, Health Insurance Review
and Assessment Service, and emergency transport data from
the National Fire Agency, in-depth research is needed on the
protection of climate-health vulnerable groups and analysis of
regional disparity factors and causes, and analytical approaches
involving the Community Health Survey and acute cardiac ar-
rest occurrence are also needed.

The regional-level occurrence of heat-related illness in the
Chungcheong region and interregional health disparities were
quantitatively presented, and it is expected that these results
will be utilized to develop community-based participatory and
resident-oriented educational content and to enhance com-
munity participation and awareness through the training of re-

gional health leaders.
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Original Article

Impact of Infectious Disease Prevention Education Program on
Hand Hygiene Awareness and Attitudes in Elementary School
Students in Chungnam Province, Korea (2024)

Ji-Ae Lim' @, Daehui Han? @, Sang ouk Woo® @, Su-Jin Kim* @, Oh-Hyun Cho'*

'Chungnam Center for Infectious Diseases Control and Prevention, Hongseong, Korea, ?Education and Training Team, Chungnam Center for
Infectious Diseases Control and Prevention, Hongseong, Korea, *Surveillance and Analysis Team, Chungnam Center for Infectious Diseases
Control and Prevention, Hongseong, Korea, *Epidemiological Investigation Team, Chungnam Center for Infectious Diseases Control and
Prevention, Hongseong, Korea

ABSTRACT

Objectives: In 2024, the Chungnam Center for Infectious Diseases Control and Prevention implemented an infectious disease
prevention education program for elementary school students in Chungnam Province, the Republic of Korea. The program, titled
Dream Tree Infectious Disease Safe School, was conducted between May and November 2024.

Methods: Fifteen elementary schools without school nurses and with fewer than 50 students participated, totaling 353 students. To
evaluate the program effectiveness, surveys assessing handwashing awareness and attitudes were administered before, immediately
after, and three months following the education session.

Results: Awareness and attitudes were scored on a scale of 0 to 100. Both handwashing awareness and attitudes improved after
the educational intervention compared with baseline levels. The mean awareness score increased from 85.7+17.3 before education
to 93.5+12.4 after education. Similarly, the mean attitude score increased from 85.2+21.2 to 91.7+17.8 after the intervention. Three
months after the education, handwashing awareness remained above the pre-education level (89.7£15.7). Overall, awareness scores
exceeded attitude scores after the program. Differences were also observed by student characteristics. Female students demonstrated
higher awareness scores than male students both before and after education. Students in upper grades (grades 4-6) showed higher
awareness and attitude scores than lower grades students (grades 1-3) after education.

Conclusions: These findings suggest that infectious disease prevention education can effectively improve handwashing awareness
and attitudes among elementary school students. The results highlight the importance of providing regular, tailored infectious disease

prevention education that considers student gender and grade level.

Key words: Communicable diseases; Education; Hand hygiene; Schools

*Corresponding author: Oh—-Hyun Cho, Tel: +82-41-631-9313, E-mail: 80658@schmc.ac.kr

Introduction of infectious diseases can lead to group outbreaks within a
short period. Therefore, systematic prevention and manage-

Schools are collective environments where the introduction ment of infectious diseases are crucial in these environments.
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Key messages
(D What is known previously?

Schools are high-risk settings for rapid infectious disease
transmission due to close students contact. Recently, re-
spiratory infections such as pertussis and scarlet fever
have increased among school-aged children, highlight-
ing the importance of infection prevention education in
school settings.

(@ What new information is presented?

This study demonstrated that an infectious disease pre-
vention education program improved handwashing
awareness and attitudes among elementary school stu-
dents. Handwashing awareness remained higher three
months after the intervention than at baseline, and ex-
ceeded attitude scores after education. Differences in
awareness and attitudes were also observed according to
sex and grade level.

® What are implications?

The findings indicate that infection prevention educa-
tion can effectively improve handwashing awareness and
attitudes among elementary school students. These out-
comes support the regular implementation of such pro-
grams in schools, considering student characteristics.

In addition, the incidence of respiratory infectious diseases,
such as pertussis and scarlet fever, has been increasing mark-
edly, particularly among infants, school-aged children, and
adolescents [1]. Accordingly, continuous infectious disease
prevention education for students has become necessary,
which led to the implementation of this project. In 2024,
the Chungnam Center for Infectious Diseases Control and
Prevention (CNCIDC) conducted an infectious disease pre-
vention education program (Title: Dream Tree Infectious
Disease Safe School), targeting elementary school students at

small schools with fewer than 50 students in the Chungnam

634

Province, where no school nurse was assigned. (According to
Article 15(2) of the School Health Act, schools are required to
appoint a school nurse responsible for student health educa-
tion and management, but schools below a certain size may
instead be served by a visiting school nurse.) Thus, this article
presents the results of the infectious disease prevention educa-
tion at such small schools and proposes ways to utilize those

results effectively.

Methods

1. Selection of Target Institutions

The infectious disease prevention education was conducted
for approximately seven months, from May 2024 to November
2024. Among 413 elementary schools in Chungnam Province
(as of March 2024; data provided by the Chungnam Office
of Education), 93 schools (22.5%) did not have an assigned
school nurse. Among these, 74 schools (17.9%) with fewer
than 50 students were selected as the target schools [2]. Official
letters introducing the project and requesting participation
were sent to the target schools, and 15 schools that expressed
willingness to participate were finally selected as the participat-

ing institutions.

2. Education Program and Evaluation of Its
Effects
1) Education program
The education program included mandatory instruction
on handwashing and cough etiquette. The program consisted
of viewing a handwashing education video, conducting an ad-
enosine triphosphate (ATP) surface test practice (measuring

microbial contamination on environmental surfaces such as

www.phwr.org Vol 19, No 14, 2026
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desks and chairs and on the hands of participating elementary
school students using a 3M Clean-Trace ATP measuring de-
vice), and practicing handwashing using fluorescent lotion. As
optional education, one topic was selected from the following:
understanding the transmission of infectious diseases (respira-
tory, waterborne, and foodborne infectious diseases), common
infectious diseases among children (varicella, mumps, and
scarlet fever), and an infectious disease prevention quiz. Each
education session was conducted within 60 minutes. Since the
total number of students in each school was fewer than 50, the
educational sessions were conducted with all grade levels gath-

ered together in the auditorium or a classroom.

2) Evaluation of the effects of handwashing education

To assess the outcomes of the education, a survey on
handwashing awareness (ten items) and attitudes (five items)
was administered to participating students before the educa-
tion, immediately after the education, and 3 months after the
education. The handwashing awareness and attitude survey
items were developed by simplifying the awareness and at-
titude items (16 and six items, respectively) from the ques-
tionnaire “Survey on Handwashing Practices and Public
Awareness (Student Version)” used in the research proj-
ect “Survey on Handwashing Practices and Development of
Strategies to Improve Handwashing Compliance for Infectious
Disease Prevention” (Korea Centers for Disease Control and
Prevention, 2013) to ten and five items, respectively. Survey re-
sponses were structured as binary responses (“yes” or “no”) [3].
The survey was self-administered by each student. For lower-
grade students (grades 1-3), the survey items were read aloud,
when necessary, to obtain responses. The handwashing surveys

conducted before and after the education were administered to

www.phwr.org Vol 19, No 14, 2026

all participating schools and students. The handwashing survey
was conducted 3 months after the education targeted schools
that had received the education and had voluntarily agreed to
participate. For these schools, experiential teaching materials
using hand-shaped badges to check bacterial contamination on
hands were provided so that the activity could be conducted
independently prior to administering the survey. To verify the
internal consistency of the survey instrument, Cronbach’s al-
pha was calculated using the pre-education data. The results
showed that Cronbach’s alpha values for the handwashing
awareness (ten items) and attitude items (five items) were 0.72

and 0.506, respectively.

3. Statistical Analysis

Statistical analyses were conducted using Excel (Microsoft)
and the statistical program R (version 4.5.2; R Foundation
for Statistical Computing). The frequencies (number, %) of
elementary schools and students participating in the edu-
cation were presented by city/county, by the five regions of
Chungnam Province (Cheonan area, Hongseong area, Seosan
area, Gongju area, and Nonsan area), and by sex and grade
group (grades 1-3 and grades 4-6). Changes in handwash-
ing awareness and attitudes before the education, immediately
after the education, and 3 months after the education were
calculated by assigning ten points to “yes” and zero point to
“no” for each of the ten handwashing awareness items and as-
signing 20 points to “yes” and zero point to “no” for each of
the five handwashing attitude items, and converting the scores
to a scale ranging from O to 100 points. Each score was pre-
sented as mean+standard deviation and percent change (%).
For each item, the percentage (%) of respondents answering

“yes” and the percent change (%) were recorded. Changes in
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handwashing awareness and attitudes among education par-
ticipants were presented as meanz+standard deviation by sex,
grade group, and city/county groups. Comparisons between
groups at the same time point were performed using an inde-
pendent samples t-test. Because personal identification infor-
mation was not collected, changes across the three time points
(before the education, immediately after the education, and
3 months after the education) were analyzed using one-way
analysis of variance for independent samples, followed by post

hoc tests. The level of statistical significance was set at less than

0.05. In addition, Cohen’s d effect size was presented as a mea-
sure of the effect size of mean differences (d<0.2, small effect

size; d=0.5, medium effect size; and d>0.8, large effect size).

Results

1. Characteristics of Participating Schools and
Education Participants
Among the 74 elementary schools in Chungnam Province

with fewer than 50 students and without an assigned school

Table 1. Characteristics of elementary schools and students participating in the 2024 infectious disease education program in
Chungnam Province, the Republic of Korea
Participation in the  Step 1+Participation
Category pre- an_d post— in the handwashing
handwashing survey survey 3 months after
(Step 1) (Step 2)
Participating All 15 (100) 7 (100)
elementary schools  City county ~ City 8(53.3) 2(28.0)
County 7 (46.7) 5(71.4)
Area Cheonan area (Cheonan, Asan) 4(26.7) 1(14.3)
Hongseong area (Boryeong, 5(33.3) 3(42.9)
Hongseong, Yesan, Cheongyang)
Seosan area (Seosan, Dangjin, Taean) 1(6.67) 1(14.3)
Gongju area (Gongju, Buyeo) 2(13.3) 0(0.0)
Nonsan area (Nonsan, Gyeryong, 3 (20.0) 2(28.5)
Seocheon, Geumsan)
Participating All 353 (100) 122 (100)
elementary students Sex Male 176 (49.9) 60 (49.2)
Female 177 (50.1) 62 (50.8)
Grades Grades 1-3 167 (47.3) 53 (43.4)
Grades 4-6 186 (52.7) 69 (56.6)
City county  City 219 (61.9) 24 (19.7)
County 134 (38.1) 98 (80.3)
Area Cheonan area (Cheonan, Asan) 133 (37.6) 11 (9.0)
Hongseong area (Boryeong, 74 (21.0) 39 (32.0)
Hongseong, Yesan, Cheongyang)
Seosan area (Seosan, Dangjin, Taean) 13 (3.7) 13 (10.7)
Gongju area (Gongju, Buyeo) 50 (14.2) 0(0.0)
Nonsan area (Nonsan, Gyeryong, 83 (23.5) 59 (48.3)
Seocheon, Geumsan)
Unit: number of schools, number of students (%).
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Table 2. Changes in handwashing awareness and attitudes among participants in the 2024 infectious disease education
program in Chungnam Province, the Republic of Korea
Before After % Change  After 3 o LiErge
. . after
Category education education afte_r , months 3 months of
(n=353) (n=353) education (n=122) ducation”
Handwashing ~ Knowledge points conversion (0-100 85.7£17.3 93.5£12.4 9.10 89.7+£15.7 -4.06
awareness points, mean=SD)
questions 1. Germs on the hands are removed 88.4 94.6 7.01 93.4 -1.27
(10 items) through handwashing (%).
2. Germs on the hands can be removed by ~ 91.2 94.3 3.40 93.4 -0.95
washing thoroughly with soap (%).
3. Washing hands with running water 69.4 85.0 22.47 77.9 -8.35
helps prevent infectious diseases (%).
4. Frequent handwashing is effective in 70.5 87.8 24.54 80.3 -8.54
preventing epidemic conjunctivitis (%).
5. When washing hands, the palms, 92.6 96.6 4.32 95.1 -1.55
backs of the hands, interlaced fingers,
spaces between fingers, and under the
fingernails should be rubbed for at least
30 seconds and rinsed thoroughly (%).
6. Handwashing should be performed 90.4 97.2 7.52 95.9 -1.34
after using the restroom (%).
7. Handwashing should be performed 93.8 98.0 4.48 95.9 -2.14
before meals (%).
8. Handwashing should be performed 77.9 91.5 17.46 82.8 -9.51
after coughing, sneezing, or blowing
one’s nose (%).
9. Handwashing should be performed 92.6 95.2 2.81 93.4 -1.89
after returning from the outside (%).
10. Handwashing should be performed 89.8 95.2 6.01 88.5 -7.04
after physical education classes or
outdoor activities at school (%).
Handwashing  Attitudes points conversion 85.2+21.2 91.7£17.8 7.51 88.6+£19.2  -3.28
attitudes (0-100 points, mean+SD)
questions 1. Handwashing helps prevent illness (%). 91.2 95.5 4.71 91.8 -3.87
(5 items) 2. Hands should be washed frequently to 92.1 94.1 2.17 96.7 2.76
prevent infectious diseases (%).
3. Hands should be dried completely after ~ 66.6 85.8 28.82 73.0 -14.91
handwashing (%).
4. Handwashing should be established as 88.7 93.2 5.07 91.8 -1.50
a habit from an early age (%).
5. Hands should be washed even if they 87.3 89.8 2.86 89.3 -0.56
do not appear dirty (%).
Unit: points (0-100), %. 29 Change calculated as [(After education—Before education)/Before education]x100 (%). Y[(After 3 months of
education—After education)/After education] x100 (%).
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nurse, 15 schools and 353 students participated in this infec-
tious disease prevention education program. At the school lev-
el, eight schools (53.3%) from cities and seven schools (46.7%)
from counties participated, and schools from all five regions
of Chungnam were represented. Among the participating stu-
dents, 176 were male (49.9%), and 177 were female (50.1%).

By grade group, 167 students were in grades 1-3 (47.3%) and

186 were in grades 4-6 (52.7%) (Table 1). Seven of the 15
schools (46.7%) also participated in the handwashing survey
conducted 3 months after the education, and 122 of the 353

students (34.6%) participated in the follow-up survey.

2. Changes in Handwashing Awareness and

Attitudes Before, After, and 3 Months after the

Table 3. Changes in handwashing awareness and attitudes by participant characteristics in the 2024 infectious disease
education program in Chungnam Province, the Republic of Korea

After 3
Before After
Nslfcumdbeirt(s)f education (1) education (2) e;?g;?:n%) s
Category (aftor 3 hanggsts:mg hanggﬁzmg handwashing p-value” " o
months) points
(MeanzSD)
Handwashing All 353 (122) 85.7+17.3 935+12.4 89.7+157 <0.001 (1)—(2)
awareness points H—~3)
Sex Male 176 (60)  83.1+£18.6 92.0+14.5 885+123 <0.001 (1)—(2)
(D—=03)
Female 177 (62)  88.3+155 95.14954 90.8+18.4 <0.001 (1)—(2)
p-value” 0.01 0.02 0.42
Grades Grades 1-3 167 (53)  84.0+18.4 91.5+13.1 89.1£129 <0.001 (D—(2)
Grades 4-6 186 (69) 87.2+16.1 95.4+11.4 90.1%£17.6  <0.001 ()—=(2)
2)—~(3)
p-value” 0.09 0.00 0.69
City county ~ City 219 (24) 86.4+175 93.4+129 91.3+16.2 <0.001 (1)—(2)
County 134(98)  84.5+16.8 93.8+11.5 89.3%+15.6 <0.001 (1)—(2)
(EE)
p-value” 0.31 0.75 0.60
Handwashing All 353 (122) 85.2+21.2 91.7+17.8 885+19.2 <0.001 (1)—(2)
attitudes points  p-value” 0.59 0.01 0.43
Sex Male 176 (60)  83.1423.5 90.0+21.2 89.7+163  0.01  (D—(2)
Female 177 (62)  87.2#18.5 93.3+13.4 87.4421.8 <0.001 (1)—(2)
p-value” 0.07 0.08 0.52
Grades Grades 1-3 167 (53) 82.9+22.8 895+19.4 89.1+18.2 0.01 0—©2)
Grades 4-6 186 (69)  87.2+19.4 93.7£16.0 88.1+20.1 <0.001 (D—(2)
p-value” 0.06 0.03 0.79
City county ~ City 219 (24)  85.4+222 92.1+18.1 89.2+16.7 <0.001 (1)—(2)
County 134 (98)  84.8419.5 91.0£17.3 88.4+199  0.03 (1)—-©)
p-value” 0.79 0.60 0.84

Unit: number of students, points (0-100). “p-values were derived from independent sample t-tests, “p-values were derived from independent
sample t-tests comparing handwashing awareness and attitude scores, and “p-values were derived from one-way ANOVA. “Post hoc analyses

were performed using the Scheffé method, and only statistically significant results (p<0.05) are presented.
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Education among Participants in the Student
Infectious Disease Education Program
1) Handwashing awareness
Handwashing awareness (0-100 points) among elementa-
ry school students (n=353) who participated in the Infectious
Disease Safe School program showed an increasing trend af-

ter the education (353 students, 93.5+12.4) compared with

I Hand hygiene awareness
Il Hand hygiene attitudes

Unit: points (0-100)

After 3 months
of education

Before education After education
Figure 1. Changes in handwashing awareness and attitudes
among participants in the 2024 infectious disease education
program in Chungnam Province, the Republic of Korea

[ Before education
[ After education

Unit: points (0-100) Il After 3 months of education

95.1 954
93.4 93.8
91.3
90.1
89.3
88.5 88.3
87.2)
86.4
84.5
T T T T
Male Female Grades Grades City County
1-3 4-6

Figure 2. Changes in handwashing awareness by participant
characteristics in the 2024 infectious disease education
program in Chungnam Province, the Republic of Korea

www.phwr.org Vol 19, No 14, 2026

before the education (353 students, 85.7+17.3). Three months
after the education (122 students, 89.7+15.7), awareness lev-
els remained higher than before the education (Tables 2, 3,
Figure 1). Cohen’s d effect size was 0.52 (medium effect size),
0.24 (small effect size), and —0.29 (small effect size; higher af-
ter the education) when comparing before and after the edu-
cation, before and 3 months after the education, and after and
3 months after the education, respectively. The level of hand-
washing awareness was higher after the education than be-
fore the education across sex, grade group, and city/county
groups. Among male students and students in county areas,
handwashing awareness remained higher even 3 months after
the education compared to before the education (Tables 2, 3,
Figure 2). For the ten individual items measuring handwash-
ing awareness, awareness increased across all items after the
education. However, 3 months after the education, awareness
decreased across all ten items (Table 2). Handwashing aware-
ness scores were consistently higher than attitude scores before,
after, and 3 months after the education; however, the differ-

ence was significant only after the education (Table 3, Figure

[ Before education
[ After education
Il After 3 months of education

93.3 93.7

Unit: points (0-100)

91.0

Male Female Grades Grades City

1-3 4-6

County

Figure 3. Changes in handwashing attitudes by participant
characteristics in the 2024 infectious disease education
program in Chungnam Province, the Republic of Korea
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1). By sex, handwashing awareness was higher among females
than males both before and after the education (before the edu-
cation: males 83.1+18.0, females 88.3+15.5; after the educa-
tion: males 92.0+14.5, females 95.1+9.54). By grade group,
handwashing awareness after the education was higher among
upper-grade students (grades 4-6) than among lower-grade
students (grades 1-3) (lower grades: 91.5+13.1; upper grades:
95.4+11.4) (Table 3, Figure 2).

2) Handwashing attitudes

Handwashing attitudes (0-100 points) among elementary
school students (n = 353) who participated in the infectious
disease prevention education showed an increasing trend af-
ter the education (353 students, 91.7£17.8) compared with
before the education (353 students, 85.2+21.2) (Tables 2,
3, Figure 1). Cohen’s d effect size was 0.33 (medium effect
size) when comparing before and after the education, 0.16
(small effect size) when comparing before the education and 3
months after the education, and —0.18 (small effect size; higher
after the education) when comparing after the education and
3 months after the education. Handwashing attitudes were
higher after the education than before the education across sex,
grade group, and city/county groups (Table 3, Figure 3). For
the five individual items measuring handwashing attitudes, at-
titudes increased for all five items after the education. Three
months after the education, attitudes decreased for four of the
five items; however, the item “Hands should be washed fre-
quently to prevent infectious diseases” continued to increase
even 3 months after the education (92.1%, 94.1%, and 96.7%
before, after, and 3 months after the education, respectively)
(Table 2). By grade group, handwashing attitude scores after

the education were higher among upper-grade students (grades

640

4-6) than among lower-grade students (grades 1-3) (lower

grades 89.5+19.4; upper grades 93.7+16.0).

Conclusion

In 2024, the CNCIDC conducted infectious disease pre-
vention education for 353 students from 15 elementary
schools in Chungnam Province that had no assigned school
nurse and had fewer than 50 students. To assess educational
outcomes, surveys measuring handwashing awareness and atti-
tudes were conducted before, immediately after, and 3 months
after the education. The results showed that students’ hand-
washing awareness and attitudes both increased after the edu-
cation compared with before the education, and handwashing
awareness remained higher than before the education even 3
months after the education. Handwashing awareness showed a
higher trend than attitudes after the education. Previous stud-
ies have similarly reported higher levels of handwashing aware-
ness than attitudes [4,5]. This finding can be explained by the
knowledge->attitude->practice model, a theoretical framework
for health behavior change. While health knowledge can be
acquired relatively quickly through education, attitudes are re-
lated to individuals’ behavioral habits and beliefs and therefore
require more time and repeated education to change. In addi-
tion, handwashing awareness and attitudes were higher among
female students than male students and higher among upper-
grade students (grades 4-6) than lower-grade students (grades
1-3). This finding was consistent with previous studies report-
ing that handwashing knowledge, attitudes, and practices were
higher among females [4,0]. This finding might be attributed
to the tendency for female students to demonstrate higher lev-

els of interest in and practice of personal hygiene and health

www.phwr.org Vol 19, No 14, 2026
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behaviors. The higher levels of handwashing awareness and at-
titudes among upper-grade students might also be associated
with more advanced cognitive development and a greater un-
derstanding of the importance of infectious disease prevention.

Due to limitations in the study design, individual-level be-
fore-after comparisons could not be performed, and compari-
sons were conducted at the group level. In addition, the num-
ber of participants in the survey 3 months after the education
decreased from 353 to 122, introducing potential selection
bias. Therefore, the results should be interpreted as exploratory
rather than definitive findings. Furthermore, although indi-
viduals could not be identified in the statistical analysis, the
data involved repeated measurements, which might violate the
statistical assumption of independence and therefore limit the
ability to statistically confirm the results. Since this survey tar-
geted schools in the Chungnam Province without an assigned
school nurse and with fewer than 50 students, the findings
cannot be considered representative of all elementary schools
in Chungnam. Although schools without an assigned school
nurse were prioritized as target institutions for this education
program, future follow-up projects will include schools with
assigned school nurses in order to examine differences based
on the presence of a school nurse, school size, and other related
factors. In addition, the reliability index (Cronbach’s alpha)
used to assess the internal consistency of the questionnaire was
0.72 for the handwashing awareness items (ten items), indicat-
ing acceptable internal consistency, whereas the value for the
handwashing attitude items (five items) was 0.56. Therefore,
further refinement and development of the handwashing atti-
tude items will be required in the future.

Overall, the results of this survey showed that handwashing

awareness and attitudes improved following infectious disease

www.phwr.org Vol 19, No 14, 2026

prevention education and that differences in handwashing
awareness and attitudes were observed according to sex and
grade level. Hence, future infectious disease prevention educa-
tion programs for students should incorporate tailored educa-
tion that considers grade level and sex, as well as regular infec-
tious disease prevention education that takes into account the

duration of educational effects.
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QuickStats

Trends in the Prevalence of Secondhand Smoke Exposure,
2015-2024

In 2024, the prevalence of secondhand smoke exposure among adults aged 19 years and over was 2.5% in indoor home,

5.3% in indoor workplaces, and 5.5% in indoor public places, and the trend over the last 10 years has been steadily decreasing

(Figure 1).
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Figure 1. Trends in the prevalence of secondhand smoke exposure, 2015-2024

*Prevalence of secondhand smoke exposure in indoor home among current non-smokers: percentage of people aged 19 years and over who were
exposed to smoke from tobacco used by others in indoor home during the past week among current non-smokers (including past smokers).
Prevalence of secondhand smoke exposure in indoor workplaces among current non-smokers: percentage of people aged 19 years and over who
were exposed to tobacco used by others in indoor workplaces during the past week among current non-smokers (including past smokers) who
have a job.

$Prevalence of secondhand smoke exposure in indoor public places among current non-smokers: percentage of people aged 19 years and over
who were exposed to smoke from tobacco used by others in indoor public places during the past week among current non-smokers (including
past smokers).

¥The mean in Figure 1 was calculated using the direct standardization method based on a 2005 population projection.

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

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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