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=7t 2420} ZH(Public Health Weekly Report),
HIV/AIDS £33 2t 714

19859 =0l Hzx=2 FHAHAEES(acquired im- A B Ay B A% sk, Al o AlE A
munodeficiency syndrome, AIDS) $A}7} H1H o|F g 4 8-S 135190 = HIV/AIDS Z3.E A5 O
2 HIV (human immunodeficiency virus) 7+ <17} AIDS & Aok ESH o AFF el A7) Bt of o] 2 FA|AE] 9]
Ao A3, oJgolg W AFY ARE 87 HA AAE A4St AL Z-8 e 275k et dAE A AA ez
stlom 21 GAke]- Qo) w FAolA T ajt AR A A FT A 9 AH A g 705, @4 ARt
T= AlFskeit olF 7Nt ® ey oA A =m 9 e AFAENA 83 A AR E ZEH7E 7IetH2-8].

i

£ 9% A 22T skl AP, 57 % o, T2 A4 AY(PHWR)Z 2008 A7t of
Of AAA S o] S -Hsto] FZskaL QItH1. 1797t & 6799 /U924 ES Hd =22 AAsH

7t 473t A% (Public Health Weekly Report, t} o] & AEQl |} HIV AEAGA A3}, A1 3% 59
PHWR) & =9 S IZGS oz A9 ARk FAF/ZEA] A7 27H(40.3%)°1 921, HIV 135 &4,

295 A4 2A% =og B
o} o] SYECIA HIV/AIDS A3 2 AFHY g=ol§ 4 o] 9B, ool = Aot A 53 % 5j9) 25
2
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E 1. TF7 A% 29,0 ANE HIV/AIDS =8 f33 d4
=z 74 2008-2014 2015-20194 2020-20244 A
ZAH/FA B 9 8 10 27
At =& 6 3 0 9
ER sk 11 5 0 16
B EA 1 1 3
84 ol 7 2 3 12
A 34 19 14 67
@9): #. HIV/AIDS=human immunodeficiency virus/acquired immunodeficiency syndrome.
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Editorial

Commemoration of the Special Issue on HIV/AIDS
in “Public Health Weekly Report”

Bo Youl Choi*

Department of Preventive Medicine, College of Medicine, Hanyang University, Seoul, Korea
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Since the first case of acquired immunodeficiency syn-
drome (AIDS) was reported in the Republic of Korea (ROK) in
1985, national human immunodeficiency virus (HIV)/AIDS
surveillance has been strengthened through the use of case no-
tification data, health care utilization records, and mortality
statistics. Epidemiologic investigations and research have been
conducted in community, population-based, and clinical set-
tings as needed. These efforts have informed the development
and implementation of programs supporting the treatment
and care of persons living with HIV, as well as the establish-
ment of systematic, national-level HIV/AIDS prevention and
control strategies [1].

This special issue of the Public Health Weekly Report
(PHWR) was developed to describe the current status of HIV/
AIDS prevention and control activities in the ROK and to
summarize recent evidence and ongoing discussions. The issue
presents the status of HIV/AIDS incidence and disease burden
for 2023, based on linked analyses of HIV/AIDS case notifica-
tion data, National Health Insurance claims data, and cause-
of-death statistics. In addition, it summarizes current preven-
tion and treatment strategies and presents findings from the

Korean HIV/AIDS Cohort Study. The issue also describes the

www.phwr.org Vol 18, No 50, 2025

implementation of the National HIV/AIDS prevention and
control programs and the development and use of the HIV/
AIDS Supporting Network System, and identifies key chal-
lenges to inform future policy and programmatic efforts. These
findings are intended to support evidence-based decision-mak-
ing by researchers, practitioners, and policymakers [2-8].

Since its launch in 2008, PHWR has published 67 HIV/
AIDS-related articles over a 17-year period.

Of these, 27 (40.3%) focused on surveillance/survey re-
ports, including reports on the epidemiology of persons living
with HIV, HIV screening test results, and notification trends.

Nine articles examined analytic topics, including HIV epi-
demic patterns, timing of diagnosis, and development of sur-
veillance indicator.

Sixteen articles were review & perspective articles, address-
ing topics such as antiretroviral drug development and inter-
national cohort studies. Fewer HIV/AIDS-related articles were
published during 2020-2024, likely reflecting the prioritiza-
tion of coronavirus disease 2019-related research during that
period.

Increased publication of HIV/AIDS research findings could

strengthen the evidence base for prevention and control efforts

2061
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Table 1. Type and number of HIV/AIDS-related manuscripts in “Public Health Weekly Report”

Article type 2008-2014 2015-2019 2020-2024 Total
Surveillance/survey report 9 8 10 27
Original article 6 3 0 9
Review & perspective 11 5 0 16
Policy note 1 1 3
Public health issue 7 2 3 12
Total 34 19 14 67

Unit: article. HIV/AIDS=human immunodeficiency virus/acquired immunodeficiency syndrome.

and contribute to achieving the goal of the “Second National
Action Plan on HIV/AIDS Prevention and Control (2024-
2028)” to reduce new HIV infections by 50% by 2030 com-
pared with 2023 (Table 1) [1].

As Editor-in-Chief, sincere appreciation is extended to the
authors for their valuable contributions to this special issue, to
the members of the editorial board and the peer reviewers for
their thoughtful and rigorous review of the manuscripts, and to
the editorial office staff for their continued dedication through-

out the editorial and publication process.

Bo Youl Choi

Editor-in-Chief
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H1.2020-20249 =W 7AW/ G WAl 5(CRE) 285 Al @
2 20204 20214 2022\ 20234 20244
A 18,113 (100.0) 23,311 (100.0) 30,548 (100.0) 38,405 (100.0) 42,347 (100.0)
ZAss B
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aHd
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77 |% =4
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Y 1,485 (8.2) 2,383 (10.2) 3,760 (12.3) 5,815 (15.1) 8,940 (21.1)
71 136 (0.8) 188 (0.8) 238 (0.8) 394 (1.0) 472 (1.1)
27T A4 AGH?
$Td 10,047 (55.5) 13,453 (57.7) 19,138 (62.6) 23,847 (62.1) 26,624 (62.9)
34 732 (4.0) 1,083 (4.6) 1,852 (6.1) 2,387 (6.2) 2,454 (5.8)
s 1,709 (9.4) 2,048 (8.8) 2,276 (7.5) 3,150 (8.2) 3,769 (8.9)
AEd 1,889 (10.4) 2,495 (10.7) 2,585 (8.5) 2,903 (7.6) 3,191 (7.5)
ed 3,736 (20.6) 4,232 (18.2) 4,697 (15.4) 6,118 (15.9) 6,309 (14.9)
©9]: 7(%). CRE=carbapenem-resistant Enterobacterales; @0 4] CRE7} 22|€l At Yo 0]9]9] AAFAA A CREZ} Baj® A 9o,
z}o 19, BAVS 5 Rl AL, 9F, A7), 4L 33U O, AF FE 3 3 AR AR A9, AF 458 07 48 49
B AL A

=
[am
12
b
o
X
&
N
o
o
)

ofy
1o,
Hu
N
r o
o
i
hil
rir

BHUolA 4307(15.7%),

,00371(54.3%) 2. & djd
oF 55% £F2 AU, 704 oA 28,4737(67.2%) 2
2202049 61.2% o]% wid A v]&o] JI7FAHAE 1). 9

2066

APCHE 1). 20249 g} A0A
AFE Aol A 1,1627(42.3%), &

2718 54 24 23, Y 19,0067(44.9%), 4=
Y 10,9057(25.8%), 2FHY 8,9404(21.1%),
3,02471(7.1%), 718t 47271(1.1%) <=°1Ath. ST
Alarzdo] 2023 13,44371(35.0%)°141 20249 10,905
71(25.8%) 0% Ad djH] ZAFch 55 A= aFHY
A3 A= 20209 1,48571(8.2%)00141 20244 8,9404
(21.1%)2 & A1z 9 HA A1d F AA|oh= H|E0|

)

o

£

d A&dog Z7hit oasd A4 Ay B4

I Tl 26,6247(62.9%),

i,

Aed 6,30971(14.9%), 39
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A 3,7697(8.9%), AEH 3,1917(7.5%), T8 H 2,4547 3. 43N EH

(5.8%) <ol 20249 4139 CRE #93°l fs] CRE AAT 9
SRAAE FOl EQlE EHHFS F 43,0457 0] A (I
2). ¥8&F F Klebsiella pneumoniae 29,83271(69.3%)3+

2. 2020-2024¢ = FHat AW Z WAl A E(CRE) RS 22+ 8%

l‘

22|17 20204 20214 20224 20234 20244
A 19,635 (100.0) 22,925 (100.0) 30,808 (100.0) 36,680 (100.0) 43,045 (100.0)
Klebsiella pneumoniae 12,296 (62.6) 15,723 (68.6) 21,845 (70.9) 26,553 (72.4) 29,832 (69.3)
Escherichia coli 3,541 (18.0) 3,280 (14.3) 4,313 (14.0) 5,155 (14.1) 7,122 (16.5)
Enterobacter spp. 1,869 (9.5) 1,930 (8.4) 2,152 (7.0) 2,215 (6.0) 2,244 (5.2)
Citrobacter freundii 501 (2.6) 586 (2.6) 767 (2.5) 681 (1.9) 954 (2.2)
Klebsiella oxytoca 315 (1.6) 290 (1.3) 353 (1.1) 424 (1.2) 554 (1.3)
Serratia marcescens 278 (1.4) 268 (1.2) 288 (0.9) 321 (0.9 377 (0.9)
Citrobacter koseri 113 (0.6) 219 (1.0) 306 (1.0) 466 (1.3) 883 (2.1)
Raoultella ornithinolytica 49 (0.2) 45 (0.2) 52 (0.2) 79 (0.2) 127 (0.3)
Providencia rettgeri 137 (0.7) 105 (0.5) 102 (0.3) 98 (0.3) 107 (0.2)
Klebsiella spp. 220 (1.1) 208 (0.9) 310 (1.0) 332 (0.9) 431 (1.0)
(K. pneumoniae, K. oxytoca 9|
Raoultella spp. (R. ornithinolytica 2|) 15 (0.1) 20 (0.1) 23 (0.1) 26 (0.1) 34 (0.1)
Citrobacter spp. 138 (0.7) 98 (0.4) 93 (0.3) 126 (0.3) 125 (0.3)
(C. freundii, C. koseri 2})

Proteus spp. 40 (0.2) 51 (0.2) 62 (0.2) 54 (0.1) 84 (0.2)
Morganella morganii 21 (0.1 20(0.1) 24 (0.1) 21 (0.1 57 (0.1)
Providencia spp. (P. rettgeri 2]) 24 (0.1) 29 (0.1) 22 (0.1) 21 (0.1) 29 (0.1)
Others” 78 (0.4) 53(0.2) 96 (0.3) 108 (0.3) 85(0.2)

9): 7(%). CRE=carbapenem-resistant Enterobacterales. "CRE Z%% J2AA U Bald 28 A9 715, g = 247 4242 A
70 & 7+33ko] 2434, YKluyvera spp. 387, S. marcescens 9| Serratia spp. 1171, Hafnia spp. 871, Leclercia spp. 871, Pantoea spp. 671 5.

H 3.2020-20249 =] CP-CRE #¥3 8 7HHAEf &4 FAAF %
7*“2‘”&];;1,“* 20204 20214 20224 20234 20244

A 12,136 (100.0) 14320 100.0) 22,048 (100.0) 28,318 (100.0) 33,232 (100.0)
KPC 8,958 (73.8) 10,914 (76.2) 17,000 (77.1) 21,907 (77.4) 25,463 (76.6)
NDM 2,516 (20.7) 2.822 (19.7) 3,705 (16.8) 4487 (15.8) 4,881 (14.7)
OXA 522 (4.3) 419 (2.9) 1,141 (5.2) 1,766 (6.2) 2,757 8.3)
IMP 60 (0.5) 78 (0.5) 84 (0.4) 36 (0.1) 70 (0.2)
VIM 67 (0.6) 68 (0.5) 92 (0.4) 52 (0.2) 55 (0.2)
GES 13 (0.1) 19 (0.1) 26 (0.1) 70 (0.2) 6 (0.0)

@9l A(%). CP-CRE=carbapenemase-producing carbapenem-resistant Enterobacterales; KPC=Klebsiella pneumoniae carbapenemase;
NDM=New Delhi metallo-p-lactamase; OXA=oxacillinase; VIM=Verona integron-encoded metallo-p-lactamase; IMP=Imipenemase;
GES=Guiana extended spectrum B-lactamase. “CPE Z¢% A 1A Y 7lutu ¥l Esj a4 S5 A9 7H5(d, d = 7HdEsas 44
9 2123 A 7o 2 QEstel 443),
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A F 33,232701 K& 3). 7HbdEsias A
% K. pneumoniae carbapenemase (KPC) 25,46371(76.6%)
3} New Delhi metallo-B-lactamase (NDM) 4,8817(14.7%)
o] Al 91.3%E AFAF . NDM H|-&2 20209 20.7%

oA 20249 14.7%= FAFAIT oxacillinase (OXA) Hl&2
202049 4.3%°14 20244 8.3%% Z713ich.
Zht A el as fARFY) Aled B dFg (e
vebd A3k, A9 378 ZHetedE S £ 4 (KPC, NDM, OXA)
£ 737] 8,9657(27.1%), A& 8,1867(24.7%), 1A 3,037
ZA(9.2%) 2.2 37 AlmoA HA9] 61.0%7F FA= A

v A 4
)
v 4
>8,186 4 >6,112
3,037-8,186 & o 1,709-6,112 & o
2,018-3,037 879-1,709
1,192-2,018 339-879
<1,192 - <339
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o L
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>1,125 >669
813-1,125 & o 204-669 R o
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24 A B |

(A) AA(KPC, NDM, OXA). (B) KPC. (C) NDM. (D) OXA. CP-CRE=carbapenemase-producing carbapenem-resistant Enterobacterales;

KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-f-lactamase; OXA=oxacillinase.

2068

www.phwr.org Vol 18, No 50, 2025


http://www.phwr.org

I Public Health Weekly Re.:uu’\

g 24). &4 o]9 AFoA= KPC, NDM°| H=20
I, OXAE F5, A&

IE HJHI¥ 2B-D).

A, A AEelM w2 &

e

= 9

20179 CRE A57HA| AAE A2 o], =W CRE 7t

AZ ATAT AT 227 H S vl Z7tsta 9o, 7.
CRE #5 Alatdel A4 oi¥] S7H&2 202449 10.3%=

o)

A A 25-30%4 S7kotd Eo] vl oha Esiich 1
U Zht A RS a4 S A45HA] % CRE Hls] Hutd
o] 73t CP-CRE #AH52] Hl&°| 2024 78.3%% "d &
7kstal glel, dmr|E Wi A54 AEHes 53 JAd
o o & a7t Fastet.

¥ A2 20239 5,815A(667 )N A 2024
| 8,94071(62874) 02 A thH] 53.7% S7HHTHG]. ©]
£ 7IAEEE Ad 17 A H[&o] Tkt I, 8FEY
o] E44 CRE 79| ¢l & | Astat, A= 5

4 A7 Pt B, Tl T2, 7] 4 5 %

oZ,

o

i)
el
2

9l ¢Qlo] g3t Ao g HRITt}6,8,9]. TS CRE HES

=

o

it 14 Ao g AEAA E43 S 2% CRE A5 4l
gk g ol 37K 7FsAdol ek ol AR= 8
Y T AdEy ks 96 20219 124 309FH 7
wed A4 2 A fEs] 9 g w5 7t
Shfstar(1507 o4 ®HA—10071 o4 ¥4, 20234 7¥
1958 84HY di Ao #egs Adske 5 Ak
UTHI0I.

CRE #¥93 2+ F°olAE= K. pneumoniae”} 69.3%

U4 5

¢

4 g 720

£ AA|§ 1, CP-CRE Z335 7HtHYEs a4
oA+ KPC7t 76.6%E A8l 74 Eokth OXAE 2023
9 1,7664(6.2%)°14 20244 2,7577A(8.3%) 2.2 A of

H] 56.1% 571l S FEd 4 Al=olA AdE

www.phwr.org Vol 18, No 50, 2025

o TAI2ZF J=mHATRE oA R (2023-20279),
9 TR 27F FAA] WA R (2021-20254), 5 ©F

24 WYL B I 52 AL £9 L 3347 Uek,

oAM= HEFe], A4, AMJAEA, A e, AEHAr
= A Y E 99 =gsta Qok. YO ZE CRE 7
A5 A % HE A AR, AAA, =7 H} HE=o

Declarations

Ethics Statement: Not applicable.

Funding Source: None.

Acknowledgments: None.

Conflict of Interest: The authors have no conflicts of inter-
est to declare.

Author Contributions: Conceptualization: HSJ, YSA,
SJL. Data curation: HSJ, YSA. Formal analysis: HS]J, YSA.
Methodology: HSJ, YSA, SJL. Software: HS]J. Supervision:
SJL. Validation: HSJ, YSA, SJL. Visualization: HSJ. Writing

- original draft: HSJ. Writing — review & editing: YSA, SJL.

2069


http://www.phwr.org

I Public Health Weekly Repo: ’\

References

. GBD 2021 Antimicrobial Resistance Collaborators.

Global burden of bacterial antimicrobial resistance 1990-
2021: a systematic analysis with forecasts to 2050. Lancet
2024;404:1199-226.

. World Health Organization (WHO). WHO bacterial pri-
ority pathogens list, 2024: bacterial pathogens of public
health importance to guide research, development and
strategies to prevent and control antimicrobial resistance.
WHO:; 2024.

. Centers for Disease Control and Prevention (CDC). Facil-
ity guidance for control of carbapenem-resistant Entero-
bacteriaceae (CRE): November 2015 update - CRE toolkit.
CDC; 2015.

. European Centre for Disease Prevention and Control
(ECDC). Carbapenem-resistant Enterobacterales, third up-
date — 3 February 2025. ECDC; 2025.

. Korea Disease Control and Prevention Agency (KDCA).
Guidelines for the control of healthcare-associated infec-
tions, 2025. KDCA; 2025.

2070

10.

Lee H, Lee S, Jung YH, Choi J, Park SK. Characteristics
of notified carbapenem-resistant Enterobacterales cases
in the Republic of Korea, 2023. Public Health Wkly Rep.
2025;18:75-89.

Korea Disease Control and Prevention Agency (KDCA).
Annual report on the notified infectious diseases in Korea,
2024. KDCA; 2025.

Park Y, Son E, Choe Y], et al. Outbreak of carbapenem-
resistant Enterobacterales at a long-term care facility in
Seoul, Korea: surveillance and intervention mitigation
strategies. Epidemiol Health 2023;45:e2023057.

Chen HY, Jean SS, Lee YL, et al. Carbapenem-resistant
Enterobacterales in long-term care facilities: a global
and narrative review. Front Cell Infect Microbiol
2021;11:601968.

Ministry of Health and Welfare (MOHW). Partial amend-
ment to the detailed rules on the standards and methods
for medical care benefits (Notice No. 2023-109) [Internet].
MOHW; 2023 [cited 2025 Oct 9]. Available from: https://
www.mohw.go.kr/board.es?act=view&bid=0026&list_
n0=376753&mid=a10409020000

www.phwr.org Vol 18, No 50, 2025


http://www.phwr.org
https://www.who.int/publications/i/item/9789240093461
https://www.who.int/publications/i/item/9789240093461
https://www.who.int/publications/i/item/9789240093461
https://www.who.int/publications/i/item/9789240093461
https://www.who.int/publications/i/item/9789240093461
https://stacks.cdc.gov/view/cdc/79104
https://stacks.cdc.gov/view/cdc/79104
https://stacks.cdc.gov/view/cdc/79104
https://stacks.cdc.gov/view/cdc/79104
https://www.ecdc.europa.eu/sites/default/files/documents/risk-assessment-carbapenem-resistant-enterobacterales-third-update-february-2025_0.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/risk-assessment-carbapenem-resistant-enterobacterales-third-update-february-2025_0.pdf
https://www.ecdc.europa.eu/sites/default/files/documents/risk-assessment-carbapenem-resistant-enterobacterales-third-update-february-2025_0.pdf
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019&list_no=726825&act=view
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019&list_no=726825&act=view
https://www.kdca.go.kr/board/board.es?mid=a20507020000&bid=0019&list_no=726825&act=view
https://dportal.kdca.go.kr/pot/bbs/BD_selectBbs.do?q_bbsSn=1010&q_bbsDocNo=20250626112241525&q_clsfNo=1
https://dportal.kdca.go.kr/pot/bbs/BD_selectBbs.do?q_bbsSn=1010&q_bbsDocNo=20250626112241525&q_clsfNo=1
https://dportal.kdca.go.kr/pot/bbs/BD_selectBbs.do?q_bbsSn=1010&q_bbsDocNo=20250626112241525&q_clsfNo=1

I Public Health Weekly Re.:uu’\

Surveillance Report

Characteristics of Notified Carbapenem-resistant Enterobacterales
Cases in the Republic of Korea, 2024

Hyoseon Jeong @, Yeongseo Ahn (), Seung Jae Lee*

Division of Healthcare Associated Infection Control, Department of Healthcare Safety and Immunization, Korea Disease Control and
Prevention Agency, Cheongju, Korea

ABSTRACT

Objectives: Carbapenem-resistant Enterobacterales (CRE) are bacteria resistant to at least one carbapenem antibiotic.
Carbapenemase-producing CRE (CP-CRE) are more transmissible than non-carbapenemase-producing bacteria and are more likely
to cause healthcare-associated outbreaks. The aim of this study was to analyze the characteristics of CRE cases in the Republic of
Korea in 2024.

Methods: CRE cases reported to the Korea Disease Control and Prevention Agency in 2024, were analyzed, focusing on
demographic characteristics, types of healthcare facilities, and pathogen profiles.

Results: A total of 42,347 CRE cases were reported from 1,610 healthcare facilities, including 33,169 CP-CRE cases from 1,313
facilities. The proportion of CP-CRE among CRE cases increased from 61.9% in 2020 to 78.3% in 2024. General hospitals accounted
for 19,006 cases (44.9%), advanced general hospitals for 10,905 (25.8%), and long-term care hospitals (LTCHs) for 8,940 (21.1%). The
reports from LTCHs increased from 8.2% in 2020 to 21.1% in 2024. Regionally, 26,624 cases (62.9%) were reported in the Capital area.
Among reported isolates, Klebsiella pneumoniae was the most common species (69.3%). Among the carbapenemase genotypes, K.
pneumoniae carbapenemase was predominant (76.6%), and oxacillinase increased from 4.3% in 2020 to 8.3% in 2024.

Conclusions: Since the introduction of mandatory surveillance in 2017, the number of CRE cases and reporting healthcare facilities
have steadily increased. The upward trend in reports from LTCHs is likely to reflect multiple factors, including population aging
as well as patient- and facility-related characteristics. Considering the genotype-specific trends and regional variations, tailored
strategies for the early detection of CP-CRE outbreaks are warranted. Sustained collaboration between the public and private sectors

is crucial for effective CRE control.

Key words: Carbapenem-resistant Enterobacteriaceae; Carbapenemase-producing Enterobacteriaceae; Drug resistance, microbial

*Corresponding author: Seung Jae Lee, Tel: +82-43-719-7588, E-mail: sjlee07 @korea.kr

Introduction deaths directly attributable to antimicrobial-resistant bacte-
ria and approximately 4.71 million deaths associated with
Antimicrobial resistance (AMR) has become a major such organisms in 2021 [1]. Notably, deaths attributable to

global public health crisis, with an estimated 1.14 million carbapenem-resistant Gram-negative bacteria have risen from
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Key messages

(O What is known previously?

The notified cases of carbapenem-resistant Entero-
bacterales (CRE) have increased in the Republic of
Korea. Carbapenemase-producing CRE (CP-CRE) are
more likely to cause healthcare-associated outbreaks,
and an upward trend was observed.

(@ What new information is presented?

In 2024, 42,347 CRE cases (1,610 facilities) and 33,169
CP-CRE cases (1,313 facilities) were reported. The pro-
portion of CP-CRE cases increased from 61.9% in 2020
to 78.3% in 2024, and the proportion of CRE cases in
long-term care hospitals increased from 8.2% in 2020
to 21.1% in 2024. The trends in CP-CRE cases and re-
gional distributions varied by carbapenemase genotype.

® What are implications?

The increasing number of CRE cases underscores the
need for infection prevention and control efforts to man-
age healthcare-associated outbreaks. Collaboration be-
tween the public and private sectors is crucial for the
control of CRE cases.

approximately 127,000 cases in 1990 to an estimated 216,000
cases in 2021.

Carbapenem-resistant Enterobacterales (CRE) represent
a group of Enterobacterales that demonstrate resistance to at
least one carbapenem antibiotic. They have been designated as
a critical group on the World Health Organization's priority
pathogens list for 2024, consistent with their earlier designa-
tion in 2017 [2]. CRE have been associated with a wide spec-
trum of infections, including bloodstream infections, respirato-
ry tract infections, gastrointestinal infections, and urinary tract
infections. These organisms frequently exhibit resistance to
multiple antimicrobial classes, thereby severely limiting treat-

ment options [2,3]. Transmission occurs primarily through

2072

contact with colonized or infected patients or contaminated
environments, highlighting the importance of hand hygiene,
contact precautions, healthcare worker education, and thor-
ough disinfection of equipment and the healthcare environ-
ment [3]. Among these organisms, carbapenemase-producing
CRE (CP-CRE) are particularly consequential as they signifi-
cantly impact CRE spread by facilitating the transmission of
resistance genes to other bacteria and contributing to the rapid
emergence of healthcare-associated outbreaks [3,4].

In the Republic of Korea (ROK), notified CRE cases are
classified as Class 2 infectious diseases and have been managed
under a mandatory surveillance system since June 2017 [5]. In
accordance with Clinical and Laboratory Standards Institute
guidelines for antimicrobial susceptibility testing, all individu-
als with CRE detected in clinical specimens must be reported as
a notifiable infectious disease within 24 hours. Cases were clas-
sified as either “patients (blood)” or “pathogen carriers (non-
blood clinical specimens)” based solely on specimen type, ir-
respective of clinical presentation. Statistics are compiled at the
municipal level (city, county, or district) in which the reporting
healthcare facility is located. Recent national surveillance data
indicate a continued annual increase in reported CRE cases,
with an increasing proportion of CRE cases reported from
long-term care hospitals (LTCHs) [6].

This study aims to compare and analyze the reporting sta-
tus and epidemiological characteristics of notified CRE cases in
2024, based on data submitted to the Korea Disease Control

and Prevention Agency (KDCA).
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Methods

1. Study Population

The study included a total of 42,347 individuals with
CRE (patients and pathogen carriers) reported to the KDCA
Integrated Infectious Disease Surveillance System in 2024,

based on confirmed statistics.

2. Data Collection

Data were obtained from the “CRE Case Report Forms,”

“CRE Case Investigation Forms,” and “CPE Case Report

Forms” submitted to the KDCA Integrated Disease Control
Information System in 2024 (as of September 25, 2025, us-
ing primary specimen information). Comparative data for
2020-2023 were extracted from previously published surveil-
lance reports and the “Annual Report on Notifiable Infectious

Diseases” of the KDCA [6,7].

3. Analytical Methods
Descriptive analysis was performed using Microsoft
Excel 2016 (Microsoft). Variables analyzed included report-

ing status (number of cases and reporting health facilities,

450007 mm CRE case (n) 78.3 [8s
40,000 1 3 CP-CRE case (n) Y L 80 o
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Figure 1. Number of notified CRE cases and reporting healthcare facilities in the Republic of Korea, 2020-2024
(A) Number of reported cases. (B) Number of healthcare facilities. CRE=carbapenem-resistant Enterobacterales; CP-CRE=carbapenemase-

producing CRE. “Proportion of reported CRE cases that were confirmed as CP-CRE positive. "Healthcare facilities that had reported at least

one case of CRE during the year. “Healthcare facilities that had reported at least one case of CP-CRE during the year.
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case classification), demographic characteristics (sex and age
group), health facility characteristics (type and region), and
pathogen characteristics (isolated species and carbapenemase
genotype). Provincial distribution maps of carbapenemase gen-
otypes were generated using the Korea Statistical Geographic

Information Service.

Results

1. Reporting Status

In 2024, a total of 42,347 CRE cases were reported across
1,610 healthcare facilities in the ROK. 33,169 CP-CRE cases
were reported from 1,313 healthcare facilities, and the pro-
portion of CP-CRE among CRE cases increased from 61.9%
in 2020 to 78.3% in 2024. Both the number of notified CRE

Table 1. Characteristics of notified CRE cases in the Republic of Korea, 20202024

Category 2020 2021 2022 2023 2024
Total 18,113 (100.0) 23,311 (100.0) 30,548 (100.0) 38,405 (100.0) 42,347 (100.0)
Case classification
Patient” 972 (5.4) 1,312 (5.6) 1,897 (6.2) 2,067 (5.4) 2,747 (6.5)

Pathogen carrier”

17,141 (94.6)

21,999 (94.4)

Sex
Male 10,210 (56.4) 13,362 (57.3)
Female 7,903 (43.0) 9,949 (42.7)
Age group (yr)
0-19 311 (1.7) 336 (1.4)
20-39 502 (2.8) 667 (2.9)
40-49 774 (4.3) 1,042 (4.5)
50-59 2,035 (11.2) 2,372 (10.2)
60-69 3,405 (18.9) 4,587 (19.7)
=70 11,086 (61.2) 14,307 (61.4)
Unknown 0(0.0) 0 (0.0)
Healthcare facility type
Advanced general hospital 7,099 (39.2) 9,442 (40.5)
General hospital 8,013 (44.2) 9,786 (42.0)
Hospital 1,380 (7.6) 1,512 (6.5)
Long-term care hospital 1,485 (8.2) 2,383 (10.2)
Others” 136 (0.8) 188 (0.8)

Region of health facility”

Capital 10,047 (55.5) 13,453 (57.7)
Chungcheong 732 (4.0) 1,083 (4.6)
Honam 1,709 (9.4) 2,048 (8.8)
Gyeongbuk 1,889 (10.4) 2,495 (10.7)
Gyeongnam 3,736 (20.6) 4,232 (18.2)

28,651 (93.8)

17,036 (55.8)

36,338 (94.6)

21,293 (55.4)

39,600 (93.5)

23,003 (54.3)

13,512 (44.2) 17,112 (44.6) 19,344 (45.7)
341 (1.1) 456 (1.2) 408 (1.0)
784 (2.6) 895 (2.3) 884 (2.1)

1,246 (4.1) 1,469 (3.8) 1,412 (3.3)
2,914 (9.5) 3,416 (8.9) 3,545 (8.4)
5,864 (19.2) 7,112 (18.5) 7,624 (18.0)

19,399 (63.5) 25,057 (65.2) 28,473 (67.2)

0 (0.0) 0 (0.0) 1(0.0)
11,737 (38.4) 13,443 (35.0) 10,905 (25.8)
13,298 (43.5) 16,648 (43.3) 19,006 (44.9)
1,515 (5.0) 2,105 (5.5) 3,024 (7.1)
3,760 (12.3) 5,815 (15.1) 8,940 (21.1)
238 (0.8) 394 (1.0) 472 (1.1)
19,138 (62.6)  23.847 (62.1) 26,624 (62.9)
1,852 (6.1) 2,387 (6.2) 2,454 (5.8)
2,276 (7.5) 3,150 (8.2) 3,769 (8.9)
2,585 (8.5) 2,903 (7.6) 3,191 (7.5)
4,697 (15.4) 6,118 (15.9) 6,309 (14.9)

Unit: n (%). CRE=carbapenem-resistant Enterobacterales. “Reported cases who had been detected with CRE in blood. "Reported cases who
had been detected with CRE in clinical specimens other than blood. “Clinic, traditional medicine hospital, public health center, etc. *Capital:
Seoul, Incheon, Gyeonggi, Gangwon; Chungcheong: Daejeon, Sejong, Chungbuk, Chungnam; Honam: Gwangju, Jeonbuk, Jeonnam, Jeju;

Gyeongbuk: Daegu, Gyeongbuk; Gyeongnam: Busan, Ulsan, Gyeongnam.
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cases and the number of reporting healthcare facilities have
continued to increase annually (Figure 1). According to the
case classification, individuals with CRE isolated from blood
(“patients”) accounted for 2,747 cases (6.5%), consistent with
the annual proportion of approximately 5-6% (Table 1). In
2024, among the “patient” reports, advanced general hospitals
accounted for 1,162 cases (42.3%), followed by general hospi-
tals with 1,047 cases (38.1%), LTCHs with 430 cases (15.7%),
and hospitals with 108 cases (3.9%).

2. Demographic and Healthcare Facility
Characteristics
In 2024, a total of 23,003 cases occurred in males (54.3%),

consistent with the annual proportion of approximately 55%.
By age group, 28,473 cases (67.2%) were reported in individu-
als aged 270 years, reflecting a steady annual increase from
61.2% in 2020 (Table 1). By healthcare facility type, general
hospitals accounted for 19,006 cases (44.9%), advanced gen-
eral hospitals for 10,905 cases (25.8%), LTCHs for 8,940 cases
(21.1%), hospitals for 3,024 cases (7.1%), and other facilities
for 472 cases (1.1%). The number of reports from advanced
general hospitals decreased year-on-year, falling from 13,443
cases (35.0%) in 2023 to 10,905 cases (25.8%) in 2024. In
contrast, LTCHs demonstrated a continuous annual increase
in CRE cases, rising from 1,485 cases (8.2%) in 2020 to 8,940

cases (21.1%) in 2024. Both the number and the proportion

Table 2. Distribution of species in CRE cases in the Republic of Korea, 2020-2024
Species” 2020 2021 2022 2023 2024
Total 19,635 (100.0) 22,925 (100.0) 30,808 (100.0) 36,680 (100.0) 43,045 (100.0)
Klebsiella pneumoniae 12,296 (62.6) 15,723 (68.6) 21,845 (70.9) 26,553 (72.4) 29,832 (69.3)
Escherichia coli 3,541 (18.0) 3,280 (14.3) 4,313 (14.0) 5,155 (14.1) 7,122 (16.5)
Enterobacter spp. 1,869 (9.5) 1,930 (8.4) 2,152 (7.0) 2,215 (6.0) 2,244 (5.2)
Citrobacter freundii 501 (2.6) 586 (2.6) 767 (2.5) 681 (1.9) 954 (2.2)
Klebsiella oxytoca 315 (1.6) 290 (1.3) 353 (1.1) 424 (1.2) 554 (1.3)
Serratia marcescens 278 (1.4) 268 (1.2) 288 (0.9) 321 (0.9) 377 (0.9)
Citrobacter koseri 113 (0.6) 219 (1.0) 306 (1.0) 466 (1.3) 883 (2.1)
Raoultella ornithinolytica 49 (0.2) 45 (0.2) 52(0.2) 79 (0.2) 127 (0.3)
Providencia rettgeri 137 (0.7) 105 (0.5) 102 (0.3) 98(0.3) 107 (0.2)
Klebsiella spp. (excluding 220 (1.1) 208 (0.9) 310 (1.0) 332(0.9) 431 (1.0
K. pneumoniae, K. oxytoca)

Raoultella spp. (excluding 15 (0.1) 20 (0.1) 23 (0.1) 26 (0.1) 34 (0.1)
R. ornithinolytica)

Citrobacter spp. (excluding 138 (0.7) 98 (0.4) 93 (0.3) 126 (0.3) 125 (0.3)
C. freundii, C. koseri)

Proteus spp. 40 (0.2) 51 (0.2) 62 (0.2) 54 (0.1) 84 (0.2)
Morganella morganii 21 (0.1) 20 (0.D) 24 (0. 21(0.1) 57 (0.1)
Providencia spp. (excluding 24 (0.1 29 (0.1 22(0.1) 21 (0.1) 29 (0.1)

P. rettgeri)

Others” 78 (0.4) 53 (0.2) 96 (0.3) 108 (0.3) 85(0.2)
Unit: n (%). CRE=carbapenem-resistant Enterobacterales. “)Multiple species can be selected when filling out a CRE case investigation form (each
selected species was counted separately in this table). "Kluyvera spp. (38 cases), Serratia spp. excluding S. marcescens (11 cases), Hafnia spp. (8
cases), Leclercia spp. (8 cases), Pantoea spp. (6 cases), etc.
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of reports originating from LTCHs increased over this period.
Regarding regional distribution, healthcare facilities located in
the Capital region reported 26,624 cases (62.9%), followed by
the Gyeongnam region with 6,309 cases (14.9%), the Honam
region with 3,769 cases (8.9%), the Gyeongbuk region with
3,191 cases (7.5%), and the Chungcheong region with 2,454
cases (5.8%).

3. Pathogen Characteristics

A total of 43,045 CRE isolates were recorded in the “CRE
Case Investigation Forms” in 2024 (Table 2). Among these,
Klebsiella pneumoniae (29,832 cases; 69.3%) and Escherichia
coli (7,122 cases; 16.5%) together accounted for 85.8% of all
isolates. Additionally, 33,232 carbapenemase-producing gen-
otypes were identified through the “CPE Case Report Forms”
(Table 3). Among the carbapenemase genotypes, K. pneu-
moniae carbapenemase (KPC) was the most prevalent (25,463
cases; 76.6%), followed by New Delhi metallo-B-lactamase
(NDM) (4,881 cases; 14.7%), together representing 91.3%
of all identified carbapenemases. The proportion of NDM de-
creased from 20.7% in 2020 to 14.7% in 2024, whereas the

proportion of oxacillinase (OXA) rose from 4.3% in 2020 to
8.3% in 2024.

Provincial distribution of the three most commonly re-
ported carbapenemase genotypes (KPC, NDM, OXA) showed
that three metropolitan cities and provinces—Gyeonggi (8,965
cases; 27.1%), Seoul (8,186 cases; 24.7%), and Incheon (3,037
cases; 9.2%)—accounted for 61.0% of all reported genotypes
(Figure 2A). Excluding Capital region, both KPC and NDM
exhibited widespread distribution nationwide, whereas OXA
was more frequently detected in Gwangju, Jeonbuk, Jeonnam,

Busan, and Gyeongnam (Figure 2B-D).

Discussion

Since the introduction of mandatory surveillance for CRE
cases in 2017, both the number of notified CRE cases and the
number of reporting healthcare facilities have increased annu-
ally [6,7]. In 2024, the year-on-year increase in CRE case re-
ports was 10.3%, reflecting a modest slowdown compared to
the previous annual growth rate of 25-30%. However, the pro-

portion of CP-CRE cases, which are more transmissible than

Table 3. Distribution of major carbapenemase genotypes in CP-CRE cases in the Republic of Korea, 2020—-2024

Carbapenemase

genotype® 2020 2021 2022 2023 2024
Total 12,136 (100.0) 14,320 (100.0) 22,048 (100.0) 28,318 (100.0) 33,232 (100.0)
KPC 8,958 (73.8) 10,914 (76.2) 17,000 (77.1) 21,907 (77.4) 25,463 (76.6)
NDM 2,516 (20.7) 2,822 (19.7) 3,705 (16.8) 4,487 (15.8) 4,881 (14.7)
OXA 522 (4.3) 419 (2.9) 1,141 (5.2) 1,766 (6.2) 2,757 (8.3)
IMP 60 (0.5) 78 (0.5) 84 (0.4) 36 (0.1) 70 (0.2)
VIM 67 (0.6) 68 (0.5) 92 (0.4) 52 (0.2) 55(0.2)
GES 13 (0.1) 19 (0.1) 26 (0.1) 70 (0.2) 6 (0.0)

Unit: n (%). CP-CRE=carbapenemase-producing carbapenem-resistant Enterobacterales; KPC=Klebsiella pneumoniae carbapenemase;
NDM=New Delhi metallo-p-lactamase; OXA=oxacillinase; VIM=Verona integron-encoded metallo-p-lactamase; IMP=Imipenemase;
GES=Guiana extended spectrum p-lactamase. “Multiple carbapenemase genotypes can be selected when filling out a CPE Case Report Form

(each selected genotype was counted separately in this table).
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Figure 2. Distribution of major carbapenemase genotypes in CP-CRE cases by region in the Republic of Korea, 2024
(A) Total (KPC, NDM, OXA). (B) KPC. (C) NDM. (D) OXA. CP-CRE=carbapenemase-producing carbapenem-resistant Enterobacterales;

KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-p-lactamase; OXA=oxacillinase.

CRE, has risen annually, reaching 78.3% in 2024. Therefore,
the prevention and management of outbreaks through active
infection control within healthcare facilities is of paramount
importance.

The number of reports from LTCHs increased by 53.7%

year-on-year—from 5,815 cases (506 facilities) in 2023 to

www.phwr.org Vol 18, No 50, 2025

8,940 cases (628 facilities) in 2024 [6]. This increase may be
attributable to multiple factors, including the growing propor-
tion of older patients with underlying comorbidities, the high
prevalence of immunocompromised patients, and the frequent
use of invasive procedures such as urinary catheterization.

These characteristics, combined with multi-bed wards and
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prolonged hospital stays, raise the risk of CRE in LTCHs [6,8,9].
In addition, increased awareness of CRE and the expansion of
screening efforts may have contributed to the rise in reported
cases. Consequently, the government has introduced regulato-
ry measures to strengthen infection control capacity in LTCHs
and similar facilities. On December 30, 2021, the requirement
for healthcare facilities to establish infection control depart-
ments and operate infection control committees was expanded
to include facilities with 100 or more beds (previously 150 or
more beds). Furthermore, since July 1, 2023, a new infection
prevention and management fee specific to LTCHs has been
provided [10].

K. pneumoniae accounted for 69.3% of CRE isolates in
2024. Among CP-CRE genotypes, KPC was the most preva-
lent, representing 76.6% of cases. Notably, OXA cases in-
creased by 56.1% year-on-year, from 1,766 cases (6.2%) in
2023 to 2,757 cases (8.3%) in 2024, with relatively high pro-
portions observed in certain cities and provinces in the Honam
and Gyeongnam regions. Given these regional and genotype-
specific variations—including divergent trends in increasing or
decreasing prevalence—tailored strategies are needed to iden-
tify and investigate CP-CRE outbreaks. These strategies should
incorporate screening protocols and strengthened transmis-
sion-control measures. However, since healthcare-associated
infections (HAIs) reports are tallied based on the location of
the healthcare facility rather than the residence of the individu-
als, geographical comparisons of reported CRE cases require
careful interpretation, including consideration of regional
healthcare facility characteristics.

Through multi-agency collaboration, the KDCA is imple-
menting national-level initiatives such as the “Second National

Action Plan for Healthcare-Associated Infection Prevention

2078

and Control (2023-2027)” and the “Second National Action
Plan on Antimicrobial Resistance (2021-2025),” which aim
to reduce HAIs and AMR. Local governments continuously
monitor CRE reporting trends and conduct epidemiologi-
cal investigations of CP-CRE outbreaks. Healthcare facilities
are applying a range of infection control practices, including
contact precautions, hand hygiene, use of personal protective
equipment, contact tracing, and screening tests. Effective CRE
prevention and control will require sustained collaboration
among experts, the public, government agencies, local authori-

ties, and healthcare facilities.
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Y8 (71.3) (725 (745 (G17) (71.6) (746) (754) (77.6) (81.4) (86.7) (84.3)
ozt A4 9926 10,662 10,757 10,433 10,129 10,893 10,774 11,376 12,071 12,615 11,917
(ByYE) (38.8) (41.6) (417) (403 (39.1) (42.00 (415 (43.8) (46.6) (489 (46.3)
o
A4 A4 1,198 1,255 1,303 1,316 1,323 1,346 1,331 1,382 1,298 1,309 1,319
(8 @479 (603 (24 (3.0 (634 647 (646 (67.1) (44 G54 (55.8)
3= x4 795 819 826 844 833 877 839 910 824 868 872
(EBE) (63.8) (66.00 (66.8) (68.4) (67.8) (719 (69.6) (76.3) (70.1) (74.6) (75.2)
oz ;L 403 436 477 472 490 469 492 472 474 441 447
T8E) (32.1) (348 (381 (3770 (393 (37.7) (399 (385) (39.2) (36.7) (37.1)
BE
Ax A4 2,181 2,146 2,140 2,040 2,033 2,108 2,040 2,169 2,107 2,356 2,098
(ByPE) B0.8) (795 (79.2) (755 (755 (78.7) (765) (82.2) (80.2) (90.6) (82.9)
g9 @4 1,399 1,376 1,374 1,309 1277 1,311 1,327 1347 1,350 1469 15337
(#¥E) (103.2) (101.5) (101.2) (96.5) (94.4) (97.3) (989 (101.3) (102.0) (112.0) (104.4)
oz A 782 770 766 731 756 797 713 822 757 887 761
(ByE) (58.2) (57.3) (569 (54.4) (565 (59.9 (53.9) (62.7) (58.1) (68.8) (60.8)

o9l 1, Q1 109 B .
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T 2. FAARRA A Fao] E P2LY (2021-2023Y)
H3 [T 7=
CES A4 MERS MEE B S MEXS MEE O BX S MEXG MEg
(F) (F) (%) (F) (F) (%) (F) (%) (%)
A 101,291 7,991 7.9 3,779 321 8.5 6,774 385 5.7
T3ZAY 16,845 2,273 13.5 658 95 14.4 1,214 115 9.5
TER/I&CE 5,665 370 6.5 199 17 8.5 556 17 3.1
>3AE 630 138 21.9 32 4 12.5 49 12 24.5
o7} #A i 719 242 33.7 39 10 25.6 39 15 385
AFAAIA 1,831 245 13.4 70 9 12.9 123 18 14.6
A AAA 4,876 734 15.1 204 32 15.7 274 32 11.7
Hojd 484 100 20.7 21 3 14.3 19 2 10.5
71t 3334 2,640 444 16.8 93 20 21.5 154 19 12.3
H| 34 64,815 4,054 6.3 2,642 185 7.0 3,898 170 4.4
AEA, v 28) 45,817 2,214 4.8 2,007 113 5.6 2,561 84 3.3
HAIAFAA 361 32 8.9 6 0 0.0 15 2 13.3
%71 6,733 173 2.6 172 6 3.5 460 5 1.1
o7 7] 2,099 265 12.6 119 17 14.3 99 11 11.1
3 1,060 50 4.7 17 1 5.9 181 5 2.8
TG} <t 8,745 1,320 15.1 321 48 15.0 582 63 10.8
=y 3,494 218 6.2 51 0 0.0 302 18 6.0
o] 16,137 1,446 9.0 428 41 9.6 1,360 82 6.0
WEL SFANA HARAY AL T AL HY, A He, AL A5 g VAL, T B IRL, AR Ah 5O e FELS F
AARAHA ZA] LB AA S &,
B 3. FAAGHA 2 A Qutel AuadE A3 o fof 2 JEEY (2021-20234)
B3 Ch 3=
A AME AR At MEXS  MEE Bt MEX:  MES At S  MEXS  MEE
(F) () (%) () () (%) () () (%)
A 101,291 7,991 7.9 3,779 321 8.5 6,774 385 5.7
AlY5HA] ok 10,357 664 6.4 832 42 5.0 361 26 7.2
Akt 26,305 3,246 12.3 1,416 153 10.8 1,275 150 11.8
LllRa ey 12,977 1,777 13.7 558 74 13.3 806 80 9.9
EVJ 51,652 2,304 45 973 52 5.3 4,332 129 3.0
Idukel A AagE AP Y =3 dof TR FU FIFHY L 9JEQe A2l duielo] A AYES AP A vt VYL FA
Oﬂ*i HAFAY 9L T A} HY, A9 Y, ALE B2 ugt 2 F S0 FFUY 2 9 FQlo] BAAQl AL
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Al Q3 BAlEta T 4= Qo S A RARE 20084 + T E0] FARFoE F7hs $ou, 20209FH 2022
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Surveillance Report

Out-of—-Hospital Sudden Cardiac Arrest Incidence
in Daegu and Gyeongbuk, 2013-2023

Younglim Shin @, Yujin Jang @2, Sanghui Kweon*

Division of Chronic Disease Management, Gyeongbuk Regional Center for Disease Control and Prevention, Korea Disease Control and
Prevention Agency, Daegu, Korea

ABSTRACT

Objectives: This study aimed to analyze the incidence, survival outcomes, and associated factors of out-of-hospital cardiac arrest
(OHCA) in the Daegu and Gyeongbuk regions using Out-of-Hospital Cardiac Arrest Surveillance data. The goal was to provide
evidence that supports improvements in regional emergency response systems.

Methods: Microdata from the Out-of-Hospital Cardiac Arrest Surveillance covering 11 years (2013-2023) were analyzed. Incidence
rates were calculated based on patients’ residence. Survival indicators, including survival to discharge, neurological recovery, and
bystander cardiopulmonary resuscitation (CPR) rate, were evaluated based on the location of cardiac arrest occurrence.

Results: During the past decade, OHCA incidence in Daegu remained lower than the national rate, while Gyeongbuk consistently
demonstrated a higher incidence. National survival and neurological recovery have gradually increased, but Gyeongbuk remained
below the national average. Survival outcomes were significantly associated with public locations, witnessed events, and bystander
CPR. Notably, Daegu has experienced a rapid increase in the bystander CPR rate, with a fivefold over the past decade (from 9.6% in
2013 to 50.9% in 2023).

Conclusions: Early recognition and immediate bystander action are crucial for improving OHCA outcomes. Expanding public CPR

training and strengthening community-based emergency response systems remain essential.

Key words: Out-of-hospital cardiac arrest; Gyeongbuk region; Survival rate; Bystander cardiopulmonary resuscitation

*Corresponding author: Sanghui Kweon, Tel: +82-53-550-0660, E-mail: knhanes@korea.kr

Introduction

Sudden cardiac arrest (SCA) is a legally classified cerebro-
cardiovascular condition that requires prevention and man-
agement [1]. Since 2008, the Out-of-Hospital Cardiac Arrest
Surveillance (OHCAS) has been operated annually to sup-

port the development of prevention and treatment strategies

2088

by investigating the current status of SCA in the Republic of
Korea, as well as post-event management and treatment out-
comes [2]. Approximately 30,000 SCA cases occur outside
hospitals and are transported by emergency medical services
(EMS) each year, and despite ongoing monitoring, the na-
tionwide survival rate identified through the surveillance has

never exceeded 10%. Although medical treatment is essential
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Key messages
(D What is known previously?

Out-of-hospital cardiac arrest cases have increased, with
higher rates in regions with larger populations of older
adults.

(@ What new information is presented?

This upward pattern persisted in Daegu and Gyeongbuk,
where the incidence was 1.3 times the national rate, in-
fluenced by its aging population. Survival outcomes in
Daegu, Gyeongbuk, and nationwide were strongly as-
sociated with arrest location, presence of witnesses, and
bystander cardiopulmonary resuscitation (CPR).

® What are implications?

Although arrest location and witness presence are not
modifiable, bystander CPR can be strengthened through
policy. Comparing regional approaches and expanding
community-based training programs are vital for contin-
ued improvement.

for survival and recovery, early emergency response at the mo-
ment of occurrence is equally critical. This has led to increasing
emphasis on strengthening pre-hospital capacity, particularly
at the community level where SCA most commonly occurs.
A widely recognized key factor is whether the event was wit-
nessed and whether the witness was able to provide timely and
appropriate assistance [3]. As a result, areas with higher popu-
lation density tend to show higher rates of bystander cardio-
pulmonary resuscitation (CPR) and correspondingly higher
survival rates. However, even when an event is witnessed, out-
comes may remain poor if the witness does not know how to
respond or if an emergency medical system is not in place to
guide them and ensure rapid patient transport. For this reason,
the major indicators generated through OHCAS also serve as

an important resource for evaluating the effectiveness of local

www.phwr.org Vol 18, No 50, 2025

emergency medical systems. Although SCA can arise from
various causes, many cases stem from cardiac conditions, and
advanced age is a major risk factor. Consequently, SCA occurs
more frequently in provinces with larger older adult popula-
tions than in more urbanized regions, reflecting distinct re-
gional patterns. From a public health policy perspective, un-
derstanding these local trends and identifying areas in need of
improvement is essential. Reliable data sources, such as those
provided by OHCAS, play a crucial role in this process.
Against this backdrop, the present study was conducted
to generate foundational data on SCA incidence and areas for
improvement in the Daegu and Gyeongbuk regions, which fall
under the jurisdiction of the Gyeongbuk Regional Center for
Disease Control and Prevention. Its aim is to help local govern-
ments and relevant institutions develop a shared understand-
ing of the issues and establish clear targets for improvement
by analyzing factors that may influence survival and recovery,
including regional hospital utilization and bystander CPR.
Additional contextual considerations relevant to interpreting

these findings are also provided.

Methods

1. Data Source

Although the OHCAS collects data in the first and sec-
ond halves of each year, the raw data are released annually.
For this study, raw data from the most recent 11-year pe-
riod (2013-2023) were used (Korea Disease Control and
Prevention Agency Approval Number: KDCA-12-02-
CA-2025-000139). These data included patients trans-
ported by EMS for SCA and for whom medical record re-

views had been completed [4]. Since 2013, more than 96%
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of such patients have had completed reviews in the OHCAS

(Supplementary Table 1; available online).

2. Data Analysis

The raw dataset provides three types of regional informa-
tion: the location where the SCA occurred, the patient’s place
of residence, and the location of the treating hospital. In the of-
ficial OHCAS statistics, all regional analyses are based on the
location of occurrence. This study first calculated incidence
rates based on residential address to assess potential differ-
ences from the occurrence-based incidence rates reported in
OHCAS. All other indicators, including survival and recovery,
were analyzed according to the occurrence location, consistent

with national statistics.

Patient survival and recovery were determined using out-
comes from the initial receiving emergency department and
from hospital discharge. Records from the receiving hospital
were included for patients who were transferred. In this study,
an SCA was considered “witnessed” if another person observed
it at the moment it occurred; it is acknowledged that not all
cases discovered after the event were included [5]. “CPR ad-
ministration” was defined as CPR performed by laypersons,
rather than healthcare providers or individuals performing re-
lated duties.

Analyses of occurrence location, witness presence, bystand-
er CPR, and survival outcomes were conducted using data
from the most recent three years (2021-2023). This approach

ensured adequate sample sizes for subgroup comparisons, as

Table 1. Occurrence of out-of-hospital cardiac arrest patient among residents of Daegu and Gyeongbuk (2013-2023)
City and
province/ 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
gender
Nationwide
Total No. of patient 28,170 29,282 29,959 28,963 28,629 30,179 30,279 31,417 33,041 34,848 33,402
(incidence rate)  (55.1) (57.0) (58.1) (56.0) (55.3) (58.2) (58.4) (60.6) (64.0) 67.7) (65.2)
Men No. of patient 18,244 18,620 19,202 18,530 18,500 19,286 19,505 20,041 20,970 22,233 21,485
(incidencerate) (71.3)  (72.5) (745  (71.7) (71.6) (74.6) (754 (77.6) (81.4) (86.7) (84.3)
Women  No. of patient 9,926 10,662 10,757 10,433 10,129 10,893 10,774 11,376 12,071 12,615 11,917
(incidence rate)  (38.8) (41.6) (41.7) (40.3) (39.1) (42.0) (41.5) (43.8) (46.6) (48.9) (46.3)
Daegu
Total No. of patient 1,198 1,255 1,303 1,316 1,323 1,346 1,331 1,382 1,298 1,309 1,319
(incidencerate)  (47.9)  (50.3)  (52.4)  (53.00 (53.4) (547) (54.6) (57.1) (544 (554 (55.8)
Men No. of patient 795 819 826 844 833 877 839 910 824 868 872
(incidence rate)  (63.8) (66.0) (66.8) (68.4) (67.8) (71.9) (69.6) (76.3) (70.1) (74.6) (75.2)
Women  No. of patient 403 436 477 472 490 469 492 472 474 441 447
(incidencerate)  (32.1)  (34.8) (38.1) (37.7) (39.3) (37.7) (399 (385 (39.2) (36.7) (37.D)
Gyeongbuk
Total No. of patient 2,181 2,146 2,140 2,040 2,033 2,108 2,040 2,169 2,107 2,356 2,098
(incidence rate)  (80.8)  (79.5)  (79.2)  (755)  (75.5) (78.7) (76.5) (82.2) (80.2) (90.6)  (82.9)
Men No. of patient 1,399 1,376 1,374 1,309 1,277 1,311 1,327 1,347 1,350 1,469 1,337
(incidencerate)  (103.2)  (101.5)  (101.2)  (96.5)  (94.4)  (97.3) (989 (101.3) (102.0) (112.0) (104.4)
Women  No. of patient 782 770 766 731 756 797 713 822 757 887 761
(incidence rate)  (58.2) (57.3) (56.9) (54.4) (56.5) (59.9) (53.9) (62.7) (58.1) (68.8) (60.8)
Unit: cases, cases per 100,000 population.
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although approximately 30,000 cases occur nationwide each
year, sufficient for detailed subgroup analyses, the annual case
counts in Daegu and Gyeongbuk are considerably smaller.

All other indicator definitions followed the standard meth-

ods used in OHCAS [2].

Results

Over the past 10 years, the incidence of out-of-hospital
cardiac arrest (OHCA) has shown a gradual upward trend,
reaching its peak in 2022 nationwide (Table 1). The incidence
among men was consistently about 1.8 times higher than
among women, and Gyeongbuk consistently showed a rate ap-
proximately 1.3 times higher than the national average based
on residential area. Survival rates increased from 4.8% in 2013
to 8.7% in 2019 but declined by about one percentage point
between 2020 and 2022 before partially recovering to 8.6%
in 2023 (Figure 1). In Daegu, survival rates peaked at 8.7% in
2019 and remained in the 8% range thereafter. Gyeongbuk
showed slightly lower survival rates than Daegu and the na-

tional average but improved steadily, reaching 6.1% in 2023.

Survival rate (%)

24 /e Nationwide
1.8 —— Daegu
1.3 —— Gyeongbuk

20132014 20152016 2017 2018 2019 2020 20212022 2023
Year

Figure 1. Trend of survival rate” of out-of-hospital cardiac
arrest patient in Daegu and Gyeongbuk

“Survival means discharge from emergency center or after admission.

www.phwr.org Vol 18, No 50, 2025

Similarly, neurological recovery rates increased to 5.4% in
2019, declined in 2020 and 2021, and then rose again to a
peak of 5.6% in 2023 (Figure 2). Daegu’s recent neurological
recovery rate was 5.8%, higher than the national average, while
the rate for Gyeongbuk was 3.8%.

Most patients were transported to hospitals within the city
or province where the SCA occurred (annual national range:
96.5-97.9%). In 2023, 99.2% of patients in Daegu were trans-
ported to local hospitals, compared with 95.1% in Gyeongbuk
(Supplementary Table 2; available online).

Between 2021 and 2023, 64.0% of SCA events occurred
in non-public settings (64,815 of 101,291 cases), most of-
ten at home (Table 2). The nationwide survival rate for SCA
in non-public settings was 6.3%, whereas it was 13.5% for
events in public locations. Similar trends were observed in
Daegu and Gyeongbuk: survival rates for non-public versus
public SCA events were 7.0% and 14.4% in Daegu, and 4.4%
and 9.5% in Gyeongbuk, respectively, indicating that survival
nearly doubled when SCA occurred in public settings. During
the same period, 53.6% of SCAs were witnessed (54,255 of
101,291 cases), with Daegu and Gyeongbuk at 55.2% and

Recovery rate (%)

...... Nationwide
—— Daegu
—— Gyeongbuk

09 g8

20132014 20152016 2017 2018 2019 2020 20212022 2023
Year

Figure 2. Trend of neurological recovery rate” of out-of-
hospital cardiac arrest patient in Daegu and Gyeongbuk
“Neurological recovery means the score 1 or 2 of Cerebral Performance

Category Scale.
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Table 2. Survival rate” by the place of occurrence of out-of-hospital cardiac arrest (2021-2023)
Nationwide Daegu Gyeongbuk
rlece Pationt SUived et pyjgny Suvived flate  pygny Survived flte
All 101,291 7,991 7.9 3,779 321 8.5 0,774 385 5.7
Public” 16,845 2273 135 658 95 144 1214 115 9.5
Road/highway 5,665 370 6.5 199 17 8.5 556 17 3.1
Public building 630 138 21.9 32 4 12.5 49 12 24.5
Leisure-related place 719 242 337 39 10 25.6 39 15 38.5
Industrial facility 1,831 245 13.4 70 9 12.9 123 18 14.6
Commercial facility 4,876 734 151 204 32 15.7 274 32 11.7
Terminal 484 100 20.7 21 3 14.3 19 2 10.5
Others 2,640 444 16.8 93 20 215 154 19 12.3
Non-public 64,815 4,054 63 2,642 185 7.0 3,898 170 4.4
Home (including garage, garden) 45,817 2,214 4.8 2,007 113 56 2,561 84 3.3
Residential facility 361 32 8.9 6 0 0.0 15 2 13.3
Nursing facility 6,733 173 2.6 172 6 3.5 460 5 1.1
Medical facility 2,099 265 12.6 119 17 14.3 99 11 11.1
Farm 1,060 50 4.7 17 1 5.9 181 5 2.8
Inside the ambulance 8,745 1,320 151 321 48 15.0 582 63 10.8
Others 3,494 218 6.2 51 0 0.0 302 18 6.0
Unknown 16,137 1,446 9.0 428 41 9.6 1,360 82 6.0
“Survival means discharge from emergency center or after admission. “The classification of locations, such as public places, non-public
places, and detailed places, follows the classification system of the Out-of-Hospital Cardiac Arrest Surveillance.

Table 3. Survival rate” by cardiopulmonary resuscitation by bystander” for the patient of out-of-hospital cardiac arrest (2021~

2023)
) Nationwide Daegu Gyeongbuk
Cardiopulmonary : : :
resuscitation Patient Survived Rate (%) Patient Survived Rate (%) Patient Survived Rate (%)
patient patient patient

All 101,291 7,991 7.9 3,779 321 8.5 6,774 385 5.7
Non-performed 10,357 664 6.4 832 42 5.0 361 26 7.2
Performed 26,305 3,246 12.3 1,416 153 10.8 1,275 150 11.8
Not applicable” 12,977 1,777 13.7 558 74 13.3 806 80 9.9
Unknown 51,652 2,304 45 973 52 53 4,332 129 3.0

“Survival means discharge from emergency center or after admission. ”Cardiopulmonary resuscitation performed by a bystander excluding

paramedics and medical staff before arriving at the hospital. “Witnessed by paramedics and medical staff before arriving at the hospital.

51.1%, respectively (Supplementary Table 3; available on-
line). Nationwide survival for witnessed events was 12.0%,
compared with 3.2% for unwitnessed events. Daegu and

Gyeongbuk showed similar patterns (12.0% vs. 4.3% and 9.2%

2092

vs. 2.1%, respectively). When bystander CPR was performed,
survival rates increased to 12.3%, compared with 6.4% when
it was not performed, demonstrating nearly a two-fold differ-

ence. Similar trends were seen in Daegu and Gyeongbuk (Table
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Figure 3. Trend of CPR by bystander” for the out-of-hospital
cardiac arrest patient in Daegu and Gyeongbuk
CPR=cardiopulmonary resuscitation. “CPR performed by a bystander

excluding paramedics and medical staff before arriving at the hospital.

3).

The rate of bystander CPR has also steadily increased
nationwide, even during the coronavirus disease 2019
(COVID-19) pandemic. In Daegu, it rose fivefold from 9.6%
in 2013 to 50.9% in 2023, and in Gyeongbuk, from 4.2% to

21.9% over the same period (Figure 3).

Conclusion

SCA is a condition in which the heart abruptly stops, and
the longer the duration of the arrest, the lower the chances of
survival and recovery. Rapid emergency response is therefore
essential. Moreover, because SCA incidence increases with age,
the continued aging of the population makes strengthening re-
sponse systems an increasingly critical task. The OHCAS was
introduced in 2008 and first applied to out-of-hospital cases
that occurred in 2006. Among patients transported by EMS,
the incidence was 39.8 per 100,000 population in 2006 and
rose to 65.7 per 100,000 population by 2023 [2]. Although

the overall trend shows gradual growth, the increase between

www.phwr.org Vol 18, No 50, 2025

2020 and 2022 appears unusually steep. The number of cases
decreased slightly in 2023 compared with 2022, and accord-
ing to the National Fire Agency’s Statistical Yearbook, the
number of patients transported for cardiac arrest was 34,338
in 2023 and 33,077 in 2024. Since OHCAS includes only
patients transported by EMS, the number of surveyed cases is
also expected to decrease in 2024 [6,7]. From 2013 to 2023,
incidence rates based on both occurrence and residential lo-
cations did not show major differences. For example, Daegu
had incidence rates of 53.9 per 100,000 population based on
occurrence location and 55.8 per 100,000 population based
on residential location in 2023. The corresponding figures
for Gyeongbuk were 84.8 and 82.9 per 100,000 population,
respectively.

Moreover, national patient survival and neurological re-
covery rates have generally improved. Although these rates
temporarily declined during the COVID-19 pandemic after
2020, the overall trend remained upward. Urban areas tend
to show higher rates, while rural areas, including Gyeongbuk,
consistently show lower rates. This reflects the greater like-
lihood in densely populated areas of having large hospitals
nearby, more potential witnesses at the time of cardiac ar-
rest, and increased access to professional assistance. With
respect to hospital transport, 96.7% of patients nationwide
were transported to hospitals within the same city or prov-
ince in 2023. In Daegu, this proportion reached 99.2%, while
in Gyeongbuk, 95.1% of patients were transported within the
province. Patients from Gyeongbuk who were transported out-
side the province were mostly sent to nearby regions such as
Daegu (3.4%), Ulsan (1.1%), and other adjacent areas includ-
ing Chungbuk, Gangwon, Gyeongnam, and Gyeonggi (data

not shown). Survival rates varied depending on occurrence
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location, witness presence, and bystander CPR. Patients who
experienced SCA in public settings had approximately twice
the survival rate of those in non-public settings. Additionally,
survival rates were about four times higher when the event was
witnessed, and twice as high when bystander CPR was per-
formed. These trends were consistent nationwide as well as in
Daegu and Gyeongbuk. While occurrence location is strongly
associated with the likelihood of an SCA being witnessed, most
events occur at home, and patients have no control over these
circumstances. The stable annual distribution of occurrence
location and witness presence further highlights that these fac-
tors are largely unmodifiable [2]. By contrast, bystander CPR
rates can be improved through public awareness campaigns
and expanded CPR training for the general population, thereby
enhancing survival outcomes.

Recovery from SCA is unlikely without immediate bystand-
er intervention. CPR must be initiated within 4 to 5 minutes to
maintain oxygen delivery to the brain, leaving no time to wait
for emergency medical personnel to arrive, even after calling
119 [8]. Thus, policies should continue to promote the mind-
set that any local resident may become a first responder, and
should strengthen public-private collaboration to expand CPR
training opportunities, regardless of occupation. Bystander
CPR rates have increased across all cities and provinces, with
Daegu showing a particularly rapid rise since 2021, ranking
first among all regions over the past two years [2]. For com-
parison, the United States’ OHCA registry, the Cardiac Arrest
Registry to Enhance Survival (CARES), reported a nationwide
bystander CPR rate of 41.7% in 2024, ranging from 23.8% in
Connecticut to 79.7% in Alaska [9]. However, CARES collects
data only from a subset of voluntarily participating hospitals,

making direct comparison with OHCAS, which captures over
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96% of EMS-transported patients, difficult. Despite this limi-
tation, Daegu’s 50.9% bystander CPR rate is highly encourag-
ing. Following a major social incident that heightened national
CPR awareness, the local government has focused on estab-
lishing an integrated communication system among Daegu
City Hall, public health centers, and the Emergency Medical
Support Center, as well as conducting hands-on CPR train-
ing. These efforts appear to have contributed to improving
the effectiveness of CPR education. Moving forward, there is
a need to evaluate policy outcomes by comparing CPR train-
ing programs across cities and provinces and through expert
assessment. Establishing a platform for sharing best practices
and benchmarking successful strategies among municipalities
is also an important role that relevant agencies can play, using
these statistics to further improve overall bystander CPR rates.

The OHCAS is an irreplaceable tool for assessing the inci-
dence and outcomes of OHCA patients, as well as evaluating
community response. However, this study has several limita-
tions that should be considered when interpreting the findings.
First, the registry is based on EMS and medical records com-
piled after patient transport, emergency treatment, and follow-
up care have been completed. Because data are recorded by
various personnel, including paramedics, physicians, nurses,
and emergency medical technicians, records are often not stan-
dardized and may contain gaps in information. Second, there
is a lack of variables that assess bystander interventions, CPR
implementation, stepwise treatment and transport, and the ap-
propriateness of subsequent care, which limits the analytical
depth. Therefore, the results of this study should be interpreted
with caution, as its ecological design restricts the ability to draw
causal inferences for individual patients.

In conclusion, this study confirmed that survival after SCA
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is strongly influenced by whether the event occurred in pub-
lic, whether it was witnessed, and whether bystander CPR was
performed. Although patients cannot control these factors, by-
stander intervention can positively affect survival and recovery.
Thus, it is essential to strengthen relevant policies to expand
CPR training within communities and to establish robust sys-

tems for evaluating the effectiveness of such education.
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QuickStats

Trends of Survival and Neurological Recovery
in Out-of-Hospital Cardiac Arrest Patients, 2014-2024

In patients with out-of-hospital cardiac arrest, the survival rate increased 1.9-fold (4.4%p) from 4.8% in 2014 to 9.2% in
2024, and the neurological recovery rate increased 2.3-fold (3.6%p) from 2.7% in 2014 to 6.3% in 2024 (Figure 1).

%

—o— Survival rate
Neurological recovery rate

T T T T
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024
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Figure 1. Trends of survival and neurological recovery in out-of-hospital cardiac arrest patients, 2014-2024

*Out-of-hospital cardiac arrest: status of severely impaired or ceased activity of the heart.

'Survival rate: the proportion of patients with out-of-hospital cardiac arrest who survived (defined as discharge from the emergency room,
discharge after admission, voluntary discharge, or transfer).

"Neurological recovery rate: the proportion of out-of-hospital patients with favorable neurological outcome (defined as a cerebral performance

category [CPC] scale of 1 or 2) at hospital discharge who are independent in activities of daily living.

Source: 2024 Out-of-Hospital Cardiac Arrest Surveillance Statistics, https://www.kdca.go.kr/injury

Reported by: Jisu Kim @, Division of Injury Prevention and Policy, Department of Health Hazard Response, Korea Disease Control
and Prevention Agency
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