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I 1.2019-20234 CRE: CP-CRE Z¥% dxd AvA ¢ og7|@ 4

7= 2019 2020 2021 2022 2023
CRE Z4¥9% g A 15,369 18,113 23,311 30,548 38,405
271 (L) 831 938 1,067 1,257 1,467
CP-CRE Z¥Z 244 8,887 11,218 14,769 21,695 28,318
w718 F()* 622 670 717 877 1,117

CP-CRE/CRE 8 8]L-(%) 57.8 61.9 63.4 71.0 73.7

=7

CRE=carbapenem-resistant Enterobacterales; CP-CRE=carbapenemase-producing Enterobacterales.

*s Ako] CP-CREZ} 1410l HAySh

H 2. 2019-2023% carbapenem-resistant Enterobacterales T+ 8% 411 @3
=5 2019 2020 2021 2022 2023
A 15,369 18,113 23,311 30,548 38,405
A
93 8,727 (56.8) 10,210 (56.4) 13,362 (57.3) 17,036 (55.8) 21,293 (55.4)
o] A 6,642 (43.2) 7,903 (43.6) 9,949 (42.7) 13,512 (44.2) 17,112 (44.6)
Ay
0-19A1 333 (2.2) 311 (1.7) 336 (1.4) 341 (1.1) 456 (1.2)
20-39A] 513 (3.3) 502 (2.8) 667 (2.9) 784 (2.6) 895 (2.3)
40-49A) 760 (4.9) 774 (4.3) 1,042 (4.5) 1,246 (4.1) 1,469 (3.8)
50-59A 1,789 (11.6) 2,035 (11.2) 2,372 (10.2) 2,914 (9.5) 3,416 (8.9)
60-69A 2,943 (19.1) 3,405 (18.8) 4,587 (19.7) 5,864 (19.2) 7,112 (18.5)
70A] o] 9,031 (58.8) 11,086 (61.2) 14,307 (61.4) 19,399 (63.5) 25,057 (65.2)
w7 FE
AaEEEd 6,266 (40.8) 7,099 (39.2) 9,442 (40.5) 11,737 (38.4) 13,443 (35.0)
T4 6,803 (44.3) 8,013 (44.2) 9,786 (42.0) 13,298 (43.5) 16,648 (43.3)
He 1,093 (7.1) 1,380 (7.6) 1,512 (6.5) 1,515 (5.0 2,105 (5.5)
QFHA 1,077 (7.0) 1,485 (8.2) 2,383 (10.2) 3,760 (12.3) 5,815 (15.1)
7] Ep* 130 (0.8) 136 (0.8) 188 (0.8) 238 (0.8) 394 (1.0)
AR 5 &
2k 774 (5.0) 972 (5.4) 1,312 (5.6) 1,897 (6.2) 2,067 (5.4)
HAA H-q-A; 14,595 (95.0) 17,141 (94.6) 21,999 (94.4) 28,651 (93.8) 36,338 (94.6)
o A%). *71Er=2YF Qa2 1, A L g 5
E3 CRE A4S =57 710l w2023 Al A 2 (5,15571), Enterobacter spp.7} 6.0% (2,21571), Citrobacter
A A3}, dAojA CREZF HEH A = 5.4% (2,0677)°] freundii’t 1.9% (68174), Citrobacter koseri7} 1.3% (466

u, gl o]Q] JAFAA oA CREZL HEH 5
94.6% (36,33871)°ItHIE 2).
20234¥ CRE #¥S Alil 38,4054 & /N

AABRA &
SEESS

A 5E AL F 36,6807(95.5%)01H, B2 Klebsiella
pneumoniae”} 72.4% (26,55371), Escherichia coli’t 14.1%
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4 vj&o] S7lete FAYS SRASHATHES E 1; available

online).

2. Carbapenemase—-producing Enterobacterales
#ES M sig
2023 CRE #¥35 Al A 38,4057 & CP-CRE #Y
29 v &L 73.7%% J=7H 1,117040A F 28,318
7o) gel=l et 2019 57.8% (8,8877), 2020 61.9%

(11,21874), 20214 63.4% (14,76974), 20224 71.0%
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: \ &R
500-1,000 L2 A\ ANEY]
300-500 ERE
200-300
150-200
100-150
<100

<%

J211. 202349 X949 CP-CRE #¥% 7ot Rsjas £ d3)

(21,695%1), 20234 73.7% (28,318%7)= CP-CRE #HZ
Hl&-2 vl S7FHITHEE 1).

FhutE Y a4 B EE Klebsiella pneumoniae car-
bapenemase (KPC) 77.4% (21,90771), New Delhi metallo-
B-lactamase (NDM) 15.9% (4,48771), oxacillinase (OXA)
6.2% (1,766%) eIl ol 2019-202397HA] A4l
EXEot= 37HA] RAAP LR, o fAAES HA F A
Aot Hl& w1l ¥Eo] igith. 531, 20199 o]F AA|

bR §4 2 KPCO) v &L X|&FH oz 2715191,
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CP-CRE=carbapenemase-producing Enterobacterales; KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-p-lactamase;

OXA=oxacillinase; 7]EF=Verona integron-encoded metallo-B-lactamase, Imipenemase, Guiana extended spectrum P-lactamase.
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NDM9] H]-&-2 743F4TH(E 3 3 2; available online).

FhetE YRS a4 A B 24 A3} KPC EX =
A€ 27.3% (5,9917), 37 24.6% (5,3887), 2 8.0%
(1,7437) £=°019031, NDM< A& 32.0% (1,4364), %47
22.0% (98871), 1A 14.5% (6527)U 2™, OXA= A&
34.1% (6037), 471 20.5% (36271), AH 11.2% (1977)=
SRISHATHIE 1, 3 3).

CRE #YE5Z FHQoNA A&H o2 716kl Qe A
Fo=, v YA AFAIE = "COVID-19: U.S. impact
on antimicrobial resistance, special report 2022, &3l <
E71% Yl CRE 495 240] 20199 % dj¥] 221419 HH|
Q1 2020 35.0% F7Fokow 2021490 A4S AL

2022990 HEY o] F o] dg RASHATHAL TR
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AA FA4 BA S HEAA A4 20204
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3. 202349 X carbapenemase-producing Enterobacterales 4935 4 HtHd B a4 £x d3

N[ HA| KPC NDM OXA 7|Ep*
Al 28,318 21,907 4,487 1,766 158
A& 8,065 (28.5) 5,991 (27.3) 1,436 (32.0) 603 (34.1) 35 (22.2)
Bt 2,121 (7.5) 1,738 (7.9) 304 (6.8) 74 (4.2) 5(3.2)
o 1,488 (5.3) 1,264 (5.8) 173 (3.9) 40 (2.3) 11 (7.0)
S| 2,425 (8.6) 1,559 (7.1) 652 (14.5) 197 (11.2) 17 (10.8)
T 706 (2.5) 450 (2.1) 79 (1.8) 176 (10.0) 1(0.6)
= | 693 (2.4) 506 (2.3) 154 (3.4) 30 (1.7) 3(1.9)
24 268 (0.9) 225 (1.0) 34 (0.8) 8(0.5) 1(0.6)
A& 28 (0.1) 23 (0.1) 5(0.1) 0 (0.0) 0 (0.0
77 6,780 (23.9) 5,388 (24.6) 988 (22.0) 362 (20.5) 42 (26.6)
4 539 (1.9) 448 (2.0) 41 (0.9) 48 (2.7) 2(1.3)
e 298 (1.1) 229 (1.0) 41 (0.9) 26 (1.5) 2(1.3)
A 588 (2.1) 501 (2.3) 71 (1.6) 16 (0.9) 0 (0.0
A& 960 (3.4) 759 (3.5) 84 (1.9) 111 (6.3) 6(3.9)
A 410 (1.4) 273 (1.2) 78 (1.7) 45 (2.5) 14 (8.9)
& 771 (2.7) 662 (3.0) 98 (2.2) 3(0.2) 8 (5.1)
A 2,007 (7.1) 1,743 (8.0) 232 (5.2) 21(1.2) 11 (7.0)
A= 171 (0.6) 148 (0.7) 17 (0.4) 6(0.3) 0(0.0)

©$]: ZA(%). KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-B-lactamase; OXA=oxacillinase; *7

encoded metallo-B-lactamase, Imipenemase, Guiana extended spectrum P-lactamase.
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www.phwr.org Vol 18, No 2, 2025

79



http://www.phwr.org

I Public Health Weekly Repo: ’\

97 ohelg ojs) RoPEUe HY omlue A4 9 3
Aue AA AL, BB s, ojraEAd o

o
fl
oy
o
)
i)
ro,
)
1o
18
o
o
o
ol
ik
HE
1=}
o
v
I
_[
N
R

=W AAl 71€3} Zol7F flol i vlie o9y, K
pneumoniae®] 7HHY Y/dE2 2018 8.5%°l4 2022
9 10.9%2 S7Ht3E2 & & AAT12]. AAEAZ]
(World Health Organization, WHO)+= "WHO bacterial pri-
ority pathogens list, 2024 23494 CRES A WA
< ogsta SAsH] A% A - Y 2 SFEA 229
A7 7Y
Al WAl thAstz] s At A o, 54 T
2 A2 FA FAL AFE A, A - oY =7 Y 5
A4 o] 89S FESHAUTH2I

E2 S HEA's AASeH, 34

rO

=k

oM H
oy
o
rL il
o
it
(e}
:‘.’:

£ EYAE= CRE 495 TRANLA 9 AR ZAAE 7]
Hto 2 7|2 5AE gelste] A Y EXE wefs
= 9574 CRE A5 Al A A o=7]

d 7kl Qo] H=52Q1 A% B 3std
o - wef7E Basky, FRet AR, v d SOl
A Aol ik 97 A%t =gE A& Aol

80

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: HJL. Data
curation: HJL. Formal analysis: HJL. Investigation: HJL,
JHC Methodology: HJL, SJL. Project administration: SJL,
HJL. Software: HJL. Supervision: SKP, SJL, HJL. Validation:
HJL. Visualization: HJL. Writing — original draft: HJL.

Writing — review & editing: SKP, SJL, YHJ, JHC.

Supplementary Materials

Supplementary data are available online.

References

1. Logan LK, Weinstein RA. The epidemiology of carbapen-
em-resistant Enterobacteriaceae: the impact and evolution
of a global menace. ] Infect Dis 2017;215(suppl_1):528-36.

2. World Health Organization (WHO). WHO bacterial pri-
ority pathogens list, 2024 [Internet]. WHO; 2024 [cited
2024 May 17]. Available from: https://www.who.int/pub-
lications/b/64088

3. World Health Organization (WHO). Health and economic
impacts of antimicrobial resistance in the Western Pacific
Region, 20202030 [Internet]. WHO; 2023 [cited 2024
Oct 30]. Available from: https://www.who.int/publica-
tions/i/item/9789290620112

4. Centers for Disease Control and Prevention (CDC). CO-
VID-19: U.S. impact on antimicrobial resistance, special
report 2022 [Internet]. CDC; 2022 [cited 2024 Oct 30].
Available from: https://www.cdc.gov/antimicrobial-resis-
tance/data-research/threats/COVID-19.html

www.phwr.org Vol 18, No 2, 2025


http://www.phwr.org
https://www.who.int/publications/b/64088
https://www.who.int/publications/b/64088
https://www.who.int/publications/i/item/9789290620112
https://www.who.int/publications/i/item/9789290620112
https://www.cdc.gov/antimicrobial-resistance/data-research/threats/COVID-19.html
https://www.cdc.gov/antimicrobial-resistance/data-research/threats/COVID-19.html

I Public Health Weekly Re.:uu’\

. Pérez-Galera S, Bravo-Ferrer JM, Paniagua M, et al.;
COMBACTE-CARE-EURECA Team. Risk factors for in-
fections caused by carbapenem-resistant Enterobacterales:
an international matched case-control-control study (EU-
RECA). EClinicalMedicine 2023;57:101871.

. Queenan AM, Bush K. Carbapenemases: the versatile be-
ta-lactamases. Clin Microbiol Rev 2007;20:440-58, table
of contents.

Lim J, Sim J, Lee H, Hyun J, Lee S, Park S. Character-
istics of carbapenem-resistant Enterobacteriaceae (CRE)
in the Republic of Korea, 2022. Public Health Wkly Rep
2024;17:115-27.

. Jeong H, Hyun J, Lee Y. Characteristics of carbapenem-
resistant Enterobacteriaceae (CRE) in the Republic of Ko-
rea, 2021. Public Health Wkly Rep 2022;15:2354-63.

. Prabaker K, Lin MY, McNally M, et al.; Centers for Dis-
ease Control and Prevention (CDC) Prevention Epicenters
Program. Transfer from high-acuity long-term care facili-
ties is associated with carriage of Klebsiella pneumoniae
carbapenemase-producing Enterobacteriaceae: a multihos-
pital study. Infect Control Hosp Epidemiol 2012;33:1193-

www.phwr.org Vol 18, No 2, 2025

10.

11.

12.

13.

9.

Ministry of Health and Welfare (MOHW). The report of
the 5th Survey on National Health Care Resources [Inter-
net]. MOHW; 2022 [cited 2024 Oct 30]. Available from:
https://www.mohw.go.kr/board.es?mid=a10411010200&
bid=0019&act=view&list_no=372195

Jung S, Park S. Outbreak of carbapenem-resistant Entero-
bacteriaceae (CRE) in a long-term acute care facility in the
Republic of Korea. Korean ] Healthc Assoc Infect Control
Prev 2022;27:43-50.

European Centre for Disease Prevention and Control
(ECDC). Antimicrobial resistance in the EU/EEA (EARS-
Net) - annual epidemiological report for 2022 [Internet].
ECDC; 2023 [cited 2024 Oct 30]. Available from: https://
www.ecdc.europa.eu/en/publications-data/surveillance-
antimicrobial-resistance-europe-2022

Kim EJ, Kang JH, Hyun J, Park S. Review of international
literature for the prevention and control of carbapenem-
resistant Enterobacterales infections. Public Health Wkly
Rep 2024;17:181-96.

81


http://www.phwr.org
https://doi.org/10.56786/PHWR.2024.17.4.1
https://doi.org/10.56786/PHWR.2024.17.4.1
https://doi.org/10.56786/PHWR.2024.17.4.1
https://doi.org/10.56786/PHWR.2024.17.4.1
https://www.phwr.org/journal/view.html?pn=vol&uid=391&vmd=Full
https://www.phwr.org/journal/view.html?pn=vol&uid=391&vmd=Full
https://www.phwr.org/journal/view.html?pn=vol&uid=391&vmd=Full
https://www.mohw.go.kr/board.es?mid=a10411010200&bid=0019&act=view&list_no=372195
https://www.mohw.go.kr/board.es?mid=a10411010200&bid=0019&act=view&list_no=372195
https://doi.org/10.14192/kjicp.2022.27.1.43
https://doi.org/10.14192/kjicp.2022.27.1.43
https://doi.org/10.14192/kjicp.2022.27.1.43
https://doi.org/10.14192/kjicp.2022.27.1.43
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-resistance-europe-2022
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-resistance-europe-2022
https://www.ecdc.europa.eu/en/publications-data/surveillance-antimicrobial-resistance-europe-2022
https://doi.org/10.56786/PHWR.2024.17.5.2
https://doi.org/10.56786/PHWR.2024.17.5.2
https://doi.org/10.56786/PHWR.2024.17.5.2
https://doi.org/10.56786/PHWR.2024.17.5.2

I Public Health Weekly Repo: ’\

Characteristics of Notified Carbapenem-resistant Enterobacterales
Cases in the Republic of Korea, 2023

Hyunju Lee @, Seungjae Lee @, Yeon Hwa Jung @, Jihyun Choi @, Sook-kyung Park*

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

ABSTRACT

Carbapenem-resistant Enterobacterales (CRE) infections are increasing worldwide and have become a major public health
threat. The Centers for Disease Control and Prevention reported that “the coronavirus disease-19 (COVID-19) pandemic
has led to a surge in CRE infections as healthcare facilities have prioritized COVID-19 infection control, making routine
infection prevention and control more difficult.” and the World Health Organization estimated 4.95 million people deaths
worldwide in 2019 due to antibiotic-resistant bacteria. The annual number of CRE infection cases has been increasing by
about 20-30%. In 2023, an analysis of CRE infection reports revealed a total of 38,405 cases, with 55.4% of patients being
male. Most cases (65.2%) occurred in individuals aged 70 years and older. Among healthcare facilities, general hospitals had
the highest reporting rate at 43.3%. In particular, the number of CRE infection reports in long-term care hospitals and the
proportion of total reports increased every year, from 1,077 cases (7.0%) in 2019 to 5,815 cases (15.1%) in 2023. The primary
bacteria identified were Klebsiella pneumoniae (72.4%) and Escherichia coli (14.1%). Among CRE infections, carbapenemase-
producing Enterobacterales (CP-CRE) infections accounted for 73.7% of all reported cases in 2023, with the proportion of CP-
CRE infections steadily increasing every year. Therefore, this study analyzed CRE infection data reported through the Korea
Disease Control and Prevention Agency system from 2019 to 2023, thereby providing important insights for the development

of effective infection prevention and management strategies.
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Introduction due to factors such as insufficient healthcare resources, inad-

equate infection control practices, and increased antibiotic use

The prevalence of carbapenem-resistant Enterobacterales [4].
(CRE) infections has significantly increased in recent years, CRE infections are caused by Enterobacterales that exhib-
posing a major public health threat [1-3]. The coronavirus dis- it resistance to carbapenems. Transmission primarily occurs

ease 2019 (COVID-19) pandemic has exacerbated this trend through direct or indirect contact with infected individuals
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Key messages
(D What is known previously?

Domestic carbapenem-resistant Enterobacterales
(CRE) infection case have increased by 20-30% every
year since 2019. Recently, carbapenemase-producing
Enterobacterales (CP-CRE) infections accounted for
more than 70% of the reported cases, and this propor-
tion is gradually increasing.

(@ What new information is presented?

Among the CRE (38,405 cases) reported in 2023, the
proportion of general hospitals was the highest at 43.3%
and the reporting rate of CRE infections in long-term
care hospitals increased from 7.0% in 2019 to 15.1% in
2023. The CP-CRE infection rate was 73.7% (28,318
cases), and the number of reporting healthcare facilities
increased by 27.4% compared with the previous year
(1,117 healthcare facilities).

® What are implications?

This report provides data for formulating effective strat-
egies for infection prevention and control, while also
highlighting that surveillance and infection control are
necessary to control the spread of CRE.

or contaminated environments. The likelihood of occurrence
is greater in long-term inpatients, those taking immunosup-
pressive medications, and those with a history of CRE infec-
tions [5]. Of particular concern are carbapenemase-producing
Enterobacterales (CP-CRE), which have emerged as a signifi-
cant threat in outbreaks due to their ability to transfer resis-
tance genes to other bacteria via plasmids or other mecha-
nisms, enabling rapid transmission [6]. Recent data on CRE
infections in the Republic of Korea (ROK) reveal a steady in-
crease in the prevalence of CP-CRE among CRE, highlighting
the urgent need for proactive measures to control outbreaks in

healthcare settings [7,8].

www.phwr.org Vol 18, No 2, 2025

This report presents a comparative and analytical overview
of the incidence and epidemiological characteristics of CRE
infections over the past 5 years (2019-2023), aiming to shed

light on the evolving patterns of these infections.

Methods

A comprehensive analysis of demographic (sex and age)
and epidemiological characteristics (e.g., region, type of health-
care facility, infectious disease patient classification, isolate,
carbapenemase type) was conducted. Data were collected from
three primary sources: (1) CRE infection case reports, (2) CRE
infection investigation reports, and (3) CP-CRE infection case
reports. These reports were obtained from the Korea Disease
Control and Prevention Agency’s Integrated Disease and
Health Management System and span the period from 2019 to
2023. The analysis was based on the reporting dates of infec-
tious disease in healthcare facilities. Results from 2019 to 2022
were drawn from the Annual Report on the Notified Infectious
Diseases in Korea and the CRE Infectious Disease Analysis

Report [7,8].

Results

1. Carbapenem-resistant Enterobacterales
Infection Report Status
CRE infection, classified as Class 2 infectious disease, is
monitored through a mandatory surveillance system. Since its
implementation in June 2017, the number of reported cases
has increased by 20-30% annually. In 2023, a total of 38,405
cases were reported from 1,467 healthcare facilities (Table 1).

The demographic characteristics of CRE infections
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Table 1. Number of CRE - CP-CRE designated and healthcare facilities by year (2019-2023)

Category 2019 2020 2021 2022 2023
CRE infection No. of cases 15,369 18,113 23,311 30,548 38,405
No. of healthcare facilities (place) 831 938 1,067 1,257 1,467
CP-CRE infection No. of cases 8,887 11,218 14,769 21,695 28,318
No. of CP-CRE healthcare facilities (place)* 622 670 717 877 1,117

CP-CRE/CRE ratio (%) 57.8 61.9 63.4 71.0 73.7

least one case of CP-CRE occurred in the year.

CRE=carbapenem-resistant Enterobacterales; CP-CRE=carbapenemase-producing Enterobacterales. *Number of healthcare facilities where at

Table 2. Characteristics of carbapenem-resistant Enterobacterales (2019-2023)

Pathogen carrier

14,595 (95.0)

17,141 (94.6)

21,999 (94.4)

28,651 (93.8)

Category 2019 2020 2021 2022 2023

Total 15,369 18,113 23,311 30,548 38,405
Sex

Male 8,727 (56.8) 10,210 (56.4) 13,362 (57.3) 17,036 (55.8) 21,293 (55.4)

Female 6,642 (43.2) 7,903 (43.6) 9,949 (42.7) 13,512 (44.2) 17,112 (44.6)
Age group

0-19 333(2.2) 311 (1.7) 336 (1.4) 341 (1.1) 456 (1.2)

20-39 513 (3.3) 502 (2.8) 667 (2.9) 784 (2.6) 895 (2.3)

40-49 760 (4.9) 774 (4.3) 1,042 (4.5) 1,246 (4.1) 1,469 (3.8)

50-59 1,789 (11.6)  2,035(11.2) 2,372 (10.2) 2,914 (9.5) 3,416 (8.9)

60-69 2,943 (19.1) 3,405 (18.8) 4,587 (19.7) 5,864 (19.2) 7,112 (18.5)

=70 9,031 (58.8) 11,086 (61.2) 14,307 (61.4) 19,399 (63.5) 25,057 (65.2)
Healthcare facility type

Advanced general hospital 6,266 (40.8) 7,099 (39.2) 9,442 (40.5) 11,737 (38.4) 13,443 (35.0)

General hospital 6,803 (44.3) 8,013 (44.2) 9,786 (42.0) 13,298 (43.5) 16,648 (43.3)

Hospital 1,093 (7.1) 1,380 (7.6) 1,512 (6.5) 1,515 (5.0) 2,105 (5.5)

Long-term care hospital 1,077 (7.0) 1,485 (8.2) 2,383 (10.2) 3,760 (12.3) 5,815 (15.1)

Others* 130 (0.8) 136 (0.8) 188 (0.8) 238(0.8) 394 (1.0)
Case classification

Patient of an infectious disease 774 (5.0) 972 (5.4) 1,312 (5.6) 1,897 (6.2) 2,067 (5.4)

36,338 (94.6)

Values are presented as number (%). *Others=clinic level, dentistry - Korea's traditional medicine hospitals.

reported in 2023 showed that 55.4% (21,293 cases) were male
and 65.2% (25,057 cases) were aged >70 years. Other age
groups included 18.5% (7,112 cases) aged 60-69 years and
8.9% (3,416 cases) aged 50-59 years. Those aged =70 years
accounted for 58.8% (9,031 cases) of all reports in 2019 and
65.2% (25,057 cases) in 2023, with the proportion increas-
ing annually. Regarding healthcare facility type, 43.3% (16,648

84

cases) were from general hospitals, 35.0% (13,443 cases) from
advanced general hospitals, 15.1% (5,815 cases) from long-
term care hospitals, and 5.5% (2,105 cases) from hospitals.
In particular, the number and percentage of long-term care
hospital reports increased from 7.0% (1,077 cases) in 2019,
8.2% (1,485 cases) in 2020, and 10.2% (2,383 cases) in 2021,
12.3% (3,760 cases) in 2022, and 15.1% (5,815 cases) in
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2023.

Furthermore, an analysis of the 2023 notification data ac-
cording to the CRE infectious disease classification criteria re-
vealed that 5.4% (2,067 cases) of “patients” had CRE detected
in blood and 94.6% (36,338 cases) of “pathogen carriers” had
CRE detected in clinical specimens other than blood (Table 2).

Of the 38,405 reports of CRE infections in 2023, a to-
tal of 36,680 (95.5%) were registered in individual investi-

gation reports, with Klebsiella pneumoniae accounting for
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72.4% (26,553 cases), Escherichi coli 14.1% (5,155 cases),
Enterobacter spp. 6.0% (2,215 cases), Citrobacter freundii
1.9% (681 cases), and Citrobacter koseri 1.3% (466 cases)
of the isolates. The five most common isolates over the past 5
years have largely maintained their rankings as a percentage
of the total from 2019 to 2023. Notably , the prevalence of K.
pneumoniae has steadily increased since 2019: 60.4% in 2019,
62.6% in 2020, 68.6% in 2021, 70.9% in 2022, and 72.4% in
2023 (Supplementary Table 1; available online).
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Figure 1. Geographical distribtuion map of CP-CRE Infection by carbapenemase genotype in region 2023

CP-CRE=carbapenemase-producing Enterobacterales; KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-p-lactamase;

OXA-=oxacillinase; Etc.=Verona integron-encoded metallo-p-lactamase, Imipenemase, Guiana extended spectrum PB-lactamase.
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2. Carbapenemase—producing Enterobacterales

Infection Report Status

Of the 38,405 CRE infections reported in 2023, the pro-
portion of CP-CRE infections was 73.7%, with a total of
28,318 cases confirmed in 1,117 healthcare facilities. The pro-
portion of CP-CRE infections increased annually throughout
the study period, with 57.8% (8,887 cases) in 2019, 61.9%
(11,218 cases) in 2020, 63.4% (14,769 cases) in 2021, 71.0%
(21,695 cases) in 2022, and 73.7% (28,318 cases) in 2023
(Table 1).

The distribution of carbapenemases was 77.4% (21,907
cases) for Klebsiella pneumoniae carbapenemase (KPC), 15.9%
(4,487 cases) for New Delhi metallo-B-lactamase (NDM), and
6.2% (1,766 cases) for oxacillinase (OXA). The three geno-

types that have consistently dominated from 2019 to 2023, in

their proportional rankings over time. Notably, since 2019, the
proportion of KPCs among all carbapenemases has continued
to increase, whereas the proportion of NDMs has decreased
(Supplementary Table 2; available online).

A regional analysis of carbapenemases showed that the
prevalence of KPC was 27.3% (5,991 cases) in Seoul, 24.6%
(5,388 cases) in Gyeonggi-do, and 8.0% (1,743 cases) in
Gyeongsangnam-do. The prevalence of NDM was 32.0%
(1,436 cases) in Seoul, 22.0% (988 cases) in Gyeonggi-do, and
14.5% (652 cases) in Incheon. The prevalence of OXA was
34.1% (603 cases) in Seoul, 20.5% (362 cases) in Gyeonggi-
do,and 11.2% (197 cases) in Incheon (Figure 1, Table 3).

Table 3. Distribtuion of carbapenemase-producing Enterobacterales by carbapenemase genotype in region 2023
Region Total KPC NDM OXA Etc.*

Total 28,318 21,907 4,487 1,766 158
Seoul 8,065 (28.5) 5,991 (27.3) 1,436 (32.0) 603 (34.1) 35 (22.2)
Busan 2,121 (75) 1,738 (7.9) 304 (6.8) 74 (4.2) 5(3.2)
Daegu 1,488 (5.3) 1,264 (5.8) 173 (3.9) 40 (2.3) 11 (7.0)
Incheon 2,425 (8.6) 1,559 (7.1) 652 (14.5) 197 (11.2) 17 (10.8)
Gwangju 706 (2.5) 450 (2.1) 79 (1.8) 176 (10.0) 1(0.6)
Daejeon 693 (2.4) 506 (2.3) 154 (3.4) 30 (1.7) 3(1.9
Ulsan 268 (0.9) 225 (1.0) 34(0.8) 8(0.5) 1(0.6)
Sejong 28 (0.1 23(0.1) 5(0.1) 0(0.0) 0(0.0)
Gyeonggi 6,780 (23.9) 5,388 (24.6) 988 (22.0) 362 (20.5) 42 (26.6)
Gangwon 539 (1.9) 448 (2.0) 41(0.9) 48 (2.7) 2(1.3)
Chungbuk 298 (1.1) 229 (1.0) 41 (0.9) 26 (1.5) 2(1.3)
Chungnam 588 (2.1) 501 (2.3) 71 (1.6) 16 (0.9) 0(0.0)
Jeonbuk 960 (3.4) 759 (3.5) 84 (1.9) 111 (6.3) 6(3.8)
Jeonnam 410 (1.4) 273 (1.2) 78 (1.7) 45 (2.5) 14 (8.9)
Gyeongbuk 771 (2.7) 662 (3.0) 98 (2.2) 3(0.2) 8 (5.1)
Gyengnam 2,007 (7.1) 1,743 (8.0) 232(5.2) 21(1.2) 11 (7.0)
Jeju 171 (0.6) 148 (0.7) 17 (0.4) 6(0.3) 0 (0.0)

Values are presented as number (%). KPC=Klebsiella pneumoniae carbapenemase; NDM=New Delhi metallo-B-lactamase; OXA=oxacillinase;

*Etc.=Verona integron-encoded metallo-f-lactamase, Imipenemase, Guiana extended spectrum p-lactamase.
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Discussion

The prevalence of CRE infections is increasing both do-
mestically and globally. The Centers for Disease Control and
Prevention reported a 35.0% increase in healthcare-associated
CRE infections in 2020, coinciding with the COVID-19 pan-
demic, compared with that in the previous year, as noted in the
TCOVID-19: U.S. impact on antimicrobial resistance, special
report 2022 report. This surge peaked in 2021 and persisted
above pre-pandemic levels in 2022 [4].

In the ROK, since mandatory CRE infection surveillance
began in June 2017, the number of reported cases and report-
ing healthcare facilities continues to increased. In particular,
reports from long-term care hospitals (the number of reporting
healthcare facilities) increased markedly from 1,458 cases (322
facilities) in 2020 to 5,815 cases (566 facilities) in 2023. This
represents a 4.0-fold increase in cases and a 1.8-fold increase
in the number of reporting healthcare facilities. As indicated by
the testing status, the proportion of fecal specimens among all
positive specimens in long-term care hospitals increased from
2,441 cases (69.2%) in 2020 to 8,558 cases (73.6%) in 2023.
This suggests that preemptive and contact testing are being ac-
tively implemented to manage CRE patients.

Long-term care hospitals, which primarily admit elderly
and rehabilitation patients with chronic diseases, pose unique
challenges [9]. The average length of stay in all healthcare facil-
ities is 16.1 days, with an average length of stay of 134.4 days
in long-term care hospitals [10,11]. The risk of CRE infection
may be increased due to the multi-bedded structure of long-
term care hospitals and the lack of infection control staff and
resources.

To address these challenges, the ROK is implementing

www.phwr.org Vol 18, No 2, 2025

measures to prevent the spread of CRE infections. These mea-
sures include facility and environmental management im-
provements, including long-term care hospitals, expansion of
infection control systems, and reorganization of healthcare-re-
lated infection response frameworks. Efforts are also underway
to strengthen infection control personnel capabilities through
administrative and financial assistance, including reimburse-
ment systems.

A comparison of international isolate distributions with
European Centre for Disease Prevention and Control surveil-
lance data for only certain bacteria such as K. pneumoniae and
E. coli reveals discrepancies between the datasets. These dis-
crepancies make absolute comparisons difficult. However, it
is notable that the percentages of carbapenem resistance in K.
pneumoniae increased from 8.5% in 2018 to 10.9% in 2022.
These findings suggest that CRE infections are increasing glob-
ally [12]. The World Health Organization (WHO) has classi-
fied CRE as a “critical pathogen with the highest priority for
research, development, and public health action to prevent
and control antimicrobial resistance” in its “WHO bacterial
priority pathogens list, 2024” report. The WHO also empha-
sized the need for international efforts to address antimicrobial
resistance, including the implementation of robust infection
prevention and control measures, the surveillance of emerg-
ing trends, the advancement of drug development, and the cre-
ation of diagnostic and prevention tools [2].

Global strategies to reduce CRE infections include health-
care providers identifying and mitigating risk factors, empha-
sizing hand hygiene, personal protective equipment use, and
proper environmental disinfection for infection control, and
prescribing antibiotics judiciously and conducting preemp-

tive testing for “asymptomatic carriers” [13]. In the ROK, the
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government is developing a response system to prevent the
spread of CRE infections. This system will be a feasible, on-site
one in healthcare facilities to evaluate CRE prevalence and to
design and pilot a reduction strategy, establishing a foundation
for systematic surveillance, prevention, and management of
CRE infections.

The occurrence and distribution of infectious diseases were
analyzed using basic statistical methods based on CRE case and
investigation reports. This report highlights the growing bur-
den of CRE infections in Korean healthcare facilities, necessi-
tating active surveillance and reinforced infection prevention
and control measures. Collaborative efforts among the govern-
ment, local authorities, and healthcare facilities will be essential

to curbing the spread of this significant public health threat.
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