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ABSTRACT

Objectives: We aimed to describe the epidemiological characteristics of carbapenemase-
producing Enterobacteriaceae (CPE) outbreaks in healthcare settings in the Republic of Korea
between 2017 and 2022.

Methods: Under the national notifiable disease surveillance system, we obtained annual
descriptive statistics regarding the isolated species, carbapenemase genotype, healthcare
facility type, outbreak location and duration, and number of patients affected and recommended
interventions. We used epidemiological investigation reports on CPE outbreaks reported to
Korea Disease Control and Prevention Agency from June 2017 to September 2022.

Results: Among the 168 reports analyzed, Klebsiella pneumoniae (85.1%) was the most frequently
reported species, while K. pneumoniae carbapenemase (KPC, 82.7%) was the most common
carbapenemase genotype. Both categories increased from 2017 to 2022 (p<0.01). General
hospitals had the highest proportion (54.8%), while tertiary general hospitals demonstrated
a decreasing trend (p<0.01). The largest proportion of outbreaks occurred exclusively in
intensive care units (ICUs, 44.0%), and the frequency of concurrent outbreaks in ICUs and
general wards increased over time (p<0.01). The median outbreak duration rose from 43.5 days
before the coronavirus disease 2019 (COVID-19) pandemic (2017-2019) to 79.5 days during the
pandemic (2020-2022) (p=0.01), and the median number of patients associated with each
outbreak increased from 5.0 to 6.0 (p=0.03). Frequently recommended interventions included
employee education (38.1%), and 3 or more measures were proposed for 45.2% of outbreaks.
Conclusion: In the Republic of Korea, CPE outbreaks have been consistently dominated by K.
pneumoniae and KPC. The size of these outbreaks increased during the COVID-19 pandemic.
Our findings highlight the need for continuing efforts to control CPE outbreaks using a
multimodal approach, while considering their epidemiology.

Keywords: Carbapenem-resistant Enterobacteriaceae; Disease outbreaks; Drug resistance;
Klebsiella pneumoniae; Public health surveillance; Republic of Korea
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Introduction

Carbapenem-resistant Enterobacteriaceae (CRE) frequently
exhibit a wide spectrum of antibiotic resistance, which
restricts treatment options and leads to various infections,
including urinary tract infections, pneumonia, and sepsis
[1,2]. Among CRE strains, carbapenemase-producing
Enterobacteriaceae (CPE) can transfer resistance genes
to other Gram-negative bacilli through plasmids or other
mechanisms, resulting in more rapid dissemination than
non-CPE isolates [3].

A CPE strain was first identified in a healthcare facility in
the Republic of Korea on December 3, 2010 [4], underscoring
specific public health and clinical priorities. Consequently, all
CRE cases have been classified as notifiable diseases across
all healthcare facilities since June 3, 2017 [5,6]. According to
data from the mandatory surveillance system of the Korea
Disease Control and Prevention Agency (KDCA), the number
of patients with CRE in healthcare facilities has steadily
risen over time, increasing from 15,369 in 2019 to 23,311 in
2021. The percentage of CPE among patients with CRE has
also demonstrated an annual upward trend, growing from
57.8% in 2019 to 63.4% in 2021 [7]. This increase aligned with
a rising trend in ertapenem resistance among Klebsiella
pneumoniae isolated from blood; this rate grew from 1.1%
in 2019 to 6.8% in 2021, according to data from the Korean
Global Antimicrobial Surveillance System [8].

To manage CPE, which is known to significantly impact the
spread of CRE [3], the KDCA collects data on all epidemiological
investigations conducted by local governments (17 cities
and provinces) related to CPE outbreaks [6]. Our study was
designed to describe the epidemiological characteristics
of CPE outbreaks in healthcare settings by analyzing the
epidemiological investigation data reported to the KDCA
between June 2017 and September 2022, following the
transition to a mandatory surveillance system.

Materials and Methods

National Surveillance of CPE Outbreaks

In the Korean Notifiable Disease Surveillance System,
CRE is defined as Enterobacteriaceae resistant to at least
1 carbapenem-based antibiotic (including imipenem,
meropenem, ertapenem, and doripenem), as identified
in clinical samples from healthcare settings, regardless
of patient symptoms. All CRE-positive samples must be
tested for carbapenemase, as CPE is strictly defined as
carbapenemase-producing CRE. When 2 or more patients
with CPE and epidemiological links are reported at a
healthcare facility, epidemiologists of the city or province are
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HIGHLIGHTS

« In the Republic of Korea, carbapenemase-producing
Enterobacteriaceae outbreaks in healthcare settings
were dominated consistently by Klebsiella pneumoniae
and K. pneumoniae carbapenemase from 2017-2022.

e Duration and number of patients related to each
outbreak significantly increased during the coronavirus
disease 2019 pandemic (2020-2022) compared with
that in the pre-pandemic period (2017-2019).

*Multimodal approaches were simultaneously
recommended for interventions following a number
of epidemiological investigations of carbapenemase-
producing Enterobacteriaceae outbreaks.

required to conduct an investigation in accordance with the
Guidelines for Healthcare-Associated Infectious Diseases

[6].

Database

We obtained data on CPE outbreaks from the KDCA
mandatory surveillance system database. Epidemiological
investigators from cities or provinces are required to report
outbreaks at healthcare facilities to this system. Patient
identification and sensitive information are not collected.

Case Definitions

A CPE outbreak was defined as the presence of at least 2
patients with CPE and epidemiological associations within a
healthcare facility, as investigated by local epidemiologists
between June 2017 and September 2022. As of October
1, 2022, the KDCA had received reports of 192 cases.
From these, we excluded cases with incorrect records of
outbreak duration (n=10) and number of patients (n=7),
cases determined not to be part of an outbreak following
epidemiological investigation (n=5), and duplicate cases
(n=2). As aresult, a total of 168 reports were included in the
analysis (Figure 1).

Classification of Variables

Healthcare facilities were categorized according to the
Medical Service Act as follows: tertiary general hospitals,
general hospitals, hospitals, and intermediate care
hospitals. General hospitals included healthcare facilities
with 100 or more beds, with those possessing a high level of
expertise in treating severe diseases designated as tertiary
general hospitals. Hospitals comprised healthcare facilities
with 30 or more beds; among these, institutions that
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192 Epidemiological investigation reports
on CPE outbreaks in healthcare settings
according to KDCA data between June 2017 and
September 2022
(as of October 1, 2022)

CPE outbreaks in the Republic of Korea, 2017-2022

provided care for patients with geriatric or chronic diseases,
as well as patients recovering from surgery or injury, were
classified as intermediate care hospitals.

Local epidemiologists recommended intervention
measures following epidemiological investigations of CPE
outbreaks. In our study, these measures were categorized
based on the type of infection prevention and control (IPC),
consistent with the descriptive content of each report.
After accounting for the IPC strategies for CPE at the facility
level [3,9-11] and the current state of Korean healthcare
facilities, we selected the following categories: education
of employees, including caregivers; active surveillance
of high-risk groups; contact precautions; environmental
cleaning; screening of patients with CRE contacts; patient
isolation or cohorting; support for staff and infrastructure;
surveillance of environmental cultures; on-site monitoring;
improvement of bed density; timely notification of patients
with CRE to the KDCA; and antibiotic stewardship. Two
independent researchers participated in the categorization
process, and when disagreements occurred, a final decision
was made through discussion.

Statistical Analysis

We present annual descriptive statistics on the isolated
species, carbapenemase genotype, healthcare facility type,
outbreak location and duration, and number of patients
associated with CPE outbreaks. Additionally, we display the
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10 Excluded
5| Cases with incorrect records of
|, outbreak duration
182 Included
7 Excluded
> Cases with incorrect records of
N no. of patients
175 Included
5 Excluded
>| Cases determined not to be part of
J an outbreak following investigation
170 Included
5 Excluded Figure 1. Flow diagram of study selection.
) Dupli xcluce CPE, carbapenemase-producing Enterobacteriaceae;
J uplicate cases KDCA, Korea Disease Control and Prevention Agency.
168 Reports included in the analysis

frequency of each recommended intervention following
the epidemiological investigation, according to the type of
healthcare facility. Variables are presented as either the
number and percentage of outbreaks or the median and
interquartile range (IQR). The Cochran-Armitage test (a
yearly trend analysis adjusted for the number of outbreaks
on a 12-month scale) or the Fisher exact test was utilized
to compare categorical variables. For continuous variables
that did not meet the normality assumption, the Mann-
Whitney U-test was performed. The significance level was
set at p<0.05, and R statistical software ver. 4.2.0 (The R
Foundation) was employed for the statistical analysis.

Ethics Approval

This study received approval from the Institutional Review
Board (IRB) of the KDCA (IRB No: 2023-01-02-PE-A) and
was conducted in accordance with the principles of the
Declaration of Helsinki.

Results

Atotal of 168 epidemiological investigations of CPE outbreaks
in healthcare settings were reported to the KDCA between
June 2017 and September 2022 (Table 1).

Clinical Characteristics of CPE Outbreaks
The most frequently isolated species was K. pneumoniae (143
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cases, 85.1%), followed by Escherichia coli (51 cases, 30.4%),
and Enterobacter spp. and Citrobacter spp. (14 cases, 8.3%
each) (Table 1). Outbreaks of K. pneumoniae significantly
increased over time (p<0.01) (Figure 2). The most commonly
detected carbapenemase genotype was K. pneumoniae
carbapenemase (KPC), affecting 139 cases (82.7%), followed
by New Delhi metallo-B-lactamase (47 cases, 28.0%) and

p<0.01
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CPE outbreaks in the Republic of Korea, 2017-2022

oxacillinase (17 cases, 10.1%). The proportion of outbreaks in
which KPC was detected showed an increasing trend (p < 0.01).

Epidemiological Characteristics of CPE Outbreaks

Among the types of healthcare facilities, epidemiological
investigations were implemented most frequently in
general hospitals (92 cases, 54.8%) (Table 1). A declining
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Figure 2. Trends of carbapenemase-producing Enterobacteriaceae (CPE) outbreaks in healthcare settings according
to the Korea Disease Control and Prevention Agency (KDCA) data from June 2017-September 2022. p-values
presented as labels were generated using the Cochran-Armitage test adjusted for the no. of outbreaks on a 12-month
scale. (A) Isolated species. (B) Carbapenemase genotype. (C) Healthcare facility type. (D) Outbreak location.

KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-B-lactamase; OXA, oxacillinase; GES, Guiana extended-spectrum

B-lactamase; ICU, intensive care unit.
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trend was observed in tertiary general hospitals (p<0.01)
(Figure 2). Within facilities, intensive care units (ICUs) were
the most common location of outbreaks (74 cases, 44.0%).
The frequency of outbreaks occurring simultaneously in
ICUs and general wards increased significantly over time
(p<001).

No statistically significant variations in the duration or
number of patients associated with each outbreak were
observed by year. However, a significant difference emerged
when we compared the periods before and during the
coronavirus disease 2019 (COVID-19) pandemic (2017-2019
and 2020-2022, respectively) (Figure 3). The median
outbreak duration overall was 61.0 days (IQR, 26.8-121.0),
with an increase from 43.5 days (IQR, 22.0-76.0) prior to the
pandemic to 79.5 days (IQR, 29.5- 139.8) during the pandemic
(p=0.01). The median number of patients overall was 6.0 (IQR,
3.0-11.0), with an increase from 5.0 (IQR, 3.0-7.0) before the
pandemic to 6.0 (IQR, 40-13.0) during the pandemic (p=003).

Recommended Interventions for Controlling CPE
Outbreaks

In 146 cases (86.1%), additional intervention measures were
advised, while no measures were recommended in 22 cases
(13.1%) (Table 2). Notably, simultaneous implementation of
3 or more interventions was suggested for 76 cases (45.2%).
The most frequently recommended intervention measure
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was employee education (64 cases, 38.1%), followed by
active surveillance of high-risk groups (32.7%), contact
precautions (31.5%), and environmental cleaning (30.4%).
Recommendations for environmental cleaning (p<0.01),
patient isolation or cohorting (p=0.04), surveillance of
environmental cultures (p=0.03), and timely notification of
CRE to the KDCA (p=0.02) differed significantly depending
on the type of healthcare facility.

Discussion

During the early stages of the COVID-19 pandemic in 2020,
the number of CPE-related epidemiological investigation
reports was lower than in previous years, but it gradually
increased over time. A report from the European Centre for
Disease Prevention and Control also indicated a reduced
number of E. coli cases reported in 2020, which may be
attributed to a decrease in healthcare activities, such as the
reporting of antibiotic resistance rates, due to the COVID-19
pandemic [12].

Among the CPE outbreaks analyzed in the present study,
K. pneumoniae and KPC showed increasing trends over
time and were the most commonly detected species and
carbapenemase genotype, respectively (with both found in
>80% of outbreaks). This is consistent with other Korean
studies [7,13]. The United States Centers for Disease Control

[ ]
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(p=0.03) s
4 °
[ ]
[}
°
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‘I -

T
Jan. 2020-
Sep. 2022

T
Jun. 2017-
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Year

Figure 3. Size of carbapenemase-producing Enterobacteriaceae outbreaks in healthcare settings according to Korea Disease
Control and Prevention Agency data from June 2017-September 2022. Labels are presented as median (interquartile range) before
log transformation and p-values generated using the Mann-Whitney U-test. (A) Outbreak duration. (B) Patients associated with each

outbreak.
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Table 2. Frequency of interventions recommended to control CPE outbreaks in healthcare settings based on
epidemiological investigations, as reported to the KDCA from June 2017-September 2022

Tertiary general

Characteristic Total (n=168)

General hospital Intermediate care a)

Hospital (n=19)

hospital (n=27) (n=92) hospital (n=30)
Type of recommended

interventions

Education of employees, 64 (38.1) 12 (44.4) 34 (37.0) 10 (52.6) 8(26.7) 0.28
including caregivers

Active surveillance of 55(32.7) 11 (40.7) 34 (37.0) 3(15.8) 7 (23.3) 0.17
high-risk groups

Contact precautions 53 (31.5) 11 (40.7) 27 (29.3) 7 (36.8) 8(26.7) 0.60

Environmental cleaning 51 (30.4) 5(18.5) 23 (25.0) 13 (68.4) 10 (33.3) <0.01

Screening contacts of 49 (29.2) 5(18.5) 30 (32.6) 7 (36.8) 7 (23.3) 0.40
patients with CRE

Patient isolation or cohorting 40 (23.8) 9(33.3) 16 (17.4) 3(15.8) 12 (40.0) 0.04

Support for staff and 22 (13.1) 2(7.4) 12 (13.0) 4(21.1) 4(13.3) 0.60
infrastructure

Surveillance of environmental 20 (11.9) 2(7.4) 10 (10.9) 0(0) 8(26.7) 0.03
cultures

On-site monitoring 15(8.9) 3(11.1) 6 (6.5) 4(21.1) 2(6.7) 0.21

Improvement of bed density 13(7.7) 2(7.4) 7 (7.6) 3(15.8) 1(3.3) 0.48

Timely notification of CRE to 6 (3.6) 1(3.7) 1(1.1) 0(0) 4(13.3) 0.02
KDCA

Antibiotic stewardship 4(2.4) 0 (0) 4(4.3) 0(0) 0(0) 0.67

No. of intervention types

recommended for each

outbreak

0 (None of the above) 22 (13.1) 3(11.1) 15(16.3) 1(5.3) 3(10.0) 0.63

1-2 70 (41.7) 12 (44.4) 39 (42.4) 8 (42.1) 11 (36.7) 0.94

3-7 76 (45.2) 12 (44.4) 38 (41.3) 10 (52.6) 16 (53.3) 0.61

Data are presented as the no. of outbreaks (%) (multiple selections available).

CPE, carbapenemase-producing Enterobacteriaceae; KDCA, Korea Disease Control and Prevention Agency; CRE, carbapenem-resistant Enterobacteriaceae.

dGenerated using the Fisher exact test.

and Prevention recommended strengthening contact tracing
and surveillance in healthcare facilities to detect relatively
rare carbapenemases, such as New Delhi metallo-B-
lactamase [14]. Considering the rising trend of K. pneumoniae
and KPC dominance within outbreaks, it may be necessary to
enhance epidemiological investigations and IPC measures to
control outbreaks associated with relatively rare species or
carbapenemase types.

In the present study, more than 50% of epidemiological
investigations were conducted in general hospitals;
additionally, outbreaks in tertiary general hospitals
investigated by local epidemiologists demonstrated a sharp
decline over time. A previous study of patients with CRE,
utilizing KDCA data from 2021, revealed that 42.0% of cases
occurred in general hospitals and 40.5% in tertiary general
hospitals [7]. This finding suggests the potential for tertiary
general hospitals to carry out independent epidemiological
investigations and IPC measures, provided they possess
adequate staffing levels and expertise.

Regarding outbreak location within healthcare facilities,

318

over 40% of outbreaks occurred exclusively within ICUs.
A history of ICU admission is generally regarded as a risk
factor for CRE [9,15]. In a study by Kim et al. [13] conducted
in an ICU, pneumonia and chronic respiratory disease,
previous antibiotic use, and history of nasogastric tube
placement were identified as risk factors for CPE. This
suggests the need for more proactive IPC measures in high-
risk groups, with a focus on ICUs during CPE outbreaks.
The recent increase in outbreaks occurring simultaneously
in ICUs and general wards underscores the importance
of IPC measures and ward separation to limit further
transmission.

The duration and number of patients associated with each
outbreak were significantly greater during the COVID-19
pandemic compared to the pre-pandemic period. This may
be due to a decrease in non-urgent healthcare activities not
directly related to COVID-19 [12,16]. For instance, regular
active surveillance of high-risk groups for CPE might have
been limited, as personnel and resources were redirected
towards contact tracing, laboratory testing, and isolation of

https://doi.org/10.24171/j.phrp.2023.0069
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COVID-19 patients. Given the need for rapid CPE testing [17],
early implementation of epidemiological investigations and
IPC measures is also crucial to block further transmission,
as well as to avoid prolonging the outbreak and incurring
increased disease burden.

The World Health Organization recommends implementing
multimodal strategies (consisting of at least 3 and usually
5 elements) across healthcare facilities for the prevention
and management of the spread of carbapenem-resistant
organisms [11]. Similarly, in the present study, we found that
multimodal interventional approaches were concurrently
advised following >40% of epidemiological investigations of
CPE outbreaks in the Republic of Korea, regardless of the type
of healthcare facility.

Overall, employee education was the most heavily
emphasized measure, along with education for caregivers
who frequently interact with patients. For hospitals,
environmental cleaning was most commonly recommended,;
however, no guidance has been made available on
monitoring environmental cultures, likely due to specific
facility-related circumstances. Interventions to control
CPE outbreaks should be tailored to each facility’s unique
situation, considering available resources and trained staff.
In contrast, national guidelines in other countries suggest
that acute care hospitals, rather than post-acute care
hospitals, should strengthen IPC measures for patients with
CRE [3,18]. For effective control of CPE outbreaks, facility-
level regulations are crucial, including the implementation
of basic IPC measures and outbreak investigation. These
regulations should be incorporated into the education and
job functions of all employees. Additionally, individual risk
factors for CRE should be considered, such as antibiotic use,
invasive procedures, and the use of ventilators or urethral
catheters [9,19].

Our study had some limitations. The data collected from
epidemiological investigation reports may deviate from
actual results due to memory bias. Additionally, some CPE-
related epidemiological investigations conducted by local
governments may not have been reported to the KDCA.
Furthermore, we lacked detailed data on the source of
infection, antibiotic use, and clinical outcomes, preventing a
more in-depth analysis of outbreak-related epidemiological
characteristics. However, our study presents a general
overview of CPE outbreaks throughout the Republic of
Korea since CRE was indicated as a mandatory notifiable
disease in this country. Future studies involving detailed
data should be conducted to analyze the characteristics of
outbreaks responsible for differences in their spread and to
consider the effectiveness of combinations of interventions
to control CPE transmission.

https://doi.org/10.24171/j.phrp.2023.0069
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Conclusion

We examined the epidemiological features of CPE outbreaks
using data from investigations reported to the KDCA, which
offered national-level information. Our results indicate that
persistent efforts are necessary to manage CPE outbreaks
in consideration of their epidemiology.
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