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Surveillance of Japanese Encephalitis Vector Mosquito Culex
tritaeniorhynchus in the Republic of Korea, 2023

Byung—Eon Noh, Soeun Shin, Hyunwoo Kim, Jung-Won Ju, Hee-Il Lee*

Division of Vectors and Parasitic Diseases, Department of Disease Diagnosis and Analysis, Korea Disease Control and Prevention Agency,
Cheongiju, Korea

ABSTRACT

The Division of Vectors and Parasitic Diseases of the Korea Disease Control and Prevention Agency conducted a surveillance
project at 11 locations from late March to October 2023 to monitor the abundance of Culex tritaeniorhynchus, a vector of
Japanese encephalitis (JE). Considering the period of appearance, the southern region was monitored from March (13th week).
A total of 221,311 females, comprising seven genera and 17 species, were collected. Of these, 43,251 C. tritaeniorhynchus
were collected, representing an increase of 6.3% from the previous year (40,679). Higher densities were recorded from July to
September, with higher numbers collected in the southern region than in the northern region. C. tritaeniorhynchus was first
collected on March 22, 2023, from Busan Metropolitan City and Jeju Province, which led to a warning of precautions against
JE. On July 26, 2023, an alert was issued because more than 50% of the mosquitoes collected in Busan Metropolitan City

were C. tritaeniorhynchus (91.4%). Due to climate change, the period for the occurrence of mosquitos has quickened, and the

pattern of mosquito prevalence is also changing; therefore, continuous monitoring is necessary.

Key words: Japanese encephalitis; Culex tritaeniorhynchus

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

Introduction

Japanese encephalitis (JE) is a zoonotic disease transmit-
ted by mosquitoes [1]. This disease is caused by the JE virus,
which belongs to the Flavivirus group that also includes the
dengue virus, yellow fever virus, and West Nile virus. Although
the main genotypes of the virus are geographically distributed,
JE occurs primarily in Asian countries, and the initial symp-
toms are similar regardless of the genotype. On infection, most

people experience mild symptoms, such as fever and headache;

www.phwr.org Vol 17, No 24, 2024

however, in rare cases, symptoms such as chills, muscle pain,
and mental confusion can occur. In children, gastrointestinal
pain and vomiting are the main early symptoms; convulsions
are also common. Approximately 3 billion people are at a risk
of infection with the JE virus, with approximately 20,000 new
cases and 6,000 deaths reported each year globally. While the
fatality rate ranges from 5% to 30%, approximately 30-50%
of survivors experience various lifelong neurological complica-
tions, and only one-third of the patients fully recover [2,3].

Culex tritaeniorhynchus is the main mosquito species that
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Key messages
(D What is known previously?

Japanese encephalitis (JE) is an acute viral infectious dis-
ease that is transmitted to humans through the bite of
mosquitoes infected with the Flavivirus, during the pro-
cess of bloodsucking. The JE virus has been isolated
from over 30 mosquito species from the genera Aedes,
Anopheles, Armigeres, Culex, and Mansonia, although
how many of these are competent vectors is unclear.

@ What new information is presented?

In 2023, a total of 221,311 mosquitoes from 17 spe-
cies were collected. A warning against JE was issued on
March 23, and thereafter, a nationwide alarm was issued
on July 26.

® What are implications?

Distribution of vectors will change alongside changes in
the climate and environment, thus continued predictive
monitoring of JE is essential so that trends in the timing
of appearance can be detected.

transmits JE virus and is primarily distributed in East and
Southeast Asian countries, including the Republic of Korea
(ROK), China, Japan, Indonesia, and the Philippines. Although
C. tritaeniorhynchus is the main vector, the JE virus has been
isolated from over 30 mosquito species belonging to the genera
Aedes, Anopheles, Armigeres, Culex, and Mansonia. However,
it is unclear how many of these mosquito species are compe-
tent vectors [4].

In the ROK, the Division of Vectors and Parasitic Diseases
of the Korea Disease Control and Prevention Agency (KDCA)
conducts surveillance of the density of vector mosquitoes for
JE virus to promptly identify the emergence and trends of the
mosquitoes. On detection of C. tritaeniorhynchus, an alert for

JE is issued. When one of the following conditions is met, a
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warning is issued for JE: (1) an average daily count of C. tritae-
niorhynchus collected twice a week exceeding 500 specimens,
constituting more than 50% of the total mosquito density; (2)
isolation or detection of JE virus from collected mosquitoes; (3)
reported cases of JE. When the criteria for issuing an alert and
warning are met, public awareness is raised through nation-
wide surveillance program, and surveillance data are shared
through the KDCA website. This project has been implement-
ed since 1975 to establish effective measures for the preven-
tion and control of JE, with the aim of improving public health.
This report provides foundational data for the prevention and
management of mosquito-borne diseases by analyzing the re-

sults of the 2023 JE surveillance program.

Methods

1. Mosquito Collection

The JE vector mosquito surveillance program was
conducted in cooperation with nine Public Health and
Environment Research Institutes at the city and provin-
cial levels (Busan Metropolitan City, Gangwon Province,
Chungcheongbuk Province, Chungcheongnam Province,
Jeollabuk Province, Jeollanam Province, Gyeongsangbuk
Province, Gyeongsangnam Province, and Jeju Province). In
2023, mosquitoes were collected from March 27 (13th week)
to November 3 (44th week). From 2018 to 2023, black light
traps were installed in the same manner at 11 collection sites
(cowshed), and mosquitoes were collected twice a week. The
mosquito index (i.e., trap index, which is the number of indi-

viduals/trap/day) was calculated.
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2. Data Analysis

We compared and analyzed the weekly results of the mos-
quito collection uploaded on VectorNet, the KDCA’s vector-
integrated surveillance system, with regional meteorological
data collected from the Korea Meteorological Administration’s
Meteorological Data Open Portal (https://data.kma.go.kr/
cmmn/main.do). The mosquito distribution map was cre-
ated using the ArcGIS 9.0 program (Environmental Research
System Institute). We utilized the Inverse Distance Weighted
Spatial Analyst Tool in the ArcGIS 9.0 software package for in-

terpolation analysis based on the trap index.

3. Sharing of Surveillance Data

The density surveillance results for C. tritaeniorhynchus
were updated every week (15-45 weeks) in the week follow-
ing collection and were made available on the KDCA web-

site (https://www.kdca.go.kr): “publications and statistics” >

“(statistics) infectious disease outbreak information” > “weekly

health and disease” > “major infectious disease statistics”.

Results

1. Mosquito Collection Statistics

In 2023, a total of 221,311 mosquitoes belonging to 17
species were collected by nine Public Health and Environment
Research Institutes from 11 collection sites. The trap index for
all mosquitoes collected was 314.3. The dominant species in
the collected mosquitoes was Aedes vexans nipponii, account-
ing for 45.3% (69,486 mosquitoes), followed by Anopheles
sinensis, accounting for 27.9% (61,705 mosquitoes), and C.
tritaeniorhynchus, accounting for 19.5% (43,251 mosquitoes)
(Table 1). The mosquito index for C. tritaeniorhynchus, the
primary vector of JE virus, was 61.4 (Figure 1). From 2019 to

2023, the overall trend showed a decrease in the number of

Table 1. Total number of collected mosquitoes (%) by species in 2023

Genus Species No. of mosquitoes (%)
Aedes Aedes vexans 100,242 (45.3)
Aedes albopictus 206 (0.1)
Aedes alboscutellatus 9 (<0.1)
Aedes lineatopennis 7 (<0.1)
Ochlerotatus Ochlerotatus koreicus 2,944 (1.3)
Ochlerotatus togoi 595 (0.3)
Ochlerotatus nipponicus 211 (0.1)
Ochlerotatus hatorii 72 (<0.1)
Ochlerotatus dorsalis 3 (<0.1)
Anopheles Anopheles spp. 61,705 (27.9)
Culex Culex tritaeniorhynchus 43,251 (19.5)
Culex pipiens 7,113 (3.2)
Culex orientalis 2,711 (1.2)
Culex bitaeniorhynchus 90 (<0.1)
Armigeres Armigeres subalbatus 1,910 (0.9)
Mansonia Mansonia uniformis 240 (0.1)
Coquillettidia Coquillettidia ochracea 2 (<0.1)
Total 221,311 (100.0)
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individuals collected in 2020, followed by an increase in 2021.

However, from last year, there has been a decrease again, with
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Figure 1. Total mosquito and vector mosquito prevalence
trends (2019-2023)

this year’s number of collections being similar to that of the
previous year. Contrary to the overall mosquito occurrence
trend, the population of C. tritaeniorhynchus decreased in
2021 and then increased in 2022, with a similar occurrence

trend being observed in 2023

2. Mosquito Density by Month and Week

Based on the collection results, a monthly distribution map
of mosquito occurrence was created, which showed high densi-
ty from May to September (Figure 2). Three species of mosqui-
toes (A. vexans nipponii, A. sinensis, and C. tritaeniorhynchus)

accounted for 92.8% of all collected mosquitoes, and the main

® 2023 Collecting site Trapindex 1 0 [ 1-100 [ 100-500 [E& 500-1,000 [EH 1,000-2,000 HEH >2,000

- — —
= % %o oizes %o 7 W

Figure 2. Monthly incidence of total mosquiotes in 2023
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occurrence period differed depending on the species. The den-
sity of A. vexans nipponii increased from mid-May, that of A.
sinensis from mid-June, and that of C. tritaeniorhynchus from
August, with the highest overall density in August, wherein all
three species also had a relatively high density.

When compared by week, the trap index was consider-
ably reduced in the first week of July, which showed the high-
est average density across 2019-2023 and in 2022 (Figure
3). Considering the initial occurrence of C. tritaeniorhyn-
chus, the primary vector for JE virus, by region and week, its
appearance across different regions differed: it appeared by
Week 13 in Busan Metropolitan City, by Week 14 in Jeju
Province, by Week 16 in Gyeongsangnam Province, by Week
27 in Gyeongsangbuk Province, by Week 28 in Gangwon
Province, Chungcheongbuk Province, and Jeollanam Province,
by Week 29 in Jeollabuk Province, and by Week 30 in
Chungcheongnam Province (Table 2). Hence, there was a
regional difference in the timing of appearance of C. tritae-
niorhynchus, with later appearances in the northern regions

(Figure 2).

1,800 1 mm 2018-2022 Total mosqutioes
2022 Total mosqutioes
2023 Total mosqutioes
—=— 2018-2022 JEV vector mosqutioes
1,200 4 — 2022 JEV vector mosqutioes
| —&— 2023 JEV vector mosqutioes

Trap index
(no. of mosquitoes/trap/day)
>
o
o

3. Issuance of JE Alerts/Warnings

In 2023, JE alerts and warnings were issued nationwide
on March 23rd following the confirmation of collection of
C. tritaeniorhynchus in Busan Metropolitan City and Jeju
Province by the surveillance sites of a vector surveillance pro-
gram, “Regional climate change vector surveillance hub cen-
ters” operated by the KDCA’s Division of Vectors and Parasitic
Diseases, on March 22nd. Another JE warning was issued na-
tionwide on July 26th following the confirmation of C. tritae-
niorhynchus mosquitoes in Busan Metropolitan City, which

accounted for 91.4% of all mosquitoes collected (1,056 of

Table 2. First collected week of Culex tritaeniorhynchus by
region (2021-2023)

First week of collected

Mar. May Apr. Jun.

Figure 3. Weekly incidences of total mosquitoes and vector mosquitoes in 2023

Region C. tritaeniorhynchus
2021 2022 2023
Gangwon Province 35 29 28
Chungcheongbuk Province 30 30 28
Chungcheongnam Province 34 32 30
Jeollabuk Province 23 30 29
Jeollanam Province 23 26 28
Gyeongsangbuk Province 32 27 27
Gyeongsangnam Province 25 17 16
Busan Metropolitan City 14 15 13
Jeju Province 14 16 14
400 3 4
L350 o5
- 300 é_ %
o
- 250 5 g.,
F200 2 8
- 150 %g
-100 £8
50 S &
13(14 15 16 17(18 19 20 21 22|23 24 25 26|27 28 29 30|31 32 33 34 35|36 37 38 39(40 41 42 43|44 -
Aug. ‘ Sep. ‘ Oct. Now.
Week
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1,155 individuals).

Discussion

In 2023, the total number of mosquitoes collected from
nine Public Health and Environment Research Institutes (11
collection points) in the ROK decreased by 4.9% when com-
pared to 2022; similarly, the number of vector mosquitoes de-
creased by 6.4% when compared to 2022. In the same year, a
total of 10 typhoons occurred (with an average of 11 typhoons
per year [1993-2023]). Among them, the sixth typhoon
“Khanun” affected ROK, which experiences an average of 2.5
typhoons every summer, bringing heavy rain and strong winds
on the 9th and 10th of August, as per Korea Meteorological
Agency’s summer climate characteristics press release. This
meteorological event is thought to be caused by the sudden
decrease in the number of total and vector mosquitoes during
Week 32 of 2023, which is generally the peak period for mos-
quito proliferation in summer. The reduced density of mos-
quitoes in Week 27 of 2023 (the period with the highest mos-
quito density on average and with the highest density in 2022)
may be attributed to the average temperatures of the previous
two weeks, i.e., Week 26 and Week 25, being 2.3°C and 2.7°C
lower, respectively. Additionally, mosquito eggs and larvae are
significantly affected when daily precipitation exceeds 75 mm
(heavy rainfall) or when the total precipitation over 15 days
exceeds 150 mm [5]. In 2023, the average number of rainy
days per month was 13.3 days, and the monthly average pre-
cipitation was 296.1 mm during summer (June-August). The
higher precipitation and number of rainy days in 2023, total-
ing 40.0 days during summer, compared to that in the pre-

vious year (39.1 days) and the average year (35.1 days), are
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speculated to have led to the observed decrease in mosquito oc-
currence in 2023. On the contrary, according to data from the
Korea Meteorological Administration, during September, the
temperature was 22.6C, which was 2.1T higher than the aver-
age (1993-2023), marking the highest recorded temperature
in autumn since 1973. Additionally, warm southwest winds
blew along the edge of the North Pacific High Pressure during
the mid to late September, which also contributed to the high
temperatures in autumn. These conditions are believed to have
led to higher mosquito densities in autumn owing to the dif-
ficulty in mosquito breeding and larval development during
summer as a result of high rainfall.

Owing to effects of climate change, such as tropicalization
and environmental changes, the timing of issuing JE alerts and
warnings has advanced by approximately 3 months for alerts
and 1 month for warnings when compared to that in 1975.
The timing of issuing alerts, specifically, is thought to represent
the increase in activity periods of ectothermic animals, such as
insects, due to climate warming [6]. Therefore, it is necessary
to expand the monitoring scope for JE vector mosquitoes and
ensure continuous and uniform surveillance to promptly iden-
tify the trends in occurrence and density of these mosquitoes
in response to various environmental and ecological changes

caused by climate change.
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TAA A AT WA fAA AAE sk |
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30,000
20,000 .

10,000 A

0_
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]
()
o7

4,000 2255
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0

23 2. A WAL A%
(A) 8%, (B) 2%, (C) WH, (D) Hl&=A27]
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2

1. B ZAL 2|2 Zat

2020958 20229714 oJ=E AAE wiF A4 A
£ g9 44 253,699, &¥ A 241,409, HiH A
40,1037, Hlx217] AA| 14,4752 BlEich &
A At A BERE HOLS uf, 15-24M 27HA] ZAst
7} 25-34A] S7E 75-844] 27HA] F7koHe FAE 29
ok & AR AL 1A vigh FRE 15-244] 27HA] Wl

A9l 3% N. gonorrhoeae 12 913l +F 5t AA = Hl
& HAF A= 25-34A4] oA 54547102 7P B2 o

7} 99lom, Qo] 7S AStATHaY 2).

B A (n=241,409)

60,000 1 mm 2|AA5|ZHS (n=197,125)
[ ®AZie (n=44,284)

50,000 -
40,000 H
30,000
20,000 ~

10,000 A

O_

D H|:MAl7| (n=14,475)
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o] o LAIFt FFOoZ UEPHTHLE 2).

2. 4% 3% ¥y

202098 20228714 98 AR B WA A%
253.6997 % WA B 3 P 4
AG5sWOR BT B 2elF

Z(40.1%) 2.2 7 ©oroH, K. pneumoniae (2,83071,

e F 16,611
= E. coli’} 6,655

17.0%), S. aureus (2,2417, 13.5%), E. faecium (1,242
A, 7.5%) =22 o] ZEHUT. AA ¥ FAY] F¢
AA o= A4 241,409 5 AA WG MY ¥ A5
£ 27.5537(11.4%)°192.™, E. coli 23,659
moniae 3,89471 B2 =t o HAF 40,1037 F FA

7, K. pneu-

= A4 1,1564(2.9%) 2 & &
4297, C. difficile 7267 2.2 SRI= et thH £ Shigella

Q=90 Salmonella spp.
spp. o} = A 4=H B S pneumoniae= ZtZ+ 171, 27102 T
=7 2YE o, vl AdAl7] B N.

AEEA FATHE 1).
O REO] HYde 9 2

O}, Salmonella spp.2] 7% 915H2I 6-8

gonorrhoeae=

oA Rol7t 2A %
g Aold] 37K

A
)
e
H1
N
fin}
Hir
rlo
>§i A
lo
U
fot
-0,
ol
2
oo
[
o, -111
<

3. F2 Wdae| 2 dH e
1) 22N (gram—positive pathogens)
(1) Staphylococcus aureus
Ao A B H cefoxitin WA S. aureuss 20209
47.4%, 20214 45.2%, 20229 45.7%Z 20164 53.5%

E 1. AA ) o Bd 22 A5

2| = 20204 20214 20224 A
aH Staphylcoccus aureus 734 772 735 2,241
Eneterococcus faecalis 204 243 243 690

Eneterococcus faecium 355 406 481 1,242

Streptococcus pneumoniae 28 20 27 75

Escherichia coli 2,209 2,165 2,281 6,655

Klebsiella pneumoniae 870 957 1,003 2,830

Acinetobacter baumannii 180 231 363 774

non-baumannii Acinetobacter 37 34 25 96

Pseudomonas aeruginosa 206 233 230 669

Salmonella spp. 37 45 49 131

Candida spp. 356 410 442 1,208

AH E. coli 7,293 7,901 8,465 23,659
K. pneumoniae 1,274 1,057 1,563 3,894

o Salmonella spp. 102 157 170 429
Shigella spp. 0 0 1 1

Clostridioides difficile 229 227 270 726

H| A 47 Neisseria gonorrhoeae 0 0 0 0
A S. pneumoniae 0 1 1 2
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19 28 I3
72 BN g I 9g
Staphylcoccus aureus |
Eneterococcus faecalis |
Eneterococcus faecium
Streptococcus pneumoniae |
Clostridioides difficile |
Escherichia coli (blood)

E. coli (urine)

Klebsiella pneumoniae (blood)
K. pneumoniae (urine)
Salmonella spp.
Pseudomonas aeruginosa
Acinetobacter baumannii |
Non-baumannii Acinetobacter
Candida spp.

a0
N
[ﬁ?gm@
BE
-
mT&ruLo
B0
-

i

N
Y

Al

o
N
o
N
o
X
[}
o
[e ]
o
N
o
o

Cc B A[GAtel

Staphylcoccus aureus
Eneterococcus faecalis
Eneterococcus faecium

Streptococcus pneumoniae
Clostridioides difficile
Escherichia coli (blood)

E. coli (urine)

Klebsiella pneumoniae (blood)
K. pneumoniae (urine)
Salmonella spp.
Pseudomonas aeruginosa
Acinetobacter baumannii
Non-baumannii Acinetobacter
Candida spp.

I3 3. BYTE (A) €8, B) AE, (O #E9+d £2&

oA A&HHoR st oH(7], 202195 Het &
< FABHL Qe AR UEHTHES ®
quinupristin-dalfopristin, vancomycin, teicoplanin, linezolid,
tigecycline Aol 7H/dS UYEtHUATE. S. aureus 2,241
3, 3AIL ol Al Wde Hole
Z RIFATHIH 4).

1). BE 437}

MDR H|&2 46.9%

(2) Enterococcus spp.
£2 20204 8.3%
20224¥ HE 0.0%% 745 Ao 2 YEt

dH B2 E. faecalis® ampicillin W43
oA 20214,
T}, E. faecalis @% 7F A& A AEHTAHAA FAAA <t

HPQH O T AHEE|= aminoglycosideA| FFAQ] 15k
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K. pneumoniae (urine)
Salmonella spp.
Pseudomonas aeruginosa
Acinetobacter baumannii |
Non-baumannii Acinetobacter
Candida spp.

il

o
N
o
AN
o
D
o
@
o
=
o

0

ES

streptomycin®l| e HAAES 2020-2022 22 11.3%,
6.6%, 10.3%E 202149 A 7Astechr} Al Z7}s
E AFS 2921, gentamicin®] WAES 77t 38.2%,
32.5%, 38.7%= streptomycin®] B|d] = WS Hot.
Vancomycin®| ¢ 2t 1.0%, 0.4%, 1.2%% S
BAHES ® 1). 34 B9 E2|9 E. faecalis AA| 69052
< 7.2%=2 SAHAHIH 4).

M, @Y 2 E faecium®| ampicillin WAES 37t
727} 86.8%, 88.2%, 89.2%% A&HOR £ FAE
oh g4t A 50 5854 20]= vancomycin©]| TRk
WEES 49 20209 38.6%0M41 20219 37.7%, 2022
35.1%% &E Fachs FAE B0, oH35] E. faecalis

MDR H]&

H
B
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1 oAg

I 1-2Ag

1 MDR [ XDR [ PDR

Staphylcoccus aureus |

Eneterococcus faecalis |

Eneterococcus faecium |

Escherichia coli (blood) [

E. coli (urine) [

Klebsiella pneumoniae (blood) :

K. pneumoniae (urine)

Pseudomonas aeruginosa

Acinetobacter baumannii | [1 |

Non-baumannii Acinetobacter

0 10 20

33 4. 5 SEE LA 22E F8 WS HAHA(MDR) Hl&

30

|
|
1
40 50 60 70 80 90 100
%

MDR=multidrug resistance; XDR=extensively drug resistance; PDR=pandrug resistance

of Hlgl =2 WAHES Elrh wtantol4dl YA A dat(van-
comycin-resistant Enterococci, VRE) Zt93 A= FGA|QI
linezolid®} daptomycin©] tet WS A5, linezolid
o] A% e #5oA AeAdS EA2Y daptomycin©i Al
= 202149 3.0%, 20224¥ 0.6%Z YEFHT}E. Quinupristin-
dalfopristin®] 7-%- 20208 4.5%14 20214, 20229 22
24.6%, 22.0%% A S7FF Ao Koz}, o]= 20214
FE AldHS WAste] 2837 ¥ Ao E BAHNHES
H 1). 397 B9 E. faecium 1,24259] MDRL 57.9%&
2 oY, 124|185 A% L A AL W=

5ol XDRE 1.3%2 1= T 4).

(3) Streptococcus pneumoniae

ol B2 S, pneumoniael A penicillin W& 2020
| 10.7% (3F), 20219 5.0% (1), 20229 18.5% (55)
2 A=At A GALS] S, pneumoniae FHZO] &3] A
€ 5+= erythromycin©] gt W/ 2020-20224¢ 39 &
Qt Zk7k 78.6%, 90.0%, 85.2%% &A YERATHE S & 1).
4l B2l S, pneumoniaes 202193} 202290 Z+zt
154 B2l 20219 +59 4% vancomycing A

et B E Aol WA HoH, 20229 #+F9 F¢

i)

amoxicillin-clavulanate, vancomycin®ll= 74, cefepime,

1040

S, WA 34

trimethoprim-sulfamethoxazole°] =

Al Bl A e B

(4) Clostridioides ditficile
C. difficile> 201835 ZHA] di/do] E= o] dA] 2
N RAAE 25E skl Ut C. difficile S A= &
YAl metronidazoleX} vancomycin®] W3S 7HA& #5+=
RIS A Aok o, RE QWO 2 ARGEE rifaximin®]
7% 20209 11.8%, 20219 11.9%, 2022\ 7.4%= &<l
HAHES F 1).

2) ZUM#=(Enterobacterales)

(1) Escherichia coli

&

N 9 AH JE E coli®] WHES AWHH o R B
0|t} AN B E. coli®] ampicillin HAAES 20204
FE 20229714 42 65.6%, 66.2%, 66.9%= VFEFSETE.
E. coli 5% AYol 7F¢ S5 AR E= 34T AlE=Ax
A FABA Q] 3dt WEES AHEH, cefotaxime®] W73
£0] Z+7} 37.7%, 36.6%, 38.8%, ceftazidime?] WA Eo] 7}
7} 11.9%, 10.3%, 9.6%% et 7Hbe A 44 Q1
imipenem, meropenem, ertapenem®| WAES Z5F 1% T

mlo g who 2312 97819t A¥ 2l E colio] WSS
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AHEH E coli 82790 523 A5 FEAR)] E2 =2
=24 A ciprofloxacin®] W& 20201F 2022
A7HA 44.8%, 45.4%, 45.9% A= et 7t A 3
ZJA|Q] imipenem, meropenem, ertapenem?] W& FA| 1%
nRto g We 25 Hrh(ES & 2). E. coli®] MDR H]|
&2 Y 9 4 ZEFo)A Aol v on, Y Z7

oA 58.8%, & A 60.4%= YEFHTHLE 4).

(2) Klebsiella pneumoniae

1\

o

g9 12| K. pneumoniael] 3A| ] AE2ALZA

ook

A WAEES A EH, cefotaxime WAES 20209 25.4%,
20219 27.6%, 2022 27.3%R2.H, ceftazidime W ES
20204 18.4%, 20214 21.4%, 20224 21.7%= LFEFGT)
Zhate| WA H3A1 imipenem®] 7% 20204 3.7%0l| ]3]
20214 5.0%, 20229 5.8%=2 A% Z7I%t AL ERlet9
th. &¥ 22 K. pneumoniae®| 7-¢- ANt o= dof} {7
ol vls] WAaECl w2 A skt it 7hutnlA|
FAA YL AW EeFolA o WA Yo, imi-
penemol| T3l 2020 2.4%, 2021 1.9%, 2022 2.4%=
SI5HATHES E 2). MDR Bl& JA 2 £2]|5(24.8%)
of Hlg) £ E2F(39.4%)°1A4 B &2 Ag IelsHtHL
g 4).

(3) Salmonella species
Salmonella species?] 3AI MZEAZHA FYARI ce-
fotaxime, ceftazidime, ceftriaxone?] W& 242k 20204
5.0%, 4.3%, 4.3%°14 20229 11.9%, 9.6%, 11.9%= &
7kt A& gRlstqnt. v, BE R4 7HEtE A

A Q1 imipenemO]| 73S EATHES I 2).

ool
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3) HIY &8 IS 47t (hon-fermenting gram—
negative bacill))
(1) Pseudomonas aeruginosa
gl 2] P. aeruginosa®] piperacillin W& 20209
20.9%, 20219 24.5%, 20229 23.0%=Z YErdch F-
T AZEAZHACR ARG HE ceftazidimeo] Hidt WAE
< 202095¢ 20229704 247} 16.5%, 18.0%, 17.0%%
o} ZHatE A 34AQ] imipenem™ meropenem®] W/E
2 717} 20209 33.5%, 30.1%°14] 20219 36.9%, 35.6%,
20229 34.8%, 32.6%% H|&T S FASIITHES #
3). A &85 MDR Hl&2 HH, BE A 73
S Holk: #59] H]&2 48.1%=Z &2 Ho|1, XDR, PDR
w59 HlE& GA] 2 23.9%, 1.0%=, S22 MDR?I
A

297} got 9] Z& o] WRsHTHIH 4.

(2) Acinetobacter species

ol Ba] Acinetobacter baumanniiol A 71atH A A
A9l imipenem, meropenem®| W& 20209 7+ 87.2%,
20219 7+ 87.9%, 20224 85.7%, 86.0%% WEFSLT. 7Hdt
Fdo] WS Kol 59 4% o HErEA A0
T W3S Kol 397t Wot A, baumannii®] XDR H|& &
Al 78.6%%= A UEFHthE S E 3, 19 4). BHH, ampi-
cillin-sulbactam®]] ™3t W& 2020 81.1%°7A4 2021
W 61.0%, 20229 60.3%= At o2 wetete A 3
Aol vls] iAoz YAEe] Wttt Non-baumannii
Acinetobacter®] 7% A. baumanniio] B]3 Adka o g A

Eo| WATHES & 3).

4) Candida species
FHo A B2|H Candida species®] FA#A WAL &
13t A3}, fluconazole W& 202049 1.8% (65/336
), 202149 3.1% (123/390F), 20229 3.3% (145+/430
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F)& e Voriconazole WAAE2 A9 20204 0.4%
(152/2827), 20219 0.6% (25/3135), 20229 0.9% (3
F/336F)AoH, 7| =t A FRFA ] sHFots mi-
cafungin, caspofungin, anidulafungin®] W/d&E< A EH,
micafungin¥}t anidulafungin® 3¢ LE #F7F 58S

H9or, caspofungin® ¢ 20214 0.3% (15/392F),
20229 0.7% (3F/4309) = SAEHAHES I 4).

= 9

Kor-GLASS= WHOZF A48 02 #E3HE YAt
FAE ol #53 GLASSY] WiRrdg 7IRte R, 24| 7%
of FatolHA WY W WA F7F HAl T =
2 whgsto] 19 =3 GLASSO|th Kor-GLASSE (1)

A 7] IS Aol g BeA A% 54, (2)

HAAA R 55
A271(2020-20229) Kor-GLASSE &3l & 41,857F
o] BYdo] &g on REuRYd] ue #2E 74
4 AT 424 Aol #3EAT. F2 HAWd
HAES A5 EH methicillin-resistant S. aureusw= 20204
47.4%°0A 20219 45.2%=2 Asto] B3 322 §4)
St FA=S EH VREQ] 4%, 20204 38.6%°1A4 2022
| 35.1%% WAHES Hadste TS B9k ot Kor-
GLASS W Ad+t9] #ej4=et vhaintol Al WA« 57t 571
SFaL AL, WEEZRA 2 WA EEAA AT o] TE VRE
FHAA £2L€0] 20164 0.05914 202243 0.082 Z7135}
I AZE Atste] A&H o2 9| AlSoF & FRA0
ATHSI. 7HtE o] A9 AU A= AHEEE F8
Sk Aol L, FHatH Y g wt9] A= ol AgHA QI Aol A

N

4
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1SR AHES 28 & sk Al AUAlEEol &ot=
E. coli, K. pneumoniae, Salmonella spp.2] 7HtHdl HAE
& AHEH, E coli® B35 1% TS &
spp.2] A% 25 ZAdol R oY K. pneumoniae® A WAE
o] 20204 4.0%°l4 2022\ 6.7%& A& F7toh= FE
Hld

s TRy WA E
33.5%-36.9%= FUAlt=ol Hs) 2 F= EHoH,

A 5}al Salmonella

< P. aeruginosa®l|Al A'd 3E7E

Ao}, oH3| carbapenem-resistant Enterobacterales (CRE)
5 9F F8 tAWAETES 7L (U ol WA
7t 3 ZhtEdlEsiad A4 WAl e E(carbapene-
mase-producing Enterobacterales, CPE)2] 7+ Hlk: Z71e}
Zhb s ass doslehs AR e Al = 4
A AgE 5 Qlo] HE gHito] HRlo] et &3], FUiAl+t

Z9] 35 A ALY omd BRoA AES dele

T Kor-GLASSE A WA BAAARA ] b=
AN, WA 5 Fa W2 D A
A AR A YN BUHY HsSeg Ao

Y7o S| A4 F4F ool

tat 271 B4 So] Way Aoz ualth olF B 4z
A8 A=y e 7 FA WA AR JeR A4
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Q) SR WA Fol stet W A1 PAA AR 27 %
A ANE £E5] FA WA TS A% A nra 7]
24 T8 2 YA WAE B4 Aolel 7]olg Ao 7]
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Antimicrobial Resistance of Major Clinical Pathogens Isolated from

General Hospitals in Korea: Results from the 2nd Phase
(2020-2022) Kor-GLASS

Seowon Kang', Sung Young Lee?, Seung Hee Seo', Jieun Lee', Dong Chan Moon?, Jung Sik Yoo?, Yeon Hwa Choi'*

'Division of Antimicrobial Resistance Control, Department of Healthcare Safety and Immunization, Korea Disease Control and Prevention
Agency, Cheongiju, Korea, “Division of Antimicrobial Resistance Research, Center for Infectious Disease Research, National Institute of
Infectious Diseases, Korea National Institute of Health, Korea Disease Control and Prevention Agency, Chengju, Korea

ABSTRACT

The Korea Disease Control and Prevention Agency established Global Antimicrobial Resistance Surveillance System in Korea
(Kor-GLASS), an antimicrobial resistance (AMR) surveillance system compatible with the Global Antimicrobial Resistance
Surveillance System (GLASS). This study aimed to analyze the AMR status of major pathogens collected during the operation of
the 2nd Kor-GLASS from 2020 to 2022. Among 549,686 target cultures, 41,857 pathogens were identified. The predominant
bacterial species were Escherichia coli (n=30,314), Klebsiella pneumoniae (n=3,259), and Staphylococcus aureus (n=2,241).
The resistance rate of methicillin-resistant S. aureus decreased from 53.5% in 2016 to 45.7% in 2022. The resistance rate to
vancomycin of Enterococcus faecium increased from 29.9% in 2016 to 40.9% in 2019, and then slightly decreased to 35.1%
in 2022. Among the blood isolates of Enterobacterales resistant to carbapenem used to treat multidrug-resistant bacteria, E.
coli and Salmonella spp. maintained a resistance rate of less than 0.2%, whereas the rate for K. pneumoniae steadily increased
from 2.1% (2016) to 4.0% (2020), 6.8% (2021), and 6.7% (2022). Kor-GLASS generates standardized AMR data based on a
collection of strains and clinical information related to the bacterial isolates. The results of this study provide basic data for the

development of policies for antimicrobial resistance control.

Key words: Antimicrobial resistance; Antibacterials; Antifungals; Surveillance system

*Corresponding author: Yeon Hwa Choi, Tel: +82-43-719-7530, E-mail: cyh6803@korea.kr

Introduction multidrug-resistant bacteria emerged. The resulting antimi-

crobial resistance has led to treatment failures, prolonged hos-

The emergence of antibiotics in the 18th century played an pitalization, and increased medical costs, posing a significant
essential role in extending the human lifespan. Antimicrobials burden on healthcare systems. Antimicrobial resistance was
have become indispensable in modern medicine. However, less declared among the top 10 public health threats in 2019. With
than 100 years after the development and use of antimicrobials, the end of the coronavirus disease pandemic declared in May
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Key messages
(D What is known previously?

Antimicrobial resistance (AMR) is considered one of
the top ten public health threats to humanity. Republic
of Korea has been operating Global Antimicrobial
Resistance Surveillance System in Korea (Kor-GLASS)
since 2016 as part of the national action plan on AMR.

(@ What new information is presented?

The resistance rate of methicillin-resistant Staphylococcus
aureus decreased to 45.7% in 2022. The resistance rate
of vancomycin-resistant Enterococcus faecium increased
to 40.9% in 2019, then slightly decreased to 35.1% in
2022. Among blood isolates of carbapenem-resistant
Enterobacterales, Klebsiella pneumoniae steadily in-
creased to 6.7% (2022).

® What are the implications?

Kor-GLASS generated standardized AMR data based on
the collection of the strains and clinical information re-
lated to bacterial isolates. The results of this surveillance
can provide basic data for developing policies for AMR
control.

2023 by the World Health Organization (WHO), antimicrobi-
al resistance is now considered a significant health issue, often
called the “silent pandemic.”

At the 68th World Health Assembly in 2015, the WHO
adopted the Global Action Plan on Antimicrobial Resistance
to address the serious issue of antimicrobial resistance world-
wide. Simultaneously, the WHO established the Global
Antimicrobial Resistance Surveillance System (GLASS) to stan-
dardize the international collection of antimicrobial resistance
data to obtain comparable information on antimicrobial resis-
tance across countries. As of 2022, 126 regions and countries
worldwide have participated in WHO GLASS [1].

As part of the 1st National Antimicrobial Resistance
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Management Plan, the Republic of introduced the Global
Antimicrobial Resistance Surveillance System in Korea (Kor-
GLASS) surveillance system in May 2016, which aligns
with international standards (WHO GLASS) while reflect-
ing national circumstances [2,3]. In 2016, a pilot project was
launched covering six regions. In the 1st phase of the project
(2017-2019), the surveillance system was implemented in
eight regions. From the 2nd phase of the project (2020-2022),
the number of regions was expanded to nine. One general
hospital was selected for each region to act as a data collection
center. The project comprises seven centers for strain-specific
analyses and one test management center (Figure 1). Following
the WHO GLASS initial implementation manual, the surveil-
lance began on 12 species, including 5 types of specimens
and 8 strains from blood, urine, stool, urogenital, and cere-
brospinal fluid (CSF). It also included Enterococcus spp. and
Pseudomonas aeruginosa, subject to mandatory surveillance of
infectious diseases, and Clostridioides difficile, a bacterium of
concern causing diarrhea due to antimicrobial resistance. From
the 2nd phase of the project, Candida species have been added,
and 13 strains are subject to mandatory surveillance (excluding
duplicate strains).

This report contains the results of antimicrobial resistance
analyses conducted on major pathogens isolated from the gen-
eral hospitals during the 2nd phase of the Kor-GLASS project
(2020-2022).

Methods

1. Collection of Strains and Clinical Information
From 2020 to 2022, all target pathogens were collected

from designated samples through nine regional collection
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Figure 1. 2nd phase (2020-2022) Kor-GLASS system

AMR=antimicrobial resistance; WHO=World Health Organization; EAR=emerging antimicrobial resistance reporting; QC=qualiity control;

Kor-GLASS=Global Antimicrobial Resistance Surveillance System in Korea.

centers across the country, excluding duplicate strains (only
collected once if the same pathogen was confirmed in the
same patient and sample). The target pathogens included
Staphylococcus aureus, Enterococcus faecalis, Enterococcus
faecium, Streptococcus pneumoniae, Escherichia coli,
Klebsiella pneumoniae, P. aeruginosa, Acinetobacter species, C.
difficile, Salmonella species, Shigella species, Neisseria gonor-
rhoeae, and Candida species, 13 species in total. Clinical infor-
mation was collected in 28 items, such as age, sex, and source
of infection (community-acquired or hospital-acquired) [4].
Community-acquired infection was defined as specimens from
patients hospitalized for <2 days or from outpatients. Hospital-
acquired infection was defined as specimens from patients hos-
pitalized for >3 days or from patients transferred from another

hospital after being hospitalized or treated for 22 days [5].
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2. Strain Identification and Antimicrobial

Susceptibility Testing

All pathogens collected were identified by strain identifica-
tion and tested for antimicrobial susceptibility and resistance
genes at designated analysis centers using standardized meth-
ods described in the Kor-GLASS manual. The target strains
were identified using matrix-assisted laser desorption ioniza-
tion-time of flight mass spectrometry (MALDI-TOF). Some
Acinetobacter spp. and Candida spp. strains that could not be
identified using MALDI-TOF were confirmed through gene
sequencing, such as 16S rRNA, rpoB, and ITS. Antimicrobial
susceptibility testing was performed using methods such as
disk diffusion, broth microdilution, and agar dilution to con-
firm the minimum inhibitory concentration, depending on the

strains and antibiotics. The test results were assessed according
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to the criteria of the Clinical and Laboratory Standards
Institute and the European Committee on Antimicrobial
Susceptibility Testing. Cases showing resistance to three or
more antimicrobial classes were categorized as multidrug re-
sistance (MDR), those that were resistant to all but one or two
antimicrobial classes as extensively drug resistance (XDR), and
those that were resistant to all antimicrobial classes as pandrug
resistance (PDR) [6]. To ensure the reliability of all test results,
the test management center conducted internal quality control
by randomly selecting a few samples each month. Additionally,
regular external quality control was performed, addressing par-
ticipating institutions. All clinical information, pathogen test
results, characteristic analysis results, and test management

outcomes obtained through Kor-GLASS are managed via the
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web-based Kor-GLASS database. The analysis results are made

available to WHO GLASS annually as national data.

Results

1. Results of the Requested Culture Tests

From 2020 to 2022, the number of culture tests requested
per specimen was as follows: 253,699 blood, 241,409 urine,
40,103 stool, and 14,475 urogenital samples. Regarding the
age distribution of blood tests, there was a decrease in the age
group 15-24 years, followed by an increase from the age group
25-34 years to the age group 75-84 years. For urine tests, they
remained at a similar level from the under 1-year-old group to

the age group 15-24 years and then increased to 75-84 years.
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Figure 2. Number of patients samples for bacterial culture by age group

(A) Biood, (B) urine, (C) stool, (D) genital.
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For urogenital specimens collected to confirm N. gonorrhoeae,
the number of culture tests requested was highest in the age
group 25-34 years, with 5,454 requests, and decreased with
increasing age (Figure 2).

When analyzing the proportion of sources of infection by
type of specimen, community-acquired infections predomi-
nated in blood, urine, and urogenital specimens in all age
groups. However, with increasing age, the proportion of hospi-
tal-acquired infections increased. The proportion of hospital-
acquired infections in stool specimens increased with age, and
hospital-acquired infections predominated at ages >65 years

(Figure 2).

2. Status of Collected Strains
From 2020 to 2022, out of 253,699 blood tests requested,

16,611 positive cases (6.5%) were confirmed for pathogens

under surveillance. Among the blood isolates, E. coli was the
most common, with 6,655 cases (40.1%), followed by K. pneu-
moniae with 2,830 cases (17.0%), S. aureus with 2,241 cases
(13.5%), and E. faecium with 1,242 cases (7.5%). In the urine
tests, out of 241,409 requests, 27,553 positive cases (11.4%)
were confirmed for pathogens under surveillance, with 23,659
cases of E. coli and 3,894 cases of K. pneumoniae isolated. Of
40,103 stool tests, the total number of positive cases was 1,156
(2.9%), with 429 and 726 confirmed cases of Salmonella spp.
and C. difficile, respectively. Shigella spp. was isolated once
from stool samples, and S. pneumoniae was isolated twice from
CSF samples, indicating a rare occurrence. No N. gonorrhoeae
was detected from urogenital isolates (Table 1).

Most pathogens showed relatively constant monthly iso-
lation counts. However, there was an increase in Salmonella

spp. isolates during the summer months from June to August.

Table 1. Number of pathogen isolates by specimen
Specimen Pathogen 2020 2021 2022 Total
Blood Staphylcoccus aureus 734 772 735 2,241
Eneterococcus faecalis 204 243 243 690
Eneterococcus faecium 355 406 481 1,242
Streptococcus pneumoniae 28 20 27 75
Escherichia coli 2,209 2,165 2,281 6,655
Klebsiella pneumoniae 870 957 1,003 2,830
Acinetobacter baumannii 180 231 363 774
Non-baumannii Acinetobacter 37 34 25 96
Pseudomonas aeruginosa 206 233 230 669
Salmonella spp. 37 45 49 131
Candida spp. 356 410 442 1,208
Urine E. coli 7,293 7,901 8,465 23,659
K. pneumoniae 1,274 1,057 1,563 3,894
Stool Salmonella spp. 102 157 170 429
Shigella spp. 0 0 1 1
Clostridioides difficile 229 227 270 726
Genital Neisseria gonorrhoeae 0 0 0 0
CSF S. pneumoniae 0 1 1 2
CSF=cerebrospinal fluid.
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Regarding sex distribution, most pathogens showed a higher
isolation frequency in men. However, some strains, such as the
blood and urine isolate E. coli and the urine isolate K. pneu-

moniae, showed higher isolation rates in female (Figure 3).

3. The Antimicrobial Resistance Status of Major
Resistant Bacteria
1) Gram—positive pathogens
(1) Staphylococcus aureus
Among blood-isolated S. aureus, the resistance of
Staphylococcus aureus to cefoxitin decreased continuously from

53.5% in 2016 to 47.4% in 2020, 45.2% in 2021, and 45.7%
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in 2022 [7]. Since 2021, it has remained at a similar level
(Supplementary Table 1). All strains exhibited susceptibility to
quinupristin-dalfopristin, vancomycin, teicoplanin, linezolid,
and tigecycline. Of the 2,241 S. aureus strains, the propor-
tion of MDR to three or more antimicrobial classes was 46.9%

(Figure 4).

(2) Enterococcus species
The resistance rate of blood-isolated E. faecalis to ampicillin
decreased from 8.3% in 2020 to 0.0% in 2021 and 2022. The
resistance rate to high-level streptomycin, an aminoglycoside

antibiotic used in combination therapy with cell wall synthesis
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Figure 3. Distribution of (A) month, (B) sex, (C) infection origin by pathogen
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Figure 4. The rates of multidrug resistance (MDR) of major pathogen

XDR=extensively drug resistance; PDR=pandrug resistance.

inhibitors to treat E. faecalis bloodstream infections, was 11.3%
in 2020, 6.6% in 2021, and 10.3% in 2022. There was a slight
decline in 2021, followed by an increase. The resistance rate to
gentamicin was 38.2%, 32.5%, and 38.7% in 2020, 2012, and
2022, respectively, and was thus higher than that to streptomy-
cin. For vancomycin, the resistance rates were low at 1.0% in
2020, 0.4% in 2021, and 1.2% in 2022 (Supplementary Table
1). Among the 690 E. faecalis strains isolated over 3 years, the
MDR rate was 7.2% (Figure 4).

Meanwhile, the resistance rate of blood-isolated E. faecium
to ampicillin remained consistently high in 2020, 2021, and
2022, with 86.8%, 88.2%, and 89.2%, respectively. The re-
sistance rate to vancomycin, crucial for treating gram-positive
bacteria, decreased slightly from 38.6% in 2020 to 37.7% in
2021 and further to 35.1% in 2022. However, it still had a
higher resistance rate compared with E. faecalis. For linezolid
and daptomycin, antimicrobials used to treat vancomycin-
resistant Enterococci (VRE) infections, all strains showed sus-
ceptibility to linezolid, while resistance to daptomycin was ob-
served at 3.0% in 2021 and 0.6% in 2022. The resistance rate
to quinupristin-dalfopristin increased significantly from 4.5%

in 2020 to 24.6% in 2021 and 22.0% in 2022. However, this
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is assumed to be due to a change in testing methodology im-
plemented since 2021 (Supplementary Table 1). Regarding
the 1,242 E. faecium isolates obtained over 3 years, MDR ac-
counted for 57.9%, indicating a high level. Additionally, XDR,
showing resistance to all antibiotic classes except one or two,

was identified at a rate of 1.3% (Figure 4).

(3) Streptococcus pneumoniae

The resistance rate to penicillin among blood-isolated S.
pneumoniae was found to be 10.7% (3 isolates) in 2020, 5.0%
(1 isolate) in 2021, and 18.5% (5 isolates) in 2022. The resis-
tance rate to erythromycin, commonly used to treat commu-
nity-acquired S. pneumoniae infections, was notably high over
the three years, with rates of 78.6% in 2020, 90.0% in 2021,
and 85.2% in 2022 (Supplementary Table 1). S. pneumoniae
isolated from CSF was identified once in 2021 and 2022. In
2021, the strain showed resistance to all antimicrobials ex-
cept vancomycin. In 2022, the strain showed susceptibility to
amoxicillin-clavulanate and vancomycin, intermediate suscep-
tibility to cefepime and trimethoprim-sulfamethoxazole, and

resistance to all other antimicrobials.
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(4) Clostridioides difficile
C. difficile has been under surveillance since 2018 and is
being collected from two collection centers. No strains have
been identified to show resistance to metronidazole and vanco-
mycin, antibiotics used to treat C. difficile infections. However,
the resistance rate to rifaximin, used as adjuvant therapy,
was 11.8% in 2020, 11.9% in 2021, and 7.4% in 2022

(Supplementary Table 1).

2) Enterobacterales
(1) Escherichia coli

The resistance rates of E. coli isolated from blood and urine
were generally similar. The resistance rates of blood-isolated
E. coli to ampicillin were 65.6% in 2020, 66.2% in 2021, and
66.9% in 2022. When examining the resistance rates of third-
generation cephalosporins commonly used for E. coli blood-
stream infections in 2020, 2021, and 2022, the resistance rates
for cefotaxime were 37.7%, 36.6%, and 38.8%, respectively,
while the resistance rates for ceftazidime were 11.9%, 10.3%,
and 9.6%, respectively. The resistance rates to carbapenems,
including imipenem, meropenem, and ertapenem, remained
below 1%, indicating consistently low resistance levels. When
examining the resistance rates of urine-isolated E. coli, the re-
sistance rate to ciprofloxacin, a fluoroquinolone antibiotic nec-
essary for treating urinary tract infections caused by E. coli,
was 44.8% in 2020, 45.4% in 2021, and 45.9% in 2022. The
resistance rates to carbapenem, including imipenem, merope-
nem, and ertapenem, also remained below 1%, indicating con-
sistently low resistance levels (Supplementary Table 2). The
MDR rates of E. coli showed similar trends for blood and urine
isolates, with MDR rates of 58.8% for blood isolates and 60.4%

for urine isolates (Figure 4).
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(2) Klebsiella pneumoniae

For the resistance rates of third-generation cephalosporin
antibiotics in blood-isolated K. pneumoniae, the resistance rate
to cefotaxime was 25.4% in 2020, 27.6% in 2021, and 27.3%
in 2022, while the resistance rate to ceftazidime was 18.4% in
2020, 21.4% in 2021, and 21.7% in 2022. For carbapenem
antibiotics such as imipenem, a slight increase was observed
from 3.7% in 2020 to 5.0% in 2021 and 5.8% in 2022. The
overall resistance rate for urine isolate K. pneumoniae was
higher than that of blood isolate. However, resistance to car-
bapenem-based antibiotics was lower in urine isolates, with
2.4% in 2020, 1.9% in 2021, and 2.4% in 2022 for imipenem
(Supplementary Table 2). The MDR rate was also higher for
urine isolates (39.4%) than for blood isolates (24.8%; Figure 4).

(3) Salmonella species
The resistance rates of Salmonella species to cefotaxime,
ceftazidime, and ceftriaxone, third-generation cephalosporins,
increased from 5.0%, 4.3%, and 4.3%, respectively, in 2020
to 11.9%, 9.6%, and 11.9% in 2022. In contrast, all isolated
strains showed susceptibility to imipenem, a carbapenem anti-

biotic (Supplementary Table 2).

3) Non—fermenting gram—negative bacilli
(1) Pseudomonas aeruginosa
The resistance rate of blood-isolated P. aeruginosa to piper-
acillin was 20.9% in 2020, 24.5% in 2021, and 23.0% in
2022. The resistance rate to ceftazidime, a cephalosporin used
against P. aeruginosa, was 16.5% in 2020, 18.0% in 2021,
and 17.0% in 2022. The resistance rates to imipenem and me-
ropenem, which belong to the carbapenems class, were similar

over the years. In 2020, the resistance rates to imipenem and
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meropenem were 33.5% and 30.1%, respectively. In 2021,
the resistance rates to imipenem and meropenem increased to
36.9% and 35.6%, respectively. In 2022, the resistance rates
to imipenem and meropenem were 34.8% and 32.6%, respec-
tively (Supplementary Table 3). Regarding the MDR rate of all
isolates, the proportion of strains susceptible to all antimicrobi-
als was high at 48.1%. Meanwhile, the proportion of XDR and
PDR was 23.9% and 1.0%, respectively, suggesting a consider-
able number of strains with extreme MDR that require careful

attention (Figure 4).

(2) Acinetobacter species

Blood-isolated Acinetobacter baumannii showed resistance
rates to imipenem and meropenem, which are carbapenem an-
tibiotics, at 87.2% for each in 2020, 87.9% for each in 2021,
and 85.7% and 86.0%, respectively, in 2022. Many strains re-
sistant to carbapenems also showed resistance to other beta-
lactam antibiotics. Looking at the MDR rate of A. baumannii,
the XDR rate was also notably high at 78.6% (Supplementary
Table 3, Figure 4). However, the resistance rate to ampicillin-
sulbactam decreased from 81.1% in 2020 to 61.0% in 2021
and 60.3% in 2022, indicating a relatively lower resistance
rate compared to other beta-lactam antimicrobials. For non-
baumannii Acinetobacter, the overall resistance rate was lower

than for A. baumannii (Supplementary Table 3).

4) Candlida species
The antifungal susceptibility test results for blood-isolated
Candida species showed that the resistance rate to fluconazole
was 1.8% (6 of 336 isolates) in 2020, 3.1% (12 of 390 iso-
lates) in 2021, and 3.3% (14 of 430 isolates) in 2022. The re-

sistance rates to voriconazole were 0.4% (one of 282 isolates)
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in 2020, 0.6% (two of 313 isolates) in 2021, and 0.9% (three
of 336 isolates) in 2022. Regarding resistance rates for echino-
candin antifungals, specifically micafungin, caspofungin, and
anidulafungin, all isolates were susceptible to micafungin and
anidulafungin. However, for caspofungin, the resistance rates
were 0.3% (one of 392 isolates) in 2021 and 0.7% (three of
430 isolates) in 2022 (Supplementary Table 4).

Discussion

The Kor-GLASS is a Korean GLASS developed based on
the GLASS manual proposed by the WHO to collect resistance
data that meets international standards and reflects the domes-
tic situation, such as additional surveillance of pathogens tar-
geted for statutory infectious diseases. Kor-GLASS has estab-
lished a highly reliable monitoring system by (1) selecting one
general hospital for each region and collecting all target patho-
gens; (2) conducting professional and standardized character-
istic analysis for each strain type based on the standard manual
by analysis centers; (3) managing the quality of test results with
high completeness by the test management center; and (4) us-
ing a web-based data management system.

During the 2nd phase of Kor-GLASS (2020-2022),
41,857 strains of hospital-acquired pathogens were collected,
and susceptibility testing and characteristic analyses were per-
formed for each strain according to the standardized manual.
Looking at the resistance rate of major MDR bacteria, the re-
sistance rate for methicillin-resistant S. aureus decreased from
47.4% in 2020 to 45.2% in 2021 and remained at a similar
level. The resistance rate for VRE decreased from 38.6% in
2020 to 35.1% in 2022. However, considering the increas-

ing number of enterococcal isolates and vancomycin-resistant
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strains within Kor-GLASS, as well as the rise in VRE blood
isolate rates from 0.05 in 2016 to 0.08 in 2022 according to
mandatory infectious disease surveillance results, continuous
monitoring and vigilance are necessary [8]. Carbapenems are
crucial antibiotics for treating MDR bacteria. Given the limited
treatment options for carbapenem-resistant bacteria, they must
be used cautiously. The resistance rates of Enterobacterales,
including E. coli, K. pneumoniae, and Salmonella spp., to
carbapenem were <1% for E. coli and fully susceptible for
Salmonella spp. However, K. pneumoniae showed a continu-
ously increasing resistance rate, rising from 4.0% in 2020 to
6.7% in 2022.

Meanwhile, the resistance rate of P. aeruginosa to carbape-
nem over the past 3 years ranged from 33.5% to 36.9%, higher
than that of Enterobacterales. For A. baumannii, the resistance
rate remained consistently high, ranging from 86.0% to 87.9%.

There has been a partial decline in cases of major resistant
bacteria in general hospitals due to efforts to prevent active
colonization and to strengthen infection control, such as hand
hygiene. However, major MDR bacteria like carbapenem-re-
sistant Enterobacterales continue to rise. The increase in these
resistant bacteria is due to the increasing incidence of infec-
tions caused by carbapenemase-producing Enterobacterales
(CPE) and the rapid spread of genes encoding carbapenemase
enzymes that can be easily transmitted to other bacteria in the
Republic of Korea. Enterobacterales are common causative
agents of infections both in the community and healthcare
settings. When infections are caused by CPE, the choice of ef-
fective antibiotics is minimal. Preventing the spread of CPE is
therefore crucial to enhance and improve surveillance.

In the future, Kor-GLASS aims to maintain its stable role as

an antimicrobial resistance surveillance system. It will continue

www.phwr.org Vol 17, No 24, 2024

to expand its regions and broaden the scope of monitored
specimens and pathogens, enabling nationwide surveillance of
major and emerging resistant strains, including MDR bacteria.
Furthermore, it is essential to go beyond merely calculat-
ing resistance rates. The surveillance system should also focus
on monitoring new resistance patterns, preventing the spread
of resistance, assessing the burden of antimicrobial resistance,
and analyzing the correlation between resistance rates and an-
timicrobial usage. With this approach, based on the reliable na-
tional data on antimicrobial resistance accumulated over sever-
al years, the results of continuous monitoring of antimicrobial
resistance trends and early detection of emerging antimicrobi-
al-resistant strains will be used as preliminary data to establish
policies for antimicrobial resistance management and control-

ling the spread of antimicrobial-resistant bacteria.
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Prevalence of Sarcopenia in the Republic of Korea

Doyeon Kim, Kyungwon Oh*

Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention and Control, Korea Disease Control and

Prevention Agency, Cheongju, Korea

ABSTRACT

The prevalence of low handgrip strength and sarcopenia in people aged =65, in the Republic of Korea, was investigated using

data from the Korea National Health and Nutrition Examination Survey (KNHANES). This study included participants in the

2022 KNHANES aged =65 years who had handgrip strength and muscle mass measured by bioelectrical impedance analysis,

according to the Asian Working Group for Sarcopenia 2019 guidelines. In 2022, prevalence of low handgrip strength among

those aged =65 was 14.2% for men and 18.8% for women, and the prevalence of sarcopenia was 6.6% for men and 9.2% for

women. In this study, the prevalence of sarcopenia was higher in older age, women than in men, and low-income groups. In

conclusion, older people and those with in low-income groups are vulnerable to sarcopenia; therefore, it is necessary to focus

on early identification of sarcopenia and development of prevention and management intervention programs for these people.

Key words: Sarcopenia; Handgrip strength; Korea National Health and Nutrition Examination Survey
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Introduction

Sarcopenia is characterized by the loss of muscle mass as-
sociated with aging, as well as the decline in muscle strength
or physical function [1]. The loss of muscle mass increases the
risk of falls and fractures and the incidence of chronic diseases
such as diabetes mellitus, high blood pressure, and cardiovas-
cular disease [1-3]. The lower extremity muscle strength per-
formance evaluated in the National Survey of Older Koreans
was decreasing from 79.7% in 2014 to 78.6% in 2017 and
77.9% in 2020 [4-6]. Although a domestic study of commu-
nity-dwelling people aged 70 years or older in 2016-2017

reported that the prevalence of sarcopenia was 14.4% in men

www.phwr.org Vol 17, No 24, 2024

and 6.4% in women, continuous trends in its prevalence have
not been reported [7]. As sarcopenia is recognized as a disease,
its disease code (M62.84) was registered in the World Health
Organization’s 10th International Statistical Classification
of Diseases and Related Health Problems code (ICD-10)
in 2016. In the Republic of Korea (ROK), sarcopenia was
also included as a diagnosis code (MG62.5) in the 8th Korean
Standard Classification of Diseases and Causes of Death (KCD-
8) in 2021 [1]. The Korea National Health and Nutrition
Examination Survey (KNHANES) has included measuring
handgrip strength and published the distribution of hand-
grip strength in individuals aged 10 years or older since 2014,

along with the prevalence of low handgrip strength in people
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Key messages
(D What is known previously?

Sarcopenia is defined as the age-related loss of skeletal
muscle mass, loss of muscle strength, and/or reduced
physical performance, and it increases the risk of falls,
fractures, and chronic diseases. In a previous study con-
ducted in the Republic of Korea, the prevalence of sarco-
penia was reported to be approximately 10%.

(@ What new information is presented?

The prevalence of sarcopenia was 6.6% in men and 9.2%

in women and was higher in low-income groups.

® What are implications?

Early identification of sarcopenia and development of
prevention/management interventions for vulnerable
groups, such as older people and individuals in low-in-
come groups, are required.

aged G5 years or older according to the criteria of the Asian
Working Group for Sarcopenia (AWGS 2019) since 2019 [1].
In 2022, the KNHANES introduced bioelectrical impedance
analysis (BIA) to measure muscle mass and newly calculate
the prevalence of sarcopenia. In this study, we investigated the
prevalence of sarcopenia in the ROK based on the handgrip
strength and muscle mass measurement data from the 2022

KNHANES.

Methods

1. Participants

The KNHANES is a nationwide health and nutrition sur-
vey to assess health status, health behaviors, and food and nu-
tritional intake status of Koreans based on Article 16 of the

National Health Promotion Act [8]. The target sample of the
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KNHANES was extracted to select primary sampling units
(PSUs) and household members in the primary and second-
ary stages using two-stage stratified, clustered sampling. The
participants in the KNHANES comprise approximately 192
PSUs every year, and all household members aged 1 year or
older in 25 sample households per PSU. This study analyzed
2022 KNHANES participants aged 65 years or older who un-
derwent handgrip strength (n=1,462) and body composition
(n=1,276) analyses.

2. Methods

The health examination of the KNHANES was conducted
at mobile examination centers by survey staff members from
the Korea Disease Control and Prevention Agency. For mea-
suring handgrip strength, the handgrip strength of both hands
or one hand was measured twice using a digital grip dyna-
mometer (TKK 5401; Takei), and a maximum value was used
as the handgrip strength measurement. A visual examination
and survey were conducted to select those who should be ex-
cluded from handgrip strength testing. Handgrip strength
testing was not performed in people with visual examination
items, such as defects in the arm/hand/thumb, hand paraly-
sis, cast or bandage on the hand/wrist, or survey items, such as
subjective inability to participate in the survey or worsening of
pain/tingling/stiffness in the hands within the past 7 days.

Body composition analysis was performed to evaluate lean
body mass, muscle mass (excluding bone mineral), body fat
mass, body water, and whole-body phase angle using an im-
pedance body fat analyzer (Inbody 970; InBody Co., Ltd.).
Some participants with artificial pacemakers and implantable
cardioverter defibrillators were excluded. Muscle mass (exclud-

ing bone mineral) was measured for each body part, and the
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sum of the limb muscle masses (right arm, left arm, right leg,

left leg) was calculated.

3. Statistical Analysis

In this study, data were analyzed using a complex sample
design analysis method that assigned sample weights to rep-
resent the Korean population using SAS (version 9.4; SAS
Institute Inc.). The prevalence of low handgrip strength and
sarcopenia were analyzed for only those aged 65 years or older
who participated in the KNHANES and who had no missing
data required for calculating the concerned indicators. The
residential area was classified into dong (urban area), which
is a lower administrative district of a city or district, and eup-
myeon (rural area), which is a lower administrative district of
a county. Household income levels were classified using the
monthly equivalized household income (monthly household

income/Y number of household members) into quintiles by sex

and age (5-year units).

4. Definitions of Indicators

The prevalence of low handgrip strength was calculated as
the percentile of those with a maximum grip strength value of
<28 kg for men and <18 kg for women, among the values of
handgrip strength, which were measured twice for both hands
or one hand according to the criteria of the AWGS 2019 [1].
The prevalence of sarcopenia was also calculated as the per-
centage of those with correspondingly low handgrip strengths
based on the criteria of the AWGS 2019, and the sum of all
limbs muscle masses (excluding bone minerals)/height® <7.0
kg/m” for men and <5.7 kg/m” for women in the results of im-

pedance body fat analysis [1].

Table 1. Prevalence of low handgrip strength (2022)”
_ Total Men Women
Variables
n % (SE) n % (SE) n % (SE)
Total (=65) 1,462 16.7 (1.2) 681 14.2 (1.5) 781 18.8 (1.7)
Age (yr)
65-69 498 6.7 (1.4) 233 6.8(2.2)° 265 6.5 (1.7)7
70-74 390 12.9 (2.0) 182 12.6 (2.9) 208 13.2 (2.6)
7579 341 19.9 (2.3) 161 15.5 (3.0) 180 229 (3.9
>80 233 40.1 (3.9) 105 35.2(5.8) 128 43.3(5.2)
Residential area
Urban areas 1,020 15.6 (1.4) 475 13.8 (1.8) 545 17.0 (1.9)
Rural areas 442 21.1 (2.9 206 15.6 (2.7) 236 25.4 (3.7)
Household income”
Low 276 21.8 (3.0) 129 16.0 (3.3) 147 26.5 (4.7)
Low-middle 289 20.4 (3.1) 135 17.6 (3.9) 154 22.9 (4.5)
Middle 290 12.8 (2.3) 137 11.7 (3.1)° 153 14.0 (2.9)
Middle-high 302 15.1 (2.8) 142 11.6 (2.6) 160 18.1 (4.5)
High 302 14.9 (2.6) 138 14.9 (3.9)7 164 15.0 (3.3)
SE=standard error. “Cited from Korea Health Statistics 2022 [8]. "The household income was calculated by dividing the household monthly
income by the square root of the household size, and then categorized into quintile. “Coefficient of variation: 25-50%.
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Results

1. Prevalence of Low Handgrip Strength

The prevalence of low handgrip strength among those aged
65 years or older was 16.7% (14.2% in men, 18.8% in wom-
en) as of 2022 and increased with age, reaching 40.1% in those
aged 80 years or older (Table 1). For those under 75 years old,
there was no remarkable sex difference, but for those aged 75—
79 years or older, it was higher in women than in men. There
was no difference in the prevalence of low handgrip strength in
men with respect to residential area. However, the prevalence
of low handgrip strength in women was higher in eup-myeon
area residents (25.4%) than in dong area residents (17.0%).
With respect to income levels, the prevalence of low handgrip

strength was higher in low-income groups for both men and

2. Prevalence of Sarcopenia

The prevalence of sarcopenia in those aged 65 years or
older was 7.9% as of 2022 and increased with age, reaching
7.1% in those aged 70-74 years, 9.9% in those aged 75-79
years, and 20.0% in those aged 80 years or older (Table 2). Its
prevalence was higher in women (9.2%) than in men (6.6%),
its prevalence in women aged 75-79 years was about twice as
high as in men aged 75-79 years and was similar between men
and women aged 80 years or older. With respect to residen-
tial areas, the prevalence of sarcopenia showed no difference
in men. However, its prevalence in women was about twice as
high in eup-myeon area residents (14.8%) than in dong area
residents (7.7%). With respect to income levels, the prevalence
of sarcopenia in both men and women was higher in the low

(or bottom 40% of income earners) or lower-middle income

women, and it was more evident in women. groups.
Table 2. Prevalence of sarcopenia (2022)”
. Total Men Women
Variable
n % (SE) n % (SE) n % (SE)
Total (=65) 1,276 7.9 (0.8) 605 0.6 (1.0) 671 9.2(1.2)
Age (yr)
65-69 461 2.7 (0.8)? 220 2.2(1.0° 241 3.3(1.2)°
70-74 343 7.1 (1.4 163 5.9 (1.9)° 180 8.1 (2.1)°
7579 287 9.9 (1.7) 133 6.6 (2.0)° 154 12.8 (2.8)
>80 185 20.0(3.3) 89 18.8 (4.5) 96 21.2 (5.0)
Residential area
Urban areas 910 7.3 (1.0) 428 6.8 (1.1) 482 7.7 (1.4)
Rural areas 366 10.4 (1.7) 177 5.9 (2.1)? 189 14.8 (2.5)
Household income”
Low 235 9.8 (2.0) 110 8.2 (2.5)7 125 11.1 2.7)
Low-middle 254 13.8 (2.4) 123 10.0 (3.0)? 131 17.9 (3.8)
Middle 252 4.6 (1.2)? 121 4.2 (1.8)? 131 5.1 (1.8)°
Middle-high 271 5.6 (1.3) 129 4.9 (1.7)° 142 6.2 (2.0)7
High 262 6.9 (1.9)° 122 6.5 (2.2)° 140 7.2 (2.5)°
SE=standard error. “Cited from Korea Health Statistics 2022 [8]. "The household income was calculated by dividing the household monthly
income by the square root of the household size, and then categorized into quintile. “Coefficient of variation: 25-50%.
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Discussion

The prevalence of low handgrip strength among Koreans
aged 65 or older was 16.7% (14.2% in men, 18.8% in wom-
en). The prevalence of sarcopenia was 7.9% (6.6% in men,
9.2% in women). The prevalence of sarcopenia was higher in
women than in men and in those with low income.

The prevalence of sarcopenia varies from 10% to 27%
depending on the methods to measure muscle mass and the
criteria [9]. Although AWGS criteria are used, the calculated
prevalence still vary with respect to measurement methods, for
example, 18% in a study using dual-energy X-ray absorptiom-
etry (DXA) and 14% in a study using BIA [9]. More so, the
prevalence of sarcopenia also differs in the same participants
with respect to the criteria other than the AWGS criteria [7,10].

The prevalence of sarcopenia in this study was 7.9%, which
was lower than that reported in a meta-analysis study of Asians
(15.0%) [9]. In another study that used BIA, the prevalence of
sarcopenia in Asians (10% in men, 11% in women) was lower
than that in non-Asians (Europeans, Americans, etc.) (19% in
men, 20% in women) [11], and that in the ROK was even low-
er (6.6% in men, 9.2% in women). Regarding racial differenc-
es in the prevalence of sarcopenia, it has been suggested that
the cutoft value for calculating the prevalence of sarcopenia in
Asians is lower than that in Western societies and that sarcope-
nia was likely to be prevented in Asians by consuming health-
ier foods and engaging in more physical activity compared to
people in Western societies [11].

By sex, the prevalence of sarcopenia in women was higher
than that in men, and in those aged 70 years or older (AWGS
2019, DXA, and handgrip strength measurement) as reported

in the results of the frailty cohort in the ROK, it was higher in
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men (14.4%) than in women (6.4%) [7]. However, a meta-
analysis based on the AWGS criteria reported that the preva-
lence of sarcopenia in men and women was 14.0%, respec-
tively, with no sex difference. Therefore, follow-up studies are
needed to investigate study results in different directions ac-
cording to sex [9].

By age, the prevalence of sarcopenia in women aged 75-79
years was higher than that of men of the same age group, but
there was no significant difference in those aged 80 or older.
In women, the secretion of sex hormones such as estrogen and
androgen decreases after menopause, leading to loss of muscle
mass, which increases the prevalence of sarcopenia in their 60s
and 70s. Meanwhile, in men, the secretion of sex hormones
(testosterone) decreases at a later age than women and its prev-
alence increases rapidly after the eighth decade of life [11].

The results of this study showed that the prevalence of sar-
copenia differed according to income level. A study of people
aged 65 or older in China reported that lower household in-
come was associated with a higher prevalence of sarcopenia
(based on AWGS 2019, muscle mass [BIA], and handgrip
strength [3 measurements] or walking speed) [12], which was
similar to the results of this study. A study of individuals aged
60-89 years living in rural areas in China suggested that the
factors contributing to the higher prevalence of sarcopenia in
those with lower income levels might be affected by the possi-
bility that lower income levels might be associated with lower
nutritional knowledge levels for health management [13]. A
study involving middle-aged people in China stated that pa-
tients with sarcopenia in the low-income class might have in-
creasing risk of catastrophic health expenditure, making it dif-
ficult for them to diagnose and manage sarcopenia [14].

Moreover, the results of this study showed that there was
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no significant sex difference in the prevalence of sarcopenia
in dong area residents, but there was a distinct difference in
its prevalence among eup-myeon area residents (5.9% in men
and 14.8% in women). In a previous study of people aged 60~
89 years living in rural areas of China (based on AWGS 2019,
muscle mass [BIA] and handgrip strength [more than 2 mea-
surements]) were also higher in women (21.7%) than in men
(12.9%), which was similar to the results of this survey [15].

In conclusion, the results of this study suggest that the
prevalence of sarcopenia in those aged 65 or older in the ROK
is 7.9%, which is lower than in other countries [9]. However,
this study suggests that sarcopenia increases with age, and, in
particular, those with low income levels may be particularly
vulnerable to sarcopenia. In the 5th Health Plan, public health
centers’ home visiting health services for older adults, which
were focused on managing chronic diseases, were reorganized
into a universal healthcare service system for frailty and is pro-
moting expansion of community support projects such as Al
or IoT-based health service projects for older adults [16]. It is
important to provide vulnerable groups such as low-income
groups with priority early intervention such as early detection
of sarcopenia, nutritional management programs (senior gath-
ering programs at senior centers and welfare centers, home
visit/delivery programs, cooking classes, etc.), and exercise
programs. Along with handgrip strength measurement, the
KNHANES plans to introduce DXA between 2024 and 2028
to measure muscle mass more accurately and monitor trends

in sarcopenia and related factors accordingly.
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QuickStats

Trends in the Intake of Beverages, 2013-2022

Beverage intake among Korea population aged 1 years and over has increased in the past 10 years, with higher consumption
observed in men than in women (Figure 1). Beverage intake among those aged 19-49 years was higher than other age groups

(Figure 2).
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Figure 1. Trends in intake of beverages, 2013-2022 Figure 2. Beverage intake by age groups, 2022

*Beverage intake in Figure 1 was calculated using age- and sex-specific structures of the estimated population in the 2005 Korea Census.

Source: Korea Health Statistics 2022, Korea National Health and Nutrition Examination Survey, https://knhanes.kcdc.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Department of Chronic Disease Prevention and Control, Korea
Disease Control and Prevention Agency
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