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H|271(2020-2022) =7} &Ml LHda ZAHKor-GLASS) 2 Z1t

ZMY, 014’ MB3l', 0K, BEE, REAL, HHsH*

'EYalY oS IH0 Y SR A2} P e Y SYEHATLY L HHATA ZHEATME] UKL AT}

P
Jhu

A HE%2 20169 World Health Organization Global Antimicrobial Resistance Surveillance System (GLASS)9] 7]l #
FotdA, =7t AFE vtgste 27t FA WA+ 2AHGlobal Antimicrobial Resistance Surveillance System in Korea, Kor-
GLASS)E F&0tieh & E A& A1271(2020-20224) Kor-GLASS €382 &3 #3449 41,8579 2 Bdw#9 44 W4
AZ-Z BA5tA. Escherichia coli 30,3145, Klebsiella pneumoniae 3,2595, Staphylococcus aureus 2,241, Enterococcus
spp- 1,932%, Candida spp. 1,208%, Acinetobacter spp. 8705, Clostridioides difficile 7265, Pseudomonas aeruginosa 6695,
Salmonella spp. 5605, Streptococcus pneumoniae 775, Shigella spp. 157} ==t ¥+ £ YI=E Slgh A3t €E &
HA5E 9] BAdolA 2A o7t figlen g Bxs tifE @804 &2 vl Utk 7 HE &8 HxsE &
PstHS o FUAlFFNA = AGARIEE 739 Bt =949 9P, Acinetobacter spp. (88.0%, 766/870), Enterococcus spp.
(67.5%, 1,304/1,932), C. difficile (74.0%, 537/726), Candida spp. (87.2%, 1,053/1,208)°A = B4 H <9 ¥l%7t =%t
HEAH WA 2= F(methicillin-resistant S. aureus) Bl &2 20161 53.5%°14 A& Frasto] 20229 45.7%9] &< &
A5kl 9low, wrutolAl A Lt (vancomycin-resistant Enterococci)®] Z-$- 20199 40.9%7H] S71stHd WA Eol 20229
35.1%7HA £F Zaste FAE EA AW 2200 AHEE 4 = ZHEHEA WAE S 9 22 Gl 5ol &5t E
coli® Salmonella spp 2l A+= 0.2% ©l5t9] mj¢ F2 WAdES ¥Rl ¥, K. pneumoniae®l A& 202049 4.0%, 202149 6.8%, 2022
9 6.7%% 571 Ag FUsHA. Kor-GLASS= #5  #d /AR 82 7|He = sto] #Estd S A W89 A&t
Agjztoto] 7Hsste S Qe FAAAAR £zt FAE AR e ARE AT =N YA Y TS AT FA nhd o] 7
Az E8E 5 At

o

[

FQ HMof: A WA, FAl FALEA; ZAAA

N o= Lod 2 g sgon, SR A JotolAl W
2 5 Qb BroEon Adstart. 18, 34
1847] $YA Y 5L Fue ARY £ AP A7 ALEo] AgH A A 10090] HA] ot hARHZ
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FAA W2 ‘=83 oY silent pandemic) O& &
o, IR 109 T5Ed Ages A4d v S83% &
AzAelt. v A WY S5 A¢ = &
A WA e oy ,e) ez 20164 =7 FAl W
J4t ZAHGlobal Antimicrobial Resistance Surveillance
System in Korea, Kor-GLASS)E T-55to] 2@kl it

@ M=Z0| €A & HE=2?

A1271(2020-20229) Kor-GLASS Z3, MRSA (meth-
icillin-resistant S. aureus) H|&Z A& 7HAasto] 2022
W 45.7%= YEFR ™, VRE (vancomycin-resistant
Enterococci)®] 7% 20199 40.9%71A] F7tstd WAE
©] 20229 35.1%71A] #astelth. @Y f2 CRE (car-
bapenem-resistant Enterobacterales) & Klebsiella pneu-
moniael A= 20224 6.7%E F7t A2 gRlstth

@ AAE2?

Kor-GLASSE WAT 4 A%< A4 B9lo]q e
She FAAAR 41U FHE AR 9k e B9 o
BA WA D Beo] B AR vheY] A 2R 389
% 9k

(multidrug-resistant bacteria)o] Z@o}on YA Hgo
2 QIS gxpef A= A, JA7IZt H wHE St 2=
Feto g A-gsha ok A U2 20194 172 10t
SEA AP Ao, IRl ATYES-19
W9 o] F&(202349 549, World Health Organization

ol

[WHO))ZF AAE AF ‘%83 W Y (silent pandemic) O &2
£ 7E 5935 EAEA ol

WHO= k<]

A WA =A
f18 20159 682 AAEAEIE 3l F=A W 2=
=72 (Global Action Plan on Antimicrobial Resistance)
= gttt Aol =7 2t Bla 7Rt WA E Ae=
sl sAH oz HESHE A AR S AT 2

g A WAg AAAA

2

o

/\1]7q]x4 o= /k L

e

(Global Antimicrobial Resistance

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

Surveillance System, GLASS)S F+&3}¢loH, 202249 7%
AAIA 126719 A1 9 =7F7F WHO GLASS®] ZHofstar Sl
cH1I.

e =
=, 201649 5¥ =4 7]1=(WHO GLASS)

432 MG GAAAL

AR =7 FAYA W 9] o
2ot A
Global Antimicrobial Resistance
Surveillance System in Korea (Kor-GLASS)E T%3}¢ith
[2.3]. 20169 670 AHE HFO R AHARYS AlZksto, A
17] A4(2017-20199)0l= 8711 AGS o2 ZAAA
£ 939} A27] AF4(2020-20229) FEHE AGS 974

Z gst3lal, 24 g Ul S ES st AlE
£ st e, #5E E4AE 77, AdE=AE 174

2 1). WHO GLASS7} A|A|

3 27 o]a) wireo] wel, o, A, o, BlxAgA],

HARH 5 F 57 AA 8F 5% vEC WA A998 A
A4 Enterococcus spp., Pseudomonas aeruginosa®}t &

AA o] o) I El= A Y12 F 33t Clostridioides
1230 sl FAE Akt A2
F7toto] YA 1352 A

difficileS Z3Foto] %
7] Ar4FE+= Candida speciess

T+ Z2AHFE 45 A Q)5 Ut
E Y82 Kor-GLASSY] A27] AF4(2020-2022)9] &
4e 5o SHE Y BT 32 gdFe FIA WA

235 I

N = E3l 20209 € 20227t
A A AAZEEH T8 4F(EL &4, 5L AANA &
A HAd A Al Hx 137 =)E A Qe A HEA

A4E YA, A HYA = Staphylococcus aureus,

Enterococcus faecalis, Enterococcus faecium, Streptococcus
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SRzt
O Azl

- 2Ll B
WHO GLASS, ¢i&
- yusg °

7 RAMIE] (97 H9F) e o
|
RYd
B =2 1] BE R0 feR Bl HBRR AR HBRR EEH AR
M2 Exdens iy 2 0 EAME1 BAME2 BAME3 EAME4 BHNES BHNE6 BAMET7
- il
+ | 4+ 13 x| 1+ ?l— SAU EFM SPN PAE CAN CDF ECO
A= A=A fali A=H an EFA SAL ACI KPN
= o NGO SHI
Ayt ag HE 25 % HAE

%o NME
a0

K-
e =
bt
A F
iBEYY
(NRL)
ofLePat )
12 Y Ay
Q EGEREEEY
AMR 2t81 & data 22|

Kor-GLASS database
- GIOJE] AS, B2 Al 072 A2t 3 B

Web-based
- S| LS 2kl % e DB e
reporting system - 2o LjMZ(EAR) 20l
- U 93 o4 sfel 2 o1

a3 1. A271(2020-20224) =7+ FA Wt EAHKor-GLASS) =FAA
AMR=antimicrobial resistance; WHO=World Health Organization; EAR=emerging antimicrobial resistance reporting; NCC=National

Coordinating Ceter; NRL=National Reference Laboratory; QC=qualiity control; Kor-GLASS=Global Antimicrobial Resistance Surveillance

System in Korea

pneumoniae, Escherichia coli, Klebsiella pneumoniae, P. ae-
ruginosa, Acinetobacter species, C. difficile, Salmonella spe-
cies, Shigella species, Neisseria gonorrhoeae 3 Candida spe-
cies & 13F°H, 3= AF, 4E, 79 FAAGA
o] 3 ¥ 79 5 2870 FEe #ASHATHA] A QAR
& 2 (community origin, COx= 2% °©]sl Y3t e+ &
< 2HEAE F5 22 AAl, BEd9 el (hospital origin,
HO):= 39 o4 Y 82 E= o W olA 2 ol
U - A7 T L DA AACIA EelE 4= FAsH
oH5I

1036

TAA A AT WA fAA AAE sk |
A} w55 matrix-assisted laser desorption ionization-time
of flight mass spectrometry (MALDI-TOF)E °©]-85to] 574
5F%1al, MALDI-TOF= &7°] ?t B= U7 Acinetobacter
spp., Candida spp. #&2] %%+ 16S rRNA E+= rpoB,
ITS 5 57488 A4 471MQ&E4S S sttt &
A Aaed A2 45 2 A S/ wet gaae
AP, A A ] AR B R A S A S o] 87t
29 A& E(minimum inhibitory concentration, MIC)E &
Qlsklem, Al¥ A¥= Clinical and Laboratory Standards
Institute (CLSI) ¥ European Committee on Antimicrobial
Susceptibility Testing (EUCAST)2] 7|o] whet #y oot
37HA ARG o 3e] A WA A= A/ (multi-
drug resistance, MDR), 1-27}4] A9 A2 2= FA
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Aol Wl A= B U (extensively drug resistance,
XDR), 2 AGS] Al WAl A= =3 FH A
(pandrug resistance, PDR)C.& E-F3ItH6]. ZE AF 2
o] A=y GRS 9o AduAE = Y FA9R
7 FAFE ARt RAdEEE AASHEAL, A714 e
2 Fo7|He e s JRAFRE HAISHH. Kor-
GLASSOIA ZEEE HE AEE 2 HUA A 23,
544 24 Ax, A 2% 52 9 7199 Kor-GLASS
glojefHo] A5 F3f ¥ )loH, vid WHO GLASS|
BA 235 F7HeolH 2 AlFstaL .

A 3t (n=253,699)

60,000 1 mm 2| AKS|ZES (n=204,680)
O #He7ted (n=49,019)

50,000
40,000 1
30,000
20,000 .

10,000 A

0_

C Cftd (n=40,103)

8,000 1 mm |=ALS|ZtY (n=24,964)
O #Hezted (n=15,139)

6,000

]
()
o7

4,000 2255

2,000 14

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)
6,000 -

5,000 -
4,000 ~
3,000 A
2,000

1,000 -

O_
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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

1038
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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

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

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.

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

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

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

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
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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
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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

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

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].

1046

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

A Blood (n=253,699)

60,000 1 mg Community origin (n=204,680)
[ Hospital origin (n=49,019)

50,000
40,000
30,000
20,0009 .

10,000 -

0 -

C Stool (n=40,103)
8,000 1 mg Community origin (n=24,964)

[ Hospital origin (n=15,139)
6,000 -
4207
= 3,115
4,000 1 B 2255

2,000 4

0 -

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.

B Urine (n=241,409)

60,000 7 mg Community origin (n=197,125)
[ Hospital origin (n=44,284)

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

10,000 -

0+

D Genital (n=14,475)
6,000

[ Community origin (n=12,988)
[ Hospital origin (n=1,487)

5,000 -
4,000 A
3,000
2,000

1,000

0+

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

1050

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.

Declarations

Ethics Statement: Not applicable.

Funding Source: None.

Acknowledgments: None.

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

Author Contributions: Conceptualization: SWK. Data
curation: SWK. Formal analysis: SWK. Methodology: SYL.
Project administration: SHS, DCM. Supervision: YHC,
JSY. Validation: SWK, SYL. Visualization: SWK. Writing —
original draft: SWK, SYL. Writing — review & editing: YHC,
JSY, SHS, DCM, SYL, JEL, SWK.

1053


http://www.phwr.org

I Public Health Weekly Repo: ’\

Supplementary Materials

Supplementary data are available online.

References

. World Health Organization. Global antimicrobial resis-
tance and use surveillance system (GLASS) report: 2022.
World Health Organization; 2022.

. Kim IH, Kim SH, Lee KJ, Park C. Introduction of WHO
Global Antimicrobial Surveillance System (GLASS) in Ko-
rea, 2016. Public Health Wkly Rep 2017;10:234-8.

. Lee H, Yoon EJ, Kim D, et al. Establishment of the
South Korean national antimicrobial resistance sur-
veillance system, Kor-GLASS, in 2016. Euro Surveill
2018:23:1700734.

. Korea Disease Control and Prevention Agency. National

1054

antimicrobial resistance surveillance in Korea 2022 annual
report. Korea Disease Control and Prevention Agency;
2023.

. World Health Organization. Global antimicrobial resis-

tance surveillance system-manual for early implementa-
tion. World Health Organization; 2017.

. Magiorakos AP, Srinivasan A, Carey RB, et al. Multidrug-

resistant, extensively drug-resistant and pandrug-resistant
bacteria: an international expert proposal for interim stan-
dard definitions for acquired resistance. Clin Microbiol
Infect 2012;18:268-81.

Kim JW, Bae SM, Lee SY, Yoo JS, Choo SY. Trends of an-
timicrobial resistance rates of major clinical pathogens iso-
lated from general hospitals in Korea in 2016-2019: results
from Kor-GLASS. Public Health Wkly Rep 2021;14:2007-
24.

. Korea Disease Control and Prevention Agency. Annual

report on the notified infectious diseases in Korea, 2022.

Korea Disease Control and Prevention Agency; 2023.

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


http://www.phwr.org
https://www.who.int/publications/i/item/9789240062702
https://www.who.int/publications/i/item/9789240062702
https://www.who.int/publications/i/item/9789240062702
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=73624&act=view
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=73624&act=view
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=73624&act=view
https://www.nih.go.kr/nohas/common/board/readBoardView.do;jsessionid=C68HcTVEBREGCt0J0LN88j3IuHmgLm6ija3oJjel.onehelath10
https://www.nih.go.kr/nohas/common/board/readBoardView.do;jsessionid=C68HcTVEBREGCt0J0LN88j3IuHmgLm6ija3oJjel.onehelath10
https://www.nih.go.kr/nohas/common/board/readBoardView.do;jsessionid=C68HcTVEBREGCt0J0LN88j3IuHmgLm6ija3oJjel.onehelath10
https://www.nih.go.kr/nohas/common/board/readBoardView.do;jsessionid=C68HcTVEBREGCt0J0LN88j3IuHmgLm6ija3oJjel.onehelath10
https://www.who.int/publications/i/item/9789241549400
https://www.who.int/publications/i/item/9789241549400
https://www.who.int/publications/i/item/9789241549400
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=713902&act=view
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=713902&act=view
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=713902&act=view
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=713902&act=view
https://www.kdca.go.kr/board/board.es?mid=a20602010000&bid=0034&list_no=713902&act=view

