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RTXL BAE P-GIRICE £ col(33,420F), K. pneumoniael(7,209%), S. aureus(2,532%), Enterococcus spp.1,6615), Acinetobater spp.(876%),
Salmonelia spp (738%), C. diffcie(715), P aeruginosa(590%), S. pneumoniae(16135), Shigella spp.3%), N. gonormhoeae(13)7} £RIE|ICE ZE0]|
(2 ME 2= (jE20] #E0A Mol HIZ0| /1, M L= Q 22| £ coli 2 22| K. pneumoniae, C. difficiediXi= 04842] HIZ0| =UTt
= BX= S pneumoniae X Salmonelia spp.g MI2ISt 2E TS0IA 654 0l LAS0A HIZ0| E/UCE HLNZSETE2 XIGAISIZSE 7t
XISt BHH, Acinetobacter spp.(86.9%, 761/876), E. faecium(78.4%, 792/1,010), E. faecals(59%, 384/651), C. difficie(64.8%, 463/715)2
Fef #32| H[Z0| =UTE MRSA HIE2 20163 53.5%0lA 2019 48.6%= XAt ZAstE FME QI BHH VRE= 2016 29.9%0f|A
20198 40.9%Z Hit S7lots Yo2 2 ESBL MM oM 4 = cefotaximed]| CHSH LIMES &M 22| £ coloflA] 2016 35.4%K2Lt

201990ll= 371%2 MAMS| 7161, 2 B2| £ coli 2 K pneumonizedINE S7t6H= UAS HIAULCE Cefotaxime AR CHEES CTX-MEY

ESBL SMXIS 7HK|2 QUL ESBL AAMF0| 2fst ZHUM ALEE 2 U= carbapenemAIE SHIX|0l CHSt HMEE2 E coll & K. pneumoniae,
Salmonelia spp.2t 22 EHMEESRES| B2 2% O[6I2 R £F0|U2Lt P aeruginosa & A. baumanni= 20194 LIAZE0| 22t 23.6% 2
90.3%= =RIZ|RUCE
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0
20| 7ttt ZAIZ Ll2lY QU= ZntE MEECZM YA LY S2S flot 7|IZARE MSE 4 T,

FQ ZiMo] 1 SR LA, CHHILIAT ZARIA(GLASS), Kor-GLASS, MRSA, VRE, CRE, ESBL
= I.l— (=] AZet HERQCE HESRUH'H 0|E sHZotK| RetotH
2050E0fl= 2t 1,0002F Ho| AMSta, MZAl GDPL| 3.5%0i
SHAM| LHAIS X Ml B0 71RF 2 98 = siLtoln,  Eohs 100X Haiel AXIA HIE0| g o2 of SatICHl].
=0 olatg 2l Z7| AUAo| M2 MMM XEI2 ol2H| L ABIX MALZA7|7H(World Health Organization, WHO)= 2015
HI2S Z7IAA o2 U MMM 20| 2 2oto] 5o M6E8A MAEAZSS0IA Sdx Lido] QIR Haol Aztst

oIC} 20144 ONeil 5 “SHiF| LIAAO| StAl0| XIutsizrt HR0| Echk= MIAIX SeE Btgste] ZAIZR! tiES S+6t=
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A= 120322 Staphylococcus aureus, Enterococcus
faecalis, Enterococcus faecium, Streptococcus pneumoniae,
Clostridioides difficile, Escherichia coli Klebsiella pneumoniae,
Salmonelia species, Shigella species, Pseudomonas aeruginosa,

Acinetobacter species, Neisseria gonorrhoeae?} etz (ALY,

EH u' %axﬂ
coli

K/ b uap eumoniae

- Acinetobacterspp.

- Staphylococcus aureus
- Streptococcus pneumoniae

- Salmonella sy
- Shigella spp.
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2%~ Clostridioides difficile
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a8l 1. 20193 2L CHYILHA R ZAR|AI(Kor—GLASS)
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UAMEHE 3 A (XIS L HZH) S 2871 A= CHEILA(Muli-Drug Resistance, MDR), 1~271X| AES

S22 A6t XGAEIZE Rel(community origin, CO)=  AQIst 2E S0 LHARl ARE ZEH{LHA(Extensively Drug

22 Olo RSt 2IXt E= QRiEIXIE Saff P2 A, HYAZLHE  Resistance, XDR), 2 AE2| S0 LRI A= 36t
S2i(hospital origin, HO)= 3% 0|4 QS &txt = L2 ZHQLAM(Pandrug Resistance, PDR)I2 2 EF3IHCH6]. 2=
HHOA 2 oy L& X2 T MAE At Ao 22lE  AlRHZoel Azld SHEE 6 AFHMEE iE FE=
A2 HosIcH4], U SEFE M LHREARZIE HAlBIRL, FrEe=z

Lt 25 &, 2Un 28 Al & Lhd 7KL
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Algdgtel Zut 2 @ 7[8te] Kor-GLASS H|0[E{H|0|AS S3l

U 9K ZAE 2EY XFE BAMEol AAsEyn, 2 STED

LA #F = Matrix—Assisted Laser Desorption lonization—

Time Of Flight mass spectrometry (MALDI-TOF)E 0|235}0q 7. B ZAL 2f=| Zat

SolUD, UL Acinetobacter #E2| BLE= 165 rRNA E= 20161 E] 2019E7IX| St 2, CHHH, Hlx HAZ| HHYE HAL

rooB RTA HIIMEZME Safl USIRACE. M Hrd s 224 3039287, 286,95121, 50,5137, 17608710(iCt. =t
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I 2 HiQY ZALe] SFE ExE EIE I, 1~4ME O|FFE

OHHHHX|O|ZFE| A 2l SHMHYX|E|AHE 0|28 XAAMSE  15~24MIIHK| ZASICIIF 25~34MZRE] 75~84 M2 7HX|

(Minimum Inhibitory Concentration, MIC)E &RISIHOMH, Al Stote FME EXCH MEXMo=Z X|HAts|H4E [eiot

Z1t= Clinical and Laboratory Standards Institute (CLSI) §21 S AMIGHX|EE H™Ho| SItet+E HHUUE [t SItetRCt
A

710l w2t TEESIUCHS). 371X AIE ool eHxofl tge!l T HiY ZAF = 25~34MZ0IM T HUACH, 1 0|

A. ¥ (n=303,928) B. 2 (n=286,951)
60,000 60,000
50,000 50,000
4 ‘0000 < 40,000
R~ 30,000 * 30,000
L L
= 20000 = 20,000
10,000 10,000
0 0
(1 1-4 514 15-24 25-34 35-44 45-54 55-64 65-74 7584 285 (1 1-4 514 15-24 25-34 35-44 45-54 55-64 65-74 75-84 285
EE EE
B X|ALEI 2 (n=249,075) DALY (n=54,853) BXGAE|ZS (n=232,116) B YA (n=54,835)
C. e (n=50,513) D. Hl'=442{7| (n=17,608)
10,000 6,000
8,000 5,000
& 6000 ¢ 4,000
f ™ 3,000
20 4,000 &
5 7 = 2,000
2,000 1,000
0 0
(1 1-4 514 15-24 25-34 35-44 45-54 55-64 65-74 7584 85 (1 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 285
EE! EE!
BX|AAEIZY (n=28,770) BYAAY (n=21,743) BXHAEIEY (n=15,762) BYAAY (n=1,846)

a2 2, HEE HU(A), 2(B), HH(C), HlAATI(D) BHY ZA 212

www.kdca.gokr 2009
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HBTZOIM ERt B7I5H0H 75~84MIZ0IM 8845712 = 7HE
EUCL AU ZEIE FHC= of HI=dAY| HIYF HAL s
25~34AMZOIM 56917422 71 HUALH, 35~44M|Z0IAM
4,890, 45~5AMZOIM 2740222 S|, HHO

LA 2

N

=2

—

Al Che EERlE

0

s
= E col(6,547%F, 43.3%)7t
~ pneumoniae(2,536%, 16.8%),
S aureus(2 5325, 16.7%), E. faecium(1,010%, 6.7%), Acinetobacter
SpP.876F, 5.8%), P aeruginosa(590F, 3.9%) &=C = SOIL|C}

2 Ui HA} 286,951 & E coli & K pneumoniae= 242t

26,8733(9.4%), 4,6735(1.6%)2 SOI|QUCHE 1), S 2 CHH
22| Shigella spp. ¥ HxMAI|(QE ¥ X2EE) 22

N. gonorhoeae= 212+ 3% 2l 12 IR =2/ E2|=iCt

LHRE2|

2 22| E col?t 2

FES HAOIM B2 F7H pRtOL), B &

e —r—

22| K pneumoniaes SHHOZ oM0i|A

oy 2o

2olEl 40t o EUCHTR 3A). S Bx= S pneumoniae

2 Salmonelia sppE M2Ist 2E AS0|M 65M OlA =HESHIAM

2=, 2016~2019

2 . ®|143 M[285(2021. 7. 8.)

22/80| sUCcHIE 3B). HUMTZSZER! £ coli(82.1%
27.42722/33,420F), K. pneumoniae(66.3%, 773/7,209F),
Salmonella spp.(93.2%, 688F/738%F)=

FEEE LT

X|HAIEZE Fei7t
8t Acinetobacter spp.(86.9%, 7613/876%),
E. faecium(78.4%, 792%/1,010%), E. faecalis(59%, 384%/651F),
C. difficile(64.8%, 4635/715F)2 HIASE Refl @32 H|Z0|

=UTHIE 30).

Ch, 2 LhAT| SHH| LA 38t

71) Staphylococcus aureus
ot 23] S aureus & cefoxitindll LIAS LEIHE HE[AR
LA SR = QKA (methicilin —resistant S, aureus, MRSA)2| HIE2
20163 53.5%, 20174 53.2%, 20183 471%, 20193 48.6%=
TRt ddst=
7R QAT staphylococcal cassette mec (SCCmec) S EXA

A1t SCCmeclI&d9] H|

ZME HICHE 2). 2E MRSA= mecA |EXIE

22 A M| LAB67% — 495% —
48% — 42.2%)ot= HHH SCCmecNE2 B7HA0.9% — 48.9%

— 486% — 55.7%)5IZCE. Quinupriin—dalfopristin, trimethoprim—

20164

20174 20184 20194

aH B (n=7,877) (n=13,440) (n=13,262) (n=13,327) =
Staphylococcus aureus 398 708 743 683 2,532
Enterococcus faecalis 116 175 181 651 651
Enterococcus faecium 137 288 277 308 1,010
Streptococcus pneumoniae 15 54 48 36 153
Clostridioides difficile - - 1 28 29
SioH Escherichia coli 1,112 1,772 1,724 1,939 6,547
= Klebsiella pneumoniae 426 693 701 716 2,536
Salmonella spp. 35 56 55 47 192
Shigella spp. 0 0 0 0 0
Pseudomonas aeruginosa 102 149 157 182 590
Acinetobacter baumannii 131 203 210 187 731
non—-baumannii Acinetobacter 38 32 37 38 145
- Escherichia coli 4,474 7,874 7,255 7,210 26,873
= Klebsiella pneumoniae 823 1,256 1,299 1,295 4,673
Salmonella spp. 71 172 163 140 546
CHH Shigella spp. 0 1 2 0 3
Clostridioides difficile - - 409 277 686
Hl i 417] Neisseria gonorrhoeae 0 1 0 0 1
| &=l Streptococcus pneumoniae 0 6 2 0 8
www.kdca.gokr 2010
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A 0% 20% 40% 60% 80% 100% B 0% 40% 60% 80% 100% ¢ 0% 20% 40% 60% 80% 100%
S. qureus N S aurevs W T S. qureus T
E. faecalis N E. faecalis I E. faecalis |
E. faecium E faecivm W E. faecivn LT
S. pneumoniae N S. pneumonize I S. pneumonize NN
C. difficile C. difficile T T C. difficile | NN
E. coli (blood) IR E. coli (blood) Wl E. coli (blood) I
E. coli (urine) E. coli (urine) I E. coli (urine) NN
K. pneumoniae(blood) NI K pneumoniae(bloo) TR | K pneumoniae(blood) I
K. pneumoniae(urine) NI K pneumonize(urine) T | K pneumonize(urine) |
Salmonella spp. Salmonella spp. I Salmonella spp. GGG
P. aeruginosa P. aeruginosa W T P aeruginoss N
A. baunannii - I A. baurnannii [T A. baurnannii - I
non-A. baumannii R non-A. baumannii - W] non-A. baumannii IO |
BHX =Xt W0-4M W5-19M @20-64M| D654 0|4 BXG9AEZHE EYHAHd

a3 3. ZE0| e HE(A), HE(B), ZBRU(C) ==

sulfamethoxazole, tigecycline LIAEE

% O[2H0|1, 2=
S aureus 3£ vancomycin, teicoplanin, linezoliddll ZNE
HACL 2016 FEE] 201937IX|] 22| S. aureus 2,532F &

MRSAZS Z&t5t= MDR HIE2 50.3%2 EIZ|CH R 4),

L} Enterococcus faecalis

0l

o 22| £ faecalis= HE-E ampicilin®ll ZA0[ASLY,
2016 0.0%, 20173 0.6%, 2018 1.7%, 20194 55%Z 04
nE

17%2 L2 £Z0|Lt 20185 0.8%0H| HIsH S715IQICE £ faecalis

ol

| B7l6t= £ME 2Ct Vancomycin LHIAE 20194

S22t X|20| £5| AFRE= high—level gentamicin, high—level

o

streptomycin®| 20194 LHEES 212 221%, 6.6%= 2018 HLC}
SICHE 2). 371X A 04+ SFm|of LHAJQ!

MDRE 31.8%(2073/6515)2 SQIZ|ACHIR 4),

Chh B9} EE 2

_T

>

I_

Ch Enterococcus faecium
o 23| £ faecium?| ampicilin LIEEE 2016 90.5%,
20173 89.6%, 2018 91.0%, 2019 90.3%Z IR =2

TE0|UC}. g2

|-

FolAl LHA A&t (vancomycin—resistant £,

faecium, VRE)2 2016 29.9%, 20173 34.0%, 2018 39.4%,

www.kdca.go.kr

20198 409%=2 HMx} BI5I¥OH, 25 vanAZCZ SQIZ|RUCH
VRE Z¢ X|=0f E5| ArEEl= A2 inezolidoi| LSt LH&H 2

FOIZ|X| Q4L quinupritin—dalfopristin LHA&H2 2016

Jor

8.8%, 2017 3.1%, 20181 6.1%, 2019 8.4%=2 XI&XHoR
S0lx|1 QUCHE 2). 378K] HIE 01y Yol LHg2! MDR2

56.3%(5697/1010F)2 S| ACHIZ! 4).

2 Streptococcus pneumoniae

0|

8ot 23| S pneumoniaed| X penicillin, cefotaxime,
ceftriaxone LHEE2 H|m& A SX|=|1 ULt erythromycin
LHMEL2 2016 80.0%, 20173 75.9%, 2018 771%, 2019

833%Z IR =2 UAS HAUCHE 2).

0} Clostridlioides difficie

0

C. difficicle 2018ARE] 27 +EMHZRE =0 U

C. difficile 2% X2 X2 metronidazolet vancomycindi|
thet e #3e IR LUCL CIEF EXQHo = AREE=
rifaximin0f] CHSH LAAES 20194 13.1%%ICt Moxifloxacindf| CHSt
LHAES 39.3%, HIEIZIEAIZR! ampicilin, cefotetan, imipenemd|

ChSh LIMER 22F 20.0%, 25.9%, 48.2%2 H|w™ ZUCHE 2),

—

2011
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M=o

o= T 7‘|9|

M 22| £ coliel ampicillin

3MICH cephalosporin|€

o 2y

FAFSHRALCY.

—
-

A
(]

rlo

=
=

B

=
re

« Hl143 M285(2021. 7. 8.)

cefotaxime0| Cifer LIMES 2016 35.4%01A 2019E0l= 371%2
ZII5IECHE 3). ESBL(Extended—Spectrum Beta—Lactamase)
CTX-M—1&(CTX-M—15, CTX-M-55, CTX-M-3)xt
CTX-M—-98(CTX-M—14, CTX-M-27)0| E3lAH =°?

SHxt=
O | QLT
CarbapenemZ|&@ SHMA[Ql imipenem0i CiEH LIMEE 1%

o2tz o WUCH, carbapenem WM X220 AIRE £

H 2. I ZHAENN 22|E F2 JEAEHO| el L, 2016~2019
L5 L5 = L5
2= sun| =2 20164 20174 20184 20194
oAFE LHEE(%) #AFE HEE(%) aAFE  LHEE(%) dAF+ HYE(%)

Cefoxitin 53.5 53.2 47.1 48.6
Erythromycin 42.0 38.7 35.3 35.1
Clindamycin 28.4 24.7 20.9 19.0
Staphylococcus  Mupirocin 8.0 8.1 12.0 13.3
aureus Quin-Dalf 1.8 0.7 0.1 0.3
Trim—Sulf 398 1.3 708 0.1 743 0.7 683 1.2

(o n=2532) Vancomycin 0 0 0 0

Teicoplanin 0 0 0 0

Linezolid 0 0 0 0
Tigecycline 1.8 0.4 4.4 5.0
Ampicillin 0 0.6 1.7 5.5
Ciprofloxacin 33.6 411 39.7 35.4
[ EEaaaE GentimicinjHL 25.9 26.9 29.6 22.1
faecalis Streptomycm—HL 7.8 6.3 5.6 6.6
Tetracycline 116 70.7 175 73.7 179 74.9 181 68.5
_ Vancomycin 0 0.6 0.6 1.7
(2%, n=651) Teicoplanin 0 0.6 0.6 1.7
Linezolid 0 1.1 0 1.7

Tigecycline 0 0 0 0
Ampicillin 90.5 89.6 91.0 90.3
Ciprofloxacin 90.5 89.9 90.3 90.8
Gentimicin-HL 21.2 18.1 21.3 23.7
Enterococcus Streptomycin—-HL 3.6 1.0 0 0.6
faecium Tetracycline 1.7 14.9 15.9 12.0
Quin-Dalt 137 8.8 288 31 2n 6.1 308 8.4
(" n=1,010) Vancomycin 29.9 34.0 39.4 40.9
Teicoplanin 20.4 18.8 271 34.7

Linezolid 0.7 0 0 0

Tigecycline 0 0.3 0 0
Penicillin 0 9.3 8.3 2.8
Amox—Clav 6.7 18.5 25.0 27.8
Streptococcus Cefotaxime 0 1.9 6.3 2.8
pneumoniae Ceftriaxone 0 1.9 10.4 2.8
Cefuroxime 9 60.0 2y 68.5 - 66.7 &l 72.2
(2o n=153) Erythromycin 80.0 75.9 771 83.3
Levofloxacin 0 3.7 2.1 2.8
Trim=Sulf 26.7 31.5 27.1 25.0
Ampicillin - - 1.5 20.0
Cefotetan - - 33.2 25.9
Imipenem - - 441 48.2
Clostridioides ~ Clindamycin - - 68.3 70.5
difficile Chloramphenicol _ - _ - 1.2 0.7
Tetracycline - - 410 16.6 305 14.4
(CHEH, n=715) Rifaximin - - 16.8 13.1
Moxifloxacin - - 44 4 39.3

Vancomycin - - 0 0

Metronidazole - - 0 0

*OF0{: Quin—Dalf: quinupristin—dalfopristin; Trim—Sulf: trimethoprim—sulfamethoxazole; Gentimicin—HL: High—level gentimicin; Streptomycin—HL: High—level streptomycin;
Amox—Clav: amoxicilin—clavulanic acid

www.kdca.go.kr
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3. I SEEHNM 22|E F2 FUMTZEZS SN &g, 2016~2019

) 20163 20174 20184 20194
=3 M 57
ox HEE(%) oxe HEE%) oxs HHEE(%) oEs WHYE(%)
Ampicillin 65.2 65.3 68.0 67.5
Amp-Sulb 24.3 28.9 29.3 22.0
Cefotaxime 35.4 32.4 38.6 37.1
Ceftazidime 1.3 1.8 12.7 10.2
L . Cefefime 21.4 20.3 24.8 20.2
"(:fof”"_h&g’)” Azireonam 1,112 21.2 1,772 208 1,724 24.6 1,939 20.0
= Imipenem 0.1 0.2 0.1 0.2
Gentamicin 29.6 26.6 27.1 26.36
Ciprofloxacin 39.4 35.8 42.7 4“1
Tigecycline 0.2 0.1 0 0.1
Colistin 0.1 0.2 0.1 0
Ampicillin 69.3 68.8 69.6 n.i
Amp-Sulb 25.3 29.8 21.7 22.2
Cefotaxime 31.6 31.3 33.2 37.5
Ceftazidime 9.9 10.3 10.2 9.8
o . Cefefime 17.7 17.6 18.1 18.3
Escherichia coli—  t-eonam 4,474 17.4 7,874 7.9 7,055 18.4 7,270 17.9
(2, n=26,873) ,
Imipenem 0 0 0.1 0.1
Gentamicin 30.9 27.1 27.4 28.9
Ciprofloxacin 445 40.9 40.7 45.0
Tigecycline 0.1 0.1 0.1 0.02
Colistin 0.2 0.2 0.1 0.03
Piperacillin 29.8 28.9 31.0 29.6
Amp-Sulb 24.2 27.0 26.1 20.5
Cefotaxime 27.0 26.1 27.1 24.9
Ceftazidime 20.0 21.2 20.7 16.8
Klebsiella Cefefime 19.5 20.6 20.5 17.0
pneumoniae Aztreonam 426 22.8 693 23.4 701 24.0 716 19.8
(2%, n=2,536)  Imipenem 1.6 0.7 1.4 1.0
Gentamicin 13.8 12.0 14.8 12.8
Ciprofloxacin 20.2 18.9 22.7 17.6
Tigecycline 1.4 0.6 2.1 2.1
Colistin 0.7 0.6 0.4 1.0
Piperacillin 45.1 45.0 19.1 48.0
Amp-Sulb 36.6 39.9 4.3 37.5
Cefotaxime 39.7 39.0 41.8 41.8
Ceftazidime 28.9 28.8 28.1 25.8
Klebsiella Cefefime 27.5 26.6 27.9 26.9
pneumoniae Aztreonam 823 31.5 1,256 32.1 1,299 9.9 1,295 9.0
(2, n=4,673) Imipenem 0.5 1.4 0.6 1.2
Gentamicin 19.8 22.3 21.7 25.8
Ciprofloxacin 32.8 31.9 32.5 31.9
Tigecycline 2.6 1.4 2.2 4.6
Colistin 0.9 0.7 0.9 1.0
Cefotaxime 3.8 7.9 7.8 8.0
Salmonella Ceftazidime 2.9 6.1 6.9 7.5
species Imipenem 105 0 228 0 218 0 187 0
(EHH, n=546) Azithromycin 1.0 0.4 2.3 1.1
Ciprofloxacijn 0 3.0 3.2 4.3

* 9k01: Amp—Sulb: ampicilin—sulbactam

www.kdca.gokr 2013



M
>
X
N

0

fnp

Q= tigecycline & colistindl| CHet LHNEE 1% ORtCE HQUCE
S{0H o

o 91 @ E2| £ col®| MDR HIE2 ZIZH 50.0%, 52.8%X2H,

=

671X| o AL o LdS E0l= HIEE 17.0%,

14.6%2 SQIT|QICHIZ! 4).

L} Klebsiella pneumoniae

HitMoz @ FeE|F7t 9ot ZalFEnt el HEE0|

. Cefotaxime, ceftazidime, cefefimedi| CHeH LINES o
=0, 20193 Sl 2E|F = 24.9%, 16.8%,
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XDRZ oMElE @F7t 125F(0.4%) EIZACHIZ 3).
Carbapenem |8 eI LHEES CtA S7tst= Fel2 ERCH,

4001 A H JHL=| AEERUCLL RO 2 HYM0| SHEIUCT

O A

Z-C"E El'x'”LHé-)I |:||:| 'E' 7|:||'0:|0| 37|'o|'|3:|k'| XHA'- 8'-7' Alx_!-@-

colistinOf| Chat LA

Ch Salmonelia species

S40H
="

2016\
2.9%(13/35%), 20171 3.6%(23/56F), 20181 3.6%(2F/55%),
20194 6.4%(3%/47F)2 SoIx|QlCt, HH Ea|F
2016 3.8%(4Z/105%F), 20174 7.9%(18%F/228%), 20181

22| Salmonelia species®| cefotaxime LINELS

o oL

H 4. mU SEHENM E2E F2 HLSYORS Y7l A Lidig, 2016~2019
_ 2016 2017 2018 2019
s SN 7
o HE(%) o LI E(%) ZAFE LHEE(%) oAF+ HEE(%)
Piperacillin 1.8 14.1 12.1 11.0
Pip-Tazob 9.8 12.1 8.9 9.9
Ceftazidime 9.8 141 12.7 12.6
Cefepime 1.8 10.7 13.4 14.3
Pseudomonas .
aeruginosa  mPenem 102 176 149 195 157 178 182 258
(&0 n=590) Merope.nem 14.7 18.1 24.2 23.6
’ Amikacin 6.9 5.4 7.6 14.8
Gentimicin 10.8 8.7 12.1 17.0
Ciprofloxacin 15.7 15.4 20.4 20.3
Colistin 0 0 0 0
Piperacillin 88.5 93.1 89.5 90.8
Amp-Sulb 7.0 81.3 76.2 77.8
Cefazidime 84.7 87.7 86.7 90.8
Cefepime 87.8 92.6 90.5 91.4
Acinetobacter Imipenem 87.8 92.1 89.0 90.3
baumannii Meropenem 131 87.8 203 92.1 210 89.0 187 90.3
(¥, n=731)  Gentamicin 69.5 75.9 66.7 76.2
Ciprofloxacin 88.5 92.1 90.5 90.8
Minocycline 1.5 2.0 0.5 12.2
Tigecycline 3.8 5.4 2.9 16.8
Colisin 0.8 0 0 0.5
Piperacillin 10.5 9.4 24.3 8.1
Amp-Sulb 2.6 9.4 5.4 2.7
Cefazidime 5.3 3.1 13.5 10.8
Cefepime 7.9 3.1 10.8 13.5
Non-baumannii ~ Imipenem 5.3 3.1 13.5 8.1
Acinetobacter Meropenem 38 5.3 32 3.1 37 13.5 38 8.1
(2494, n=145) Gentamicin 15.8 6.3 8.1 5.4
Ciprofloxacin 10.5 6.3 13.5 18.9
Minocycline 0 0 0 0
Tigecycline 0 0 0 2.7
Colisin 0 0 0 0
* OF0{: Pip—Tazob: piperacillin—tazobactam; Amp—Sulb: ampicilin—sulbactam
www.kdca.gokr 2014
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Trends of antimicrobial resistance rates of major clinical pathogens isolated from
general hospitals in Korea in 2016-2019: results from Kor-GLASS

Kim Jung Wook, Bae Song Mee, Lee Sung Young, Yoo Jung Sik

Division of Antimicrobial Resistance Research, Center for Infectious Disease Research, National Institute of Infectious Diseases (NIID), Korea
National Institute of Health (KNIH), Korea Disease Control and Prevention Agency (KDCA)

Choo Soo Young

Division of Antimicrobial Resistance Control, Bureau of Healthcare Safety and Immunization, KDCA

Kor-GLASS group

The Korea Centers for Disease Control and Prevention (renamed the Korea Disease Control and Prevention Agency [KDCA])
established an antimicrobial resistance (AMR) surveillance system, compatible with the GLobal AMR Surveillance System
(GLASS), called Kor-GLASS, in 2016. The aim of this report was to analyze the results of the AMR status of major resistant
bacteria collected through the operation of Kor-GLASS from 2016 to 2019. Among 303,928 blood cultures, 15,116 target
pathogens were recovered. The predominant bacterial species were Escherichia coli (n=6,547), Klebsiella pneumoniae
(n=2,536), and Staphylococcus aureus (n=2,532). From 286,951 urine cultures, 26,873 E. coli and 4,673 K. pneumoniae were
recovered. The rate of methicillin-resistant S. aureus (MRSA) decreased from 53.5% in 2016 to 48.6% in 2019, while the
rate of vancomycin-resistant Enterococcus faecium (VRE) remained steadily high. The resistance rates to cefotaxime of E.
coliisolated from blood increased from 35.4% in 2016 to 37.1% in 2019, and those of E. col/i and K. pneumoniae
isolated from urine also increased. The majority of these strains carried the CTX-M type extended-spectrum beta-lactamase
(ESBL) gene. The rates of resistance to carbapenems, which is used for treatment of ESBL-producing gram-negative
bacterial infections, were as low as 2% or less in Enterobacterales. On the other hand, the carbapenem resistance rates in
Pesudomonas aeruginosa and Acinotobacter baumanniiin 2019 were relatively high at 23.6% and 90.3%, respectively.
Kor-GLASS generated well-curated surveillance data devoid of collection bias or isolate duplication, including patient data
associated with the bacterial cultures. The results of this surveillance can provide basic data for making management
policies to overcome AMR.

Keywords: Antimicrobial resistance, GLASS, Kor-GLASS, MRSA, VRE, CRE, ESBL

www.kdca.gokr 2018
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Figure 1. Global Antimicrobial Resistance Surveillance System in Korea (Kor—GLASS) system in 2019

A. Blood (n=303,928) B. Urine (n=286,951)

60,000 60,000
» 50,000 » 50,000
= £
2 40,000 2 40,000
8 8
‘5 30,000 G 30,000
g 20,000 E 20,000
E E
E E
Z 10,000 Z 10,000

0 0
(1 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 285 (1 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 285
Age group Age group
@ Community origin (1=249,075) B Hospital origin (n=54,853) @ Community origin (1=232,116) B Hospital origin (n=54,835)
C. Stool (n=50,513) D. Genital (n=17,608)

10,000 6,000
£ 8,000 @ 5,000
I I
2 2 4,000
8 6,000 g
5 ‘5 3,000
5 o0 z 2,000
£ 5
= 2,000 Z 1,000

0 0
(1 1-4 5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 285 [{ 1-4  5-14 15-24 25-34 35-44 45-54 55-64 65-74 75-84 285
Age group Age group
B Community origin (1=28,770) B Hospital origin (1=21,743) B Community origin (1=15,762) B Hospital origin (n=1,846)

Figure 2. Number of patients samples for bacterial culture, by specimen and age group
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Table 1. Number of target pathogen by specimen, 2016—2019

Blood Staphylococcus aureus 398 708 743 683 2,532
Enterococcus faecalis 116 175 181 651 651
Enterococcus faecium 137 288 217 308 1,010
Streptococcus pneumoniae 15 54 48 36 153
Clostridioides difficile - - 1 28 29
Escherichia coli 1,112 1,772 1,724 1,939 6,547
Klebsiella pneumoniae 426 693 701 716 2,536
Salmonella spp. 35 56 55 47 192
Shigella spp. 0 0 0 0 0
Pseudomonas aeruginosa 102 149 157 182 590
Acinetobacter baumannii 131 203 210 187 731
non—-baumannii Acinetobacter 38 32 37 38 145
Urine Escherichia coli 4,474 7,874 7,255 7,270 26,873
Klebsiella pneumoniae 823 1,256 1,299 1,295 4,673
Stool Salmonella spp. 71 172 163 140 546
Shigella spp. 0 1 2 0 3
Clostridioides difficile - - 409 277 686
Genital Neisseria gonorrhoeae 0 1 0 0 1
CSF Streptococcus pneumoniae 0 6 2 0 8
A 0%  20% 40% 60%  80%  100% & 0%  20% 40% 60%  80% 100% ¢ 0%  20%  40%  60%  80%  100%
S. aureus S. aureus S. aureus
E. faecalis E. faecallis E. faecalis
E. faecium E. faecium E. faecium

S. pneumoniae

C. difficile

E. coli (blood)
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Figure 3. Distribution of (A) sex, (B) age group, (C) infection origin by specimen
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Table 2. Antimicrobial resistance rates of major gram—positive pathogens, 2016—2019

Antimicrobial 2016 2017 2018 2019
Species No. of b No. of No. of 5 No. of .
e strains RI(%) strains Rit] strains Ri(%) strains R(%)
Cefoxitin 53.5 53.2 471 48.6
Erythromycin 42.0 38.7 35.3 35.1
Clindamycin 28.4 24.7 20.9 19.0
Staphylococcus ~ Mupirocin 8.0 8.1 12.0 13.3
aureus Quin-Dalf 1.8 0.7 0.1 0.3
Trim=Sulf 3% 1.3 108 0.1 s 0.7 083 1.2

(blood, n=2,532)  vancomycin 0 0 0 0
Teicoplanin 0 0 0 0

Linezolid 0 0 0 0
Tigecycline 1.8 0.4 4.4 5.0
Ampicillin 0 0.6 1.7 5.5
Ciprofloxacin 33.6 411 39.7 35.4
Gentimicin—HL 25.9 26.9 29.6 221
Enterococcus  gyentomycin-HL 78 6.3 5.6 6.6
faecalls Tetracycline 116 70.7 175 737 179 749 181 68.5
(blood, n=651) Vancomycin 0 0.6 0.6 1.7
Teicoplanin 0 0.6 0.6 1.7
Linezolid 0 1.1 0 1.7

Tigecycline 0 0 0 0
Ampicillin 90.5 89.6 91.0 90.3
Ciprofloxacin 90.5 89.9 90.3 90.8
Gentimicin—HL 21.2 18.1 21.3 23.7
Enterococcus ~ Streptomycin—HL 3.6 1.0 0 0.6
faecium Tetracycline 1.7 14.9 15.9 12.0
Quin-Dalf 137 8.8 288 3.1 2n 6.1 308 8.4
(blood, n=1,010)  vancomycin 29.9 34.0 39.4 40.9
Teicoplanin 20.4 18.8 271 34.7

Linezolid 0.7 0 0 0

Tigecycline 0 0.3 0 0
Penicillin 0 9.3 8.3 2.8
Amox—Clav 6.7 18.5 25.0 27.8
Streptococcus ~ Cefotaxime 0 1.9 6.3 2.8
pneumoniae Ceftriaxone 0 1.9 10.4 2.8
Cefuroxime 15 60.0 o 68.5 8 66.7 3 72.2
(blood, n=153)  Erythromycin 80.0 75.9 77.1 83.3
Levofloxacin 0 3.7 2.1 2.8
Trim—=Sulf 26.7 31.5 27.1 25.0
Ampicillin - - 1.5 20.0
Cefotetan - - 33.2 25.9
Imipenem - - 441 48.2
Clostridioides ~ Clindamycin - - 68.3 70.5
difficile Chloramphenicol ) - . - 1o 1.2 %05 0.7
Tetracycline - - 16.6 14.4
(stool, n=715) " Rifaximin - - 16.8 13.1
Moxifloxacin - - 444 39.3

Vancomycin - - 0 0

Metronidazole - - 0 0

*Abbreviations: Quin—Dalf, quinupristin—dalfopristin; Trim—Sulf, trimethoprim—sulfamethoxazole; Gentimicin—HL, High—level

gentimicin; Streptomycin—HL, High—level streptomycin; Amox—Clav, amoxicillin—clavulanic acid

www.kdca.gokr 2021
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Table 3. Antimicrobial resistance rates of major Enterobacterales, 2016—2019

I 2016 2017 2018 2019
Species MICrooI
i ane RO gmpc RGO QG0 RGO oo RO
Ampicillin 65.2 65.3 68.0 67.5
Amp-Sulb 24.3 28.9 29.3 22.0
Cefotaxime 35.4 32.4 38.6 371
Ceftazidime 1.3 1.8 12.7 10.2
L . Cefefime 21.4 20.3 24.8 20.2
Escherichia coli /o onam 1,112 21.0 1,772 20.8 1,724 246 1,939 20.0
(blood, n=6,547) }
Imipenem 0.1 0.2 0.1 0.2
Gentamicin 29.6 26.6 27.1 26.36
Ciprofloxacin 39.4 35.8 42.7 11
Tigecycline 0.2 0.1 0 0.1
Colistin 0.1 0.2 0.1 0
Ampicillin 69.3 68.8 69.6 n.i
Amp-Sulb 25.3 29.8 27.7 22.2
Cefotaxime 31.6 31.3 33.2 37.5
Ceftazidime 9.9 10.3 10.2 9.8
L . Cefefime 17.7 17.6 18.1 18.3
Escherichia coli 1o onam 4,474 17.4 7,874 17.9 7,055 18.4 7,270 17.9
(urine, n=26,873) }
Imipenem 0 0 0.1 0.1
Gentamicin 30.9 27.1 27.4 28.9
Ciprofloxacin 44.5 40.9 40.7 45.0
Tigecycline 0.1 0.1 0.1 0.02
Colistin 0.2 0.2 0.1 0.03
Piperacillin 29.8 28.9 31.0 29.6
Amp-Sulb 24.2 27.0 26.1 20.5
Cefotaxime 27.0 26.1 271 24.9
Ceftazidime 20.0 21.2 20.7 16.8
Klebsiella Cefefime 19.5 20.6 20.5 17.0
pneumoniae Aztreonam 426 22.8 693 23.4 701 24.0 716 19.8
(blood, n=2,536)  Imipenem 1.6 0.7 1.4 1.0
Gentamicin 13.8 12.0 14.8 12.8
Ciprofloxacin 20.2 18.9 22.7 17.6
Tigecycline 1.4 0.6 2.1 2.1
Colistin 0.7 0.6 0.4 1.0
Piperacillin 45.1 45.0 19.1 48.0
Amp-Sulb 36.6 39.9 41.3 37.5
Cefotaxime 39.7 39.0 41.8 41.8
Ceftazidime 28.9 28.8 28.1 25.8
Klebsiella Cefefime 27.5 26.6 27.9 26.9
pneumoniae Aztreonam 823 31.5 1,256 32.1 1,299 9.9 1,295 9.0
(urine, n=4,673)  Imipenem 0.5 1.4 0.6 1.2
Gentamicin 19.8 22.3 21.7 25.8
Ciprofloxacin 32.8 31.9 32.5 31.9
Tigecycline 2.6 1.4 2.2 4.6
Colistin 0.9 0.7 0.9 1.0
Cefotaxime 3.8 7.9 7.8 8.0
Salmonella Ceftazidime 2.9 6.1 6.9 7.5
species Imipenem 105 0 228 0 218 0 187 0
(stool, n=546) Azithromycin 1.0 0.4 2.3 1.1
Ciprofloxacijn 0 3.0 3.2 4.3

*Abbreviations: Amp—Sulb, ampicilin—sulbactam

www.kdca.gokr 2022
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Table 4. Antimicrobial resistance rates of non—fermenting gram—negative bacilli, 2016—2019

Anfimicrobial 2016 2017 2018 2019
Species No. of No. of No. of No. of
agents strains R (%) strains R (%) strains R (%) strains R (%)
Piperacillin 1.8 141 12.1 1.0
Pip—-Tazob 9.8 12.1 8.9 9.9
Ceftazidime 9.8 14.1 12.7 12.6
Cefepime 1.8 10.7 13.4 14.3
Pseudomonas ;
aeruginosa Imipenem 102 7.6 149 195 157 7.8 182 28
(blood, n=590) l\/leropelnem 14.7 18.1 24.2 23.6
Amikacin 6.9 5.4 7.6 14.8
Gentimicin 10.8 8.7 12.1 17.0
Ciprofloxacin 15.7 15.4 20.4 20.3
Colistin 0 0 0 0
Piperacillin 88.5 93.1 89.5 90.8
Amp—Sulb 71.0 81.3 76.2 77.8
Cefazidime 84.7 87.7 86.7 90.8
Cefepime 87.8 92.6 90.5 91.4
Acinetobacter Imipenem 87.8 921 89.0 90.3
baumannii Meropenem 131 87.8 203 92.1 210 89.0 187 90.3
(blood, n=731) Gentamicin 69.5 75.9 66.7 76.2
Ciprofloxacin 88.5 92.1 90.5 90.8
Minocycline 1.5 2.0 0.5 12.2
Tigecycline 3.8 5.4 2.9 16.8
Colisin 0.8 0 0 0.5
Piperacillin 10.5 9.4 24.3 8.1
Amp-Sulb 2.6 9.4 5.4 2.7
Cefazidime 5.3 3.1 13.5 10.8
Cefepime 7.9 3.1 10.8 13.5
non—-baumannii Imipenem 5.3 3.1 13.5 8.1
Acinetobacter Meropenem 38 5.3 32 3.1 37 13.5 38 8.1
(blood, n=145) Gentamicin 15.8 6.3 8.1 5.4
Ciprofloxacin 10.5 6.3 13.5 18.9
Minocycline 0 0 0 0
Tigecycline 0 0 0 2.7
Colisin 0 0 0 0
*Abbreviations: Pip—Tazob, piperacilin—tazobactam; Amp—Sulb, ampicillin—sulbactam
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Figure 4. The rates of multi-drug resistance (MDR) of major pathogen
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