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This study was conducted on the incidence of as carbapenemase-resistant £ntero-
bacteriaceae (CRE) infection and carbapenemase-producing Enterobacteriaceae
(CPE) gene distribution in Busan to prepare basic data for preventing the spread
of CRE infection by confirming the regional characteristics of CRE infection. The
total of 2,429 strains from 92 clinics were obtained from rectal swab, sputum,
stool, urine, blood, wound, bile, transtracheal aspiration, pus, ascetic fluid, bronchial
washing, catheter tip, genital, skin, sore, tissue, from January to December 2022.
The CRE infection was tested by the method tested by the Korea Disease Control
and Prevention Agency (KDCA). Species identification was confirmed by VITEK 2.
Klebsiella pneumoniae which was detected in 1,698 (70.2%), was the most
common isolated CRE, followed by Escherichia coliin 430 (17.8%), Enterobacter
cloacae 90 (3.7%) and Citrobacter freundii 44 (1.8%). Among the identified
CREs, 2,029 (83.5%) strains were identified as CPE. More than half of the detected
CPE types were 1,680 (69.2%) of KPC-2 (Klebsiella pneumonia carbapenases-2),
followed by 166 (6.8%) of NDM-1 (New Delhi metallo-B-lactamase-1), 58 (2.4%)
of KPC-3, and 51 (2.4%) of NDM-5. These findings provide good basic data for
comprehensive surveillance of CREs, suggesting that KPC and NDM are widespread
in Busan. In the analyzed CRE samples, Ertapenem resistance was the most com-
mon at 99.5%, imipenem resistance 72.3%, meropenem resistance 67.9%, and
doripenem resistance 48.7%. It is expected that this study can be used as basic
data for preparing suitable countermeasures against CRE infection in the com-
munity in the future.

Key Words: Carbapenem-resistant Enterobacteriaceae (CRE), Carbapenem-producing
Enterobacteriaceae (CPE), Carbapenem, Klebsiella pneumoniae, Klebsiella pneumonia
carbapenemase (KPC)
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7tHIH A2 B-lactam A€ A & SHLIZ, -lactam A€ S = DHSEZ0 FOi 205 0] 22JZ0I|M 7+ ZEHA AL
£| 20 QUACH FHEHHE2 B-lactam A E A SOIME S FHO| 7HY H2 SYAZ A= HYM 2SH22 AL E[L ULt (6). T
A2 2 2L 20| HL|d2l 2 THHio] ol 0IY=S SUCt (7). 718 g2l 2 7|42 718t d S 2dlists =
20l carbapenemase0i 2|5t edA|Q] 2SO0 AHSMTe E oF ¢ RUAL 82 HO0|7t 25| 0|F0{2|7| 1
=20 CPE Z4FS SAte| 32 At 2t 20|12 st YT LYol 2/&0| =Lt E2t ofL|et A LY RUALE 7HA = S2tA0|29| B
< ChE A= WEE 7= + AEE 22 oA HEIof| Aets 7tH 20 Ol UEo| gl UMD S 4ZS1 Blusids
o FH L =2 S AIYEL ABH|IE 45 S22 BAH &4S LT (8, 9)
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CRE 22|17 £ Klebsiella pneumoniae (K. pneumoniae)?t 7 MAIHSZ o] A& QL
He U | CRE HYS F 68.6%E Aot RUCH (10). K. pneumoniae 7 tHHH|'E Fol| &
carbapenemase)22 LA Y0 M MAHLZ 757122 RUHE 41 ULt f2|Lt2
YO =2 LIEHLE ATEH(11).
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2, 29Wa S /27| 0/80| &1, 015 9|27| 22 CRE 2 ABA O|27|2E FHOR 2t Y
297}, 9iEl 517 ERII A £E 20 H2S S5 CRE 2BZO| ATk 20| LojLp| 2Tk (10, 12, 13). G2HA ol27|E
LjoIAf CPE 24 SHAHZ SH= 0| CRE 2% 2H219] 314l0jatn & 4 2ict (6)

SN2 201510] 14.6% A Bt 654 Q1 TE|B0] 2021HOE 20%S B 2NBAEIR AYFIAUC, Fito| 2| Y
2 774 S¥- YAl 5 X20[0 P2|Uf2te] 2NYALS| Y Al7|BCESHO| BECH 0[0] 2 HT0IAE 2022H1E $AR| 27 o=
JIROIN ZAL Ol2IE FRE ChOR FUNTERE BB, JIHTY 43 A 244 AIY U F6iTY 2aas 1050 K124 Y
2 ZAIS S5 CRE 2370 F1BHTY LY 2%, U Aol 21 318 U S42 THofsto] o|2712 U 2B RIS I8 7|2 24RE A
25D 00] T2 B2tk £2A0| 7|8HS OISk BiC

MATERIALS AND METHODS

HRCHhA

20223 1SS 128712 U 4=3EHE, S ] S 9271 2|2 7| 0| MacConkey agar %+ blood agarof| AH|CH
BHISHO] AL Q2| FF 2,429FE M2 AES MAISHACE

e

10Z9| 7HHtH|E L QR HE HANKPC, A pneumoniae carbapenemases; NDM, New Delhi metallo-p-lactamase; OXA,
Oxacillinases; IMP, Imipenemase; VIM, Verona integron-mediated metallo-B-lactamase; GES, Guiana extended-spectrum;
SPM, Sao Paulo MBL; SIM, Seul imipenemase; GIM, German imipenemase; SEM, Serratia marcescenes enzyme), 4=9| 7ttt
| SHlA| LA ZAbertapenem, imipenem, doripenem, meropenem), Vitek 2 Compact (BioMerieux, Marcy I'Etoile, France)
ZH|E 0|&3510] O|Z0| 712 12 = =55 RURIAE A522 24510 HUM 0E S AAE HAISHALE

=
320l 5%

o|Z7|oAN 22|E Z=E FHHIEA Ao WMol ALMTS MZAEE 22| 8 7Hs8 CHROM KPC agar (Hankang
Media Co., Gunpo, Korea)ofl Z&5}04 37 CO|A 24A|ZH HIY & YE2M =

Difco, Sparks, MD, USA) SHH2[0f| 7|10 37COIAM 18~24A[7t BIXSI0] 4= 2 2|5tQUCt, et SHE 2ol HiYst &8 2~3
7Hel Hehe HE22 2510 0.45% NaCl 82 3 mLE HESHY 0.6 McFarland2 3|45t & 2247 E As22 8 + 2
GN card (BioMerieux, Durham, NC, USA)Z 0|25} Vitek 2 Compact ZH|2 %|Z &QI5ILCt

1 i
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o 7t 0|2 He| Uof| JEF Mo HERMHO| Bl E ZHote HELE AHEE|= McFarland?t 0.57f &|&5 &
Cation Adjusted Mueller-Hinton Broth (Thermo Scientific, Cheshire, United Kingdom) 11 mLO| & 10 L
vortexingatQiCt, FHHH|Y H| Y S| 4Z(ertapenem, imipenem, doripenem, meropenem)0| SZHZ =l Sensititre™ KORN
MIC plate (Thermo Scientific, West Sussex, United Kingdom)d|| #240| 27t&l CA-MHB %S 50 pL% E=5t & sealing tape
£ 20 37COAM 16~20A|2F BHSSIRCE 2+ wello|A] 0] At2tR| Y= 2|4 =55 Minimal Inhibitory Concentration (MIC) 24
Ho=2 SISt RITHAALCIS F0I| = A EFE 2 A|Alot= =A|A 7|72 Clinical and Laboratory Standards Institute (CLS)2| 7|
20| w2t HESIUCH BRFRE Enterococcus faecalis ATCC 292125 AHRSHRICE

U i

A= 1.5 mL microcentrifuge tubed| £R7AIH 100COHIAM 1522+ 71E5t22 4COAM

OHS template DNAZ ARSI Tt SB-Plex™ CRE Detection Kit (SNB, Gwangmyeong,
Korea)& AtESHO] A2 AL fHo2 PCRS AAISHY FHHtm|d 234 10Z(KPC, NDM, OXA, IMP, VIM, GES, SPM,
SIM, GIM, SEM) RZ}IE &RISIAUCt. SELAE2 A5 W7|FS &2|(QlAxcel, QIAGEN, Hilden, Germany)2 87|d&35t0] £0|
BIEZ SHOISHQICH 2 ZEALS 3101 & JiHIm|d &AL KUR 8§ 012 2510 Maxime™ PCR PreMix (Intron, Seongnam,
Korea)2 AFE35H0] Primer (Bioneer, Daejeon, Korea) 2 L, Template DNA 2 L2 75l PCRE £33t & HI|MY BAE 0|2|5}
¥ CHGenoTech Co., Daejeon, Korea). AS0|| AtESH Primer= Table 12+ ZCt (14).

O = A
ezttt 72 B2 SR
=

7t 29
13,000 rpm, 527t YA Hs

x

=
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Table 1. Primers used for carbapenemase gene PCR

Target genes Primer name Sequence (5' to 3") Size (bp)
o IMP Forward TGA GCA ATG TAT CTG TAT TC 240
[imipenemase] Reverse TTA GTT GCTTGG TTT TGA TG
OX.A'-48 Forward TTG GTG GCA TCG ATT ATC GG 743
[oxacillinase) Reverse GAG CACTTC TTT TGT GAT GGC
. ' VIM Forward TGG TCT ACA TGA CCG CGT CT 766
[Verona integrin-encoded metallo-B-lactamase] Reverse CGA CTG AGC GATTTG TGT G
. NDM Forward CAA TAT TAT GCA CCC GGT CG 220
[New Delhi metallo-B-lactamase] Reverse ATC ATG CTG GCCTTG GGG AA
' KPC Forward ATG TCA CTG TAT CGC GGT CT 893
[Klebsiella pneumonia carbapenemase] Reverse TTT TCA GAG CCT TAC TGC CC
. GES Forward GCG CTT CAT TCA CGC ACT AT 753
[Guiana extended-spectrum B-lactamase] Reverse GCG TAATCT CTC TCC TGG GC
SME Forward AAC GGCTTCATTTIT G 830
[Serratia spp.] Reverse GCT TCC GCA ATA GTT TTA TCA
GIM Forward TCG ACA CACCTT GGT CTG AA 477
[German Imipenemase] Reverse AAC TTC CAA CTT TGC CAT GC
S]I\/I Forward TAC AAG GGATTC GGC ATC G 570
[Seoul Imipenemase] Reverse TAA TGG CCT GTT CCC ATG TG
SPM Forward AAA ATC TGG GTA CTC AAA CG 271
[Sao Paulo metallo-B-lactamase] Reverse ACA TTA TCC GCT GGA ACA GG
*
165 rRNA Reveme  TAC GGYer TACCH GTTACGACTT 1465

*M:AorC, **Y:CorT
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RESULTS

ol=7|H8 2&

927 S| 7|BOIA O|2|E 2,42978 IR 0= 7|2 BER 201, 4IFES 3| AoIM 518%(21.3%), 52 2374 &
OlAf 1,168%(48.1%), 52 207§ €M 313%(12.9%), LU 4271 0IA 424%(17.5%), 1 | 474 QIKOIN 65(0.2%)7
E2IEI5(C (Table 2, SBLYE & SHYROIN 10 £} 82, o/27[21 2 33 g Ueol U= X S0| ILE OIS
o= 2EICt(15). CREQ| F2 2 2910| F7I2t YA, BHYUSAL, A5 SO2 U2 U7 TR0 (16) 4IFE Y
o ZEYUT Y| YEIAS HHE5BA ZYR0I0) =B0| BUCKD AREIC

ATHEH 21201 2953 (53.3%)22 712 WUSH UG 35652(14.7%), CHEH 222F(9.1%), 28 211
8%), M 58F(2.4%), T 45F(1.9%), E7|&EC!(transtracheal aspiration) 30F(1.2%), 2&(Pus)
|E} 91F(3.7%)22 CIHYSIFC} (Table 3).

G4 2,429 & 2,418F7 FUAMT22 99.5%F 2A|SIRALt 198 2,418F S K. pneumoniae?t 1,698F(70.2%)2 7t&
ar0| 22|51, Ol= AYa2|del 2021 2L CRE ZYS M1 st} ARSIt Escherichia coli (E. col)) 4305(17.8%),

Table 2. Distribution of carbapenem-resistant £nterobacteriaceae (CRE) by Medical institution type

Medical institution type Hospital No. No. of isolation(%)
Advanced general hospital 3 518 (21.3)
General hospital 23 1,168 (48.1)
Hospital 20 313(12.9)
Long-term care hospital 42 424 (17.5)
Clinic 4 6(0.2)
Total 92 2,429

Table 3. Distribution of specimen by carbapenem-resistant £nterobacteriaceae (CRE) isolates

Specimen No. of isolation (%)
Rectal swab 1,295 (53.3)
Sputum 356 (14.7)

Stool 222 (9.1)
Urine 211 (8.7)
Blood 93 (3.8)
Wound 58 (2.4)
Bile 45 (1.9)
Transtracheal aspiration 30(1.2)
Pus 28 (1.2)
Others 91 (3.7)
Total 2,429 (100)

122 Copyright © 2023 Journal of Bacteriology and Virology
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Enterobacter cloacae (E. cloacae) 90F(3.7%), Citrobacter freundii (C. freundi) 445(1.8%), Enterobacter aerogenes (E.
aerogenes) 34%(1.4%), Serratia marcescens (S. marcescens) 29F(1.2%) & O|FC} (Table 4). 20214 =W &2| Zt8iH|'dlA| &
MA LA HLIMEEZo| 22 22X 5 20 K pneumoniae 68.6%, £ coli 14.3%, E. cloacae 84%, C. freundii2.6%, 7|E}
Enterobacteriaceae 6.1% 2 & AHAQl EAZ|HO| F3 2 ATt QAL (8). Bl ZUMTS Adinetobacter baumannii 85,
Stenotrophomonas maltophilia 23, Pseudomonas aeruginosa 132 £ 3Z 11571 2|5/t

TR S| LA B
T St

M| 2 AAFED= CLSI 7|20 T2t imipenem, doripenem, meropeneme 4 ug/mL, ertapenem< 2 ug/mL
Aol 22 YHo 2 TEEIRACE imipenem?| AR At WES 7H2| 1 Je @E(Proteus spp., Providencia spp.) 147 H 2|5t
SMSIAUCE H FUAMlZ 115 A2l 2,418F0] Chal 2|A AH s=(MICO)E SM8H 21 CRER 2,2325(92.3%), CIE (carba-
penem-intermediate Enterobacteriaceae) 101F(4.2%), CSE (carbapenem-susceptible Enterobacteriaceae) 85F(3.5%)2
EH0IZ|QCt. LHAFE ertapenem 99.5%, imipenem 72.3%, meropenem 67.9%, doripenem 48.7% =22 L{A40| &Qlx|QACt
(Table 5). 24| L RS2 U 712| A0 2F WES 2= @F=(mipenem-ertapenem-meropenem-doripenem)Zt 41.5%(1,002
Z)2 71 o] ZRI|QCt ertapenem HHEC 2 LIMEE Zh= FF7H4655(19.2%), imipenem-ertapenem-meropenem LA 83
= 3F71 3665(15.1%), imipenem-ertapenem WA SHS Z= #F7+ 222F(9.2%), ertapenem-meropenem WA SHS 2
= #F7t 785(3.2%), ertapenem-meropenem-doripenem WA S3E L= #F7t 54F(2.2%) 22 LIHA| {2 265
6)0|5t2 2IStRCt. Ol= 2017 ~2020'F S A LM 2t sLete &l & JUUCH (4).

o
(1.1%)

Table 4. Identification results of collected carbapenemase-resistant £nterobacteriaceae (CRE)

Species Strains (%) Species Strains (%)
Klebsiella pneumoniae 1,698 (70.2) Citrobacter koseri 6(0.2)
Escherichia coli 430 (17.8) Pantoea spp. 6 (0.2)
Enterobacter cloacae 90 (3.7) Raoultella planticola 6 (0.2)
Citrobacter freundii 44 (1.8) Enterobacter asburiae 5(0.2)
Enterobacter aerogenes 34 (1.4) Lelliottia amnigena 2 5(0.2)
Serratia marcescens 29 (1.2) Citrobacter farmeri 4(0.2)
Klebsiella oxytoca 25(1.0) Proteus mirabilis 4(0.2)
Providencia rettgeri 12 (0.5) Kluyvera cryocrescens 2(0.1)
Citrobacter amalonaticus 10 (0.4) Proteus hauseri 1(0)
Citrobacter braakii 7(0.3)
Total 2,418

Table 5. Rate of carbapenem minimum inhibitory concentration by carbapenem-resistant £nterobacteriaceae (CRE) isolates

Antimicrobial agent No. of isolate (%)

(ug/mL) <0.25 0.5 1 2 4 8 16 32 32

Ertapenem 1 5 6 214 430 742 394 218 222

P (0) (0.2) (0.3) (9.6) (19.3) (33.2) (17.7) 9.8) (9.9)

Imipenem 12 145 169 292 752 529 155 76 102

P (0.5) (6.5) (7.6) (13.1) (33.7) (23.7) (6.9) (3.4) (4.6)

Meropenem _ 88 186 442 642 405 227 99 143

P 39 (83 (198 (288  (181) (102) 44  (6.4)

. 148 337 661 483 245 146 77 135
Doripenem -

(6.6) (15.1) (29.6) (21.6) (11.0) (6.5) (3.4) (6.0)
% Resistance : Imipenem, Meropenem, Doripenem >4, Ertapenem >2

www.ksmkorea.org / www.ksov.org 123
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Proteus hauseri (n=1)

Kluyvera cryocrescens (n=2)
Proteus mirabilis (n=4)
Citrobacter farmeri (n=4)
Lelliottia amnigena 2 (n=5)
Enterobacter asburiae (n=>5)
Raoultella planticola (n=6)
Pantoea spp. (n=6)

Citrobacter koseri (n=6)
Citrobacter braakii (n=7)
Citrobacter amalonaticus (n=10)
Providencia rettgeri (n=12)
Klebsiella oxytoca (n=25)
Serratia marcescens (n=29)
Enterobacter aerogenes (n=34)
Citrobacter freundii (n=44)
Enterobacter cloacae (n=90)
Escherichia coli (n=430)
Klebsiella pneumoniae (n=1698)
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’Deteced Number of the Carbapenem-Intermediate £nterobacteriaceae (CIE)
3Deteced Number of the Carbapenem-Susceptible Fnterobacteriaceae (CSE)

Fig. 1. Results of carbapenem minimum inhibitory concentration by types of Enterobacteriaceae.

ZUMZe 2 222 2,418F 2 K pneumoniae?t 1,6523(68.3%)2 L +0| 7+ AUt 0l 2017~2020E AHH

oEHEE °
2| Ao ZHA| Aot ARSI (4). O TI222 £ coli 341F(14.1%), E. cloacae 735F(3.0), C. freundii 31F(1.3%), E.
aerogenes 30F(1.2%), S. marcescens 275F(1.1%), K. oxytoca 24(1.0%), Providencia rettgeri (P. rettgeri) 115(0.5%) &=

o= 2= At (Fig. 1).

=

CPE Q1Y

i

2,429% & CPE 4£0| 2,029 1 7tHtH|dl 254 RHUAL £ KPCIt1,749F(72.0%)2 71 20| &9l £|91, NDMO| 2195
(9.0%), OXA 185(0.7%), IMP 45(0.2%) 2 EQI=|ACt FIHtm|E SsiEAE 27 0|4 7t2|= |&0| 39F(1.6%)R 1, CPE S
‘d(non-CPE)O| 389%F(16.0%)%Ct VIM, SME, GIM, SPM RHAt= EQIZ|Z| UYCH FZE BEEE K pneumoniael| BS
KPC7} 1,416%(83.3%)2 712 RAMISHAH LIEFT, £ coli= KPC 22174(51.4%), NDM 8374(19.3%)2 LIEIRICE £ cloacae=
CPE 2/40| 5171(56.7%)0|Z|2F KPC 1871(20%), NDM 167(17.8%)22 EQI=|UCt 7|Et FUMZEEEE0|AM= KPC 94
(47%), NDM 50724 (25%) & E. co/Rt At X EAC} (Fig. 2).

7tBtH 2 ol = A

(carbapenem-producing carbapenem-resistant Enterobacteriaceae) =7t 1,9194,

M ZUMTESTE CPEE 2,029H22 XA 249| 83.5% 5 A5t 20, CPE Y¥/40|HA CREQ! CP-CRE
CPE S40|HA CRE?Q! non-CP-CRE
(non carbapenem-producing carbapenem-resistant Enterobacteriaceae) @57+ 389 = 3137, CPE ¥MO|HA CIEQ!
CP-CIE (carbapenem-producing carbapenem-intermediate Enterobacteriaceae) w7+ 6171, CPE 40| CIEQ! non-CP-CIE
(non-carbapenem-producing carbapenem-intermediate Enterobacteriaceae) &7t 405, CPE ¥/AH0|HAM CSEQ!I CP-CSE
(carbapenem-producing carbapenem-susceptible Enterobacteriaceae) @37+ 4971, CPE S40|H A CSEQ! non-CP-CSE (non-
carbapenem-producing carbapenem-susceptible Enterobacteriaceae) @37+ 1124, 8] ZLIMIF0] 11H O|UCt (Fig. 3).
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Klebsiella pneumoniae Escherichia coli
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'Imipenemase (IMP)

20Oxacillinase (OXA)

3New Delhi metallo-B-lactamase (NDM)

“Klebsiella pneumonia carbapenemase Enterobacteriaceae (KPC)
>Two or more Carbapenem- Producing £nterobacteriaceae (MIX)
®Non Carbapenem- Producing £nterobacteriaceae (non-CPE)

Fig. 2. Carbapenemase distribution of carbapenem-resistant £nterobacteriaceae (CRE) by species.
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'Carbapenem- Producing Carbapenem-Resistant £nterobacteriaceae (CP-CRE)

°Non Carbapenem- Producing Carbapenem-Resistant £nterobacteriaceae (non-CP-CRE)
3Carbapenem- Producing Carbapenem (CP-CIE)

“Non Carbapenem- Producing Carbapenem-Intermediate £nterobacteriaceae (non-CP-CIE)
°Carbapenem-Producing Carbapenem-Susceptible Enterobacteriaceae (CP-CSE)

5Non Carbapenem-Producing Carbapenem-Susceptible £nterobacteriaceae (non-CP-CSE)

Fig. 3. Analysis results of carbapenemase-producing £nterobacteriaceae or carbapenemase-resistant £nterobacteriaceae infection.
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oZr|adz B 4TI HOIM CRE 481(92.9%), CPE 4323(83.4%), CP-CRE 407(78.6%)7t &QI=[A 1,

ZSHH 210

[=N=Ne]

M CRE 1,0635(91.0%), CPE 9635(82.4%), CP-CRE 908(77.7%), B&0IM CRE 290F(92.7%), CPE 256F(81.8%),
CP-CRE 2453%(78.3%), 2&HI0|A CRE 3927(92.5%), CPE 372(87.7%), CP-CRE 353F(83.3%), 1 2| 2|0 CRE 6
F(100%), CPE 6(100%), CP-CRE 6(100%)7+ ZQI=| ALt (Table 6).

Table 6. Rate of CRE, CPE, CP-CRE by Medical Institution type

No. of case (%)

Medical institution type

CRE? CPE® CP-CRES
Advanced general hospital (n=3) 481 (92.9) 432 (83.4) 407 (78.6)
General hospital (n=23) 1,063 (91.0) 963 (82.4) 908 (77.7)
Hospital (n=20) 290 (92.7) 256 (81.8) 245 (78.3)
Long-term care hospital (n=42) 392 (92.5) 372 (87.7) 353 (83.3)
Clinic (n=4) 6 (100) 6 (100) 6 (100)
Total (n=92) 2,232 (91.8) 2,029 (83.5) 1,919 (79.0)
#Carbapenem-Resistant £nterobacteriaceae (CRE)
bCarbapenem-Producing Enterobacteriaceae (CPE)
‘Carbapenem- Producing CRE (CP-CRE)
Advanced general hospital General hospital
Proteus mirabils PPr:_:tec..xsh_auﬁi
Citrobacter farmeri Citr;ct:raecirmigram e:
Lelliottia amnigena 2 Lelliottim amnigena 2
Enterobacter asburias Enterobacter asburiae
Citrobacter koseri Raoultella planticola  S— ——
Pantoea spp. S

Citrobacter amalonaticus
Providencia rettgeri
Klebsiella oxytoca
Serratia marcescens
Enterobacter asrogenes
Citrobacter freundii

Citrobacter koseri
Citrobacter braakii
Citrobacter amalonaticus
Providenc ia rettgeri

Kl i oxytoca

Serratia marcescens
Enterobacter a=rogenes

Enterobacter cloacae  me—— [ — Citrobacter freundii —
Escherichiacoli [ ] Enterobacter cloacas
Klebsiella pneumoniae Escherichizcoli
Klebsiella pneumonias
b 20% 0% 60% 80% 100% 0% 20% 20% 60% 80% 100%
mKPC-2 mKPC-3 mKPC-4 NDM-1 m NDM-5 mKPC-2 mKPC-3 mKPC-4 MNDM-1 m NDM-4  m NDM-5
mOXA-48 mIMP-4  ®IMP-26 mMIX W non-CPE WNDM-9 WOXA-48 mOXA-181 mMIX M non-CPE
Hospital Long-term care hospital
non Enterbacteriaceas non Enterbacteriaceae
Kluywera cryocrescens. Citrobacter farmeri
Citrobacter farmeri Enterobacter asburias
Partosaspp. Citrobacter koseri
Citrobacter koseri Citrobacter braakii
Citrobacter braakii Citrobacter amalonaticus
Citrobacter amalonaticus Providencia rettgeri
Klebsiella moytoca Klebsiella mytoca
Serratia marcescens Serratia marcescens
Enterobacter aerogenes Enterobacter aerogenes
Citrobacter freundii Citrobacter freundii
Enterobacter cloacae Enterobacter cloacas
Escherichia coli Escherichiacoli
Kiebsiella pneumonias Klebsiela pneumonize
05 205 4% 60% BO% 100% 0% 2050 405 60% BO% 100%
mKPC-2 mKPC-3 mKPC-4 KPC-12 mKPC-1B mKPC-2 mKPC-3 mKPC-4 KPC-1%8 m NDM-1
mNOM-1 mNDM-5 mOXA-48 mMIX m non-CPE mNDM-5 mOXA-181 m IMP-26 B MIX W non-CPE

Fig. 4. Distribution of genotypes of carbapenem-resistant Enterobacteriaceae (CRE) isolates by Medical institution type.
Klebsiella pneumonia carbapenemase (KPC), New Delhi metallo-B-lactamase (NDM), Oxacillinase (OXA), Imipenemase (IMP),
Two or more Carbapenem-Producing £nterobacteriaceae (MIX), Non Carbapenem-Producing £nterobacteriaceae (non-CPE).
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o|27| Y FHIHY 2= A OFHE
(69%), QUHR 301F(71%)2 7t
ol 667X(57.1%), WY 177%(56.5%),

KPC-27} 4aZEEHAM 372F(71.8%), %—%.;tg% 785F(57.1%), ¥ 2165
, O = K pneumoniaelt KPC-2 80| 43ZEHY 298F(57.5 /) e
YHR 227F(53.5%)2 71 YA A US22= £ colRt KPC-2 RY0| 45T

Table 7. Distribution of genotypes of CRE isolates

CPE
Types of K K K K K N N N N O O | | KG ON NK NK NK non Total
Entqrobac- p P P P P D D D D X X M M PE XD DP DP DP - (%)
teriaceae C c cc c MM MM A A P P CS AM  MC MC MC CPE
-2 -3 4 -12 -18 -1 -4 -5 -9 -48 -181 4 -26 -2-5 -181-5 -1-3 -1-2 -1-18
Klebsiella 1,698
pneumoniae 1,373 36 6 1 70 1 2 1 208 (69.9)
Escherichia 430
coli 207 11 1 1 1 30 1 51 1 15 2 7 25 1 76 (17.7)
Enterobacter 90
cloacae 14 4 16 1 3 1 51 (3.7)
Citrobacter 44
freundii 23 2 15 ! 3 (1.8)
Enterobacter 34
aerogenes mo2 1 20 (1.4)
Serratia 29
marcescens || 1 17 (1.2)
Klebsiella 25
oxytoca 4 2 9 (1.0)
Providencia 1 1 12
rettgeri (0.5)
Citrobacter 3 5 10
amalonaticus (0.4)
Citrobacter 7 7
braakii (0.3)
Citrobacter 3 2 1 6
koseri (0.2)
6
Pantoea spp. 2 3 1 0.2)
Raoultella 1 4 1 6
planticola (0.2)
Enterobacter ) 3 5
asburiae (0.2)
Lelliottia 1 4 5
amnigena 2 (0.2)
Citrobacter 1 1 2 4
farmeri 0.2)
Proteus 4 4
mirabilis (0.2)
Kluyvera 2 2
cryocrescens (0.1
Proteus 1 1
hauseri (0.1)
non £nter- 1 1
bacteriaceae (0.5)

Total 1680 58 8 1 2 166 1 51 1 15 3 1 3 2 8 3 25 1 389 2,429

Klebsiella pneumoniae carbapenemase (KPC), New Delhi metallo-B-lactamase (NDM), Oxacillinase (OXA), Imipenemase
(IMP), Guiana extended-spectrum (GES), Non Carbapenem-Producing Enterobacteriaceae (non-CPE)
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7%), LLEH 61F(14.4%)2 22|=[2{CH. NDM-10| O E ZE=2 &
SHA 1127(9.6%), HH 97 (2.9%), 2YHA 157(6.1%)2 2|5
3F(0.6%)ECt Ut QUHIO| AL P rettgeri

YA 50(9.7%), SEHH 723(6.2%), HH 243(7.
US O F SR UAD HSITEHAM 197(3.7%), S

[, K pneumoniaelt NDM-1 R&0| ZEHH 56F(4.8%)2 AaZEEA
2t NDM-12| X7t 97(2.1%)2 71 HACH (Fig. 4).

o

WA 2,429F = FHHtH|E 25HEA OFHY 22 = KPC-27t 1,680F 2 HA| 239 69.2% 2 712 20| 22|22 NDM-1 1665
(6.8%), KPC-3 58F(2.4%), NDM-5 513(2.1%) & O|¥Ct. 0| 22|= &3 L CPE RUHL K pneumoniaelt KPC-2 1,373
F(56.5%)2 IUW CRE ZYS Ud 2T SUetS Sl £+ UACH (17). £ colRt KPC-27t 207F(8.5%), K. pneumoniaet
NDM-10| 705(2.9%) & O|RCt (Table 7).

DISCUSSION

BAZ|A o|27| 20| MO CRE ZS AnHST} 57 5f3'— %E Z M|} 2021 2,758Z10|HE HAL AT 20224
3,057H22 2% 10% HE 27}51%CH CRE S SH8A| U A& 2 SII5te T2 Q2= Sl EAH AT A L0|Lt 2
20| 2]Mg|1 U0 AR 2020 Organization for Economl Cooperation and Development (OECD) S|¥= = 4BMZ 02

=2 2z02 B1ED UL} (18).

- 0|N
_\,J_

CPE 22| d4e 2021HEL SISt 0] & 2021'H2| 2R VIMO| 52 HEE(ALLE 2022 H0l= HEE(R| ARUAL, GESS| H?
2022042t 24 AZE|UCH

2,232%9| CRE £ CP-CRE 1,919%2 A28t LIMZ| 3135 CREQ| AL 75| 231240 o5t LiA0| Ofl T2 LA 7|40 2t
25t S 20|22t HZEEICH non-CP-CRES| CHEZ{Q! SHMA| LY 7|2 Mlzel 2|ah THedzlo] |15} gl AmpCLt extended-spectrum
S SHAIR| 23HEAC| DICH A & WIO| A S0| QIC} (19, 20). BHHO|| CP-CRES| CHEZQI LYA 7| 7t}
Al

o o,

Hd 2al=aS Ydste AOICH 718 2dles dY RHate 28 S22 =l 01S3t0| M@= ALOIof|A S2ADIES
S U At MO A2 285t (21), 01 3l 2272 W JERAS Y22 7ts¢g0] ULt £ CP-CRERH non-CP-CRE
of o5t AfYES Bl WSS M CP-CREQ| AFYEO| 48] O =Ch= A2t UCH (22, 23).

HSSEYHAN STHANM ME AA7t HA| HA+2| 69.4%F ARISHRALL 600 Ofd 1 HHEFO|M Z7(Y 5= HIZ0| =
SYEA-QUYYAS SHL2 CRE Y20 =2 It540| 7| YIE22 A= EC]

K. pneumoniael| 32 0=, 78 S W MAXH22 CRE 4FSE ¥27|= T2 YAz J 5tL0| L FLAME A pneumoniae -
KPC typeO| M5t walistl UAEH| 0= MAH d 2

= 1990t SEHRE F2|=]7| AI2SIAL CHEf 7582 RUY0| A5
2[0f, B2t 5 d MAHL2 §2 E2E 0|F 1 ALt (20

i

|'O

9| StLIZ aztreonamS A|2|et 2E H[EF-2HEO| WES 7HA|1 1 UEt (27).

O] A& SaliA 2022'd FL0IA Z2|E CREC| Ha| S4E 2QI5t0] 7

Fy2 o
95t 7|224RE HBH0], BARLE £olE CREQ| SAI Lol ofste FuHA0l oY M2
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