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The emergence of Enterobacteriaceae strains resistant to both colistin and
carbapenem, which harbor the mobile colistin resistance (mcr) gene, has become
a significant clinical and public health concern. The aim of this study was to
identify strains with co-resistance to carbapenem and colistin and gain further
understanding of the antimicrobial characteristics of these strains in South Korea.
Bacterial identification was performed using MALDI Biotyper and Vitek2 compact,
antibiotic susceptibility was tested using broth microdilution and agar disk diffusion,
and the antimicrobial resistance genes were detected using polymerase chain reaction.
Pulsed-field gel electrophoresis (PFGE) was used to compare and identify strains
with co-resistance to carbapenem and colistin. In this study, a total of 66 (9.9%)
clinical isolates of Enterobacteriaceae were obtained, all of which exhibited concurrent
resistance to both carbapenem and colistin. Among these isolates, seven carried
the mcr-8 (n=1), mcr-9 (n=5), and mcr-70 (n=1) genes, respectively. Notably, five
clinical isolates with an identical pulsotype of Enterobacter cloacae complex were
obtained from patients at the same hospital, while 11 isolates of AKlebsiella
pneumoniae were obtained from patients at the same or different hospitals in
Gangwon Province, South Korea. Fortunately, none of the Alebsiella pneumoniae
isolates that were transmitted carried the mcrgene. To the best of our knowledge,
this is the confirmation of the transmission and circulation of carbapenem- and
colistin-resistant Enterobacteriaceae strains in a nosocomial and/or local community
setting in South Korea. These results underscore the importance of implementing
effective infection control measures and continuously monitoring resistant bacteria.

Key Words: Colistin, Carbapenem, mr;, Enterobacter doacae, Cormplex, Klebsiella pneurmoriae

INTRODUCTION

Carbapenem Resistant £nterobacteriaceae (CRE)= carbapenem| SHA|0f LIAS

LIEfL= ZUMZSa=0|Ct £3] CPE (Carbapenemase Producing Enterobacteriaceae)
£ carbapenemaseE 445t= carbapenem?| SHAAILYY ZHHMZSHS0|H, of2] CH2
Aol glA|ol= -0l SAlo| =RlE0 T2t 2|28 Ao MEd fd (Antibiotics
selective pressure)0| 2f23t= 2422 2adA QUCH(1).

CPEE E&oh= CRE Z2¥=09| 2|2 colistin, tigecycline, gentamicin2}t 1 2| Carbapenem
A Sl o BEle ¥ S0| AFREICt (2). £3], World Health Organization (WHO)7t 2|
= O SHAA|Z Fot colistin 1940 CHO| ZHE (AL A1=4 S2| 0|48z
AFESIA| SERUATE SHA|2H CRA|L 72| SH 2= Q150 DF2|2t MEd 2| 24| 2 THA| AFEO|

A= ZMIOICH (2). 01218t colistinOfl LS LIEH= CRES| [T} Af2il= 0|0 Z&A,
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oI, Batl(Klebsiella pneumoniae)t St=(Enterobacter cloacae complex)OlAl 20l Ht QIC} (3-6).

colistin Polymyxins A|GS| A2 Paenibacillus polymyxad L2EE £2||10 A, B, C, D2 E group2Z LI T polymyxin
E (colistin)2t polymyxin BEF QAH0f| AF2E| 10 QICH (7).

colistin®] 2t& 7|22 T2t 24+ 2|29 lipopolysaccharides 2 phospholipidstil ZE510] M ME Ot 2 MZS At A|ZICEH
0[2{$t colistinOil Cist M| LI &5 7122 3| & 712|910 2 #Rlk= polysaccharide TLRHSIE S5 sHiA| 28 & 9 Eopy Za
£ Edfl 0|R0{Z|H, o|uf 722 ¥Sk= chromosomal mutationS 35104 O|F0{2|7| ThR0| LiA RHAte| Mt 7t £ MYe| 7tsde Y
Ct. & HAY LM &5 7|22 plasmid0]| 2|t LA QAR ZEH0|Ct Mobile colistin resistance (/71c7) gene cytoplasmic transmembrane
CHHZIO| MCRE EH&{SIC}. 0| THHZIS phosphoethanolamine (pEN) transferase@2 Ml MIZE B 22| lipopolysaccharide?| lipid A O]
SMol jZate| M HHGIA|H A 2A9| colistine] ZEE Al AlZICt mcr SHRF= plasmid 2Js] S @2 &0t of

20|

al

o
mcr-T~mcr-10 @7 A 1082 Y0l Yedx A0, 200080 0|% S=, =Y, =290|50M 2=, Y&t 529 &3 1
7], A S AMELZ FE| Z2lE FUMZIM mcr-7 2 BIRSH CHket R HHO0| =IO Tt (12-15).

TetA 2 HA0ME S=2 ZE 29U Q=722 B8 £ E CRE dFE Y22 colistin LY 8 2 WY 52 BatR
Moty E4S miefsti, 0|5 #F 2t At O{FE pulsotype E48 S510] &QISHAUCE

MATERIALS AND METHODS

A4d 2 HZEH

2019~20214H ZHE0| 4274 27|22 BE CRE YdE2|dF 666US +USIALt. £+ E @FF= Carbapenem 2| SH4EA| LY
‘g A8 HIZ|Q! mSuperCARBA ChromAgar (CHROMagar)ollA 2i&2| sk, &4 22|28 #F& Nutrient Agar (NA, Oxoid,
UK)Ofl =2 5+0 37COl|A] 18~24A|2F IS & MALDI Biotyper (Bruker, Germany)2t Vitek2 Compact (BioMerieux, France)&
AtEsto] &2l 54 5tRICE MALDI Biotyperz2s= 218 =% 510 540t 1, Vitek2 CompactE2= &2 0.5 McFarland (McF)& 3|
A35t0 Gram Negative 7F= (Biomerieux, France)2 A5t S 5HCH.

SHlA| 2 AAt
SHANA| ZHeA A|RS CLSI 2 EUCAST 2| 7|28 2t05t3 oM, £ 2520 4| 2 20Z [Penicillins (ampicillin, piperacillin),
B-Lactamase inhibitors (amoxicillin-clavulanic acid, ampicillin-sulbactam), Cephems (cefazolin, cefoxitin, cefotaxime, ceftazidime,
cefepime), Monobactams (aztreonam), Fluoroguinolones (ciprofloxacin), Folate pathway inhibitors (trimethoprime-sulfamethoxazole),
Aminoglycosides (amikacin, gentamicin, tobramycin), Tetracyclines (tigecycline, tetracycline), Quinolones (nalidixic acid),
Phenicoles (chloramphenicol), Nitrofurans (nitrofurantoin)]2 C|A3 &M (Disk diffusion method)22, 5& Carbapenems
(doripenem, imipenem, meropenem, ertapenem), Polymyxins (colistin)2 24|EiZ|0|ZFs| M4 (Broth microdilution method)
OZ FMA ZeMHE HItSHYUCH (16-18). C|A &AM (Disk diffusion method)2 22| #S Nutrient Agar (NA, Oxoide, UK)
O =2 5k, 37COIA 18A|Zt BHYSIHO] 212t F2 0.85% saline 3 meof| HEF 5104 EF=JF 0.5 McF7t E|=2 SHQICH 2H|E & HE
S RetroC80 (BioMerieux, France)= O|235t0 Muller-Hinton Agar (MHA, KisanBio, Korea) HiZ|0f| 2112 &2+ St11 Disc
dispenser (Oxoide, UK)E AtESt S| CIATE HiA| HHO| £2FA[ZI &, 35COA 16~18A[7F HSIACE SHAUA(0] oS A
tf 2128 £25t7| I3l BIOMIC V3 (Giles Scientific, USA)S AESHRICEH

o R

OHX|HH | 0| 25| M8 (Broth microdilution method)2 S &l #& Nutrient Agar (NA, Oxoid, UK) BiZ[0f] =2 510 37COIA] 184A]
7t Bist = 0.85% saline 3 meoi| HEF 3t1 0.5 McF7t =[ =% StRUCt E8|E o HEH 10 »¢ & Muller Hinton Broth (MHB,
Thermo, T3462) 11 mlo]| 2 A0{& & carbapenem| S48 MIC (Minimum Inhibitory Concentration) plate (Sensititre Customized
Gram-Negative Plate -KORN, TREK Diagnostic Systems), colistin MIC plate (Sensititre Customized Gram-Negative Plate -
KNIHCOL, TREK Diagnostic Systems)2| Zt wellofl 50 £ £ &Z8H & sealing tape2 £0|11 35+2TOHA 16~20A|Zt BIXSH =

20 Copyright © 2023 Journal of Bacteriology and Virology
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doripenem, imipenem, meropenem< >4 mg/L, ertapeneme >2 mg/L, colistin® >4 mg/L 2| MIC & Lo =2 TEtSHFICE SHUA|
UM AEe| K5 WIS QISt0] Escherichia coli ATCC 25922 & AHE3HRILCE.

dom, SU2 2E2 Maxime™ PCR PreMix (i-StarTaq,
Intron, Korea)2t 2t A Q20| 2 £0| primera f%%f g Al 220 ©2F Carbapenem | 2dA| 45 S 1
712 At LE0| e 72 A2 2 carbapenemase 10—'—(II\/IP Imipenemase; OXA, Oxacillinase; VIM, Verona Paulo
metallo-B-lactamase; NDM, New Delhi metallo-B-lactamase; KPC, Alebsiella pneumoniae carbapenemase; GES, Guiana

=2
_a
U o

extended-spectrum B-lactamase; SME, Serratia marcescens enzyme; GIM, German imipenemase; SIM, Seoul imipenemase;
SPM, Sao ampicillinase) FAAt2| &Q1Z 2|8 PCRE +&SHRACE (19).

LSt colistin LHEEE THALZ mer-T~mcr-10 9 SUALE &RI517| QI5t0] mer-1~mcr-5, mcr-6~mcr-10 27HA|2] multiplex-
PCRE £3MSIRCE mcri, 2= ¥ 2t2]|2 (Korea Disease Control and Prevention Agency, KDCA) (http://www.kdca.go.kr)0lA{
A Alst= £0| primerE, mcr-3~mcr-5 2t mcr-6~mcr-9& 2t Rebelo et al., Maria Borowiak et al. 2| £0]| primerE mcr-702 Jin
Seok Kim et al. 8] £0| primerg AtE 5t0] PCRE £3M5IRACH (12, 15, 20). mcr-1~mcr-5 multiplex-PCR B2 242 947¢, 15
min; [94T, 30 sec; 58T, 90 sec; 72C, 60 sec] 25 cycles; 72T, 10 min 22 st¥{ 12, mcr-6~mcr-70 multiplex-PCR Bt Z7H2
95T, 3 min; [95T, 30 sec; 55T, 30 sec; 72T, 60 sec] 30 cycles; 72¢C, 10 min 22 StCt (Table 1).

SE AE2 °”'7|/\'|% EM2 carbapenemase §X2H= Genotech (Daejeon, Korea)XlM, mcrRZ A= Cosmogenetech (Seoul,
Korea)OllAl &85t 11, NCBI (National Center for Biotechnology informaiton)2| BLAST programe AI23t0| GenBank
(http://www.ncbi.nlm.nih.gov/genebank/)2| M1} B| WS CT,

Table 1. Primer pairs used to amplification of mcrgenes

Target genes Sequences (5—3°) Product size (bp) Reference

F CGG TCA GTC CGT TTG TTC
mcr-1 309 http://www.kdca.go.kr
R CTT GGT CGG TCT GTA GGG

FCTT ATG GCA CGG TCT ATG A
mcr-2 650 http://www.kdca.go.kr
RCACATTTTCTTG GTATTT GG

F AAA TAA AAATTG TTC CGC TTA TG
mcr-3 929 Reblo AR et al. (15)
R AAT GGA GAT CCC CGT TTTT

FTCA CTT TCATCA CTG CGT TG
mcr-4 1,116 Reblo AR et al. (15)
RTTG GTC CAT GACTAC CAA TG

FATG CGG TTG TCT GCATTT ATC
mcr-5 1,644 Reblo AR et al. (15)
RTCATIGTGG TTIG TCCTTITTCT G

F AGC TAT GTC AAT CCC GTG AT .
mcr-6 252 Borowiak M et al. (12)
R ATT GGC TAG GTT GTC AAT

FGCCCTTCTTTTC GTT GTT .
mcr-7 551 Borowiak M et al. (12)
R GGT TGG TCT CTT TCT CGT

F TCA ACA ATT CTA CAA AGC GTG .
mcr-8 856 Borowiak M et al. (12)
R AAT GCT GCG CGA ATG AAG

FTTCCCTTTG TTC TGG TTG .
mcr-9 1,011 Borowiak M et al. (12)
R GCA GGT AAT AAG TCG GTC

FTGC CCG TACTTT TCA GGA TGA )
mcr-10 1,594 Kim JS et al. (20)
RTCG CTT TCC GGA AGA TAG GC

www.ksmkorea.org / www.ksov.org 21
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PFGERA]

PFGE 482 2 22|H(KDCA)IM AB5ts BEAIE - (https://pulsenetinternaitonal.org/)0ll EsiAl HAISHACH 2|2 735
NAH{Z|(Merck, USA)O| 37C, 18-24A|2t SCF HIXSH = plugE ISR 2, M2 = plugE 1 mm FAHZ &2t Xba | AstEL
(40 U/ut, Roche, USA)E AHESI0] 37TOIIA 4A[ZH S BHEAIZICE Ast2AE 22|58t plug gelE H7|YSEZI(CHEF MAPPER
XA Chiller, Bio-Rad, USA)E A3l initial time 2.16 sec, final time 63.8 sec, 212 6 V/Cm, 120°2] 222 18A|7F SOt A7
& SIRACE. Salmonella enterica serotype Braenderup H9812 (ATCC #BAA-664)E size marker2 AFESIA 20, A2 22| 7=

QF SUSHA MAISH S At M2 Bionumerics ver 5.1 AR SHICH

RESULTS

g

=
g 24

Carbapenem?| A Ud UM EZS2| colistintid

rel
olol
Jim

2019~20219 ZA =0 4274 2|z 7| 20| M CarbapenemH| &4 L FUMAEEES 66678 $ASIUCE & E 8 U
Klebsiella pneumoniae (n=461), Escherichia coli (n=98), Enterobacter cloacae complex (n=39), Alebsiella aerogenes (n=19
Klebsiella oxytoca (n=16), Citrobacter koseri (n=15), Citrobacter freundii (n=11), Citrobacter sakazakii (n=2), 7|Et#Z
(n=5) O|QACt. O] & & 66F7H9.9%, colistin MIC 4~128 ug/mi) colistint Carbapenem| S4A|0f SA| L4l FUMNZESZS
(colistin-and carbapenem-resistant Enterobacteriaceae, CO-CRE)US &QISHICt #Z ¥ colistin LHE @F &&= Klebsiella
pneumoniae 461 & = 453(9.8%)7t WA 0|11, Enterobacter cloacae complex 395 = 75(17.9%), Klebsiella oxytoca 16
Z 2 7F(43.8%)7t WHOIACL. 2 20l Citrobacter koseri 155F 2 45(26.7%), Escherichia colis 98F 2 23(2.0%),
Gitrobacter freundii 1% & 15(9.1%)0ll A LHA 0| &l €| QUCt

= 1r

N

ZAHY 666 ZF colistin Ul & AR mcar2 & 2230 AEE0 3.3% 2 HEES 20 mao RUYE== 9¥€0| 18
FE2 71 0| HE = A2, 10 3F, 8™H0| 1= &O|UCH #F & BE HaE Enterobacter cloacae complexZt 3932 & 14
(35.9%), Citrobacter freundii 113 & 33(27.3%), Klebsiella pneumoniae 461F & 232(0.4%) Citrobacter sakazakii 25 &
2Z(100.0%), Klebsiella oxytoca 165 & 13(6.3%) =22 HAEZ|ACH

CO-CRE 663 & mcr R &
-

& 0|85 QI8 3t mcar-P0| 55, mer-8, mer-102 152 & 750M B&E[01 10.6% 2| HEE
= LIEtRICH #&8 mards d5s

Klebsiella pneumoniae 455 & 15 Enterobacter cloacae 75 = 65 O| Tt (Table 2).

CO-CRE 660 CHSt CHAILlY E4S &QI5H7| 25t & 13AIE 2552 SHYA(0| Cist LHEES &QISHRICE PenicillinsA &
[ampicillin (AM), piperacillin (PIP)], B-lactamase inhibitorsA|€ [amoxicillin-clavulanic acid (AMC), amoxicillin-sulbactam
(ASM)], Quinolones AIE [nalidixic acid (NAL)]2| SHHA|0AM 90% O|Ak9| LiA0| &Hl=|RACt 12|11 CephemsAlY [cefazolin
(C2), cefoxitin (FOX), cefotaxime (CTX), ceftazidime (CZD), cefepime (CEP)], MonobactamsAl€ [aztreonam (AZT)],
Fluoroquinolones A€ [ciprofloxacin (CIP)] 440 M 80% O|4fe| U4 0] SI=| ALt colistin 2/0 CRE ZES AZAZ AHZE]
1 = AminoglycosidesH € [amikacin (AN), gentamicin (GM), tobramycin (TOB)]2| HiA|2} tigecycline (TGC)= 10% O|4f
O Li/d0] =2l | ALt (Fig. 1).

colistint CarbapenemA| aiA| sA| LA AUMTFESAFS(Co-CRE) 79| |44 Hatd 24

colistin LA CREZZ2| AT} Al R AFSIHY| QI5t0 pulsotype M8 435I Ct FE WRE Enterobacter cloacae complex 2
5%9|(GWCRE19-162, GWCRE20-9, GWCRE20-27, GWCRE20-89, GWCRE20-101) pulsotypeO| 100% SLst0{ &2 &
(Cluster 1)0l| 2|8t HOIZ RYE[ACE 5F= 2F STHYUQ A-3 7|20lM 222 2= oW, 22| AIF2 12201949 (78), 4
ZFE 20209 (1€, 25/5¢, 25) O|UCt. E5F carbapenemase {22! IMP-12} colistin LA SRR mcr-98 S A0 7FA|2
ATt (Fig. 2A).

22 Copyright © 2023 Journal of Bacteriology and Virology
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Table 2. Prevalence of mcr genes and colistin-resistant strains among carbapenem-resistant £nterobacteriaceae strains,
Gangwon, 2019-2021

No. of isolates

Prevalence of

Prevalence of

MIC? (mg/L)

Species . . colistin-resista
P investigated i\ (9%) Mergenes (%) <0.25~1(S) 2(l) >4~128 (R)
T(Ost)a' mcr-9 mer-10 ND® ND T?FE)’"' mcr-8 mcr-9 mer-10 ND
p’;ff;;fﬁa 461 9.8 0.4 327 1 326 89 45 1 44
Escherichia colr 98 2.0 0.0 94 94 2 2 2
Enterobacter
cloacae 39 17.9 359 29 7 1 21 3 7 5 1 1
complex
Klebsiella 19 19 19
aerogenes
Klebsiella 16 43.8 6.3 8 1 7 1 7 7
oxytoca
C’f/f("baf?‘ef 15 26.7 0.0 11 11 4 4
oseri
Citrobacter 1 9.1 273 10 3 7 1 1
freundii
C/z‘fobacz‘gr 2 100.0 5 5
sakazakii
Others 5 5 5
Total 666 9.9 3.3 505 13 2 490 95 66 1 5 1 59
a: Minimal inhibitory concentration
b: mcrgene not detected
Abbreviations: R, resistant; |, intermediate; S, susceptible
£ ol L8 . 5 2 L
§ & = ] m 8 =
L?i 20 - - o
B a0
5 s
s 2 s 5
2
a ™
0
Antibiotic

Fig. 1. Antimicrobial resistant among isolates co-resistant to carbapenem and colistin in Gangwon, South Korea (n=66).
Antibiotic susceptibility was evaluated using the broth microdilution method for doripenem, imipenem, meropenem,

ertapenem, and colistin, and the disk diffusion method for other antibiotics.

Abbreviations: AM, ampicillin; PIP, piperacillin, AMC, amoxicillin-clavulanic acid; ASM, amoxicillin-sulbactam; CZ, cefazolin;
FOX, cefoxitin; CTX, cefotaxime; CZD, ceftazidime; CEP, cefepime; AZT, aztreonam; DOR, doripenem; IMP, imipenem; MEM,
meropenem; ETP, ertapenem; CIP, ciprofloxacin; SXT, trimethoprime-sulfamethoxazole; AN, amikacin; GM, gentamicin; TOB,
tobramycin; TGC, tigecycline; Te, tetracycline; COL, colistin; NAL, nalidixic acid; CHL, chloramphenicol; NIT, nitrofurantoin.

www.ksmkorea.org / www.ksov.org
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Klebsiella oxytoca= pulsotype 100% =6t Cluster= QR 90% O|A SAGH 3327t [(GWCRE20-18, GWCRE20-54,
GWCRE20-120 (Cluster 2)] SRIZ[RUCt 3F= 25 ZEHAUQ A-3 7|HO|M 222l #F ¥, 22 2020 1€, 2¥, 624

oy

ZH 134 2e|=|ACH EFE carbapenemase AR KPC-28 7HA| 12 AL, colistin i FHRQ mar2 SRIE|Z| AU4Ct
(Fig. 2B).

CRE Z¥Z0| =2 291 RZ9Q| Klebsiella pneumoniae= A742| It Al2{|7t &1 E|RAC} Cluster 32 22 A-1, A-2, A-3 2| M2
CtE o|=7|&e = 2E 22|& #F0| 2|5t At2d|0|0 352(GWCRE19-91, GWCRE19-89, GWCRE19-240)= 2t 20194 3¥€(2%),
102 (1F)0f| M2 2 &2} oM 22|=|RAC}. Cluster 4% Cluster 31t OFEZ}Z|2 A-1, B-132| MZ CI2 9|27|H0j|M 22|E ZF
Of| 2|5t At20| 12 23(GWCRE21-124, GWCRE21-189)= 22t 2021 8, &2 off 1120f| LT SRt=22E E2|=|UALt. Cluster

5 A-19] S 9|2 7| &AM 22|E #F0] 2|5t At|0|T 232 (GWCRE19-35, GWCRE19-66)= 2t 20194 1€} 2€0f| 22|5|A
Ct. Cluster 62 A-39| =Y 9|Z7|H0A 22|E F30| 2|5t At0| 45(GWCRE19-270, GWCRE19-278, GWCRE20-33,
GWCRE20-34)= 22+ 201994 1€ (2F), 20204 1€ (2F)0ll 22|=/UCt. Cluster 3, 4, 52| #F=2 carbapenemase {22!
KPC-2E& Cluster 62 NDM-18 E&35t AU L 4249] Al2|(Cluster 3~6)0llA colistin LHA SRR mer2 EQI%|Z| AUTE. Of
2|0f| 23 0|4f2| RAtSH pulsotyped 2|5t It Atzdl= OFL| X B A-32| 27| 240j| A 22| E Co-CRE @& & GWCRE20-1872 NDM-5
ot mer-8g SAI0| Ztstn AUAULE (Fig. 20).

A Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% S=0.0%) [0.0%-98.3%] Raarl . Calapeh
BRE ! Isolates Species Hospitals_Month -emase mcr
el B BB By
o ‘ H ““ |HH ||HHHH GWCRE20-122 Enterobacter cloacae complex C3 2020 6 NDM-1 ND
: | ||| ‘ H |H H‘H”HH GWCRE21-127 Enterobacter cloacae complex C-4 2021 8 ND 9
“ ‘ l ‘ ‘ || H H ‘ H' H GWCEW20-101 Enterobacter cloacae complex A3 00 5 MP1 9
= H' ‘ ' ‘ H HH H H GWCRE19-162 Enterobacter cloacae complex A3 2019 7 IMP-1 9 | =
1S
H ‘ ' | | || H | H H| H GWCRE20-2 Enterobacter cloacae complex A3 2020 1 IMP-1 9 | &
100 H } | | ‘ H H H| H| H GWCRE20-89 Enterobacter cloacae complex a3 00 5 IMP-1 9 5
Hi |HH HH‘ l” H GWCRE20.Q  Enterobacter cloacae complex  p3 200 1 IMP4 9
(8) .
Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-98.3%] — R
Profxee Isolates Species Hospitals _Month __ -emase _mcr

GWCRE20-120  Klebsiella oxytoca A3 2020 6 KPC-2 ND
GWCRE20-18 Klebsiella oxytoca A3 2020 1 KPC-2 ND
GWCRE20-54 Klebsiella oxytoca A3 2020 2 KPC-2 ND
GWCRE19-234  Klebsiella oxytoca A-3 2019 9 KPC-2 ND
GWCRE19-281  Klebsiella oxytoca ~ A3 2019 11 KPC2 ND
' i 11 GWCRE20-138  Klebsiella oxytoca A3 2020 7 KPC-2 ND
. m» “‘ | ‘ GWCRE21-14 Klebsiella oxytoca B-9 2021 1 KPC-2 ND

Cluster 2

Fig. 2. Genetic relatedness and characterization of Enterobacteriaceae co-resistant to carbapenem and colistin in Gangwon,
South Korea.

Dendrogram of Xbal-pulsed-field gel electrophoresis patterns (PFGE) of (A) Enterobacter cloacae complex, (B) Klebsiella
oxytoca, (C) Klebsiella pneumoniae were generated using BioNumerics based on similarity analysis using the Dice coefficient and
unweighted pair group method. The corresponding information, including strain ID, hospitals, isolated year/month, antimicrobial-
resistance genes, are shown on the right; the square line in Fig. 2A, 2C and Fig. 2B indicated respectively the 100% and 90%
similarity cut-off value for cluster analysis; the dotted square in Fig. 2C indicates isolates that have both mcrand NDM.
Abbreviations: NDM, New Delhi metallo-B-lactamase; IMP, Imipenemase; KPC, Klebsiella pneumoniae carbapenemase; mcr,
Mobile Colistin Resistance; ND, mcrgene not detected. Year/Month?: Time at which samples were collected.
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(©) a
Dice (Opt:1.50%) (Tol 1.5%-1.5%) (H>0.0% S>0.0%) [0.0%-98.3%] Year/  Carbapen
PFGE-Xbal Isolates Species Hospitals Month _emase mcr

t100

GWCRE21-193 Klebsiella pneumoniae B-10 2021 12 KPC-2 ND
GWCRE21-195 Klebsiella pneumoniae B-10 2021 12 KPC-2 ND
GWCRE19-240 Klebsiella pneumoniae A-3 2019 10 KPC2 ND | e
GWCRE19-89 Klebsiella pneumoniae A 2019 3 KPC-2 ND %
GWCRE19-91 Klebsiella pneumoniae A-2 2019 3 KPC2 ND é
GWCRE19-141 Klebsiella pneumoniae A-3 2019 6 KPC-2 ND
| GWCRE19-33 Klebsiella pneumoniae 8.5 019 1 KC2 ND
| GWCRE21-124 Klebsiella pneumoniae B-13 2021 8 KPC-2 ND E
GWCRE21-189 Klebsiella pneumoniae A-1 2021 1 KPC-2  ND 3
GWCRE20-67 Klebsiella pneumoniae B-14 2020 3 KPC2 ND =
GWCRE20-82 Klebsiella pneumoniae A-3 2020 4 KPC-2  ND i
(1l GWCRE19-35 Klebsiella pneumoniae A-1 2019 1 KPC-2 ND E
| | [l [][ll cwcre19-66 Klebsielia pneumoniae A1 W9 2 kc2 ND | 3
W] [T ewerets-196 Kiebsietia pneumoniae A3 019 8 KC2 ND
WEE I cwere21-138 Klebsiella pneumeniae A3 2021 9 KPC-2  ND
I MLl oweREts-4  Kiebsielia pneumeonice A3 2019 2 KPC:2 D
- GWCRE21-37 Klebsiella pneumoniae D-1 2021 2 KPC2 ND
 Em— GWCRE20-17  Klebsiella pneumoniae A-3 2020 1 KPC-2 ND
S ——TFF WM cwere21-89  Kiebsielia preumoniae 85 021 5 ND ND
I | swere2t-120 Klebsiella pneumoniae B0 2021 8 KPC2  ND
RN |l eweRrezt-149 Klebsiella preumonice B0 2021 9 KPC2  ND
PRI | ewere21-157 klebsiella preumoniae B9 2021 10 KPC2  ND
" ”Hl ‘ IH |”|| GWCRE19-140 Klebsiella pneumoniae C-2 2019 6 ND ND
GWCRE21-101 Klebsiella pneumoniae C-3 2021 6 NDM-1  ND
m 'H H”" Hm GWCRE21-185 Klebsiella pneumoniae F-2 2021 1 KPC-2  ND
lm M GWCRE21-70 Klebsiella pneumoniae B-5 2021 4 ND ND
GWCRE21-121 Klebsiella pneumoniae H-1 2021 8 KPC-2 ND
) GWCRE19-270 Klebsiella pneumoniae A-3 2019 11 NDM-1  ND &
- GWCRE19-278 Klebsiella pneumoniae A-3 2019 11 NDM-1  ND E
10 GWCRE20-33 Klebsiella pneumoniae A-3 2020 1 NDM-1  ND E
LA GWCRE20-34 Klebsiella pneumoniae A-3 2020 1 NDM-1  ND =
ﬂ GWCRE20-32 Klebsiella pneumoniae A-3 2020 1 NDM-1  ND
M LIV TIEIEIT | ewerets-260 Klebsielta preumoniae A3 2019 10 NDM4 D
g _ GWCRE20-149 Klebsiella pneumoniae C-2 2020 8 ND ND

GWCRE21-173 Klebsiella pneumoniae B-9 2021 10 ND ND
GWCRE20-187 Klebsiclla pneumoniae A3 2020 10 NDM5 8 |
GWCRE20-157 Klebsiclla pneumoniae F-2 2020 9 KPC2 WD
GWCRE20-198 Klebsiella pneumoniae D-1 2020 10 KPC2 ND
GWCRE20-161 Klebsiella pneumoniae A-3 2020 9 KPC2 ND
GWCRE20-124 Klebsiella pneumoniae D-1 2020 6 KPC2 ND
GWCRE20-126 Klebsiella pneumoniae B-9 2020 6 KPC-2 ND
GWCRE20-131 Klebsiella pneumoniae B-9 2020 7 KPC-2 ND
GWCRE20-193 Klebsiella pneumoniae B-9 2020 10 KPC2 ND
GWCRE20-2168 Klebsiella pneumoniae A-3 2020 1 KPC2 ND
GWCRE20-201 Klebsiella pneumoniae A-3 2020 10 KPC-2 ND

Fig. 2. Genetic relatedness and characterization of Enterobacteriaceae co-resistant to carbapenem and colistin in Gangwon,
South Korea (Continued).

Dendrogram of Xbal-pulsed-field gel electrophoresis patterns (PFGE) of (A) Enterobacter cloacae complex, (B) Klebsiella
oxytoca, (C) Klebsiella pneumoniae were generated using BioNumerics based on similarity analysis using the Dice coefficient and
unweighted pair group method. The corresponding information, including strain ID, hospitals, isolated year/month, antimicrobial-
resistance genes, are shown on the right; the square line in Fig. 2A, 2C and Fig. 2B indicated respectively the 100% and 90%
similarity cut-off value for cluster analysis; the dotted square in Fig. 2C indicates isolates that have both mcrand NDM.
Abbreviations: NDM, New Delhi metallo-B-lactamase; IMP, Imipenemase; KPC, Klebsiella pneumoniae carbapenemase; mcr,
Mobile Colistin Resistance; ND, mcrgene not detected. Year/Month?: Time at which samples were collected.
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DISCUSSION

2019~20214 2= CRE 66675 22 colistin U 2 W R marofl tist 42 St LY 250 [0 AR 2 2
E4S ZAISHULE

colistin Li-g $1&2 20198 5.9% (16/271, WETF/ZAIHETZF), 2020 12.8% (27/211), 20213 12.5% (23/184) LHH 2
E 397t & 6663 S 6677t Y22 &0l £ 9. 9%—I LHHES =QIStRACt S5| CRE HY¥Se| 2 A #EQ! Enterobacter
cloacae complex?t 17.9% (7/39)2 2A|5t¥ =0, UL0|A BNE (363 2 50% colistin LiAY) AFHIECH Y2 WHES HRCH(21).

mcr B2 A2 ZAH Y 6665 F 22F00|M BEE0 3.3%2| BEES ERUCE mcrO| AE2E F2 #&2 Enterobacter cloacae
complex2 35.9% (14/39)2| HEE2 ERLt Ol 222 2014~19F CRE 22|F 1,86870| TSt mcr A HEES ZAIS
E0|M colisting Y40 A&3st7| A|25t 2017'HE 7|222 AE 0|2 0.4%0IM O|F 1.4%2 colistin L40| S7t8t 24 ECt
& 1.9%p =2 £F0|AC} (22). E5t MSAI2HEHAARO| 2018~19H M-S CRE £2|F 3,67520] CHet AFOM mar HEE

222% 22 AFX 27 1.1%p =2 £F0|/910, FEY mcar A28 B|WO|N Enterobacter cloacae complex 7t 71 =2 42
E(20.5%)2 B2 A2 2 HFZoet YR|5HRALCt (20). mcr RUAte 2= 2t £8 A7t 7tsot7| W20 mar FHAE ER/e &
F7} colistin0ll LHJ0| giHete CHE #F2 FA 0|F MER #372 K44 240 et WX BSHS LIEIYE & A= 7Hs40] A
oo=Z MOt 24thS QIS &40l A7t BR5IC £3|, CO-CRE 665 & 7F0M mcr-8 (1F), mcr-9 (5F), mcr-10 (15)0] 4&
A=, Ol= WHT Ue 2F = WEFHAR mar Bt e a3 B FIIR| ZUE 25 UEote 2R0|E2 YWHE SIIEE
CtIt&8t & 4+ JUE A2 TTHEICt

mecr FUAIL AEE|| 942 colistin WETFS2| B2 mcr0]2/e] Tt LM 7|22 S510] LS SSJIE ZH2 2 M=} colistin
LUd 2152 mcr0|2|0l| = CHSt KAt 2F RI|ES0| 2ofst=0l, Mz MZE=2| lipopolysaccharide (LPS) #0|E |REst=
{2t pmrHFIJKLM 212, PmrAB 2t PhoPQ7t 20{5t= two-component systems (TCSs), capsule &S SIHAIA
E35h=0 20i5H= Cpx 2F Res 12|22 efflux pump KpnEF, AcrAB 52| 24312 Q1510 colistin LHA0| £27t6= 222 &
il EI(H%'\EF (23).

Co-CREZ &QIE 66201 CHot 13A4|1E 25301 Chet A CHAUHE E4S ZAFSE Zut 10~234|2] SHEA|0]| LH-S LIEHISO,
PenicillinsA|€ 1t B-lactamase inhibitors, Quinolones A|Z2| SHiA|0 M= 90% O|At9| LiA 0| EHIZ|RUCH 665 25 3AHE O|”°|
SHAA(Of| LHAS LIERHO] CHAILHA §40] USS SH0I5IF 2O, colistint 874 CREX|ZA| 2 AFRE| D= AminoglycosidesH &
SHHA|O A Z 10% O|Ate| LiAJ0| BHOIS|Of LAY QFAtOY| CHBH Z|&2d Q1 ZHAlO| @ LEIC

&2 AF0M =0kt H2 Co-CRES| ZHTU 2= 7|2 4X0IM KU £= RHALS| Z T At oo Ated|E &Qlst A ol sYst
O|Z 7| 2LH(A-1, A-3) It 4AK| [Enterobacter cloacae complex (cluster 1), Klebsiella oxytoca (cluster 2), Klebsiella pneumoniae
(cluster 5, 6)] 2|2 7|2 ZF2|(A-1, A-2, A-3, B-13) AT} 2AL3| [Klebsiella pneumoniae (Cluster 3, 4)] O|QICt £ HIEIS cluster
10| ZSte|= Enterobacter cloacae complex [Enterobacter asburiae (GWCRE20-27, GWCRE20-89, GWCRE20-101)]¢@! Co-CRE
w30 S O|R 7| L [T} ARYE O|0] 205t B /o, 0] AFLM pulsotypeO| Yot 25 (GWCRE19-162, GWCRE20-9)
£ 27I2 &0l 5Tt (4). ZRA Q=9 HalAo|ME colistind} Carbapenem| SHA|O| SA| WA Q! Klebsiella pneumoniaed|
oI5t o|Z 7|2l I} Ated| 7t E & RACH EFAQY Ol At|0fAM= OXA-488 7R = 0] 2|5 YT 0|, Eatd Atdlle 2
et DRREZEZ| 2 KPCE 7HA = #30f| 2fst A OIULt (3, 5, 6).

Z 6219| HIOIAIYO|M BRIEl #3 D5 carbapenemase FZZFR1 IMP-1 (Cluster 1), KPC-2 (Cluster 2~5) &£= NDM-1 (Cluster 6)2
sk st UUPRICE Enterobacter cloacae complex (Cluster 1)01 |5t At2|E ARGt Klebsiella oxytoca (Cluster 2), Klebsiella
pneumonia (Cluster 3~6)0f| 2|8t AR{I0IM mcr2 BEER] AUCEH T2kM 0[2{Tt #=F 2] colistin L4 2adat 2t&AE 7| 200] 2tct

Hot 2ItH o2 43K £|0fOF S}

AHE BAE9| colistin 2 7 L =& 7|2, YYSYSO| 2O AME Yo L, o272 #2ts 7o sty
YEIt 02 AeHol2ts HolLt,
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