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Outbreaks of Carbapenem Resistant Enterobacterales (CRE)
According to the Type of Hospitals
Su-Jung Yun, Sun-Mok Kwon, Eun-Seon Hur, So-Jung Park, Yoon-Hee Lee, Hui-Su Pyeon, II-Hyung Jeong

Team of Waterborne Disease, Gyeonggi Province Institute of Health and Environment, Suwon, Korea

Background: Carbapenem-resistant Enterobacterales (CRE) are increasing rapidly world-
wide, posing a major threat to global health. This study aimed to identify the epidemiological
characteristics of CRE isolated in Gyeonggi-do according to hospital type.

Methods: We conducted antibiotic susceptibility and genetic tests for carbapenemase-produc-
ing Enterobacterales (CPE) among 1,243 clinical isolates of CRE from Gyeonggi-do in 2019.
CRE strains were identified using MALDI-TOF (Microflex, BRUKER, Germany), and antimi-
crobial susceptibility tests were performed using the broth microdilution method, according to
the CLSI guidelines. Genetic testing of the CPE type was performed for KPC, NDM, OXA-48,
IMP, VIM, and GES.

Results: Most CRE infections in Gyeonggi-do occurred in general hospitals (60.9%) and
long-term care hospitals (27.8%). While the proportion of the CPE group in general hospitals
was low (55.7%), 85.0% of CRE isolates in long-term care hospitals were identified in the
CPE group. In the CPE group, the proportion of CRE isolates above the minimum inhibitory
concentration of carbapenem namely meropenem, imipenem, and doripenem was 76.0%,
90.2%, and 66.5%, respectively. The non-CPE group showed a relatively low resistance per-
centage (44.6% [meropenem], 27.6% [imipenem], and 25.2% [doripenem]) compared to the
CPE group. Furthermore, we found a correlation between CPE genes and carbapenem resis-
tance rate on the Kruskal-Wallis test (P<0.05).

Conclusion: Carbapenem resistance rate and the genetic characteristics of CRE isolates dif-
fered according to the type of hospital in which they occurred. The high proportion of the CPE
group in long-term care hospitals indicates the need for more attention to strict infection con-
trol in these hospitals.
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B-lactam AE YA oAM= F+ FF°] 7MY W2
FIA R 5@ oA HSHoE AMEE YA 0l
kA FHERE Yol UAdE 7Rl ol ot e B¢ ol
u] FHLAS A WS vl Qlof, AMEElE 7
A7} =3] AgkHoltH7,8]. CRE ZES X =l AHEE
= AR E colistin 5°] B2H, colistin 19404
o] /dEo] FA] 4548 9 FAEoRE AMEHA ¢
%ot 19908 tHAW /g9 Al e X 24
2 ARGE I UTH9,101. o]F% CRE A% T Al A=
A Aol AgtE| 1 o]= ALY I EET A AH= T
CRE #9¥E7} Wi ¢ S 835}t

CREE A YAHES do7|E= 7|Ad wet 7utey
Balas A FWAw(Carbapenemase-producing
Enterobacterales, CPE) 151} 71ty 845 A
35HA %= Zhate Y WA AWMl (non-CPE) 1H2E
U 4 ok CPE 1&+= 7HHY Bsjlass A4
2 YA YAHE do7]= ¥, non-CPE I1E5+= 9
T30 Wl ESBL @A it Id 5] 7jFew
FA WS 714 11 % CPE $AAE RS SatAD
T Aol f1AI5t] AletE Atololl =83 Anprt 4A Lo
g 4 310] CRE 739 ¥Rlo & &F3ITH11-13].

=7 FAA AHEFol Bal CRE #9F 47t
A= FAEH, 57|13 SHL2E CRE #5379 A
237} o] F0]A CRE #ES A HAo] doj7] ot
[14,15]. w2hA 9J=7]3 HollA CPE #E ik =
70| CRE 7 #2] 9] si4lojztal & &= Qi

olo] ulgt B AFoALE 20198 % A7 o)A wrAget
CRE #95 1,24355 45t0] F71% W Q=719
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Materials and Methods
1. oF
20194 1€9%H 12¥9714] A7|= Y 977|304 CRE
#AF2 &5 BEHo] A7 RASFATY o #
Z 1,243F2 gjAto 2 slo] A2 A5t

2. 3% 5%

CRE ¥+ MacConkey HiA| ¥ Tryptic Soy Agar
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Hj Aol =wsto] 37C, 24413t wiget §, MALDI-TOF
(Matrix-Assisted Laser Desorption/Ionization Time
Of Flight, microflex, BRUKER, Germany)E ©]-&3}
e

FO|

—

3. 71t oA 4o /At

ok

ZhtEd Eol A B A= & 639 FAAE &
QI5t¥ o1, PCR primer A€ @ JBE Table 13 Z&
tH16]. AEA 82 AccuPower Hot-Start PCR PreMix
kit (Bioneer)& Ar&sl] 4359t PCR ¥ 272
94TCAIA 58 F, 94T 30%, 56T 20%, 72T 30%&
303] HrEsIg 0w, 2F 72T oA 787 ¥RSAIZ H A7)
B 5(QIAxcel, QIAGEN)= sto] 50| HEE elstint.

4. FHHIHE Zd Al

7hte Y] A A FA AE2 AAERA] o] 3]
ARG AHE5F 91| ertapenem, meropenem, imipe-
nem, doripenem®|| @3] TREK MIC PLATE (Thermo,
Sensititre KORN)E 0|85} A|5¥slHtt. HFEF+= En-
terococcus faecalis ATCC 292125 AHEsHHL, FAA|
744 A= Clinical Laboratory Standards Institute

(CLSD) Aol wt=} sjAstAtH17].

A 242 SPSS (IBM Corp., Armonk, NY, USA,

Table 1. Primers for conventional-PCR

Target Primer Amplicon
gene size (bp)

KPC ATGTCACTGTATCGCGGTCT 893
TTTTCAGAGCCTTACTGCCC

NDM CAATATTATGCACCCGGTCG 720
ATCATGCTGGCCTTGGGGAA

OXA-48 TTGGTGGCATCGATTATCGG 743
GAGCACTTCTTTTGTGATGGC

IMP TGAGCAATGTATCTGTATTC 740
TTAGTTGCTTGGTTTTGATG

VIM TGGTCTACATGACCGCGTCT 766
CGACTGAGCGATTTGTGTG

GES GCGCTTCATTCACGCACTAT 753
GCGTAATCTCTCTCCTGGGC
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o
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CRE #%7} 22l8 &4 JRrg 243 23}, ¥

679%8(54.6%), %14 554(44.6%) 2.2 YEFom, 60t

[}

Table 2. Age and gender distributions of patients with CRE isolates

ol’%o] 1,0215(82.1%), 30-50tH7F 1865%(15.0%), 20t
o5} 365(2.9%) HEEAHTable 2). CRE #2] £
%S AHHH Klebsiella pneumoniae 8685(69.8%),
Escherichia coli 2105(16.9%), Citrobacter freundii 32
F(2.6%), Enterobacter cloacae 315(2.5%), Klebsiella
oxytoca 225(1.8%) =°ol3ict. 7Hated Eass A
HOHe 639 ARE BA A3k, A BohE
k §AAE AT Y& CPE 18 83032 A 2
F 3 66.8%5 ZA5F¥Y LW, non-CPE 152 413—.—E
33.2%%AHTable 3). AZH 7HY Balas B4 &
AR FFEE KPC §47F 5515+(44.3%), NDM

b 2545+(20.4%), OXA F-38A 952(0.7%) £ O.2 e

?q

oul, & 717 §AA7E BA0] AEH AT 1357(1.0%)
Gender Total
Age 0 7t giet.
Male Female Unknown (%)

0-30 25 10 1 36 (2.9) oL = = =H =5

30-60 131 55 - 186 (15.0) 2. 2l=7l& S20 = CRE 4835 24 &g

over 60 523 489 9 1021 (82.1)

Total 679 554 10 1,243 oZ7|# FHE AWEE CRE AES T4 ¢S 4
Abbreviation: CRE group, Carbapenem-resistant Enterobacterales. HEH FFHY 7573(60.9%), SFH L 3495(27.8%),
Table 3. Distributions of species and carbapenemase genotypes of CRE isolates

CPE group Non-CPE
Strain OXA/ KPC/ KPC/ OIrl- Total (%)
KPC NDM OXA GES 1IMP VIM NDM NDM  IMP g

Klebsiella pneumoniae 468 131 7 - - - - 1 1 260 868 (69.8)
Escherichia coli 53 65 2 - - - 8 - - 82 210 (16.9)
Citrobacter freundii 10 21 - - - - - 1 - - 32 (2.6)
Enterobacter cloacae 1 10 - - 1 - - - - 19 31(2.5)
Klebsiella oxytoca 3 13 - 1 - 1 - 2 - 2 22 (1.8)
Enterobacter aerogenes 2 - - - - - - - - 18 20 (1.6)
Citrobacter koseri 11 1 - - - - - - - 2 14 (1.1)
Enterobacter asburiae - 2 - - - - - - - 11 13 (1.0)
Providencia rettgeri - 4 - - - - - - - 7 11 (0.9)
Serratia marcescens - - - - - - - - - 7 7 (0.6)
Citrobacter braakii 1 1 - - - - - - - - 2(0.2)
Citrobacter farmeri - 2 - - - - - - - - 2(0.2)
Klebsiella variicola 1 1 - - - - - - - - 2(0.2)
Citrobacter amalonaticus 1 - - - - - - - - - 1(0.1)
Enterobacter kobei - - - - - - - - - 1 1(0.1)
Hafnia alvei - - - - - - - - - 1 1(0.1)
Morganella morganii - - - - - - - - - 1 1(0.1)
Pantoea spp - 1 - - - - - - - - 1(0.1)
Proteus mirabilis - - - - - - - - - 1 1(0.1)
Providencia stuartii - - - - - - - - - 1 1(0.1)
Raoultella ornithinolytica - 1 - - - - - - - - 1(0.1)
Raoultella terrigena - 1 - - - - - - - - 1(0.1)
Total 551 254 9 1 1 1 8 4 1 413 1243

Abbreviation: CPE group, Carbapenemase-producing Enterobacterales.
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He 10158.1%), 219 195(1.5%), 71€t 205%(1.6%) <
OS2 CRE #57t R A (Fig. 1). BE TF 977
oA AgE, JE EXE= 2 Ao|E Ho|R| dgton,
7V §AIgE CRE +F+= KPC F4AE 7H4 K. pneu-
moniae® JERGT
9g57]# 570l w2 A CRE 59 CPE 1§89 Hl&
S ANEY STHYS 4225(55.7%), SFFLL 294
Z(85.0%), HY 815(80.2%) «2 2 YEFITHTable 4).
4L Hle aFP LT} FLolA CPE & 9%
CRE #9430l 43511 3= & & U A Ui
d EEFASZ 9578 FTEHE AHE Z= Table 5
9} Zt}. Meropenem, imipenem, doripenem®| 7%
< A WA FEF2GA ST 4 pg/ml 0]
Ahol Z+ 61.2%, 62.2%, 46.9%1H] wtal, agE e 7
70.2%, 80.6%, 60.4%%= YEYtt. &, ertapenem A3
Al Q=713e] Fd0 e A WAHE 2olE 2A
Holx] gkoitt. olg3t A& & uw CRE #YS Al
Aol 7MY 2 S Aot SFE AT 8 FE LA
CPE 159 Hl& A U4 @=olA AJolE Hol=
A& gelstoirt.

Etc., 20

Clinic, 19

Hospital, 10

&

Long-term
care hospital,
346

Fig. 1. Outbreaks of CRE according to the type of hospitals.

Table 4. Distributions of CRE isolates with carbapenemase pro-
ducing gene according to the type of hospitals

No. of isolates (%)

Type of hospitals CPE group Non-CPE group
(n=830) (n=413)
General hospital 422 (55.7) 335 (44.3)
Long-term care hospital 294 (85.0) 52 (15.0)
Hospital 81 (80.2) 20 (19.8)
Clinic 17 (89.5) 2 (10.5)
Etc. 16 (80.0) 4 (20.0)

https://doi.org/10.14192/kjicp.2022.27.2.162

3. CPE 7RIt A LY Zto| J&aA &4

R7|¢ FFEE A W= AolE Kol ol
7} CPE 159 Hl& 2ol #helo] qlrtkar 451, 7t
i Boflas AY AR 59 7k WA 7+
A 9 tisf A sHT

CPE & 830F%} non-CPE 1F 41355 B43 2
I 5 252 7 A WA foldt ZolE B
¥}, £9] meropenem, imipenem, doripenem A
A4 AFoA CPE 152 H4A9ASE 4 ug/mL °]
AR A7 242 76.0%, 90.2%, 66.5%H| ¥tl], non-
CPE 1F2 44.6%, 27.6%, 25.2%% & #ol& B9
tHTable 6). & 719 259 7Huteyd FYA WA=}

Table 5. Carbapenem antibiotic susceptibility according to the
type of hospitals

No. of isolates (%)

Antibiotics General ~ Long-term

hospital  care hospital
(n=757) (n=346)

Ertapenem  [*/S" (MIC' <2 pig/mL) 7(0.9) 6 (1.7)
RY(MIC >2 ug/mL) 750 (99.1) 340 (98.3)
Meropenem  I/S (MIC <4 ug/mL) 294 (38.8) 103 (29.8)
R (MIC >4 ug/mL) 463 (61.2) 243 (70.2)
Imipenem I/'S (MIC <4 pg/mL) 286 (37.8) 62 (17.9)
R (MIC >4 pg/mL)  471(62.2) 279 (62.1)
Doripenem I/S (MIC <4 ug/mL) 402 (53.1) 137 (39.6)
R (MIC >4 pg/mL)  355(46.9) 209 (60.4)

*Intermediate, 'sensitive, ‘minimum inhibitory concentration,
‘resistant.

Table 6. Carbapenem antibiotic susceptibility according to CPE
group

No. of isolates (%)

Antibiotics GEE
group

(0=830)  (=413)

Ertapenem  I*/ST (MIC' <2 pg/mL) 12 (1.4) 3(0.7)
RY(MIC >2 pg/mL) 818 (98.6) 410 (99.3)
Meropenem  I/S (MIC <4 ug/mL) 199 (24.0) 229 (55.4)
R (MIC >4 ug/mL) 631 (76.0) 184 (44.6)
Imipenem I/S (MIC <4 pg/mL) 81 (9.8) 299 (72.4)
R (MIC >4 pg/mL) 749 (90.2) 114 (27.6)
Doripenem  I/S (MIC <4 pg/mL) 278 (33.5) 309 (74.8)
R (MIC >4 ug/mL) 552 (66.5) 104 (25.2)

*Intermediate, 'sensitive, ‘minimum inhibitory concentration,
Sresistant.
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A8l Kruskal-Wallis 242 435t
o JHIAE EAR A3 ZAMFYERE 0.05 ostE U
Bttt CPE #3429 7529 meropenem, imipenem,
doripenem A WAL 7tol| F-ou|et AHBA 7 9L
£ ZA0E YT

ot ertapenem FAYA= CPE AR G50 W& H4
AA LY AJolE A Ho|A]| gokon, Ao AMEH
CRE #F % 98.8%7} CLSI A (Clinical and Labora-
tory Standard Institute)°l| 4] ©i5}= ertapenem W4
712 2 pg/mL o149 HAJATEE 7HALL Q= A
O 2 YEIGtH(Table 4). o] & Ao AMEE dittk9
CRE #F7} ertapenem WA #Fet= Qu|2, oz 7|
oA CRE #55 2 © CLSI A T F2 er-
tapenem diskE AHESHAY, A8 AAM AMHEE= VI-
TEK 59 A53F AH] 9A] ertapenem} meropenem
= 7|&2 & skt o3t A HAE 45 JF2 vA
Ao FHH

Discussion

2 AFoAE A71= W Y=7]Ho|A EAT CRE &
% #F 1,243F 5 R u7|d SH UE +
&, CPE 47 &2, 7HHEd 84 44 2435 £
A5t9irt.

CRE ¥ 1,243F % 69.8%7} K. pneumoniae®
sk, 7HHEY el as A4 AR KPC f4A7}
44.3%2 71 w2 HEE AEFHYeY, o7U)H 5
o] WE x}o|= A HolA| AU} K. pneumoniaer= =
AU EE 53 A WA FAAE gA wotEolx
g Al HH3} sl 580l HolY, K. pneumoniae-
KPC type©l 93t CRE #E%5 ALE2 S8t ofy
2} ohFet 7oA BIsisHA dA8skal e AR UH
A SJIH18,191.

7371= W CRE ¥EF 1¥5S
A%oH, CRE Zd%9] 88.7%7F HA(60.9%)7 2
FHAQ7.8%)°A TG Ao vepth Ayaey
o] =9 20179 CRE #EF0| AFRA diY AEHL
2 AHE &, 7 CRE #A93Y A1 A4E= A&EFH o
7kt glon, 0% S8 A1al 4= 2018-2020
Y BT 44%2 5L 999 F9 20184 4%
A1 20209 8%=E & £0& F7Iet A0 & YEtHe]. of
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9] H]Fo| =11, FYA AME-E©] o] CRE
Aegs}t Aol [20], 3¥H Y Al CRE
30.4%% =A vERd vk 9l 1[14], SEE L} X
o] Zon FFHYAY I35 LS AH8Sh= 5 CRE
AASol Fkzt Aol whehA] S8 A 3 Lol
A 53] & 94, AE 9|, EAFE T dA% 4 Y
7t 8=, 82 Ay Al SZ4EQ1 AStRARE 59
F71 &A9] Ay grotof o FQ 4ol Slh

A7 W 834y SAEES AR OE JH Y
CRE #9935 3¢S Ueiigl=tl, 83392 S
of ®]s] CPE Z&F°l 93t 9] Hl&o] =1, ertape-
nem= A2 ZHatHd FAGA of it AR =2 A
O & ZAESIH. o] SAZLE EA% A CPE /4
Z+9] 359} imipenem, meropenem, doripenem A3
Al W Atolo] Folu|gt Aol Qitk= AL ¥yl
t}. 7]1& dF)A %= CPE 1E°] non-CPE &l Hl3|
meropenem FAA°fl tgt HAJATE7}F H 1L ARG
£0] oF 48i7} oty BH HP7h 91121, CRE #5+&
oju] FH g A digt W 7HA L Q= F7t
wWol7,8], th& A Wl Hls) AFgEC] 2 A2
2 geA 22l k3t ojAH F AYHY2 CRE &
59 HE A HFof Fojsi, QFH AN HH3
CRE 9 S41E 39l CRE E =& A5t A9 W
CRE #¥95 &Y FHES daA v 9+217}
ATH?23,24]. o] H3 AIEE v]Fo] & uj, QG HojA
9] CPE 159 #332 Ad ¥ A¥ S 57H1 12 5t of
Y}, 7Hk Y A tidt =2 W8S 71 449 9
Sofl £A F2 TS v AR EHER AATN 7
E SAE T 29Xo] Yt

CRE #¥% &t #H2 Q9150 5dFog 2§
517] W&o @717+ Hell 235 <7171 ot 717kl
AA FYA AT, dF% TF B, A& otz
AL & T oA R E|ojof st X|&AQl w7 W
CRE #59] =3} A2 74 AR a4o] qlrt. o
of w2t &2 Aol A= B71% W CRE #+5 25 7elst
1, YE7E 4 R0l AR dEs Bedsles
2, % CPE #5°l 93t CRE A5 Ay At
A A A v ZAREE SEE Ao E AlRdT
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