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202149 LY 22| 7ML M ZLH Ml 43 S(Carbapenem-—resistant
Enterobacteriaceae)?| L| A&k L EM 2N

P

=
=

Fhate| Y A W Al F < S (carbapenem-resistant Enterobacteriaceae, CRE)S] Au7t G4 =2 APHHA ZA|HA FF5EA 9
715 2¥sta gtk ZEUHOI AT ASE-19 1389 ojtE CRE A 959 T EC| B F7tsl3ithe Bt JuEdA =y &
4y CRE A9 E43 WA 714, B4 484 A B4 izt 2o/4d0] AZ|=ieh 20219 A= A= BAAZAL
Ao o= o] glEl CRE WYAE= F 15,6395 Klebsiella pneumoniae (H@7H) (10,6435, 68.1%)%} Escherichia coli (7%
) (2,718%, 17.4%) 2707} A CRE LAY 85.5%F ARt 2|92 CRE £ A4+ 2 e oF 69% & S71ot= <=

e, AeS T3 $2d Aol HA| 52.6% (8,2295)F AAISHAA B Ao v &2 £2l&S Bk 3 51 CRE &
239 99.1%7F LEtEd 5 171 o139 7Hats A A ) WS Yetlisith. CREZ 2F Adtd HAAE 4% 23 12,979
F(83.0%)7} 7HetHdl Eoja A A FUAl T4 S (carbapenemase-producing Enterobacteriaceae, CPE)O|H, ©| & Klebsiella
pneumoniae carbapenemase (KPC)-23 447} 10,3145(79.4%) 2 =W 53 CPEQ 8 U4 322 ERI=Hh W 717
E2 B2 & Hol& 7 WA K. pneumoniae (carbapenem-resistant K. pneumoniae)E A2 448 AFHS £4% 2
3 370 AE FHP(CKP_TO, FO, I0)°] =S AL E HAF2Q S4iHS HolHA o]F ALt 67] AGoM+= A2 & AsY
FAFo] FAsH= AL E LU o] Il £ CREZF SUsHAY FARE 280] AQERE {5t Y2 AlAFSHGT o] A
T+ CRE ¥9419] EAT /45t AP S 402 2 CRE 73 AFS B30, IF A Aol 9 27 489
A710) d-gs] A 712 AR 2N SEE Ao JdHct

FQ ZAMof: FhatE| AW Al & 5 (Carbapenem-resistant Enterobacteriaceae); 7FtH Yl Baja s A FHAF &

(Carbapenemase-producing Enterobacteriaceae); 34 W73

A = T2 Edo| T7FstHA FAALS|eF FA Avto] ok Tl
23 ek E9] AR AN A o St (carbapenem-
SHAA| Q] BA A Hutat edR 02 Q1) A WA resistant Enterobacteriaceae, CRE)2] &dL 3} JA| A 7Y
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2017-202049 9] 7Hats A WA S WAl F4++E(carbape-
nem-resistant Enterobacteriaceae, CRE) &3 @dZ}o] u}t
29, U 7hEy] BEejas A Gl S-S (car-
bapenemase-producing Enterobacteriaceae, CPE)2] H|-&
= 73.8% ol AL & ERIE et ESF, 7P Wol &2
H #¥F2 K. pneumoniae°|™, S8 7HtH gl Ealash &
#2492 KPC-20]th.

@ M=Z0| €A & iEg2?

20219 CRE #8 A5& Wil F7tst= SA4olth. CREY]
42 A B2, FBA T BY, CPE A4A43F £
R= ASTAl AT o]T 2 A9 FARE FAE Holal 9l
t}. 2 CRE #4959 52 99l HLA 7laked YA
K. pneumoniae (CR-K. pneumoniae)°ll T3t &A}<5}7|
4 B9l gl it f48H AdS Felstth

® AAE?
B YA g0l oAU Ay 971 A 9
o, S 2o CRE 3949 S434 fH%2 Aol o

3} x| 22 9] BAo] E]_g_o].]:].

A RS iy |

e B2g gl MY A FEA ] WS Edol ot
g olghat AMYES A STHIZIHEA SFEAS ¥
£ 9 2 EA7F FtH1]. CREYY 93t AMgEL 82 79
Al oF 13%01H, g &3 A4 Alolle 50% olidez mi¢-
ES AMES Bt Ao] AFE S lE v T2l
FZUo| AL AS-19(ZEH19)9] &
A Qe @ AR A W e dde] SA 1
olL wjrEtt Fasxo] wet CRE HYA o Hgt FAIAA
oot A w7t ule- Al Aol
CREx= 7HitEY AFe] FABAQL olu|H ¥l (imipenem),
| 254l (meropenem), = 2] 4l(doripenem), FEHH Yl (er-
& & 7HA] o] Aol sl e UEti=
BN F&EFSOE Bzttt tit, Morganella%:, Proteus

Sato] Az} At

tapenem)

542

%, Providencia% 32| 4% olv]=# ol sl A -3
< Ho|Bz ojudlo] tigt WA 7|&Ee A8t =t
CRE®] 7Hte| A A Wi 712 7Hatedl 2o s
Aoz A FBAE Edfcthe FHAlTEESE

=
=

& (carbapenemase-producing Enterobacteriaceae, CPE)®] 2]
AT 8 W (eflux pumpht JhehnY £31g s,
AmpC B-lactamase E+=
Yo} A4 SO 7HE A Al /S Hol= AUl
#4@%(non-CPE) €& AR BRI} CPEZF 493}

= hlg Belaat e tiepsh, 32 gl 55

extended-spectrum B-lactamases2]

+ Klebsiella pneumoniae carbapenemase (KPC), New Delhi
metallo-B-lactamase (NDM), oxacillinase (OXA), imipene-
mase (IMP), Verona integron-encoded metallo-f-lactamase

5°l Atk CPE= A AlAR ZxtHo] o #d A4
< sHeE Jd TS dove=d, F7PEE AR CPE
o 32 AR t2A yedth vse FE 7 2

o}, AAH o 2= KPC A K

(VIM) 5

as EE Lo Aol=
pneumoniae®] 23t LYol vl fAlStTt FH O Ff- A
A 7 FF72 CPE7} F-3stoq, ojge|ote} 12| A= KPC A
F3o], Frtyoret AxQl, FH=
719l OXA-48 Al¥ WA K. pneumoniae®] 2J3t -3 o] A
Hj 2o]tH3]. obrlol= iAo g thdet 39 CPEZL
okl Ut =1} tiutol A= KPC A4 K. pneumoniae7}
A5k, olek g Y-S IMP B4 E. cloacae”t $-Al5}tt
[4,5]. Ef=roll A= NDM A4 K. pneumoniae®} E. coli7t 5
ATHG]. ol A= CRE AAS Jek T80l of

BB KPC A4 K. pneumoniae®l| 23l ¥AY5}H, NDM A4

) K. pneumoniae®l| 2]t

ERE L

K. pneumoniae®] 23t 2|9 W At DAL= AedAIAA &
ol AlzHe 20179 o] % Al&ste] Q1= AL ITH7].

& 24 I Wy A
ol Fuby oLt 2

A7t Agee 544 Ao o

ze gy fAAE SepanE
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59 e 7oz

)

(plasmid)L} E A LZ(transposon)S
g 594 Asfo] o5t Aotk o=/ told v 2
£(clone)oll o3 424 Av op/|H: Aw WA HE
of, WUA| 7t FhukaIA A W SRS
§ Asto] ofgt Ak 74 Qs ggoltt. ER
oh2 ofAlol sk By SAAHE B5ete] thl AE Hol
AL, HAATE JR1E gRE §EE0 AdNE deo
2 St o 2 A84 9o 488 eolth uetA

CRE 71¢] Telo] 9lo} A8k 8412 o] gat Al

=]l A
;ﬂ_EELO’CT

3 Wl

(ol

HYE o] REEA] SRks|ojof g}, ofof met 2 ol A
= 20219 ApRARE 5ol SHEE =W T CRES] W 3

G BT B4 AL B0 99 4% vogos
A GA BA B BAE AT 7% ARE ATHIA

o},
g
20210 A=t Al - = HAEATY

7} Q== 22,1524 &
2 BAMslgom 4

OF CRE A}
15,6395 W2
A2 Avae Zht A S Al
&9E(CRE) 4835 MiFdA 224

#F%o| old

AHA(KDCA-S-CT-
StAch. Zhetedl A<D A &
= HAF= Sensititre KORN plate (Thermo Fisher Scientific)

£ o] 8ol AA wiA ©|FF3] A (broth microdilution

CRE-17-01)& EH= 23

FAAE g9l %
# 542 639 7htHd Bolaa FAAKblay,, blagy,,
Fr AR
s}l polymerase chain reaction (PCR)S 43, olld 2t
9] A7IMEE EAske] st YA EAARHEHA

1817] 919

blayy,, blaypy, blagpe, and blag,) Z 16S rRNA

AeAe o FAAAE

2 1

1. =W FHHH AW S YL M 52
g 32

S(CRE) 22 ¥

202199l CRE #¢2ARE &9 A= Al - & B8
ol AAF 2=H 22,1525 5 CREZ & &<ld 15,639
F(70.6%)5 HA2=2 A3t CRER 2els|o] L]
% &2 K. pneumoniae”} A2} 68.1% (10,6435)= 7}
& gol 2=, &
ZF), Enterobacter cloacae 3.3% (5105)% 2QI= At 1 <

S Escherichia coli 17.4% (2,718

71t B Al dtEtS 2 2+= Citrobacter freundii®t K. aero-
genes 52| 50%°] 1,7685(11.5%) A= AJTHE 1).
2 #59 Zhated A FEA 45 S WY B g
Ql A3}, detHd WS 11,557599.1%) & 71 o]

M

1. 4= i 7Ht gl E &S (CRE)Y #3532 &2

o= 22| 12(%)

oC 20174 20184 20194 20204 20214 T
Klebsiella pneumoniae 1,802 (59.4)  5.619(65.2) 7.345(62.2) 6,254 (67.7) 10,643 (68.1) 31,663 (65.1)
Escherichia coli 551(18.2) 1,482 (17.2) 2,257 (19.1) 1,591 (17.2) 2,718 (17.4) 8,599 (17.8)
Enterobacter cloacae 195 (6.4) 309 (3.6) 410 (3.5) 337 (3.6) 510 (3.3) 1,761 (13.1)
Other Enterobacteriaceae 486 (16.0) 1,208 14.0) 1,798 (15.2) 1,052 (11.4) 1,768 (11.5) 6,312 (13.1)
AA 3,034 8,618 11,810 9,234 15,639 48,335
CRE=carbapenem-resistant Enterobacteriaceae.
92017. 6. 1.-12. 31. 717ko] 1 Zhabw A Al 4 S (CRE).
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RIF I, oluH Y 8,4645(73.5%), HZHY 8,219F
(70.5%), =2#H 6,705F(57.5%)= 22 WAl 1=
ot et WAFE MIC,©] 8 pg/mlZ o2 Y x| 7hat
A FABAMICs, 4 pg/mlyEol vloh =4 Wrebgtth. MIC 32
pg/ml 0]/4Fe] W2 LetHd 20.4%, = #H 4l 15.9%, |l
29 13.0%, olu|Hy 8.7%=2 FAEJTHIE 2). ET K
pnuemoniae2 58.3% (4,896%), E. coli® 33.0% (586F),
E. cloacae®| 34.1% (1485%), 71E} Enterobacteriaceae¥t %
9] 46.4% (4795F)7t ZHard| A FAA ¥ FF mFo] diet
WS 7HATHE 2). A998 CRE T4 2 AZoflA AA|
9] 27.2%%1 4,25857F Hel=o] 7P & Hl&S AL
™, 1A 2,3065(14.7%), 871 1,6657(10.6%)9] +=Ho]
1 ohg <98 s 11 9 A 1,2555+(8.0%), FA
1,1605(7.4%), W7 1,092(7.0%)2] A7t AEHAA =

B2 2Eeo] FAEAHIH 1.

flo
5]

2. =zl 2| 7ot Sollsd 49 UM S
(CPE) X+ 2%
202140] Ee® CPEE 12,9795, HA CRE £
49 83.0%F AL ItH" 24). #F°] & 7}

vl B840 EX= K pneumoniae®] 73-%- KPCHo]

O

76.7%= - AHA UErEil, NDM3o] 7.5%& F&
o9t} E coli A KPCH(51.8%)0] S-A|5t90
P2 K. pneumoniae| A R1E NDME 9] vl EET} =2
21.0%% BRI Ut} E. cloacae= 24(48.2%)°] &7 &<l
5 AA T NDMEO] 33.5%, KPCEO| 14.9%%Z T2 EX 7
FS B 7E AWAlE &S olAl= KPCHol 48.2%,
NDM3F0] 24.4%=Z Yebgth(1H 2B).

1}, NDM

3,000 23
2,001-3,000
1,501-2,000
751-1,500
251-750
uz 250 0|3t

2 (E191: 2, %)
a3 1. 20219 S 22 ek W Al & E(CRE)9
AdE 2

CRE=carbapenem-resistant Enterobacteriaceae.

H2. 20219 7AW AAZ WA F 45 (CRE) &

2179 shlal A A 158

) Break A sE(ug/ml)

SHAH| i %R %l %S < MICyo MICq,
point 0.5 2 4 8 16 32 >32

0.25

olmHldlY  $<1 8,464 1,492 1,565 - 705 860 1,492 2,972 3,418 1,072 542 460 4 16
R=4  (735) (13.00 (13.0) 6.1) (75 (13.00 (25.8) (29.7) (9.3) (4.7) (4.0)

HzZ#d  s<1 8219 1916 1525 - 572 1,916 3,069 2,295 1,335 903 617 4 32
R=4 (705) (16.4) (13.1) (4.9 8.2 (16.4) (26.3) (197) (1.4 7.7 (5.3)

et $s<0.5 11,557 67 37 17 20 1,253 2,251 3,511 2,160 1,493 889 8 32
R>2  (99.1) (0.6) (0.3) (0.1) (0.2 (0.6) (10.7) (19.3) (30.1) (18.5) (12.8) (7.6)

=Y s<1 6,705 2,720 2,235 - 883 1,352 2,720 2,720 1,586 1,122 733 544 4 32
R=4 (575 (23.3) (19.2) (7.6) (11.6) (23.3) (23.3) (13.6) (9.6) (6.3) (4.7)

CRE=carbapenem-resistant Enterobacteriaceae.
JolmHl A WAFF 1495 A9,

544
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A (%) I CPE
20 40 60 80 100 [ Non-CPE
12,979 2,660
20214 (83.0%) (17.0%)
0 2,000 4,000 6,000 8,000 10,000 12,000 14,000
(TE| Pabs )
B Klebsiella pneumoniae Escherichia coli Enterobacter cloacae
9,000 A 8,210 9,000 A 9,000 A
1,600 - 1,502 1,600 - 1458 1,600 -
1,400 - 1,400 A ] 1,400 -
<F 1,200 A 1,200 A 1,200 -
!
= 1,000 - 849 1,000 A 1,000 -
IH 800 - 800 - 674 800 -
600 600 482 600 -
400 400 ~ 400 -
208 174 246
200 A 119 200 A 200 A 79
7 [ 4 6 0 |_| 1 1 7 4 5 sl 1
0 T T T T T T 1 O T T T T T T 1 O 1
@) > O > 6
\@Qd\g~ 4\“&* & 0‘0 %° \QQO‘\Y A\®$0® & C’)((’ %° @Q ‘\y 4\@ 0@ {g &
Citrobacter spp. Klebsiella spp. 7|Et Enterobacteriaceae
1 505 1 i
500 - ] 500 A 500 -
400 A 400 400
<k
&1 300 300 A 300 -
) 230 222
M 200 - 185 200 - 200 - 164
100 H 100 A 100
1 13 3 1 A H 112 2
0 T — T T T T T '_l 1 O T o T T T T T T 1
O D > O D 2
FF TS EF @ \@20*?4\“0 %*” S S EF P
22 2. 20219 3 22 Fhebsld RelE s A FRAFETEHCPDY Ralg L Aol Relas BE A%

(A) CPE ¥ non-CPE 288, (B) #3E 7Htyl £5a84 X A¥. CPE=Carbapenemase-producing Enterobacteriaceae; IMP=imipenemase;
OXA-=oxacillinase; VIM=Verona integron-encoded metallo-B-lactamase; NDM=New Delhi metallo-B-lactamase; KPC=Klebsiella pneumoniae

carbapenemase; GES=Guiana extended-spectrum -lactamase.

Zhatd B a0 §42y gl FhutHy £
2o
HALe] @71 M Fg Aokl 3yt
At 20219% CRE #5°o& #R1H #+F 5 CPE #5F=
12,979(83.0%)=, o159 7Y 8t F8 32
KPC3 10,4965(80.9%), NDM& 1,9725(15.2%), OXA
@ 2855(2.2%)°11L, 2% oY 7Yl EHEAE Al

o Zt= FB2 1925(1.5%) 2 SRt 7HatH Y

= o

A 6Z(MP, OXA, VIM, NDM, KPC, GES)
3] PCRS 9, a5 &

Lok

www.phwr.org Vol 16, No 18, 2023

49| o} Foj|A KPCHE 5 KPC-27F AAY 79.5%
£ AASHAA oA 7 Bol ERlE+= ofY fFEeR
I 1 222 NDMKE % NDM-19°] 12.0%,
NDM-5 3.0%, OXARE 5 OXA-181°] 1.9%E AA|st
Ak ES 2F o] 7ty EsjasE FAOl A= &
3 1.5% % OXA-181, NDM-52} NDM-1, KPC-2, 183l
NDM-5, KPC-27} 77} 0.4%= ERI=3ict. =W CPE £

£ A2 -, A71eE 2ok A 6,93457

545


http://www.phwr.org

I Public Health Weekly Report '\

H3.20214 7Hatsd

Eafas B4 FuA<

75 (CPE) 28152 7y

s f30o e ddE Bx A%

7HIHE 2o E A

=2 A=

A IEII- =X ﬁ
_ ] SEH 453 # = %)
SAH SHIY
Mg QM ZI| A(%) £ 24 B AH(%) Wi e A%) ™ ME 55 39 A%

IMP IMP-1 2 - 1 3 1 - 1 - 1 - - - - - 11
0.0) 0.1) 0.1)

IMP-4 - - - = - 1 - - - - - - - B 5

)

IMP-78} - - - - - -] - - - - - |- 1

)

OXA OXA-48 17 4 4 25 - - 1 2 4 - - - 1 1 33
0.4) 0.4 0.1 0.3)

OXA-181 128 5 10 143 7 - 4 16 58 - - - - = 250
@.1) (5.3) 1.9)

OXA-7]8F 2 - -2 - - - - - - - - - - 2
0.0) )

VIM VIM-1 3 - 1 4 - - - - - - - - - - 4
0.1) (©)

VIM-2 -1 -11 2 - - 1 e - - - - 5

) 0.2) 0)

VIM-7]§F 1 - - 1 - - - - - - - - - - 1

) 0)

NDM NDM-1 239 636 115 990 68 41 143 8 50 2 8 34 94 1,558
(14.3) (7.8) (12.4) (12.0)

NDM-5 67 123 54 244 28 3 19 37 10 - 2 10 22 383
(3.5) (3.4) (2.9 (3.0)

NDM-7]E} 11 1 8 20 - - 8 - 1 - - - 1 31
0.3) 0.1) 0.2)
KPC KPC-2 3,111 1,253 1,013 5,377 577 166 897 103 804 169 7 77 372 625 10,314
(775) (73.8) (82.7) (79.5)

KPC-3 6 4 5 15 33 - 5 4 19 - - 1 - 1 79
0.2) 1.7) 0.1) 0.6)

KPC-4 - 1 3 4 1 1 2 37 41 - - - - = 50
0.1) (3.8 0.4)

KpC-7]Et 8 - 2 10 - -39 - - 2 - - -2 53
0.1) 0.3) 0.4

GES GES-5 1 - - 1 - - - - = - - o - 7
0) 0.1

7leF oxa-181, 11 1 4 16 2 - 2 - 18 - - 1 - 1 55
NDM-5 0.2) .7 0.1 0.4)
NDM-1, 5 44 - 49 1 - - - 2 - - - 1 1 54
KPC-2 0.7) 0.2) 0.1 0.4
NDM-5, 16 1 1 18 19 - - - = - - 1 6 7 47
KPC-2 0.3) 0.9) 0.4)

71Ek 4 5 2 11 1 1 2 19 1 - - -1 36
0.2) 1.7) 0.1) 0.3

CPE=Carbapenemase-producing Enterobacteriaceae; IMP=imipenemase: OXA=oxacillinase; VIM=Verona integron-encoded metallo-B-lactamase; NDM=New Delhi

metallo-B-lactamase; KPC=Klebsiella pneumoniae carbapenemase; GES=Guiana extended-spectrum f-lactamase.

st BAEAE 255 o4 /AL 9.
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Antimicrobial Resistance and Molecular Characteristics of
Carbapenem-resistant Enterobacteriaceae lsolated in the
Republic of Korea , 2021
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ABSTRACT

The rapid spread of Carbapenem-resistant Enterobacteriaceae (CRE) has led to a worldwide public health crisis. The rapid
rise in CRE infections during coronavirus disease 2019 pandemic has emphasized the need to analyze the characteristics,
resistance mechanisms, and genetic relatedness of CRE isolated in the Republic of Korea (ROK). A total of 15,639 CRE isolates
were identified by laboratory testing in 2021, with two species: Klebsiella pneumoniae (10,643 strains, 68.1%) and Escherichia
coli (2,718 strains, 17.4%) accounting for 85.5% of total isolates. The number of CRE isolates by region has increased every
year and the isolation rate in the metropolitan area (8,229 strains, 52.6%) was higher than that of any other region. In
addition, 99.1% of isolates were resistant to one or more carbapenem agent such as ertapenem. Carbapenemase-producing
Enterobacteriaceae (CPE) was accounted for 83.0% (12,979 strains) of the total CRE isolates, and the major carbapenemase
subtype in the ROK was KPC-2 (10,314 strains, 79.4%). The genetic relationship among carbapenem-resistant-K. pneumoniae
(CR-K. pneumoniae) isolates showed that three genotypes had spread nationwide. Furthermore, other genotypes of CR-K.
pneumoniae were prevalent in 6 regions, suggesting that regional spreads may have been caused by the same or a specitic clone.
This study evaluated the prevalence of CRE in the ROK and focused on the characteristics and genetic relationship of CRE. It
is expected to be used as basic data when responding to future national infectious disease crises caused by antibiotic-resistant

bacteria.

Key words: Carbapenem-resistant Enterobacteriaceae; Carbapenemase-producing Enterobacteriaceae; Antimicrobial resistance
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Introduction have a mortality rate of approximately 13% for urinary tract in-
fections, and an alarmingly high mortality rate of over 50% for

The emergence of carbapenem-resistant Enterobacteriaceae bloodborne infections [2]. With the waning spread of corona-
(CRE), which poses a significant threat to public health owing virus disease 2019 (COVID-19), controlling infections linked
to their resistance to carbapenems, the final line of defense in to antibiotic resistance has become more imperative than ever,

antibiotic therapy, is of particular concern [1]. CRE infections highlighting the urgent need to strengthen surveillance and
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Key messages
(D What is known previously?

The ratio of carbapenemase-producing Enterobacteriaceae
(CPE) was more than 73.8% from 2017 to 2020. And the
most common carbapenem-resistant Enterobacteriaceae
(CRE) was Klebsiella pneumoniae (64.3%), and the major
genotype of carbapenemase was KPC-2 (75.4%).

(@ What new information is presented?

In 2021, the number of CRE and CPE was increase.
Carbapenem-resistant K. pneumoniae (CR-K. pneu-
moniae) which was the main cause of CRE infection in
Republic of Korea was showed the genetic relatedness by
region in a molecular epidemiological analysis.

(® What are implications?

It is necessary to evaluate the characteristics and genetic
relationship of CRE consistently against national infec-
tious disease crises caused by antibiotic-resistant bacteria
in the future.

infection control against CRE pathogens.

CRE are defined as Enterobacteriaceae species that dis-
play resistance to one or more carbapenems, namely imipe-
nem, meropenem, doripenem, and ertapenem. However, as
the genera Morganella, Proteus, and Providencia are intrinsi-
cally resistant to imipenem, the criteria for imipenem resis-
tance are not applicable. CRE are classified into two categories:
carbapenemase-producing Enterobacteriaceae (CPE) and non-
CPE. CPE degrade carbapenems via carbapenemases, whereas
non-CPE use alterations in efflux pumps, outer membrane
protein permeability, or overproduction of AmpC f-lactamase
or extended-spectrum B-lactamase to induce carbapenem re-
sistance. The carbapenemases produced by CPE are highly di-
verse, but the most identified carbapenemases include KPC

(Klebsiella pneumoniae carbapenemase), NDM (New Delhi

www.phwr.org Vol 16, No 18, 2023

metallo-B-lactamase), OXA (oxacillinase), IMP (imipenemase),
and VIM (Verona integron-encoded metallo-B-lactamase).
CPE are responsible for outbreaks primarily in healthcare fa-
cilities worldwide, but the dominant types of CPE differ by
country. In the United States, KPC-producing K. pneumoniae
dominate the outbreaks. In Europe, there are two most preva-
lent types—KPC-producing K. pneumoniae is the predomi-
nant type of CPE in Italy and Greece, while OXA-48-like K.
pneumoniae is prevalent in Romania, Spain, and Turkey [3].
In Asia, the types of CPE that predominate outbreaks are rela-
tively diverse. KPC-producing K. pneumoniae are dominant in
China and Taiwan, while IMP-producing Enterobacter cloa-
cae dominate in Japan [4,5]. In Thailand, NDM-producing K.
pneumoniae and Escherichia coli are prevalent [6]. In Republic
of Korea (ROK), KPC-producing K. pneumoniae are responsi-
ble for the most CRE outbreaks, and local outbreaks of NDM-
producing K. pneumoniae have been confirmed since the na-
tionwide surveillance system began operating in 2017 [7].

The rapid spread of CRE in healthcare facilities can be at-
tributed to both vertical transmission, where resistance genes
are inherited during bacterial growth, and horizontal trans-
mission, where resistance genes, such as carbapenemases, are
transferred to other bacteria through plasmids or transposons.
In addition to the vertical transmission of a single clone, out-
breaks triggered by the horizontal transmission of carbapen-
em-resistance genes between pathogens in healthcare facilities
are of particular concern. Moreover, the acquisition of resis-
tance genes to other agents, leading to multidrug resistance, or
pathogen spread beyond healthcare facilities to the commu-
nity poses a significant social risk. Hence, continuous monitor-
ing through molecular genetic analysis is critical for managing

CRE infections. In this context, we aim to provide fundamental
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data for preventing the spread of antibiotic resistance by identi-
fying the resistance trends of domestically occurring CRE from
a 2021 nationwide survey and analyzing the epidemic trends

through molecular genetic characterization.

Methods

Of the 22,152 cases reported to an Institute of Health
and Environment Research in each city or province in 2021,
15,639 cases, in which the bacterial species was identified,
were analyzed. The experiment was conducted in accordance
with the standard procedure for the culture of CRE infections
(KDCA-S-CT-CRE-17-01) of the Korea Disease Control and
Prevention Agency (KDCA). Susceptibility testing for car-
bapenems was performed using the Sensititre KORN plate
(Thermo Fisher Scientific) and the broth microdilution meth-
od. The minimum inhibitory concentration (MIC), which is
the lowest concentration of each antibiotic that can inhibit
bacterial growth, was determined. To confirm the genotype of
carbapenemases and to identify the bacterial strain, polymerase
chain reaction (PCR) was performed for 6 major carbapen-
emase genes (blay, blagy,, blayyy, blaypy, blagyc, and blagy)
and 16S rRNA genes for nucleic acid sequencing. To assess the

molecular genetic relatedness of the pathogens, pulsed-field gel

electrophoresis (PFGE) was conducted to analyze the PFGE
types.

Results

1. Isolation of CRE and the Resistance Trends in

the Republic of Korea

Of the 22,152 cases submitted for testing to an Institute
of Health and Environment Research in each city or province
in 2021, 15,639 cases (70.6%) in which CRE was identified
were analyzed. The most prevalent species was K. pneumoniae
(n=10,634, 68.1%), followed by E. coli (n=2,718, 17.4%) and
E. cloacae (n=510, 3.3%). There were 50 other CRE species,
including Citrobacter freundii and K. aerogenes (n=1,7068,
11.5%) (Table 1). The trends of resistance to four carbape-
nem antibiotics were analyzed. The most common resistance
was against ertapenem (n=11,557, 99.1%), followed by imi-
penem (n=8,464, 73.5%), meropenem (n=8,219, 70.5%),
and doripenem (n=0,705, 57.5%). MICs, was higher among
Ertapenem-resistant bacteria (8 ug/ml) than among bacteria
resistant to other carbapenems (MICs, 4 pg/ml). The MIC was
32 pg/ml or higher in 20.4% of ertapenem-resistant bacteria,
15.9% of doripenem-resistant bacteria, 13.0% of meropenem-

resistant bacteria, and 8.7% of imipenem-resistant bacteria

Table 1. Species distribution of carbapenem-resistant Enterobacteriaceae by year

No. of isolates (%)

Species
20179 2018 2019 2020 2021 Total
Klebsiella pneumoniae 1,802 (59.4)  5.619(65.2)  7.345(62.2) 6,254 (67.7) 10,643 (68.1) 31,663 (65.1)
Escherichia coli 551 (18.2) 1,482 (17.2) 2,257 (19.1) 1,591 (17.2) 2,718 (17.4) 8,599 (17.8)
Enterobacter cloacae 195 (6.4) 309 (3.6) 410 (3.5) 337 (3.6) 510 (3.3) 1,761 (13.1)
Other Enterobacteriaceae 486 (16.0) 1,208 (14.0)0 1,798 (15.2) 1,052 (11.4) 1,768 (11.5) 6,312 (13.1)
Total 3,034 8,618 11,810 9,234 15,639 48,335

CRE=carbapenem-resistant Enterobacteriaceae.
“The data was CRE isolates from June 1, 2017 to December 31, 2017.
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(Table 2). Furthermore, 58.3% of K. pnuemoniae (n=4,896),
33.0% of E. coli (n=586), 34.1% of E. cloacae (n=148), and
46.4% of other Enterobacteriaceae (n=479) were resistant to
all four carbapenems (Table 2). In terms of regions, 27.2% of
all bacteria were isolated (n=4,258) from Seoul, followed by
14.7% (n=2,306) from Incheon, and 10.6% (n=1,665) from
Gyeonggi. The isolation rates from Gyeongnam (n=1,255,
8.0%), Busan (n=1,160, 7.4%), and Daegu (n=1,092, 7.0%)

were also high (Figure 1).

2. Genotype Distribution of CPE Isolated in

Republic of Korea

In 2021, a total of 12,979 CPE were isolated, account-
ing for 83.0% of all CRE isolates (Figure 2A). The distribu-
tion of carbapenemases by species showed that KPC was
highly predominant among K. pneumoniae (76.7%), fol-
lowed by NDM (7.5%). KPC was also the most predominant
type (51.8%) among E. coli, but NDM was more prevalent
among E. coli (21.0%) than among K. pneumoniae. E. cloa-
cae showed a high negative rate (48.2%), and the most preva-

lent types of carbapenemases also differed, with NDM found

in 33.5% and KPC found in 14.9% of the isolates. In other
Enterobacteriaceae species, KPC was found in 48.2% and
NDM was found in 24.4% of the isolates (Figure 2B).

Six carbapenemases (IMP, OXA, VIM, NDM, KPC, and
GES) were genotyped using PCR and genome sequencing. Of
the CRE strains identified in 2021, 12,979 isolates (83.0%)
were CPE strains, with the major carbapenemases being KPC

in 10,496 isolates (80.9%), NDM in 1,972 isolates (15.2%),
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Figure 1. Regional distribution of carbapenem-resistant
Enterobacteriaceae isolated in the Republic of Korea, 2021

Table 2. Carbapenem resistance rates for carbapenem-resistant Enterobacteriaceae isolates

$<0.5 11,557 67 37 17 20
R>2 (99.1) (0.6) (0.3) (0.D (0.1
Doripenem S<1 6,705 2,720 2,235 - 883
R24  (575) (23.3) (19.2) (7.6)

Ertapenem

_ MIC (ug/ml)

Anti- - Break g0 o s T2 MICs, MICsp

microbial  point 0.5 2 4 8 16 32 =32
0.25

Imipenem”  S<1 8,464 1,492 1565 - 705 1,492 2,972 3,418 1,072 542 460 4 16
R4 (735 (13.0) (13.6) 6.1 (13.0) (25.8) (29.7) (9.3) (4.7) (4.0)

Meropenem S<1 8,219 1916 1,525 - 572 1,916 3,069 2,295 1,335 903 617 4 32
R>4  (70.5) (16.4) (13.1) 4.9 (16.4) (26.3) 19.7) (11.4) 77 (5.3)

1,352 2,720 2,720 1586 1,122 733 544 4 32
(11.6) (23.3) (23.3) (13.6) (9.6)

1,253 2,251 3,511 2,160 1,493 889 8 32
(10.7) (19.3) (30.1) (18.5) (12.8) (7.6)

©.3) 47)

MIC=minimum inhibitory concentration.

YExcluding 149 strains of intrinsic resistance to imipenem.
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Figure 2. Rates for carbapenemase-producing Enterobacteriaceae (CPE) isolation and distribution of carbapenemase in the

Republic of Korea, 2021

(A) Proportion of CPE and non-CPE, (B) distribution of carbapenemase subtypes by species. IMP=imipenemase; OXA=oxacillinase;

VIM=Verona integron-encoded metallo-p-lactamase; NDM=New Delhi metallo-B-lactamase; KPC=Klebsiella pneumoniae carbapenemase;

GES=Guiana extended-spectrum P-lactamase.

and OXA in 285 isolates (2.2%). A total of 192 isolates (1.5%)
produced two or more types of carbapenemases. Among car-
bapenemase subtypes, KPC-2 was identified as the most com-
mon subtype in the ROK, accounting for 79.5% of all KPC
types. Among NDM types, NDM-1 was the most common
(12.0%), followed by NDM-5 (3.0%) and OXA-181 (1.9%).

Approximately 1.5% of isolates produced two or more types

554

of carbapenemases, and these subtypes were OXA-181 and
NDM-5 (0.4%), NDM-1 and KPC-2 (0.4%), and NDM-
5 and KPC-2 (0.4%). In the ROK, CPE was mostly isolat-
ed in the metropolitan area, including Seoul, Incheon, and
Gyeonggi (53.4%). The next most predominant region was the
Gyeongnam region (including Busan, Ulsan, and Gyeongnam)

(n=2,077, 16.0%), followed by the Gyeongbuk region
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Total
(%)

Table 3. Regional distribution of carbapenemase-producing Enterobacteriaceae based on carbapenemase subtype
Carbapenemase No. of isolates
Seoul capital area Gyeongnam area Honam area Chungcheong area
Name Subtype
Total Total Total Total
E | B N JB JN DJ SJ CB CN
S C GG %) S US G %) %) %)
IMP  IMP-1 2 - 1 3 1 - 1 2 - - 1 - - - - -
0.0) 0.1) 0.1)
IMP-4 - - -1 -1 -1 - -, - - - -]
©
IMP-ete. - - - - - - 1 1 - - - - - - -
©)
OXA OXA-48 17 4 4 25 - - 1 1 2 2 4 - - -1 1
0.9 0.0) 0.4 0.1)
OXA-181 128 5 10 143 7 - 4 11 16 16 58 - - - - -
2.1 0.5 (5.3)
OXA-ete. 2 - - 2 - - - - e
(0.0)
VIM VIM-1 3 - 1 4 - - - = - - = - - - - =
0.1
VIM-2 - 1 - 1 2 - - 2 - 1 2 - - - - -
(0) 0.1) 0.2)
VIM-ete, 1 - - 1 - - - - - - B - - - - -
©
NDM NDM-1 239 636 115 990 68 41 143 252 8 50 2 8 34 94
(14.3) 2.1 (7.8) (12.4)
NDM-5 67 123 54 244 28 3 19 50 37 10 - 2 10 22
(3.5 2.4 (€X) 29
NDM-etc. 11 1 8 20 - - 8 8 = 1 - - - 1
0.3) 0.4 0.1
KPC KPC-2 3,111 1,253 1,0135,377 577 166 897 1,640 932 653 103 804 169 7 77 372 625
(775) (79.0) (73.8) (82.7)
KPC-3 6 4 5 15 33 - 5 38 4 4 19 - - 1 - 1
0.2) (1.8) (1.7) 0.1)
KPC-4 - 13 4 1 1 2 4 2 37 41 - - - - -
0.1) 0.2) (3.9)
KPC-etc. 8 - 2 10 - - 39 39 - - = 2 - - -2
©.1) 1.9 ©.3)
GES  GES-5 1 - - 1 - - - - - - - - - - - -
©
Etc.” OXA-181, 11 1 4 16 2 - 2 4 8 - 18 - - 1 - 1
NDM-5 0.2 0.2) 1.7) 0.1
NDM-1, 5 44 - 49 1 - - 1 2 - 2 - - -1 1
KPC-2 0.7) © 0.2) 0.1
NDM-5, 16 1 118 19 - - 19 - - - - -1 6 7
KPC-2 0.3) 0.9 0.9
Etc. 4 5 2 1 1 1 2 4 17 19 1 - - - 1
0.2) 0.2) (1.7) 0.1)
IMP=imipenemase; OXA=oxacillinase; VIM=Verona integron-encoded metallo-p-lactamase; NDM=New Delhi metallo-f-lactamase; KPC=Klebsiella pneumoniae
carbapenemase; GES=Guiana extended-spectrum B-lactamase. SE=Seoul; IC=Incheon; GG=Gyeonggi; BS=Busan; US=Ulsan; GN=Gyeongnam; DG=Daegu; GB=Gyeongbuk;
GJ=Gwangju; JB=Jeonbuk; JN=Jeonnam; DJ=Daejeon; SJ=Sejong; CB=Chungbuk; CN=Chungnam; JJ=Jeju; GW=Gangwon.
YCRE which had two or more types of carbapenemase.
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Figure 3. Dendrogram of carbapenem-resistant Klebsiella pneumoniae

PFGE=pulsed-field gel electrophoresis; KPC=K. pneumoniae carbapenemase; CC=Chungcheong: GB=Gyeongbuk; GN=Gyeongnam;

GW=Gangwon; HN=Honam; JJ=Jeju; SC=Seoul capital.

(including Daegu and Gyeongbuk) (n=1,861, 14.3%). The
isolation rate was below 10% in the Honam region (n=1,090),
Chungcheong region (n=756), Jeju region (n=131), and
Gangwon region (n=130). KPC-2, the most common car-
bapenemase subtype in the ROK, was the predominant sub-
type in all regions, with particularly higher rates in the metro-
politan area (n=5,377, 52.1%), Gyeongbuk region (n=1,657,
16.1%), and Gyeongnam region (n=1,640, 15.9%). NDM-1,
the next most common subtype, also showed a similar distri-

bution, with the highest percentage in the metropolitan area

(Table 3).

3. Genetic Relatedness of CPE Strains Isolated in

Republic of Korea

To analyze the molecular genetic relatedness of CPE strains
isolated in the ROK, 1,390 isolates of carbapenemase-pro-
ducing K. pneumoniae, the most predominant CPE strain,
were selected and analyzed using PFGE to identify the PFGE
type in each region. The identified PFGE types were catego-
rized into 142 groups based on a 90% similarity value. In the

metropolitan area, the nationally prevalent CKP_TO, FO, and
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IO were identified as the major groups, and the most com-
mon PFGE types were KPMX01.453, KPMX01.332, and
KPMX01.966. In the remaining 6 regions, single groups, such
as CKP_FO, CKP_HO, CKP_IO CKP_RO, CKP_HO, and
CKP_YO, were relatively predominant. Genetic relatedness
was analyzed based on the most common PFGE types in each
group. The PFGE types in the metropolitan area were >88.4%
similar to the PFGE types in Jeju, Chungcheong, and Honam
regions. However, the PFGE types in the Gyeongnam region
were <76.8%, similar to those in other regions, including the

Gangwon region (Figure 3).

Discussion

The rapid spread of CRE infections in healthcare facilities
has warranted CRE pathogen monitoring through molecular
genetic assays, including DNA fingerprinting and whole-ge-
nome sequencing. Accordingly, we analyzed the trends of resis-
tance as well as molecular genetic epidemic trends and charac-
teristics among CRE strains isolated in the ROK in 2021. The

number of CRE isolates has spiked in recent years, with 15,639
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isolates reported in 2021. According to previous reports, this
number is approximately 1.3 times higher than that in 2019
(11,810 isolates) and approximately 1.7 times higher than that
in 2020 (9,234 isolates) [7]. The increasing prevalence of an-
tibiotic-resistant bacteria, including CRE, in the country is at-
tributed to inappropriate prescription and the abuse and mis-
use of antibiotics. In fact, the 2020 Organization for Economic
Cooperation and Development (OECD) statistics showed that
ROK ranked the fourth among the OECD countries in terms
of antibiotic usage for treating infectious diseases [8]. In the
United States, despite a decrease in antibiotic surveillance and
reporting during the COVID-19 pandemic, healthcare-asso-
ciated infections related to antibiotic resistance have increased
by more than 15% compared to those in 2019, and infections
caused by CRE have increased by 35% [9]. This suggests that
continuous management and surveillance of the globally rising
trend of CRE infections was challenged by increased antibiotic
prescriptions to treat respiratory symptoms and the shortage
of isolation facilities within healthcare facilities amid the ram-
pant COVID-19 pandemic [10]. The increase in CRE strains
has also led to a significant rise in the number of CPE isolates,
which increased by 77.8% from 7,299 isolates in 2020 to
12,979 isolates in 2021, with CPE accounting for 83.0% of all
CRE isolates, an increase of approximately 4%p from 78.9%
in 2020. The susceptibility of CRE strains to carbapenems dif-
fers based on the type of carbapenemase they produce. Despite
harboring two or more carbapenemases as well as 6 major
genotypes, CPE strains isolated in the ROK had a similar level
of antibiotic susceptibility (MICs, of 4-8 ug/ml) to all four car-
bapenem antibiotics. Furthermore, 13.3% (1,545 isolates) of
CRE strains showed high-level resistance (MIC of 32 pg/ml or

higher) to carbapenems (Table 2). This suggests that the CRE

www.phwr.org Vol 16, No 18, 2023

strains isolated in the ROK are equipped with additional mech-
anisms for acquiring resistance to multiple antibiotics in addi-
tion to producing carbapenemases.

The number of CPE strains isolated in the ROK has in-
creased overall. The number of IMP-, OXA-, KPC-, and NDM-
types has increased from that in the previous year, while that
of VIM- and GES-types has remained constant [7]. In terms of
the specific subtypes of carbapenemases, the incidence of KPC-
2 and NDM-1 subtypes has increased approximately two-fold,
with a relatively greater increase rate in the metropolitan region
(Seoul, Incheon, and Gyeonggi) from where the two subtypes
were most predominantly isolated. However, isolation of the
KPC-3 subtype increased in Busan (37 strains), metropolitan
area (15 strains), and Jeonbuk region (14 strains), with a three-
fold increase in the isolation rate compared to that in the previ-
ous year.

Among the CPE strains isolated in the ROK, KPC-2-
producing K. pneumoniae remain the most prevalent, exhib-
iting a yearly average increase of approximately 50.7% since
2017, from 1,802 isolates (59.4%) in 2017 to 8,159 iso-
lates (76.7%) in 2021. Molecular genetic analysis of domes-
tically isolated CR-K. pneumoniae has revealed that KPC-2-
producing strains are the major pathogen in all regions. It thus
appears that KPC-2-producing K. pneumoniae have already
become indigenized in the country as the major pathogen of
CRE infections. KPC-type carbapenemases are widely recog-
nized as the most prevalent mechanism of carbapenem resis-
tance worldwide, and outbreaks of KPC-2- producing K. pneu-
moniae have been reported in multiple countries, including
the United States, Europe, and China [11-13]. In the ROK, the
genetic relatedness of KPC-2-producing K. pneumoniae across

regions suggests the possibility of mass outbreaks in various
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regions. Contrary to our expectations, low PFGE similarity was
found among isolates from regions close to each other, such as
in those from Gyeongnam region and from Gyeongbuk and
Honam regions, indicating that a particular clone may have
spread and become established within the Gyeongnam region.
Moreover, the fact that several regions had their own predomi-
nant PFGE type, such as Gangwon (CKP_TO), Chungcheong
(CKP_FO), Gyeongbuk (CKP_HO), Gyeongnam (CKP_YO),
Honam (CKP_RO), and Jeju (CKP_IO) suggests that differ-
ent KPC-2-producing K. pneumoniae clones cause epidemics
in different regions. Additionally, the fact that the metropoli-
tan area harbors the major PFGE groups shown in adjacent
regions (CKP_TO, FO, and I0) highlights the possibility of in-
ter-regional transmission through various routes, such as inter-
hospital transmission via patients or healthcare workers.

In this study, we elucidated the trends of CRE infections
in the ROK by analyzing the characteristics and genetic relat-
edness of CRE pathogens isolated in the ROK in 2021. Our
findings will serve as useful foundational data for controlling
antibiotic-resistant bacteria in the country. However, it is im-
portant to establish a system for continually generating and
sharing information to accurately understand the trend of CRE
prevalence in the ROK and to enable effective national man-
agement of antibiotic-resistant infectious diseases in a preven-

tive capacity.
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QuickStats

Current Status of the Prevalence of Hypertension, 2021

The age-standardized prevalence of hypertension among Korean adults aged =19 years was higher men (25.2%) than
women (17.1%), with a different of 8.1%p (Figure 1). The prevalence increased with age both men and women, and it was the

highest in women aged 70 years and over (69.9%) (Figure 2).
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Figure 1. Current status in prevalence of hypertension Figure 2. Prevalence of hypertension by age group, 2021

*Prevalence of hypertension: the proportion of people with systolic blood pressure of =140 mmHg, diastolic blood pressure of =90 mmHg, or
taking anti-hypertensive medications.

tSphygmomanometers were changed from mercury-free auscultatory device to mercury-free oscillometric devices in 2021: trend comparison is
not recommended.

$Age-standardized prevalence was calculated using the 2005 population projections for Korea.

Source: Korea Health Statistics 2021, Korea National Health and Nutrition Examination Survey, https://knhanes.kdca.go.kr/

Reported by: Division of Health and Nutrition Survey and Analysis, Bureau of Chronic Disease Prevention and Control, Korea Disease
Control and Prevention Agency
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