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Introduction

hate| ] WA AWAF4(Carbapenem-resistant
Enterobacterales, CRE)}2 718t A Ao A 1+
= AUAdEASoE SR ol FAAZ R
237t FAl° JAthFig. 1) [1,2]. Order Enterobacterales
Y Family Enterobacteriaceae®] &3l= Escherichia
coli, Klebsiella pneumoniae, Enterobacter cloacae
complex 5 2= 70| A FALR] oA Fa3 TAH
Alstoln CRE $A9] ¢ JL7I7L, Q=HlE, AFYE
37t 5 B3¢ Ao T Qo] FEFA wiL- F8
gt WdedFoltt3,4]. CRE= AE5 A = YA B

Carbapenem-resistant Enterobacterales (CRE) is an urgent and increasing threat worldwide.
It can be spread by contact transmission, causing intra-hospital outbreaks; therefore, screen-
ing for CRE using surveillance culture is critical. It is essential to identify risk factors for CRE
transmission, such as history of antibiotic use, previous bacterial culture results, and invasive
catheterization. Subsequently, surveillance cultures should be selectively implemented while
maintaining close organizational communication with the surrounding medical facilities. This
protocol can be clinically applied at admission for groups at high risk of CRE colonization,
then biweekly in special situations such as intensive care unit admission or contact with a
patient colonized with carbapenemase-producing Enterobacterales (CPE). In addition, surveil-
lance culture methods should be selected in a mutually complementary manner according to
each institution and laboratory environment. Ultimately, various surveillance culture protocols
will be necessary as suitable for individual medical infrastructures, patients, and indications for
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CRE+= 20104 °|% wWjol|lA F43HA S7Fstal 3o
o, 20109 12878 HHAGYL= A5t E2AA
AA & A& 20179 6¥ o]Fo= 37 4
Ho g 274gste] A AAIZ Agslgl, 20209 1€ o]
T 29 AEEoE st A Folth

CREQ] 7HY U 7142 7habsdll R it (car-
bapenemase)g A ot= FU Ml &S (carbapen-

emase-producing Enterobacterales, CPE)Z} o2 W
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Fig. 1. Total number of CRE iso-
CRE case (infection and stool carrier) per year lzaézszgor 6 years in South Korea (2017-
2017 2013 201 2020 2021 2z Abbreviation: CRE, carbapenem
5,717 11,954 15,369 18,113 23,311 30,536 resistant Enterobacterales.

A 7140] BgEo] 9l non-CP-CREZ e 4 9l
th. CPE= CREY] 80% o2 AHAst#(2021d = 71
= 83.0%) [7], ol5/d< 714 7hats|ddl a4 o5
EGAHEE Bof WA AR O E Aldo® Aoty
of =7 A A A7 H et ek &
&A= Ambler class A (serine carbapenemases),
class B (metallo-p-lactamase), class D (oxacillinase
carbapenemases)Z U H, FHoA &5t EA7} F
1 Qe BHaAEL class A F Klebsiella pneumoniae
carbapenemase (KPC), Guiana extended-spectrum
B-lactamase (GES), class B & Imipenemase (IMP),
Verona integrin-encoded metallo-p-lactamase
(VIM)®} New Delhi metallo-p-lactamase (NDM),
class D % oxacillinase-48 (OXA-48)0]t}. Non-CP-
CREY ASE =Y I (efflux pump), porin ¥H3-E
=35t Quf gzl B394 M3l AmpC T+ extended
spectrum-p-lactamase (ESBL) 22 A Eofjlast
Ao H o & Hats A YA o vi/de EQlTH8I.
CRE ¢ gMih& ®WAIsH7] 93 59 Q=73 A4
#A A9, 1010 95td 1) & A4S 2N HE FO
A A 2) AF F9 AR A 2 24 A9, 3) 9=
A W%, 4) AFAHQA FA ARG 43l 5) HAMOIA
£743<Ql 23t B3 9 CRE 4 U/EY Al 957 7+
AR T8, 6) FABA AFETE(antimicrobial steward-
ship), 7) 374 4253} 34, 8) Chlorhexidine bathing,
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9) 34 BaA AEE AT A Wi A8 darst
2 9cH9,11]. CPE®} non-CP-CRE #8% 849 %
£ H|25I9S H CPEY APgE©C] 9F 44 =oH12] 59
CPEE A&3H A&sty, 279 48] stv 9y AntE
WA oh= Aol Q=71H AF oY 4 #E Aol Fast
H, o]F {Iof Al vl F&o] dasir13]. & A
A= CRE ZHA] vl A1 i}, ZHA] vjeke] ojw], AlA|

A} H 89| oo g AmE At
Main Body
1. CREQ| H9

CREE Adtsl= ¥utAQl Wi Matrix-assisted
laser desorption ionization-time of flight (MALDI-
ToF)& B3 Al 54 & VITEK (bioMerieux, France)
E+= MicroScan Walkaway system (Siemens, USA) Z
2 A53}F ZAH|E ol&stAU, AT b, AA Bz
oA 3| A ARgsto] A S ElstE Ao
t}. Meropenem, Imipenem, Doripenem &2JA|9] %
4 94 527} Clinical and Laboratory Standards In-
stitute (CLSI) guideline 7]l @t 4 mg/L ©]4o]A
U Ertapenem® 4 A 5X7) 2 mg/L o|A<Y 3L
CREZ ZIgtait). o|E 7HtH A Ao Wdel 45
£ g ity Eelaa A4 oRE st 9
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e 37 HARE A13g%
Al w2 v]-& A Hsta et o] ot
AlIZro] e A= &Aool gtk A A, T HjA|
(chromogenic agar) = MacConkey agarg A3t
#jfHo] 9lon, CPEY} non-CP-CRES A #44
Hgo] UL 4 Qlo] A4 AANtez= CPEE 74
5}7] oyt webA, 28 Y HAHphenotype test)2t
A% ZAHgenotype test)E &l 7HatH ¢ a4 AF4
o] X5 #Ql5}t0] CPEQ} non-CP-CREE &3t}
Al 7Hetsd Bejaio] B8-S gQlst: 283
AA % Modified Hodge Test MHT)= dg] A5
£ ol Ak w50l FHAY 4= 911, oH7HA] 7t
Y Bolaa SHE TEE 5 fle 9ol ok ZhebE
2

HeHd Eolad AAAE 7ot ST

= JAIsk= Y2 & Adshs oo 14l.
FAY AAES A FEEA A4 wHEH(Poly-
merase chain reaction, PCR)2] BA}A&35}H7] vl o
2, 7hted Belas fAAE gt s46ks W
O & 4-6A|7F vtoll HIE2A AE &1 4= glom vzt
L9} Bol=7} Hojt o] qirt. ShA|RE o]m] LAl &
ARY o 2L FAAFL FETL 5 9l D30 9
o}. Gene Xpert Carba-R assay (Cepheid, Sunnyvale,
CA, USA)9] o= oA &3 KPC, IMP, VIM,
NDM¥} OXA-489] 57}4] 8 7t Eejasts 1-2
A1z qto]l BA] AE 2 7AEste] A3t AHE AR
w2 A Aget 4 loke Aol k5]

e B4

12

2. CRE ZHA| i =L0f|A| HEe 2217t

CRE ZHA] vl 1A
2 AFE 90, gty A

£ 4 k. S J=dA0EY A HNAE CRE &
Al HiF A g offl 39t Zo] AAsHATH(Table 1)

o)

[9]. CRE X8 #2 CRE 0] 52 HHoA AY
T2 A5ZF 7HH A, A AHEEH 5 998 A
Q45 7L e 5 A 52 FEAA JA 99l

3. CRE ZIA| HYQ¥: O1F| A|3HEE 71017}

CRE ZA] ¥ A1) Al7]= 8271 7R Qe 918 &
25 gRlste] 1AoA AL A g ) Aysh=
ol 911, Q=7]F W Fok ZFFo] WASHAU STAA,
FAZY HF, 0|4 HFo= o]F T 1P ¥EolA F
71402 o7 A Algst= o] Qlrt. o] ), 13] &
do] 1=t et FAA, BAFZY ¥E, °
A ¥ 5 55 = SN 1590 13] Z7|Fes
CRE ZA] WS A3 4= v} CPE 34 T HUA|
HRAY] HAEAR] B9+ 27] S40] EIEAHHE
& 1-29 7402 371 AAE Asto] & 23] HAF &
3& glsflof atth(Fig. 2) [91. CRE Al ¥l A1) A]7]
L o} Table 29} ZTH16].

4. CPE ZAl i A HEE At

AEAA o2 MHT 23 94 gRlsto] 44
Al 739 PCR HARE Bl R8RS &]lsh= ol 9
1, F2ol= PCRS WA Ald¥sto] Lafzl 7ats| ] Eof
BA G RE HEA IR F Al ¥ig € MHTE A
Pol= HHo] ot PCRS EFZE Molecular assay:=
CPE A I 5 7P HIAA, HlE2A 295 &l &
& X RIFET 22 Aol Qo B R4 FE
Sh= SHAIZE ek Al vl 718E AR S Wit e A
A ARG 21 523 AZko] HQ5hA|TE H]-go]
A&l o] ot Al Bl e o8 7HA] CRE

-0,

Table 1. Indication of carbapenem resistant Enterobacterales (CRE) surveillance [8]

Criteria of CRE surveillance

1. Patients with a history of CRE infection or colonization

2. Contacts with an epidemiological association with a patient newly confirmed CRE infection or colonization (e.g., in the same hospital

room or ward, etc.)

3. Patients who have recently (e.g., within 6 months) been hospitalized at an same institution where CRE cases were confirmed or suspected
4. High risk of CRE infection or colonization (e.g., Immunocompromised host, critical ill patients in ICU, solid organ transplant

recipients, and hematopoietic stem cell transplant recipients)

Abbreviations: CRE, carbapenem resistant Enterobacterales; ICU, intensive care unit.
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Fig. 2. Flow chart of CRE screening
and isolation.
Abbreviation: CRE, carbapenem

resistant Enterobacterales.

Table 2. Carbapenem resistant Enterobacterales (CRE) surveillance in acute care facilities [16]

Screening upon admission

Weekly screening

1) Direct transfer from other hospital
2) Direct transfer from LTAC
3) Direct transfer from LTCF with known endemicity

4) Direct transfer from a different ward in a facility

5) Recent hospitalization in acute care hospital with 6 months
6) Patients from high endemic countries

1) Patients in ICU
2) Patients in LTAC
3) Dependent elderly patients in medical non-ICU wards with high

colonization pressure

4) Dependent post-operative patients in surgical non-ICU wards

with high colonization pressure

5) Patients in hemato-oncologic units
6) Patients of wards with high colonization pressure

Abbreviations: LTAC, long term acute care facility; LTCF, long term care facilities; ICU, intensive care unit.

AAPEL A2 AS BgH o Ag)sfof o4, ZF 927
o] AR At 98, A EE W AR hae 1e
slo] AAPES Ald SopAT,

CPE HaA4 A8 HsiM<s 2 =T B= oW 24
2 g3t F0 AR A% BT AAE A8 TFs

o)

A
™ o

iy, 3 29 moke Austx] & QrH17). v
HEF dUAELE 32 29 t2 . Heig oz ARL 71

A0 = 7ol ol 35T %‘i 59 g% W
Aot Ao A7 Y TRt HE 9] Zdo] eHAst
7] WiZolth. A% =iyt FE 9 TEolA ghautol4l
WA g+t J.H«l AE WHEE F 7 3 2% 79%
ATE FARE A2 EElEl O}[18], °F4 CRE A=
Y=o gk v <

5. CRE ZA| Y ZdE= Soll 22Iet CRE 22| 2|0

oJut tﬂEJ,} _(S__Q_].Z].IQ bay

< AA BA B 1A A 059 mdh| whE} 44
7t 2% 39 £ B w29 15-20% AFE A

FHTH19-21]. Bepde] A+go] 5497H20149-2018
) 34 JAl iAo g A3 1,92089 CRE ¥
5 A Y AIE $FF BA61EES o, 15.5%0041 o
H CRE E0] ER1=%loH H] CRE B¢l ] HF
Zo& CRE #¥ ¥&o] S7HOR 7.96, P<0.001)g+ A
gRIstATt. CRE B4t FollAl= 20.5%°1A4 H&3
QI CRE #Zd3ol gt o)A FYA AH&-E(car-
bapenems [OR 3.70, P=0.017], cephalosporins [OR
12.03, P<0.001Dout 717+ 714 715 A& B4
(OR 1.624, P=0.019)7} CRE X4 Yd 842 FQI=<
tH19).

o

ojgfz] & 32 77|34 7dZH20119-2018%)
Z13Yer $FA FA Ao I=EW dY FA CPE 4t 11
A¥#o g BiH 229399 9}2}011 s A% = E
£ R E ZA| vgZ AL, 7 Eejas
AL

34 Klebsiella pneumoniae®] ¥4 °—9- 71A Ag 4
E AT Y SYU SAolA 21.4%, S8 EES
TOIA 23.1%2 EX, Q] QW FLA HY & F¢
= 15.8%9 A Mg F/de2 RAT20].
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7 A3k CRE ZHA] v F/9E&2 2.6% (21/810)01% 2
H[22], v]5g 72 G 7|4 ZeE 1,000 o]
FEAA A HF AFoNAME 4.4%-6.3% o FPES
HAH?23,24]. vttt CRE F4-&0] 716t QLo HAL
AP A7ER FEE BT e AolBg, g Hd &
o7 A oA A7 E-E Y dolgrt 2
8% A0E AlgHr}

¥ CRE HatolA &4 FEO= o] Tl o
BAATL M= 16.5%2] CRE EFA A CRE g%
2 olgstyon 7HF &5k 7 H9lE HATHe]. A%
0]2] FAZANAE 21.6% [25], BAZYF SAZHE=
18.4% (261914 <2122l CRE Zrgdo] E9l=| et E3t,
CPE @83 4] 70.9%%= 60A o]AF 130l 87.2%
7F 95713 W dAoln] 53] FEAAA AT AR
7} 38.0%2 7F4 w@okth27]. CPE B0l #gzoz
o|gtE|] AL E o|55 27| A, AAA A7 E FA
#EE Bl A58 NYES Aok Aol &4 A5
o =gEAoY FFHozE Y At 9 HAutE go}
27| #ES At E FEof oHkA] & 4 A

o

T

o

6. CRE ZA| e et X

olo

AA Q4 oA A B ES B3 2719 CPE BY
B A¥sl= AL CRE AgE IR 5L 573 Y
AAFE A wi$ Fa3 =Folct. AT CRE 7HA] Hi
FS gk A2 7|0 AYA 1w, FATE L AA
Al Qe A S 52 BiH oz yesto] &gsfof gt
t}.

Z3AA9 AL JA A, 183 1FY HEo8 55
A wgS AT £ ook ST JA FA] AP
55 WA A3t der] A7A = FAH A0 CPE &A=
7Hotal A& 59 AA B8 3 Ao ukt 4| 7hss
], SN B ¥5o R HASH: F-ol THA] bl
Fs 371 5 9t o= &F JTS k= AlA A

=
AL nhatsle] A4 F 55 74 A, Al tet 4
24l Bt gu 9A HAS AR

aut 3 Ao 22 Ao

=
I YA b= CPEZF 24
st Y A5 9ol CPE 84} T4 FA], o] F
2t #3455 AAE AT 5 leH BA Aol 7hsst
o AAF 2F 27 U2 f7iA] 23 E A7) 9 A
o5& Al 5F A 2t Y] AR A

A rlo
N A
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A W A, I AL A CPE #F°] £ 5
APl sl A HiFE A8 B, 7St
A2 & Alshe 2] s, A Aol o9
o £F 75 AR JHolA w=A 23} gelst
Ao mE} 4R A A4 E Adshe AL A1
AA g A 574R1 A= A EAbel] E3AM

R
SO )

BCRN RS S
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v

IR/ o Fokd Aol Bl
EX A B4} 29 ol g
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FS AP, 39-179 Ao
o}

7. CRE ZHA| B oA

CRE 37} ¥ 9]57|% W CRE EHHS WHAI517] QIsiA]
A gL F8% AAHY &5 F shvolth CRE &
Al #jF2 CPE 27] A ¥ AZ= 957|3 W ZEEy
SHoA 38HA AFE o]F LR S, o]EF
S8 A 7T ATE 2710 Add Ao = A 544
o, AR Qw534 @2 713 v]g3t Qlgo] gy EE
2 7 ARI A gRlshy] 44 goH, CRE #l&=
olg] 7k AAHE 8450 BEFH oz Zgstng Ay
2 Q1 ZHA] v AHA| 9] J 2 B7oh7 )= o Ft

CRE ZA] Wj%e] o2 S 245 34 AE 7FsA
o] oA Agt, AAF &, ¥, FFETolet= AA|o|
gk 34 &S5, P 87| H] FAA WAL 183
of AA i W9 2 7] 240l dasirt. E3H A Hf
& A R A7A] AAFHCE 1914 £
g AQJA = A=7|H9 8 7Hse HA &

S%-8 EQIs}o] 2710 CPE wa-g Adelo] Zejaieta
o271% W CPE St WA @ oAl WAZ 4 el
7\o1g 4 gl

Conclusion

189



71AZR, FAA AL, ol At WE A s
7HE AR 59 CRE B4t A 845 Flsta A

2 AAr
ol 9ol T Hebd oz A wigs A9 sjof
Ant. A2 e 9= lzete] st ThgRt 2
M ZRESI A o, A4 9] A8 =l
A AoR Almg.
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