Oz LS M28H M1z 2023

Korean J healthc assoc Infect Control Prev 2023;28(1):42-49 '.)

) https://doi.org/10.14192/kjicp.2023.28.1.42 . .
b pISSN 2508-5999 + eISSN 2671-9886 Review Article = Updates

Check for

7HHHE Zollg s
. H}%

dus . g%

%
HEERA B el AggAelst
Al bt KR

44 é'—HHI-Tw‘%Q-I AAra el ZITHE
24,
e

rie
)
L
o,
>
15
)
J‘é

HEED ot eIy, QAo ol A
A7 AAde e Aolsk

Laboratory Diagnosis of Carbapenemase—producing Enterobacterales
Namhee Kim'?, Ki Ho Hong’, Jeong Su Park™*, Kyong Ho Roh’, Sue Shin'”

Department of Laboratory Medicine, Seoul Metropolitan Government Boramae Hospital', Department of Laboratory Medicine, Seoul
National University College of Medicine’, Department of Laboratory Medicine, Severance Hospital, Yonsei University College of
Medicine’, Seoul, Department of Laboratory Medicine, Seoul National University Bundang Hospital’, Seongnam, Department of
Laboratory Medicine, National Health Insurance Service, Ilsan Hospital’, Goyang, Korea

Received May 3, 2023
Revised May 24, 2023
Accepted May 24, 2023

Corresponding author:

Nambhee Kim

E-mail: nhkim@snu.ac.kr

ORCID:
https://orcid.org/0000-0002-9851-1727

Carbapenem-resistant enterobacterales (CREs) are pathogens of special concern in healthcare-
associated infections. Enterobacterales become resistant to carbapenems through several
mechanisms, including carbapenemase enzyme production. Enterobacterales that produce car-
bapenemase are known as carbapenemase-producing enterobacterales (CPEs). Genes encoding
carbapenemase are usually found on plasmids that can transmit horizontally between strains,
which could explain the rapid spread of carbapenem resistance. Timely and accurate labora-
tory tests of CPE are necessary to prevent and treat these infections. Various phenotypic tests,
such as the modified Hodge test, modified carbapenem inactivation method (mCIM) with or
without EDTA-CIM (eCIM), chromogenic agar test, carba NP, immunoassay, mass spectrom-
etry, and molecular tests are available. In this study, we discussed the importance of CRE and
CPE control in the COVID-19 pandemic era and summarized several laboratory CPE detection
methods currently utilized in clinical microbiology laboratories.

Key Words: Carbapenem-resistant Enterobacterales, Carbapenemase-producing Enterobacte-
rales, Laboratory diagnosis, Phenotypic test, Molecular test
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AIZk ol 4l @ A7t Qs AdS A E= W
FARFAESNA = B2 A FEF971 Axd
t}H4,5]1. CREE= WA714) w2t 7ty Eaf a4 (car-
bapenemase)E A/4st= 7HtHd Ealas A4 W
AlFE(CPE)T 7Hatsdl Eaj 847t obd FH 9] Hler=t
g Eo]84(ESBL) = AmpC HEHrg Esjas A4
7} Z(porin) 24 5 o2 W7 0] EdEo| =4
PAFE(non-CP CRE)2.2 B7T 4= 9lH]1,2]. BHF
sk, FUoA= oF BUAldE&EE(Enterobacte-
riaceae)®lZhE S AHESHH3], 20169 HIAYE 5
AA Y AR £(genus)?| FAF Aujx]o we}, FA|H 2
2 AUA|FE(Enterobacterales, order)22 H3o] ¥
3E FAloItH6,71. oo wet 202249 7€ AT A
e 7hbd W BYAFETS 3852 7 W
A RS S22 Mot A ke YA E of
F71°0[8], £ F4oA4E CRE= 7HHE WAy FUAlF
E(carbapenem-resistant Enterobacterales), CPE=
FHatE gl Boflas A4 FUAlHFE(carbapenemase-
producing Enterobacterales) 2.2 F¥3s}o] #7|5}1A}
gttt CPEE CRE 94 B & 39| 214 w5 ofof 5t
=, 1 olf+= 7HEd Belaas dasdlele /44
7t EHAU B YH 6t TE Ao ® W AR
£ d4A ASE 5 7] giZolth. wEtA A owT|H
oAl CRE7} £2]=[¥ CRE 41119} &7 3ol tiaf CPE
AAE A8t CPE ZE3 A A E A ES 5]
o, 41319 A7} CRE #5F &9l $ 7Hted Esjas
gloja 2, CPECIAIYE B4 FAA A AIEA 7t
vhe| o] Y8 Holx] o= A%, AL oA AE
T Ut

22 FAE, T2V WH Y-S AW CRE7F 43
o8 F7Ftgrks Aolth. =W CRE AdZF+= 20199
15,369794 20219 23,3117 2 Z71519.29, CRE
% CPE H]-&2 57.8%°A 63.4%% 37F5t4TH9,10]. ©]
£ @< HolH A FAS0 FYAE F6 H, Z2UH9
LS Aol e 23 Al AE A STt A
A AHgFo] Zret A4, 979 W7 w3 uteg} o2
A A EAC &A% H 5o Yele=E {3l
tH11,12]. ©]X% CRES} CPEY] 3712 9&a7|@ Z4ad
2] F Aol 71’ AZolA, AAMEA Ad2 F83T ¢
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D 7HHAAE FBAE H LA EEMIC) X H
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CREE 7Hted] AE FAAQ olujHd, H2HY, =
i, B Qe F g 71X olAF YA WS
et ZUWAIFES Quigtct W AAH A E A4
A A4, WA o] F2 CLSI M100 A S AHE3]
o, 333 2|04 FAIoHe AUAILEE] ZHtH Y Ad
SBA A, WA 7152 Table 2 (1319} 2t

th4=0] Ao w2, CPEIA 9 7ty AP 4
A MIC 4:X7} non-CP CREET} 2oH(1E WA), &
ety = W4 CRES] 4% CPEET non-CP CREY
50| oty ¢ A QArH14,15]. w2kA F71 AAF
o] 7|& #59 4 YA A4 A1¥ ZdIE CPE 52
non-CP CREE 44 & & =t o] 82 A3l
9 A WHo| B2 A o] v},

2) Modified Hodge A ¥(MHT)

7t AE A FFAHQA AAXNFF E.coli
ATCC® 25922% Mueller-Hinton I4|¥j%|(agar)]l 1
2A JEsta, viA S0l 7htEd 84 dA3E =
I, AASEAL sk #E FABA HAIZEE HjA] vt
Z2EoE A HFET §F, 35+2C di7|¥H(ambient
air)oll A 18-24A17Hovernight) #jsl= HHolct. vl
AASEILAL St #F7F 7HHY EaAE BT 4
9, AA AEAL whgt AXFF E.coli ATCC® 259227}
A tA3 QA AZ7ER] AFsHA ATH16]. o=
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Table 1. CPE tests in the clinical microbiology laboratory

Category Method Explanation Strengths* & limitations’ Time required
Phenotypic MHT Measuring carbapenem o No need for a special reagent and medium 18-24 h
disk activity in the e Requires overnight incubation
presence or absence of e Difficult to detect certain carbapenemase types
carbapenemase e Decreased objectivity in results interpretation
mCIM with/ Measuring carbapenem disk o No need for a special reagent and medium >4 h+
without activity in the presence or @ Requires additional incubated steps (broth culture with 18-24 h
eCIM absence of carbapenemase carbapenem disk) and overnight incubation
and its inhibitor
Chromogenic  Incubation in a selective o Easy to perform 18-24 h
agar medium supplemented ® Requires overnight incubation
with antibiotics and e Relatively low selectivity to detect carbapenemase-
chromogenics producing organisms
Carba NP Using pH color indicators o Rapid 30 min-2 h
to determine carbapenem @ Requires special reagents or Kits
hydrolysis e Difficult to detect certain carbapenemase types
Immunoassay  Using antigen-antibody o Rapid 15 min
reaction for detecting e Requires special kits
enzyme carbapenemase e Detects only the carbapenemase type included in the kit
Mass Detecting carbapenem o Rapid >2 h (var)+
spectrometry  and/or carbapenem ® Requires special equipment 10 min
degradation products ® No established method yet
Molecular PCR Detecting nucleic acid o High sensitivity 1 h-days
Microarray (genetic material) o Possible to use direct specimens such as rectal swabs
Sequencing encoding e Requires special technicians, equipment, and kits
carbapenemase e Commercial kit: easy to use, but detects only

carbapenemase type included in the kit

*0, Strength. 'e, limitation.

Abbreviations: MHT, modified Hodge test; mCIM, modified carbapenem inactivation method; eCIM, EDTA-modified carbapenem

inactivation method; var, variable.

Table 2. Zone diameter and MIC breakpoints of carbapenems for Enterobacterales based on CLSI M100-ED33:2023

Aitwiitemsl Zone diameter breakpoints (mm) MIC breakpoints (ug/mL)
agent Disk content S I R S I R
Imipenem 10 pug >23 20-22 <19 <1 2 >4
Meropenem 10 pug >23 20-22 <19 <1 2 >4
Doripenem 10 ug >23 20-22 <19 <1 2 >4
Ertapenem 10 pug >22 19-21 <18 <0.5 1 >2

Abbreviations: CLSI, The Clinical & Laboratory Standards Institute; MIC, minimum inhibitory concentration; S, susceptible; I,

intermediate; R, resistant.

Z71°] 78 CPE 28F HAMY Foll stuE, oAl
7P¢ &3 KPCEolA = Adgo] mi¢ =1 ZAAAHA ¥
Holgt A AAMHAA &3] AMEs oY, o] At
Zo]] %Fil, NDME A&°NA 50% e B2 Hizie
£ Holy, ESBL &2 AmpC HElE Ealaiel x3
A2A19] 714 7= non-CP CRE #ol& YFA80] &

o, 2018 ©]% CLSI AFAof A A= HrH17-191.
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3) 7t Eafl 84 A A o]-§ A F(CIT)

CITE 7t s E3ia49] A 9l(in vitro) AAAE +
7tsto] ZHatE Y] B4 o] B2 Aok Y& 0§
g AAoltt. Ambler class A Al&(serine) 7Y &
B8 4(f: KPC, GESE )2 dAA+= phenylboronic
acid (PBA), Ambler class B W& =Z-Heletet Blaa
(metallo-p-lactamases, MBL) (¢]: NDM, VIM, IMPJ
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59 JAA= EDTA®} dipicolinic acid¥d-< &8sttt
(Table 3). 71 7hape ¥l YA AT} A A9} A4
AZEBESAIZ] A t A3 JAY 74 2ol Bl 7
v Eojaa ofF 4D Ambler class7HA] &Rlsk= W
Holu, 3H=9] 30| Holx| 1 ESBL -2 AmpC HIEk
e Eolaset 29 249 7]AS 2= non-CP CRE
ol FFAFE0] w2 THo| 9lo] A= A AHESHA
F=tH16].

4) Modified carbapenem inactivation method
(mCIM)g} EDTA-CIM (eCIM)

CITE B¢ HAA oz, 7iuted Eojas
o] &4 HrbstH, CLSI M100 A Z ] AF=o] At
[13]. mCIM®-2 7Hatsd A d 235 HARSHLA
St #59 AA )R] (broth)oll ol viYF, eCIMH-Z o
719 Ambler class B Hg=2-HelEre B8 8 A (metal-
lo-B-lactamases, MBL) 944l EDTAE F71& 37}t
sto] Hijgots Ao R ARt 35+2C H7|H300A 4
AZE 78 AAE g &, tATE AAEfA] A AUfo] A
A5 E.coli ATCC® 259227} 124 HZE Mueller-
Hinton XAEIA] 9ol E#3s3l 35+2T 7|24
18-24A17F WA & vigste] AAdE SF%th. ol A
AFSFaIA}F k= w527} CPE #5209, AAHS Al 718t
Y Eojairt fA39 shtsd FPAE 7HEAA
gA3 752 gojg B2 mCIME Y dA3 Ao
7} A7 A FAY FA Yehal, non-CP CRE #+59
£ g&3 7150l FA=0], mCIME e g3 AA 7t
YA verdth. CPE #5F7} Ambler class B W22 -H|Ef
ek Rofl a4 4 CPE2HH EDTAR 7Hbsdl Eofas
/o] A Elo] tAaa9 7Y FAAE THESHAl
7|7 BeHEE eCIMY A 7]50] A Ho] gA39)
AA A7t WA vebdtt. ¥HH, Ambler class B A E0] of
d Amber class A &2 class D (A3 7Hatay] Esfjas
4Y/3) CPEEIH, EDTAR 7Hits|yl] Eoias &40l JA
5|7 ZotE g, 7habe ] o847t eCIMY HAA Y 7}

vt FRAAE 7R SiAA Ha2 A7 B7A &
At FA vehdTi13,20,211.

Heke] g Ao @2, CPE #5 10559 non-CP
CRE #5F 905 A2.2 mCIMT} eCIMY HALE AlF
st HY, 949 AAF 2L 7|[&22 mCIMHL 100%
o] M=t Bole s Btk E3 mCIMT eCIME £
3+5to] Ambler class B CPE £&|5h= 9'H2 89.3%2]
U7 Eel 98.7%9] Eolxg HH20]. ul=e] A+
A, CPE #5 41535 E35t0] F 75 #5F 0|45t ¥
71519 2.8, Ambler class B CPEC] Hi3afl 100% =17 =29}
Eo|=E HTH21]. o]-E mCIMT} eCIME2 class B
HeE2-He=rg Esjas YJJ4S gt o L3t
Bes HoFAN gA35 AR o vjFshe ol
Aol AAFIL HAF Al7to] 4w, AA|H) o] 23 0] ]
Okrl= tho] it 1831, CPEXEtH= VIMY Pseudomo-
nas aeruginosa®} OXA-48-like® Acinetobacter bauman-
niioll A AE0] 8 & H= S Hol7| = 22l

Aeste #8573 9 744 A4 717] Phoenix™2] CPO
detection panel NMIC-500, NMIC/ID-504 (Becton,
Dickinson and Company, Sparks, MD, USA)+= CRE
7} B2 =H CPE 9%, Yo7l Ambler class7kA] €<l
o & =T, A8 710l HEH| oy 7EHo R
mCIMY 92 & HIg o2 qhth23,24]. %Y 2 7|8 A
T4, CPE &% 47%, non-CP-CRE #F 52%, 18]
o 7] YA A UMl 13655 ©]§-5t
Phoenix™ CPO detection panel2 B7}3t A3}, 7}u}
Hd Boasd AE UHdEE 97.9% °]24, non-CP-
CREQ] 9¥AdE0] =oF 2 50| & Yeinh. 3
Amber class¥ &2 3% HAMRTO FHLA&/34HY
&S FRlstAET, class A= 100%/78.6%, class B
L 100%/100%, class D= 80%/60%ZS 7]=5t% tH23].
u]=o] ti7|# Prlo A, CPE 45 34355 =9 &
WAlF 3 1,0995°] ti3] Phoenix™ CPO detec-
tion panel?t A HAF 719 FAHLA & FHLA
£90] Z+7ZF 98.5%%} 97.2% UL HPI, Amber classE

Table 3. Classification of carbapenemase according to Ambler classification

Ambler classification Structure of function

Examples

Representative inhibitors

Class A Serine carbapenemases
Class B Metallo-B-lactamases
Class D Serine carbapenemases OXA

KPC, SME, IMI, NMC, GES
NDM, VIM, IMP, GIM, SIM, SPM

CLA, PBA, tazobactam
Metal-chelating agents

(EDTA, Dipicolinic acid)
CLA, PBA : variable in vitro NaCl

Abbreviations: CLA, clavulanic acid; PBA, phenylboronic acid; EDTA, ethylene diamine tetra-acetic acid.
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HolA #53 CPE 955 ¢ & 9lo] Hesith= A4
o] k. Al WA vz of whe} thA HAF7} 9l o 80-
100%9] A¥ES %, 7Hate
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6) Carba NP

Normann¥} Poirel 5°] 7§13t carba NP AAPHE
7htEd Bejaart Zhte Y] FBAE 7h-Eolisty 4t
A(acidic) B4 750 e 54 o83 ot} A
8E 4 E40l 227]= pH WIS 307904 247 W
o Az e 4= 9low CLSI M100 A& 7hat
2ol aae] 4Z Be WY F shiE dgE] 9
tH13l. & FAAFLEE 4E318 RAPIDEC® CARBA NP
(bioMérieux, Marcy-1'Etoile, France) Al &2 X =+
W FHAMOIA CPE #EE HAMR A 20]1 ot &
H Aol I=H, 7htd Elask B 47 95FF
=3 &AMl 15055 g2 2 RAPIDEC® CAR-
BA NP AAFE Aldst2 o, 99%<] WA=} 100% =
o= & 7|E5ttH28]. U Ao+, 7HatEd 7
473 ESBL A4 #F 10052 CPE ¢ 59FE ©|-&3}
o RAPIDEC® CARBA NP A& B7lot3=dl, 89.8%
W49 100% E0|=E B ATH29]. oA carba NP
HE AtHo R £ ke 5ol g ZANH 4F
OXA-48-like® GESH AZOIA ¥ AEgS Ko7
T 5, 79 AA e}l s Ad7o] HAME I Wk S
of, ujFo] 72417+ 3 wo]AY MacConkey, BCP,
CLED, Drigalski #jX]°] ¥i¥¥ +#o]2tH Mueller-Hin-
ton 22 BAP HiA] Ad| wjgo] QstEE A HAMI
7ol A7 & ArH22].
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7) HASAY
=1 55 "I A AKateral flow immunoassay, LFIA)
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WS olgsto] Y 2jlass HAEste WY AF

o] /lT=E Ut HZE Il HAMAANA AESHZ] A2
NG-Test Carba5 (NGBiotech, Guipry, France, ©]3}
Carba5)® NDM, KPC, IMP, VIM, OXA-48-like® ]
8 7htEd Bl aAE "I RnE o R 15
= Ghof| Bl2A FEsta BRS¢ AtH22]. "= o)
T AN, AAMCNA &3] ARGEl= LAEIR]Q] BAP,
MacConkey, Mueller-Hinton WjX|o] #gt ZHZFog
Carba5E B7130< o 4% HAMES T o2 AA
Hyto] FH LA E(positive percent agreement) 98.9-
100%, 24 Y *]&(negative percent agreement) 95.2-
100%E 71539 tH30]. E3F = 3 Ao =,
CPE &5 82F& X3 & CRE #F 14758 Wdo &
Carba5 5= 37t Hok= W, +43 HAF Axe} H|
W5k Y= 100%, Sol% 97%E 71E5tATH31]. ©
A9 Carba5e &2 A¥ES Ho|w, 7hHsHy whE 3
Ato]7] wiZel uBE HAMOIA /-85 2L 4= 3L
o1}, AlFel ZetE o] A 2 GES, IMI, SMEF 59
7ty Eojaio HEo| E71s0tEE 954 2HE

3ok gt

8) H=FE A MALDI-TOF AAM

MALDI-TOF& AR A3 e 9] ol 7]t
ABEAA AMGE= HHo R, HYE HAM A &9
=lo] A& v|YE FH E5] AHEEIL ot HolA]
£ AHESto] AR E o] 238fstal, o] 23tH 4AHEE AE7]
of =gotA otd, AZF} Aot HE&(m/z)° wht 1
o7 s, I E mgo] et AR B4
e 4 9on, dut n|PE 5G9 AL AEA AR
B AR Ao] 7t} A QA7ko] 102 otgho g ujQ
BH2oH= ZHo] 9lot 117ke] A§ Aul7t " astrt.
T 71&S o&o thgd o R At JsgFolH, o
% o 7HA L HARI A ot w5t ZHEbEd &
HAE AA o] &Jo] 2-4A17F vioFet oF-2, wioF AR
< MALDI-TOFZ #Ash= #rgolrt. ojuf, 7huls|yl &
jairE /g5 CPEY A 7HHEd S 7HE60A]7]
7] q&of| 7heEal AR AFe AT ¢ Ao =
i Al FEre Y Bejas dAA(PBA, EDTA $)8
A Yo 7tRs FAME fRE, AAA ] 93t Eeia
A A gBE ol 4 9lou g Ambler class 5%
7Fsstet22]. /89 Ao, ZHted Bajas A4
#+F 12055 ZF F 175 458 Al 379 MALDI-

E=1¢)
=

S}
h=
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7IHIHE 2ol a4 48 UMz S| AR T

o

TOF AlEo 2 A& 27}, 95-100% =S} 98.2-
100% E°]EZS o], MALDI-TOFZ ©]-&3F CPE AA
HE ARAA §-85HA 29 §= AARIE F)Istl ot
[32], oF&] Z&3] ASEA 1 Hol87}t FFsto] F]
U4 n|YE A AN A AL3tEA] = ottt

+AY AR FE FEEAAARS(PCRT E71ME

BA4g 7|vto 2 gttt CPE fA¥2 ohsid, A9 =
JMER F2 A &

27} t2d), ol KPC3ol &
OXA-48-like, VIM, IMP, GES®

I, A% Uy i 5 A "AARE HAAPL 7FsStE
2, Higzpgo] ¥tEA] " ashR| o} wiErh= 7ol 9l
o, %uu AN 17k Fulsl Baskn AAE
o] ¥7] fiol RE WHAYEAAA F&5H= Hloll=
Aeko] QItH33-35]. W2 F$ AA /¥ H(laboratory
developed test)E A&k ot} Xpert® Carba-R (Ce-
pheid, Sunnyvale, CA, USA), BD MAX™ CPO (Bec-
ton, Dickinson and Company, Sparks, MD, USA),
PANA RealTyper™ CRE kit (@A, djA, digtal=) 5
F8 A% FAFeE 4% 483t multiplex PCR #
GAEE0l =4l 57 Sall @A HAMHONA AMEE 2L
k. T 83 ABSNA, AB] W EFH 543 7
9 shlaly Belase] o] SHEE g2 25
7} UhE % 930l Fojalv, BR1S 91 2718 714
FE Yol "3t 4% 9t

il

3. UZEY QYT HEE A

Al BolEas Helshs o AAEES A%
BY QFololE PAHel i), 20234 29 AR
FRFo] G SAH] Ut 8L R0kt thet

ZH36).

Aurz el v @ FAH(ZE D5820)91= Ai7HA] H4
167.954, oAl 243 AA HATZAHH(ZE D5841)
o= 107.444, MICH(ZE D5843)0+= 205.727} A4
Aot ZHEbEd Bofjad A4 7 1Y B A EA
9 E AR AAA #F7F B =SS W, 45
£ 0] g3lo] MHT (ZE D5842)E A& Al 112.944, 7}
vhe| ] B g Ao ogt FAYA Q] 7R ARE FHH
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=
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&

3hol5h= v A (colorimetry, ZE D5844)1} JF
T D5846) HAME A8 Al Z+2F 122.454, 71t ¥
s|a4 KPC, NDM, VIM, IMP, B+ OXA-483F< 3
A A&s= WAAAHZE D1587) A8 A] 310.0949)
72 A7 371 o€t CPE f43 AAME 9
ASEZE-TEIE] (ZE D6851) 32 AASZ-oFA WA
%1 (FE D5913)°f ZgHgc} o a819 AL 7t
vt gHgAo] WAIQl CRE B B 7ol JAlEE

S-old, AL A2k o] &5t FAlo Tt &
S|&4 KPC, NDM, VIM, IMP-1, B OXA-482 AA
S o] A7FA] H4 708.3670] HojHt B AAE v}
vhe|d] Bola4As FA A&k HAAA S U5
Aol ng FEAPL AFHA gk FAWYIEF]
9] /42 CRE @A 7Hatedl Eoias dEF A
HAANA P2 BES o, 7htd BEajas KPC,
NDM, VIM, E& IMP §43%Z &11st7] {8l Aldsh=

f-o|H, o]59] F7|NE FES IZE U A7|FF
SRR ZH2E AHg) Adi7hA] A4 507.6230] Fo€
tt.
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