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ABSTRACT

Background: Rapid detection of carbapenemase-producing Enterobacterales (CPE) is
desirable to guide antimicrobial therapy and infection control. The NG-Test Carba5 (Carba5;
NG Biotech, France) rapid multiplex lateral flow immunoassay and BD MAX Check-Points CPO
Assay (CPO; BD Diagnostic Systems, USA) fully automated real-time PCR assay were evaluated
for the detection of KPC, NDM, VIM, IMP, and OXA-48-like group in a culture colony compared
to genotyping using conventional PCR.

Methods: Among the clinical isolates of carbapenem-resistant Enterobacterales
(CRE) collected from 2013 to 2019, up to 20 isolates for each carbapenemase type,
and approximately 60 carbapenemase-negative CRE were enrolled. Genotyping of
carbapenemases were performed using single-target PCR for KPC, NDM, and OXA-48-like
group and the multiplex PCR for VIM, IMP, GIM, SIM, and SPM. All isolates were tested with
Carba5 and CPO. The discrepant results were resolved by single-target specific conventional
PCR or GeneXpert Carba-R Assay (Carba-R; Cepheid, USA).

Results: Of 147 CREs, 82 were CPE (55.8%) including 20 KPC, 22 NDM, 17 VIM, three IMP, and
13 OXA-48-like group, and seven double carbapenemase-positive (three KPC/VIM, two NDM/
VIM, one KPC/NDM, and one NDM/OXA-48-like group) isolates. Carba5 and CPO detected all
CPE correctly along with two more IMP-producing CPE. The sensitivity and specificity of both
kits were equally 100% and 97%. Two false IMP-positives were confirmed IMP-positive with
Carba-R and IMP-specific single-target PCR.

Conclusion: Carba5 and CPO reliably detect and differentiate five common carbapenemases
in cultured colonies. Carbab, faster and simpler, is preferred as a spot test.
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INTRODUCTION

ZhatE| 2 7 W2 Fate S ol HlelE g Ao HA] thst vetet e Eofj aaol
Qg 2]o)7] ullzoll RIS vete Eelaas AAdshs FulAldtoly AU 2= v
& -7l A AREEE 4= Q= A ] Y st <A o] Tth1]. Enterobacterales®l] £5k+= o2

S48 2 olE, L2, @S 5 523 A ) YlwoltH2]. 7t ol wi/g
S 7= Enterobacterales (carbapenem-resistant Enterobacterales, CRE)2] Rl == ZI M| A2 0 2 Z7}s}
2 o, A X 5ol AZFet ZAIE Zafiskal T3],

CRE Z°l|A] carbapenemaseS AY/d 5= CREE carbapenemase AJ/d Enterobacterales
(carbapenemase-producing Enterobacterales, CPE)2} $HCH4]. Carbapenemase -3 A= Z2tAn| =
o} 2+ o] 5/d fxR1te] oJsf =g} =] 7] wlfiZoll CRE EHike] 9 2Qlo] HrHs]. whehA]
CPEE A& 570k A2 Zrddte] SHollAM = vl F25H0H4). 2| CPEE Al45Hl
AZEst7] SIet thest AP o] Zid=| 1 }ltHe). CPE EvtAkE Adst7| 9fs 74HA1-& HAIE
B FlA] A &= tle AATE F58E A A 2R3 (polymerase chain reaction; ©]5} PCR)Z}
22 1z i o] & Q 51t} 7). BD MAX Check-Points CPO assay (BD Diagnostic Systems, Sparks,
MD, USA ©|5} CPO)2} GeneXpert Carba-R (Cepheid, CA, USA, ©|5} Carba-R) 5 7d-&3He XIt7]
E 50| ARE| AL }ITH7,8]. skAIRE a7fe) el 7| EZL 1 Q517 wiel] A ol A] vl
= O & CPEE &0kl 7ol AR5t o= gtAI7} /U Th4l.
2L M FAFFE WO 2 carbapenemase S HESH= ST 2 lateral flow immunoassay (LFIA)
|*HS- 0] 83t carbapenemase 21471 % 7| EZ} 7HEHE| 9101 NDM carbapenemasel] thgt 117 e
of £0] =7} 100%0l| °]2+= 452 EIITH9]. o] % 7HAE 7] E+= NDM, KPC, IMP, VIM, OXA-
48 A9 2] 57} 8 carbapenemaseS A0l AESHL, FEEFE L 4 A=, W EE
99.58%, E0| == 99.98%ATH10]. LFIA 7|2 7|&9] 1Al 3} v] waho] ZJAF 4 Q AJ7Ho] 20
2 oWl = Fa, FApEAlo] 7hHGEAL, H]-g-o] Ao, o] FAH| 7L £ Q otk A
o] ATH9,10]

ofof] HAFE-2 Al Zopitg Yol A] 28] 4 54 H CRE 7552 W42 NG-Test Carbas (NG
Biotech, Guipry, France, ©]5} Carba5)2} CPO2] CPE H&5S 47| PCRO] FJEEF Ao} v
Skof 7kskarat sl

i)

N

MATERIALS AND METHODS

Cha 7

201349 11 25958 20199 1€ 18U7HA] AZotibg el Aol ddAlellA &
2] % CRE 5 Z} carbapenemase F'H0tTt 7155t 2071 0]/, carbapenemase 273 CRE+= 5071 ©]
F= A%sto] A= siginh CREQ] 574 B Al 44 A A= MicroScan WalkAway
96 Plus system (Siemens Healthcare Diagnostics Inc., West Sacramento, CA, USA)} Neg Combo Panel
Type 72 (Beckman Coulter, Brea, CA, USA)E- ©|-85}0] A A|5HA T}, CRE EH -2 modified Hodge
test (MHT)2} carbapenemase 2} 41| Al & (carbapenemase inhibition test, CIT)S- 2 ZAX5FITH11,12].
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FH

Ay HAolA CPER E7H 5= 47] PCR, CPO, Carba5S AH8-5+0] carbapenemase A3/
o ol FPHEFE ERISIGIT CRE #+52 -70°C 5 Eotl o n, SFRF MacConkey &t
Al %] (Synergy Innovation, Seongnam, Korea)©ll ATl J5to] A&dol] AR&-SIIT

7| PCR

Al-2] DNAE GenElute Bacterial Genomic DNA kit (Sigma-Aldrich, St. Louis, MO, USA)Z ©]-&
3]'01 ZFZ5F9th KPC, NDM, IMP, VIM, OXA-48 5 Tl 7}A] carbapenemase F-12E &3}
47] PCRE AT KPC, NDM, OXA-484| G2 T PCRS Al45191 2™ VIM, IMPE=
GIM, SIM, SPM 5 T2 MBLY} §7] ths PCRES Al 51 TH13-17]. HH-gof] ARESH AJEEA]
71- D5 Table 191 7|45k ATt.

Table 1. Primer sequences for the carbapenemase genotyping

Primer target  Sequence (5'to 3") References
KPC 5“GGCAGT CGGAGA CAAAACC-3 [13]
5“CCCTCGAGC GCGAGT CTA-3'
NDM 5-ACC GCC TGGACC GAT GAC CA-3' [14]
5-GCCAAAGTT GGG CGC GGTTG-3'
IMP 5-GGA ATA GAG TGG CTTAAT TCT C-3' [15]
5“CCAAAC CACTAC GTTATC T-3'
"CAT GGTTTG GTG GTT CTT GT-3" [17]
"ATAATT TGG CGG ACT TTG GC-3"
VIM 5-GAT GGT GTT TGG TCG CAT A-3'
5“CGAATG CGCAGCACCAG-3' [15]
OXA48like 5-TTG GTG GCATCGATT ATC GG-3'
5-GAG CACTTC TTT TGT GAT GGC-3' [16]

“Primer set for IMP-specific single-target PCR.

Abbreviations: KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-B-lactamase;
IMP, imipenem-resistant Pseudomonas; VIM, Verona integron-encoded metallo--lactamase; OXA,
oxacillinase.

BD MAX CPO ZA}

2E 2 MacConkey SHABZ| Ol A A3 23S ‘I}k] MicroScan inoculum water
(Beckman Coulter, Brea, CA, USA)°]| 0.5 McFarland 203

2hZollo]] 245513 th. Sample buffer tubeS- 1027+ V&S & /\]ok i—ea], PCR7}E E]Z]Q]' k]
7/l BD MAX system (BD Diagnostic Systems)l| 250 Al 2Ake] 2|t = Alsistict,

Carba5 Al

Carba5 7] Eol|A] 2|35k Al@ o] FE2243A2 572 X753t Mueller-Hinton HH|
oM 2 F2ke A sto] 22LFolo] e AT §oo] FUNY wrkx| 327t Ak i@
1052 Al 20| -2 & 7| Eof 25 m]zl o2 -5 100 uL2 Carba$ 7HH| Eo] Hojr
20| A] 15&27}A] Carbase] AHHE S9F2 &2 =33t

mz ol X
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RIZIEet £0| = Wt I S K| Zutof| CHSt =7t ZHAL

Carba52} CPO2] RIZE 9} 0] t= 47| PCR IS 7|F0 2 H7I51Th Carbast CPO2)
AAFETZE 427] PCRY}F L A[5HA] @2 749 7] PCRE AT AL Carba-R HAME F7H= Al
Yottt IMP HEl EY X7} = B¢ IMP RS T A Eche 50 AIYA = A4 ot
A CH(Table 1). Carba-R ZAFS- )5} 0.5 McFarland B} =.2] CRE £-3-24 10 uLE | A1 2ol Y
o} 1027 "2 £ 7| Eof 22gHe 1Bl 0]-8-5}0] Carba-R 7HEZ|A| o]l H7FsQich 7HE ]
A|E- GeneXpert System (Cepheid, Sunnyvale, CA, USA)°l| 2+ & A A|7HPCR AAMS A ST

RESULTS

Z 147739] CRES tto. 2 B7}5191t) o] 3 823+(55.8%)7F CPERITE. CPE 5= KPC 205,
NDM 225, VIM 175, IMP 35, OXA-487|%Y 133, 229] cabapenemase S JAoH= 73 13 5
S Z55HATE 259 carbapenemase S 473 Sh= 5= KPC2E VIM F-A] 4473 355, NDMI} VIM
A1 A/ 25, KPC2E NDM 54| A3/ 135, NDMF OXA48-A|E 54 A4 152 A =3ict
(Table 2).

KPC AJ4J CPE & 245, NDM AJ4] CPE & 255, OXA-48 AE YA CPE & 145+ CPO%t
CarbaSOlA] 5 100%2] T =S BT Table 3). VIM A3/ CPE 225 Carba5ollA] 100%
VIMOZ HEE AT CPOCI A= VIMIMPE HEE AT IMPE AJ/d8h= 355 CPO= VIM/
IMP Y/ 2.2, CarbaS+ IMP Y/J 22 AZE Tt 259 carbapenemase S AY/d 5= 75F+= CPO
o} Carba5°llA] 100% &5 = o AEE Ak FAFHAL /801U H 25 CPO= VIM/
IMP, CarbaS+ IMP Y/ 0= AE =Gl o] EYUA| #5225+ IMP RIS BXEE sk o2
ALA S AFE-5to] 21 S At} Carba-R FAAME F7F=2 Algsh A3t IMP U= &Rlskgict.

DISCUSSION

Carba52} CPO2] AAHA = S USHA| T EE 100%, E°] =+ 96.92%3ATHTable 3). IMP 9]
W 25 F7FE Al3st At A IMPoll YA & 1= It IMP A|F-2 theFet Blo| =7t
U7] whizol| Carba-R AR CarbaSAARNIA] 91520& HIth= E17} QT 18]. 2019 Volland
52 IMP] 9343 E8-S W37| S5l GAl B BE IMP HIO|FE AESIES CarbasE 704
SIATH19]. HAFEA TS 2|8t 23= T2 A2 427] PCRE A 3 the IMP /o=
1= 7] wizol] T3 PCRO AFHE-SHIMP A2 7} A E5HA] Eoh= IMP Ho|FY 202 &
=] At IMP A8/d o] Tt 427] PCRYH Q] 91-3/d0] CarbaSe}t CPOCI|A S| =7} Wol]= 2
5 et

CarbaS= Carbapenemase®] & 2 FHEF7F 100% BTt CPO GA| VIMT}F IMPE 7+
H5}12] £5h= A o] Q]ofl= 100% A& =S Bt F 7] E= B%E carbapenemase” | 24391 CPE
7} 2345k ok weleter Bl g 4of st wapekg-o] QI 55 5-2] Z3E carbapenemase A
ojoj Al = wxpdk2-o] igith. CPO7F KPCH NDMOilAl 9]9Ado] B E|Qiel Axh= )20
CarbaSe O Atol|lA 910l e #o] gle & Eo|&=7}F =4TH4,20-23]. KPC,
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Table 2. Species distribution and carbapenemase types of 147 study isolates

Carbapenemase No. of isolates

Species (No. of isolates)

KPC 20

NDM 22

IMP 3

OXA-48 like 13

Double carbapenemases

NDM+VIM
KPC+VIM 3

KPC+NDM 1
NDM-+OXA-48 like 1
Carbapenemase-negatives 65

Citrobacter freundii (4)
Citrobacter koseri (1)
Escherichia coli (5)

Klebsiella pneunoniae (10)

Citrobacter amalonaticus (1)
Citrobacter braakii (1)

Citrobacter freundii (3)
Enterobacter cloacae (3)
Enterobacter kobei (1)
Escherichia coli (6)
Klebsiella acrogenes (1)
Kilebsiella pneumoniae (4)
Klebsiella variicola (1)
Raoutella omithinolytica (1)

Enterobacter cloacae (1)
Klebsiella oxytoca (3)

Klebsiella pneumoniae (8)
Klebsiella oxytoca (1)
Raoutella omithinolytica (4)

Klebsiella oxytoca (2)
Kilebsiella pneumoniae (1)

Escherichia coli (5)
Kilebsiella pneumoniae (8)

Kilebsiella pneumoniae (2)
Klebsiella pneumoniae (1)
Raoutella omithinolytica (2)

Klebsiella oxytoca (1)
Escherichia coli (1)
Citrobacter freundii (2)
Enterobacter cloacae (4)

Enterobacter kobei (2)
Escherichia coli (12)
Kilebsiella acrogenes (8)

Klebsiella pneumoniae (37)

Abbreviations: KPC, Klebsiella pneumoniae carbapenemase; NDM, New Delhi metallo-B-lactamase;
VIM, Verona integron-encoded metallo-f-lactamase; IMP, imipenem-resistant Pseudomonas; OXA,

oxacillinase.

Annals of Clinical Microbiology 2021 June Vol.24(2)
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Table 3. Comparison of CPO and Carba5 to genotyping using conventional PCR

. . No. of positives Sensitivity (%) / Specificity (%)
Genotyping results No. of isolates Carbas PO Carbas PO
Carbapenemase-positives 82 84 84 100/96.9 100/96.7
KPC 24 24 24 100/100 100/100
NDM 25 25 25 100/100 100/100
VIM 22 22 27" 100/ 100 100/98.4"
MP 3 5 100/98.6
OXA-48 like 14 14 14 100/100 100/100
Carbapenemase-negatives 65 63 63

"Two carbapenemase negative isolates were confirmed to be IMP carbapenemases later by re-testing
conventional PCR and using the Carba-R assay.

"The CPO assay was not designed to distinguish between VIM and IMP carbapenemases

Abbreviations: PCR, polymerase chain reaction ; KPC, Klebsiella pneumoniae carbapenemase; NDM,
New Delhi metallo-B-lactamase; VIM, Verona integron-encoded metallo-B-lactamase; IMP, imipenem-
resistant Pseudomonas; OXA, oxacillinase.

NDM, VIM, IMP, OXA-48 Alg 52 FHoll M= 7H G- E0] =2 carbapenemase©| EL&[24],
o|& Z-lgl-—] 7}

Carbas= B 2ol -85 wf AAZF PCRE §4%& ZE0H: Carba-Ro] W] ST
g EATH20). SFAIRF NDMO| Y VIME /g HIE7} 3] DIEPM 9170l e v
TH4,21]. 12AH=5% NDM HHEZ} oA o2 @) OHEPc A& AL, 4/ wiee] w=
AL E =0]7] Yol AZAP L HA sk S A HRGAIRRE As] F40k= Zlo] 85t
ATk EaztR),

Carba52} CPO= 9] 57FA] carbapenemase ©]2]2] CPE+= % %5]';(] K3ttt 2019 2gde
4] | CREWY BFEA AF=ol| o5t 57HA] 8 -2 F2 CPES] 99.8%E 2HA|st
AcH24]. Al 1001d7F 2 2HE2] AAM oA 22]%= CPEF ol A2 99.4%E 4]
S| Euztg). wbA /A 02 CPEZF QA ElU Carbaset CPO 5ol 228 3% GES
S E-F carbapenemase S BIAI5H7] S 71 AP F H 281H0H20]. Carbaset 7o LFIA 7|H &
AH&sto] vijFE H2to = CPEE HEshe AP Ew 2 A%t 7= AL Qlth. RESIST4
O.KN.V. assay (Coris BioConcept, Gembloux, Belgium)= OXA-487| ¥, KPC, NDM, VIM 4%5-52]
carbapenemaseS- 25| 7 E5HH, Carbase} B[S A 5-& EItH25-26]. 2124 20194
71202 ujof|A] IMP7} 1% RITHo| ARt 3125 22| %| 3L QlojAf[24], CarbaS7} IMPE 732}
7l-tﬁ—3]._‘—_ 7o = XPZ-I o] 1:]-

SR Ei S sliof k= AP AAel HISH Carbaset CPO= FY Ao 7} 755t A A
ZFPCR HH]E 7|90 2 9 CPO= /Aol A7 A-88 4= QLo HAA g A|Zko] k254
2+ 2 Q FIrhg]. Z1o] H]3l Carbas+ 20420 H AT} o] 7hsoal, 43 4274 ai7fe] 7|
ol HARE & 4= = o] Aol whabA /A olA CRE =toll tisl CarbaSE 018
Sto] PHAALE AAGH T, /oA o] Bogt ot F7HANE o 24 AL A

olE, x| 8- A7kelglths B 17} QlrH27). ol 4] = CRE tiH] CPE7} 214
0124 4.0%°l1A4 20194 74.4%2 FA5H =oH# 7] wf2ol|[24,28], Carba52]

mE
-°|l"
>4>

—

o o
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Je=g 2 o CPE @%01] ol EAY HAS AY2SHAL HEZ CarbaSE CPE A142Z 9
L 7o

o

o] dite] 7H 2 A\t ]'7‘4 H2 carbapenemase P 5 &3] 2] %= KPC, NDM, VIMS A|
oJ3t OXA-48719, IMPE F-23F =AHE FE kA 3tk Aot} o] oA o5
carbapenemase®]] T3l Carbas, Carba-R 50| IMP ¥ o]of w2} H&E50] YojZth= E17t QL
7] mhzoll[18], A T B2 4=2] Tk ¥o|3dol tish 717t B sttt FHAM == Carbas7t
NDMe]| tisf] o/ HIE S Hol= 79 i o] WA| &2 AAR = e o s weEd 4
Atk B 7} 9191 0 1H4.21], ofoll thish Alth 2 H71okA| = ottt NDM =7} okt 732
Carba-R¥} Z-2 Q1745 R © 2 Shelsfiof 3t 4= 917 wfiZol| NDMZAZ0ll gt Carbase] /6~
O B2 #55 oz st 27kl W7k Z e g Aot

AEA O CarbaSe = Ul CRE 22|79 A&} FHERO| 48 teel Eol=g B
o}, /AR oA CRE H=hol| thel CarbaSE 4-83H0 =A] 4l&stal oA CPES 54T

o

Hl|73: Carbapenemase A3 Enterobacterales (CPE)S Al&0HA| AEohe 212 245 gtA| A
ey} Zhd o) QlojA] 25}t KPC, NDM, VIM, IMP, OXA-48 A& carbapenernase HEs
2 H7517] 5to] TS lateral flow immunoassay 7|52 AFESH= NG-Test Carba5 (CarbaS; NG
Biotech, France)?} A5 A A|7FPCR 7|2 AFESH= BD MAX Check-Points CPO Assay (CPO;
BD Diagnostic Systems, USA) 5 27FA] ZAME 4271 PCRE ©|-8-3F A% A2} vl wg 7t
Skqict.

HH: 201355 201913 7FA] Afgobitty ol &2 7Hat| 'l WA Enterobacterales (CRE) &
7132 carbapenemase F'H G 205 0|/, carbapenemase /321 CRE+= 605+ HEE Lo/l
2 3F5}a1A} 5FRATE. Carbapenemase A 2492 €135l KPC, NDM, OXA-48 74101-4 e o=
PCRS A5}, VIM, IMP, GIM, SIM, SPM-2 T3 PCRS AJ3¥5H3IL} BE H2| 3= Carba$
o} CPORE ZAFSIILE R34 A A7t EUA| S 749 T F1 f-37}0 EO]XJ'?_] 7]
PCR} GeneXpert Carba-R Assay (Carba-R; Cepheid, USA)S £7}+2 Al 3Y5H3ATE

Al & 14752 CRES H7I5F T 825(55.8%)2] CPES X &51ITh CPEE KPC 205,
NDM 225, VIM 175, IMP 35, OXA-48A|E 135, &+ £52] carbapenemase L/d Q1 75(KPC/
VIM 33, NDM/VIM 255, KPC/NDM 15, NDM/OXA-48-AlF 15)Z T At} Carbaset
CPOE= E-E CPEE AHEolA HE319 o, 2529 IMP Y/ CPE7} 712 HEE ]I} Carbas
ot cPOQ] WIS}t Eole= & o ZHZ} 100%, 97% = 5 ATt IMP 4/8Q] 25
Carba-R¥} IMP-5-0] 2 Q1 T -7z} pCROIIA IMP Y/d U2 2153t

ZE: Carba52t CPO= HIYH 2ho 2 BE] thAl 71A] Q. carbapenemase S 25| AEskaL

YL R 4 U Cabass B A45517 110} PFAAAON SHUAR AL 5
1
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