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Abstract Objective  To study the clinical value of the rapid carbapenem inactivation method (rCIM) for the
detection of carbapenemase-producing Enterobacteriaceae (CPE). Methods The rCIM consists of the incubation of
carbapenem-resistant Enterobacteriaceae (CRE) with meropenem discs, and the supernatant obtained by centrifugation
was incubated with the indicator strain E. coli ATCC25922 twice. Growth of the indicator strain ATCC25922 was
monitored by a nephelometer. 55 CREs were collected from clinical specimens from January 2016 to September 2018.
Using PCR results as the gold standard, rCIM was used to detect carbapenemase and its results were compared with
the CNPt-Direct test and the modified carbapenem inactivation method (mCIM). A prospective study of 48 CREs from
clinical specimens from October 2018 to May 2019 was conducted. Results In retrospective analysis, the sensitivity and
specificity of the rCIM were 97.1% and 100%, respectively, higher than the mCIM and the CNPt-Direct test. The rCIM
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results were compared with the results of gene sequencing, and the consistency Kappa value was 0.961. In the prospective

study, the rCIM showed a sensitivity and specificity of 96.4% and 95%, respectively, and the consistency Kappa value is

0.914. Conclusion The rCIM is a fast (<3h), inexpensive, simple and reliable method for screening CPEs.
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FETIER, FEM NGRSy TAER LB R CREX Bk
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MI(EOESBLE IS F A4S, HATH N EEMH], H
A SCBRUE S 77 B 75 %5 0 B8 i M B RH 4 1 LU R P2 ik
5 ) I 1Y AT B B 41 1 (non-carbapenemase-producing
Enterobacteriaceae, NPE)& 1 5. PG Z. ZE#H
AR S, R R, A RO HCPE, X
B 6T ARG E R R B R L. 2018
I CLST¥mCIM A EDTA Tk 75 8 M5 K i il 58 (ED TA-
carbapenem inactivation method, eCIM)Z44 N E Y%
BORIRPATARED,  H T CPEIF: X 43 Bk 5 25 i
IR, SRmCIMJIT 75 I & I R #2K (22~28h), A
F RS WA Tl AHF T2 I FmCIMEE [ —
AP R T B KOE RIS (rCIM), B #E P rCIM R
W MERIRIECPERIERE, NI RIGIT FIRAT i %
WA FR LR .
1 #MR5E5E%E
1.1 HHRRIE

W b bk DX R 2 B 20164E 1 H—20194E5 A I R
PR 43 58 (i B 7 04 (I e 1 MIC = dpg/m LA/ 88,
LW K FAMIC = 4pg/mL) W T B R B 1030k R0 4
S HTSSERANETHE VDT ST 48 %K), H A A HE KR A 1
245k BI AR B 168k il 98 0 S AT SARk . TR e
THE O BT KA B 1k & 58 B IR A=
kB 1k . BT AR5/ FIMALDI-TOF MS#EAT %
€, i Vitek 2 Compact4: H A UEY 30T RS iEAT
2y, AR FHK-BACH §H2m A AE, 47 5
E %8201 8/RCLSIHR FIEAT e 4% B MR K i35 A B
ATCC25922. fifi# %7 {1 ATCC BAA1705. ATCC
BAA1706 304 B TLAE SR I ARAS 56 o o
1.2 FEEFRA

MALDI-TOF MS(#&[E Bruke A #l); Vitek 2
Compact4: H 35 A W0 43 B AR 3L A (v [ Bio-

Carbapenem resistant Enterobacteriaceae; Carbapenemase; rCIM and mCIM; CNPt-Direct test

Merieux A #l); PCRY A ( Bl A RITRHEEBR A
al); FUKOCRTRER A (AL 50 S AR T Ik e A
BRAF]). AR L i~ AR AM-H B i 18R 88 M1 22 P
Y TRERA AR AT 48Uy M E AR RS
(TSB) A7 1% 37 (FL[H Oxoid A 7)o 3% 5 78 =4t
TN ERID AR 25 BR A7) ;. 4B DNAHHZ 7
#. PCRIAFIE. ZEfENE. DNA Ladder. 5|94 HAl
PCR=W e (it A T A TR B PR A ).

1.3 mCIMEFarCIMY!

(H)mCIM: HU1pL i & 85 7% 45 I 1 & b A\ 2mL
TSBW Y, WHEIRA, F1opg3k P 4t (1
FOMNBE 2, WiE, (35+2) CH E4h. Hil#%
1.5 X 105CFU/mL K i35 45 B ATCC25922 i =i, $41%]
BATMHF M, F153~10min. FH 1OpL 3R PR E H 4%
s BRART G TS REDE 2 2 R, S TMHFAR .
(35+2)Ci B 18~24h, EHUIRHE EA. 455 AW
3 T B w0 BB B A4S N 6~15mmEL B A2 N 16~18mm
EANEE B N A A BUEE W%, IS SN EME, N
PRI BRI AR . B R EAR N 16~18mmER ELAT
= 19mm{H 5 Pl 9 A SR FEBUEE R 7%, &5 SR o
s FWERIE. M EEA=19mm, MR N
B, AR BT 5 e 1 A o

(2)rCIM:  HU20pL it 7% 55 7545 U 1 AR i\ 1m LG
HKH, IR, K20ugdE B E R AT Q) I
FEW, WWiE, (35+2)Ci#RE 30min. 10000r/min
B0 Smin(E R BT ZIRESL) . IS500pL FiF
W, IMNE2.5mL 3 X 105CFU/mLIJATCC25922 TSB
W =B . (35+2) CHEF2h, R30minidEAT 1IXH
JETH AL (e S 45 S O 22 B 2R 5 (3 1S K)o mCIM
AirCIMH, fili 48 50 B 1A B ATCC BAA1705 9 FH 14 )5
¥, ATCC BAA1706 415 4% .

1.4 CNPt-Direct!'”

CNPt-Direct aii % 0.05% M 4L . 0.1mmol/L
ZnSO,-7H,0#10.1% Triton X-100, {7 pH%7.8+0.1.
CNPt-Direct bi & fEaiil i E: Al E I A 12mg/mL
WV ks w7 w4t T 4. CNPt-Directis 46 1 7 BE A .
Triton X-1003% 140 B 40 ff i a8 i 14, BRI P ik &
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i B 2hfE A R . W % SO E A R ATCC BAA1705
B, ATCC BAA1706 4 BA T 7 4% .
1.5 B B a2 e A

2 20 B 2L DN A Jh 2 48 70 60 U B 15 2 H A
DNA, & LR % Wk E SEmMBEER: bla,,.
blay,~ bla,,~ bla,, Jbla, ., SIWFHINEL.
PCRU [ M AR 2500, Mix 12.5uL, DNARHR
2uL(50ng/uL), 514#& 1uL(10umol/L), £ & FIK
8.5uL. PCRIPMIZFAJy: FiAEME, 94°Cx5min; 1
¥R, 94°Cx45s, 55°Cx45s, 72°Cx1min, FL36MGE
PRy ZEAH, 72°Cx10min. PCRFZWH2%35 JIE 4 it
ek, HLE100V, IFEITh, 7E&EK BG4 b B st
LEHL, PCRYMEFHPESE R P 5, HINCBIM G, 1)
Blastf2 )7 347 XS o
1.6 SRiHFoH

FASPSS 22.0%k 47 70 #1 .  LAPCRES N & br
e, 1HHErCIM. mCIMAICNPt-Directif 644 | CPE[K]
BRI . RERR M, 2ol R DR N 45 SR i3k 1T Kappa—
BRI M7 Kappafti>0.75, UiHA B A 71512
SR —HME R Kappali7£0.4~0.75, Ui — ik
—f%; Kappaf<<0.4, Uil —#MHERE.

1 PCRY GHET B IRMEIE N (1514

Tab. 1 Primers used for amplification of carbapenemase genes

by PCR
7 =
LR 1)(5'-3' -
HEZER 5195153 Jobp ik
F: CGTCTAGTTCTGCTGTCTTG
KPC
R: CTTGTCATCCTTGTTAGGCG 798 [11]
F: GGTTTGGCGATCTGGTTTTC
NDM
R: CGGAATGGCTCATCACGATC 621 [11]
F: GGAATAGAGTGGCTTAAYTCTC
IMP
R: GGTTTAAYAAAACAACCACC 232 [11]
F: GCGTGGTTAAGGATGAACAC
OXA-48
R: CATCAAGTTCAACCCAACCG 438 [11]
F: ATCGCAACGCAGTCGTTTGA
VIM ]
R: CCCGCTCGATGAGAGTCCTT 38
4
H: Y=C 8T

2 R
2.1 rCIM cut-off{# #y 2 3.

A B Joi 428 TR PR il 98 v B 1 B ATCC BAA1705
KiGMAERE, TBREKKIZEAFATCC 25922
AR AZIED R R A2, E 1.Shi & o B 1
R A7 B (B IME~ B R ) 92,52 X 10%(2.37 X 108~
2.76 X 10%)CFU/mL, 2hi}>53.99X1083.93 X 108~
4.11X10%)CFU/mL. 7£ FA ¥ 5 42 B Wk i 28 v 55 41 1
ATCC BAA1706% 1, ATCC 2592214 K2 BI£ %
T PR G R AR R 1 K b o B (e /ME ~ o KA 7E
1512043 51 50.42 X 10%(0.33 X 108~0.48 X 10¥)CFU/mL .
-0.06 X 10%(-0.12 X 108~0.03 X 10%)CFU/mL. 7£1.5h
T IOH P AR A B 4 R R A H 25922 1 1 K
EX A, MmAELShEHR THEMXH . @il
SPSS 22.01H5, rCIMfik ik 2% 4 B ¥ cut-of M
1.5X 105CFU/mL.

22 FEBE T

SSERCRESIANEEFIZE. FERM P45 R rCIM.
mCIMAMICNPt-Direct&h R WK 2 M 1. FE/R B EK
[V 355 B ATCC 25922 B AR FE G K L2, 7£1.5h,
rCIMUERAARG I H31/358KCPEs, H: B K B B K 43

2 SSFHRCREM#rCIM. mCIMAICNPt-Direct [l i 14 75 #7 1) 25 5
Tab. 2 The results from the retrospective analysis of 55 CREs of
the rCIM, mCIM and CNPt-Direct

Pai! B ES $& rCIM mCIM CNPt-Direct
T 55 Tl B 7
[tz
AT B )
KPC JIili 9% e, 7 AF1 R 9 + 0 8/9+ 8/9+
BISHR T 2 A b
NDM PNi/s T 8 + 0 7/8+ +
FA YA AT v 10 9/10+ 9/10+ +
JIs 98 . T AF TR 2 + + +
PR T R AE R 2 + + +
IMP IR v A 2 + + 12+
KPC+NDM Jili 9% . 76 A R 1 + + +
7 v TR AT R 1 + + +
TR 5 B
S
PN 7E T 8
FH 72 1 1
JIs 98 . 7 A TR 10

IR v AR 1
VE: o+ PEYE, - BIE
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Fig. 1 The results of CNPt-Direct test in carbapenem-resistant

Enterobacteriaceae
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Fig. 2 E. coli indicator strain subtracted growth index in the
retrospective analysis

B (B /M~ KAE) 95.76 X 10%(0.66 X 108~7.50 X 10%)
CFU/mL, IAME3BRIIVAIMH (85 H . 105 1
205 B B K ARIEF1.5X 10%(1.32 X 108, 1.14X 108,
1.47 X 10%)CFU/mL, {H{E30min/5 4t 1.5X 108
(3.30 X 108, 2.34X10%, 2.64X10%CFU/mL. 7£2h,
rCIMUERRE I Hi34/35FRCPEs,  H: B K i o e (B /)y
fE—HKAH) 9741 X 10%(1.38 X 108~9.18 X 108)CFU/mL,
T3 TPRNDM 2 K 8 (V4 iz 4 56 (25 B #E 1.5 81 2h
IS} B VR K 3 1 290,66 X 108H11.38 X 108CFU/mL,
HI LR, rCIME H20/20kNPEs, 7E

&3 48WKCREM HrCIM. mCIMAICNPt-Direct il I VERF 7L (K 45 R
Tab.3 The results of the prospective study of 48 CREs of the
rCIM, mCIM and CNPt-Direct

(B R (n) rCIM mCIM CNPt-Direct
B 7 7 4 W PH L 1 PR
(28)
AJSHRTT B
KPC(16) fili g A E(15) +  13/15+ 13/15+
KIGIEAHE() +
BT R MG
NDM(8) KGR ) + -+
FH Y AT B (1) + -t
Jifs 48 5 B A 11 (4) + 34+ +
AL (1)
P B (1) +
KPC+NDM(1) Y178 (1) + + o+
KPC+IMP(1) Jili 98 5 T AT BRI (1) + + 0+
NDM-+IMP(2) Y178 1 (2) + -+
T 7 8% 04 g 9 2 T
(20)
KGR (6)
VA B kT B (1)
fili %8 e B A @ (12) 11/12- 11/12- 11/12-
Fi FC B FE T (1)

VE: +: PHME, - B

1.5 12 h Bk B 9 3% K Hp A7 B (e /ME ~ B KAL) 4
51290.09 X 108(-0.30 X 108~0.51 X 10%)CFU/mL.
0.15X 10%(-0.36 X 103~0.45 X 10%8)CFU/mL. [&3E [
T 45 AR E, [\ 43 Fr T e CIMAS I CPE ) R
OPE . RS HIN97.1%A1100%, 5l — ik
Kappaffi 40.961. 1MimCIMAICNPt-Direct & & 47 7l
N91.4%. 94.3%, FFRPEEIN100%, 55 —Sih
Kappafti 73 7 50.886. 0.923, L RME. HrFk.
—H ML T rCIM.
23 HIEMHR

A8PRCRESMIZH R Fl 2. JEFMF 45 . rCIM.
mCIMAICNPt-Direct4 WL K3 E 1. FRREK K
WA ATCC25922 1 R FE K L3, rCIMAR
27/28FKCPEs, 7L 1.5h 5 i ik 5 36 K b A3 30 (e /IMEL~
e KAE)H3.96 X 108(-0.21 X 108~5.13 X 10%)CFU/mL,
2h95.91 X 10%(-0.15 X 108~7.17 X 10%)CFU/mL, %A1
PRI bla, FE B 75 AT 1 (165 ) 7E 1. Sh M 2h ) T
TR FE 3K 43 3] 9-0.21 X 108F1-0.15 X 108 CFU/mL, H
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Fig.3 E. coli indicator strain subtracted growth index in the
prospective study

DUE B 45 5 . rCIMAS H 19/208kNPEs, 7E1.5h#i12h
LB W K A 7 B (B /IMEL~F3 KAL) 23931 791009 X 108
(-0.45X10%~1.65X10%)CFU/mL. 0.18X 108
(-0.36 X 108~6.48 X 10%)CFU/mL, 4 I¥kPCRY 1
B A B0 il R s B A0 B (15 18, 88 TR PR 25922 T
WA FE G K AE1.5F12h 4 7 41,65 X 108CFU/mL
6.48 X 10CFU/mL, H 3l 7B A 45 5% . mipE
PEWF SR, rCIMAS HI CPE M BRI K5 53 M40 5l
H96.4% 95%, BHAETIMIE 1 A 43 1
96.4%- 95%, ST —FMKappald h0.914. 1
mCIM I BURE . REF 17 3 0864.3%H195%, FHE
TRMAE B3P T 53 9 9 94.7%H165.5%, 5l
— M Kappalt 0.557; CNPt-Direct({JUM: . 4
S AIN82. 1% A195%,  BHAE FIMIAE «  [9 14 Foi )
B3 31 995.8%H179.2%, 5l 7 —#PEKappald i
0.750, HPE RBUE. FrietE. BB METmAE |
—H ML T rCIM.
3 1ig

W B  dmiD 5E  2 A T A kL. 5
F FNE g S ] RS B BE R T b, M AN
ORI (B IE VS e, ST IR B ) AL, 16 R

2 TR PR AE A BRIV Bl Y 1) T2 AR FR 02130, PR PR
A R H CPE 2 I R 2L 7 i R I — AN 1) i, AR 7T
FArCIMAS M CRE B4 ¥R Bk 5 B2 MG B (1 7= A, IEBAAS: H
61/638kCPEsF139/40#kNPEs(3£103CREs), H¥&{AR
BEN96.8%, FrFMNIT.5%, BEKT MunteanZE
MwtE, ARESHEAER/DA R, HEE FrCIM
& — Ptk REAR LT (1) PR 37 16 CPE Y 7 72

AW I CRE 3 2N it 2 7 B A0 11 (52.4%), H
YA K 5 75 1 (23.3%) R A V4 T 181 (15.5%), - A it i
98 S0 B 0 B IR 24 ML 32 2R KPC I (48.1%), X5
[ P A SR S A —F 0415, KBRS B ICREH, CPE
& KTNPE, it 7 CREMMY 25 ML 3= 2 57
s B KIS, JA, AT 3L 2 AR AR A
PR TR AR PH M 45 R o [ml o 43 A o LA B VA i 1
(bla,,, B 2h N T A 4 K 09 1.38 X 10°CFU/mL,
P BAYEAR 1.50 X 108CFU/mL, 7 ¢ 5 5% % 5 1% i
MG MR IS o AUBEMERT 7S B 1k A 52 TR 1
(blayy, FEPN 2 BB EEHE K 09-0.15 X 10°CFU/mL,
HCNPt-Direct&5 R A, WREEHE &K
B AN RIBECRIE G K 7 H IHRPCRY 1 [ 1
(R 28 ve TR A TR, 4R N T bR B ROR S HS KAE2h N
6.48 X 106CFU/mL, H.CNPt-Direct4 5t yFHME, W]
RESE HH T ARSI R A IR . 8 Kappa—SUPE A 56
ST rCIMS5PCRES IR —FUHERE B ar, T
mCIMAICNPt-Directi4e, ¥ BirCIMJE — Ptk |
0 i AR TR IR T R A I R AL .

A FER I (B B I AR R £ A bla .
bla, Mbla FEWH, HWARKIbla,,~ bla, FEN
P T R, X 5 B N B T 52 A Bl R DR IR IR AT 0
WO AFUes [al i g M, A 3R B VA A
BE L. ShEE MUK EE G K (1.32X 108, 1.14 X 108,
1.47 X 10%)#)<1.50 X 105CFU/mL, {H2hH ¥ fF ik
PR (3.30X 108, 2.34X 108, 2.64X10%), ¥ >
1.50 X 10CFU/mL, Jr LU A 4M130miniiy & £ A
BT Ak B A P 5 SR I, 2hiE K
JEE B KA B4 1.50 X 108CFU/mL R 3T B 435 00 36 ok
FHFRI, B AR (T ED Y RIEFITE)
BRI HAh, AHE T R K B SR,
rCIMB H T H AR TR I e RE, A e — 2o,

JRUE 3T LW S 0 T VR AT R R A U e 7 2 M T
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Tab.4 Comparison of phenotypic methods with price estimation per test and work time
WAREA rCIM mCIM CNPt-Direct RESIST-3 O.K.N., Carba5 MALDI-TOF MS
WV A I8 (8] /h 0.5 4
TR A N E) /b 1.5~2 18~24 2 <15min 1~4
it 1/h 2~2.5 22~28 2 <15min 1~4
iR ES 3] FTREEE R/ A A TR P ek w25 % K R U s R
P R Bk 20pg 10pg 6mg/mL 0.5mg/mL
R MR A (S) <02 <1® 2~10% 1102020 1~10%

(& bRAEDS), L H AT A £ URR LR 75 55 09
FERIPCRY HEH: R (Xpert Carba-R)™, {HHEE(ER
B ARG GEIRAE WK E B
Ub, PR SEEG & G B — SR AR IS Pk . A RHh i i
iR HATK HCPEMIRAIIEHRE, W
MALDI-TOF M SH Ik 75 %5 4 1 (1) 7K 81, R4k
5771 (Carba NP, 4 %7 77 5 (RESIST-3 O.K.N.isk
BB, NG-Test CARBA 5i{352Y). 4 R Hodge 4
(MHT)USIPA A 2 R Bk 75 % M K5 38 (m CIM) U156
M HIMALDI-TOF MS. %% 2% /7 1% Carba NPRL
)& T8t CPER PR 12 W7 5 v (3 4), (H T i
A% B 5, ESE AR ) S 00 = R RRAS B2 B
H: % 20 J5 AL B8 WK 3~ S PRk 75 2 445 Tl 2k
R, ANBEi o5 E XM CPER #k; Carba NP EE A
L300 O P € 5 7 SR I T 5 SR AN BB X S 6 &5 IR gk AT
EE, ARG RN G mEK, 5iE R
BB PHMESS R . MrCIM AT LA SE SRS BT A 2R AL Rk
HEEE, HAGMEEE2~2.5h, AFELKA 57
M ST HrCIMAERACRR, R4 9 E Oxoid A
M A%2.5mL TSBIZZ10.0778, 24N £ 2 R rg 4t
250.1718, BFMHAFEARBAAL0.28. AT, AT
TAEEE—E R R, HAEAMR, HIGKS Sk
W51 I bk 75 B2 I B BE R M R 2 (B Z DRk 5 5 )6
By, AWM E KA S EME 255
FR, SRR VTAG cCIMIRI I R N2 A48

ZE LATR, rCIMA T CPE B Ak 0 R 67 25 ] 5
GAT GUTAIEE, BATTIZ N AR5
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