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I AR e vl A0 v i 8K 5 e s i — il iy 325 1) S 3 R R E T
g LR ORY, KR
(1. BEpahBEZy R, BRPEIH 7120465 2. P —BEBAR IR, P69 710002 )

W E:. BHW A X4 R (polymerase chain reaction, PCR) | & R & B Ml R %X 3 ( modified carbapenem
inactivation method,mCIM ) + EDTA # # % ¥ B X 7% X % ( EDTA-carbapenem inactivation method, eCIM ) #= GeneXpert
Z Ty A B A R B AR AT T SRR, W RS IE A9 Ty AR IR B, iR KSR 2019 1 A ~ 2021 F
SAEAS B B3 RBEFTFEHFERATHARITREFTEREREZTHA T EMHAEHAM, A PCR %4 GeneXpert
I 8% F B A B, mCIM+ eCIM X 3040 8% & B M B, A PCR kA 2474, *F = 40X % 7 ke nl 4 Rt 47
iR, R 43 s F B L E 10 H B2 PCR ¥ M A 40 445 385 B 25 L B, blagee 30 #k, blaypy 8 #,
blayy2 #k; 37 4B H EM A SR T BZ PCR ¥ ¥ A B FWHEEAH . 5 PCR A4 R AL, mCIM+eCIM
TR I 22 BB B B R B Bl R R 4 R AR JE A S JE 3 H1 100%, Kappa 1A% 1; GeneXpert AR Aot 051 A
94.9%, 97.6%, Kappa i 0925, £5i® mCIM+ eCIM X3 A= GeneXpert 5 PCR £ R — A2 B 3%, {25 T l6 RSB 6Y
AT ZOME, GeneXpert B ARBRAE R S, #ent42, SREHTE LY THE, S THEHGER, TARA TIGRMAED ZR
TR

KB AN, RAEBEEE N ; MR BT IRE; EDTA B BB K G105 ; GeneXpert
hESYZES: R378.996; R446.5 XEAARIRED: A XEHE :1671-7414 (2022) 01-149-06
do0i:10.3969/j.issn.1671-7414.2022.01.030

Comparative Study on Three Detection Methods of
Clinical Carbapenemase Producing Klebsiella
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Abstract: Objective To provide a basis for clinical selection of appropriate detection methods of carbapenemases, compared
the difference of three clinical methods, including polymerase chain reaction (PCR), modified carbapenem inactivation method
(mCIM) + EDTA synergistic carbapenem inactivation method (eCIM) and GeneXpert, and evaluated their performance. Methods
Collected 43 carbapenem antibiotic-resistant Klebsiella strains and 13 carbapenem antibiotic-sensitive Klebsiella strains were
collected from January 2019 to May 2021. PCR and GeneXpert test were used to detect carbapenemase gene, and mCIM+eCIM
test was used to detect carbapenemase. The PCR method was used as the gold standard to compare the detection results of the
three test methods. Results 40 out of 43 carbapenem-resistant Klebsiella carried carbapenem resistance genes detected by PCR,
including 30 blag,c, 8 blaypy, and 2 bla,,. None of the 37 carbapenem-sensitive Klebsiella strains detected the carbapenemase
gene by PCR. The sensitivity and specificity of the serinase and metalloenzyme phenotypes detected by mCIM+eCIM test were
100%, and the Kappa value was 1. The sensitivity and specificity of GeneXpert technology were 94.9% and 97.6%, respectively,
and the Kappa value was 0.925. Conclusion Both the mCIM+ ¢CIM test and GeneXpert have a strong agreement with PCR
results. Considering effectiveness, GeneXpert is simple to operate, easy to interpret, time-consuming, accurate, and reliable. It is
suitable for routine development in clinical microbiology laboratories.
Keywords: carbapenemase; polymerase chain reaction(PCR); modified carbapenem inactivation method (mCIM); EDTA-
carbapenem inactivation method(eCIM); GeneXpert
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AW 22 Uk B R M T 24 ML A S5 LA P
BRI, FEERATIA N KPC B (i 4 v 1
RHEEHRE ) .  NDM A (FrfEH 4 )8 g- N
WERERE ) . IMP B (NP RERE R /K B - Nt it )
LR VIM B (4E% 5w B - NIBEREREE ) |
W—FE TLERE, f5=ME TR, 55 H
blagpe, blaypy, blayge 1 blayy, SEFE s P i 5
s 53 A% R 2R TRASI 4 A DGR AT By Tk s T sk
BREMSTN 24 PR 1 2 RE A A T, LR v ff b s
Wit T, RRRETS Bl IR A i b il A 30ia
I7 B LA S ST B e N B g M B, A T
— R RRS T . MERR . FTAE . 28T, SR
TS T, A GBS0 % F UL Ay — s
Jrik, ARG A WEE W (polymerase chain reac-
tion, PCR ) ¥& N & AR, R JH Bl R 0k 75 4 4 i
KidiA5: (modified carbapenem inactivation method,
mCIM ) + EDTA i # %5 i g K 75 156 ( EDTA-car-
bapenem inactivation method, eCIM ) F1 GeneXpert
AN v TP P T B A T B R AR LA
XX = AR T O RS LR, I RN S 00 = ok
PR A I ARSI

1 #MR5FE

11 HtkkRB UKE20194 1 H ~ 202145 A
PO 22T — DR e S P4 22 A8 38 R 2% 55— B s = B e PR
SrE A EEAE, 80 bk, kEH M
KM TR bR 43 Bk, B B0 R BURTE R 37 t%, 4
B[] — i N EE A TR PR, TR R 0 B M e 4 (e I
PRGBS AR ) R AT . T R ikl K i
7B ( Escherichia Coli) ATCC25922, fiti# 7i 8 1A
B ATCC BAA-1705, fili &% 5@ 75 /1 i ATCC BAA-
1706, FTA BRI BRI T -80 CIRAT.
12 BB 5XA  GeneXpert“Carba-R 4= [ 35 i
PRI R 58 fal & (SEETEE AR ) , R
7 B DO A P, A TS ] A (R EA A
F) ) , Vitek 2 Compact 4= H sl 41 e 2580 AT (7%
FE AR LA H] ), PCR 973443 ( 3518 Bio-Rad
ovEL) L BPKA (AU —AER ) 5 BRER AR
S A R 5EfE (tryptic soy broth, TSB, i 4= ¥
AWRAHE) , MH 85375 (RBEWAHRAE)
EDTA, ZH7& DNA $&tfi| & & Taq PCR Mix iR
W B TAYARAR) .

1.3 7k

13,1 WAREEE S 2GS FHARAE T —80 CUkAH
RIARIRIE 2R 250, T FH AP AR T I AR Pl I,
PR E o MBS GH TR AN A, Vitek 2
Compact 4= H shZH g 25500 Fr 3G AT 25 05
1.3.2 PCR ik ks I it 25 FE 9. >R FH] 4 181 DNA &

BUAR &4 BUZ I 2 5L 4 DNA, 5195
ik [4] &3t mAETAARARG R, Wk 1.
PCR JZ Wi fA &3 25w 1 DNA Bt 1wl, [, FifF
519145 1 w1, Taq PCR Mix 12.5w1, ddH,09.5w1, ¥
Ky i 1.5ml/dl BRfs HEEE RS 60V HLIK 60min,
AT G R 50 B L5 . PCR ¥ BH M=
WIAE i BB E A B BT AU Uy, 7E NCBI
B P ™ L Chttp://www.ncbi.nlm.nih.gov/blast/Blast.
cgi ) ¥E17 blast JF51 HEXT .
*x1 he s GEETMZ5EE PCR 54155
K Bk

3

HEIX JFol5 =3

(bp) ()

blakKPC  F:CGTCTAGTTCTGCTGTCTTG 708 55
R:CTTGTCATCCTTGTTAGGCG

blaNDM  F:GGTTTGGCGATCTGGTTTTC 1 58
R:CGGAATGGCTCATCACGATC

blaIMP [:GGAATAGAGTGGCTTAAYTCTC " 55
R:GGTTTAAYAAAACAACCACC

blaVIM  F:GATGGTGTTTGGTCGCATA 390 58
R:CGAATGCGCAGCACCAG

blaOXA-48  F:GCGTGGTTAAGGATGAACAC 138 58

R:CATCAAGTTCAACCCAACCG

1.3.3  mCIM+ eCIM {50 A5 I i 25 LAY - B AR A7 10
RS TR LR T IR AR L, R E . B
BT 1 EERE 75 730 I A AT 2ml TSB A7 ( mCIM
5 ) 1 201 0.5mol/L EDTA ) 2ml TSB A ¥
(eCIM 5 ) Wik, WEREHIRS . e
A 10 w g 268 B 25484t 1, W IN IR B4R A,
37CESWEE 4h, i R AH ATCC 25922 5
A BEER K 0.5 22 FRHE #L (1x 10°CFU/ml)
BRI, B RIS R T MH AR L. ¥
TSB 7 362 Brpa 48 A AR &5t 240K
g%, W T C WA A RImR A ATCC 25922 ) MH
AL AR AR, 37 CAS SR 18~24h 25 LT
mCIM 56 FHPE . 655 5% pa 400 B8 8l B 4% 6~15mm 5%,
B A% 16~18mm, {H 1]l 18 Bl N 47 1l 7E 18 % . mCIM
B PE: 405 P B4 = 19mm. eCIM iR 50 FHTE: 5
mCIM Z5 A L, B H AR 2 2 = Smm, H|
FE N7 4 JE R T B . eCIM IRIRFAYE: 5
mCIM 2551 L, M ER 2 22 < 4mm, NHE
R 2 GRS A T (mCTM 3R 56 B IR Xif
eCIM IRIG A5 FAFA TR ) .
1.3.4  GeneXpert f W T 245 J& P« fiff B — Wk %
F2 Pl AP AZ 1 P A TR VR, AR B K
B 0.5 27 FR Mk BE BA 7 B R, B 10 w1 R S VR
AREATR T Y, iR = % IR A1 B 1L Tml R &
W hn A GeneXpert“Carba-R & il i 7 &, i JH
GeneXpert“Carba-R K il & 4 % blagpe, blaypy,
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blaye, blayn, blagy-48 i 243k K UEF TR

14 %it %54 K WHONETS5.6 4% 4 %) 373
B0 A B 251 i AT B i Br . SR SPSS 25.0
AT G240, THECTORH LR FH R ORGSR .
DL PCR RN 25 3L K &b ifE, 115 mCIM+eCIM
I GeneXpert 1R B | FRFEE . PHM:TTME |
FF ¢4 3500 . Kappa fE> 0.75 (P < 0.05) ¥ —
RS

2 HR

2.1 PCR & AFHmbEAREHLER L PCRY
RO E S, 43 MR T AR 2 v B AT JE L 40
PRAEHF I 25 3L ], 3 BRAKE TR 25 36 K. 7£ NCBI
B JZE R AT blast HE X, blagee-2 A 30 Bk, blaypy-5
A 48R, blaypy-1F 4 #E, blay-4 A 2 #k, T8k
HW blagpe-20 #8743 PCR ik 7 8 M B 3 PR 9 18 FH %
SEILULIE 1. 37 MR T B M 2SR B A R R R
K i 24 56 A

bp M 20 21 22 24 26 27 28 29 31 32

2000

1000

Bk, eCIM ik 5 B M ( 22 & Bk il BH ¥ ) 30 £k,
eCIM X5 FHME (&JREEEME ) 10 BR. 3 MoK
T B M T IR %) e 75 5 945 52 B 11 T B mCIM
RIS B . 37 MRk T 5 0 B U v B R R
mCIM 53 R P
2.3 GeneXpert #& M 25 R UL F 2. 40 ¥k ik
B I T S 245 6 R PH P 22 35X R P GeneXpert L3146
38 BRHE T B T R I BRI, 43k 27 AR A
blagee, 8 FRIENT blaypy, 2 FRIENF blayy, 1 KR
blagpctblaypyo 3 Hﬂﬁ‘ﬁtﬂﬁiﬁ%&%%ﬂ@ﬁﬁﬁiﬁ
TR TR0 B GeneXpert #4555 R IM:, 37
PRI T B 05 BB s B IH TR 8 GeneXpert il 14128
B
24 ZAh Ik mER BB £ F Ay kAR U
PCR R4 hnifE, mCIM+eCIM 3646 I 22 52 1% il
K& R R A ZE L R KRR DL B, B
TOMAE Y44 100%, — 0% 100%, Kapaa {H4 1.
GeneXpert KU K 94.9%, FEREH 97.6%,
FEAEFUIAE R 97.4%, BAMETINAE A 95.2%, —3K
% .96.3% Kappa {54 0.925, =FhJ7 Bk 65w &
a2 S Mg AL R LK 3.

*2 =M RS RIEER
mCIM+eCIM %5 GeneXpert
PCRI%E  HREK : - -
i BRAL HER A PRAL
blagp 30 ZEFE 30 blagp 27
7E: M 4 DNA Marker; 20, 21, 24, 27, 29, 31 3} blag;
blaypy 8 blaypy 8
28, 32 M blaypy; 22, 26 4 blayg. & EH 10
B WS BEEESAEEAR blakPC, blaNDM, blag 2 layy 2
blaIMP E A PCR #1441 FE 7k B blagp +blayyy 1
X B 4 il o
i;%QM%WGMﬁ%*% L%g‘m%% W 40 it 20 Btk n
7 A5 0 T DR BH M A2 350 D mCIML U5 PH % 40
x3 =TT R R bR
% 9 PCR 3 mCIM+ eCIM i GeneXpert
J 7 BAHGE R R HEHRKIEE SCRAERE i PCR
Fagh R LR IR R blagp, blayyy, blagp, blayy, blag,-48
FEA LRI DNA 0.5 2 [ A B 0.5 ZICHALHRIR
fif i) 3.5h 22 ~ 28h lh
ey Sl N TSI E iy N TR E AR 3 A SR
s ShnifE PR, RUARME, PR RERPE  TERR
Bl PRI BCRIR, PiaTEde RERHR, JEREDOHEIRAY 22 H WA

2.5 MEEMEH AL TIE EmEA SRR N
43 ARTT R T 2505 v 7 A1 TR A0 A s Hh 5 i R
I B D AT 40 KR, LA =R AR ik T 5 A I
ML BBk 7 B M T 245 o 43 BRI 24 B 0 S 45 7
X LR T 253535008 97.7% (42/43) F1 100%
(43/43) , SIEEMEIMG, KA ZHHEH

LYBRARAS HH o =R [R5 R R 24 R S g 4 5 L 36 4
XF blagpe K blagpyy, AL RIS 71l 245 2 L AT
SRR blagpe XFBTKAR 2 BT 25K 5 T blagpy (P
< 0.05 ), blaypy X AKTEIRZE M 245K I I 5 T blagp( P
< 0.05) .
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x4 BHBRSEHRMARESEEREEA
MERMHE (%)
e R I i
RER 90 75 0 333
Skt fs 96.7 100 100 100
e 20T} 100 100 100 100
Wk 100 100 100 66.7
FKF 2 96.7 50 0 33
NS 96.7 100 100 100
KTEAR R 933 100 0 100
T L] 40 625 0 100
KAz 96.7 100 100 100
i} 9.7 875 100 100
SLAURER /gPE 967 100 100 100
NI 50 100 100 100
WRAPGAR /M 100 100 100 100
ZREER 0 0 0 0
BmAE 267 315 0 33
3 i

1985 4E LIk, BT WM KIAER —H IR
J7 22 F i 2 2 B AT R I VR IT 25 W
{0 Bifi 25 i B 75 %5 M5 W AT I8 ( carbapenem-resistant
Enterobacteriaceae, CRE ) H K&k &FR1EH#E, HZ
TN 25 DL Rl i B g W [B) S U TR IR, B4
5 e N g = N /e o LA o 151 T { B et
MR, R R B B, ik T
o5 T 7% 35 DXL 38 58 T A% Bl st A5 o S S 24 56 1R 7 T
PRI AR Z 0] B KA G, ik s B M il SR A1 7 Jo
R AT DLGE o recA S5 PR FE 41 B A0 S 9 R BB R 22 3R
T, BT B T 25 P A i T g R

T A TN 24 T LG 7 B 24 TR s P A A4 ) o
9, LT S B 2 SR g ol R it P PRl
PR TP T Y A b A DN e 75 2 M Tl 7 0 i R i IR
UL el 25 AR ™ A SR R CE 2, A
W58 LB mCIM+ eCIM X5 5 GeneXpert Rl ik 7
RS PCR LSS H s —2k.

845 PCR J5 ¥EAE kI ffk 75 8 0 Tt 245 J5E 1AL 1)
ShRiE, TERITRRE T, A TFJE D 5 R L
AFF LRI EE R DLEORAR D) 5 [ 9878 25 5 30
FIVESS I, ABFRCA —HRIm R 25 B 50 45 21 /R ik
BRI, (HARKI BT B ImA N, e
At TS 25 BT 5 | i 24 B3 AR T 5 e ) 3 1) 2
A PR IT T30, PCR VEXSSEB0 55 . s SARAEN
TR, MR SE g e LU H R, R

T e R A D e T B A vk 1

[ I IR 52 56 %5 bR ME L 25 62 2 (Clinical and
Laboratory Standards Institute, CLSI) #EZ£f) mCIM
H1 eCIM 256 38 &8 ik 75 55 I i 7K 7 26 % 8% 8 LA I
EDTA GEUEII T 4@ B - PN IERCEGIE Mg RR 5, J
R I TR R AR K - 2 1A 0 4, mCIM {50
AEAERR ORI U, (H F AT mCIM iR 86Ul rE
T I FT R A R i 7 B B AT, 7F HOWARD
25 UL A\ BIREFE H, mCIM 8% FH T 46 0 A [+ o 22 ]
PEAT B & 7 AR S B0 I, 453 B8 mCIM Xt
T T R T ) 57 {1 B T A 6 2 N S AT ] R
3R T4.1% F110.0%, XTI AT B 20 A0 SURE A
96.2%. AHF5E 5 2018 4F CLSI W4 mCIM+ eCIM
TR G I i AT B A 200 R = 2 I T A 4 T ) ek
B RRS RS IARRL, (HAT 2R H R 2 A MRS 4
JE Mt k2 T3 eCIM IR I 77 16 42 I Mg 1) R 450
KA, JF H EDTA X2z 2RI r 4 il /e H 2 5 804h
FAL K I 48 W FE P, PRI 2241 PR 43 25 21 i MIC
(LA A AT B 40 B IS Ry VR R A5 N 2 R RS 4R
fiff 2 ik Ak . mCIM Fl eCIM R 36K I 5 75 25
K it L X 0 R A ELA 3 e O R R S, &
Grep s . BRER S HZE R TR 1 (A
DA ASRE A B PO R i B i, 38 TR 258
B IF R, NSO R A 9 52 56 2 A by B
e Ar T H I

GeneXpert“Carba-R i 7] £ J2 Hh 36 1 2 il 23 7
WA S 98O B PCR BEAR, & —Fh A 3
PR ARSI S, AT DA B 32 R B 47 Al R
O3 S R IEA TR T B A T 2 B A, N
HLEX51Y), W T e E AT TR B
ifit 245 K2 (4945 blagpe, blaypy, blage, blayy L&
blaogya-48 ) , FeHTARAS G ] B % blagy,-48 1Y
75 G AK blagya-181 Fll blagys-232 IR A & AR I A A6
R U IR o R G R B R EA ARG, 22
K blagpe, blayyy, blay, = Fh BB R, 5
ZZ M — B E m . BT A A GeneXpert
AR B T ORI A A v 7 18 B FF B R Al 1 3
R, 45 5 5 7R X blagee F blaggy #9358 B 7 ()
REPERE R, Ak H 1 O HAFTE blage Al
blaypy Z T 24 B SR IXUBSE 4998 A A4S HPAS: 0 7611 46 2 17
FF R B BV e T U (S RS I 32 1 )
FRUE 2 AN RE ARG 1) 35 ) PR A s 2 DL B 7 s T
PRI, X S 0™ A e 78 s T 1) BT AR AR B 3
R, WAES % SLR E I — AN S AR T M
B LR B SHAB PRS2 A0 L, GeneXpert X Fil
O3 F O A R B0 e ST 253 | REAS
FeFH G RIE MIETT B B
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L% LT IR, R A ARG DU 7 B T AR T

S TR DT AE R SRy SRS

U8 TS 24 R ) e 22 G e B, I DR S 4 3 A LA
GeneXpert $ AAE Ay PR TR 0 A 7 55 45 Tiid 24 525 PR 1Y)
HEERE, a2 R R CE SR E]
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