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Abstract: Objective To establish and application evaluation of multiplex PCR for detection five common
carbepenemase genes in Enterobacteriales. Methods The results of blaKPC, blaNDM, blaVIM, blaIMP,
blaOXA-48-like resistance genes detection from non-repetitive 118 carbapenem-resistant Enterobacteriales
strains and 9 carbapenem-sensitive bacteria was regarded as the reference by the common PCR. Carbapene-
mase inhibitor enhancement test was used to detect the phenotype in Enterobacteriales. Multiplex PCR was
established to detect five common resistance genes. The sensitivity,specificity and accuracy of multiplex PCR,
carbapenemase inhibitor enhancement test and common PCR were compared for the detection of Enterobacte-
riales. Results Compared with the common PCR,the sensitivity of the multiple PCR was 88. 54 % ,the speci-
ficity was 100. 00%, and the k was 0. 79; the sensitivity of carbapenemase inhibitor enhancement test was
92.71% ,and the specificity was 93. 55% and k was 0. 81. Although the sensitivity of multiplex PCR was
slightly lower than that of carbapenemase inhibitor enhancement test assay,the multiplex PCR had more ad-
vantages in terms of specificity. There was no statistically significant difference in positive rate (P >>0. 05) and
the agreement was rated as fair to good (k=0. 63)between the multiplex PCR and carbapenemase inhibitor en-
hancement test assay. Conclusion Herein, multiple PCR is successfully constructed for rapid and accurate de-

tection of 5 carbapenemase genes in Enterobacteriales. It has a good agreement with the current clinical appli-
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cation of carbapenemase inhibitor enhancement test assay to detect the phenotype in Enterobacteriales,and the

detection time is decreased remarkably.
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4 BB BERARA (10 pg) 6 H AP Bk 48 B 2 9] 3%
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W DNA. K —80 “CHft #7173 85 181 & I3 i 45 M e RS
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1000 pL 2818 7K 1,95 ‘CZ&¥#h 10 min, 7€ 4 °C,13 000
r/min BL.OES Y 10 min, 738 BB DNA K
AL IFEE T —20 C.
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blaKPC KPC-F GGAACCATTCGCTAAACTCG 0.25 784 EEN: 47
KPC-R GTTGACGCCCAATCCCTC 0.25

blaNDM NDM-F TCATGTTTGAATTCGCCC 0.90 1014 k18]
NDM-R ACTCGTCGCAAAGCCCAG 0.90

blaOXA-48-like OXA-48 F TGAGCACTTCTTTTGTGATGGCT 0.20 585 CHk[19]
OXA-48 R AACGGGCGAACCAAGCATTTT 0.20

BlaIMP IMP-F TCTCRATCTATCCCCACGTATGC 0.90 269 k1]
IMP-R GCGGACTTTGGCCAAGCTTCT® 0.90

blaVIM VIM-F GTTTGGTCGCATATCGCAAC 0.25 155 SCHRLL]
VIM-R CCAATTTGCTTYTCAATCTCCG 0.25
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R 5E5E PCR Rl g | —2, W3 2,

WA KR L E PCRY W& A 5 Fhik 75 5505 BT 245 56 B9 B DNA BidR . 3K m 2 2 000 bp DNA 4r F AR ; ki A~E KKK
NDM,KPC,OXA,VIM,IMP; ¥kif H ¥k £ & PCR ¥ 1 [0 & 45 5 Fhiw 25 36 B BRI G4 : B 2/m 2 8 PCR R R 1 %t 0k 75 85 24 25 ) 0k
1 I AT B B 478 DNA;JKIE m~E 5 A MMM, Wl F~N A2 & PCR ¥4 8 Hh ik 5 55 445 25 25 W) U DNA &5

E 1 1L5YIREHEEK T EE PCREZRHMELER
x2 LEPCRFLEPCRENBETEHBEMAEERITL (2)
blaKPC blaNDM blaOXA
RS T AR B (B
58 PCR %1 PCR 58 PCR %1 PCR %58 PCR %1 PCR

Jili 5 e 85 A T 75 47 43 9 8 1 1
KW A vl 31 0 0 22 19 0 0
I3 38 J T 1 16 0 0 12 10 0 0
A [CAT A R AT 18 1 0 0 0 0 0 0
7R A 2 0 0 0 0 0 0
3 [CATF A R AT 18 1 0 0 1 1 0 0
PR R A 1 0 0 1 0 0 0
Mt 127 47 43 45 38 1 1

blaKPC+ blaNDM A E R Y CRE T 5 25 4% HUR R
B RS T AR B (B
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Jiti 48 52 B A T 75 1 1 10 15 7 7
Khip A i 31 0 0 7 10 2 2
[ 18 J T T 16 0 0 4 6 0 0
Ay TGy 48 B2 FF T 1 1 1 0 0 0 0
7R A 2 1 1 1 1 0 0
3 AT TR AT T 1 0 0 0 0 0 0
PR R AT 1 0 0 0 1 0 0
Mt 127 3 3 22 33 9 9

2.3 £ PCR 5k 5 4 BG40 il 500 84 o 3l 50 09 it
G RAIKGINZE R L8 Bk 75 B M 00 o) 500 1 o ik 5
i 25 3% UK I 3L 5 A7 94 MR A 28k B S Y
CRE Hl 24 BRAS ik 7 % 46 B0 CRE. 7677 A K0
A6 ¥R 25 B . £ & PCR 80 &% A blaKPC % A
CRE 43 #;7= B LB 48 #RTH 25 B vh . £ # PCR £
M54 blaNDM %[ CRE 38 #k ; Bk 7 %5 45 i 41 61 771
348 5 0 2 AR ARG 0 R A ARG T B [ B A+ B 2R Y
FBE, (H 2 & PCR £ 0 5] 3 # 3 & ik blaKPC +

blaNDM A ifit 2 I #k; £ & PCR & Ml &% &
blaOXA-48-like 1) F& bk B 75 25 410 i 7] 38 i 3 46 58 7Y
Kl A AR 7=l CRE, WL 3.

2.4 ZH PCR.ORT %5 M B4 ) 50 39 0 X 4% 45 21 o)
Br DI PCR & 7 iAE 2%, £ 8 PCR Rl
RAE R 88,54 %0, K5 BE R 100. 00% .k fH M 0. 79,
e 7 25 400 ) R0 0 G T SR B S 92, 7100 R S
FEH 93.55% .k fH N 0.81, 7E CRE # il v, £ &
PCR A6 0 114 72 5502 T AR T Bk 7 25 s 1l 410 ) 55 1 58 3K
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I (88.54% wvs. 92.71%) ,{HZ & PCR 47 41 57 14
SRk 0 K U B A E 4 ) R O (100, 00% ws.
93.55%), WL 4, £ PCR FIHRE 55 &40 i 70 1 5%

WRIGE PRGN LR LgE i FE (P>
0.05 . JFH - HWA BHFAKIN —2 M («=0.63),
s,

*®3 £E PCR MBS EEHAHFILRREEN 127 T EEAEEERRHHARE ()

Z 5 PCR A I 240 18 i [A] 7

i T 2K R
blaKPC blaNDM blaOX" blaKPC+blaNDM AN R R B AL Y CRE U TR bR
it 48 52, F A T 43 8 1 1 15 7
KW %45 0 19 0 0 10 2
[ 38 fi AT B 0 10 0 0 6 0
A7 [GAFAE FR AT 1 0 0 0 1 0 0
PR E R A 0 0 0 1 1 0
oI QT A RR AT T 0 1 0 0 0 0
7R S AT 0 0 0 0 1 0
Bt 43 38 1 3 33 9
Tt T 25 A T 410 T ) 9 e, 3 A 0 T 25 % 7Y
i T 2K A
A 2K 7= B2 7 A+ B AR AT T IR CRE U TR B

Jiti % B T A0 T 46 9 0 13° 7
Kipes 0 23 0 6 2
[ 38 fi AT B 0 12 0 A 0
A7 [GAF A TR AT 1 0 1 0 0 0
PR R AT 0 1 0 1 0
o AT R AT T 0 1 0 0 0
7R 5 AN T 0 1 0 0 0
Bt 46 48 0 24 9

T RORAH 3 BRI 24 19 Il 5 52 5 A1 PR 0 B0 77 2 9 BB 2K BUAS BB A2 L A 2R R 77 i MR B 1Y CRE,

F 4 £E PCR NS B GG F LB EE PCRERNERSH

. Wil PCR(n) RAE S TEAf FEPESOAE B4 ol
ik W B %) %) %) %) % ¢
£ & PCR

A 85 0 88. 54 100. 00 91. 33 100. 00 73.81 0.79

1k 11 31
0 T 2 475 T AT 1) 550 1 50 X 3

[ERi 89 2 92.71 93.55 92.91 97. 80 80. 56 0.81

144 7° 29

e BN G 3 MRER T R 2K RN BB A I 48 v TR A T L3 MR AL #E 3K blaKPC - blaNDM {H 7 310 il 371 348 5k 128 56 2% AU AG I o ok s A ™
— KA BRI 1 MR & A blaOXA J FR{FL 7 00 ) 570 38 5 38 40 28 004G 0 w4 DA S8 A AS 7= ik 7 B M 1 19 CRE bk .

x5 £ E PCR S5HE B 15 B8 0 51 71 18 52 1 56 4

ZERFH(n)
e 7 25 M T4 o) 790 1 o 1 e
% PCR
BH P [¥5kis At
FH 4 78 7° 85
[H 13 29 42
ait 91 36 127

W ROREH 3R BRI R e FMAHE.3
PRILFKIE blaKPC+ blaNDM {E 76 1) ] 77 34 5 128 56 ¢ B A% I o 4 oA o
AL PR — A B R B 1 Rk A blaOX A 2 PR EL 26 30 bl 50 384 30 1 36 %
RS I T Bl DA R S AN 7 s B AR Y CRE BBk

RI it
CRE 11 H B, JC HUE X 5l 75 5 M5 28 245 W i 24 1) it

5 50 TR AT A K IR A5 0L 45 &k B R AR JE b [ A
(28 Ht B 97 T A b v B A B AN B e
CRE A% 45 B A B w5 1 BB M AT 1 T i R B e o
ol T L CRE 11952 56 22 BH M 95 481 31 75 250 LL 51 24
1+ 1000, iy Hefth 9 2 A BE AT LA fi B 28 95 0510 2 4R
PRI S 7, — b PR L ofE 0 S50 = O Tk O T A
CRE, il PR 511 42 i 2 Wi b 7 ik dls B 23 X
H AT, — 2RI PR SE 56 %= 0 TR CRE K Hofiif 24 3% 7
w0 7 2 A 56 o R 24 1 24 ORI AR R T Ro:
S5, AR R VR TR (0GR B AR, I R 4 B[R] AR
16~24 h, HICWE B o BAR 0 5 B M RS A . AR B
FE S Z H PCR R % , AT 76 Bk 3 56 v b i i A 5
Tl AL (1% B 7 07 Tl T 2 35 D) L 3 1T 3% 1 i 2 5 R A



« 1888 - EFARES4E2023EF8 A4 44 %% 158  Int ] Lab Med, August 2023, Vol. 44,No. 15

T8 S T T 25 R, S A I F kA L, £ &
PCR A 7E 3~4 h 4546 W0 25 5, K e 40 8 I IR 4 45
i 1] A R I PR A2 T $ A ] SR AR i .

TEARBFIE T R B 22 #R(17. 3%, 22/127) 7 7= Tk
T B M WY CRE ., FLTit 25 AL mT 58 2 Yo fa Rk 28 48
LEAERN A MRS R AN S FHERES
AR ) FAR A P AR B T 2 T 2 AL CanlE )T B
PR Tt e 16 100 2 IR AR B e 138 L 7% AmpC BV, £ E
PCR X3 2 i 245 40 17 19 462 0 66 1 A3 B, {ELSCik [ 25 0
SEUESE . CPE 65 58 % (32, 4%0) B T A 72 bk 5 55 1 1
CRE (13.0%) . %} CPE MKz oy %, 3 Bk th
Z # PCR Kz & B 4L 2 35 blaKPC + blaNDM fY 1
RRTE Bk T B M 0 1) 57) 18 560 3 96 2 78 AR ) v {3 3R ik —
51 L 3 AT BE S N A R Bl = B B 25 W R T AR AR B 3R
T LA TR 2 3 DAY ROk B = R E M B kY, S8
FARVET AR DI PE . 7 W Btk 75 2 s T 410+ 7] 34 oo i 30 3%
UK K 7= B 2K CRE 7£ £ & PCR # Wt 3 ok
65t AH D T 24 L PR, v RE R O 2 F PCR R R 5|9
FhB 2 A2 388 ook A 40 XU 38 Jn , PR e O 4R A5
WK KRB,

WA, 1 #k £ &E PCR &l & A blaOXA-48-like
i 245 35 D] A it A% o TR A0 TR AE B T A e T A ) B o
T 2 ARG W b R BB, T R A R T )
APB.EDTA {UREHH A ZElgF B 28§ mj xF D 2l
WA, B BER I OXA-48 BBk 4 HE ", i
B AH# TR Bk, £ PCR 76 CRE 09 s o 38 A
Stk . blaOXA-48-like 221 JF 5 7 51 4 L %8 52
blaOXA-181, blaOXA-181 # ik Ky J& i blaOXA-48
AR E UL blaOXA-48-like JEH L %t BL7E K 3R A
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