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PSH R R A, Fa0E O 2023 4F 1 A & 2024 4F 12 AR 2509 CRE F] S FF AR 104 £k, PCR Kl bla_
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[ Abstract ] Objective To evaluate the application value of matrix-assisted laser desorption ionization time-of-
flight mass spectrometry (MALDI-TOF MS) in the rapid detection of carbapenem-resistant enterobacteriaceae (CRE).
Methods A total of 104 suspected CRE strains were collected from January 2023 to December 2024. PCR detection of
genes such as bla KPC, bla NDM, bla VIM, and bla IMP was compared with MALDI-TOF MS results. Characteristic
mass spectrometry peaks were collected and analyzed, and receiver operating characteristic (ROC) curves were
constructed to evaluate diagnostic performance. Results PCR detected 73 carbapenemase-positive strains (70.19%). The
diagnostic sensitivity and specificity of the MALDI-TOF MS method were 92.31% and 95.12%, respectively. The area
under the ROC curve (AUC) reached 0.880, with a Kappa value of 0.873 (P<0.001), indicating high concordance with
PCR results. Conclusion MALDI-TOF MS enables rapid and accurate identification of CRE, offering advantages such as

case of operation, high specificity, and timely results. This provides a detection pathway for early screening of CRE and
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early warning of resistance mechanisms.

[ Key words ] MALDI-TOF MS; Carbapenemase; Enterobacteriaceae ; Drug Resistance; Early Screening
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Bl 41 B ( Carbapenem-Resistant Enterobacteriaceae,
CRE ) JEYLAHFLL b Tb, AR T I 28 24 48 5
AR TR IR AR S e | R e SRR DGR 4 1Y
g, ORI A IR Bk

T RIS 2 AL IR L 2 M, o =ik
H R M IS CRE BA% O T 25 L%, H WL A B s
B 7 3 A 45 KPC. NDM., VIM, IMP 4§, FHJE[H
HARAGRETE, S Tl ontih, 1ebi
P B DX TR B 1 B B, el B i3 CRE
L mig oy, i A Z . sk BBl 50
Aol R TS HAT 5 S

LS 25 BRI N > T T B RN
148 CRE A J5 125 A7 AEAG M R0 5 1 R I 280t
J&, i i S E] AR RS BRI LS
Ao AR, BRI B0 I R B R AT IR ] i
( Matrix-Assisted Laser Desorption/Ionization Time-
Of-Flight Mass Spectrometry, MALDI-TOF MS ) #
ARIE I 53 B 40 A SR SR, ] R I TR] P S
YRR RHET S, HE B R AN 24
PRI, AR B 5 B B AR BRI I
Sl AR A A T T s R R T BT,
AWFFEHT MALDI-TOF MS 76 CRE skl v 147y
1B, BTEAm AR A0 A S 2 MR AR iR A
1 MR5REE
1.1 EHRRSEE

AW B 2023 4F 1 & 2024 4F 12 A3
R TN B R 5 I PR A A Fb 2 85 1) i AT R 24 oy A
104 ko MkERESEITA, WFE—BFHLE 30 RNK
RTR—hR AR (AR PRI 1M ) HL
il e it 2535 — 20, AR B BB kR A AN
AR IR E] B = 30 K B2 HOEAAE 22 5%, W

WA ST EIRRIN AT o R0 s o Sy ST e 355 i 8 5
PR/ MIEWRE (MIC ) = 2ug/mL. Frf Rk
1125 Phoenix M50 4= H S4B Y E 2580 Rt A T
PrFp e Figanlial, JHUH KB 409 HuE (s
CLSI M100—2023 Frifi ) X i 2ok & fuadk:
SERGIATE N PRIERERR: BT BRI ST 20T Bk Ry
Klebsiella pneumoniae ATCC BAA-1705, Wi Bl Ib
JET REAR M I 4% 52 B fF 7 ATCC 700603

1.2 DNA RSk EEHEBERE N

1.2.1 DNA i2EY

K4 8 TR SR P R R S DNA, R DIR
R LR R R TS 3~5 1, A
& 300pL TCAEERRE NS K Y 1.5mL EP 45, RIZURE
RS FEARTE 95°C A @i rh A # 10min /5,
12000rpm #5.0> Smin, HEIEHAE A DNA B2
122 PCR¥ i

K Taq BAR R T0R T B M L 43, 40
[} bla KPC. bla NDM, bla IMP. bla_VIM P4 F
FERE BRI ROVARR SR 20uL, {1
ff: 2x Taq PCR Master Mix 10uL, 1F JZ [ 5| ¥4
0.5uL (10umol/L) , Az DNA 1.5pL, ddH,O #b
JEZ 20uL, PCR MW 251 95°CTiAs 14 Smin, Ff
JG 95 CAZ M 455, 60°CiR ‘K 45s, 72°C ZEAH 455, F:
32 M, FZ 72°CHE{H 10min,

PCR =125 2.0% ZE A MiEE B LDk 43 85, IR
Bio-Rad #E I8 iU R G0 h AL 45 . BHAED 3 7=
LA " ATy, @it NCBI BLAST i
AT HI LT AR A Gk 7 R A il S P T 8
1.3 MALDI-TOF MS FRiZ#&:n|
131 HALESRE

Bt H b5 Ak = 95 )5 i 8 A [A] McFarland ¥
(0.5, 1.0, 2.0) MFAEM. FCH] lmg/mL ¥ Y
VPR FE B S K W (A FH T TR KV ik 4lods o)
F) o, S EERLL 1 BRE, T 37C4K
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" FiE 10min, 20min. 30min . &L E=
HEAL.
1.3.2 ERRFIESRILRE

FEARE BT 1uL i T MALDI $84 |,
RS TN IuL N R (o B 4- 72
FENHRR, HCCA, T 50% LM 12.5% = LR
BT ), FRR TS NZE Bruker MALDI Biotyper
( Bruker Daltonics, Germany ) ST RIS /4T -
IS SH IEE R, MRS, PR
100~1000m/z, O 60Hz, BFIFH & IS1 R
10kV, 1S2 4 8.94kV,
1.3.3 HIEAIBESHFEIEFIE

{§i H FlexControl 5 ClinProTools k{44734
MEIE S MO Ig ab B, ST F SRR I TR e

DI SR i i N T AR I 4 T+
M, EA M FEATE (300+0.55) m/z Ab W%
15 R U BT % S 199m/z Ab Bk 75 B s T AR G 4R i 1
F L, K45 SR 5 PCR P2 b AT LX), PR —
#H P, MALDI-TOF MS & 4t 4 i 5 T2 1 H i 2
TN SR A B SR B LR 1. 2,
14 ZHESH

¥ H1 SPSS 26.0 4t i 8 F i 17 B s ab B, DA
PCR 25 RAEHy “ebrifE” , 115 MALDI-TOF
MS Kl ) RALE . FESRE . BHPETRIIE (PPV) |
FITEFUME (NPV ) K EARMER R, I Kappa —
SO B0 VAL 7k (B ) — B, ROC R 7 BT %
JHAEZ % DeLong i3 M4 F A (AUC) JH:
95% EAFIXME] (95% CI) , FH T IPANAIN 7 ikt

AR A 5
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Fig.1 Schematic diagram of system integration and engineering application process of MALDI-TOF MS
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Fig.2 Schematic diagram of automatic interpretation of characteristic peaks

TR T AR R RE . R B RN S Y L
R FRAKE SR, P<0.05 FnER BAS I FE L,
2 R
2.1 EHRERSHREEHELMERZMWABER

AARTE I A AT RN 104 #F, Hodr DAt
RyuEHAW M E, 60k, HIk57.69%; HIk N
KW 5 % % ( Escherichia coli) 28 #% (26.92% ) ,
FERR AT 8 HR(7.69% ), AT I s 8 #k(7.69% ).
JIT A BRI R R e 33 T 8 5 2 45 i ) A AT R v
(MIC ) ¥J=2.00pg/mL, & CRE ®IFiitrifE. W
FF AR B AL S T 25 U L2 1,

#1 BHEMAREMARSTHEER (1=104)

Tab.1 Composition and resistance of Enterobacteriaceae
bacterial strains (n=104)

B HEE S WEREEMIC= EXEEMIC=
(n) (%) 2.00pg/mL 2.00pg/mL
Jiis ¢
) 60 57.7 60 58
A
%
Aas g 26.9 28 27
|
FERR G
P 8 7.7 8 8
AT
728
b 8 7.7 8 7
=)
Hit 104 100 104 100

22 BRESHEBERSBLER

PCR 4" 18 J il J JeAS: H e 77 25 M it PH 2 77 b
73k, O REMREN 70.19%, HiH, bla KPC %Y
36 ¥k (49.32% ) , bla NDM %I 25 kk (34.25% ) ,
bla VIM % 7 #:(9.59% ), bla IMP %I 5 £k ( 6.85% ) .
PCR #5752 A il B R 3 AR TR DL AR 2.

®2 PCRENHEEBHBEERST (1=73)
Tab.2 Distribution of carbapenemase genes detected by PCR (n=73)

3 20 ﬁ(f)’éﬂl ﬁPClEEE)T)&F Lt il H?)éfzf?/}j%ﬂztt%
bla KPC 36 49.32 34.62
bla NDM 25 34.25 24.04
bla_VIM 7 9.59 6.73
bla_IMP 5 6.85 4.81

At 73 100 70.19

2.3 MALDI-TOF MS $5{EI§ RiE D

£ MALDI-TOF MS £l /1, bla KPC FH 4 B
WA 34 BRTE (300+0.55) m/z b H BUERAF GRS
it 94.44%; bla NDM FHE R A 22 #R7E 199m/z
Ab PR SR I 5 FL 88.00% . MALDI-TOF MS 4
fIE 08 5 WY R 3 BT TR UL 3
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#*3 MALDI-TOF MS $HEIESEERI R (n=T73)
Tab.3 Correlation analysis between MALDI-TOF MS characteristic
peaks and enzyme types (n=73)

FEAR (300£055) mz kb 199m&H L gt

B wmmk ) (%) (B (%)
bla_KPC 36 34 94 .44 5 13.89
bla_ NDM 25 4 16 22 88
bla_VIM 7 2 28.57 3 42.86
bla_IMP 5 1 20 2 40

2.4 MALDI-TOF MS #3014 §E 34

Pl PCR 455 h & BB AriE, MALDI-TOF MS 7
ARSI i B A AT s R B 1 R N
92.31%, HF5EE N 95.12%, BHMAETINAE N 95.89%,
B T30 (B R 90.32%, BAVERH R N 93.27%. Kappa
— RN 0.873 (P<0.05) , FHIH LN HA
B2, SR ROC £ FfE MALDI-TOF MS
T3 ETE P ik B B A A AL TE (CRE) Al b
fizlrkae (LK 3) , 255 88 AUC {54 0.880,
PEARIZAG I Tk AT M = 101 B8 )T . MALDI-TOF
Jii 5 PCR A — S EAL W3k 4.

o 1.0F

5

o

023 0.8F

z

& 0.6

o

=

E 04+

2 —ROC curve ( AUC=0.880 )

Zé 02+ ---Random

3 .
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1-Specificity (False Positive Rate)

&3 ROC BiZ[E
Fig.3 ROC curve

# 4 MALDI-TOF [R5 PCR &iM—H 3T (n=104)
Tab.4 Evaluation of consistency between MALDI-TOF MS
and PCR detection (n=104)

bR 24 A (%)
RPUE (Sensitivity ) 92.31
FESEEE (Specificity ) 95.12
FHPEFNAE (PPV ) 95.89
FIPEBE (NPV) 90.32
SAMERI R (Accuracy ) 93.27
Kappaft 0.873
Pt 0.001

3 itig

Wt Wik 7 B M A B 25 PR AR, I AR
P, MERGR G CRE #2700 s 2Rk ¥ ffF g3 4h
57K, MALDI-TOF MS 1E & — Bl 2 A4 5 JEL
MIEA , 72 CRE U 22 80 R 4 1) SRR (192.31% )
5FEsME (95.12%) , H AUC =ik 0.880, FKHiZ
Ji AR 400 CRE J7 THHAT AR 5 1 0 g

TERAE IR 5 J5 1, bla KPC FHYER7E (300+
0.55) m/z Ak IR 2k 323K 94.44%, KI5 R
T 7 5 A G 8 B AT HLFE AE . NDM U B Ak U] 3=
BLAFE 199m/z [ 2 BR ZUIE A5 5, ASAFTE L
F23K% Ky 88.00%, [FIFEENTE T 1 e 22 45 ) 482 (4
199m/z ) NDM 4¢SSk i = die il o #HLLZ T,
VIM Fil IMP B B8 #R [ R AE W 43 A7 55 R o0 Hk, Rk
FeilimA%, PIRESH=EEpLH] . FbK T S5hid
RISE A O, BRI A () ST R BT e
E— SR E TR IO . SEREMFTCAH L, ASHT
FELAEHICT NDM B P MRARRIE I 1 19 4518 — 2K
PIUESE 199m/z i 05 5 BT A b e k. 4R,
SN EBAIFFEA LG, KPC BURRAE I 5] 205 15
A RESREASIRIE LI L X oA 3 . KPC B kK
ERRAT o IR 7 kS M BEF, MALDI-TOF
MS FH# T Carba NP {5 5k & Carba Blue % HA
B A3, Carba NP i i fi /K fif-5: 34 pH #6787
A, BAEAMIG, R, EXHRRA RS
At 25 RAR I RURE A . ( RUELZ 80% ) , H
5 1~2h B ; i MALDI-TOF MS fE7Es 4
PIERIBURRIE MRS 5, SRR it AnmT [ 3l
FITLMRES . Ak, 5B —fRIF (NGS) i,
MALDI-TOF MS B Joik B R L H A 751 (5 8
THAENGIRTT Stk . AR 2% 8 M 28 05 iUAS 7 T BA
RS, WA TR LS E W P i 5 HLE]
T, NGS AR E H T 25 5L R A T 2=t ot 5
WS> HT, i MALDI-TOF MS A] 4 g HRij & i 45
W7, S R AT ZI2RER R
{45 CRE Kl #i KB 4% P ik 5 PCR 7K,
IR EA —E R SERY, (EAETERT R . Ak
AH R o A BRI A I, A SRR B ICU
BAE PR, g 2R RS TR E0R
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JPAELR, SRS IH . 1 MALDI-TOF MS i i
PUIEE A B s s e ) B B, e 80N
N RIAT S8 BB R ST 25 R BRI, Rim R B T
“ T TR AR, ASHFSE I RRIE I ST
e w5 TR IR, MRS AT T Fh
PO, BB XS 2L R D IR T, B
J& T MALDI-TOF MS 7£ CRE [5i44 % & H 14 1oy FH 21
o WA B, ANIRIEEALX R AR I A AR O R
FHIA] . KPC 7 B Pk 3= B b K il 15 B2 I 2R 2 ) =
ORI E T E BT, 1 NDM R P e A R
IKFE =R AR m/z IXEJE R “Hg a0, X Rh
BU By 225, A B2 Rk S A ER AL T
HEARARE . AT AYRERLLL KPC A1 NDM A, X
— A RRE 5 3R LA CRE AT e A — 5,
SCHRHE KPC AR 5 g b X 5 HE 23T 60%,
NDM MI7EAEdl . PERg %5 Xk 2 /87 U B,
ARG A e ) U (I RUMMAR 2R HAT — 7 1 IX Sl
N PEFEA, HEXT VIM, IMP 28415 3= 5 it 25 5 [
(9P RE AT o i ak AR AS B 4 5 il R T i R
2P BIE

JUEARBIFTEAE T MALDI-TOF MS £ CRE
AR Sy, B TR BR e, H %, FF
TEWEPUITERE Sl 28 . XA R PR . B AL AR
T AT e — MR, B = ARy R,
Xof TS AG I B 1 T PCR PHPE RO B, MT 484
AU — 2R G S B R b, SZBR
TR AR, XA RSz e
W L . Z LIRS

2i ik, MALDI-TOF MS AL A H T T
PR TR B PR RO, 3 B8 T B Tl A
KA T) o WA R IR B P ) Fr 2 e AN Bk
BRI AW AL, B BTE CRE R i Ar |
T 245 AL ] T % e S B 4 vh e AR T, ROk
TN R T RGEM S TRALN 5w, )
5l R4S 5615 B4 B R 48 ( Laboratory Information
System, LIS) #1H shfbaiib# - 5 X7 #:, SCHM
FEA ] & BN 25 HF L AR AR B, #E3) MALDI-
TOF MS Il AR 1 FH 2 [
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