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Applicability analysis of rapid antimicrobial susceptible testing based on MALDI-TOF MS technique in

imipenem and tigecycline susceptibility test of Klebsiella pneumoniae
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Abstract Objective: To investigate the practicability of rapid antimicrobial susceptible testing(rAST ) based on mass—assisted laser
desorption ionization time—of—flight mass spectrometry (MALDI-TOF MS) in the susceptibility test of Klebsiella pneumoniae (KP) to
imipenem (IPM) and tigecycline (TGC ). Methods: A total of 120 clinical non-repetitive KP strains from Tianjin Medical University
General Hospital from January 2018 to June 2021 were selected, and the minimum inhibitory concentrations(MIC ) of IPM and TGC
were detected by broth microdilution(MIC ). The optimal formic acid extraction method was used to extract the protein of KP. The MIC
values of IPM and TGC were detected by rapid antimicrobial susceptible testing based on mass —assisted laser desorption ionization
time—of—flight mass spectrometry [( MALDI-TOF MS )~ based rAST], and the optimal dilution and incubation time of the bacterial so—
lution were evaluated. Cohen's kappa statistics were used to evaluate the consistency of (MALDI-TOF MS)- based rAST method and
standard reference BMD. Results: The mass spectrometry of the two methods could successfully identify KP after different incubation
time, and the difference was not statistically significant (P>0.05). However, the optimized formic acid extraction method simplified the
operation process, and the successful identification rate of the optimized method was higher than that of the conventional scheme under
the condition of low bacterial quantity. The MIC of IPM (P<0.01) and TGC (P<0.001) were best measured by(MALDI-TOF MS)-based
rAST method at a dilution of 25 times, with a bacterial solution content was 6x10° CFU/mL, and the incubation time was 2 h and 3 h,
respectively. Under this condition, the MIC measured by (MALDI-TOF MS)-based rAST and broth microdilution method were similar,
IPM 70.83% (85/120), TGC 66.67% (40/60) and essential error (EA) 98.33% (118/120), 98.33%(59/60), respectively. Conclu—
sion: (MALDI-TOF MS )-based rAST can shorten the reporting time of KP to IPM and TGC, and is a reliable and quantitatively rapid
antimicrobial susceptible testing.
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(2) 53 i KM P Y B35 (mass spectrometry,
MS)UEEFEFFHEAT I 1, (3) T KP AERAF LY
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HHp CRKP Flfk 5 55 M 2 HUR ) KP (carbapenem—
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FI 3 AR P 48 R A AR (i [ AR g LR A W) )

IPM(BTH BRIV R R 25 B BR A A, TGC (VAR SR 5
A R F] ), K 8 8 A% (hydrolyzed casein
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RALBRILE 1,

1.4.2  BMD ] % 4% B ¥k X IPM Al TGC #Y MIC {E
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WREE R 1.5%10° CFU/mL ) o B il e A 132 1 v 2R 1Y
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Jy 512.256.128.64.32.16.8.4.2.1.0.5.0.25.0.125
pe/mL; TGC 5 LR BRI BE AL 11 4, KKK 64,
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P s 4% B G [ B L 25 W) W B8 21 R) (Food and Drug
Administration, FDA ) F1 7 & % R 331 ¢ F I 41 1
BHAR AR, B S<2 mg/L /= 4 mg/L..S=8 mg /L.
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Fig.1 Representative diagram of concrete operational processes of conventional and optimized formic acid extraction method
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EEELR IPM MIC A% BMD 2538 %, IPM A 120 BRKP

Tab.1 Comparison of successful identification rate of MALDI-

TOF MS between the conventional and optimized formic acid E/‘J MIC ﬁi@ ﬂ\] 0.125~512 Mg/mLo (MALDI—TOF MS) -

extraction method based rAST ¥&7EHi B¢ 100 A5 W7 & A ) 4 h (915

gy ALDITOR VS IR A (%) p , T ,MS-MIC F1 BMD-MIC 2 [AJ{XAF7E B — 20,

UALVES L UES Kappa 154 0.586 (£ 2);25.00% (30/120) ) MS-

e e W R DM
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Fig.2 Comparison of protein mass spectra of different formic acid extraction protocols
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Tab.2 Evaluation of different protocol for IPM and MIC determination by (MALDI-TOF MS )-based rAST

MS-MIC 5 BMD-MIC 4558 —#ik —EeE BRI IER
Witk  H%E  MS-MIC= MS-MIC< MS-MIC> Cohen'skappa

BMD-MIC BMD-MIC BMD-MIC P EA* ca’ mE! ME* VME

00fi.4h 00 (i) (snoo) 038620050 <001 Do SR N0 om0
Gy sofiah ST B Geiagy 030053 01 (e S0E S SR S (o)
256620 (G0 (a0 (aonaey 06580048 <ot FRIEE L O Gha0)  (a0)  (0150)
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SN soman B ST IS onwoms an TNT ST Wor gmr
2520 Qs (o) ooy 038008 001 (il Ui lusny ooy

1 : CRKP: i ik 5 Bl % 50 T 1A B4 s CSKP : e 75 B M 2R U 98 SU TR A B s 2 AR — 31 (essential error, EA) : H1 MALDI-TOF MS &
B MIC {H7EFH BMD W52 Y MIC i B+ 1 A5 250k BE i BBl P A A 43 LE s b 23828 —30HE: (categorical agreement, CA):MALDI-TOF MS 25814645
F(S.I.R) 5 BMD 52— 43 FL s 02 /MR 2% (minor errors, mE ) : MALDI-TOF MS % fi A 34 2 M SRk i 25 , sl el i 25 30 5 Jy A
d: Ki%2 (major errors, ME ) : MALDI-TOF MS #5482 2 Wi 25 ; e : T KR 22 (very major error, VME) : MALDI-TOF MS il 25 31 72 A /2%
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120) B MS-MIC 8 5 #H 1 () BMD-MIC {H 5¢ 4 —
FE, PR 5 —20r (Kappa=0.658) ,EA=98.33%
(118/120) .CA=95.83%(115/120)

2.3 BMD %5 (MALDI-TOF MS)-based rAST %l {3
4 TGC MIC 1424+t BMD 45 5% i 75,60 B I PR
CRKP ) TGCMIC JEFE A 0.125~8 pg/mL (MIC50=
1 wg/mL MIC90=4 pg/mL). 7 100 f5FFE .5 h JH 1)
B IS BT L 78.33%(47/60) it MS—MIC {8 [ %%

IR B BB B W F% . X F (MALDI-TOF MS)-based
rAST ] TGC MIC Ml5E i #2 v, 25 A5 BEAE 3 h 1Y
Jo 1R 5 B5) ) PN MILCAELI 2 e R (P<0.001, %
3),66.77%(40/60) BB BEF AP 5 MIC 6 {EAH
M ZEMET , (MALDI-TOF MS)-based rAST ()
MIC {85 BMD i—3t: R 98.33%(59/60), Hi#H 3
/R 2 (minor errors, mE), & & B K% 22 (major
errors , ME ) FIl 8 K 1% 22 (very major error, VME ),

%3 (MALDI-TOF MS )-based rAST IE TGC MIC &) 7F & 77 ZiEHr

Tab.3 Evaluation of different protocol for TGC and MIC determination by (MALDI- TOF MS )-based rAST

A AL 1:100 1:50
B Bt ] 5h 4h 2h 3h
MS-MIC 5 BMD-MIC 45 5 — it
MS-MIC=BMD-MIC 21.67% (13/60) 31.67% (19/60) 41.67% (25/60) 66.67%(40/60)

MS-MIC<BMD-MIC
MS-MIC>BMD-MIC
Cohen's kappa {§
P
e
EA
CA
HER R R
mE
ME
VME

78.33% (47/60)
0.00% (0/60)
0.027+0.059
0.626

73.33% (44/60)
83.33% (50/60)

13.33% (8/60)
4.08% (2/49 )
0.00% (0/4)"

66.67% (40/60)
1.67% (1/60)
0.169+0.074

0.002

83.33% (50/60)
93.33% (56/60)

5.00% (3/60)
2.04% (1/49)
0.00% (0/4)

55.00% (33/60)
3.33% (2/60)
0.262+0.076
<0.001

91.67% (55/60)
88.33% (53/60)

11.67% (7/60)
0.00% (0/49)
0.00% (0/4)

28.33% (17/60)
5.00% (3/60)
0.562+0.078
<0.001

98.33% (59/60)
95.00% (57/60)

5.00% (3/60)
0.00% (0/49)
0.00% (0/4)

T sa: BMD 32558 98U 49 £k CRKP A 2 #78% (MALDI-TOFMS )-based rAST %5 M i 24, ME Jy 4.08%; b: 3575 BMD 12 %1 2514 4

¥k CSKP FR %8 (MALDI-TOF MS)-based rAST %5 Nt 25, VME 4 0.00%
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ARG IRAE T ARG S 80E A
MALDI-TOF MS $Z A} KP i 24 Pk 4 7 s 2
HURI AUBFSE . #8R MALDI-TOF MS il ;& KP X
IPM £ TGC B9 MIC {H AR S g, Al Ry
(MALDI-TOF MS)-based rAST i ¥ #2& ikt s | n]
E A ET SR AR

AHIRGE 1 SO LR H R SR BGA A TR,
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FEAE BT & T MALDI Biotyper $1/E % 25 0%
I JeH 43172 (MALDI Biotyper antibiotic susceptibil—
ity test rapid assay, MBT-ASTRA ) i i Ptk F A W
il R A R E R BRI OISR A X
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(DER/ R e iR PNAE/ R NI =TI N

— B T ) S e 3 ME LA IR BRI, AR

T MBT-ASTRA, 7 545 H i) MALDI-TOF MS

based-rAST J&3£ T MALDI-TOF MS % & e 3L 7 114

Btk % E e ST AT SR AR TR B AN R IR TR IR

R Al SR, A0 R B T B, AT AT PR S e, B

T A s % H R T AR

U N R Y S e = R e S 7/

5058 [ I R B (L S TR T 24 P 235 SR ) F2 82 5 1 (B

HAR R B FAE T I R, AN REH L Im PR 2

BT IR o AT SE R 2] MALDI-TOF MS #A

FITERAETTZE T O KP Sk | PR R s 19 24

B R 5 B T AR DG B A R 126 1)

MALDI-TOF MS 7E It PRARAE: #9107 FH e iy 2 FH 1 oK

YR FEAE vAST A MY KAE 1, H S

Wil 5 $ A AR %) S 5 AR I A7 o A9 E Ak, MALDI -

TOF MS AR TCEER K KAHES G )5 P 245 5l

RS ABAEAE— B R FR P B = v [E] i 2)

PR, TCIERAS IPM SE RN 245385 | 5 2L 0 i 53 vh g

PR R AR &, (0T 58 5 g 4T s FZEER] IPM

I TGC HEATHIFE o XF T 25 W) Fh S AR H e

PRI A 8 o FH T A7 40 %, Ayl DR 5 BN FH BT A R

P ERR 0PI .

SE

(1] 4l 40 B 25 W I % 2014—2019 ARTHBR3T T4 20 48 T 3 11
TR ATRI A AL o e et 2%k , 2021, 20(2) : 175-179.

[2] HUHHJ,SONG D J,SHIM H ], et al. Performance evaluation of the
QMAC —dRAST for staphylococci and enterococci isolated from
blood culture: a comparative study of performance with the VITEK -
2 system[J]. J Antimicrob Chemother,2018,73(5):1267-1271.

[3] BIN NAJEEB M A,GUPTA A,PURWAR S,et al. Implementing
EUCAST rapid antimicrobial susceptibility testing method for sep—
sis: lessons learned in a tertiary care center[J]. J Infect Dev Ctries,
2021,15(6):833-839.

[4] IDELEVICH E A,BECKER K. How to accelerate antimicrobial sus—
ceptibility testing[J]. Clin Microbiol Infect,2019,25(11):1347-
1355.

[5] HUSCHEK D,WITZEL K. Rapid dereplication of microbial isolates
using matrix —assisted laser desorption ionization time —of —flight

mass spectrometry: a mini-review[J]. J Adv Res,2019,19:99-104.
[6] LAU A F,WANG H,WEINGARTEN R A, et al. A rapid matrix—as—
sisted laser desorption ioniza—tion—time of flight mass spectrometry—
based method for single —plasmid tracking in an outbreak of car—
bapenem-resistant Enterobacteriaceae[]]. J Clin Microbiol ,2014,
52(8):2804-2812.
[7] LEE S,HWANG S,CHEON D H, et al. Clinical performance of the

osmotic shock—MALDI MS method to detect Klebsiella pneumoniae



238

At EHKREZR

s
s
ok

(8]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

carbapenemase in clinical isolates[J]. J Clin Mi-crobiol, 2022,
60(11): e0106222.

CORDOVANA M,KOSTRZEWA M,GLANDORF J,et al. A full
MALDI-based approach to detect plasmid—encoded KPC—produc—
ing Klebsiella pneumoniae|]]. Front Microbiol ,2018,9:2854.

HU Y Y,CAIJ C,ZHOU H W, et al. Rapid detection of porins by
matrix—assisted laser desorption/ionization—time of flight mass spec—
trometry[J]. Front Microbiol,2015,6:784.

BAO J,MA Y,DING M, et al. Preliminary exploration on the serum
biomarkers of bloodstream infection with carbapenem -resistant
Klebsiella pneumoniae based on mass spectrometry[J]. J Clin Lab
Anal,2021,35(9): e23915.

FLORIO W,BALDESCHI L, RIZZATO C,et al. Detection of antibi—
otic—resistance by MALDI-TOF mass spectrometry: an expanding
area[J]. Front Cell Infect Microbiol ,2020, 10:572909.

SAKARIKOU C,CIOTTI M,DOLFA C,et al. Rapid detection of
carbapenemase —producing Klebsiella pneumoniae strains derived
from blood cultures by matrix—assisted laser desorption ionization—
time of flight mass spectrometry (MALDI-TOF MS)[J]. BMC Mi-
crobiol ,2017,17(1):54.

WILHELM C M,FORNI G R,CARNEIRO M D S,ET AL. Estab—
lishing a quantitative index of meropenem hydrolysis for the detec—
tion of KPC— and NDM—producing bacteria by MALDI-TOF MS[J].
J Microbiol Methods,2021,187:106268.

LASSERRE C,DE SAINT MARTIN L,CUZON G,et al. Efficient
detection of carbapenemase activity in enterobacteriaceae by ma—
trix —assisted laser desorption ionization—time of flight mass spec —
trometry in less than 30 minutes[J]. J Clin Microbiol ,2015,53(7):
2163-2171.

LANGE C,SCHUBERT S, JUNG J, et al. Quantitative matrix—assist—
ed laser desorption ionization—time of flight mass spectrometry for
rapid resistance detection[J]. J Clin Microbiol ,2014,52(12):
4155-4162.

IDELEVICH E A,SPARBIER K,KOSTRZEWA M, et al. Rapid de—
tection of antibiotic resistance by MALDI-TOF mass spectrometry
using a novel direct—on—target microdroplet growth assay[J]. Clin
Microbiol Infect,2018,24(7):738-743.

WEINSTEIN M P,LEWIS J S 2nd. The clinical and laboratory stan—
dards institute subcommittee on antimicrobial susceptibility testing:
background, organization , functions, and processes[J]. J Clin Micro—
biol ,2020,58(3): 01864-19.

HORSEMAN T S,LUSTIK M B,FONG K S K. Rapid qualitative an—
tibiotic resistance characterization using VITEK MS[]J]. Diagn Mi—
crobiol Infect Dis,2020,97(4):115093.

LI M,LIU M,SONG Q,et al. Rapid antimicrobial susceptibility
testing by matrix—assisted laser desorption ionization—time of flight
mass spectrometry using a qualitative method in acinetobacter bau—
mannii complex[J]. ] Microbiol Methods, 2018, 153:60-65.
MAXSON T,TAYLOR-HOWELL C L, Minogue T D. Semi—quan—
titative MALDI —=TOF for antimicrobial susceptibility testing in
Staphylococcus aureus[]J]. PLoS One,2017,12(8 ): €0183899.
HUMPHRIES R M, KIRCHER S,FERRELL A, et al. The continued
value of disk diffusion for assessing antimicrobial susceptbility in
clinical laboratories: report from the clinical and laboratory stan—

dards institute methods development and standardization working

[22]

(23]

[24

—_

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

group|J]. J Clin Microbiol 2018, 56(8): e00437-18.
FHE AT ZH, E IS A IR RSN SR B E R T K
R[] PRI B2, 2013,36(7) : 584-587.
IDELEVICH E A,SPARBIER K,KOSTRZEWA M, et al. Rapid de—
tection of antibiotic resistance by MALDI-TOF mass spectrometry
using a novel direct—on—-target microdroplet growth assay[J]. Clin
Microbiol Infect,2018,24(7):738-743.
MCHUGH M L. Interrater reliability: the kappa statistic[J]. Bio—
chem Med (Za—greb),2012,22(3):276-282.
REYES J,AGUILAR A C,CAICEDO A. Carbapenem-resistant Kle—
bsiella pneumoniae : microbiology key points for clinical practice[]].
Int J Gen Med, 2019, 12:437-446.
World Health Organization. Prioritization of pathogens to guide dis—
covery, research and development of new antibiotics for drug-resis—
tant bacterial infections, including tuberculosis|R]. WHO,2017.
WELKER M, VAN BELKUM A. One system for all: is mass spec—
trometry a future alternative for conventional antibiotic susceptibili—
ty testing?[J]. Front Microbiol ,2019,10:2711.
HUANG B,ZHANG L,ZHANG W, et al. Direct detection and iden—
tification of bacterial pathogens from urine with optimized specimen
processing and enhanced testing algorithm [J]. J Clin Microbiol,
2017,55(5): 1488-1495.
ABBEY T C,DEAK E. What's new from the CLSI subcommittee on
antimicrobial susceptibility testing M100[J]. Clin Microbiology New—
sletter,2019,41(23):203-209.
PEREZ-SAMPER G,CERULUS B,JARIANI A, et al. The Crabtree
effect shapes the saccharomyces cerevisiae lag phase during the
switch between different carbon sources[J]. mBio,2018,9(5):
e01331-18.
WANG G,SONG G,XU Y. A rapid antimicrobial susceptibility test
for Klebsiella pneumoniae using a broth microdilution combined
with MALDI TOF MS[J]. Infect Drug Resist,2021,14:1823-1831.
BPF A M REUEL, A5 A AN ER R e R TR 25 1 O W S g (D). P
IR 2 FR S IAYT 2, 2015,20(4) : 466-468 ,475.
ST, (T ZECHE W 45 S M 5 e 5 0 2 g e PR L R B %
LA AL 252755 SRTIT, 2020, 20(4) : 299-303.
LI M,LIU M,SONG Q,et al. Rapid antimicrobial susceptibility
testing by matrix—assisted laser desorption ionization—time of flight
mass spectrometry using a qualitative method in A cinetobacter bau—
mannii complex[J]. ] Microbiol Methods, 2018, 153:60-65.
IDELEVICH E A,BECKER K. Matrix—assisted laser desorption ion—
ization —time of flight mass spectrometry for antimicrobial suscepti—
bility testing[J]. J Clin Microbiol ,2021,59(12):e0181419.
GIBB S,STRIMMER K. MALDI quant: a versatile R package for
the analysis of mass spectrometry data[J]. Bioinformatics, 2012,
28(17):2270-2271.
SAUGET M, BERTRAND X,HOCQUET D. Rapid antibiotic sus—
ceptibility testing on blood cultures using MALDI-TOF MS[J]. PLoS
One,2018,13(10): €0205603.
WILHELM C M,CARNEIRO M D S,INAMINE E,et al. A rapid
and easy method of MALDI biotyper antibiotic susceptibility test
rapid assay to provide early meropenem susceptibility profile in En—
terobacterales|J]. Microbiol Spectr,2023, 11(1): e0437522.
(2023-12-12 i)



