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Rapid typing of homology of carbapenem-resistant Klebsiella pneumoniae
based on specific mass peak of MALDI-TOF MS

YU Jia-jia, LI1U Jing-zian, LI Yuan-rui, LIU Ying (Department of Clinical Laboratory, Xinhua
Hospital , Shanghai Jiao Tong University School of Medicine , Shanghai 200092, China)

[Abstract] Objective To screen specific mass peaks (SMP) of carbapenem-resistant Klebsiella pneumoniae
(CRKP) by matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS), and
perform rapid homology analysis on CRKP based on SMP. Methods 76 strains of CRKP with multilocus sequence
typing (MLST) were selected from a microbiology laboratory of a hospital, 52 strains were for establishment of
method and 24 strains were for validation of method. Five different criteria for selecting SMP of CRKP were set,
SMP of different ST-type were screened according to different criteria, CRKP was typed based on screened SMP,
criterion with the highest coincidence rate of MLST results was determined as the best criterion. Twenty-four
CRKP strains were typed according to the specific peaks screened through best criteria, accuracy of SMP typing
method was verified, and was compared with principal component analysis (PCA) and main spectra profile(MSP)
cluster analysis in mass spectrometer software. Results According to standard 2 ((Dsignal-to-noise ratio [ S/N]>4,
@S/N ratio=1.5, @ coefficient of variability [CV<C40% ]), 45 SMP were selected from 52 strains of CRKP
strains, 29 strains of CRKP were typed by SMP, with the highest coincidence rate (82. 8%) with MLST, which
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was determined as the best criterion. Another 24 CRKP strains were typed according to SMP screened based on this

criterion, and the coincidence rate with MLST was 83.3%. The coincidence rate between PCA cluster analysis and

MLST was only 66.7% , consistency between MSP clustering analysis and MLST was poor, and it didn’t conform
to the grouping trend of ST typing. Conclusion MALDI-TOF MS can select SMP of CRKP of different ST , which

can be used for rapid homology analysis on CRKP, provide basis for surveillance and control of outbreak of health-

care-associated infection.
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Figure 1 Dendrogram of cluster analysis on 29 strains of CRKP based on SMP screened by standard 2
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Figure 2 Cluster analysis result of SMP typing of 24 validated strains
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Figure 3 PCA clustering analysis on 24 strains of CRKP by Clinpro Tools 3. 0 software
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Figure 4 MSP clustering analysis on 24 strains of CRKP by MALDI Biotyper 3. 0 software



= R Y i 24 A 2019 4E 3 H 45 18 %5 3 ] Chin J Infect Control Vol 18 No 3 Mar 2019 o 211 -

3 itig

H AT 5 B 20 F AT % 05 ik £ 2 A PFGE
Ay FUF MLSTHY . PFGE 43 % 2 5l 5o B 11 9 )
it i I PR 4 D) B0 JE 2R AT Bk o 3 ¥R K 40 A AR 2
PR AN [R) X PR B AR AT 40 8L % O % R 43 T TRAT I 22 4%
B A bR dfE (R 45 1 4 o BB, 5 B4 K 11X
AR BERE L W3R AE N 5L R BLAE S0 5 LT R
MLST J& 58 F 48 LB 5 5 647 47 B 7 30, 38 3
PCR ¥ 348 G LB J5 X5 47 14 7= W 2k A7 W0, I 7y 45
B2 T AR A5 T R B ST L5021, 3% 07 1 I 3L
BB T AR AR B AR B X LUK R AR AR
I E AR VAT R A8 . R MALDI-TOF MS
HEATWRAT I 27 43 AT 10 7 1 AN g A 1 2 R RN & 2 1
FRAE P ] 38 3 o 1A S AT 40 AT R AR
WORAT I 205 B+ Ay B e J e o 4 R U e 3% % W )
P AR I o

A MALDI-TOF MS 5 AR 3k 45 i 5 & 5] 3%
B R A B T B T IRA TR AT
R R A E AR AN JE  HEp M 7S A MR AIR A R E
JoT H U8 o DA R g A S 1 T 0 S 2 0 43 B 4
TSR ) R Ok D P O P R A I TR X G B
Fie B — 28 AR Y E AT 45 S 0T ik 0% 1) 77 % O AR A0
T I S R R W AT S Sk 4y B, S/N R AR
JoT B A A 5 1 R RS ) LR o B (LB R 3R R R T
WA P 5 32 o 150 PU) AR S O A T T Y A P A R
EEMAEPLA S, CV 2485 R B34 =+
JiT f W AE ) — ST BU 5 24> T& vk 2 4 1 o (8133 i
P FRE ME, CV {8/ R B 5T & 0 8RR 2 . S/N
Pl 25t ST AU TR bR 4 5 0t 2 04 55 0t ST AU 7
fR ] — m/z 5 S JoT o 06 1) £ MR L Y LU (B, S/N LA
Mo RS R IE S ST B M S My . A
AR S/NL.CV RZE I S/N AR B E T 45 5
U 5 AN A o T B AR AR E . (1) S/N
=4,(2)S/N HAE=>1.5,(3)CV40% , 4% IR A5 Ui
FLPRE ) 45 A5 5 0T o UG L ) P ok S R R o 0 )
24 fk CRKP #1714y B, 25 R 5 MLST £ & % ik
83. 300, FHIZ T L A B B

R S5 O U TR T R E TR PR 4 TR ) SR A
3 UL A S T S 0 AR AR A S O S 0 R R
TR . 5 PCA &5l MSP 226 43
BrAH BE 3207 B e % 5 L HEBR T T &L 813 o CRKP
oo 4 S 1 S5 0 1) T I L AT 42 55 7 % CRKP W Y

XArmIRE ST . 5 MLST 48531 4r B J7 s AH 1 1%
D5 VE AN AN UAS B PRE fRE . AR
P LA b SR ge A DT R AR AT R R Y 5 R B
CIEBURATRINCE SR STy i) N e 7 f i
FUIT e . AW 5 A7 45 S o o 068 O 30 I 3k e BT
25 4~ ST #Ify CRKP, I 1 i & 4> ST AU 5F 7
Jo R, Y AT ] — Bl ST & A= 2% & AT, ]
3 Ao 7 2 ) R S O AR R R IR AT 1Y TR AR R AT R
28 s T PR R 2 A T AR L

FIHI MALDI-TOF MS [ £ & 3% b R R o o
WA AT 20 O 0 B ) 7 W A A — o R IR L AR DF Y
345 CRKP iy ST B 51 A BR . H 2R E AT 0y ST 5
W2 2R R R BT U 1Y 0 2 AT R AR S I &
5 ST RURI, Fir DA G 18 1 4 55 5 4 0 H 8 X
X BN B AT A RLIX 43 T TG 125 ) T 2 7 e X A
7Y, H T A S g SR P A AE AT # CRKP
B ST B Jm B, %4 ST11, ST520, ST37,
ST48 LA K ST423, HAth ST A CRKP B bk H it 8¢
b Jo ik F TR S IR 0 B ) B E DR IS SO
RS Y S 4 ST AUy CRKP, X% Jr ik 47
k. T A b 52 TR R IR AR B I )
DA SR T3R5 5 A0 = H Ap H R X R R
JoT 5t W 43 TR ) T AR T W0 AP AR R L N T R I IR
B IS SET R Had G T AR =, Bt HoAth 52
4 &= A A MALDI-TOF MS Jii & U 317 % A 7 B
1N YIRS VAR TRl S WA TR il R VA
B AR UE IR I B o B RN AT R

AWFER A W7~ MALDI-TOF MS 75 5 B Jik
eI AT 25 0 B QU B AT BRI T . BE A A
i P A W7 58 35 L BPE 9 H 3 958, MALDI-TOF
MS G B AEAS R85 0 FH T I DR B A= 4 55 e &8 3k
A PR R 5 23 T s O B R AR AT I 0 A I B Je
) 925 ] 2 AR

(& % x &)

[1] Hu FP, Guo Y, Zhu DM, et al. Resistance trends among clin-
ical isolates in China reported from CHINET surveillance of
bacterial resistance, 2005 = 2014[J]. Clin Microbiol Infect,
2016, 22(Suppl 1): S9 — S14.

[2] Cheng K, Chui H, Domish L, et al. Recent development of
mass spectrometry and proteomics applications in identification
and typing of bacteria[ J]. Proteomics Clin Appl, 2016, 10
(4): 346 — 357.

[3] Sauget M, Valot B, Bertrand X, et al. Can MALDI-TOF



e 212 -

[4]

(5]

L6]

[7]

(8]

9]

[10]

(1]

[12]

[13]

[14]

o e R P A A 2019 4F 3 A5 18 B4 3 I

Chin J Infect Control Vol 18 No 3 Mar 2019

mass spectrometry reasonably type bacteria? [J]. Trends Mi-
crobiol, 2017, 25(6) . 447 — 455.

Rodrigues C. Novais A, Sousa C. et al. Elucidating con-
straints for differentiation of major human Klebsiella pneu-
moniae clones using MALDI-TOF MS[]]. Eur J Clin Microbi-
ol Infect Dis, 2017, 36(2): 379 — 386.
Carannante A, De Carolis E, Vacca P, et al. Evaluation of
matrix-assisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF MS) for identification and cluste-
ring of Neisseria gonorrhoeae[ J]. BMC Microbiol, 2015, 15;
142,

Sachse S, Bresan S, Erhard M, et al. Comparison of multilo-
cus sequence typing. RAPD, and MALDI-TOF mass spec-
trometry for typing of f-lactam-resistant Klebsiella pneumoni-
ae strains[ ]J]. Diagn Microbiol Infect Dis, 2014, 80(4): 267 —
271.

Lasch P, Fleige C, Stammler M, et al. Insufficient discrimina-
tory power of MALDI-TOF mass spectrometry for typing of
Enterococcus faecium and Staphylococcus aureus isolates[ ]].
J Microbiol Methods, 2014, 100 58 — 69.

Ueda O, Tanaka S, Nagasawa Z, et al. Development of a no-
vel matrix-assisted laser desorption/ionization time-of-flight
mass spectrum ( MALDI-TOF-MS)-based typing method to
identify meticillin-resistant Staphylococcus aureus clones[J]. ]
Hosp Infect, 2015, 90(2) . 147 — 155.

(stergaard C, Hansen SG, Moller JK. Rapid first-line dis-
crimination of methicillin resistant

strains using MALDI-TOF MS[]J].

Staphylococcus aureus
Int J Med Microbiol,
2015, 305(8): 838 — 847.

Berrazeg M, Diene SM, Drissi M, et al. Biotyping of multi-
drug-resistant Klebsiella pneumoniae clinical isolates from
France and Algeria using MALDI-TOF MS[]]. PloS One,
2013, 8(4): e61428.

Khennouchi NC, Loucif L, Boutefnouchet N, et al. MALDI-
TOF MS as a tool to detect a nosocomial outbreak of extended-
spectrum-B-lactamase- and ArmA methyltransferase-produ-
cing Enterobacter cloacae clinical isolates in Algeria[ J]. Anti-
microb Agents Chemother, 2015, 59(10): 6477 — 6483.
Bergal A, Loucif L, Benouareth DE, et al. Molecular epidemi-
ology and distribution of serotypes, genotypes, and antibiotic
resistance genes of Streptococcus agalactiae clinical isolates
from Guelma, Algeria and Marseille, France[J]. Eur J Clin
Microbiol Infect Dis, 2015, 34(12): 2339 — 2348,

Dhieb C, Normand, AC, Al-Yasiri M, et al. MALDI-TOF
typing highlights geographical and fluconazole resistance clus-
ters in Candida glabrata]]. Med Mycol, 2015, 53(5); 462
= 469.

Taneja N, Sethuraman N, Mishra A, et al. The 2002 Chandi-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

garh cholera outbreak revisited: utility of MALDI-TOF as a
molecular epidemiology tool[ J]. Lett Appl Microbiol, 2016,
62(6): 452 — 458.

Koldtkovd I, Stromerova N, Bardoii J, et al. Potential use of
mass spectrometry for subtyping of Campylobacter[]J]. Klin
Mikrobiol Infeke Lek, 2015, 21(3): 68 = 73.

Egli A, Tschudin-Sutter S, Oberle M, et al. Matrix-assisted
laser desorption/ionization time of flight mass-spectrometry
(MALDI-TOF MS) based typing of extended-spectrum f-lac-
tamase producing E. coli — a novel tool for real-time outbreak
investigation[J]. PloS One, 2015, 10(4): e0120624.

Zhang T, Ding J, Rao X, et al. Analysis of methicillin-resis-
tant Staphylococcus aureus major clonal lineages by matrix-as-
sisted laser desorption ionization-time of flight mass spectrom-
etry (MALDI-TOF M$) [J]. J Microbiol Methods, 2015,
117. 122 -127.

Kumar A, Roberts D, Wood KE, et al. Duration of hypoten-
sion before initiation of effective antimicrobial therapy is the
critical determinant of survival in human septic shock[]]. Crit
Care Med., 2006, 34(6) .
Ben Tanfous F, Achour W, Raddaoui A, et al.

1589 — 1596.

Molecular
characterization and epidemiology of extended spectrum B-lac-
tamase producing Klebsiella pneumoniae isolates from immu-
nocompromised patients in Tunisia[ J]. ] Glob Antimicrob Re-
sist, 2018, 13 154 — 160.

Tenover FC, Arbeit RD, Goering RV, et al. Interpreting
chromosomal DNA restriction patterns produced by pulsed-
field gel electrophoresis: criteria for bacterial strain typing[J].
J Clin Microbiol, 1995, 33(9) . 2233 — 2239,

Urwin R, Maiden MC. Multi-locus sequence typing: a tool for
global epidemiology[J]. Trends Microbiol, 2003, 11 (10):
479 — 487.

(A 3C i 58, - 7 AU

A5 AR AR X G 2R A . 5. Al MALDETOF
MSS 5 55 5 k08 X T 8k 757 5 4 28 i 2 e 5 111 I 5010 S e i 2 Y

J].

o [ JER e 4 ) 2 7. 2019, 18(3) :206 — 212, DOT: 10. 12138/j.

issn. 1671 — 9638. 20193912.

Cite this article as : YU Jia-jia, LIU Jing-xian, LI Yuan-rui, et al.

Rapid typing of homology of carbapenem-resistant Klebsiella
pneumoniae based on specific mass peak of MALDI-TOF MS[]].
Chin J Infect Control, 2019,18(3):206 — 212, DOI; 10. 12138/j.
issn. 1671 = 9638. 20193912,





