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(=] HM 75 B0 i T i 2 KA T ] BT i ( matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry, MALDI-TOF MS) 7£ ¥ il 4> J& it 4 2% {5 5 1 5 ( metallo-B-lactamase
Pseudomonas aeruginosa, MBL-PA) 28I ig/E T, J5ide iedE 2015—2018 4F 5 Pt = F B B Il IR 47
BIHY 258 Phefi T B M AS T 24 5 2 B S B AT EDTA ip () 1250 R 24 56 PRR: I, 3 2o g 7. VIM
SPM 7 MBL-PA {5 F A% 1 , % MALDI-TOF MS #5il] MBL-PA ZS 7 i) R B3R5 5 B2 L BHA: 0
APEBME T 04T, G50 258 BRER T Bl 28T 244 SR i S i h EDTA S5 4) 0 1056 B 106 %,
2 PCR TR 25 5L A2 VIM 74 40 £k, SPM A4 35 #% . il i MALDI-TOF MS {JUjIJ R A A H 23/25
VIM BTG RE , R 92. 0% , 55 57K 100. 0% , BHPESON{E > 100. 0% , METINAE Sy 93. 7%, T
SPM RUTEF , A 5 16/20, RAGE A 80. 0% , R -k 100. 0% , FHEFUM(EL 1A 100. 0% , BPE S50 {6
88.2%, &5 MALDI-TOF MS 7EA I MBL-PA J5 7 L4 FE PCR HORSAT L, i i+ gt U5 A5 AL T
PR E R 3t %55 VIM BN SPM B MBL-PA , AR5 T 1 b A 55 o
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Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry for
detection of VIM- and SPM-type metallo-B-lactamase-producing Pseudomonas

aeruginosa
LI Jin, LI Min, LU Weiping Department of Clinical Laboratory, Daping Hospital, Army Medical University ( Third
Military Medical University) , Chongqing, 400042, China

[ Abstract ] Objective To evaluate the performance of matrix-assisted laser desorption/ionization
time-of-flight mass spectrometry ( MALDI-TOF MS) for detecting VIM- and SPM-type metallo-@B-lactamase-
producing Pseudomonas aeruginosa ( MBL-PA). Methods A total of 258 clinical isolates of carbapenem-
resistant P. aeruginosa collected from our hospital from 2015 to 2018 were analyzed using EDTA test and
PCR-based drug resistance gene detection. A VIM- and SPM-type recognition model database was established
to assess the sensitivity, specificity, positive predictive value and negative predictive value of MALDI-TOF MS
for detecting different types of MBL-PA. Results EDTA test detected 106 positive strains from the 258
clinical isolates of carbapenem-resistant P. aeruginosa, and PCR-based drug resistance gene detection
identified 40 VIM-type MBL-PA strains and 35 SPM-type MBL-PA strains. The MALDI-TOF MS recognition
model detected 23 out of 25 VIM-type MBL-PA strains with a sensitivity of 92. 0%, a specificity of 100. 0%,
a positive predictive value of 100. 0%, and a negative predictive value of 93. 7%, and identified 16 out of 20
SPM-type MBL-PA strains with a sensitivity of 80. 0%, a specificity of 100. 0% , a positive predictive value of
100.0% , and a negative predictive value of 88.2%. Conclusion MALDI-TOF MS has more advantages than
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conventional PCR in detecting the types of MBL-PA, and can quickly and accurately identify the VIM- and

SPM-type MBL-PA after construction of a recognition model.

[ Key words |

matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; VIM- and

SPM-type metallo-B-lactamase-producing Pseudomonas aeruginosa ; recognition model;

performance evaluation

Supported by the Talent Innovation Capability Training Program of Army Characteristic Medical Center (2019CXJSCO018). Corresponding author; LU Weiping,

E-mail; luweiping19710416@ 163. com

AT AR, kS5l B O i R L B R AT I ) B
( matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry, MALDI-TOF MS) £ RTE s IR Y
R BRIz T B R R L2 A
PR R, Bk 7 o M SRS T 24 1 ¢ Al B0 v 7 30
FFAT il AR TR T IR kiR
I, ABE 5 FI ] MALDI-TOF MS HRE N T VIM B
SPM %Y 4> J& i A 2% X B8 M ( metallo-B-lactamase
Pseudomonas aeruginosa, MBL-PA ) [ 15 5 #5 % %5 45
Vi R HSE E RE ) #EAT T EREVEH , E T B 4 MAL-
DI-TOF MS 7E45 MBL-PA ZEHI b i9/EFH

1 HRSH®

L1 Bk

W dE 2015—2018 4F H P — B B B i R 45 A4~ B
B PR I 6LV R L I o WA R
PRAS K77 T itk 7 7 M 28 24 4 o A1 S ML 7T 258 1k
JoT 45 TR Bk K W 3 Ay TR ATCC8739 i 4] 2 1 5. Y 7T
ATCC27853 ¥ F P A BRI AG 0> o
1.2 BT 40X % & MBL-PA & & Al &

Il PR 73 5 1 P AR (o F VITEK MS #E 47 %55 , 11
VITEK-2 Compact #1725k, >k ] EDTA P [A]i5%
D& MBL-PA ()R, BARZ: BSCHRL 6 ] 17
1.3 @25k B

] g IR P P MIBIL 5 PRI >R P 2R 6 it B2 1V ( poly-
merase chain reaction, PCR) Jy i dE47 M %E , Pk B 4l 1%
FRETVE E 5 200 pL 2RI K W 0.5 mL 2.0
H1,56 CIRE 2 h JEF PRI L R $E L, -20 CUKFE IR AT
% o $03L P 255 IMP  VIM . SPM . GIM , SIM , NDM
FEHL GG R IR 1, Bdb s G R IR
HAWRAw G, # 94 CHlAEPE 5 ming 94 C A8 P
30 s5iR Kk 30 572 C G 60 s 5 AP R K HE i
PEE 30 NMEIR; RIS 72 CHRL L 7 min, I 1 =Y
28 2% BENREERE UK 5 WA IS 5 H B H 0y 5E B AR X
o3 B AH Y B SR R FI WA R . PCR 473 BHPE )

Pk R A Wy R R A B WD Dy 45
JRAE GenBank [ [ 47 Blast [t DA BE PR AL
1.4 #5 VIM & f= SPM A MBL-PA 2 5 ¥ A & 3%

Fic BSOS A P () A oA, FRATT AT S99 B IR 3 125 1Y
15 ¥k VIM BT 15 #k SPM 7 MBL-PA (%) i % 3% 4E
HSHZ R, AR E L AT 8 TG i 5, E it
X VIM ZIF1 SPM % MBL-PA (1% 515461 7 R 20 #
B 3 () A 1) N 25 S 1) BT R R AR 06, e R IR
43 VIM BUFIEE VIM B RR AR AR IEAE S %5 € VIM Al
MBL-PA [ R 51 #5 BY8C 2, 18 BUER 43 SPM AU A1
SPM RUTR PR A R AR AT Ry 45 5 SPM 5 MBL-PA ()3
il oEib e e
1.5 06 AR A MR35 37 2 37 5 BE A S 4 R

R B R E A 2 A TR, FRATTE BB R 43 B 1 25
PR VIM ZUFI 20 #k SPM 74 MBL-PA 1E 2y 55 0F B Ak , 45
WA 1 L b3 8 RO o5 T AR L, Y51 K
TF e TG R R 1 pl BRI, 50 AT,
St TG T VITEK MS B4 E s EA 74 44

&1 PCRYMES|IMHEBRETYKE
KRR

H 2K FIMFFFI(5'—3") B (bp) JE(C)

IMP 1F X : CTACCGCAGCAGAGTCTTTG

JZ L : AACCAGTTTTGCCTTACCAT 587 50
VIM 1E X : GTTTGGTCGCATATCGCAAC

Jz L : AATGCGCAGCACCAGGATAG 382 55
SPM 1E X : CTGCTTGGATTCATGGGCGC

Jz SL: CCTTTTCCGCGACCTTGATC 783 61
GIM 1E X : TCGACACACCTTGGTCTGAA

J2 SL: AACTTCCAACTTTGCCATGC 713 58
SIM 1E L : TACAAGGGATTCGGCATCG

J2 L : TAATGGCCTGTTCCCATGTG 741 58

NDM 1E X : GGGCAGTCGCTTCCAACGGT
J2 3L : GTAGTGCTCAGTGTCGGCAT 475 62
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2.3 VIM #& fo SPM % MBL-PA % 5| B A 4 38 2 5

i VITEK MS g4 ¥ LaunchPad 4% VIM
RIF SPM A MBL-PA Ji7 3% 06 i 47 L 540 Bt , 15 %]
17 A fF 5B E WS A st g (3 601 m/z,
4434 m/z, 4544 m/z, 4849 m/z, 492 m/z, 5 114 m/z,
5210 m/z, 5 737 m/z, 6 046 m/z, 6 348 m/z,
6676 m/z, 7203 m/z, 7595 m/z, 8 786 m/z, 9 089 m/z,
9987 m/z f1 10 229 m/z) , WLIE 3., Mk VIM %I
SPM RUGH PR Z 0] A 22 5 1 R AE I, K A AT Launch-
Pad #E53 5 HLEE VIM B AR AIEE VIM 2 (4245 SPM
RIFIAS ™ MBL-PA) P #E DL K SPM RUTE A% Al SPM 7Y
(A4 VIM HBUFUA ™ MBL-PA ) B bk ) 57 3% A ik 06, d
JE I VIM BYRRIRR Y 4 MR (3 230 m/z, 3 400 m/z,

5737

5450 m/z, 7329 m/z) FiIdE VIM B Rk 3 AN4EAF 16
(3429 m/z, 5490 m/z, 7 390 m/z) V£ %5 VIM #J
FRRAOBL A ([ 4) , PEHL SPM R T R 19 2 N 4FAE 14
(3 663 m/z, 6264 m/z) FIHE SPM BB %1 2 D HERE
I (4 068 m/z, 4 282 m/z) VE N UEE SPM Al B 4 4 45
BICES),
2.4 VIM % F= SPM % MBL-PA 73] 4270 3% 38 B 04 3o
BRI AR A B PR 9 ik 25 2R 7R MALDI-TOF
MS A] IEH % 5 23/25 VIM Bk, RAEE N 92. 0%,
FESEE R 100. 0% , FHAE FUAE A 100. 0% , BH 1 15
fER 93. 7%, *F T SPM I [ bk i & I R &
80. 0% , 7514 100. 0% , BH M M+ Ky 100. 0%,
BT A 88. 2% , PEW.3E 3,

o0 s
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VIM 2 R S BT FEA7AE 22 5, 3878 <6 Tl 11 5 [
BUMAEAE ML X 22 57 0 A, A 9 45 Sk H R
2015—2018 4F = g e A Al BE AT 76 A [ 7 88 1 Bk 77 %
W2y e AR LM B 58 SR Y B GR, HE rp 0 i
SRR TS B I ST 2, (H AR AN 21 <5 8 B- A Mt ik
Tt , A1 b 75 2 s IS TS 24 ) 4 (1 PR R BT B = 42 S -
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B FLi 25 ML HEA T IR ABIE ST

FIRiT, MBL-PA (940 2 518 T B SMIFFEE 1)

TR 43 125 15 5% e R HL R AT 28 YA 07 S 56 10 4% G 0k
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SRR 4 il R ) 0 S B AR B SR 0 SR A T
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3k 33 MALDI- TOF MS X%f VIM %71 SPM %I MBL-PA
(14 B0 2 R IR A T 40 A, 7 X 43 VIM BLFT SPM
AU MBL-PA PR ARL Y R 48 5 A 5% 50 1212 5]
FE 125 MALDI- TOF MS %t 25 £k VIM % MBL-PA fi§
Y EWER R R 92% , X} 20 #% SPM 7 MBL-PA 1% %
HER R 80% . ZWF 45 AL : FRATTHTHE o B 2
VIM R SPM I MBL-PA {1 i 45408 127, R 48 4 b X}
VIM %4 F1 SPM % MBL-PA #E17IX 73, BAA IR & H 21
I R, AN

WA AT TRAFEAEVF AN R Z AL, T s B P
EZE R A BT 4 Bk SPM A MBL-PA 1% % % 4
VIM % MBL-PA,2 £ VIM %I MBL-PA %} i% % & K
SPM 7Y MBL-PA 437 Jir R AT 82 4 7 2 1 32 st
R ITE Gy, S BRI SRR 2 B s S B
Hh— TS RIPUI AL 5 AL, 3 A &0 T 23 B I8
TR AT FNSE 2 . T3 A0, AT S f T4 R
FEREH Sy s 22 R E N ZEEm TR & AR
R, FEA A EEMEARBEA T —EWNE
S R, XA R R R AT B — Al
TSR AR AT BT 4 RS TR 45 1Y SPM 7R Al
2 BRESTRYEE Y VIM %Y MBL-PA Ji 5 [ i 17 22 S5
X HCAT T, T AR T B Ak Lk U o 2 R R R R 2 E
PIREAS S, DA R4t 5 5 2 T 15 45 08 5 % MBL-PA 43
UM TE I HER R . ABFRES AN TFE T RS
FARXT Y MBL-PA W AU 5 (R, 11 B T4 5
JO i Sl PP AR oy ] S At g i 7 0 8 e At B
AME SR R AR R T R RS

S5k

[1] LIJ, HU W W, ZHANG F L, et al. Evaluation of matrix-
assisted laser desorption/ionization time-of-flight mass spec-
trometry for identifying Burkholderia pseudomallei and Burk-
holderia thailandensis isolates[ J]. FEur J Clin Microbiol Infect
Dis, 2019, 38(1): 191-196. DOL: 10.1007/s10096-018-3415-3.

[2] GUYF, LIY, ZHANG X L,et al. A new method aimed to
quickly identify pathogen and drug susceptibility test based on
matrix-assisted laser desorption/ionization time of flight mass
spectrometry combined with flow cytometry[ J]. Surg Infect
(Larchmt) , 2019, 20(3) . 219-224. DOI. 10. 1089/sur.
2018. 145.

[3] HUY Y, HUANG Y L, LIZOU Y Z, et al. Evaluation of
Staphylococcus aureus subtyping module for methicillin-resist-
ant Staphylococcus aureus detection based on matrix-assisted
laser desorption ionization time-of-flight mass spectrometry
[J]. Front Microbiol, 2019, 10. 2504. DOI. 10. 3389/
fmich. 2019. 02504.

[4] RIBEIRO A CD S, CROZATTIM T L, SILVA AA D, et al.
Pseudomonas aeruginosa in the ICU: prevalence, resistance
profile, and antimicrobial consumption [ J]. Rev Soc Bras
Med Trop, 2019, 53: €20180498. DOI. 10. 1590/0037-
8682-0498-2018.

[5] EL-MAHDY R, EL-KANNISHY G. Virulence factors ofcar-
bapenem-resistant Pseudomonas aeruginosa in hospital-ac-
quired infections in mansoura, Egypt[ J]. Infect Drug Resist,
2019, 12, 3455-3461. DOI. 10.2147/IDR. S222329.

[6] Z=ik, W34k, sk, 45, & PHE = H B pg 2014-2016

ATl 2 Al P AT T 24 32 TR R <53 e il NI L 2 1 T 25 R A
RGBT 28 = 2B R4, 2017, 39(22) : 2200-
2205. DOI; 10. 16016/j. 1000-5404. 201706013.
Ll J, HUW W, ZHANG F L, et al. Drug resistance profiles
and metallo-B-lactamase and outer membrane protein OprD2
genotypes of Pseudomonas aeruginosa: a 2014-2016 survey in
a Grade 3 Class A general hospital in Chongqing[J]. J Third
Mil Med Univ, 2017, 39 (22). 2200 -2205. DOI. 10.
16016/j. 1000-5404. 201706013.

(7] W, Wy, oo, 5. M 5 IS ek i i wim

RS 2T [T ], AR E R 2, 2019, 29
(20) : 3063-3067.
ZENG T, ZENG L, CAO X W, et al. Antimicrobial suscepti-
bility and resistance genes of carbapenem-resistant Pseudo-
monas aeruginosal J |. Chin J Nosocomiol, 2019, 29(20) .
3063-3067.

[8] XISehk, WRFAS, Hifh, 55 W IXI R w24

P e P T RS 24 e DRG0 24 SR % X 25 ) W it 245 7 23
MrlJ]. Piyezh=:, 2019, 16(9) . 1512-1514.
LIU X L, OUYANG L, XIE W et al. Detection results of re-
sistance genes of carbapenem-resistant Pseudomonas aerugino-
sa and analysis of drug resistance in South Jiangxi Province.
Anti-Infect Pharm, 2019, 16(9) . 1512-1514.

(9] B . MRk 7 o s 21 4 S 5 5P 17 A e R 20 A1 S X
LRSI 250 0 M (0] R & B 25 2% 38, 2019,
12(15): 93-94. DOI. 10. 15887/j. cnki. 13-1389/r. 2019.
15. 045.

LUO Y N. Clinical distribution ofcarbapenem-resistant Pseud-
omonas aeruginosa and its resistance to antibacterial drugs
[J]. Chin J Clin Ration Drug Use, 2019, 12(15): 93-94.
DOI: 10. 15887/j. enki. 13-1389/r. 2019. 15. 045.
[10] ¥R/, JEAoF, ski, 55 bR /B I AR Ts 0 S 5
LR R R N R T[T ]. PR BT
A&, 2019, 29(12); 1791-1795.
XU X M, FAN Y F, ZHANG C, et al. Risk factors of carbap-
enem-resistant Pseudomonas aeruginosa infection in burn
patients[ J]. Chin J Nosocomiol, 2019, 29(12) : 1791-1795.
[11] W, HPHESR MexAB-OprM 7 i 4% {15 B0 i 7 %) Bk 75
R IPUERM LR AT FEL D). B BRIERLR



http ://aammt. tmmu. edu. cn

O SRR 244 ,2020,42(16)

1669

[12]

[13]

[14]

[16]

[17]

2, 2017.

PAN Y P. Mechanism ofMexAB-OprM efflux pump in car-
bapenem-resistant Pseudomonas aeruginosa [ D ]. Hefei;
Anhui Medical University, 2017.

RFH, T AN, W, . M5k 5 2 2 48 i
AT 25 P S FIRAT AT 5E [0 ). s 5 40T
Zuiki, 2017, 17(3) . 289-292. DOI. 10. 16718/j. 1009-
7708.2017.03. 012.

YUAN L L, DING B X, SHEN Z, et al. Antibiotic resist-
ance and molecular epidemiology of carbapenem-resistant
Pseudomonas aeruginosa [ J ]. Chin J Infect Chemother,
2017, 17(3) . 289-292. DOI: 10. 16718/j. 1009-7708.
2017.03.012.

SRR EEL. R T 2 ) 5 S I B B R 2 A B T 2
PLRIBESEL D], K YRR, 2018.

ZHANG Z Q. Mechanism of resistance and biofilm of Pseud-
omonas aeruginosa induced by fluoroquinolones in vitro[ D ].
Taiyuan: Shanxi Medical University, 2018.

SONNABEND M S, KLEIN K, BEIER,et al. ldentification
of drug resistance determinants in a clinical isolate of Pseud-
omonas aeruginosa by high-density transposon mutagenesis
[J1 2020, 64 (3):
e01771-e01719. DOI: 10. 1128/AAC. 01771-19.

TRMENE, ERE KA. AR B I R OXT B 75 0 AT
AR PRI ] 3k BEEBeAAR, 2019, 35(9)
108-112. DOI: 10. 16833/]. cnki. jbme. 2019. 09. 048.

XU Y F, WANG H M, ZHANG D. Study on the resistance
mechanism of Pseudomonas aeruginosa tocarbapenem antibi-
otics[ J]. J Baotou Med Coll, 2019, 35(9). 108-112.
DOI; 10. 16833/]. cnki. jbme. 2019. 09. 048.

KHALILI Y, YEKANI M, GOLI H R, et al. Characteriza-

tion of carbapenem-resistant but cephalosporin-susceptible

Antimicrob Agents Chemother,

Pseudomonas aeruginosa [ J ]. Acta Microbiol Immunol
Hung, 2019, 66(4): 529-540. DOI. 10. 1556/030. 66.
2019. 036.

PETROVA A, FEODOROVA Y, MITEVA-KATRANDZH-
IEVA T,et al. First detected OXA-50 carbapenem-resistant
clinical isolates Pseudomonas aeruginosa from Bulgaria and
interplay between the expression of main efflux pumps, OprD
and intrinsic AmpC[J]. J Med Microbiol, 2019, 68(12) :
1723-1731. DOI: 10. 1099/jmm. 0. 001106.
ALCOLEA-MEDINA A, FERNANDEZ M T C, MONTIEL
N,et al. An improved simple method for the identification of
Mycobacteria by MALDI-TOF MS ( Matrix-Assisted Laser

Desorption- ITonization mass spectrometry) [ J]. Sci Rep,

[19]

(20]

[21]

[22]

(23]

(24]

[25]

[26]

2019, 9(1): 20216. DOI: 10.1038/s41598-019-56604-7.
PENG Y, ZHANG Q, XU C,et al. MALDI-TOF MS for the
rapid identification and drug susceptibility testing of filamen-
tous fungi[ J]. Exp Ther Med, 2019, 18(6) ; 4865-4873.
DOI: 10.3892/etm. 2019. 8118.
SAMARANAYAKE W A M P, DEMPSEY S, HOWARD-
JONES A R, et al. Rapid direct identification of positive
paediatric blood cultures by MALDI-TOF MS technology and
its clinical impact in the paediatric hospital setting [ J].
BMC Res Notes, 2020, 13 (1):. 12. DOI. 10. 1186/
$13104-019-4861-4.
PIAMSOMBOON P, JARESITTHIKUNCHAI J, HUNG T
Q,et al. Identification of bacterial pathogens in cultured fish
with a custom peptide database constructed by matrix-assis-
ted laser desorption/ionization time-of-flight mass spectrome-
try (MALDI-TOF MS)[J]. BMC Vet Res, 2020, 16(1)
52. DOI. 10. 1186/s12917-020-2274-1.
QUERO L, COURAULT P, CELLIERE B, et al. Applica-
tion of MALDI-TOF MS to species complex differentiation
and strain typing of food related fungi: Case studies with
Aspergillus section Flavi species and Penicillium roqueforti
isolates[ J]. Food Microbiol, 2020, 86: 103311. DOI: 10.
1016/j. fm. 2019. 103311.
LUO LL, LIU W J, LI B, et al. Evaluation of matrix-assis-
ted laser desorption ionization-time of flight mass spectrome-
try for identification of Mycobacterium abscessus subspecies
according to whole-genome sequencing[ J]. J Clin Microbiol,
2016, 54(12) . 2982-2989. DOI. 10. 1128/ JCM. 01151-16.
YOO G Y, KIM E, KANG H, et al. Mass spectrometric
investigation of concentration-dependent effect of curcumin
and oxidative stress on intracellular glutathione levels [ J].
Anal Bioanal Chem, 2020, 412(12): 2873-2880. DOI.
10. 1007/500216-020-02524-9.
SANCHEZ-JUANES F, TEIXEIRA-MARTIN V, GONZALEZ-
BUITRAGO J M, et al. ldentification of species and subspe-
cies of lactic acid bacteria present in Spanish cheeses type
“torta” by MALDI-TOF MS and pheS gene analyses[J].
Microorganisms, 2020, 8(2). E301. DOI. 10. 3390/mi-
croorganisms8020301.
GOU JJ, LIU N, GUO L H, et al. Carbapenem-resistant
Enterobacter hormaechei ST1103 with IMP-26 carbapene-
mase and ESBL gene blaSHV-178[ J].
2020, 13, 597-605. DOI. 10.2147/IDR. S232514.

(4§45 :2020- 03-25; & [H] :2020- 05-26)

(%maE XRERAE)

Infect Drug Resist,



