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Abstract

Objective: To review the research progress of rapid pre-treatment combined with MALDI-TOF MS
in the direct identification of pathogens in bloodstream infections. Method: The authors reviewed
the research background and current status of rapid pre-treatment combined with MALDI-TOF MS
in the direct identification of pathogens in bloodstream infections by reviewing relevant literature
both domestically and internationally. Result: The application of MALDI-TOF MS technology in the
direct identification of pathogens in bloodstream infections is becoming increasingly widespread.
In order to quickly and accurately identify the pathogens of bloodstream infections, many methods
combining rapid pre-treatment with MALDI-TOF MS identification of positive blood culture bottle
pathogens have emerged. Different pre-treatment methods have certain differences in identifica-
tion accuracy, but the overall accuracy is relatively high. Conclusion: Current research shows that
different rapid pre-treatment methods combined with MALDI-TOF MS have certain feasibility in
the direct identification of bloodstream infections, which can greatly shorten the time for pathogen
identification and have outstanding advantages.
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1. 5|

I E& 44 (Bloodstream Infection, BSI) & ¥ i A4t N A4 L3775 S50 — P ™ B 4 B B 4L 1 0 » i JiR
AR A F o BEE R NI R BT R A S 0 70 )2 A, R Sskim, itk
MEEEFF[1] [2], Ah T IR i e S B e 2 — 3] It B GLE FR T I FE TRy 28.7%; TERRINKIBET- RNy
13.1%; fEJLRINPIFET-ZN 13.8% [4]. FEMPUERG R E B, PO IE GNP E 249 & 35 F B2,
FEARTRE 1% %5 7] e 5 BOFE T2 2 KM 0 [5] -

I 3577 (Blood Culture, &K M55 %) & 12 W LA GL (A FRIE[6], A 1 T I 70 JE s 155 1) L
B[7], EMBEMAUERG SO, RO AT 7% DL B B [8], A /& g A 4 B R X
[9]. MG EZPURIEIT LR S B A B R 38 0L B AET % A OG[10] . ML 44 1099 Ji 1 1)
SIATTEOLEAR[1L],  H A0 e G (8 5 1 45 5 BT 7 I RV AR, T bR . AERf . A RSO AT I
B 70 I B R %o ot AR G 2 W AR T A R B X [12] [13].

=13
2. 5=

[ FU G AR R XIS [ AT SCERARGE[14] [15], ALK 2 A8 500 25 2 18]
R IR R SAET R B G, MR R B A PR P06 T RER 1 /b, PIEE SRR T
B2 7.6%. ARl PR | AR M A SR B R U R VE ST B AT OGN L [16] . AR 2 N AN BAE M AN
WA BB AWHRER A B KB IR B 10 BH P AL 35 R B A A0 BT 1) A AL 3 1 SRR, AT g
LI Jir TR ) 45 R G
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3. MALDI-TOF MS HARZE M7 B R E L E P Y A

A (Mass Spectrometry) K FH 3 J5i ffi B0 AfE W FEL 2 AT IS 8] B i (MALDI-TOFMS) £ AR 4 AN [H]
Ji R E ISR A R AR E AR AU, R A E R GBS R A B R W TR IR
Sy BRI (B R . WIIREE S RO R ) ME R PR %€ . MALDI-TOF MS Jis J5 i 4E )
SR PRTE R Bk WER . BRAEMTE RS T, B TR G A S e R HOR AL I B, IR
Iz R, TELHTE % AR R R S AR A

3.1 BHRELEEE

g % e HiARM L, MALDI-TOF MS HiAR & —Fhhgesm K. Puisl. A5ah H 25 m ki % e 58
MR 1) J7E[17]. MALDI-TOF MS BEAR 1 H RU4H B % € it f2 5 W A S e KRB FE): 1) B3RS
R, A AR, IRESRRFATE: 2) R PH M 8 37 b 2 AR O B 5 i DASR AR 2 0% B ) B
N E (BN TR AlA): 3) BN I 200 B A e 4 . AEBR B AT W LB 4 B ) b 2 e = b
i % 24 /NII[18] [19]. AHE TAE G A EHOR, 72 H WIR JE # K% E 1 MALDI-TOF MS R [ #ER
HHGF, AT S AR R, B R KA R 4. B M2 T KA E Tt
L5 708 S B P 68 S TR T 7 T K328 T AN B s ML IR SR e R 12 7 1 K

3.2. RIFATALIELE S MALDI-TOFMS HAE MBI R R EEZRLEEPHIRER

I35 5% B b A 40 T B 24K 45 4 MALDI-TOF MS FE R B4 % 5 I 1% 552 BA A A0 J5 1 (5 1
P2 55 T V) A 2 M85 TR P PR R S B0 bR AR AT DR 41 B s SR A0 B, R )5 B 4212 | MALDI-TOF MS
RBEATYH %2 7% H7515:4335 T MALDI-TOF MS ARG ATAC B sk, R ERE 28
Al A0 R R T4 E, RN BRI B FR RN 2 8 — WA, B Mm & a5 TR i
TR LT 75 Sk B 5 b A R 77 LR Al 9 B 8 A e Bk — 20 52 USSR LA 58 T v AR S

KY55 745 24 /NI,
H A 78 558 22 41 B8 128 Al Ak B i A B O v2: 25 A 43 B s 40 B L LI B SRR AR B E SR EE[20]
[21].

3.2.1. HBERSEEL S MALDI-TOF MS HR 22 A 14 M 1% 55 408 & P A R B

G T FRAE 3% 3975 R T DU 4 8 b e T A S A 0 58, S0 YRGS B 13 2140
YLVE T8 5 T S 5 o 5 R0 (0 FLAt AT AR 5 VAR B, 7 R SR BCE I, ATAE 20 min PSR SE .
I 2R S R BE 7T 45 SRR o 22 B VAT B M B 5 T S BV BR R, /D LA (R SR B R, AT R
L5098 R AR S S 5 (ORI R 2 S A6 AT K [22] 0 3 B IR A BVE 23R AR FIAE . A, H%E
SER AR BIARE B M40, WK =2 k.

3.2.2. FARHESFT AL A MALDI-TOF MS BARZE PRI M % 5+ w4 E P AN A

R A1 M 5 577 R 220 R 38 7 5 77 i D 5 T A0 S 8 4 2 [24], HLAEW VR M m] A7k th A2 SR T
52, —WUEIN B 9R1% 456 MALDI-TOF MS $i AR 7E BH 4 1L 1% 77 40 B 45 7€ FO BT 78 1 [25] %658 1 310 AN BRI
PRAS, 95.20075 4B 45 R, S5 R 97.9% LA 452 B, H A 2 B i A4 22 B VE T M HER R th AR S
LY BRI ZE S A E AR A, B IRIE45 S MALDI-TOF MS BURZEAT L1 5795
JRR %5, BEERTTRIN A E A, 8 5E sl oh SR Bl 2 H I [26] [27] [28] -

FELI B4 IR 45 5 JoU 0 46 58 BORAE ML G B 3 P M E R R B s ARG TRk L, e KA
—ERR AR TN I A KRR, R R BA IR A B A D R BAE T R BUR ), A
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NI I VB AR B TR 45 1 70 B R R AT 46 5 T A B T A5 SR R (1 LR R 15 B

3.2.3. EEM AL S MALDI-TOF MS AR 72 PR 1 55 s & 2 R A

WL PR B SRR R B4 25T R B MR RV E RIS 15 R I B R

TR 2R AR AR FH 29 70 (B SR T v 1 750 P FH e N A S, 2R 2 P o R 3L I 254, T FH T
N ARHL, Stk A BH M 5 78 i b S AN B, B ot % 1) I IR B SR B A4k B 1 . Sepsitype
TR 2 1 ] A 5 o B A T 2575 R B M A 4 M 4 0 7 i, BRAE AT, (H A m[18]. B ATsk
96 R 2255704 + e R R R4 (Sodium Dodecyl Sulfate, SDS)FIEH, 7 FH I 3% 75 () B % 52 v,
PO B AR B vk B R B A S5 1 I SDS HIMEIRALEE, X619 i MALDI-TOF MS )% & HERf AT i K T
I H. SDS i Ab B £ A5 o Vi 465 2 5 AR 11 5 5 0O o2 B O 22 P MR R [29] s i SR VA 18] E
=2 B PEAT TR 2 22 S IR A 1 58 R 0000 94%. 70%.

BB R B BRG0P AR A AR T 7T [30] ) 45 s e R A v,
=2 B AT TR 4 ST (R e 25 8 (KT 2 B P A B R =2 B MR ER BT, D7V AR AR X B

4. B

AT E A O BT 5 77 B AR AR BT AR FR A v iR &, (H e TR AR s S R N, [ s
%K WL 43 B w4 4 8 R - L bs A (R AL BE[31] . AN ] (R BRE RT Ab FE 45 &5 MALDI-TOF MS $i AR
TE MG B B 458 TP A — B MW AT I, BRI R P 440 7 i B S TE TR ] i A3 77 v 2 AL,
MBA B JUFRERGE 5T AR FE J57%:45 6 MALDI-TOF MS B #2458 55 MU i % 52 xS b g5 mT LG Y, $5=4FH
PEBRB %5 8 AR, TR T RER[18]: 1) H2PHIERRERZ R pEE 2 | 8 3G 2) ST
S P R AR A LG, PO S T AT R TR B 2 S B M s 3) — LS PR AR
JREEH A AU Gy AR R S . Sk, AR KGNS H TR BRI R A R 70 0 S B I A0 B8 2 AR R A
AT RS FH TR R A E X SO RS 3R0E B i (Y 8 5 4 1 & 38 MALDI-TOF MS BT %58 . (A%
T R AT S M AR e 4TRSS, HLE N RTINS, AR PR R

SE

[1] Liu, Y., Cui, B., Pi, C., et al. (2021) Analysis of Prognostic Risk Factors of Bloodstream Infections in Beijing Com-
munities: A Retrospective Study from 2015 to 2019. Mediterranean Journal of Hematology and Infectious Diseases,
13, 2021060. https://doi.org/10.4084/MJHID.2021.060

[2] Mponponsuo, K., Leal, J., Spackman, E., et al. (2022) Mathematical Model of the Cost-Effectiveness of the BioFire
FilmArray Blood Culture Identification (BCID) Panel Molecular Rapid Diagnostic Test Compared with Conventional
Methods for Identification of Escherichia coli Bloodstream Infection. Journal of Antimicrobial Chemotherapy, 77,
507-516. https://doi.org/10.1093/jac/dkab398

[8]1 +E BT R AEE BRAS T S IG RE P 5 sy 25, HHARR S IR 0 S IR IR A 2, IR %2
TR P2 R0 G 2 oy o W IR AR W 22 40 T 3% 7R R B I i 2 W I PR S e T R R[], R ARG IR R
4:&, 2022, 45(2): 105-121.

[4] ALukER, BXES, FRE, 5. mmHX 2130 bRy e 5w it o An i 25 i ], B DAR IR A&, 2022,
32(18): 2177-2180.

[5] Yoo, LY., Ha, S.I,, Huh, H.J., et al. (2024) Evaluation of a Modified Protocol for the SepsiPrep Kit for Direct Identification

and Antimicrobial Susceptibility Testing from Positive Blood Culture Using BACTEC Plus and BacT/Alert Blood Culture
Bottles. Annals of Laboratory Medicine, 44, 183-187. https://doi.org/10.3343/alm.2023.0294

[6] Brlde, BERFE, b, 55, MRS TR0 S B AR BN R) L TERE 2 A S 24 70 M [3]. e B2 2B 9T, 2021, 30(32):
6097-6100.
[7] Scheer, C.S., Fuchs, C., Griindling, M., et al. (2019) Impact of Antibiotic Administration on Blood Culture Positivity at

the Beginning of Sepsis: A Prospective Clinical Cohort Study. Clinical Microbiology and Infection, 25, 326-331.
https://doi.org/10.1016/j.cmi.2018.05.016

DOI: 10.12677/md.2023.134072 475 L2212 W


https://doi.org/10.12677/md.2023.134072
https://doi.org/10.4084/MJHID.2021.060
https://doi.org/10.1093/jac/dkab398
https://doi.org/10.3343/alm.2023.0294
https://doi.org/10.1016/j.cmi.2018.05.016

i %

[8] Fabre, V., Sharara, S.L., Salinas, A.B., et al. (2020) Does This Patient Need Blood Cultures? A Scoping Review of In-
dications for Blood Cultures in Adult Nonneutropenic Inpatients. Clinical Infectious Diseases, 71, 1339-1347.
https://doi.org/10.1093/cid/ciaa039

[9] Fida, M., Wolf, M.J., Hamdi, A., et al. (2021) Detection of Pathogenic Bacteria from Septic Patients Using 16S Ribo-
somal RNA Gene-Targeted Metagenomic Sequencing. Clinical Infectious Diseases, 73, 1165-1172.
https://doi.org/10.1093/cid/ciab349

[10] Wang, Y., Jin, Y., Bai, Y., et al. (2020) Rapid Method for Direct Identification of Positive Blood Cultures by
MALDI-TOF MS. Experimental and Therapeutic Medicine, 20, Article No. 235.
https://doi.org/10.3892/etm.2020.9365

[11] Zhou, M., Wu, Y., Kudinha, T., et al. (2021) Comprehensive Pathogen Identification, Antibiotic Resistance, and Virulence
Genes Prediction Directly from Simulated Blood Samples and Positive Blood Cultures by Nanopore Metagenomic
Sequencing. Frontiers in Genetics, 12, Article 620009. https://doi.org/10.3389/fgene.2021.620009

[12] Peri, A.M., Harris, P.N.A. and Paterson, D.L. (2022) Culture-Independent Detection Systems for Bloodstream Infec-
tion. Clinical Microbiology and Infection, 28, 195-201. https://doi.org/10.1016/j.cmi.2021.09.039

[13] Eichenberger, E.M., de Vries, C.R., Ruffin, F., et al. (2022) Microbial Cell-Free DNA Identifies Etiology of Blood-
stream Infections, Persists Longer than Conventional Blood Cultures, and Its Duration of Detection Is Associated with
Metastatic Infection in Patients with Staphylococcus aureus and Gram-Negative Bacteremia. Clinical Infectious Diseases,
74, 2020-2027. https://doi.org/10.1093/cid/ciab742

[14] Buehler, S.S., Madison, B., Snyder, S.R., et al. (2016) Effectiveness of Practices to Increase Timeliness of Providing
Targeted Therapy for Inpatients with Bloodstream Infections: A Laboratory Medicine Best Practices Systematic Re-
view and Meta-Analysis. Clinical Microbiology Reviews, 29, 59-103. https://doi.org/10.1128/CMR.00053-14

[15] Rydzak, T., Groves, R.A., Zhang, R., et al. (2022) Metabolic Preference Assay for Rapid Diagnosis of Bloodstream
Infections. Nature Communications, 13, Article No. 2332. https://doi.org/10.1038/s41467-022-30048-6

[16] =K, tHREA, M, . 2051 fRii e gem iR B A0 A 25 0 [9]. H B2 AR fR AR PR 2, 2021, 19(5): 99-104.

[17] REH, THEE, ¥y, e EEEEIRERS MALDI-TOF MS PR 45 8 2 G P BH 14 L5 2R AR D). FRic G
B 5IRK, 2020, 27(12): 2176-2180.

[18] Bianco, G., Comini, S., Boattini, M., et al. (2022) MALDI-TOF MS-Based Approaches for Direct Identification of
Gram-Negative Bacteria and Bla KPC-Carrying Plasmid Detection from Blood Cultures: A Three-Year Single-Centre

Study and Proposal of a Diagnostic Algorithm. Microorganisms, 11, Article 91.
https://doi.org/10.3390/microorganisms11010091

[19] Kim, KJ., Yun, S.G,, Cho, Y., et al. (2023) Evaluation of a Sterile, Filter-Based, In-House Method for Rapid Direct Bac-
terial Identification and Antimicrobial Susceptibility Testing Using Positive Blood Culture. European Journal of Clin-
ical Microbiology & Infectious Diseases, 42, 691-700. https://doi.org/10.1007/s10096-023-04592-y

[20] Ponderand, L., Pavese, P., Maubon, D., Giraudon, E., et al. (2020) Evaluation of Rapid Sepsityper® Protocol and
Specific MBT-Sepsityper Module (Bruker Daltonics) for the Rapid Diagnosis of Bacteremia and Fungemia by
MALDI-TOF MS. Annals of Clinical Microbiology and Antimicrobials, 19, Article No. 60.
https://doi.org/10.1186/s12941-020-00403-w

[21] Azrad, M., Keness, Y., Nitzan, O., et al. (2019) Cheap and Rapid In-House Method for Direct Identification of Positive
Blood Cultures by MALDI-TOF MS Technology. BMC Infectious Diseases, 19, Article No. 72.
https://doi.org/10.1186/s12879-019-3709-9

[22] VFMITE, SCIR, TKBEE, S5 RS E BN 8 R R0 PE B AU AT AL B VPPN (D] R R ALK F AR (1E AR R),
2022, 42(2): 233-238.

[23] #A4kLL, TAk¥S, T, %5 MALDI-TOF MSTEIG R A7) % & AR HEAL R/ E T K ILR[I). AR IG R 2 e &,
2019, 42(4): 241-249.

[24] Thirds, FME, FFEES. MALDI-TOF MS 45 4 s 720 /e I I 7205 08 e s o OIS AR FILD). Wb
IR A, 2020, 19(2): 223-225.

[25] Zengin Canalp, H. and Bayraktar, B. (2021) Direct Rapid Identification from Positive Blood Cultures by MALDI-TOF
MS: Specific Focus on Turnaround Times. Microbiology Spectrum, 9, e01103-21.
https://doi.org/10.1128/spectrum.01103-21

[26] Ozenci, V., et al. (2020) The Impact of Delayed Analysis of Positive Blood Cultures on the Performance of Short-Term

Culture Followed by MALDI-TOF MS. Journal of Microbiological Methods, 177, Article ID: 106027.
https://doi.org/10.1016/j.mimet.2020.106027

[27] Cherkaoui, A., Renzi, G., Azam, N., et al. (2020) Rapid Identification by MALDI-TOF MS and Antimicrobial Disk
Diffusion Susceptibility Testing for Positive Blood Cultures after a Short Incubation on the WASPLab. European Journal

DOI: 10.12677/md.2023.134072 476 L2212 W


https://doi.org/10.12677/md.2023.134072
https://doi.org/10.1093/cid/ciaa039
https://doi.org/10.1093/cid/ciab349
https://doi.org/10.3892/etm.2020.9365
https://doi.org/10.3389/fgene.2021.620009
https://doi.org/10.1016/j.cmi.2021.09.039
https://doi.org/10.1093/cid/ciab742
https://doi.org/10.1128/CMR.00053-14
https://doi.org/10.1038/s41467-022-30048-6
https://doi.org/10.3390/microorganisms11010091
https://doi.org/10.1007/s10096-023-04592-y
https://doi.org/10.1186/s12941-020-00403-w
https://doi.org/10.1186/s12879-019-3709-9
https://doi.org/10.1128/spectrum.01103-21
https://doi.org/10.1016/j.mimet.2020.106027

Pk 2%

(28]

[29]
[30]

[31]

of Clinical Microbiology & Infectious Diseases, 39, 1063-1070. https://doi.org/10.1007/s10096-020-03817-8

Bellangera, P., Gbaguidi-Haore, H., Liapis, E., et al. (2019) Rapid Identification of Candida sp. by MALDITOF Mass
Spectrometry Subsequent to Short-Term Incubation on a Solid Medium. APMIS, 127, 217-221.
https://doi.org/10.1111/apm.12936

B, T3, 254 MALDI-TOF MS H #5255 € I35 57 B PE9% I8 (IG R R A [J]. REIREE %, 2021, 36(4): 424-429.
TRTRGR, BRY5, M, 25 BE Rk B EYRAE MALDI-TOF MS B4 5 M 37 B PEAR A b B S [3]. IR
4624 &, 2020, 38(11): 858-860, 866.

Chen, X.F., Hou, X., Xiao, M., et al. (2021) Matrix Assisted Laser Desorption/lonization Time of Flight Mass Spec-
trometry (MALDI-TOF MS) Analysis for the Identification of Pathogenic Microorganisms: A Review. Microorgan-
isms, 9, Article 1536. https://doi.org/10.3390/microorganisms9071536

DOI: 10.12677/md.2023.134072 477 L2212 W


https://doi.org/10.12677/md.2023.134072
https://doi.org/10.1007/s10096-020-03817-8
https://doi.org/10.1111/apm.12936
https://doi.org/10.3390/microorganisms9071536

	快速前处理结合MALDI-TOF MS在血流感染病原菌直接鉴定中的研究进展
	摘  要
	关键词
	Research Progress on Rapid Pre-Treatment Combined with MALDI-TOF MS for Direct Identification of Pathogens in Bloodstream Infections
	Abstract
	Keywords
	1. 引言
	2. 背景
	3. MALDI-TOF MS技术在血流感染病原菌鉴定中的应用
	3.1. 常规质谱鉴定法
	3.2. 快速前处理结合 MALDI-TOFMS技术在血流感染病原菌直接鉴定中的探索
	3.2.1. 分离胶分离法结合MALDI-TOF MS技术在阳性血培养细菌鉴定中的应用
	3.2.2. 短时培养法结合MALDI-TOF MS技术在阳性血培养细菌鉴定中的应用
	3.2.3. 选择性裂解法结合MALDI-TOF MS技术在阳性血培养细菌鉴定中的应用


	4. 总结
	参考文献

