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Comparison and optimization of pretreatment methods for direct identification of
pathogenic bacteria in bloodstream infections by MALDI-TOF MS
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Abstract: Objective  Comparing the accuracy of mass spectrometry identification for positive blood culture
samples processed by separator gel method versus lysis method, to identify the optimal pretreatment approach, thereby
facilitating rapid and precise clinical diagnosis and treatment of bloodstream infections. Methods From May 2024 to
January 2025, 348 positive blood culture specimens were collected from the Clinical Laboratory of Yinan County People’s
Hospital. After pretreatment of the positive culture broths using the separation gel method ( direct smear method and
formic acid method) and the lysis method (commercial kit method and red blood cell lysis method) ,they were directly
analyzed by mass spectrometry. The accuracy of the direct mass spectrometry identification results was evaluated against

the automated colony identification and drug susceptibility instrument results as the standard. For samples that could not
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be identified or whose identification results were inconsistent with microscopic morphology, 16S rDNA gene sequencing

was performed as the final reference standard. Additionally, the reliability of the superior method was validated using 112

simulated Candida-positive samples derived from clinical specimens and quality control strains. Results In the separator

gel method , the formic acid approach, which demonstrated a high concordance rate (89.37%) ,showed a lower identifica-

tion accuracy compared to the red blood cell lysis method (95.69%) in the lysis method, despite the latter having a

lower concordance rate. The difference was statistically significant (X* =10.059, P<0. 05). Validation was performed

using simulated Candida samples with high difficulty in direct identification to assess the lysis method. The results showed

that the concordance rates of the supporting reagent method and the red blood cell lysis method were 88.39% and

86. 61% , respectively , with no statistically significant difference(X>=0. 163, P>0.05). Conclusion The red blood cell

lysis method is a superior pretreatment method, offering high accuracy with identification accuracy rates of 96. 84% for

Gram-negative bacteria, 90. 48% for Gram-positive bacteria, and 86.61% for Candida, demonstrating comparable per-

formance to the supporting reagent. Compared with the supporting reagent ( which costs 2 000 yuan per kit ) ,the red blood

cell lysis method eliminates the need for additional high-cost purchases,is easy to operate,and is highly cost-effective,

and can effectively facilitate early and accurate diagnosis and treatment of bloodstream infections.

Keywords : Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; Bloodstream infections;

Direct identification ; Pretreatment method

1L 7 J8% 42 ( bloodstream infection , BSI) J&48 9% it
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1.1 FXRMkE
IS 4E 2024 4E 5 H—2025 451 AT E AR E
Brg A6 56 E B .55 TR bR AR 348 1y, 9 A bR [R]—
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112 BRATRE . O I R AR AS ST TR Ak (1)
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T, LT U F BE 2 100 CFU/mL, #HH 100 pl i3
AT 10 mlL fg B 2 038 IR, TR A0 05 BROA I
N L e =y alll 8
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Mg BRI A T A0 M 2R (L5 . RVDO3) I A 1
g Z AT AR B A A B 2N A 5 4 i e A 6 A ( 74
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PR\ 5 I B RE P AR 22 BT Al 25 5 00 P Al
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AR R TR 16 ~24 b IREIFEFIERE SR 1~3 d,
FH E sh b % e 2 SO 85 37 B A TR TR A T A
G, TOESE e S R RSB P IEEAE , BT
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GGTTACCTTGTTAC GACTT-3")#£47 PCR ¥ 3, ¥~
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1.3.2 JrESEorEsit 1) BRI JOWR S fe R
5 mL FHPE MBS SR A ST B R ML R , 2 600 1/min
B0 10 min, 37 B3 . 01 mL JoRE AR BRER K R
ERBRRE WA/ B L2, WITIR A A W 2
1.5mL EP & . 13000 r/min &.0>2 min,ﬁj:ﬁ%o
Jir 1 mL JowR AR BER K HiRZ 1R 5T, 13 000 1/ min £5.0
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O 1 min, BT pl B35 W0 i 2= 8040, B 5o
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& ,13 000 r/min B0 2 min, 3 FiE, A1 mL JC
AR BRER K IR IR 2T, 13 000 r/min B0 2 min, 5
I RUIE, RS ERIBLE R
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Bl  2) A= T4 - gk s DU (] Bk 152 8 BH
Jfi , IR W 545 T ( ATCC25922 ) il 4 {5 B0 T
(ATCC27853) .4 H& (A4 4 BR 1A ( ATCC25923) |
BT (ATCC10231) #EAT B, P& o J5
AR, 3) TR THEUET R B 1 2 10000 B T
10 pL BTG T SDA AR ST T4k, 115
2L 3 WIRTVE T SR 1 9 {E ( Mean) \BR#EZE (SD)
LB 5 Z A (CV = SD/Meanx 100% ) , it 455 4% 5
1 OSEIN B 7% BT e BLS T EUE 1) 50% ~200%
T N ; @ SE 3 R VT EEE R = R
(CV) <10% ; @5 mI 2 ([l = ST 75 34
{E/BIEHME X 100% ) FFiC 5% .
1.4 %itFik

5141 SPSS 29. 0 #RAFH#EATEAE 43 B, BT R
Phn(%) 3w, AR BRI X Rk, LA P<0. 05
hESAGIFE X,

2 #R

2.1 #HAABKELER

BHAE L5 IR AR A L 00 B g v 348 Ak, 4 22 Y]
PER 285 Bk (81.90%) , LU #T B H 4 B #x £
(92.63% ) , Herh R i T e 16 2, i % o R AF T
W 52 PHPE T 63 Mk (18.10%) , LA BRI I %
(38.10%) ., WK 1,
2.2 5 EKRYH®

348 R 20 B AR I VR R AL BT ER A L 289 Bk,
T FF R D FR T VBR300 Bk, SR R 2 4N T
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B 1 348 #mREARARLER

WK HRAL TN IR AL, 2R A S # B L (X =
5.848,P<0.05), MHETESMTER F2 MRS
SEEOAHEAKENNTERE LM ERAGRITEE L
(P<0.05), 3250 H W i 5 2 22 B B, Heovp
SR AIKTT 8 Mk, B 5 B BH M A A BRI 4 K,
I BERTA 4t BEEKTR 1 A A 22 PP TR (33 42
FIE) 1 Bk, RATEIN BRI A RE e, 22
BiitaE i L (X =10. 743, P<0. 05) 5 XF 5 2% P 14
ISR/, it 28 5 T AR T 394 B 181 118 22 5 6
iiteFE L (X*=0.378,P>0.05) , 1E 348 KR
PR AL T G A B REAS L 311 Bk (89. 37% ) 1T M 4
FE,36 PR (10. 34% ) RYEE 1 R (0. 29% ) BE [ i
PRI AT BRI S e 418 . USSR RVR S e 45 R
FRUE, I R AL PR |, 22 PR | 22 AR T 4
HEBRAY B2 92. 63% . 74. 60% , 22 A B it &
SL(X*=17.649,P<0.05) , 1% HH H iR v 45 2 5K
BT BHUR S, JUHAE S 2 FHE TR A 48 3R
B, k1,
2.3 Ak

DARES% TR VA S5 00 Ja B 245 SR b, il it 45
TE T A RN 97. 70% , o 2% B 1 fi >4 BH
PR Y S E ST A RN 98. 25% Fll 95. 24% 5 41 41 iy
BRI TE AT A RN 95.69% , L BT L B
= BHME TR 9 45 8 45 5 2853 501 96. 84% 90. 48% .,
[y A e YA G Y N g B R I e 5|
WA BA AT R R A 22 P TR A S AT
GRS HEFIFIEEL(P>0.05),
X MR 8 > B TR R % BRI B 10 5 5 2T A
J i S e SR S ORI Y, AR 2,
2.4 EfgikAen By BTk

348 R A AT Z1 4 b 4 i 0k T ME A R 1 333

B, B R A BT VAR AS 311 R, 2T 20 S TR
BEEHERESTHRE, ZRARIT¥HEX
(X*=10.059,P<0.05) ., PiFh 5 i 7E 55 2= B
RIWGERA 2 P R P S e R LI 22 5 A
it L (P<0.05) o 22 B w9 il 58 v 7
AR BB E A G R 2R LRI E L (P>
0.05), HEMHMEHEMFEREERARITFEXL
(X*=5.507,P<0.05) , {H ELIAF & 1] 22 7 51t
FREX(P>0.05), srE s Bk G RE i i
P v 6 e MER R A T 24 05 T A 6 AR 21 40
SR , X R AR S e R B T oy B oy
Bk, WER 3,
2.5 BEEAZRHE A K

VIBE SR TR V5 450 Je i 25 S b Bl 30 vk
WERF A RN 88.39% , 1 40 M 24t T vk ML E AT
Ky 86. 61% , IR 5 IL1E AT & 3 R TR 1A
P SR B EF A% LA EER (HER TSR
TR X (P>0.05) , X FRELLA0 240 W FBL &
RAE SR I S SR B, Wk 4,

3 itig

RGBT I TP AT M S 15 5%, 5 9% (4
18~24 h, JRE 1~3 d) 5%, EE R 8 h, Wi
R T BE R A MGRIT I E . MALDI-TOF
MS & — R AL B A HLBOE HOR | il W R
TR R R P E T BRI A A
30 min 7 HUR IR, AT PO AR e v
B v A E YRR RIS AR B e A R
TG AR A A . B A FE P I 3% 37 MALDI-
TOF MS H 4% %% 1Y £ 2 kA 46 2575 I AN i
FESE PR L o0 B e AN IR IR L R Ay vk
X BTy A S iR B T R R E B
MLEs 57, B U Sepsityper® 1R 7] £ ( Bruker Dalton-
ics) Vitek MS I35 F#87 & ( bioMerieux, Inc. ) ,{H
JEIX SR & s B 5, BER R IE A S T A5
FHEEEFE S R T AR, 4 %
# Karadag D X} b Sepsityper® 7l & . SDS 4
il 22 B B0 AR I BT R IOE , I SDS i %
TERCR IR ARERE T 5 22 B PR T AR 22 PP A
Y TE RN 86.3% .75.9%" . Yuan % AL
OY BT B R 2 B T | A 2 B T e R
SR % 91. 5% (88. 3%,
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1 2 EBRSBFAEET hERBREFAZ L

Hik(H) AT B (%)
- LRSS ain Eaks PiaES PP oS v Pt
* s THER T omrw ()  CPEROERER L.
ki Edp:3 B 35
FZHRE 285 203 57 25 91.23 224 40 21 92.63  0.378 0.538
PNE S 173 136 30 7 95.95 146 20 7 95.95 - -
B ST 65 40 13 12 81. 54 4 14 9 86.15  0.511  0.475
HetEmE 4 2 2 0 100. 00 4 0 0 100. 00 - -
FREHHE 4 4 0 0 100. 00 4 0 0 100. 00 - -
MERBRELRHE 2 0 2 0 100. 00 2 0 0 100. 00 - -
I RATRIRATH 2 2 0 0 100. 00 2 0 0 100. 00 - -
R ER 1 1 0 0 100. 00 1 0 0 100. 00 - -
DIVE B 1 0 1 0 100. 00 0 1 0 100. 00 - -
TR 34 B 4 T A6 12 0 9 3 75.00 2 8 2 83.33  0.600 1.000
REHE B 14 12 0 2 85.71 12 0 2 85.71 - -
RSB IE 2 2 0 0 100. 00 2 0 0 100. 00 - -
HiE A AE RIBE 4 3 1 0 100. 00 0 0 100. 00 - -
TR IR A AR T 5 6 2 1 0 0 1 0.00 0 1 0.00 - -
F2rAME 63 0 29 34 46.03 25 22 16 74.60  10.743  0.001
EHEHAHRE 19 0 8 11 .12 12 4 3 84.21  0.136  0.017
RE B HRE 12 0 4 8 33.33 0 8 4 66.67  0.250  0.220
ES Y 24 0 14 10 58.33 11 7 6 75.00  1.500 0.221
HIRH B 4 0 3 1 75.00 2 2 0 100.00  <0.001 >0.999
HAeE L 4 0 0 4 0.00 0 1 3 25.00 <0.001 >0.999
Bt 348 203 86 59 83.05 249 62 37 89.37  5.848 0.016
A2 AR ABEET LIERRRE AR
BB KA (#R) am R R ()
FRHE ik EFHYER EHEE frat EHER EHER frot X?15  PAE
* wr) THER T omrw ()  EROERER L
B 35 34 35
FZRRE 285 256 24 5 98.25 223 53 9 96. 84 - -
PNE S 173 165 8 0 100. 00 142 31 0 100. 00 - -
B ST 65 53 9 3 95.38 45 14 6 90.77  0.478  0.490
HetE0H 4 4 0 0 100. 00 4 0 0 100. 00 - -
FREHHE 4 4 0 0 100. 00 4 0 0 100. 00 - -
MERBRELRHE 2 2 0 0 100. 00 2 0 0 100. 00 - -
I RATRIRATH 2 2 0 0 100. 00 2 0 0 100. 00 - -
BRI ER 1 1 0 0 100. 00 1 0 0 100. 00 - -
WIVHE B 1 1 0 0 100. 00 0 1 0 100. 00 - -
A AT LR 12 6 6 0 100. 00 5 6 1 91.67 - 1.000
REHE B 14 13 0 1 92.86 13 0 1 92. 86 - -
RBEIE 2 2 0 0 100. 00 2 0 0 100. 00 - -
HELMAERER 4 3 1 0 100. 00 3 1 0 100. 00 - -
WK AT S G2 H 1 0 0 1 0.00 0 0 1 0.00 - -
E2rME 63 41 19 3 95.24 27 30 6 90.48  0.479  0.489
EHERARE 19 15 4 0 100. 00 10 9 0 100. 00 - -
REMAEE HRE 12 5 5 2 83.33 4 6 2 83.33 - -
ES Y 24 16 7 1 95. 83 11 11 2 91.67 <0.001 >0.999
L3 8 4 3 1 0 100. 00 2 2 0 100. 00 - -
FAeE 2 4 2 2 0 100. 00 0 2 2 50. 00 - 0.429
Bt 348 297 43 8 97.70 250 83 15 95.69  2.203 0.138
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A3 amp Aok S ik ARSI m R AFA R ATk

am R R () A B ()

— BRA% . . T & o . e &
AR £7(H) EHER EHET P (%) ERER EHER P (%) XM P

EEG ) B E)
FZMBY 285 223 53 9 96. 84 224 40 21 92.63  5.067 0.024
KA e 173 142 31 0 100. 00 146 20 7 95.95  5.249  0.022
X e EE 65 45 14 6 90.77 42 14 9 86.15  0.678 0.410
e xE0H 4 4 0 0 100. 00 4 0 0 100. 00 - -
FREHHE 4 4 0 0 100. 00 4 0 0 100. 00 - -
AR L RY 2 2 0 0 100. 00 2 0 0 100. 00 - -
 KATR AT 2 2 0 0 100. 00 2 0 0 100. 00 - -
AR ER 1 1 0 0 100. 00 1 0 0 100. 00 - -
YIHEE 1 0 1 0 100. 00 0 1 0 100. 00 - -
B34 B A B SR 12 5 6 1 91. 67 2 8 2 83.33 2,200 1.000
REHE B 14 13 0 1 92.86 12 0 2 85.71  2.167 1.000
ARBERE 2 0 0 100. 00 2 0 0 100. 00 - -
WiEEAAE RIEH 4 3 1 0 100. 00 4 0 0 100. 00 - -
BB AR R T G218 1 0 0 1 0. 00 0 1 0.00 - -
¥ 2 63 27 30 6 90. 48 25 2 16 74.60  5.507 0.019
EREHAHRA 19 10 9 0 100. 00 12 4 3 84.21 - 0.230
B E SRR B RE 12 4 6 2 83.33 0 8 4 66.67  2.500 0.640
W 5 3, 24 11 11 2 91.67 11 7 6 75.00  1.350 0.245
HIRHE 4 2 2 0 100. 00 2 2 0 100. 00 - -
bV CPE ) 4 0 2 2 50. 00 0 1 3 25.00  3.000 1.000
Bit 348 250 83 15 95. 69 249 62 37 89.37  10.059  0.002

F 4 BEBEABLEEEMARA RS T3

_ R A () LR MR (#)
R AR EHER ERER rex EHEE ERER TR e ra
BE(H) ‘ ' kg (%) ‘ T okxxs (2)

B 35 3| 35
X EHRE 36 19 14 3 91.67 17 16 3 91.67 - -
b eAh%E 40 15 20 5 87.50 11 23 6 85.00  0.105 0.745
REEKE 12 5 5 2 83.33 3 7 2 83.33 - -
HFERERA 6 4 1 1 83.33 2 3 1 83.33 - -
R 18 4 12 2 88. 89 3 12 3 83.33  1.600 1.000
Bit 112 47 52 13 88.39 36 61 15 86.61  0.163 0.686

H AR 4 22 0 R B ey s vk o
ARSI NS L A3 B IS A Bk S R R B I A
B TP R 2% 1 ) R YAV I T SR v M R
TR LT AR AR, I A B 2 M
F2 MR AR E R AR E L R RR
BAERR S T B ek, FRF R8T 50
Pie 2 AR 4 0 T AR I (BB R R LA 195
IR 20 0 M AR, 21 40 e S A T R TR
MmRIIR ) =z —, I T MALDI-TOF MS H £ % &

o S B o A AN W 3K ELS THRAE , S ST 3
MRS IR L T RAFR R TSR 53 A SCHRGE
BIREWIITE T H YR S R ]
figpk T LAy figp Rk — AL, Ot ) DL 21 4 it 2
FRR LA AT B 3, SO TR S R RE A5

i 58 e A B8 RE AR RIS, nTRE RS 7
RN, S ERVE R R 5 R R IR
BOZ , RRTE AR ARG A DT, Hfh o 22
TR £1 A M SR RS R S T Y 2 R B AT
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T, ATRE R A I, TR R RE B HE M 55 1 i
IR T LR B U6 9 85 W2 45 A T B4 5% T 7 AR 4
FEAN, TR LAR R A G 1) TRk B D AR, 451 4n
5 ] T O 2 7 26 K TR 45 oM 75 L R B R A/ 2
UL AN BB ER 2 2) AT )5, i RER
PRIXE , N REAT RUCIR A5 TR AR P A 1, 17T 5 i G 3 285
W LE R, SRAEREEKTE il R BEBRTA | A EK
RS X 53, ZHUE R KT 5, X 5 & 5 L
A7 DL AT BE VT C 3% 2 TR VA B30T % B b A 1 Ol —
] S EREER R T, AT — ZEREER T, 4T 40 i
SRR L S 5 B KE AT oAt 34 02 & K WA
(Hp—REERD 6.207 i REERRE ) , &/00]
B BN EERK T & |, I TAE S 3G % = s h gt
A R 2 BHEBR TR

25 ik, 21 A0 S A k2 s B E i Ak
PR, e R i SRR 8, B SR R, v A
AR AR R 1) (R R, R TS B0 B R A
BSI 5 [ B A9 T 8, 1A S s B R 5 RS ME 12 3R
BSI ¥%9%

HEFTR ITAEEAFTARELEHE TR,

B2k
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