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[Abstract] Objective To evaluate the accuracy of matrix-assisted laser desorption ionization time-of-flight mass
spectrometry (MALDI-TOF MS) in identifying common clinical fungi, and provide evidence for the diagnosis and
treatment of fungal infection. Methods Literatures about the accuracy of MALDI-TOF MS in fungal detection were
searched through databases by computer, after quality evaluation and data extraction of the included literatures were
performed, bias risk of included literatures was evaluated by QUADAS-2 tool, Meta-Disc 1. 4 software was used for
Meta-analysis, diagnostic efficacy of different sources of strains, species of strains, reference methods and instru-
ment use in each subgroup were compared. Results A total of 26 articles and 9 708 strains of fungi were included,
covering the common clinical yeasts and filamentous fungi. Meta-analysis showed that the combined sensitivity
(95% CI), combined specificity (95% CI), combined positive likelihood ratio (95% CI), and combined negative
likelihood ratio (95%CI) were 0. 97 (0. 97 = 0.97), 0.85 (0. 81 = 0.88), 5.60 (4.55—6.90), 0.02 (0. 01—
0.04), and 282. 40 (149. 50 — 533, 46) respectively, the area under summary receiver operating characteristic
(SROC) curve was 0.9078. The results of subgroup analysis showed that MALDI-TOF MS technique has a good

effect on identifying clinical yeasts and filamentous fungi, which is not affected by the source of strains, instrument
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brand and other factors. Conclusion MALDI-TOF MS is highly accurate for the identification of clinical pathogenic

fungi, it is suitable for wide clinical application.

[Key words] matrix-assisted laser desorption ionization time-of-flight mass spectrometry; fungus; yeast; filamen-

tous fungus; identification; Meta-analysis
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F 1 MALDI-TOF MS % & % UL 5 18 B M Meta 53-8 99 A SCHR (19 2 A4S R fiE
Table 1 Basic features of included literatures for Melafanalysis on accuracy of MALDI-TOF MS in identifying common fungi
SCHR A IR /34 B b ZE Ik (& TR R TR TP FP FN TN
Bader 1(2011) 1192 EERRE EHOTE bioMérieux I A 43 85 1130 1 54 7
Berrio 171(2018) 147 WEREE WM bioMérieux oV T R 143 0 1 3
de Respinis [1(2013) 141 ZOREE STFEWFEHAR + HMrE bioMérieux M6 VR 43 5 bk 128 2 0 11
Durdn-Vallel”! (2014) 175 BB WOk bioMérieux I R 3 B Ak + AR TR FE 160 2 2 11
Elbehiry [1(2017) 32 #REW W MR bioMeérieux G R4y B bk + PRI B 25 1 0 6
Galan 117 (2015) 600 [EREE EHMOT e Bruker I TR 4% B Ak 553 6 0 41
Gracheva [121(2013) 365 TR ATFAYEEA Bruker M6 VR 43 5 bk 316 0 45 4
Huang [31(2017) 153 2 REE W Bruker 11 R 45 8 Ak 141 3 0 9
Iranzo [*1(2011) 286 R O TAEYEEAR Bruker It PR 43 5 Ak 253 1 27 5
Jensen['31(2012) 244 EERRTE WAL Bruker I R 43 5 bk 221 2 3 18
Lacroix [1¢1(2014) 1383 MERE A TAEYFERAR+ WML Bruker I R 49 B bk 1335 6 0 42
Li 171(2018) 510 [EREE WM EE bioMérieux It PR 43 25 Ak 494 0 14 2
Marklein [81(2009) 267  TERFE W Bruker GRSy Bk + AR UERE AR 244 3 0 20
Najafzaden ['91(2018) 65 EEREE O WM Bruker 11 DR 45 6 Ak 59 0 4 2
Ninghui 2209(2015) 83 HRFE A TAEWEFEEAR+ WHITH: bioMérieux LR GRS 78 0 2 3
Posteraro [211(2012) 82 AREW WM Bruker o THE T R 59 7 0 16
Ranque 21(2012) 134 ORETE WY bioMeérieux Pl A bR 130 1 2 1
Ranque [231(2014) 625 AR W Bruker 11 R 45 8 Ak 501 15 0 109
Reich [241(2009) 63 ZREW WY R bioMérieux IR 7> B bk + FRdER R 57 1 0 5
Ruiz [251(2018) 298 EERRE A TAEMEEAR bioMérieux I A 43 B 272 3 9 14
Rychert [261(2018) 1519 ZREE HHTE bioMérieux I A 43 85 1409 4 90 16
Sariguzel [271(2015) 54 [ERE W bioMérieux o v T R 49 5 0 0
Sow [281(2015) 218 R W bioMérieux M6 VR 43 85 i 200 3 5 10
Westblade 91 (2013) 852 MR A TAEMEEOR + WM Y bioMeérieux Il & 49 5 Ak 821 2 21 8
B B2017) 100 ZOREE Wy Bruker I R 43 5 bk 94 1 3 2
Zi¥gae B (2015) 120 EEREE O TAER + W HJE bioMérieux I A 43 85 Ak 117 0 2 1
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2.2 MANTBREAARAE 26 RSCHREVREAREAE  WHITIEME I S % 05k . BT A SCRREY AT 4R G MAL-
WA WEFR ISR 9 708 HRE G LB R R R DITOF MS %% HE K TP.FP.FN.TN,

6859 Bk, #Z R I T JE 2 849 Mk 18 B 3 2.3 MAFRARHEREIFN 26 R SCEIE S A
gL 2 R R TR A S T 5. 0~7.0 48 LBl 6.5 4 B O R TR SC
Jrid 3 ROCH R AR R AR RS . R 2.

5k 5 R SCHRE 0 SR A AR A HOR A

%2 MALDITOF MS % 3 UL 20 R 1 Meta 55745 A SCHK B (5 4 UK F

Table 2 Bias risk assessment on included literatures for Meta-analysis on accuracy of MALDI-TOF MS in identifying common

fungi
i £ RS i i
Sk IR (¥ix
@ @ ® @ @ @ ©)

Bader [¢1(2011) LR LR UR LR LR LR LR 6.5
Berrio [71(2018) LR LR UR LR LR LR LR 6.5
de Respinis ©7(2013) UR UR LR LR UR LR UR 5.0
Durdn-Vallel? (2014) LR LR UR LR LR LR LR 6.5
Elbehiry [17(2017) LR LR UR LR LR LR LR 6.5
Galan [117(2015) LR LR UR LR LR LR LR 6.5
Gracheva [121(2013) LR LR UR LR LR LR LR 6.5
Huang [31(2017) LR LR UR LR LR LR LR 6.5
Iranzo [41(2011) LR LR UR LR LR LR LR 6.5
Jensent'31(2012) LR LR UR LR LR LR LR 6.5
Lacroix [161(2014) LR LR UR LR LR LR UR 6.0
Li [71¢2018) LR LR UR LR LR LR LR 6.5
Marklein [81(2009) LR LR UR LR LR LR LR 6.5
Najafzaden [191(2018) LR LR UR LR LR LR LR 6.5
Ninghui 207(2015) LR LR UR LR LR LR UR 6.0
Posteraro [211(2012) LR LR UR LR LR LR LR 6.5
Ranque 221(2012) LR LR UR LR LR LR LR 6.5
Ranque 231(2014) LR LR LR LR LR LR LR 7.0
Reich [241(2009) UR UR UR LR UR LR LR 5.0
Ruiz [21(2018) LR LR UR LR LR LR LR 6.5
Rychert [261(2018) LR LR UR LR LR LR LR 6.5
Sariguzel [271(2015) LR LR UR LR LR LR LR 6.5
Sow [281(2015) LR LR UR LR LR LR LR 6.5
Westblade [291(2013) LR LR UR LR LR LR UR 6.0
A 20 2017) LR LR UR LR LR LR LR 6.5
Zifge B (2015) LR LR UR LR LR LR UR 6.0

O B @ FF T TE R O B bR @ o 191 T AR A s LRARMUR: s FIR 8 U s UR - R A1 KUK

2.4 Meta 5 H4% S o P R T 45 2R AR s AT A A S 5 SR T BB LA
2,41 FRERRER ROCPFHEALRE M Meta 20 #r. 45 R 275 . MALDI-TOF
R A5 o Spearman A K PE 7 BT R HI R R B MS B HEMEFPER) Sengy = 0. 97[95 % CI(0. 97
=0.013,P=0. 949, R ATEERMAAR . WK 2. ~0.97)].Spesy = 0. 85[95% CI(0. 81 = 0.88) ],
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+ LR@# =5, 60[95%CI(4. 55~6. 90)]\‘LRQ# =
0.02[95%CI(0. 01 ~0. 04)],DOR = 282, 40[95%
CI(149.50~533.46)], WH 3.4,

0.9 - & :
0.8 SE(Q*)=0.0319
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2 MALDEITOF MS %3¢ BB EA 15 ) SROC il £k
Figure 2 SROC curve of the accuracy of MALDI-TOF MS

for fungal identification
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@ | Bader 0.95(0.94~0.97)
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@ Duran-Valle®  0.99(0.96~1.00)
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» Elbehiry” 1.00(0.86~1.00)

i@ Galan" 1.00(0.99~1.00)

-@ ' | Gracheva? 0.88(0.84~0.91)
-6 Huang" 1.00(0.97~1.00)

i | Tranzo!™ 0.90(0.86~0.94)

Jensen™! 0.99(0.96~1.00)
Lacroix!" 1.00(1.00~1.00)
Lit" 0.97(0.95~0.98)
Marklein!™ 1.00(0.98~1.00)

L | Najafzaden”  0.94(0.85~0.98)
Ninghui® 0.98(0.91~1.00)
Posteraro®!! 1.00(0.94~1.00)

Rangue®! 0.98(0.95~1.00)
Ranque® 1.00(0.99~1.00)
™8 Reich 1.00(0.94~1.00)
Ruiz”! 0.97(0.94~0.99)
i | Rychert™ 0.94(0.93~0.95)
Sow?! 0.98(0.94~0.99)
Westblade! 0.98(0.96~0.98)
WP 0.97(0.91~0.99)

Rt

0.98(0.94~1.00)

Pooled Sensitivity=0.97(0.97 to 0.97)
Chi-square=334.28 ; df=24(p=0.0000)

Inconsistency (1-square )=92.8%
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3 MALDI-TOF MS % & B X 8 F 1) Meta 438
Figure 3 Meta-analysis on sensitivity of MALDI-TOF MS

for fungal identification

2.4.2 TARMER (DREBRIE AR 26 5
SCHR A5 REE T A B R SR R T bR U A AR
Meta 43 H745 5 7%, Senay = 0. 9995 % CI(0. 97 ~
1.00) ], Spegs = 0. 74[95% CI (0. 55 ~ 0. 88)];
17 ot 7:19:23:2920 285U g g BB SR VR T I A 43
Bk, Meta 43 #F 45 R 7R . Sensy = 0. 97[95% CI
(0.96~0.97)7],Spesy =0.86[95%CIC0. 82~

0 0.2 0.4 0.6 0.8

Specificity (95%CI)
— & | Bade 0.88(0.47~1.00)
: Berriol” 1.00(0.29~1.00)
— @ deRespinis®  0.85(0.55~0.98)
————— @ | Duran-Valle®  0.85(0.55~0.98)
® Elbehiry!® 0.86(0.42~1.00)
—@— | Galan" 0.87(0.74~0.95)

Gracheva™ 1.00(0.40~1.00)
——@——— | Huang" 0.75(0.43~0.95)
o Tranzo'" 0.83(0.36~1.00)

———@—| Jensen 0.90(0.68~0.99)

— Lacroix"®! 0.88(0.75~0.95)

i Lil" 1.00(0.16~1.00)
— | @ | Marklein™ 0.87(0.66~0.97)
- Najafzaden”  1.00(0.16~1.00)
‘ Ninghui®! 1.00(0.29~1.00)
_—— Posteraro!! 0.70(0.47~0.87)
- Rangue™ 0.50(0.01~0.99)
L@ Ranque' 0.88(0.81~0.93)
lo— Reigﬂ“‘ 0.83(0.36~1.00)
- ® - | Rui® 0.82(0.57~0.96)
— @+ | Rychen™ 0.80(0.56~0.94)
e | Sow™ 0.79(0.49~0.95)
— @ ——— | Westblade™ 0.80(0.44~0.97)
. " AL 0.67(0.09~0.99)
— Z i 1.00(0.03~1.00)

g

-

i

L‘J

Pooled Specificity=0.85(0.81 to 0.88)
Chi-square=14.07 ;df=24 (p=0.9450)

Inconsistency (1-square )=0
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B 4 MALDI-TOF MS % & B 4 %5 55 B #) Meta 4347
Figure 4 Meta-analysis on specificity of MALDI-TOF MS

for fungal identification

0.89) Js4 Rt "1 B 5 A bk W0 PR R 34 - Meta
AYPT4E B R, Senay = 1. 00[95% CI (0. 99 ~
1.00) ], Spes i = 0. 8695 % CI(0. 73~0. 94) ]; 7§ Ff
B — TR ORI 09 SCER DOR AR 24 5 T[] 0 35 A2 75
ol BT A R 5 0 SCRR 3 DOR 3 A T Bk O T8 1Y
k. (2) HFP A 17 R SCkieT 0927205
WF T X 52 02 T 1 1 J8 - Meta 43 87 19 45 5 WK,
Sengsy = 0. 97[95% CI (0. 97 ~0. 98) ], Spesy =
0.87 [95% CI (0. 82 ~ 0. 91)]; 9 % X
k10220 S g ) X G2 0 240K B B - Meta 4
Bres 9 B 7R . Seny e = 0. 96[95 % CI(0. 96~0.97) ],
Speas = 0. 83[95% CI(0. 78~0. 88) 7 ; P Fr A [w] 7 Fi
SCHRE DOR HAHY . (3) &% J5 ik .3 fg SCiRt 1>
PR G F A% 07 A 2%, Meta 3 BT 45 21 i
7N Seng e =0.91[95%CI(0. 89~0.93) ], Spesy =
0. 85 [95% CI (0.66 ~ 0.96)]; 18 & X
R V& T B W (S
%, Meta 43 1 45 3 i 78, Sengye = 0. 97[95% CI
(0.96 ~0.97)], Spesy = 0.85[95% CI (0. 80 ~
0.89) 55 fa SCHRS 102" SR WG Fh 7 ik 4R b 2
%, Meta 43 1 &5 3 & 78, Sengye = 0. 99[95% CI
(0.98 ~0.99)], Spesy = 0.87[95% CI (0. 77 ~
0.93) I3 (R 73 7 A= W) 22 7 ¥ 0E 58 19 DOR B
T 5 BT 1 R ) B SR B R T RS89 DOR .
C4) Y 2% 15 R Sg RSt g
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bioMérieux, Meta 43 7 45 B B /8, Sengy = 0.96
[95% CI (0. 96 ~0. 97) ], Speay = 0. 83[95% CI
(0.75 ~ 0. 89)]; 11 5 3¢ b e w2230 52 py
Bruker, Meta 43 #1455 .78 » Seny e = 0. 98[95% CI

(0. 97 ~ 0. 98) 7. Speay = 0.86[95% CI (0. 82 ~
0.90) ], Bruker £l H B #E # ¥ DOR {H & F
bioMérieux, L3 3.

% 3 MALDILI-TOF MS % 5 B i A 2 14 30 265 0 B

Table 3 Subgroup analysis on accuracy of MALDI-TOF MS for fungal identification
.41 SCHRER D Seng st Speg st + LRgst LRt DOR

TR R U5

A 1 B B 5 0.99(0.97,1.00) 0.74(0.55,0. 88) 3.19(1.89,5.38) 0.02(0.01,0.05) 215.57(44.87,1 035.59)

IIfi R 43 5 Bk 17 0.97(0.96,0.97) 0.86(0.82,0.89) 6.72(4.91,8.02) 0.020.01,0.06) 271.05(118.39,620.55)

[LES2ES 4 1. 00¢0.99,1.00) 0.86(0.73.,0.94) 5.97(3.23,11.02) 0.01€0.00,0.03) 575.03(145. 68,2 269. 82)
T i

1% 1 1 17 0.97(0.97,0.98) 0.87(0.82,0.91) 6.55(4.80,8.95) 0.03(0.01,0.05) 292.60(139.40,614.15)

2R ETH R 9 0. 96(0. 96,0.97) 0. 83(0. 78.,0. 88) 4.68(3.35,6.53) 0.01¢0.00,0.16) 281.33(75.65.,1 046. 20)
ST 1

T E AR 3 0.91¢0. 89,0.93) 0.85(0. 66,0.96) 5.74(2.47,13.35) 0.09(0.04,0.20) 95.16(31. 68,285. 84)

HR T v 18 0.97(0.96,0.97) 0.85(0.80,0.89) 5.45(4.30,6.90) 0.02(0.01,0.04) 312.71(142.19.687.74)

W E W 5 0.99(0.98,0.99) 0.87(0.77,0.93) 6.36(3.79,10.68) 0.01C0.00,0.09) 592.40(87.45,4 013.20)
A

bioMérieux 15 0.96(0.96,0.97) 0.83(0.75,0.89) 4.92(3.43,7.05) 0.03(0.02,0.05) 148.18(85.66,256.33)

Bruker 11 0. 98(0.97,0.98) 0. 86(0.82,0.90) 5.98(4.63,7.73) 0.01¢0.00,0.07) 579.77(160. 01,2 100. 67)

O3 AT BRAR A ST A B SCHR ] AT BB AR AE S . &

3 itie

MALDI-TOF MS & 4 & 11z i T I R 3
A W) 2 5 0 D TR S Y — TR TR TR B
i 24 4 L # B M SE O Ok OE OB AR
FHP0 B AR AE A0 B % R R B R
TE BT %508 U H I 220K LT 58 vh i1 hig FH ke /2 i PR
SR LR AW ST AN A SCHK 26 .9 708
PRIELTA  FEA IR 55 1 Il R L 1 HG o 1 B R o
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