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Application of MALDI-TOF-MS technique in clinical isolation of filamentous fungi identification”
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Abstract: Objective To explore the application of matrix assisted laser desorption and ionization time of
flight mass spectrometry (MALDI-TOF-MS) technique in the identification of clinical isolated filamentous
fungi. Methods A total of 230 strains of common filamentous fungi isolated and cultured from clinical speci-
mens in a hospital from January to December 2019 were collected and identified by MALDI-TOF-MS. The re-
sults were comprehensively compared with those of traditional morphology and DNA sequencing to evaluate
the ability of MALDI-TOF-MS in the identification of filamentous fungi. Results Clinical isolates of 230 fila-
mentous fungi included 183 strains of Aspergillus(79. 6%),23 strains of Penicillium (10. 0%),13 strains of
Fusarium(5.7%),6 strains of Microsporum gypseum (2. 6%),3 strains of Rhizopus rhizopus(1. 3%),and 2
strains of Rhizopus oryzae(0. 9%); The main sources were sputum and alveolar lavage fluid, corneal and ear
canal secretions. The accuracy of traditional morphological identification to species level was 69. 1% ,the main
species were Aspergillus fumigatus, Aspergillus flavus, Aspergillus Niger and other common Aspergillus,and
the rest were identified to genus level. The accuracy of DNA sequencing analysis to the species level was
100.0%. The accuracy of MALDI-TOF-MS technique in identifying filamentous fungi to species level was
88. 7% ,which mainly belonged to Aspergillus and Fusarium; The accuracy rate of identifying Aspergillus fu-
migatus, Aspergillus flavus, Aspergillus Niger and Fusarium in Aspergillus filamentous fungi to species level
was 100. 0% , which was consistent with the results of DNA sequencing. Based on DNA sequencing results,
the accuracy of MALDI-TOF-MS technique in identifying filamentous fungi to the species level was signifi-
cantly higher than that of morphological identification(X* =26. 455, P <0. 001). Conclusion MALDI-TOF-
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MS technique has a high coincidence rate, rapid, accurate and convenient operation,and can be used as an effective

supplementary means for clinical fungal laboratory identification, providing a new choice for fungal identification.

Key words: matrix assisted laser desorption ionization time of flight mass spectrometry;

fungi; traditional morphology
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WH R ATCC16888 Hih % (I H % F iy Hi=A Y
NP
1.2 X# 5% MALDI-TOF-MS i m [ ik
[ A= Wy #fg B 352 /8 ) s ABIGOOPCR X F 25 [ ABI 24
A VDR SR A J s AR DT m B A IR D
JBE A5 F GE W F 9% [F] Syngene 23\ 5 1P AR W [ 36
FEBR A F ; DNA $2 BUL 7 &0 A db 5t AR A4 L
AR A PCR PN F & BB 519 & i g4
T AR FERE s BASO # #5 Y W W H 2k LR AW R
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1.3.2 DNA S FA Y M5 & i B
PEHCEL 1 DNA, R 3 H 519 ITS1 fil ITS4 #F17
PCR ¥ ¥4, 51 ¥ J¥ % 1TS1 1E [ : 5-TCCGTACT-
GAAGCTGCGG-3', ITS4 J% Ji]: 5'-TCCTCGCGT-
TATTCATATGC-3";PCR [ W AK & : IE 18] [ 51 4
£ 1 pL, DNA kR 2 pl, 2 X easy Taq Super Mix 13
pL.ddH,O0 8 pL. BAKRFL 25 pl; )& 4:95 C 5
min,95 °C 1 min,50 C 1 min,72 C 1 min.?F¥ 30
UGEHRFE S pL PCR P24 FH 350 R W5 5 5 L ik 0 ¢
H R B e A% R 7 41 8% DI 2 45 R 5 Genbank 4
5 12 e 5 kA7 b X 28 5 22 R T
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ST 70 % B RRIE W, WATIR SJ UL 0E , & 1 i
2 min, ITA ZHE RSB 0 2 min, ;U EWER 1 pL M5
FHB B A KSR 1 L P 36 T R R
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FRUEREAKE. <15 SFRALLEEL R, Bk
RS, 3 A B S AT S A R I BRSSO
it

1.4 SEib2FAab 3 R SPSS25. 0 S8 #iF k414K
AT K R RS RGO R R A 0 (V) R,
7 X7 /5. P<<0.05 BARZEFHGIEE L.
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2.1 TEMERIE KRN A W FE IR B R AR AR 43
B2z R BOW 230 bR, 4R i & W OB 183 Bk
(79.6%) . HE W B 23 # (10. 0%0) B JJ BB 13 ¥k
(5.7%) MREHE 3. 3% ABHE/NEFHE 6 %
(2.6%) KR 2 BRC0. 9% , il 25 1 & LA il 25 L 7%
i e AR A O 32, 220k E 3 R UR T W
WHEVE AR A LA 205 Bk (89. 1%0) » Hyk £ I 43 0
Yy RV TE 53 W 10 5 PR P A S I 22 1 O il B R L
WK oh T B R i) BB T LT 2 R bR AR AR B AR
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KU B ATILF 1. ASSATE A B R TR AR R DL A R v T
2.2 GRS REESR REEBEELEERE  ERMAKCR T 0 ih K wE k)RR R
A A B LR MET S E BIROKF 1A 159tk BE ORIRESFMEERR K WL 2. # W2ZIRE
(69.170) S B m KA 71 #k(30. 900025808 RRFEESKETIRELA 1,

1 ERLREFAERSRETES

Rl BOPILREFEMRERS L (%)]

HE A R i 60 9 0 FA A W) HAE 43 w4 15 1153 it
A
liE 104(45. 2) 13(5.7) 0€0.0) 0€0.0) 0€0.0) 117(50. 9)
E qliike 22(9.6) 3(1.3) 6(2.6) 3(1.3) 0€0.0) 34(14.8)
Hith 2 7(3.0) 0€0.0) 0€0.0) 5(2.2) 0€0.0) 12(5.2)

+ & 6(2.6) 0€0.0) 0€0.0) 000.0) 0€0.0) 6(2.6)
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gxR1  DBOGILREFEMKBERSMHE(%)]
NG PR S PR Jit ¥ 78 0k Y RS 0 ) HAH S 15 B 53 it
K i 2 5(2.2) 0€0.0) 0€0.0) 0€0.0) 0€0.0) 5(2.2)
Ho At 25 9(3.9) 0€0.0) 0€0.0) 0€0.0) 0€0.0) 9(3.9)
W
R 6(2.6) 0€0.0) 0€0. 0) 0(0.0) 0€0.0) 6(2.6)
Tt % 10(4. D 0€0.0) 0€0.0) 0€0.0) 0€0.0) 10(4. 4)
R R 7(3.0) 0€0. 0) 0€0.0) 00. 0) 0€0. 0) 7(3.0)
e 71 I
PR ] T 0€0.0) 2(0.9) 2(0.9) 0€0.0) 2(0.9) 6(2.6)
ARG B 0€0.0) 2€0.9) 1€0. 4) 0€0.0) 2(0.9) 5(2.2)
=% Yk 00.0) 1€0. 4) 1€0. 4> 0€0.0) 0€0.0) 2(0.9)
A BN TR 3(1.3) 0€0.0) 1€0. 4) 0€0.0) 2€0.9) 6(2.6)
RER 1€0. 4) 2(0.9) 0(0.0) 0(0.0) 0(0. 0> 3(1.3)
KA 1€0. 4) 1€0. 4) 0€0.0) 0€0.0) 0€0. 0) 2€0.9)
i 181(78.7) 24(10. 4) 11(4.8) 8(3.5) 6(2.6) 230(100. 0)
2.3 DNA ¥4 #H15 MALDI-TOF-MS $ R % 5 [ S g R 2,

R PLHUEE SR MR DNA J51T PCR 719, i Ik 45

UL 2., 230 BR2ZIR B 2 DNA I F 43 Hr 2% 5 2 Ff
KB HERT R N 100, 0%, MALDI-TOF-MS $ R %
B AR Y5 AS [ B8Rl RE AT 1Y) 0 0, 25 AR R X B 42
REFEFKFHH 204 ¥R (88. 7%, N M % 1 &
e E s % B E KA 26 #R(11.3%), B E
HERWEE REE OKREE LM &EE. MAL-
DI-TOF-MS $7 AR % 5 22 4R 57 ih 2 3 8 0 i 2
E QRN R 9N S AR R N R R (R =
100.0%,5 DNAWF H LSRG E -3 EEHH
WA B KRR OB RN T EACRE KFE R

2 000 bp

2. 3. 4
m ey

B/ 8 9 10 11 12 13

750bp
- - -

500 bp -

.M R DNA bR, 1 e, 2 0 Bl %, 3 o il % . 4
Jokh#E,5 N ME.6 MR E R T W E .S N HRERF.ON
HETIH 10 HABR/NEFE. 11 IR EE, 12 W ARE, 13 %
X

2 #REH PCR Bk E

%2 230 ML REFERERSE  MALDETOF-MS # R DNA fll F % £ 47 L
» ‘ G In (Y] MALDI-TOF-MS i R[7 (%) ] DNA il 5 T3 50 )5
o o Ak P J& K - ok T Jai 7k - ()] FEER OO
ith 75 7 )8 183 159(69. 1) 24(10. 4) 180(78. 3) 3(1.3) 183(79. 6) 98. 4
ik 117 108(47.0) 9(3.9) 117(54. 4) 0€0.0) 117(50.9) 100. 0
piiiges 34 31(13.5) 3(1.3) 34(14. 8) 0€0.0) 34(14. 8) 100. 0
B 12 12(5.2) 0(0.0) 12(5.2) 0(0.0) 12(5.2) 100. 0
R 6 2€0. 8) 4C1.71) 5(2.2) 1€0. 4) 6(2.6) 83.3
K il 2% 5 2(0.8) 3(1.3) 4(1.7) 1€0. 4) 5(2.2) 80.0
Hoflb it 25 9 4(1.7) 5(2.2) 8(3.5) 1€0.4) 9(3.9) 88.9
HEWE 23 0€0.0) 23(10.0) 8(3.5) 15(6.5) 23(10.0) 34. 8
EIRNCE 6 0€0.0) 6(2.6) 0€0.0) 6(2.6) 6(2.6) 0.0
i % 10 0€0.0) 10(4. D 8(3.5) 2€0.8) 10(4., 4) 80.0
TR E % 7 0€0. 0 7(3.0) 0(0.0) 7(3.0) 7(3.0) 0.0
e 71 T s 13 00.0) 13(5.7) 13(5.7) 0€0. 0 13(5.7) 100. 0
LR Yl 6 0€0.0) 6(2.6) 6(2.6) 0€0. 0) 6(2.6) 100. 0
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gk 2 230 HRLREFHERREESE MALDI-TOF-MS iR \DNA fll F £ E 5 # LL 3
o ¥ ) (W 2 AN MALDI-TOF-MS $ R[n (%)] DNA il 5 o 5 0
oK - J& K - ok T J& K F- ()] FEER OO

ARG 5 0€0.0) 5(2.2) 5(2.2) 0€0.0) 5(2.2) 100. 0

BRI 2 0€0.0) 2(0.8) 2€0.8) 0€0.0) 2(0. 8) 100. 0
ABHENMLTE 6 0€0.0) 6(2.6) 3(1.3) 3(1.3) 6(2.6) 50. 0
B 3 0(0.0) 3(1.3) 0(0. 0> 3(1.3) 3(1.3) 0.0
kAR 2 0€0.0) 2(0.8) 0€0. 0) 2€0.8) 2€0.9) 0.0
Hit 230 159(69. 1) 71(30.9) 204(88.7) 26(11.3) 230(100. 0) —

TE . — Rm LHE .

2.4 L5EEY¥ DNA MY S5 MALDI-TOF-MS #
RUELE R L DNA T 45 5 0 i, MALDI-
TOF-MS $7 R 45 2 5] 22 K B3 Fh oK S /9 A 88 R
88.7%(204/230) B E M TEGEEFEEMN 69.1%
(159/230) ; % 22 2| J@ /K F 19 HE B K R 11, 3% (26/
230)  BEMFAEILE¥EEN 30.9%(71/230),
ERA G L (AP =26.455,P<C0.001),
3 it e

AR L I R L T TR L 8 bk Bk £ Ll HE 1 i
1) 995 FE e 12 T 14 &, 5 P B R T B IR A DI AH G,
P2 ARG IR H W AR IR B Fp s, 2 £,
Gy R, N (R P JE TR AR T 25 8 R 6 — 2R b LB 24
Y N TRt P A S il N Y
RS 220K TR 5| 1 TR SRR Y A B 3G 2L BT LT
25 W36 YT A5 il 24 95 D TR B | Pl 2% B B 0 s 22 R
LT SR BT o A S PR il SR ) R R L AR AR
iy 2 I A 220Dk B TR R L B ) R L B R
Bl N BE R RO S AR T L T AL Pk
TR 1Y) 25 5 I DR B T R K T 6 X 1 FE S I R
25 BRI R R CEE,

H I, X 220K 1P 1 % 0 TR R 4% T8 S R AR
T 2 AR LR TR PR R B AE 248 AL G B 7S o 2 e A
T A5 2 1 AR ME DX 531 B9 AH 0L A PR 68 e 15 3 A 45 L L [
7R L T R B R 2 W BRI
1) 43 A7 3 A T 080 0 R S R L A 2
“ABRUET A G RGI BR BT R i A N B B R v 4
YER Z . A s A BE VR R I R 48 5 19 % B 7 .
MALDI-TOF-MS $ A J& i 48 )32 H T I IR i A 9
i I TRT 2 S DT R R I R R R e A I A=
YR 1 TG SRR S A [R] R R R A R e 5 R
Tk Pl B v AR A M S L AT L X T R AR B
A W U e S A ) R A B R R R L L
DR 8 o T i 246 I 45 T e B A O L HAG
MALDI-TOF-MS #7 A& 7& 40 5 H 1% % 5 N A X R
TR I R B 2 0 0 b M E op L T AR SR Y R
M MALDI-TOF-MS £ A ¥ B B 1 L A9 %5 8
BB FM 79. 58 # = & 95. 07% . HANDAL

LU, 5 16s rDNA A H, MALDI-TOF-MS
ARYERE 197 BRI R 43 85 IR S 1Y fE 6 %38 94, 9%,
SLEIMAN %61 3758 L 45 4 18 [ A3 4 e 5 Il B 30Ok
il AT EL S AT B (] 5 3 22 R R B P R S 8 A
18 Pl A R L il B RO S R T 24 %0,
MCMULLEN %:1 sz §] VITEK J5 3% 5 5 %6 B 0%
i W P B KA B R B A 144 B il B R K OF 1Y 28
FERIK 93, 6 %0, WL G 25 2 AN 4 52 B KT 1 il B
Rk S B T R OK P E. Bk N .
MALDI-TOF-MS $ AR X} il % % J& . & % # )& . B 6
W JE M BT B 220K B S Rk 96, 5% ~
100. 0% » %t 22 4R 20 3 %5 78 1 B AR e R R 86. 36 %%
55 PR S ) By DX A3 AT AR S Rl 83,97 %0, KR
B 2L AR L 3 T R P Y Meta 20 AT K
M. MALDI-TOF-MS $ R % ¥ B W & IF R8N
97% A IFRE SN 85 % . ZiX H T AEHRAE ih 28 F 1
FUA 0,908, H S I AR 1 1 B J B 22 1R 71 Ji 1) %8 5 A
TR R AL AR, KRR . B
MALDI-TOF-MS £ AR 7E s )R H o %5 h AEH H
£ W RN B S R A e B R R R H 2R B
P2 P A e s R AR L BRI BT 9T R GE £ /DL H
RO AL F AR R B B . ASHF 58 UG R 3L 40 25 1 230
MRZZIR B L 245 B 15 B8 35 24 58 58 f DNA I 7 43 B
s, UL DNA T 25 52 4 i, MALDI-TOF-MS # A&
YT 2R B B R OKSFE BHER RN 88. 7%, W B T
BB S E R 69. 1% (X° =26. 455, P<C0.001),
K IAG GE I A5 2 A & UL i 2 R ) S R,
XTER P B 25 KB R T A A AT ARG R AR S A TR M
MALDI-TOF-MS $£ AR xf #h 25 5 J& o 00 il 25 L 2 i
B RN R Rk T B R XS A B R OK T B o R Gk
100. 0% .5 DNA W 5 J5 ik 45 BAF & — 20 1M X 5 5%
W OR B KR ESENEER R KR TERES
2R () R KT, 5 R R A OC 7G4 R T, ROR
MALDI-TOF-MS £ A fig 1R 2 o i 1) % 8 K 2 822
R B R FhOKSE 0] 52 56 5 8 B2 R I R 1
A RN FE 75 DA AR i B Rl OK S B 2% L R IR R TR S
M7 iR MES %
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M B MALDI-TOF-MS £ A 78 I IR B 3 %
7 T R R AR I S T S 2R B A
Je B R AR, — g B B R 322243 BT 19 02 i P A
TR AR Ay o 22 R TR A4 i TS L ) A R e A o
T AT AN Sy A A5 v T 1) O3 IR 5 ) o 22 0K
24 R0 7 95 B 40 B A3 0 3 e 1R A7 AE 25 S
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B % 78 22 MR TR S5 AR S50 45 R I A DG A 5T L 48
MALDI-TOF-MS $ AR % 2 22 3R B 13 19 i £E 55 77 5
RV TG 2 B TR M B 3R L B FR A R OA 24 bl JRHE
KR - 20 $ O B F 0 43 B A Ak BE A B F
20 e B 3E— 25 R M N A% W R R 1, R B o A
JRig e Y, AR5 MALDETOF-MS $ AR % ¢ #4
REH KA, 45 1 2R, MALDI-TOF-MS $ AR
REA AR M 2R B E R AN GBI A2 e W
A AT AT T R S = S — R | AL
YoE TR, OREE Y R BRAE L BEA I R LR R
L TR O S N T A 1 Y R R % 5 3, L il TSR]
b X% 7 RACRE AE TR — B8 R AR AR 2 5 D B0l R
B FE R S EOL R AT F A
MALDI-TOF-MS # A& % Ilfi J B 5 i 24 24 A I i ok
BRUAS 58 i P 20 Jre 25 249 02 5% W i B R 7 I R LB MK
iz A E B R o g — 2R R S i
A B, 4k S8 O B A S AR R S T R AR, 1R
MALDI-TOF-MS $ AR % 52 %08 . 8 76 I PR B 1 B
WA R EEZMIEN .

25 bRk . MALDI-TOF-MS % R % 5E I i 22 4Kk
FUTE T A 2R D v L AR L mT 4 O I PR L
B S0 2 S A AR T T B O B SE E IRE T
A T 4
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