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[ Abstract] Respiratory tract infections (RTI) are a common and highly prevalent disease in
the population, which can develop into acute respiratory distress syndrome (ARDS) in severe cases.A
large variety of microorganisms can cause RTI], including bacteria, respiratory viruses, and fungi. The
timely and accurate detection of these pathogens is the prerequisites of effective treatment of RTL
However, more than 50% of RTI patients failed to diagnosis of causative agents due to unavailability
of qualified samples, antimicrobial treatment prior to sample collection, high variety of respiratory
pathogens, and influence of the normal flora in respiratory tract. In recent years, progress on
molecular diagnosis, especially the novel approaches such as clinical metagenomics and CRSIPR
(Clustered regularly interspaced short palindromic repeats), has not only improved our capacity for
RTI pathogen detection but also brought new challenges. In this review, we summed up the advances
in RTI pathogen diagnosis in 2021 and discussed the clinical benefits and challenges from novel
approaches, which provided a clinical perspective on the development and application of these
diagnostic tools in the real world.
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1 58 B RUAE W B 7 MR AR 9K J2 40 T R L TR 12 BT Y
“EARUET, JE 10450k, 3T £ 8 PCR (polymerase chain
reaction , PCR) % AR 11 22 895 LR 5 AR A5 31 T8tk Jre
B T LA 10~30 Ffo Bt e 2008 4F-3E 3 —
JF 3 A (next generation sequencing, NGS ) ff Il [ 7% 5 [K 41 2%
(metagenomics NGS, mNGS) £ AR5 21 1 U % J i PR #i
T A LY LA RSB e R S K T A i s D 5 T
TR T D3 o e it 48 928 155 114 1L I AR £ 5% T° CRISPR
(clustered regularly interspaced short palindromic repeats , i
A LR ) I 114 e [ S 2 A7) ) B AR 8 S ARG 7 v A 3
T2 T2 T RS PR (FDA) MR AUE S . i
BT T RAEAS v S AG I 2 22 A5 1 020 R 7E
2T W I 25 5 AE 5 AR A5 3 2 (severe acute respiratory
syndrome coronavirus 2, SARS-CoV-2) 4 Il I B £ B iE .
AR 25 T4 (20204F- 10 1 1 H 2220214E9 30 H)
PRI S JE A i B 212 W A ) B A 5 A T [l B AN 2R
WA KB A 5 X R TR ARG R A A TR

— AR AR T 0 W I S A )5 i)

UEAEAR , SCUE BEHORTE Z I 2R G900 112 Wi Al
TRYT SR N o A AR A SR B IR R I2 B, S
EHR AT R I LE CT 4G 2 T4 (9 SR RE AR 5, SR
%%ﬂ%ﬁ‘m@fﬂ%ﬂzm(rapid on-site evaluation, ROSE)
B2 S AR B A T UG A I TR E T UK A R g
LW PR R A A R LB AR . R RIS
ROSE AT RESE T HEACR AR B HE M4 i 1283

Jili ¥ Uk W £ # OPCR X 4 X 3R A5 Mk 4
(community-acquired pneumonia, CAP) F L2 B KG H % m F
P4 35 0 YL RV 7R AR TE 2 AR (60 ml) g Ji 2
ARG I BEP 3R AR T e i E R 2 (120 ml) , {HIZ AR X FE A Bt
DRI L 235 SR 75 T R AR B S A B UE

W% 1 I LV YO AR, DR A, T A Ay I T A U 1Y)
fBEREREA T o X TR il 58 Bt R 1) 183 (R REAS HE 478K
7 PCRAG IR B, 5 ECF (28 43 ) 1 P % B iy, Ok
WEVR (36 17) , e TR (24 63 ), ATEK (35 1) S AEA
(1443 ) , FLIE VR s 75 i 1 b 080 T HA AR A s 55—
TGAE 58 % 12 T 0 AG: T SARS-CoV-2 14 i 5% 17 25 45 43
BT, 45 R 3 MR JRE AS A SARS-CoV -2 14 BURRFE g 87%,
RE 578 S 989%™ o X AL T A A R R AR R B Bk
TS5 0 BR JE MRV 1) P2 W R SR T B — 2B RIS

Z A AN L E PCREORAYIEE

1. GeneXpert P IZ Wi F- {5 : GeneXpert *F- 5 & —Fl e
(] s A 4~7 A0S ) B S 2 8 PCR 15 . GeneXpert
S5 53 ST TR I SF- 15 76 [ P o7 PR 70 65 Al 25 114
meta 73T 7R , GeneXpert - 5 X & 0T sl 14 Al 45 2 K
DU BBURRIE g 94% , 58 57 185 2 87 % 5 AN [) JS HUBE AR Bk Ji2 TG
B . 2 S (ELPR A R e BE v T S AR R R . X R AR
i 245 14 il 45 % B BE O 92%, R 5 BE R 98%, IiE W

GeneXpert - 5 7E1 3 P4 45 1205 12 Wt 5 T8 19 I PR L 1

Xpert®Xpress Flu/RSV #E 8k AT L [ B8 I 780 ¢ Ja g
F (FluA) | Z B3 B 75 (FluB) AT IFE W 38 4 it 14 95 75
(RSV) &5 = F 3 ULIF W T8 55 25 , W] 7E 30 min P332 45 46 100 25
55— E O B A AR = — 20 FluA Oy 93.81%,
FluB 2y 94.85% , RSV 29 91.75% , %of = Fl s 75 A6 0 14 ek J3
o Y i, AFURR SR I RIS T A s e
642 151 £ 2 h B BIFFE 1 R 2R R FluA B9 U R
PE3 3N 96.6% F198.1% , % RSV (IHURRTE 1 86.0%"™ .
el 98 BENE S A J L R B N A SARS-CoV -2 4G i3
B — U)K I 4 I TE R

2. FilmArray #3,PCR &4 : FilmArray “F- 554 T 5L
PCR 5 A A 10 B BB AR 3, HE - 8 55 A
(vespiratory Panel) AJ 7E 1 SR HPAS I 16 18 S 5 2 11
3l AR P SR, L IV R G JR e (80 43 )
B R A m9R AR A ) P e TR R L 3R Gh 84.83%~
86.88%" "', FilmArray 41 4 HL X HEZA Bt e 24 4y fiki 7 /0> |
A e et [ o L R ] P K RS 4 7R FilmArray 7
T3 76 VT W 5 JEUAG 3R 1 9 P 3, 3 B AR 5 R 4 [l
JIRPERIFT , bl = A% B X IR 20, ot ifs RS 7 % L 5 R s 7
TS PE A ALY B FTUESE

Brotons 25 R IEME AL T 130 1) FhE L # £ 3% [l ik
17 FilmArray AL G0 E WKL DN, 78 Film Array A5 U 21 h A5
123 1] (94.6% ) £ 35 %k st BRI 8 R 5 vk B 7E 87 fi
(66.9% ) 5 Hks 5 5L, 1B FilmArray 20 B 4G HABUIR T
REFR 7%, BB FilmArray 9 26 H R R B T I IGE
SRR R B TR, FilmArray MWEEASFECRIR A5 (4 s ]
2.9 h,65.4% I & mT LALE H PICU 22 B R A0 UG I 25 51
AL 55 97 12 3 A W40 b 38.5%., 4P, FilmArray - & %
11461 (8.4%) P 25 WA YT 7= A2 T 52 o % WE 5% o
FilmArray - 5 76 ) L3 85 35 W IR 675 5 R 2  RIL TR 254
RIS ke SA IR (ENP R0 SR N - S S S
HLAUE 250, 52 m 7 HOEAE 22 . FilmArray Jili 28 #52
(pneumonia FilmArray ) f& FilmArray |- 0§ 38 AR B 14 F+25 bR
AR AT TR B A ARG 2 DA 6 Rl v 0 18 o, fek R JEAG:
H SR Y 40.5% 3755 31 60.9% , e AR08 JEAG: H =R
66.4% $2: 75 B 75.5% , % 15 Fob 240 T 19 4G 10 4508 BE Ol 7590~
100% , 45 52 BE F1 97%~100%""* o {H 20 B G HY 25 2 g Xob lfi PR
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21 b I WG T 40P AN 19 Tt 25 3L 1A, 78 84 403 il v v Uk A 1)
K b 7R 5 15 3507 ¥k 82.1% (19— 3, {H Unyvero H3% 357
TR T 220 SR A 0 (38.1% ws 27.4% ) FITE £ 11
TR A B (10.7% vs 2.4%) , F SR BURR B FH Ry 5 B2 430
84% M198%'"™, 4= [ F1 £ H PCR RSB Ml 0 S IR T 28
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(07 AR E) TR Z R o 1% IR RTREAR v BT A e A
PEAT I A0, PR b AT — WA I R AR v B B0
A= W, R TR % b ELA PR X PICU SR 1
[l 54 23 BT AT 5 575 , mNGS 5 JEURS: H 3 i T o 3 AR T
Y65 i PCR (quantitative polymerase chain reaction, qPCR),
THIZF I REA 3R (50 1) 53 — TR 98 A4 T 99 131
FORE JLIE T 4 B, mNGS X JEAA (41 4+ 25 ) K H R o
97.8% , i f& 45 )7 15 (15 3% +4 Fp WL I B qPCR+A 2 52 J5
PB4 L A K 66.7% . mNGS 1K I 41 1 il 2L
B T TAL GG 7700 7525 (95% vs 54%) ,{H5 qPCR J7 ik
A EC R R AR B mNGS 75 3 1] LUK Y o 22 1 R 4R
TR T A0, 33 T BE S mNGS 75 1% 40 1 At 23 4 e 1 D )
Z =P A S R 3 07, =A% nanopore 1 /7
I P A B PR AT 6 h AR S5 SR . B — [ Py £k
O 1] A B IFTE AN T 159 {5 fili 4 H0 35, K 4B H 2 1 il
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W +qPCR 99 JE A 7 1, mNGS Kz o J Fp 28 01 &
(117 vs 72) , Horp1 40.3% 9 H 8 MR HE mNGS Z5 5L %& TR YT
Dy €0 ARTR LR B YR, 3K SR AT A HERR £ A
259 B R ), X 0T BE T T % 48 ik A0 R AR R AR T
mNGS. FEGBEM A5 I 5 il 4 f8 3 1 2 ST 254
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e B HC [ B 43 L, 87 B0 HL 3R mNGS 7 ik 5 6 407
PR B 25 R B AR A BE AL BRI, KR
S35 R BEWI B mNSG I B3 T R MR R TS .

Azar Z 5 L T 30 GG 06 5 H mNGS Fif
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1,2 45 B A AR R SCHRARTE | I ACREIR A% 2 NS
IS FEAR , 43 T b T2 R 7 R AR R A Y I R
TP, AR BoR, EHHT 2 A mNGS R, AT LA
JERG 23R M 35% $ R B 58% . RAFZF IR MA B EH KD,
ELZ IS 1L A B I DR 2 B 0K 40 s i 4 i R L 2, 9F
SR FH AT I AR 2 A 2l 5 0 7 1) =, L SR LA — a2 11

B T TE R A, R Y TG 40 2 DNA (cell-free
DNA, ofDNA) th FL % 5 JEAG I 355 S 5 & bR Le
illumina *F- 75 cfDNA BRI 77 V5 S 0T 40 B 04 B8 B2 A S

FE4 30 79% F 91% , B %] B b SRR B AR R Ol 91%
1 89% ; 7 =AM ¥ nanopore 15 -, & X 20 1 1) URREE F
FESERESY B 75% TN 81% , &1 4 FLH R 91% FT 100%™,
WFIE R fDNA 1 mNGS K I REAS (1 7] 47 1, {555 4k
— IG5 4 A 82 i JL FE B SR I mNGS Jy 25 46 I i 3%
¢fDNA, H: 25 5 G 7R ofDNA Y mNGS A 0 % I & 52 Wi 47
BT cfDNA 1 A SRR HE R A5 75 5 22 5 S 45

JRAE mNGS B A A WP T8 TR G5 S A6 D0 7 18 ) 26 HLAS:
TARKHEE H mNGS Jr ik AG M R 2 2% , o A6 T3 771 4%
BT N B R A SR R o AT Kops
AR IEI MR AW E Bt S 2 ke, il
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G T AR 3 SRR AR, L S80I B A 0 1 S o o g 5
G PETE T NTEA T 25 57, A8 7 FRik A TR S M 1 D 25030
JE A ZE bR IS — A T AT I A I ik o 6 FARR IR IR
mNGS J5 AN 5 AR R (A RE A b 38 7 3%, G JRERE Bl 4 )
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VU \CRISPR 5 A A W 1 gk G 4513k 1) 107

CRISPR 5 A 2 FH 1] 5 RNA (guide RNA) K 5| % Cas
LD E B AR IF S0 BAR R R L Ar 25 6 4 TR 1 At %
S, IO B A A, AT LS B 2 A T RN AR
CRISPR ARHER 1 Cas [iEA 6] FEZ 53 Cas13-Hl Cas12-7
28 AR T 1 47 i & SHERLOCK (specific high-sensitivity
enzymatic  reporter unlocking) F1 DETECTR (DNA
endonuclease targeted CRISPR trans reporter)™  Joung %™
# SHERLOCK " 53R 19 Cas13 32 i T Cas12b, FIJH A S
P4, AT DL S AE — 8 S T SARS-CoV -2, HURK BE 7]
qPCR 7 ik AT o 8 — 04 45 378 9] 7 5k Wil % A8 3% 1Y)
SARS-CoV-2 ¥l 58 , DETECTR J7 % 878 H Fl gPCR —
BER BRI | I FLRE 100% X 43 FF HAth et 2 95 2 80 50
% B FDA 7F 2021 4 1 J F1 7 A 43 5L HE T SHERLOCK Fl
DETECTR 7E1i /R SARS-CoV-2 Kl _E 14 5 2 52 A5 fei 11
fli#5 CRISPR K I 4 AR 55— Yk M52 56 % 56 I K . A EE
by b A5 R B SRS 1% , CRISPR A 75 I B g [
G 7 T 3 Ak RS0 FH B B, AT SRR B M T
Ff AR IE R

T A T T TR T2 W T v

F A B OG AR T HL B RATI B B (matrix assisted
laser desorption ionization time of flight mass spectrometry,
MALDI-TOF-MS) 7£ Ifii R S 25 9 55 96 22 737 F 40 B R
PR SRS O B e Il R e 22 & S L MALDI-TOF-MS
Bl T SARS-Co V-2 F I PRSI ", 77 B 26 58 LU 1] vh 26 30
Hi H qPCR B A F4 G I 250 R o (H 3 26y 3 2 1 R
PCR W J5 47 990 25 17 5188 J5 47 BT 43 BT, A LE qPCR Y
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TEEY) FERIITSE L2 > Ty R S8 BT 15 b [ a2 e
MEZEFE,

S LEHT 2L JEAS I 5 ARAS I A0 J 1 [T ), 4% 58
V14 I O S 5 DRG0 5 92 AN g e AR PR 20 . AL SR 555
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i R
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A rf & B SRR HIL 2, BE 75 AR A1 9 TS DU 114 235 SR 1P I
TE RS R, JEBE R B W N I A B s R
T A SR H 2 H o PRI, 30 75 B ™ 4 114 11 R P B AL
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FlEEMsE PSS TS i

2 % X #t

[1] Torres A, Cilloniz C, Niederman MS, et al. Pneumonia([J].
Nat Rev Dis Primers, 2021, 7(1): 25. DOI: 10.1038/
s41572-021-00259-0.

(21 W, GRS R R O S 2 12 W R PR S
FA TR SREMES [)]. v =11 PAG B B2 2%, 2021, 14(1):8-12.

(31 ARG, M I NE . 2T 2k 3 U8 Bk 2218 Wi BOR 7 A il ¢
PR I B B2 [0, P S AR 2Rk, 2020, 40(19):
4116-4119. DOI: 10.3969/j.issn.1005-9202.2020.19.028.

[4]  BRACKE, SA5R, VISP K, 45 LR A U SIS DL B 1
A X T 3 SR e B2 W (L 0] v R e 2% AR, 2021,
20(4):351-356.

[5] Oz, SRR, 280, 55 . M6 DR £ 1 PCRAG I X L
FOAL DXCRAT I 285 )50 1912 W (A [0 BRI R 227,
2021, 47(4):241-243,246.

[6] A, f AR, RS, AR O TR 2T 2 SRR B I O Uk
VRS X TRE il AR (1 9 2800 9 D A I 45 2R 1Y R i [].
I & 3 BF 4% 7%, 2021, 38(7):489-490. DOI: 10.3969/j.
issn.1001-9057.2021.07.016.

[7] de Koff EM, Euser SM, Badoux P, etal. Respiratory
pathogen detection in children: saliva as a diagnostic

(8]

(]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

specimen(]]. Pediatr Infect Dis ], 2021, 40(9):e351-e353.
DOI: 10.1097/INF.0000000000003191.

Sui Z, Zhang Y, Tu S, etal. Evaluation of saliva as an
alternative diagnostic specimen source for SARS-CoV-2
detection by RT-dPCR[J]. ] Infect, 2021, 82(1): e38-e40.
DOI: 10.1016/j.jinf.2020.11.023.

Warsi I, Khurshid Z, Shazam H, et al. Saliva exhibits high
sensitivity and specificity for the detection of
SARS-COV-2[]]. Diseases, 2021, 9(2): 38. DOI: 10.3390/
diseases9020038.

T, F AR, Fh— 8, % Xpert(R)MTB/RIF 4 3k [E ARE
By il 45 A2 IR 4 ST T 24 Bl 45 4% 32 WA P 9 meta 507
[]. A6 3T K 2 2 ik (15 2% i), 2021, 53(2):320-326. DOL:
10.19723/j.issn.1671-167X.2021.02.015.

GRS, BEW g, 4, 55 . 2€ 1l Xpert Xpress Flu/RSV
Assay 7F LI 2 I I TE G997 S A8 o 4 12 FHREAR ).
rp A SIS I PR B 2 2 75, 2021, 35(1):62-67. DOL:
10.3760/cma.j.cn112866-20200922-00250.

Morris TC, Bird PW, Horvath-Papp E, etal. Xpert Xpress
Flu/RSV: Validation and impact evaluation at a large UK
hospital trust[]J]. ] Med Virol, 2021, 93(8): 5146-5151.
DOI: 10.1002/jmv.26860.

MRIEAS, ¥ 04, Wi, s HAsh XL FEPCR RS
Xof JLFE TR A DA il 58 g SR (A 0 23 B 0. o /D
JL& R EE 2, 2020, 27(11):834-837. DOI: 10.3760/cma.j.
issn.1673-4912.2020.11.008.

JERELS, B, MuicE, % . FilmArray #0076 L2 200 g
W S SRR e A I FH A0 B T A 2 2 o i ). P /N L
FE 2%, 2020, 27(11): 826-829. DOI: 10.3760/cma. j.
issn.1673-4912.2020.11.006.

Brotons P, Villaronga M, Henares D, etal. Clinical impact
of rapid viral respiratory panel testing on pediatric
critical care of patients with acute lower respiratory
infection[]]. Enferm Infecc Microbiol Clin (Engl Ed), 2020,
DOI: 10.1016/j.eimc.2020.08.017.

Caméléna F, Moy AC, Dudoignon E, etal. Performance of a
multiplex polymerase chain reaction panel for identifying
bacterial pathogens causing pneumonia in critically ill
patients with COVID-19[]]. Diagn Microbiol Infect Dis, 2021,
99(1):115183. DOI: 10.1016/j.diagmicrobio.2020.115183.
Gilbert DN, Leggett JE, Wang L, et al. Enhanced detection
of community-acquired pneumonia pathogens with the
BioFire® Pneumonia FilmArray® Panel[]]. Diagn
Microbiol Infect Dis, 2021, 99(3):115246. DOI: 10.1016/j.
diagmicrobio.2020.115246.

Sun L, Li L, Du S, etal. An evaluation of the Unyvero
pneumonia system for rapid detection of microorganisms
and resistance markers of lower respiratory infections-a
multicenter prospective study on ICU patients[]]. Eur ]
Clin Microbiol Infect Dis, 2021, 40(10):2113-2121. DOI:
10.1007/s10096-021-04259-6.

Xie F, Duan Z, Zeng W, etal. Clinical metagenomics
assessments improve diagnosis and outcomes in
community-acquired pneumonia[J]. BMC Infect Dis, 2021,
21(1):352.DOI: 10.1186/s12879-021-06039-1.

Wu X, Li Y, Zhang M, etal. Etiology of severe
community-acquired pneumonia in adults based on
metagenomic next-generation sequencing: a prospective
multicenter study[]]. Infect Dis Ther, 2020, 9(4):
1003-1015.DOI: 10.1007/s40121-020-00353-y.

T fd, FE O P, R R, AL SRR IR A A AR



82

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

rPARZE R RINEIR 2k 2022 4E 1 H 45 45 4555 1 0]

Chin J Tubere Respir Dis, January 2022, Vol. 45, No. 1

BN AR W 4 L S VB 2R 1 s E O ().
It PR il B 2% &5, 2021, 26(6):863-868. DOI: 10.3969/j.
issn.1009-6663.2021.06.011.

ARV, AP . e a0 A L AR i 58 5 52 12 W R
A 9 R [J]. K6 56 B 2% 5 I R, 2021, 18(18):2625-2628,
2633.

Qian YY, Wang HY, Zhou Y, etal. Improving pulmonary
infection diagnosis with metagenomic next generation
sequencing[J]. Front Cell Infect Microbiol, 2020, 10:
567615.DOI: 10.3389/fcimb.2020.567615.

Mu S, Hu L, Zhang Y, etal. Prospective evaluation of a
rapid clinical metagenomics test for bacterial pneumonia
[J]. Front Cell Infect Microbiol, 2021, 11: 684965. DOI:
10.3389/fcimb.2021.684965.

MacVane SH, Oppermann N, Humphries RM. Time to
result for pathogen identification and antimicrobial
susceptibility testing of bronchoalveolar lavage and
endotracheal aspirate specimens in U. S. Acute care
hospitals[J]. ] Clin Microbiol, 2020, 58(11): e01468-20.
DOI: 10.1128/JCM.01468-20.

Zhou H, Larkin P, Zhao D, etal. Clinical impact of
metagenomic next-generation sequencing of
bronchoalveolar lavage in the diagnosis and management
of pneumonia: a multicenter prospective observational
study[J]. ] Mol Diagn, 2021, 23(10): 1259-1268. DOI:
10.1016/j.jmoldx.2021.06.007.

JEMER, i T . v A DR B0 A S A A 5 O it 48 A
L e R S b S ] v B SR R A, 2021,
59(6):38-41.

Azar MM, Schlaberg R, Malinis MF, et al. Added diagnostic
utility of clinical metagenomics for the diagnosis of
pneumonia in immunocompromised adults[J]. Chest, 2021,
159(4):1356-1371. DOI: 10.1016/j.chest.2020.11.008.

Wang L, Guo W, Shen H, etal. Plasma microbial cell-free
DNA sequencing technology for the diagnosis of sepsis in
the ICU[J]. Front Mol Biosci, 2021, 8: 659390. DOI:
10.3389/fmolb.2021.659390.

Gu W, Deng X, Lee M, etal. Rapid pathogen detection by
metagenomic next-generation sequencing of infected
body fluids[]]. Nat Med, 2021, 27(1): 115-124. DOL:
10.1038/s41591-020-1105-z.

Hogan CA, Yang S, Garner OB, etal. Clinical Impact of
metagenomic next-generation sequencing of plasma
cell-free DNA for the diagnosis of infectious diseases: a
multicenter retrospective cohort study[J]. Clin Infect Dis,
2021, 72(2):239-245. DOI: 10.1093 /cid/ciaa035.

Safari F Afarid M, Rastegari B, etal. CRISPR systems:
novel approaches for detection and combating
COVID-19[]]. Virus Res, 2021, 294:198282. DOI: 10.1016/
j.virusres.2020.198282.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Freije CA, Sabeti PC. Detect and destroy: CRISPR-based
technologies for the response against viruses[]J]. Cell Host
Microbe, 2021, 29(5): 689-703. DOI: 10.1016/j.
chom.2021.04.003.

Joung ], Ladha A, Saito M, et al. Detection of SARS-CoV-2
with SHERLOCK one-pot testing[]]. N Engl ] Med, 2020,
383(15):1492-1494. DOI: 10.1056/NEJMc2026172.
Brandsma E, Verhagen H, van de Laar T, etal. Rapid,
sensitive, and specific severe acute respiratory syndrome
coronavirus 2 detection: a multicenter comparison
between standard quantitative reverse-transcriptase
polymerase chain reaction and CRISPR-based detectr[]]. ]
Infect Dis, 2021, 223(2): 206-213. DOI: 10.1093/infdis/
jiaa641.

FDA.  Sherlock  crispr ~ SARS-CoV-2  kit[EB/OL].
[2021-01-14]. https://www. fda. gov/media/137746/
download.

FDA. SARS-CoV-2 RNA DETECTR assay[EB/OL].
[2020-07-09]. https://www. fda. gov/media/139937/
download.

Torres-Sangiao E, Leal Rodriguez C, Garcia-Riestra C.
Application and perspectives of MALDI-TOF mass
spectrometry in clinical microbiology laboratories[]].
Microorganisms, 2021, 9(7): 1539. DOI: 10.3390/
microorganisms9071539.

Teke L, Baris A, Bayraktar B. Comparative evaluation of
the Bruker Biotyper and Vitek MS matrix-assisted laser
desorption ionization-time of flight mass spectrometry
(MALDI-TOF MS) systems for non-albicans Candida and
uncommon yeast isolates[]]. ] Microbiol Methods, 2021,
185:106232.DO0I: 10.1016/j.mimet.2021.106232.
Hernandez MM, Banu R, Shrestha P, etal. RT-PCR/
MALDI-TOF mass spectrometry-based detection of
SARS-CoV-2 in saliva specimens[]J]. ] Med Virol, 2021,
93(9):5481-5486. DOI: 10.1002 /jmv.27069.

Rybicka M, Mitosz E, Bielawski KP. Superiority of
MALDI-TOF mass spectrometry over real-time PCR for
SARS-CoV-2 RNA detection[]]. Viruses, 2021, 13(5): 730.
DOI: 10.3390/v13050730.

Nachtigall FM, Pereira A, Trofymchuk OS, et al. Detection
of SARS-CoV-2 in nasal swabs using MALDI-MS[J]. Nat
Biotechnol, 2020, 38(10): 1168-1173. DOI: 10.1038/
s41587-020-0644-7.

Bardet C, Barraud O, Clavel M, etal. Early and specific
targeted mass spectrometry-based identification of
bacteria in endotracheal aspirates of patients suspected
with ventilator-associated pneumonia[]]. Eur ] Clin
Microbiol Infect Dis, 2021, 40(6): 1291-1301. DOI:
10.1007/s10096-020-04132-y.



