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Abstract

Pulmonary infection is one of the common respiratory infectious diseases, which is easy to be com-
plicated with various complications and has a high mortality rate, and seriously threatens human
health. Its pathogenic pathogens cover a wide range, and are easy to co-infect. However, the tradi-
tional pathogen detection methods have the disadvantages of long time consuming and low posi-
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tive rate, which will affect the early diagnosis of pulmonary infection. Metagenome second-generation
sequencing (mNGS) is a high-throughput sequencing technology developed in recent years, which
can detect pathogens quickly and accurately compared with traditional methods.
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1. 518

il IR Gt Y A SE T AN A Y R B, R AR AR . A RS R AR SRR 5 R Y
BFESRE S RN ] Sl S BRI, JLm AR 2 A W, R TR, R IR AR
JLEIRPIR ZR e GBI [1] o Rp R AE B DI REAR T S8 N Ao o W[2], 897 A R 2k
JEONESEMT AR . WP RS, BURIRZE, WiSERE, NARMEREFLA R ERPR[3]. B, IR
R L AR R R i S ) AR T NS B8 SEAT R IR T R R

ZFE R 2 — 4RI 7 (metagenomic next generation sequencing, MNGS)Hi A & Hr —Fs J5 744G )
Jiids EIEXARA T R A MEY AT, ERGEA R A 0 S EEAT A R A, BER BRI
JEAR, SEgRNITEAL, BB B 2w AR A s NS s 4], BT
TE S8 B o 1) B PR AR AT, RIS ST MING'S 78 i 30 e G 1 32995 F (4 P 9 IO A — A4S

2. MNGS B EB A Fs R I R A

1) mNGS TEZ4H T # 1 R

S Bt s S o i R, I P B P (RS ¥k A X 43 A S bR AR 3R AT A R
I, AHEEFREE R — AT WA, T TR . FRERZCR R E. RERFTFRELY, mNGS
Xof 7 5 B R RS R PR 26 v TR G it IRAME ST R R TR AN 2 [5] [6] [7]. 1H Xie [8] 5 H A1BASE 53 #r
LCHEL T 140 1 SEADUNT B I S (3 Bt £ 1) mINGS AR A 25 3L, Al AT B mNGSS -5 5 RIS I 77 32 7D it
PRBAPERT 2 AFERE ZE R Ho, mNGS S BT ok o Ji A 1) R B RE o T B i, AR S O
BAREZEN. WSROI IE | AR I A A H B 7T, mNGS 55 S 77 1R S 1 R 0
IR . BATV XA Re ShrA R . ARRER S A . BRItz b, SEF2E 00, A0 A X 40
W, WS BT B, mNGS -t A A [10] [11] [12]. 41 Ma Z¥[10]4KIE 1 1 75 e 45 % 0
BT IR G 2R 5, ik, Beae. SCREBES S AR AT B AR H S5 A% o BOAT 1, At AT T B
iy FB 2 S0 JEL A S I Y HE VR (Broncho Allveolar Lavage Fluid, BALF){T mNGS kil 46 45 5
AAAGH T 5% R T i, B AR LBRE. iR Ma 25 AF RS RIER T mNGS 72454 0 AAT
PRSI = (938 7, DRLIEE X Liu [11]55 AR 311 49 SEALLAN A2 i 28 1% i35 1) BALF bR A AT T mNGS £l
HE IR X-pert £l . BeREFE. HURRFT B e (S5 AE N 1A H R0 S5 A AR WA IR AT LU o AR AT T A BIAE
B H AN 7 VE B AR AR R, mNGS ARG I G5 A A BRF B, XS Shi S [12] /045 R mNGS 45 1%
ST B ORI 5 T 45 4% X-pert B R BUEAWI & o BhAt, @i R A BARIIRIE & B mNGS Al A
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W77 G 5 5% B IR A BB A = S X ARG BT B, O R SCHIE FEdiiE 7RI mNGS 78
il JEk e £ 3 BALF ARGl He A9RGB [13] [14], Xt & ARSI T vE A e o 450, S G0 IR Al
FAEL, MNGS AMETE R DA (A I o533t 25 LT (A I B KA

2) mMNGS 7EE & # B

T SR I A R 1 5 A S e A R ) e S NS 2, I B R 1 S R R LT
ARl 3R G 1) BB 2 AL B0 A, BARGEIASI J7 SAERH K . Yang Z5[15] 04T LLAE T 106 41l 5E L
It B TR SRR L R mINGS A5 3 RS I 7 S S5 2R, R RN SCRE e A (TBLB) 4121 . BALF FrAsidt
17 MNGS I E 72 W7 i 340 30 T B s U THI ) R B0 I 2 w3 T8 ORI, 1H mNGS 55 BRSPS P G ¥
EZER . M R R R AR 51 TN R R L, R S AR O ol 5 K
AAE HIV 3 b 51 i #9118 il 48 (Pneumocystis pneumonia, PCP), (BT 4E3k5ETE HIV ALl 75 fifi
RIS HBFIZETIEZ o Lu ZE[16]1%F 4 43=lE HIV B 04 fiti £ 7 B il 2 993 51 mNGS 554% Gl 77 23t
ITHEER, A5 B IR mNGS K Al7E 7 B A R B A T AR SR I vk T TR, At e Ak
WHEHRIE 758 A AT AL mNGS B e th & ks th I BH 2R [17]. th4h, He BC %5[18]1HH
MNGS FARMIE T -G RS g BT e PR B B . 25 b, mNGS 78 B Y 12
W A R KT A Gl ik

3) MNGS 7E7 5 H IR

TENGIR TAE B 22 5 LR I I B e AN D L, GB35 RO TS el DR 73 AP IR T 45 s 25
2 AL GE R EEAG I 7 15 2 B I 37 206 (PR RN LA ) R R AN 25, L3k UG 0 5 3 24 L )
SETRERATIN, P R SR VE RN, T mMINGS R I L AT A A A BT R SR A, DRI R SR A R
AR . van Boheemen AL FHBA[19]1¥1F 7245 4 /m mNGS HiAR 57 FE1% K PCR AHLL, mNGS A&l
B RN ER R A, AR mNGS FAR BRI 1 A GAs i 5 32 A I 21 )95 25 2 7 784
WS, (R R R R S EUR M 75 B — 50t e, Bk, mINGS 7EAS I 055 25 5 T A5 1R i fr sk
FIAMAE, X 7R T A R el o B e R R 3 T ERAE A

4) mMNGS FERFERIR JE 44 B L

SCIEAR S A TEARNE A B R0 S5 A, 2 il S R e b WL B bR, JC LR SRR 5 LE R
SEREE YL . Lin Ding Z5[20]F FH mNGS A X 3¢ A4 G fiti 28 i AT RS W, SRR
BiLWr, Fr gt gh. thah, SRESRIAKLIL mNGS ] m ) L HORE SR AN 4 iR A K
Pk 2, UHR S IR IR AR Y. RN mNGS b T4 JF ARGt A B AME, AT e
GiTVEARA BRI mNGS H AN H 585 50 A JFAAR R 1], X HE7~ mNGS 7812 W58 3t F0 A J5 kit 95
HIEER A [22] [23].

5) MNGS 7EFi#5R & PR G H (¥ R F

il VR A R B 2 B EUR R B, G RAER AN LAY, Bt etk s . Rt
o, NEFEWRERIKR .. mNGS 155 SR AASINE FE 2, H I 0 e Vi B Ja g S s FrOAG: HY
AR . Wang Z5[24] 8 k% 55 VA PR g g 3T T, 15 H mNGS 12 iR A P s g 1)
RIPSER & TSN T, XK mNGS TEI2 Wi & il i s g 77 T B Yol . #Emi s s, thah,
AT R EE MNGS HESE AN H 5 RIS 7 vk A HE 993 S, L Chen Z5[25) NI FC AR IE T mNGS
FoAR % 58 R AR £ A5 Ge 1% 37 0510, IX B3R mNGS 78 22 Fis JFUA R & PRI G2 W7 R B 4 3 35

3. MNGS #rARYEE
MNGS Hi AR MR TGRS 7 R M B T8, bR A 22 V%A e LS, AR [5) ) i s J e i s )
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WA AANE, R A R BAR AR . IR AR E REAS LG . SR I
W M B R 2% [26], & E A HOE SO, BEBbR AR BURE PR (7 51, 10 s PR ) A A
ETRE ST Ybr A, HAETR AN B R B R A I ARGR MR 22 o X TS Wi Ml S i e, il v e v 2
W IRRAS, A7 00 s 52 R B IR R N o (BB SR O AR N R T B, XN BB A2 RS B
BIEE L. MR AR B AT, IR 5 T Il 2 22 v B (W2 22 PE TR R e
WMCRESS £ 3, TN BB A2 57 A58 B G 25 1 £t T 2% R MMV S A A o i fls AR s A 338 P S L e
N, T I I s AR R B . S5 B RTIR, R PR AR A B SE R DL R A E B kR
AEKE MNGS.

4. mNGS BIEE M EBR Y%

MNGS {9l % i S s 7 UL R A BTG 2, A28 IR g0 R LA =
BRYE. mNGS £ 550 R FEE F e W€ HARIR IR IR . AT ZAE RS M) A SRR RAR K,
ORI R RSz REUEE, IFH mNGS ] S i SRR K 4 B R g B R A . AEVR YT
SR AR L mNGS (A R G E R IR BN 27], A 5y DRI 56 PE AR P Bk 3R 5 B0 R
PRI LB PERS 0L, H. mNGS FIZ5 R T AR S HUER I . BEAh, mNGS X i 24 5 B el 72
I PR _EABA — € 3t/ [28], mNGS Rl I X A= 5 P ALREAT TN 5, VPALTIR 24 58 PR ) 2 R S bk, 2
1115 2 5 BT RO 24 80 AT 4R 3 30 NGT TR 24 T A (R R UL AR 3R I A AT S B AR A

mNGS FE I AR A R R BRIk, H R BRI 1) vk )e . Ase®: mNGS b A=Y
I RE 71 £ BT 2 540 R 1 5e B [29], H AT SO A A KR CRIE IR R AIE S, (B4 %
FE OB IEAWTEAT R 6 . 2) A S TGS £ mNGS I AR JREH BIA KR P A2 DIRE 5
SENGYe, WRAEAIE WG RS, XA FECRE NG RINE, AR AW Bk,
PR AN P T QN TR 7 EE A, IRVE A IR 5 R RT e o35 A B Tl PR SR 4 (2 W
3) LA ) : mNGS A H (1099 S i A= ) BRAR 2, {BL I AT TE I (X 73 B0 1« A T AT e 1R 55
Bl mNGS & RIS RIF AR EHER A, 75 2R 45 & BFE AR . AL L B A 45 R A 45
AT A AR ITR LB I 78T RGN mNGS (45 RBEATHE TR 208, AT AR Al PR _E F) X Rt
FEBATHATOGHI[30]. 4) Rt &5t B ATV A A, mNGS Mk iim, JCH A A% IR
WA AE B S B e T T E S, e PRSI B P A A M PR S [ S e

5. INESRE

A4 Jils 8 TR A G A AR B e, AT 75 Pk R S v 0 SR A A 7 3G, JE R AE
SEMEN ARG b o AR U IR TR0 . PR RAR 52 U2 R RS il R 1 Wi PR = T2 9T 1Y)
HESE, 0T A A A B R ORI Pk R . mNGS BERTEITLEAESRAWT R R, KR IR AN T 15 500 5
WATIIHERA L, FRGOERERNE. 2 mNG BT A RRYE, 78IRS bR R H 5 5
TSRS N T S ARRE 5, 4 BE A O IR AR 2 Wi B A B IR RO DU A R, AT 2 A
% MNGS FEARKI R QPR BOR P I & BN, SRR AR IS8 B I PR b — T B 22 [ P A 96
TR, 45 B H R B KHI3R 2 o

SE K

[1] GBD 2016 Lower Respiratory Infections Collaborators (2018) Estimates of the Global, Regional, and National Mor-
bidity, Mortality, and Aetiologies of Lower Respiratory Infections in 195 Countries, 1990-2016: A Systematic Analy-
sis for the Global Burden of Disease Study 2016. The Lancet Infectious Diseases, 18, 1191-1210.

DOI: 10.12677/acm.2023.131066 439 I IR = =23t e


https://doi.org/10.12677/acm.2023.131066

Foriz, 1

R

[2]

(3]
(4]

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

e, REEENN, ZhoR, X%t 7D AL ARG e 0 i v i G2 i i I R ELLI]. e PRk 2 &5, 2021, 26(12):
1834-1838. htps://doi.org/10.3969/].issn.1009-6663.2021.12.011

MRAL, SIS, WHHE. NGS 7RG MR 12 W R IR N A [3]. B BRI 4 25, 2020, 40(12): 940-943.

Qian, Y.Y., Wang, H.Y., Zhou, Y., et al. (2021) Improving Pulmonary Infection Diagnosis with Metagenomic Next
Generation Sequencing. Frontiers in Cellular and Infection Microbiology, 10, Article ID: 567615.
https://doi.org/10.3389/fcimb.2020.567615

Huang, J., Jiang, E., Yang, D., et al. (2020) Metagenomic Next-Generation Sequencing versus Traditional Pathogen
Detection in the Diagnosis of Peripheral Pulmonary Infectious Lesions. Infection and Drug Resistance, 13, 567-576.
https://doi.org/10.2147/IDR.S235182

Xu, H., Hu, X., Wang, W., et al. (2022) Clinical Application and Evaluation of Metagenomic Next-Generation Se-
quencing in Pulmonary Infection with Pleural Effusion. Infection and Drug Resistance, 15, 2813-2824.
https://doi.org/10.2147/IDR.S365757

Li, N., Ma, X., Zhou, J., et al. (2022) Clinical Application of Metagenomic Next-Generation Sequencing Technology
in the Diagnosis and Treatment of Pulmonary Infection Pathogens: A Prospective Single-Center Study of 138 Patients.
Journal of Clinical Laboratory Analysis, 36, €24498. https://doi.org/10.1002/jcla.24498

Xie, G., Zhao, B., Wang, X, et al. (2021) Exploring the Clinical Utility of Metagenomic Next-Generation Sequencing
in the Diagnosis of Pulmonary Infection. Infectious Diseases and Therapy, 10, 1419-1435.
https://doi.org/10.1007/s40121-021-00476-w

R, ZERR, M, M, BRI, A0, AR R AR TR B I 5 R IS W E R
G ARRPZFI]. [ BRI 44 7, 2020(9): 641-646.

Ma, N., Chen, M., Ding, J., et al. (2022) Recurrent Pneumonia with Tuberculosis and Candida Co-Infection Diagnosed
by Metagenomic Next-Generation Sequencing: A Case Report and Literature Review. Frontiers in Medicine (Lau-
sanne), 9, Article ID: 755308. https://doi.org/10.3389/fmed.2022.755308

Liu, X., Chen, Y., Ouyang, H., et al. (2021) Tuberculosis Diagnosis by Metagenomic Next-Generation Sequencing on
Bronchoalveolar Lavage Fluid: A Cross-Sectional Analysis. International Journal of Infectious Diseases, 104, 50-57.
https://doi.org/10.1016/j.ijid.2020.12.063

Shi, C.L., Han, P., Tang, P.J., et al. (2020) Clinical Metagenomic Sequencing for Diagnosis of Pulmonary Tuberculosis.
Journal of Infection, 81, 567-574. https://doi.org/10.1016/j.jinf.2020.08.004

Wl s, HAEAL, AL, X, R AR W S5 %0 B A S5 A% o SR B R S — 10 H SOk
[J]. A E R s fE E s 4, 2019, 18(1): 21-25.

Ly, mER, B, S M R I P20 S5 A% S AR G 03 BOFE TR &% — Bl JF 3Gk E I [ 5%
F o i L 595 2% 35, 2021, 29(1): 122-127. https://doi.org/10.12114/j.issn.1008-5971.2021.01.024

Yang, L., Song, J., Wang, Y., et al. (2021) Metagenomic Next-Generation Sequencing for Pulmonary Fungal Infection
Diagnosis: Lung Biopsy versus Bronchoalveolar Lavage Fluid. Infection and Drug Resistance, 14, 4333-4359.
https://doi.org/10.2147/IDR.S333818

Lei, C., Zhou, X., Ding, S., et al. (2022) Case Report: Community-Acquired Legionella gormanii Pneumonia in an
Immunocompetent Patient Detected by Metagenomic Next-Generation Sequencing. Frontiers in Medicine (Lausanne),
9, Article ID: 819425. https://doi.org/10.3389/fmed.2022.819425

Li, H., Gao, H., Meng, H., et al. (2018) Detection of Pulmonary Infectious Pathogens from Lung Biopsy Tissues by
Metagenomic Next-Generation Sequencing. Frontiers in Cellular and Infection Microbiology, 8, 205.
https://doi.org/10.3389/fcimb.2018.00205

He, B.C., Liu, L.L., Chen, B.L., et al. (2019) The Application of Next-Generation Sequencing in Diagnosing Invasive
Pulmonary Aspergillosis: Three Case Reports. The American Journal of Translational Research, 11, 2532-2539.

van Boheemen, S., van Rijn, A.L., Pappas, N., et al. (2020) Retrospective Validation of a Metagenomic Sequencing
Protocol for Combined Detection of RNA and DNA Viruses Using Respiratory Samples from Pediatric Patients. The
Journal of Molecular Diagnostics, 22, 196-207. https://doi.org/10.1016/j.jmoldx.2019.10.007

Ding, L., Zhao, Y., Li, X., et al. (2020) Early Diagnosis and Appropriate Respiratory Support for Mycoplasma pneu-
moniae Pneumonia Associated Acute Respiratory Distress Syndrome in Young and Adult Patients: A Case Series from
Two Centers. BMC Infectious Diseases, 20, 367. https://doi.org/10.1186/s12879-020-05085-5

DR, BRE, Bk, S5 sy 2 22 DR 4L A ) L2 3 il 8 SRR il 98 TR A e R 2 BB [3]. e
PR LRI &, 2020, 38(12): 891-895.

Gu, L., Liu, W., Ru, M., et al. (2020) The Application of Metagenomic Next-Generation Sequencing in Diagnosing
Chlamydia psittaci Pneumonia: A Report of Five Cases. BMC Pulmonary Medicine, 50, Article No. 65.

DOI: 10.12677/acm.2023.131066 440 I P I 25338 2


https://doi.org/10.12677/acm.2023.131066
https://doi.org/10.3969/j.issn.1009-6663.2021.12.011
https://doi.org/10.3389/fcimb.2020.567615
https://doi.org/10.2147/IDR.S235182
https://doi.org/10.2147/IDR.S365757
https://doi.org/10.1002/jcla.24498
https://doi.org/10.1007/s40121-021-00476-w
https://doi.org/10.3389/fmed.2022.755308
https://doi.org/10.1016/j.ijid.2020.12.063
https://doi.org/10.1016/j.jinf.2020.08.004
https://doi.org/10.12114/j.issn.1008-5971.2021.01.024
https://doi.org/10.2147/IDR.S333818
https://doi.org/10.3389/fmed.2022.819425
https://doi.org/10.3389/fcimb.2018.00205
https://doi.org/10.1016/j.jmoldx.2019.10.007
https://doi.org/10.1186/s12879-020-05085-5

=
B
E
X
s

[23]
[24]

[25]

[26]

[27]

[28]

[29]

[30]

https://doi.org/10.1186/512890-020-1098-x

Wang, Y., Lu, H., Shao, R., et al. (2020) Clinical Characteristics Analysis of Patients with Pneumonia Infected by
Chlamydia psittaci. Chinese Critical Care Medicine, 32, 1388-1390.

Wang, J., Han, Y. and Feng, J. (2019) Metagenomic Next-Generation Sequencing for Mixed Pulmonary Infection Di-
agnosis. BMC Pulmonary Medicine, 19, 252. https://doi.org/10.1186/s12890-019-1022-4

Chen, P., Sun, W. and He, Y. (2020) Comparison of the Next-Generation Sequencing (NGS) Technology with Culture
Methods in the Diagnosis of Bacterial and Fungal Infections. Journal of Thoracic Disease, 12, 4924-4929.
https://doi.org/10.21037/jtd-20-930

Liu, H., Zhang, Y., Chen, G., et al. (2022) Diagnostic Significance of Metagenomic Next-Generation Sequencing for
Community-Acquired Pneumonia in Southern China. Frontiers in Medicine (Lausanne), 9, Article ID: 807174.
https://doi.org/10.3389/fmed.2022.807174

Miao, Q., Ma, Y., Wang, Q., et al. (2018) Microbiological Diagnostic Performance of Metagenomic Next-Generation
Sequencing When Applied to Clinical Practice. Clinical Infectious Diseases, 67, S231-S240.
https://doi.org/10.1093/cid/ciy693

Ransom, E.M., Potter, R.F., Dantas, G., et al. (2020) Genomic Prediction of Antimicrobial Resistance: Ready or Not,
Here It Comes! Clinical Chemistry, 66, 1278-1289. https://doi.org/10.1093/clinchem/hvaal72

Maljkovic, B.I., Melendrez, M.C., Bishop-Lilly, K.A., et al. (2020) Next Generation Sequencing and Bioinformatics
Methodologies for Infectious Disease Research and Public Health: Approaches, Applications, and Considerations for
Development of Laboratory Capacity. Infectious Diseases, 221, S292-S307.

Filkins, L.M., Bryson, A.L., Miller, S.A., et al. (2020) Navigating Clinical Utilization of Direct-from-Specimen Meta-
genomic Pathogen Detection: Clinical Applications, Limitations, and Testing Recommendations. Clinical Chemistry,
66, 1381-1395. https://doi.org/10.1093/clinchem/hvaal83

DOI: 10.12677/acm.2023.131066 441 I P I 25338 2


https://doi.org/10.12677/acm.2023.131066
https://doi.org/10.1186/s12890-020-1098-x
https://doi.org/10.1186/s12890-019-1022-4
https://doi.org/10.21037/jtd-20-930
https://doi.org/10.3389/fmed.2022.807174
https://doi.org/10.1093/cid/ciy693
https://doi.org/10.1093/clinchem/hvaa172
https://doi.org/10.1093/clinchem/hvaa183

	mNGS在肺部感染应用中的研究进展
	摘  要
	关键词
	Research Progress of mNGS in Pulmonary Infection
	Abstract
	Keywords
	1. 引言
	2. mNGS肺部感染在不同病原体中的应用
	3. mNGS标本的选择
	4. mNGS的优势和局限性
	5. 小结与展望
	参考文献

