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Performance assessment of three metagenomic next-generation sequencing

platforms

YANG Han, GUO Qiao-mei » WANG Xue-qing , SHU Wen (Department of Laboratory Medi-
cine , Shanghai General Hospital , Shanghai Jiao Tong University, Shanghai 200080, China)

[Abstract] Objective To assess the performance of three metagenomic-next generation sequencing (mNGS) plat-
forms. Methods 18 reference and 8 clinical specimens were performed mNGS by three platforms (A, B and C).
Sensitivity, specificity, negative predictive value and positive predictive value were analyzed. Results For reference,
sensitivity of platform A, B and C were 97. 8%, 100%, and 45. 1% ; specificity were 50. 0%, 100% and 100% ;
negative predictive value were 25. 0%, 100% and 3. 8% ; positive predictive value were 87. 3%, 75. 2% and
93.2%. As for clinical specimens, sensitivity of platform A, B and C were 87. 0%, 82.6% and 87. 0% ; positive
predictive value were 90. 9%, 65.5% and 60.6%. Conclusion This research enriches the data in domestic mNGS
platform, and provides suggestions for the development of new diagnostic technologies for infectious diseases.
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Table 1 References of D series

D1-1 AT A i Listeria grayi G* Bacterium 400 000
Bl R I A R Haemophilus parain fluenzae G~ Bacterium 300 000
PR AT Acinetobacter junii G~ Bacterium 200 000
LR Rhodococcus equi G* Bacterium 150 000
T B ER T Micrococcus luteus G* Bacterium 15 000

D1-3 MR Listeria grayi G* Bacterium 4 000
VA R I AT Haemophilus parain fluenzae G~ Bacterium 3 000
IR A ST 3 Acinetobacter junii G~ Bacterium 2 000
LT BRI Rhodococcus equi G* Bacterium 1500
T B ER T Micrococcus luteus G* Bacterium 150

D1 - 1C100) M2 Listeria grayi G* Bacterium 4 000
il 90 2% 8 AT T Haemo philus parain fluenzae G~ Bacterium 3 000
BRIRA ST 1E Acinetobacter junii G~ Bacterium 2 000
4T BR Rhodococcus equi G* Bacterium 1500
T ORI Micrococcus luteus G* Bacterium 150

D2-2 TR A B ICH Neisseria sicca G~ Bacterium 15 000
DGR A B Pseudomonas fluorescens G~ Bacterium 15 000
W K A B TR Aeromonoas hydrophila G~ Bacterium 15 000
I fii 7 P Legionella pneumophila G~ Bacterium 10 000
4 2T 1 1 B B Candida lusitaniae Fungus 400
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Table 2  References of M series

M2 K57 Escherichia coli G~ Bacterium 20 000
ifi ¢ 5 B T Streptococcus pneumoniae G* Bacterium 200
A8 Pk Cryptococcus gattii VGI Fungus 1 000
55241 i 5 75 Cytomegalovirus DNA Virus 2 000
NI IETE 6 Human betaher pesvirus 6B DNA Virus 70 000
NI BT 1 B Human alphaherpes virus 1 DNA Virus 11 000
Ber g 11 2 Echovirus 11 RNA Virus 140
N A B s 7 C 1 R Human immunode ficiency virus 1 RNA Virus 17 000

M6 KR Enterococcus faecalis G* Bacterium 20 000
[EFe: 0 Candida albicans Fungus 400
FERR A Klebsiella oxytoca G~ Bacterium 30 000
Ak e ik 1R A Streptococcus pyogenes G* Bacterium 20 000
7 C IR Human mastadenovirus C DNA Virus 150 000
SR 1 Parain fluenza virus 1 RNA Virus 400 000
IR W% 586 A M s 7 A Y Respiratory syncytial virus A RNA Virus 12 000
I 0 36 A M s 5 B AR Respiratory syncytial virus B RNA Virus 17 000

SHEBBEHRESHER RS HER BRI MY EHESE . DI R51F 3 (D1 - 1.D1
DNA 5 3 1 RNA 55 2 55 A [5] Ff J& g B 44, Jr 36 95 —2fID1-3),D2 £F|A 3 L (D2-1,D2-2 Fl
JEARTERG IR A2 R RN GC SR & HAE S D2-3).M &G 4 L (M2, M4, M6 #1 M8), %
JZ A ARR SR I R bR A o AR B Z ke, D Ab Ll G E G ER A K 2 K D1 — 1 il D1 -2 H
ZH ARS8 1 X 10° cells/mL HURERG AL B 100,10 4%, H1 4 & D1 — 1(100) i1 D1 - 2(10),
BM R H S CNFL LR R 18 B SRR T S H ST AL GRS IR RENL A LS KT A
I ST R S SR A RS [ R AL L Horp DO IR 3,
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Table 3 Distribution of references

2% i A B C B (mL)
DO R2204 R2205 R2206 1
D1 -1 R2201 R2202 R2203 1
D1-2 R2207 R2208 R2209 1
D1-3 R2210 R2211 R2212 1
D1 -2010) R2228 R2229 R2230 1
D1-2010) R2225 R2226 R2227 1
D1 -2010) R2222 R2223 R2224 1
D1 —-1C100) R2219 R2220 R2221 1
D1 —-1C100) R2216 R2217 R2218 1
D1 -1C100) R2213 R2214 R2215 1
D2-1 R2231 R2232 R2233 1
D2-2 R2234 R2235 R2236 1
D2-3 R2237 R2238 R2239 1
M2 R2240 R2241 R2242 1
M4 R2243 R2244 R2245 1
Mo6 R2246 R2247 R2248 1
M8 R2249 R2250 R2251 1
M9 R2252 R2253 R2254 1

1.2.2 g RARA ATBETENCE 8 fh i RARA . 22
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H DU R 4 00 B R R AG R D RO I PR
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Table 4 Clinical specimens and distribution

i PR AR A A B C bRAR el AR (mL) B IR 4 R
20220208 $2261 $2262 $2263 it 362 4 5 VR 5 2 R B
20220209 = 1 S2264 S2265 S2266 T e BRI 5 TC
20220209 - 2 S2267 $2268 S2269 i e B 5 P}
20220211 -2 $2270) S2271 S2272 JEJEE AR R 5 IO Y AR BR A A5 A T R R A
20220211 -3 $2273 S2274 S2275 R AR 5 PO R PR R
20220214 = 1 S2276 S2277 S2278 I R LR 5 Jiti ¢ 5 2 A T
20220217 ~ 1 $2279 $2280 S2281 Jif 160 9 U W 5 TG AT BE U B
20220210 — 1 S2282 S2283 S2284 Jit Y00 98 5 Y 5 Tt A e B0 T
BERE R DNA I 7 b 23 5 T 25 NIRFIR 2 TR
2 H#R Ak 28
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Table 5 mNGS detection results of reference
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Performance analysis on references of three mNGS
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Table 6 Pathogen detection results of cultured and mNGS clinical specimens

FEAR G 5 PR 3 i PR 12 Wi TS A B C
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L] BHE B OAKE WOARESERE 1 EBVARKES K
B R 2 MR B ER B O IESGEE 4 8 1R TR R I
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%% 6 (Table 6, Continued)
FEA G5 5 FRA R Iifi R 12 W Ko A B C
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Figure 2 Performance analysis on clinical specimens of three

REE=1/7=100% R E=6/7=85.7%

mNGS platforms

3 itig

mNGS xf F AW P e IR & I 2 2R IR A

R T SCHFI AR X i KT o I AT A 2
FHACE B 5 A0 X A WO R, RS
A B B 5 LA i B DG 2SR I J B ATkl ik Ah 2
Wit i . BOR SRR HE S T mNGS 5250 % A b
TR K T g 37 56 I Jo et A5 S AR R R S
A

H AT 2R FH mNGS $E 47 8% G P 952 055 12 Wi B K 1
SRR 5 G 5| A A8 BE PET . 5 G ok R A 4 2 1R
5 ) B R B v R 0 8 1 T A RN OE R AR B
BE S DA B AR 20 B sOBOHE 2 A8 R (I An 5 R v ) X
ST RE BB PR 2 ARHIE ST AR A SR R &
W EFESH MM P H R TR, A&
XD RIS % AT RNA W, 24 7 —Fh
RNA i 8 — KB F R 75, X 0] Bk A AR A
BRI R E G e E LR, BEA
£ D1 = 1(100) F1 D1 — 2(10) T & K M RE 5 4R 45
T D2 FF 4T 0 A, AT RE A S 06 5 K I A
s g ek, CFE&EERT DI - 1(100) fil D1 -2
A0 FP Y H AL S % AR R T AN FL M i 7 18 Al
(M R 2% 5 35 50D . 70 B8 A7 76 b A 38 L5
e, L ] e 35 G mNGS Kl £ R 78 K Sk
AT YT I ) R

ARWFFEA R BN =501 6 X5 40 B EL T AU B
ARG 00 280 Rt A7 AE — 7 25 5, T RE 5 AN [R) Ak i 2
AR B BE I 22 5, R B IO 22 S I g A ok Y
T30 9 R HERG 4> R o 50 R S R AL R (R
WEP L X FIE RAR A 20220211 - 3,B #1 C B &
Bl T A2 4 L R E EB A . 0 A F
BRI AR ARSI TE 2 B, G IR X P AR 7



. 66 o

Hr E RGP i 24 A 2023 4E 1 45 22 #5551 ] Chin J Infect Control Vol 22 No 1 Jan 2023

o | B s A DR R AR o A1 I o 2 1 s 783 A g 2
BECRE T S B AT 72 3 DAL e R I P A Pk R =2 — .

AR FEPEAG 3 T =& mNGS FE &4 T2
2 A RAR AR I R I PE RE . 25 SR R 7E S %
WA LB 5 mNGS (1 52 8B L Hr 5 R A B 1 6
A 5275 - C -5 mNGS (1% BH M 7000 8 B 8 . T 7
I RARAS PEAS s A S & 19 28 8505 R BE 1 1500 {8 7Y
PEREBI BAL T B A C. TAT Bom A F &5 4k
R . =RV G YA T T 52 )
MG 3 % B4 VT RE A I R < by S TR) R AL Bl
AR AR R T 6 S A2 Bk
B — 1) S0 A T B A T OO B A SR T R
FORE . I, 78 mNGS 25 F 35 5 . L = T
RGN H A AR AR 28T AR a5 4 ST I I
P (B S 5 W o AR A 0 7 A B E R 4
5 RE A E A T AR 0 1 R A 56 M S B i — £
PRI 14 45 SR A 3 R UL O 50 R AR R R AE
A REAT B — 1 5 A A I AR

AW TEAAEAE— 2 R BRI . B 5, o AR
P A 9 A AT B P I AR i 98 0 O VR A )
BER AT 58 A T I I I8 R 5 98I IR s AR 1) 2 3k
PUALPPAR o LU I PR AR A% 194 99 L e Az U dfe /0>
S bR, Al BT IR AR A H R 4N B R B o
HERE F5 10 240 B8 JC 1k G S TR AR R 9k B T LA 3R
5 2 8 mNGS - & [a] A5 093 S5 A4 R 4 b
PRI 43412 W7 72 S0 0 B UL . 3% 7 2 B E R
P = 28

SRR PR 9 1132 IR 2 PR A 5 2 A e 5 AN R
SOARTFGE R T E N I A B R O e
PG 12 W BT AR 1 i A5 o8 s BRI T — e i L
3 A s mNGS X F B 51 LA B A He R #B 2L A 5K
(A 00 6 T X A ) A SR A L e T A
B R SR L O A M A S e PR JER e M 112
63X LI DR 5 36 & A N B35 A DG TR B 2
2B R AE Y E B E A IF 5 IR PR R4
14 76) 3 A" RE SE B .

H R AR B
(& % x #t]
[1] Gu W, Deng XD, Lee M, et al. Rapid pathogen detection by

metagenomic next-generation sequencing of infected body flu-

ids[J]. Nat Med, 2021, 27(1); 115 124,

(2] X7k, skEE, LA, 5. 5% 5L D 4 i 5 0 7 R

B S0 Pk SRR B LT ] AR TR AR, 2020, 36
(12): 2598 = 2609.
Liu DL, Zhang CT, Wang YC, et al. Challenges and considera-
tions on quality control and evaluation of pathogen meta-
genomic next-generation sequencing [ J]. Chinese Journal of
Biotechnology, 2020, 36(12): 2598 — 2609.

[3] McGill F, Heyderman RS, Panagiotou S, et al. Acute bacte-
rial meningitis in adults[J]. Lancet, 2016, 388(10063) : 3036
—3047.

(4] mARBEESR I EE % o2, & Ak T A0 5 B AR A I A

TR AR 0 9 e PR O T A A & R LT ] h AR A 0 R 2 4
a5, 2020, 43(12): 1181 = 1195,
Laboratory Medicine Society of Chinese Medical Association.
Expert consensus on clinical standardized application of meta-
genomics next-generation sequencing for detection of patho-
genic microorganisms[ J]. Chinese Journal of Laboratory Medi-
cine, 2020, 43(12). 1181 = 1195.

[5] Schlaberg R, Chiu CY, Miller S, et al. Validation of meta-
genomic next-generation sequencing tests for universal patho-
gen detection[ J]. Arch Pathol Lab Med, 2017, 141(6): 776
= 786.

[6] Greninger AL. The challenge of diagnostic metagenomics[]J].
Expert Rev Mol Diagn, 2018, 18(7): 605~ 615.

[7] Gu W, Miller S, Chiu CY. Clinical metagenomic next-genera-
tion sequencing for pathogen detection[ J]. Annu Rev Pathol,
2019, 14. 319 — 338.

[8] Wilson MR, Naccache SN, Samayoa E, et al. Actionable dia-
gnosis of neuroleptospirosis by next-generation sequencing[ ] ].
N Engl J Med, 2014, 370(25): 2408 — 2417.

[9] Zheng Y. Qiu XJ, Wang T, et al. The diagnostic value of
metagenomic next-generation sequencing in lower respiratory
tract infection [ J ]. Front Cell Infect Microbiol, 2021, 11;
694756.

[10] Govender KN, Street TL, Sanderson ND, et al. Metagenomic
sequencing as a pathogen-agnostic clinical diagnostic tool for
infectious diseases: a systematic review and Meta-analysis of
diagnostic test accuracy studies[J]. J Clin Microbiol, 2021, 59
(9): €0291620.

[11] Han DS, Li ZY, Li R, et al. mNGS in clinical microbiology la-
boratories: on the road to maturity[ J]. Crit Rev Microbiol,
2019, 45(5/6): 668 — 685.

[12] Ao B % o 2 R BUE W 4, h AR R 2 Uk
W 5 A I R SR W 2 21, b D R T DR A T B 32 Ik
P22 DRAZE B 55 8% e oy 25 2 TR A0 v it V0 ) AR i
FH T 0 o o SRS I o [ S SR ] v A e S 2
e 2021, 44(2): 107 —120.

Clinical Microbiology Group, Laboratory Medicine Branch,
Chinese Medical Association, Clinical Microbiology Group,
Microbiology and Immunology Branch, Chinese Medical Asso-
ciation, Clinical Microbiology and Infection Branch of China

Healthcare International Exchange Promotion Association.



e R e o A

YAk 2023 4E 1 AR 22 5 1

Chin J Infect Control Vol 22

No 1 Jan 2023

.« 67 o

[13] &

[14]

[15]

Chinese expert consensus on metagenomics next-generation se-

quencing application on pathogen detection of infectious disea-

ses[ J]. Chinese Journal of Laboratory Medicine, 2021, 44

(2): 107 —120.

e R 2 2 00 B AE o AT JR g o O R O T R R

EPﬁﬁ RIBE B2 MR IE SR B & 2, P IEBUEY
SMAEYFTERLG W R 2, & BIEE AT AT S

HAR S I PR KILRCE— RO [T, h AR fE s 2
B, 2020, 32(5): 531 -536.

Consensus Expert Group on the Clinical Application of Meta-
genomic Sequencing Technology in Moderate and Severe In-
fections, Sepsis and Shock Committee of Chinese Research
Hospital Association, Microbial Toxin Committee of Chinese
Society of Microbiology, et al. Expert consensus for the appli-

cation of metagenomic next generation sequencing in the patho-

gen diagnosis in clinical moderate and severe infections (first

edition)[ J]. Chinese Critical Care Medicine, 2020, 32(5);
531 - 536.
(RG24 A2 ) G i 25 B 4. W@fﬁuiﬂ%fﬁgﬁﬂ

AN e g DA 1 i R
A, 2020, 38C11)

MR R AL
681 — 689,

LT el e A
Editorial Board of Chinese Journal of Infectious Diseases. Clini-
cal practice expert consensus for the application of meta-

genomic next generation sequencing[ J]. Chinese Journal of

Infectious Diseases, 2020, 38(11): 681~ 689.

BT, IHARFY . SESCHE. R IR R DR A e e S
BEAMAZH: BRI T]. PR R, 2022,
45(2): 100 - 104,

Han DS, Ma XL, Wu W]J. Current status and challenges of

[16]

[17]

[18]

A5 AR AG W FRIGAG , E IR 5F . = 5 B R A

pathogen metagenomic high-throughput sequencing testing im-
plemented in a clinical laboratory affiliated to a hospital[ ] ].
Chinese Journal of Laboratory Medicine, 2022, 45(2) .
104.

XU, TLEF . HBUHT, 4. 5 JRU G R 4 e i a7 BOR i
BIEMSH ML) /T2 W 53R 97 Jed, 2022, 14
(5): 727 = 730.

Liu DL, Shen S, Tian YX, et al.

100 —

Establishment of reference
panel for quality evaluation of pathogen metagenomic next-
generation sequencing[ J]. Journal of Molecular Diagnostics
and Therapy, 2022, 14(5). 727 = 730.

Denner J. Transspecies transmission of gammaretroviruses and
the origin of the gibbon ape leukaemia virus (GalLV) and the
koala retrovirus (KoRV)[J]. Viruses, 2016, 8(12):
Liu DL, Zhou HW, Xu T, et al.

336.

Multicenter assessment of
shotgun metagenomics for pathogen detection[ J]. EBioMedi-
cine, 2021, 74 103649.

RS HiH  R 4R

¥h

P BTl b e [T, v el Jg e 4% ol 2% 7K. 2023,22. (1) : 59 = 67.
DOI:10. 12138/j. issn. 1671 — 9638. 20233285.

Cite this article as :

ging., et al.

YANG Han, GUO Qiao-mei, WANG Xue-

Performance assessment of three metagenomic next-

generation sequencing platforms[J]. Chin J Infect Control, 2023,

22(1):

59 - 67. DOI: 10.12138/]. issn. 1671 — 9638. 20233285.



