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Challenges and considerations on quality control and
evaluation of pathogen metagenomic next-generation
sequencing

Donglai Liu, Chuntao Zhang, Youchun Wang, and Sihong Xu

National Institutes for Food and Drug Control, Beijing 100050, China

Abstract: Metagenomic next-generation sequencing (mMNGS) could be used for pathogen detection from nearly all types of
clinical samples. Especially, the unique diagnostic capability of pathogen mNGS detecting unknown causative agent of
infectious diseases makes this method become an importation complement and irreplaceable component for conventional
routine laboratory test. However, the complexity of the testing process, the rapid product update, and the insufficiency in
quality control and evaluation methods that all make clinical transformation, industry development, and regulation of this
technology full of challenge and uncertainty. This review briefly introduces the technical advantages and challenges, and
describes the general workflow and quality control steps in details. Finally, it focuses on current considerations regarding
quality evaluation methods and standards for pathogen mNGS.
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Fig. 1 Metagenomic next-generation sequencing technical workflow and key quality control points.
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Fig. 2 Metagenomic next-generation sequencing approaches technical principle!?.

2 B LR

MNGS A B — 298 24 h, 432k
MBSCH (Wet lab 5% wet bench) #1524 (Dry lab
gy, dry bench), JRFERES N 6 IR AHEAHTA
MO, SUEME. BN . ARG T
A RS ST 2RI IR FEAS , AX IR HR R
AT T AN R RTALBE, Fbanigfe . miRE | FofE
T DR 0 SR A Hh R P2 B IR ST A
ORI IR AT Ak A B0, Al BRI R
i E R AIE Bk DB Iy . BpAEA
) SC A 50 B 3 B T S T SCEEY L IR
(Polling) J&#EA7T EALIN Y . M)P5E MG, THLEL
P AAAT AR , 50 OB B e 4 1) S Ak A= ) e ot
RSP IR, I, 24l if e e iU & 1Y w2
KL — et , W7~ A P BE 2 75-200 bp,
AL ER AT 35 300-400 bp; EEHERE AN

% : 010-64807509

10 J& (Million, M) Z5#% 2 Fr Bt (Reads), 4nifss
Al o NIEAZIR KBk, Ui RKT 10 M reads 2
AT RN TR, B AR,
21 BRI

TE PR SE R A b, e W R
T PR SR e 2 i T 1 2 R AR ke 451

B, A s R AR A A TR R A AR g 3
FEPERISZM . mNGS HARJE XS HEA F) SR E 17
RO, B A, R4S, R . W
W PR PR VER . O IR R DA S 2 A
BIRTAE R Rr AR AS o G RAEAS b A 1
T DR 2 ARG 1 o A0 R U o AT, AR AR 5
Pt s AR R HH R IR 90%-99%, SN
RO R . &, R A 2 i
FEAS, BAFEARMZRR SR . REARN . B
Tt DA S NRAL R o LA AE i 2 2 e, DR X

. cjb@im.ac.cn



2602 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

MNGS AR MR 1 T sk, Hn,
o7 FH R S P B 4 S Aol AR R S 0 4 % 55
FBR N s bR R, B4R o i IR A R
AT & b, AR TR SRR RE s (R, KBR
NG RZIR B TR B B AR T RE A AL R it WP
R WA T o i R e

55, L ar B OE S X SR B A 4 G i £ b
5a1 U B S <N N S I 5 | R 3 e S L L e
YRR IR], RS By A 2 RIAZ R 2 LI 5 e T
WA D RRAE o AN, 398 0 3 55 B Ak 5
BEAR A ] T 45 v i A R 20 7 R0 L BT 110 A% R 4 B
K, AT RER R BEALIR s XTAEAS HEA T B0 st
UE, AR TR RS R E A, AT RERIR
At B 2 A 5 SRR BT R R SR BORY Uy s,
DNA FI RNA 735l 55 [A] I S B, AT BE 52 i 6
RS ; R IUR Rt 75 B8 B A 1R AU FE AR
Y QRS TR 1 i 5 T 12 A% 1R 18 BB ) X D A i
BRI IBCCE AR s N AL B 3h ik 32 B0
WA A 4 Sc s it ] . B s R R Sk, (An]
REFE MU PRI IR 4545 . FEASHIT AL BRI IR 12
WUAE 7 ARA B 23 R4 TR AR Ab 30 38 45 R AR5 1Y
WAV, MR E S, R R
A% T vl R A FR 2 B0 LA DR UE AGr DN ) o 1A R
Peo AL, FEAZTR B IBUTIE B LA N S B N
Jo A st e G I 3 R A 7 R A

5= AT XS AN AN A I R A, fdE
MR . PR . Pl ERR . MO . MR . BT
HAMARY) 75, ERGENFEIET, o
PRWRAL . ZLSUIP B RID) A B B 25 3800 T o
R AN R AR F) 2% R e et 1B A AR i Ak 8 ) LA
Jide, AP ORUER I Ay AT SE MR JC L, N,
I YRR A A R S A s T AR T S A
Jr s B R A FR R i, 5 TR AR AR P A A%
MR AT & 4, (0 A IR Il ic 5 s 1) i 3 ) 5
I AR A e N5 I D A A R 347 LA e e Bl 5
SAEAE, T2 Bl R mT B i AR 1 Ak

http://journals.im.ac.cn/cjbcn

TR s FF A 1 2 A o LA P2 (i L 4R A v
VAR 4 e Wi S sl e i, 5 B R AR AR A R A 7 R 0
il DNA B85 J5 B T30 Wi A A s SR A
R o Hea K F A SRR A, ZEREAC A Ab PR
T R B B A AR AR (5 e

S50, ] v ARSI S i T . H AT mNGS
AR BRI A BT B R, A% ER B BGR
F AR LIRSS, X SR M G Rl
BHE" EAGERBEMI S R, Nl
TR T S B X S S R W R VR TE B 4 M
TAREEST 2pk | AT AR B AR A AR Ok Y
BT S D A A7 AE R T4t 1E 2 mNGSS $ A T I )
Pk

22 FXI

A G IAR T MNGS $ AR AN 0] 5 i — 43«
2o 1B S I ARAT A IR LR T B, W
TR AT AL FEA BE R AT BRI 45 K . mNGS
AR A S AR S oA NGS AR BT HRSA AR [R]
iR s 38 2 e o A G 35 PRGN ) A R R AR B 1 T R
R0 N 2 A B e R 40 i i TR 2R A8 B, T mNGS
AR B A A7 TR AR 53 BT () 50100 B B s A ek
DR 20 50 4 Ak g 4, SRS RIS A B8 2
o SRR RE R 2 £ B0 sk e Bk R B B R
PPk, BRHEM IS, REREBKEZ 3G 1Y
NZRBEH A, R A S — P G B2 4
TE P SEE R4

MNGS H AR [ 4= 175 7 BB A5 LT A g,
JE L 0 P 500 FAh B, A R I A 2 R
1L R RIAREE AR | AR R AR
BRI U8 24 R AR S AR R 2%
FESNREAT U o305 B b . Geit RO R
R A5 T 15 114 235 R 0 A 0 {0 2 e, A6 S
H5E RS AR A RS . o e SRR 2
2% P A B FP S BB o i, JeE T mNGS
AR B FRIS AN L, 7] Bt 2 5 e G 0 245 SR vfe
WvEp TR RS B, AR R AR



WHEE FEREZERASEENFRRREZFHSIFNHOKINES 2603

IR PR 5 2 3 37 5 22 D TE ) i AR B8 12 . — oy
DI AT IR A9 R Y &2 2 OB e, an o [ B R A9
i ARAE Bt (National Center for Biotechnology
Information, NCBI) A9 GenBank & R % ¥ %~ 3
filt, XTE A FHIME BT A IR, ik AR
R BURLEER DX A3 D AR 4 R TR 2 i 0
KPS o T3 —Fh B ki g, TR K
o o A A A B B . AN S B
mh 2 s B B/ (US. Food and Drug
Administration, FDA) 23R 1B-& 87 1918
TG NGS 2 Wi i I EdE . Bl FDA
ST AEE (FDA database for reference-grade
microbial sequences, FDA-ARGOS)M, X} F4h A
s JEL AR BSCHE R R 4, 2 ST R D O e B o T
V] R o) = R S B v S 1T 1N S A7
RUFERYAE, DA SR ERR . A TR RN 43 B R SE S
AN, X TR LAY | R 2H AN e B s DL IX
43 FE PR g L A 91 8T DURE N BT . BT
VO SR FH WA A v g 5 W X9 JC 1k o 0 s A4 B i 22 1Y)
P fey P, DLt LR A 7 78 43 6 i I AT RE 5 4%
S ARSI 45 SRR e, O RIS DU 45 SR A AT
SEMEUNEE FERIT RN, BUREN
WA — R ERY, TR 77 2 Wrrh 78 58 5 1
R YR T2 359 oy FBT A T IE o

S BN AR E RGN A,
g B2 A% A T 2 7 i D] 2 B T Y BT A
il EEASHHREFELEEE (AK) =
2 B DR 20 B4 40 P2 RNl A ) 2 2% B DR A B8 T 45
53 (NFK) SHENHALE FEZEHT ARG
FIRHN Rt g, BT ALSHEE A 55
WIEAE— S [R5 P 41, DA R A2 FR 8504 2 He U5
HIEB A A S SN AL v e Ts e T ARSI 4
FEA, QR U8 913k A 8 4 ) AT i S 30— Lk
o JE AR R PR VRS o G AR L2 Hg38
VR TBRE RPN, DR R 228 5 N 4 75 2
IS NP EE A 0 22 5, T 1) v CREAS I ) A

% : 010-64807509

T VR I 2 T 60 3 9 P N B S 3 50 i
Ah, XFF RNA KRR, BT AREEEAEN S
T, {5l RNA (Messenger RNA, mRNA) £ 8
2SRy WS E I NGIE =28 YIS R R S S N
mRNA 2% 751,

LA 1) 275 L DR 2R 55080 T BU G 6 A
Yy, Fd PR it e R ik 45 R . ek
A5 WA= 0y s DR A B P A S I 5 A AN R T
e, T MBS A — DR S SR A R 58
B GERE L AR RS BiiE (B
W, R WIS LT RS R T
Bro T BURRE AT AFEAS R PRI B 2202 1Y, BT
PL—AN W it 2 2 B DR 4 B T A 75 7 0 7 SR
FPH, — i i S GRS AR I R 8 BORL 51 2 15
HREBHYRRE R, & WRREE 55 k751
WE TR S FE A B PR N % 647
W BT AN AR, LU AT AR b o8 5 EOE 1
i, BRI G T A TR REITEAL .
BEPR2H 1 U AT R s S ORI 45 SR 1Y 25 5

TR W S PN R B B R A R AR D —
WL E B SR, S R R I T Mt Y
Wil T 5 S FAASE D 225 2 o LU X 2 4 sl B33 T i 55
Fb 25 Jan ey B R R A R A . BATE
Z A 22 BT N 2 B D 2 R A AR, H
A B A RE R IR —LT1 Jy it 1] o K
TREL SRR AT 2R L S 445 S 1 v e M Sy T
WATER G VAN, R 5. Wk T4k
FRERSE =i, A ERA R 25 ) 2 KORFEAR,
FEAE P AT % 58 A A A T e 0 iy 4, H T
1) A=A R A A T 00 o R B 43 8y TR A AE —
E BRI o FEVIRIERE S, el ] Hoxs A,
DL R F— 26 77 5 Z2 0 LES s, ey 38
TE R A — M . TR BT T, R
o B E AL R, R RNA & AN [A] bk 2 18]
)22 SR T RE LA, WA 43 T8 X 2B A5 T A 1Y)
Fhy . MARIGIRT K, eEEn o 2UA A EE L4y

. cjb@im.ac.cn



2604 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

B2 JLT g 5 = i L ae o 2
FER )2 G0) , 38 1 2% 70 8 I R A 2 9 (Un
TG AR E A 71 R 11 S SO I ACRE R
A 2555 AN RULE S 7 0 IR R BE R Y R
BN A M) BB S B
2%, HeAnemE A R A CRE W RR 18 SR K R
BB R I A T LA DX e R e i 2 NI T 92
MIZR . HIX S TR Y )2 90 FE NCBI ) taxonomy
FREA R RERN, TEN T TR
T WRRM TG R ERE 2 | WAL
DR 2 8 A 55000 13 v, ] L S DR Sy < 0 /10 7
Z A2 S RS EW TR, WIMRIE T AEE R
PTG AT S

MNGS F AR M AE A5 TR I 1 32 548 S
TEE DA SO R AE AN R 28 8 B 1 A i I 2R R
FERE ST, AS[RIZERLGA W 0 A B B v
e 3 T RS 5 R R AT A 1, K A [ 2 AR
(R D A 2 52 B S 0 S P I el s . SRR AR 2R
RIGERIR 520, DR e 1 S 00 P15 W R A 2 A
MR, Rl R A, — T AT A T
5 SRS, IR [ AR AR 260 o 75 2 0 i
s SEAE M AR, Rk 8 A A SO
SEAXTY, BN F A KRS e, — )
AN R , A0S I 5 7K A5 I At A
AR YRS I HE A S I A, R AT R M 1Y BOW
W o A, EECHE T B T AN S
g, DR PR A 0 T RE 23 e B SR RS
BRI, W RCTENOK T RE L S R U

5 TR W 15 1 B3 1 2% A Y 1 RN SRS
ff R A G — RSB A E . mNGS
AR A 2485 TR A 5 s X — R A T 2 2 R R
sk AEFUHR A TP A9 S AR 35 Ay v B A 0 5 SR
VDRI 1 (L I 5 1) 5 R S e 1 g AR DU 2 B A
Reff ek, WRNREIAGRHERR . B0 S s
SRR IR RS 2%, TR« BIE B ARk
B AR FURRME LA X 2335 DR TR AR B 4 S

http://journals.im.ac.cn/cjbcn

s XHFRI P TEYE | PREE TS Yl M e A B AL & B0
o3 SR (G B AIE S 9 4 4 B4381 RS H i mNGS
FOR A SRR R B P A e, B
TARIER I AR E AR, YA E TR R A
AR, R R S BT ARG . TR
T B A P 2 B el 4 R A A,
il L B8 UE T 28 P s v R A T A B iR AR 4
1, TEANHbIC 3% A A5 TR Y AR S84k I BB DA B 4%
A 2 ] (1 2 57 24

3 REEHSINNE

AT ART AR S W 550 I DA R FH iy 24 g e L
REFEARUE 74 0 S PEA . BSOS T mNGS
HAR MRS T LR N2, HmE ]
L S R T A AR 0 = 2R A2 i ) ) ] S
PERERR M, R TR A SR AT R E . H R
C T AR 201 mNGS F AR W56 Ak i FH 22k e A
S HAAL Y AR IS 55 ) M A, oo
Pl 5P G FE AR AR A I TS R . R . R
P RARK R . KR . T AR R,
LT DA 28 AH L 0 o 5 S i EAT I BE OF
Wro HET, AU MR B AR KA I 2 2k R 24
PR AGE R E R S5, DT R
Xof 5 i A 0 SR R L
31 SXmEE

XFF mNGS FARBRINTER, Hie EASH
3o LA A5 R v I (5 ) B30 P o SR r) 2
031 4 TN R 7Y 8 G R TAS L | e S 7R )
MIPLACFRE , WIR BRSO . RNA I3 5% sk
R SR B S A AR E L R
T, A% 6 T HR T AG I Y0 Pl ) e A s SR AR LA
e, BT E PR AN s e e R LA AR
PR (s AR F 30, AR R E RS . R
[l B AR, Qg . FCPE . AR DNA G
B M RNA 55 ARIJEFAKE IR GC i
TR BRAR O 5 FE 5 M e R P 45 BT Y



WHEE FEREZERASEENFRRREZFHSIFNHOKINES 2605

0 WU ] SR B, — RO o S A B B P e A T
N EE T HEA TR . A0 SRR AL R R AR A, AT LA
AT I UE T 5256, AT b R e A 7 4
i, B FDA-ARGOS 22 Jdlsi e b e FE1Y se 2 i
s JEUA R R B 11 46 O B 7 2% A T I
FERTINTE IR Y S Aty b, 3B — 25 AR LA
I PRI Wi 3K I PR SR A ) Jey B 45 18] 2% 3
— AN BT IR mNGS 2R A
B, ™A DX R . BRI T G DA R A
BLESBOR I B AA o 7EE 1895 SR 30 UE 45 31 FET e
FLARFRAE A B e B W IR Kz W e, D
TR A A el 7 . YR U4

95 5L MNGS 275 i i 15 SR G 1 I R A i A5
PR, AR AEA LT . 18 A H bR I
AR R AR BT A, A [R] Bi RRE
A, HA TS RIS, ARSI Y A A
A MBEAF, FIS% 50w E A, Fan,
i mMNGS $52 AR X 1M 3% 41 B i 25 DNA (Cell free
DNA, cfDNA) HEATAGIN, A I 52 B0 X6 I 37t Je e
AH OGS SR BRI, AEHEA T o et 4 ANV BEPE
IF, BOE 22 R DU R AR R ISR A S A
AFERT, DR AR ISR T cFDNA BRI i
B A AL T 3 ABEEE R TE F R AL, DL Befk
)9 il 2 P e PR A A 4D i 7 I S v IR A
FFE PR A RN . GC it i s AR 28 Fllm IR
A AR R PR E S B R o S A, [ 2
L TR 2H AR L T B Sf g 8 PR 480 ot 3 A
PRIBFEAB R e, IS E M E R EE
G RAEAS, X FIE W . I vEw . BRI LA
T 2 255 R DA 3 B 45 5 04 s SR AAR £ B N 1)
FEATR & il 25 T MR AU 225 i, Bl o v AR
53 B 5 IR (R0 L A4 0 5 i RAE AS R A AR R i) 5 o
TR A T R P ASEAEL 2528 O, 911 a0 i 5 9 225 il ]
PEBE N T WM A R A VS gk T 5%
st A SR B O 0 b SR AR, i S A vk
0755 ELSE R R A o i ok BE AR AL

% : 010-64807509

Xof 52 56 3t A 8 (%) 0k ST 36 F R AR R
S5 GhitAT, B PR AAD Bl S Y i 3
PP HCE BN A 7 S DR 2~ AR A T S S
Oy BEAT IR0 e 5 AT L e AR A
M SR M7 T R A ) A B R e AR
B AT A Ik, AR, B
i IV 55 LS AR R AR AL, AL S A
PS4 E  E ESE A L O e JR i
POy R DR R DL B BB TR R SR TR 4, % T A A
PEES R RN, 3G B E A BT T A
3.2 TEEEFEFRAYEIE

X MNGS $2 AR, ELAT =B [ A0 T A5 b
SR A ) B AR R SR O, BT LR AR
N T RA2 W 0 = 2RSS iR, A 4k
REBRAT R SEA T R4S, 25 W fh 1) T FH
GRS, HZ0 ™8 0 At RB IS TE . I IR
PERBIGUF S5 P . L, HOE M AL A
A WO B R A T FB] , S ST sy AR P
B 7 S T T G kI PR TG OGB4 AR W
DARE A, S5 R B i AR E I PR ARG I (9% 7T 5 A T
Bk

FE— € MRS FE Y, 76 23 A M R Al R 1
REZRUF AL RR , (2 Al MR bR oS 25
AL C b7 A S BR N bR o TR T XS L
XY P A T I, 2 S ARAS I B LA £ [ B
FFERNRIE B —E ER . B, M )z
Pr. RT-PCR. PCR. i EIF 157 LA S 16S rRNA
FNTS W07 25 07 v %60 mING'S A6 00 i 5 1) 445 S
FTUGAIE, B J7 e e S AT R P BRI
B, TR BB R A, SR A B
R e A, B SRR MEARAAR R A A, T
A LARF I I R AR AR 18 AT W 5 slifb e i %
VERBAUREA o i TR AR A B | ZFE Y
FRAIE, ASEAUUREAS R BT SL I PR A AT GRS SR A7 AE 22
5l o AN ARSI X R A A R R AL B IR, Gn et
FalR MR B R, % S R,

. cjb@im.ac.cn



2606 ISSN 1000-3061 CN 11-1998/Q A4 T #2244 Chin J Biotech

BAKAS PR (Limit of detection, LOD) J&4&
TG IEARAE 95% B A7 B A Se AR AT A H v
O (SO RRCEE), L H ] DU 2 5 A A I —
8 AR T ) RN BEAEA AT SR . 4N, 52
I5 2= Pk RE I IE 2 I mINGS #6: 10 fin B W FE A v L 40
JREEE (CMV), AN Bbaii e (HIV)., JCFLEE
BREA . MR E i . BilhedE . i RekE s
JE Hi i) LOD 435142 14 copies/mL .313 copies/mL .
10 CFU/mL . 8 CFU/mL . 0.2 CFU/mL #i
81 reads/mLI81 RIS i iRE A Th S AT BRI
WU B R DA R BERE, mNGS A 95% )  A]
VIS B2 3 A W, ] DL oA 6T 5 A I B ok
FEREAM S AT 20 IRESEES, N iz T T 1 IR
ARERTINZ) H ARG o X T BRASR EAR, mNGS
F AR X9 T A Py Az 0 A B e T A P A i
EAERENFEART R H, B ER S5 18 AL IR I
Pl fai Bl i, AT LRI R AEAS o i N TR AR IR
FLVE R e | o AR R LU VEEE . SEF R 1
ST ME AR SR R TR, TR IR
FHAECERIRT ;. T mNGS HRNPE“B B T4,
WEZL5 IR R PR i, B A e, BV
BB, BEAh, AR ZREN:, — D7 A
TERERAHF RN, HEEER AR AL+ Mb,
SRR LR A /NZE L kb, 55— F R BERAEY)
1) 44t 45 ) 25 R S RO AE I AR PR AR U 25 5=
X LE R AT BB X SR AR A I PR ™ A= 5g . PRI, X T
ENGILOET G 7/ IS o 3 walll] S e S 2P L MVA L)
SEUS B IE

XFFASF I RFEAS 55 B e R A o
T8 E R0, IWmeE AR EESERAFT
A s AR PR o T SEPRAG It B v, Jeik vt 1E
FEHmd e, By g LURE g 55 5
95% 15 F A9 Fme ALK T G 00 % B85 A A (IR I B, A
PANERE, BPNEAZ IR AN | e I AR A R 6 i ek
AR Z, R TIE PR . BEAh, BN A
PR T S g X A IR R BR B 52w . il dn, 4N
D AR P i AR ST, (S RE I 2] it A% s [R] 261 g 35

http://journals.im.ac.cn/cjbcn

OYREBRITA, AT 740 He X E AT i £l i s e X
3 5 2 S R AR R A S 25 P50 |, BRI
IR Fp VA HE B, D 38 o8 B R B

i 25 B 3 B S P AE AR S F T A B Sy B
AR Z B —BORE, HWMZE . beifEm2 A
S Z B0 (Coefficient of variation, CV) F/~, A LU
20 X6 [R] — A A A 22 Yk A ARG T R A 7 56 3IF R
Hro BN, XtFRE Rk, it Py At e
S5 1 mNGS X IR e B s A W T B A% R
BT ERSERHN CV N 16.7%-18.9%, 4[]
CV y 17.9%-22.2%", Xf et ks, H&m
SRR (R T) LOD BYREA, FroWKE®H
S o AL PRI DRG0 45 R A PH A S5 05 45
—SE SR U 3 o P R R A
2B WHEAEY) reads /M idii & (Reads per
million, RPM), KA Jr 7425 1KE % B . mNGS
BRI MK, BELEL, WL,
SRS L FE B RE | SCERY AN AL A A TR
PRI RE A 25 S 25, R 5 HAh ) 2 22 51 2
b s FAZER AR [, AR, NI REE
1 AN SO 2 U AL PR AR S R B, Hok
% B A 04 A2 1T g 5 oAb e M AR A A
1D A 2 B AR A 22 B % A 2K R A IR
R RPN B HFIE, X mNGS HiREHE, UK
R ELAA A 34 15 11T 2 370 0 1 R R A 45
BV, BEE SE R AL LA 2k 0 H R AL
B, R R PR LT ORI BT A,
FIHEAR S RBOH B 0 B S BT REIE A &
AR BRAE 5B 25 SR a5, R T BB X A (R I
FEUEATRRRR BETT I 04 T IE S R AR 2 il

THE 0 BE K PN 7 ik S G T2 Wi R
WEA AL 2 Ab A A 22 4b . ALAY R, mNGS
F AR AT LIRS A AR S 70 14 4 50K L 20 00 A% R 4 B
o il S N I, — BRI AT R | R R
FIURRIARZT R4, Izl FEAR S M, R
B RE A BB R . R, BB Tk
G 285 SR 1) R 3R A A 5 A TRAZ R, 37 P TR



WHEE FEREZERASEENFRRREZFHSIFNHOKINES 2607

PRI TS Yo I 5 A s B2 BOR e Sk, BHE B o
RS R LG B2 et RS, b
A PRI XA 45 R 4 T I 45 I 3 4 B I k37 5
BAEMARME. B0, PR RISk, TTRE
e M S VAR o e P a0 R A s B g
oh, v R R 2 A TR RS R e, A
1] f) 5 R 2L FT REARMRL, (B B0 BE ) Il 1R 2 ST
BEsE A NIl BN, M8 2 BEpH 5 AE KK A8 SR
s 7 SRR R B R USE 2R, 4 25
BEW T R ATV BRI A r EUA, B R T
AR AR RO R R S e it o i 2 B i A
VB9 TR LA KRG 25 S 1 T L SR A K
9 SO B VA T R

Mg

4 ==t

X F AN R Y i R 2, mNGS R
HAT TR, PR g H 0, P Al it 32 B2 e
ARG BB, 20 A J i - 200,
ST HH B AR A B 1 Jay BRIk A e 78 S R O B o 4
5 PR 7 1 LA SR AR HE S A B G o X 2E R R
ANTRIFEE AT T mNGS H4 AR 5 4k Sk 7T 32 W45 1
ZRASMSWEGH], BRI TAT LR R . AL
ST W LG T2 WK, mNGS £iR
HLAT 58 4 R [ 1) 8 A D 380 R B Sy 52 2% 1 4G DU
e, DR M B B o A O SR PR UEAR SE
i, DL BRI BRI 5 SR PR UEROR
PERE RT DU R IR R o SR, H AT E MR
SRR RN B R A S T A4 45 e T
AR ASCHA 7T mNGS HOAR B i 5
PR RERE , B4 T mNGS S ER R
SRR R P T AR, LA A b Ml 3 A A
MR BEESER S E G R

REFERENCES

[1] WHO. The top 10 causes of death, 2018,
https://www.who.int/en/news-room/fact-sheets/detail/
the-top-10-causes-of-death.

% : 010-64807509

(2]

(3]

[4]

(5]

(6]

[7]

(8]

(]

[10]

[11]

[12]

[13]

Chiu CY, Miller SA. Clinical metagenomics. Nat
Rev Genet, 2019, 20(6): 341-355.

Bharucha T, Oeser C, Balloux F, et al.
STROBE-metagenomics: a STROBE extension
statement to guide the reporting of metagenomics
studies. Lancet Infect Dis, 2020. DOI: 10.1016/
S1473-3099(20)30199-7.

Fenollar F, Raoult D. Molecular diagnosis of
bloodstream infections caused by non-cultivable
bacteria. Int J Antimicrob Agents, 2007, 30(S1):
7-15.

Mancini N, Carletti S, Ghidoli N, et al. The era of
molecular and other non-culture-based methods in
diagnosis of sepsis. Clin Microbiol Rev, 2010, 23(1):
235-251.

Ramanan P, Bryson AL, Binnicker MJ, et al.
Syndromic  panel-based testing in clinical
microbiology. Clin Microbiol Rev, 2018, 31(1):
e00024-17.

Schreckenberger PC, McAdam AJ. Point-
counterpoint: Large multiplex PCR panels should be
first-line tests for detection of respiratory and
intestinal pathogens. J Clin Microbiol, 2015, 53(10):
3110-3115.

Kothari A, Morgan M, Haake DA. Emerging
technologies for rapid identification of bloodstream
pathogens. Clin Infect Dis, 2014, 59(2): 272-278.
Grumaz S, Grumaz C, Vainshtein Y, et al. Enhanced
performance of next-generation sequencing
diagnostics compared with standard of care
microbiological diagnostics in patients suffering from
septic shock. Crit Care Med, 2019, 47(5): e394—e402.
Glaser CA, Gilliam S, Schnurr D, et al. In search of
encephalitis etiologies: diagnostic challenges in the
California Encephalitis Project, 1998-2000. Clin
Infect Dis, 2003, 36(6): 731-742.

Glaser CA, Honarmand S, Anderson LJ, et al.
Beyond viruses: clinical profiles and etiologies
associated with encephalitis. Clin Infect Dis, 20086,
43(12): 1565-1577.

rhA AR R [ R 5 TR R B 4. B2
I PR N 48 S JR ), 2015, http://www.gov.cn/
xinwen/2015-08/27/content_2920799.htm.

Gu W, Miller S, Chiu CY. Clinical metagenomic
next-generation sequencing for pathogen detection.

. cjb@im.ac.cn



2608 ISSN 1000-3061 CN 11-1998/Q =¥ T #2244k  Chin J Biotech

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

Ann Rev Pathol Mech Dis, 2019, 14: 319-338.

Chiu CY. Viral pathogen discovery. Curr Opin
Microbiol, 2013, 16(4): 468-478.

Li LH, Chen LD, Xiao B, et al. Application of
metagenomic sequencing in detecting the pathogens
of infectious diseases. Infect Dis Inf, 2018, 31(1):
15-18 (in Chinese).

R, BRI, FoR, S, 78RR DN 4 TR g
PP o DL A I i L A% i £ R, 2018
31(1): 15-18.

Blauwkamp TA, Thair S, Rosen MJ, et al.
Analytical and clinical validation of a microbial

cell-free DNA sequencing test for infectious disease.

Nat Microbiol, 2019, 4(4): 663-674.

Hong DK, Blauwkamp TA, Kertesz M, et al. Liquid
biopsy for infectious diseases: sequencing of
cell-free plasma to detect pathogen DNA in patients
with invasive fungal disease. Diagn Microbiol Infect
Dis, 2018, 92(3): 210-213.

Miller 'S, Naccache SN, Samayoa E, et al.
Laboratory validation of a clinical metagenomic
sequencing assay for pathogen detection in
cerebrospinal fluid. Genome Res, 2019, 29(5):
831-842.

Miao Q, Ma YY, Wang QQ, et al. Microbiological
diagnostic performance of metagenomic
next-generation sequencing when applied to clinical
practice. Clin Infect Dis, 2018, 67(S2): S231-S240.
Ren LL, Wang YM, Wu ZQ, et al. Identification of
a novel coronavirus causing severe pneumonia in
human: a descriptive study. Chin Med J (Engl),
2020, 133(9): 1015-1024.

Zhu N, Zhang DY, Wang WL, et al. A novel
coronavirus from patients with pneumonia in China,
2019. N Engl J Med, 2020, 382(8): 727-733.

Gargis AS, Kalman L, Lubin IM. Assuring the
quality of next-generation sequencing in clinical
microbiology and public health laboratories. J Clin
Microbiol, 2016, 54(12): 2857-2865.

Food and Drug Administration. Infectious disease

next generation sequencing based diagnostic devices:

microbial identification and  detection of
antimicrobial resistance and virulence markers; draft
guidance for industry and Food and Drug

Administration staff, 2016. https://www.fda.gov/

http://journals.im.ac.cn/cjbcn

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

regulatory-information/search-fda-guidance-docume
nts/infectious-disease-next-generation-sequencing-b
ased-diagnostic-devices-microbial-identification-and.
Schlaberg R, Chiu CY, Miller S, et al. Validation of
metagenomic next-generation sequencing tests for
universal pathogen detection. Arch Pathol Lab Med,
2017, 141(6): 776-786.

% R 20 3 A RS W R AE 8 R SR G 1 T &
FILRA . RN 73 M M2 W R 1R 2 G A
PN L FILGR, PR AZ R, 2019,
28(2): 151-155.

Hh R 2 R ST BE . 2R A B AR A
R B A A E B R 98 & s, 2016,
https://www.nifdc.org.cn/nifdc/xshjl/8495.html.
HAR B 2 S W 2 A 2 iR e L T E R R
B A A5 14 ik 58 15 WP I BILAH SR il 58 12 W FIG 97 48
(2018 A hiR). HrARESAZ AT 24 7, 2018, 41(4):
255-280.

Wilson MR, Sample HA, Zorn KC, et al. Clinical
metagenomic sequencing for diagnosis of meningitis
and encephalitis. N Engl J Med, 2019, 380(24):
2327-2340.

Langelier C, Kalantar KL, Moazed F, et al.
Integrating host response and unbiased microbe
detection for respiratory tract
diagnosis in critically ill adults. Proc Natl Acad Sci
USA, 2018, 115(52): E12353-E12362.

Sichtig H, Minogue T, Yan Y. et al. FDA-ARGOS
is a database with public quality-controlled
reference genomes for diagnostic use and regulatory
science. Nat Commun, 2019, 10(1): 3313.

Doan T, Wilson MR, Crawford ED. Erratum to:
Illuminating uveitis: metagenomic deep sequencing
identifies common and rare pathogens. Genome
Med, 2016, 8: 123.

Nelson MT, Pope CE, Marsh RL, et al. Human and
extracellular DNA depletion for metagenomic
analysis of complex clinical infection samples yields
optimized viable microbiome profiles. Cell Rep,
2019, 26(8): 2227-2240.62225.

Simner PJ, Miller HB, Breitwieser FP, et al.
Development and optimization of metagenomic
sequencing methods for
cerebrospinal fluid diagnostics. J Clin Microbiol,
2018, 56(9): e00472-18.

lower infection

next-generation



WHEE FEREZERASEENFRRREZFHSIFNHOKINES 2609

(34]

[35]

(36]

(37]

(38]

[39]

[40]

[41]

[42]

s

Martin TC, Visconti A, Spector TD, et al.
Conducting metagenomic studies in microbiology
and clinical research. Appl Microbiol Biotechnol,
2018, 102(20): 8629-8646.

Bachmann NL, Rockett RJ, Timms VJ, et al.
Advances in clinical sample preparation for
identification and characterization of bacterial
pathogens using metagenomics. Front Public Health,
2018, 6: 363.

Gu W, Crawford ED, O’Donovan BD,
Depletion of abundant sequences by hybridization
(DASH): wusing Cas9 to
high-abundance species in sequencing libraries and
molecular counting applications. Genome Biol,
2016, 17: 41.

Stevens KA, Jaykus LA. Bacterial separation and
concentration from complex sample matrices: a
review. Crit Rev Microbiol, 2004, 30(1): 7-24.

Goig GA, Blanco S, Garcia-Basteiro AL, et al.
Contaminant DNA in bacterial sequencing
experiments is a major source of false genetic
variability. BMC Biol, 2020, 18: 24.

Salter SJ, Cox MJ, Turek EM, et al. Reagent and
laboratory contamination can critically impact
sequence-based microbiome analyses. BMC Biol,
2014, 12: 87.

Gargis AS, Kalman L, Bick DP, et al. Good
laboratory practice for clinical next-generation
sequencing informatics pipelines. Nat Biotechnol,
2015, 33(7): 689-693.

Olson ND, Lund SP, Colman RE, et al. Best
practices for evaluating single nucleotide variant
calling methods for microbial genomics. Front
Genet, 2015, 6: 235.

Brinkmann A, Andrusch A, Belka A, et al.
Proficiency testing of virus diagnostics based on
bioinformatics analysis of simulated in silico
high-throughput sequencing data sets. J Clin
Microbiol, 2019, 57(8): e00466-19.

et al.

remove unwanted

010-64807509

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

Naccache SN, Federman S, Veeraraghavan N, et al.
A cloud-compatible bioinformatics pipeline for
ultrarapid pathogen identification from
next-generation sequencing of clinical samples.
Genome Res, 2014, 24(7): 1180-1192.

Sichtig H, Minogue T, Yan Y, et al. FDA-ARGOS
is a database with public quality-controlled
reference genomes for diagnostic use and regulatory
science. Nat Commun, 2019, 10: 3313.

Shepelev VA, Uralsky LI, Alexandrov AA, et al.
Annotation of suprachromosomal families reveals
uncommon types of alpha satellite organization in
pericentromeric regions of hg38 human genome
assembly. Genom Data, 2015, 5: 139-146.

Pan BH, Kusko R, Xiao WM, et al. Similarities and
differences between variants called with human
reference  genome HG19 or HG38. BMC
Bioinformatics, 2019, 20(S2): 101.

Ye SH, Siddle KJ, Park DJ, et al. Benchmarking
metagenomics tools for taxonomic classification.
Cell, 2019, 178(4): 779-794.

Hardwick SA, Deveson IW, Mercer TR. Reference
standards for next-generation sequencing. Nat Rev
Genet, 2017, 18(8): 473-484.

Seehusen DA, Reeves MM, Fomin DA.
Cerebrospinal fluid analysis. Am Fam Physician,
2003, 68(6): 1103-1108.

Cold Spring Harbor Laboratory Press. Artificial
cerebrospinal fluid (ACSF) (10x%). Cold Spring Harb
Protoc, 2017, DOI: 10.1101/pdb.rec094342.

Huang WC, Li LP, Myers JR, et al. ART: a
next-generation  sequencing read  simulator.
Bioinformatics, 2012, 28(4): 593-594.

Roy S, Coldren C, Karunamurthy A, et al. Standards
and guidelines for validating next-generation
sequencing bioinformatics pipelines: a joint
recommendation of the association for molecular
pathology and the college of american pathologists.
J Mol Diagn, 2018, 20(1): 4-27.

(ATt BT

. cjb@im.ac.cn



