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Expert consensuses on the application of nanopore sequencing technology in the detection of pathogenic
microorganisms

ZHANG Shuyao', HOU Tieying®, LI Xiaoyan’, ZHONG Shilong', WU Junyan’, HUANG Bin®, Division of
Therapeutic Drug Monitoring of Chinese Pharmacological Society, Expert Committee of Precision Medicine for
Clinical Treatment of Guangdong Pharmaceutical Association, the Writing Group of the Expert Consensuses on
the Application of Nanopore Sequencing Technology in the Detection of Pathogenic Microorganisms[1. Clinical
Precision Treatment Center, the Affiliated Guangzhou Red Cross Hospital, Jinan University, Guangzhou
510240, China; 2. Huazhong University of Science and Technology Union Hospital (Nanshan Hospital) ,
Guangdong Shenzhen 518101, China; 3. Dept. of Pharmacy, the Sixth Affiliated Hospital of Sun Yat-sen
University, Guangzhou 510510, China; 4. Dept. of Pharmacy, Guangdong Provincial People’ s Hospital,
Guangzhou 519041, China; 5. Dept. of Pharmacy, Sun Yat-sen Memorial Hospital, Sun Yat-sen University,
Guangzhou 510120, China; 6. Dept. of Clinical Laboratory, the First Affiliated Hospital of Sun Yat-sen
University, Guangzhou 510080, China]

ABSTRACT OBJECTIVE To improve the diagnosis and treatment level of critically ill infectious diseases, standardize the

clinical application of nanopore sequencing and promote the
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410 (No.HSZH202200909) 5 B& =5 /1 “Ha 54 i ™ 8 K& 30 (No. Be Bl & Clinical Treatment of Guangdong Pharmaceutical Association

sound development of the technology. METHODS Division of

Therapeutic Drug Monitoring of Chinese Pharmacological

BERET(2023)2-25) initiated and organized multidisciplinary experts to discuss and
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#b BISEE FALZHIN, 1. BISe i 25022 ez experts’ opinions were analyzed and revised to form
E-mail: Ixyzzj@126.com consensus. RESULTS & CONCLUSIONS Consensuses of

determine the consensus writing outline by using the nominal
group method, forming a preliminary consensus draft; expert

consultation was performed by using Delphi method, and then
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Experts on the Application of Nanopore Sequencing Technology in the Detection of Pathogenic Microorganisms covers targeted

sequencing, metagenomic sequencing and whole genome sequencing, and is standardized in terms of sample collection and

storage, detection process, bioinformatics analysis and report interpretation; the recommendations are provided for the key issues.

KEYWORDS third-generation sequencing; nanopore sequencing; pathogenic microorganisms; critical infection; clinical

laboratory tests; microbiological diagnosis

SRR I RO SR A 5 R R I G, H
HIA RS A BRA 2L T AR A F K aUB o S0 B i A 4
Y PR VA DU X T IR e PR 0 1 12 iR HoAT R
HYIm PRI E . R i PRS2 50 2 B X SR s A 4 (R ]
FEA 3T (DI TR BTN . &k
2 H IR PR G 12 W ) A A (L DR R 5 FE AR
o BHPE AR, VR 290 I R P 85 5 R 22 TE ik BE 5%
E A5 AT 250 o s A A I, DA T 5 B2 IR A28 15 5 T
125 [FI SE IR AR 2 2 il S 30 T T IS W 25y
AN Y R RIS B AR e 7500 I i 24 M i | e T 2
9 U E IR IR PRI T o (2) JE TS 2# A A i 75 i, an
U BRI, 2T EARAE TR AL AH S5 R ) A2
T, 25 5 IR FAPEABR B « (3) Fe T T AE W ik
W J5 3, an =% 5 2R A g 5% 2 (polymerase chain reac-
tion, PCR) A& AC.85 Jr 4 o X 8607 vk HA PRl | R A ¢
SEAFOL AT AL T ) A I, AN BRI A g SRR, HL
BAYR I AR R AT PR

Wil 7 5 PR ZH 2 B AR B 2 v I B AR A e i
A B S e R TR I BOR T B R B XA
AKZE TR 5 BRI 5 W] LS BRA% e 9 SR Ak A 40 A o ek
YER A, T ELARS I3 £ =y RERT R, DE O B 22 b v
T R MR e W A IS B fs =z b . B, &
T HAR (AR H— R F AR ™) iz 4858 A7
H R (next-generation sequencing technique, NGS ) Fl1%f =
R 9 ¥ % A (third-generation sequencing technique,
TGS) . HHr,NGS I Jy i &, HH p i K s, 5
G S ST HE T 2R AT I R DR 2 PR R, LI
JF IR R GC ARG, b3 e s A HL R FH A2 B, i BTt
Wesh T TGS &Y. TGS BRI K WP 2 Kok #b T
NGS FYA R , B gl b T R Al ARl Aar i H
B A7 R RTE], TGS FE2245 A0 1) )T (targeted next-
generation sequencing, tNGS) | 7% 3 K 41 ] J¥* (metage-
nomics next-generation sequencing, mNGS) 14 J& [K 41
Il ¥ (whole genome sequencing, WGS) 45 5 [f] 3 4 4 il
JF JE B AN [R) U] 43S 48 KL F A 500 5 [ LA 94 oK AL
BRSO (LA (R FR “ 9 RFLIN ) AR R+
5ECAR 5 M [ LA B4 F S ¥ (single molecule real
time, SMRT) £ AR WACK ], Horp BT 593 7290615
SO GORALIN P A 25/ NEAL A5 A RE A, AT A
FEIRSS B AN F AR A KT , 4555 PR L BV A 0 7 7
B T e )7 R sy R 1 €a s 7 0 DN R LT 7 W
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FARE, SIS ALIN P B e R A G I J%
Y b L 2 H KON L T A (R A 40 18] A2 W 5 B
TR R AR T EEAE Y A 2T gk FLI
F- 9 SR A ARSI £ 22 o IS Y, Rl DL, 4
KL 7 8 1 A T e 2 4 G 100 450 3 LA e 4 A
R R L AT

AT )97 DA A 0 v 3 DO R 91 R 2 A0
NGS™ ™, G K AL 7 B LA 9 5 o5, FE d PR R 4K
P B 55 7 15 NGS AR R 25 5%, IR IR S il H T40
AL F ARG . M, o E 25 B 2R 290 7 259 Wi
WIRIFFE Ll 3L )2 22 AT AR A8 204 23 I IR IR T RS U
2L R 0 WA e T (AR LI 3 70 [
A= RS P R 2 AR, XA L I g A
S AR LI (F2.45 INGS .mNGS I WGS ) (142 17
(R FEACR A 5 R A7 R 72 A5 B2 4y
BF R A A AR ) HEA T TR, X e e ) Sl )
S5 TR T L, DL SR 4 K LI B RS Ak R A
PRI PR e ERE B B SR B R A PR A T 24
P Bt 245 4 R 55 K S SR AE B 25 5 b4, i8] SRy iRl
FE YR AL 0 B2 e ARSI A LA R 2 2 A4l , LA 3L
R UEZ B AR M E—2 K R
1 HIAHEFZE

A o [ 2 2R 2R T 2 W I 5T Bl B
BB SRTRE A2 SRR R HE R 25 L K % 5t
SHA R R RE RN E AR AR R
Fe R A RRYIN BE Be (R L BE B ) Ll K24 B R 5 S B2
B AR N R EEBE LR IR A1l 20 48 Bs B L S
LR 28— B B A L[] 22 S jfr , U E N 22
B R g5 M E

ASEPUR 44 SRR, th 2248 (252% K56 I
) B FRAMME A, R LML T LA S B0E
AL 2 H RS RN, ALK LI Y
J BERIVER 1 AR AL 0 A S AR R DL R A= W5
BEE TR S 5 . S AL X RS B P 2
AT T REKER T G, AR PSR BRI R T
SKANBEFEIESE R I Te R AR mI R . 25, RS
IRARD: T I R S R 00 2 5 1 222 B R ARSI
LRA AR R T L 5050, FHbcsE £ K4
FRIL, IR L R L R WA T8 B A o
Mr RIS BT, B G Sk B A Sk B R A H I E R &
PEAFIHE , B AR,
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2 GARFLIAEfE v
2.1 GRFLIF R RIE

YKL 2 B3 A DU R AT 5 A% AR 2
BRI R 7 I R BRI T NGS 1 B AT PCR
P38 GUA I ) ot 78 38 i i e 3k ) ik R
XU R AT, 7637 1 3K o0 T (o s A iR o0 1 280k
YK LI , TSR] A B R i 9 oK LI I 2577 A
AN [ RELUBT R B ) LA, D AS G e ie SR LR AR 5 1Y
A, AT S AT S, DA T S B X A% R 43
JFU ABEST NGS B AR ST DU P K B K
TP R A2 R 28] L 4% A T 14 0T 25
2.2 HKFLNFF IS =

GRALIN P EAA DL R (1) AT ARSI 3 7 fe K
F1135 4.2 M A R P i A5 A T ] Y5 5 1 ]
JE AT B R KF 2 R PR R o T AT DA O
PRI 2H %) — 2L 42 Jp DXl , 1R T SR A Zpe e LRI 20 1) 2
B FIH T R EE 225 D A ) 1) R TR 46 ) AR S
(2) BfLI - 1 3 B AT 35 450 bp/s™ , 8 428 22 38 18 44 K
FLIFATINY , AT AP A = 8 AR 7 41 o (3) PRt
FETCTT i Bk , AT B 45 4 S R A R e A A i
fAT B, (4) I P B AN PCR 41 sk o 1 9 6 45
U 7 2t e 08 Al 4o 1, T G Al ey b 15042 X7 5 4 DNA 5§
RNA ST, P8 T IR LR it s i fs B, (5) 1]
S AT ISR 5 4307, T REHR T 2L kY, 1 4
T DU SRR K A3 b T, T 2 S AR T 5K . (6) 44
KALIN 8 e WU AT s A H R AR R
T PR EAE SN R s AR e T R R ()9
KRALIM AR/ INTG A4S N2 e g S0 2 2 ] R AR
55 AR AFHME R I BRI, 15 A R 55 Y A1 BORE G R kb
PR S B P

WEBERREEA RS —EWEYRERE
A AT R RS AR R T H |, B S sk ; B
FHORFLI i R M, BURE J5 W] B 220 58 IRRE A AT Ab 38
B EHIF,

HEFE R 2 IR R B R SRR e M B (AR I
A, BERB SRR ERAEY , AR ER
i FINGS FFHLBL A R i, #EE AR FH9OKRFLIF . 90K
FLI P AR i R BT AT SE B BRI A 5 40T, BB
% SCI BRGS0 5 AR P T4

WEFER L3 AR R R R AR b, T EHE
F K EH A PATR R YA R e,
i AB K EROPORILINF TR R E Y 2 K EH
LR A FHE

R 4. X FHE X505 RIE AR RS
WA (B AN G5 BT B AN S5 AP ol ) B, R
FHBR B M GORFLIN T DA I oA Sk
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3 HARESIEHRARE
3.1 HEARRE

B XoF I A B (DU M 1) SR 3, AT R R AR AR
PATHRILIN Y . B AT, IZ AR 1) RS R 22 A
NIERERR 5 e S8 3 i DB E A BRI BUSCR Y
SO R TR UEAS IR | X e P PR R AR SR 4R Ry
TG LA A FI - (1) R 7E B AR H b 2y
Y I RTR AR FEAR 5 (2) Rt RAE TR o K 7 PR AR AR
(3)FEACR A 1 B Hp O ™ PR T IC BRI R A 5 (4) AIE TG
AL R ARG AR AR | IO P A% TG B A , S i5 4 (5)
A TR R BT Y SR AR REAR , I R B B il , R
L0 R Y Nl = 7N I Sy (1l R
3.1 MR L BE A HA AT

(1) M VRREAS T8 T R 46 3~5 mL IR E 4
WU 2 1R (EDTA) B sl iif 2 DNA fRAFE . R
IS R T 0TI T 75 , VI A B UK T B 2440 1) e ok
ARSRAL, BRAE T BEA S48 HH S A IR

(2)Hr BERR AR — i 2 B B 2 o HCAS I K = D
BXE A O BAE T I BUR 3 1~2 mL 5 EFEAR &
EDTA HifEE sl 25 DNA fRIFE

(3) Hofth i BERE AR R AR BRI R R 4, HURAR S
T O A PO LARE o & A= I Y R T S BORE AR T AN
& o FEASSRAE J5 R S7 RIDRE SR AR BT A5 R 5] 8~10
WK, LAFE ARSI AR O 0)  dhe S A B 3] 5 YR ST s iz
SRR, U & AR R I

PEAR SR A 58 SN 7 B 47 A 36 L AR e 455 S5 S D
R .
3.1.2 IR EEEA

()M REAE B U T2 W7 L PEIGE g, R
B IR SR T 10 TR 35, L 5 MR e 38, 8 P ) s
AR O BT b Y JE R R AR P R
FIA | e B AR 1) 53 06 400, Je AR AT T o5 o e e 5 0 G
FFRAEWRNED) 5 4 2~ 3 MR A7 e 578 PRI A 1
o= o Y TN TR S ) ERVAL S IB5Y 8

(2) Jit L FEE Ve VA AL il 4 B WP G 3 JER e ) e 1
ERTREA . FR A G R R I, AT S R B
3 28 S BRI e T A S AT il B S il B
TS , B IRTEA 20~60 mL 37 °Caf 2 5 JC A #
EROK T H VR 4~ 5 W, RIS | RN, [l — g2
A5 24 10 mL S5 AR R P 0 20 8 5 57 2 i
ARER TS YL AOREA ISR A5  RIC AN 5 7 B G

(3)PAEA FZ T NI T8 e (i Bhi2 Wy, 78
BSOS I K el A FEER Kk T 2~ 3
WA B RSB FRCE , T 0% R W 3~5
mL FICH AR, 270 B8 Oy A S M s 43I0 s 456k A
TR, LIt R o N TE R AR 5 SR AP T4 BAREE A
AN 5 T BIE A
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3.1.3  MiEMAEAS

I 5 S 12 W H AR e 2 2R B SR e B R B REAR
X RAEFRA K RIS T 5, 0 W AES 3 4 A ul 2 4 .5 i
HE 8] B AR ACHE AT A OVET 023 BT, IR 2 ik IR B ) B, ¢
TR WA . B 1T g U A L
Ji BN, 29 3~5 mL, bric 500 I 7 B 4G
314 MBI SEAK ST RROR R A

(1) B s AR/ K2 7 LR — 0t v I AR I DT 28 Bz
RS ANRR I RS . SRR G AR 5
BT S5, T BE 2RI B Jok BRI 2 A, FH s £
B2 i) 22 ERRFRAL, b U i RO KO BB A
5 mL TR E T bRid 405 5 57 Bk A

(2) IR — M Z K AT RE . ZKETERRE
B R EEAC 5 mL T JC R A P, bR 48 S5 S B
3.1.5  JefbkEA

X} F T P e s, 5 JG v A BRER K 5 A T, T
FH TR AR TR 11 5l 15075 SE ISR 04 4 W4 , 5 5 R
TR AT % (R 2 2 5 5% PAT A R e, St e kb e R
B TR T 80 M TN T 7, T S A A UM 3 mL,
SRR BB U FE B I, UM e B (18— 350 6 A 5 X198
B oSBT, S A AR ANEHER A R A i RAb A 2L,
A REETEILATCH AL Y AR iC 2505 5 37 R A
3.1.6 TEPHLEEAR

TREBLH ZUREA — A T AR IRA B A ] 3545, R AR
RS LA, — L =5 mm’ H'H, £/04 0 K
INo NHRZAZUR ] 1~2 mL TG B K B A SR K AR, K
HLgH U7 B A 5 BGE 725 B JC R R AR Y L prid 440
Ji 37 BRI AG
31T KBS REA

o IR B BB A TR R AR 1) SR B — M e 51 2o A R AR B
IBEFARZENTE R . FrKFEAR , 35 BRI A8 25175 I
SENERETE G A, 1 mL SRS, T AU i
JIESS- 1 2 SRR 3, BB /K 29 0.1 mL ; BEES AR IRREAS
D) Ff DL 5% i S 4E 0 T L DR e R sk mo o Jr i) 2 1)
ABEES R 10 mm, f U AT 58 22 A B B IR RE & O 2D
F02mL), FEACRETEMATCHE RGN, frid 505
Ji 37 B AG
3.1.8 F¥EREA

FEMEREAR— Bt AZ A AT RAE 3 H ARYE I H K
MRS AR S B Tk, ASRHEE R
SRR R N 3 R AT B 5 15 Y R 4y, e R b Bt
i 0.5~1 g(AE TR KN s EII R ERT TR
SC FHRE R ACKE AT 1T & BBl e, 0 A7 0 18 A B K A AR
HFAHEANT4~5 em(JLE R 2~3 em) KA T 5 H
Fo b R IR HE M, R R e e 47 4T ] B A D ) 2
FERIA] Bl R 2 e A BT BEACRSESE BT
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AT RS N Amic 5505 J5 37 RIE A
3.1.9 WA

FHTHE 1 WGS () TR IRFEAS | 38 7 235 973
PE B A 3 (0 43 B Ak B35 3R 245 1, I IR FE AR
B34 55729 ; T JE#E 7] PCR-Free WGS Y B RREA
NARIER A R REA TR U R > 1 pg, RIRCR G B
F 5 mL CHE H  ARiC S5 5 BRI AG
32 MXREZHERETF

(1) BEA o MR 45 52 s 26 61 155 10 1 2% 45 338 19 32 i
FAPEATIAE 24 h N3RS = I I IR AT, ] 25 &
FHVKASAC IR Z Hin s #5328 F I [R)7E 24~72 h i, L fif -+
VNGB , e RS 3 5 N ST B HEATREAS AT AL BRI TR
B, DA 1A% B R e M ARG 3 SR 3 i A P
TR R Z A, LRI R 5 B TS e R o A
5 1o SO T OB A 28 K AL YL L 3B K v N A 4 R PG
YR B (20138 1E ) ) A IR R BER S S 28 28 4
BRI T L %E R BB . AN B SR A
FI P, AT REAE AR A B A A T AR AL R L 4R
Je FFrkist .

(2)REAS R AR 5E BRIV ST B S A , 25 036 ST B G
AT 4 CCRYME T ORI 7 h) , AT SRR 4
S PSR BE A, BEAC R 7 B BT —20 °CLA R vk B A7
(AT 7 d) s K OAAFE R T RYVE T — 80 CCUKFEIRAT
RNA P REAS ] B2 1 F —80 °CUKFRLRAE™ ", 1R AE
T e R RS sk A S AR VR (— AN A 3 1R o
4 R
4.1 HEARAETAE

Fiz PR IAR A5 IR AR 0 AH 7 ZE SR IR A TR AR 1 R 4 I
ERRAE , B 115 Y A% R Rt , 5 B iR A8 AR AR ) 16
RS IE

A S S N ST REAS AL B A AR E SR AR, A
FEASRAL FEAS A B LB BT v . XA
[ei] 24 L I R REAS | B ST 4T XM (R AT AL BE AR o 491
W6 PR SRR WA T EA TR AR AL 3, HL 4%
S A I AT TR Al A R AT RE A B BRI A S LT
P ARAR A IS ) S bR HE AR T, L GRIIE S A YA R
() SE R 5 X IR AR, 5 ARl 512 o 00 7 oK e 2
B O AT LR A3 B s X T2 SUREA , i i A% R 4 B
RO e IR 5 AR ATHAEY . REAR SR BT 2 75
T B R AN M A IR | R 4 A BEAR R K B )
ZEA R I, ENGS W] HE AR S R A
FR A% TR, VA% i K A 0 235 SR %) B /0N 5 i T
mNGS I 7 , WHRFEA 5 32 400 B 55, 7200 P 40
Pt B B S T, 23 S B0 B A RS i) R SR
%, BB, 1 327 SR AR BT T 25 JECR F 80 3T
(75 2 25 bR AN R
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4.2 1ZERIREX

SERE A R SR I 1k T 20 W A T T A2 B IE , 1
UE AR EUAZ R (1) 52 PR R AlE . O AR i I R A ARSI H
A W Rh S E S AT SR AR AL SRR Y , LARIEA
[ R FR L A ) B PR BRI o B an, X LT A
FF T A5 R R A W, AR TE LT BE SR 5 1 X RNA U
BE I EAZIR , R ARUF AR BOHCR o Ui, #RN 60
FENZ: BT BE D BHAE XS B DLPEAS BEHE R AR 2
EAFTEBAE SR BT R 5 e S 5w A A ohig
BUASL, 7 3k B0 38 Y95 e, EL i IS A] 3 42 i) 76 4 1 7
GEINE

LR BT, % T DNA . RNA J& 7575 24 FF 4 i,
N 28545 R 7 1) FIAS AR 255 25 B . 5 R IS el
FEHr & ol R % R (AL 45 RNA K2 ) , E4T mNGS 46 il
i 02K DNA AT RNA 20 FFHEERL, LA 3 452w IR 4
[ TC 2 G H 2%
4.3 1ZERREWIE

LG 2 N ST A AS TR A bR o LG Al
SERNE MAGTR S 1R, 725 41 DNA ) Ao/ Ao (260 nm 5
280 nm I KA WG D) TR 1.7~ 1.9 5 BN, Ased/
A20(260 nm 5 230 nm K AR SRS FLAED) KT 2.0,
T 40 RNA ) Aol Azso N TE 1.8~2.0 JL I, ool Azso N
KF2.0", R R AT 7 R A R e e, A TR
A gt 7™ T D00 T T B U R A A R AR AN I o
FH Qubit 7 e YLl A7 2 I 5, DABA TR A% R 25 ot Tl 2
4.4 XEHE

YKL 4 SCPE i 28 2 i PR BB I A% R A T 18
82 S I P 4 Sk L B AN RN 2 AR mp
TEE AR Jn P e 3k o AN TRl 2 7 XAl
FHRFA] B R] PR A 4G EASTR] 75 A N (R
B bR AL BRI . R TR 1 A R
et R RORR], 10, INGS B4 056 R A W 1 e
PEY B Bl %R mNGS HTE F IR A3 ; WGS I
ATPEAFTWIARZ R 1 0 T Iy, 2l s AR A5 1 g B
Al BT WGS, IR G B A REAS AT 7R3 14 J5 201 T
540 COVID-19 7EAE P44 (8 (Ct (B ) (X Hy 35 Bt AT 7F
15T WGS.

S HEAT PCR Y HG H1 R B A A 3 ] AR 4l e 0h A%
Fr RN IR, DA A = AR . il R
2 PR SE YR I B L B 4, X o Mr i il T
= S = Y EE W = VA ey L PR v 5 52
LA EANS AN LB B, AR R AR
45 NERERIE

5 S 5 7 P A A T R SR 7 e, AN [)
JiE 7 XA AR R B bR e . TR Qubit 28 G ekl
G SC 2R B v o i O SO R R B — e vk, ELARYR
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JE TR SR e SCHE 5 SEBR N FH 1) R0 SC 2 R A TR T 91
B O 4% 90 0 25 7 B B SO WP R ) 91 Y
B, DUBA R SCE F A, 4900 FE WGS K62 5 000 bp 2245 1Y
JPHNES 7 FAE R 50 fmol 1L, 7522 170 ng IR .
4.6 EHLME

H T AOKRALI s A R B L, AR
FE AR AR AT A P R B AR E PR E TR . 4K AL
D0 R B AT 2R A AE 0] B B b ot Bk
BRI, 97 A8 FH B9 MinION/GridION 8 A+ 1) 7]
FHALER K T 800, Bl fiff FHYR B 8 I, o8 7w FHFLER
S TR B 7 S R R FLR S AR 2 N [ RE
B R R o s A A5 AT DAk (i P R AR U T A B
RSB HOR FEAT PEAS , AR P5 MinlON/GridION 3t /14 Jit
BRI B A, AR AR E A 50 1L

DU 50 o 5 T FH 3% O B 5 T 24500 . WGS
) FEAS R NIFAZ IR A7 L OB AR O, 4R AL
JPASORT SER R AL R T A5 S, A R T Sk
PR FUIRES OIS R RE v P A L S AR PR
o7 B AN TR it 2 AF R 00 e b o P e A A R
T o R ST 2 Sk R K ALA FH R A s b , — Mt
S H R R AMIE T 90% , 9K FLAN R BT 75%,
JF 4] 3k L 3 B R AE 300 bp/s LA F I B oK T
Q9 ; NI FE BSR4 N e 2 1 R, T AR RE

WL S RFLIN R Y& vk 5 A AL
AR, 07 BR 58 PR R AR AR A, RSB AR AR A R i
77 ) SRR E A (R B S I 7 B (R SR 2 T P e AR e
7 WA PR A , A FLOEBE P R (FLRAR AR
b HEMEERESH

HEE B T 4E LT LA 98 e SR oy %
Sk B AR 7 A ok i B Geit S8 5 R LT &)
e 1 R A Y g S S5 Y HE PR R ()
Fhr 2 BomrE Im IR E O 5%,
5.1 K3k

FERIHEN P SCHEERT , AN REAR SN — AN P AR 25
(K barcode, — K 24 bp 245, J@& N T & WP A
B R 2 A IR A EHL (AR A 5
A—af ) FEI i A U AR 2 DL X N
[FIFEA
5.2 ELREKBREFIITIE

MU 7 e B AT AR 3 RS REAR I B
EAS I 4900 00 5 Ao Y0 e 2 3k A P 1) (K
JE B T 20 T A AR T 8 ) L SR B AR AR 1
Joz e K IR R Al A ) 4 e AR o — AT el
HH Porechop #AF2 i € I 7 #22 3k , {8 FH NanoFilt™ | Filt-
long (https : //github.com/rrwick/Filtlong ) 25 T. ELid ji& il /¥
FEH o Al ARE A TR RGN = i i B KR PR A 1R
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P ] REME R (CAnEC T 2548 5 P 91 o X T 4503 A
FRER S HRZR AR IR A& T A5 i PR OCTE JBE vey ELBOMEAS:
9 JE BT T SR FH ST R S v, A i 1 2R S5 4
RO R BHPED, 274 BRI B S 4, H 5 A
LA 2 ARARL , AR RS BN T SRR S 1 2 S AT
T WIRAS YA SRR AR DR AS A2 16 £ PR
{E T 20 A [ IR HE XS 25 2R

XoF Tt 24 5 DR 08 A 32, 7T TR ER B A R 2y
Pk %4 ¥ %2 (Comprehensive Antibiotic Resistance Data-
base, CARD)"™" 45 14 RBP4 e 25 40t T 24
SERAEA R IR b B o3 A 1 O 55 40 L 38 00 4545 s i
A G L %)~ B8 R XTI DL A T R B, a0 ek i
A7 1k — 20 1 FE T IRIE B4 G 25 SO R W, X T
mNGS, T3 NIFAZ RS 3K, I ELAG I [ A o
2 AEAE 5 B A B i A BEAS I 20 s 25 BE D, o I
oA 3 i T 24 SR R Bl A D B A S . X T
tNGS, 1 T3 NIESEZ MU, IF HAZBOR 251 R i 2 5%
PRI R Sk 5 D SR BT HEA T AR L /N s o R T
TR ELSR o A HETF NGS, 9K ALIF B i K
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FH 3RS o] REREAE I PR A5 25 2 1 56 0E™ . 75—
193 TG TR BB A AR I AR ARE A (R I e i ) whots: e e A= 4
FOHE CELAG AN R 25 B[R 2R R A ) AS R 42 2 ik 15
e MR T A AR B G RIS 8T, 25 T i
Y e
6.5 SAIEEFREMERE SR A WY 45 RIS

mNGS [ A5 I R R AS b BT A s S A 0 e %
FRIF 9], AL 45N AT 3G SR BOMERS FR A 1 . 3K R R e
YIARBEE 1L G 55 37 05 - 1, ELIRIRE Bl = 132 i bt
BRI 79 o BRI EE MRBEAR  Sr v AR B A AR X
SR Wy RT3 S A FRAS N v A T B U, 1 an S —
JFHEARM,
6.6 EURE .EHEESEEPHIE

Y R A5 B0 T R R R, N A R 1 T
ARAS FEREE G MEA R IRLE G % 18 A NIRRT 5
P B A 1R 91 TG 3 AR IR B B S SRR AR TS
e, R B AEEOR " R EINE TR S
BFERAERS B TR FROAEAS , AN L — reads P REANZ AT,
I 45 B R B PRER Y, BE R N 5 15 S B X 4, AT
— RN AFEARZ NG Y . XA E R REAZEAY | AR
reads 1] BT #AAAS [R] 09 #1527 K. mNGS i 5
SRy, BT HERR I S H AR &5 B R R B
HHIERA A AR
6.7 BEELMEMEDNLEER

T LA R B AL Yt A R IR A B, S8 %
MR TLAEA TGS (AR DRI RE il 2 Rk e 5 A 7, el
S5 b e TR A s o iR BLEE L O1 H Bk
O139 BEEEGLINTA | FRZEHB/R AR P 32 FEHL 25 5T
S A N TRR B A 7 VA B8 E , 4 PCR | LY 2
J7 A AR ISR A S I 45 R — 3k, R e 2
i R AR T B o e

HEENL . B THRAMPEREK, BRA
PCR-free (il 7 it 78, 8218 T R HEA RN ITFI R EE,
BT 5 T 2 B P s T A 4% S P v A M A B A
FINGSHE ., B, X FYORFALM TR reads B
R AR , N5 A R B I PRR IR v SR A W e i
FEARZRA R AL IR R B SR A VA
T L5iE

AT TR OK LI 7 1 FH T I8 G 1 9 o 9 D
AR A 25 A TR AR EE T T A A, A B B %
ARG RN A& R . Ban, gokFLIr g 248
Ok MRe A T ST A — DA T R B R
R AT R R P . AR Bl 48 KAL)
5 B AN B o6 3 5 0 A AN T B ARALIN T )
HE6 B B RIE L GE A BN M I B AR pn e
FE IR 7 SR P s I PR SR G A W2 W D % S

China Pharmacy 2024 Vol. 35 No. 14 - 1679 -



st i i A A W A Sl b AT H g3 T TR B N R
8 By
8.1 FHiRFIEF =R

AR LRSI L R R IS TR 45 A AR,
JI AT VEE Y A AE R 25 b e o
8.2 HHIREHiItI

AR RITE 2~ 3 4R ] 5T ARAS
8.3 By

TR T VT3 152 Wb AR AT BR A w] R AR XA SR
S HE A B2 K VR e T AU TR

(kPN R R A e s R B A & R 4E1R)
®EA

MEER

SRIRME  FALZG00 CE R B T ML+ 2 BE B i

PRRHE R 0

EAR BRI [ AR PRI e (R L

i)

AR (Ll B S S R B 252730

BT B3 (R N R B 2y °3)

W FAREEI (PO E R 25— BB A AR

(hEWr  FALZG (R EIMRAN 2L R B 257

ERAMBRRERHEHF)

MR AR P ok B s 25— B Be 22430 )

K AR QIS R B B 2 BRI ST )

Bk e F AT B (P4 22 583l K oA 5 IR IS B G
Log e

RS

B/NIF
iyl

TR R TS W AR A B FIHE AR )

fTHEFe AL 250 () JH B 25 R 2 G v U I B 2
=549

PEOCUT AT BRI CE R KR N L0 2 R ek
BB

BRERIE AT BRI Bk R 2 B AN RN = g (g L
Bebi)]

WM FAREEI (PR E R 5 — B B A AR

R FATEEIMN Crp A R 4% A B e v e 2 e 34

HFBEERD)

R B (7 AR BRI )
EHELGI Ch LRI 5 P B 2524
ARG (55— A R BE P AR
EHELG (TR K 7 BB 254 )
Rl S 91 R R 25

B AR (TR — A R BB 255 )
A 0 (58 % 50 B K25 5 — B B £
KR

O RREBEIOLARE = B LED
W AT R A RIEBZ5)

% 5
RN
A
AN
W
%K Z

- 1680 - China Pharmacy 2024 Vol. 35 No. 14

it H

A
2z nj]
A =N
2 S

FAT BT () g 4 L2 B2 Bt J LR 20T 58 BT
T AR BRI (7 05 B R 271 5 BE e e )
FAE B O PN B B B 26 T B B A
Liog Ry
ERILEE AEZGIB ORI MR AN 22 & BR e 257 51
il AR (R R B o — PR B 24
T EAEZGIN O M B B o B B 2y
FR)
A B CPY 22 52 58 R A — B R B A
5A)
FAEZGIN (P R PR AN R B 2570 )
AT R 7 T B r 0 2 EEOR R e P
EEY)
FAEHIM (Pl R g Al e & B Be Gl b
BEBet 3Rt
ARG O I BB B 2 R B 2y
1K)
AR CPH LT A R BE e I B2 2 A
Huy)
EALHI (R 57 BERHRA 5B I B B/ AR e Tl
N B gt )
FAEHIN O R R B 1)
FAEZN (TR H  ANREREZ) )
FAERIN (24T AR EEBEA )
FAL LRI CEE R R =R )N 2L P BB
121ICU)
FRIAHE  TAEZ I (R R B T M 2L 7 2 R B
RAGHERYT L)
Bz (R R 2B )
EARLGIN (AL TR 26 = IR Be 257 1)
AR (R 77 BERL R 27 7 BR ek 30 )
EARAIM( AR
SEARZGIN O M T BRI B 252
FAEZGIN O AR NREBEZ )
FEAE BRI CHIr TR 7 B2 B B s 2 — = B I
5faHAER)
ARG (R R Ry B S T M 2L+ s B e
JEICU)
AR TR EAEZGIN T M BERR A B T N B2 B
(1] XM, VR/NE . 5T GOR AL P HAR i A I AT 52
JEJ]. ek Be2E 4Rk, 2022, 45(3) : 296-299.
LIU Y, XU X M. Research progress of nanopore sequen-
cing in the clinic[J]. Chin J Lab Med, 2022, 45 (3) :
296-299.
[2] LIJ,WANGH Q,MAO LF,et al. Rapid genomic charac-

terization of SARS-CoV-2 viruses from clinical specimens

EhEEF

(R
AL

JUE

W5 5

W R AR
IS
L QITEAN
ik B

k=
AR A
B w
SRS
Pt
iy iE

LREE

A

using nanopore sequencing[J]. Sci Rep, 2020, 10 (1) :

thEZ 2024 4E55 35 4245 143



[3]

[4]

[6]

[9]

[10]

(11]

17492.

ZHAO N,ZHOU N, FAN H F, et al. Mutations and phylo-
genetic analyses of SARS-CoV-2 among
COVID-19 from abroad in Nanjing, China[J]. Front Mi-
crobiol, 2022,13:851323.

LIN Q Q,YAO Y K, LI X, et al. The application of nano-

pore targeted sequencing for pathogen diagnosis in bron-

imported

choalveolar lavage fluid of patients with pneumonia:a pro-
spective multicenter study[J]. Infect Dis, 2024, 56 (2) :
128-137.

ZHAO M N,ZHANG Y Y, CHEN L, et al. Nanopore se-
quencing of infectious fluid is a promising supplement for
gold-standard culture in real-world clinical scenario[J].
Front Cell Infect Microbiol, 2024 ,14:1330788.

TR R 2P e R R PR 2 X IR IR A W2 4, PR R 2
WEEY 5 R 0 IR 2, vh [ B O ped
[ PRz it e o e i R IR ) 5 e o 2, 45 L R R 4
e 8 N B AR B T R M s S A e K
HIR[I]. AR R A%, 2021, 7(2) : 107-120.
Clinical Microbiology Group of Chinese Society of Labo-
ratory Medicine, Clinical Microbiology Group of Chinese
Society of Microbiology and Immunology, Society of
Clinical Microbiology and Infection of China Interna-
tional Exchange and Promotion Association for Medical
and Healthcare, et al. Chinese expert consensus on
metagenomics next-generation sequencing application on
pathogen detection of infectious diseases[J]. Chin J Lab
Med, 2021,7(2):107-120.
(AL Qe 26 ) i 22 b 2 . v E SR 222 —AX
0P ARG R G s S5 A P s PRI FH & R AR T]. HhAg
ez, 2020,38(11) : 681-689.

Editorial Board of the Chinese Journal of Infectious Di-
seases. Clinical practice expert consensus for the applica-
tion of metagenomic next generation sequencing[J]. Chin
J Infect Dis, 2020,38(11) : 681-689.

e I AR G, W L BT OR A e
P BORTE S BT R I2 Wb B0 T & 3R ). hfefs
LA, 2023,9(3) : 175-182.

Expert Group on Consensus for High-throughput Sequen-
cing, CHU N H, HUANG H R, et al. Expert consensus on
the application of high-throughput sequencing technology
in the diagnosis of mycobacterial diseases[J]. Chin J In-
fect Dis,2023,9(3) : 175-182.

WANG Y H, ZHAO Y, BOLLAS A, et al. Nanopore se-
quencing technology, bioinformatics and applications[J].
Nat Biotechnol,2021,39(11):1348-1365.

MOSS E L, MAGHINI D G, BHATT A S. Complete,
closed bacterial genomes from microbiomes using nano-
pore sequencing[J]. Nat Biotechnol, 2020, 38 (6) :
701-707.

CRETU STANCU M, VAN ROOSMALEN M 1],

TEZED; 2024455 35 5 141

[12]

[13]

[14]

[19]

[16]

[17]

(18]

[19]

(20]

(21]

(22]

RENKENS 1, et al. Mapping and phasing of structural
variation in patient genomes using nanopore sequencing
[J]. Nat Commun, 2017,8(1):1326.

LEGER A, AMARAL P P, PANDOLFINI L, et al. RNA
modifications detection by comparative nanopore direct
RNA sequencing[J]. Nat Commun,2021,12(1):7198.
TOURANCHEAU A, MEAD E A, ZHANG X S, et al.
Discovering multiple types of DNA methylation from bac-
teria and microbiome using nanopore sequencing[J]. Nat
Methods, 2021, 18(5) :491-498.

HANSEN S, DILL V,SHALABY M A, et al. Serotyping
of foot-and-mouth disease virus using Oxford nanopore se-
quencing[J]. J Virol Methods, 2019, 263:50-53.

HOENEN T. Sequencing of Ebola virus genomes using
nanopore technology[J]. Bio Protoc,2016,6(21):e1998.
FEl R AR R A 2 I R WA A S R A SR A A
12 . WS/T 640-2018[S/OL].(2018-12-11)[2024-06-19].
https://www.antpedia.com/standard/1154253251.html.

The National Health Commission. Collection and tran-
sport of samples for clinical microbiology test: WS/T 640-
2018[S/OL].(2018-12-11)[2024-06-19]. https://www.ant-
pedia.com/standard/1154253251 html.

AR By S 2 2 R B AL P 20 2 . I R AR AR R
FERRAGIE R[], PHREEBEER G 2%, 2018,28(20) «
3192-3200.

Chinese Preventive Medicine Association Hospital Infec-
tion Control Branch. Guidelines for collection and submis-
sion of clinical microbial specimens[J]. Chin J Nosoco-
miology,2018,28(20) :3192-3200.

HuT B4 B s, 55 . A W S 50 2 A A W 2
ST P E A TR, 2010,9(2) : 156-157.

MA H, YANG X J, SUI D W, et al. Biosafety manage-
ment of pathogenic microorganism laboratory[J]. Chin J
Public Health Eng,2010,9(2):156-157.

AR R IR PR oy o B, T, A i
5 K R 2 I B A AGE I Sl A 0 B i PR S TR A
BRI PAER I PR 2R3, 2020,6(12) : 1181-
1195.

Chinese Society of Laboratory Medicine, LU X X,
WANG C B, et al. Expert consensus on clinical standar-
dized application of metagenomics next-generation se-
quencing for detection of pathogenic microorganisms[J].
Chin J Lab Med,2020,6(12):1181-1195.

WICK R R,JUDD L M, GORRIE C L, et al. Completing
bacterial genome assemblies with multiplex MinIlON se-
quencing[J]. Microb Genom, 2017,3(10) :e000132.
COSTER W D,D’HERT S,SCHULTZ D T, et al. Nano-
pack: visualizing and processing long-read sequencing
data[J]. Bioinformatics, 2018,34(15) : 2666-2669.
ROBERTS L W, ENOCH D A, KHOKHAR F, et al.
Long-read sequencing reveals genomic diversity and asso-

China Pharmacy 2024 Vol. 35 No. 14 - 1681 -



(23]

[24]

[27]

(28]

[29]

[32]

-+ 1682 -

ciated plasmid movement of carbapenemase-producing
bacteria in a UK hospital over 6 years[J]. Microb Genom,
2023,9(7) :mgen001048.

PETERSEN C, SORENSEN T, WESTPHAL K R, et al.
High molecular weight DNA extraction methods lead to
high quality filamentous ascomycete fungal genome as-
semblies using Oxford nanopore sequencing[J]. Microb
Genom,2022,8(4) :0008186.
GUOYF,LIZZ,LILJ,etal. A dual-process of targeted
and unbiased nanopore sequencing enables accurate and
rapid diagnosis of lower respiratory infections[J]. EBio-
Medicine, 2023 ,98:104858.

LI H. Minimap2: pairwise alignment for nucleotide se-
quences[J]. Bioinformatics,2018,34(18):3094-3100.
SICHTIG H, MINOGUE T, YAN Y, et al. FDA-ARGOS
is a database with public quality-controlled reference ge-
nomes for diagnostic use and regulatory science[J]. Nat
Commun, 2019,10(1):3313.

PRUITT K D, TATUSOVA T, MAGLOTT D R. NCBI re-
ference sequence (RefSeq) : a curated non-redundant se-
quence database of genomes, transcripts and proteins[J].
Nucleic Acids Res, 2005, 33(Suppl. 1) :D501-D504.

LAO HY,WONG L L,HUI Y, et al. The clinical utility
of nanopore 16S rRNA gene sequencing for direct bacte-
rial identification in normally sterile body fluids[J]. Front
Microbiol, 2023, 14:1324494.

XU Y F,LEWANDOWSKI K, LUMLEY 8, et al. Detec-
tion of viral pathogens with multiplex nanopore MinION
sequencing: be careful with cross-talk[J]. Front Microbiol,
2018,9:2225.

HORTT TS . PHk IR A E AR 25 vh B3 R 5 ],
B2 5927, 1991,12(12) : 8-10.

CAO M K, WANG M X. New thinking on Koch’s rule in
modern medicine[J]. Med Philos,1991,12(12):8-10.
MILLER S,NACCACHE S N,SAMAYOA E, et al. Labo-
ratory validation of a clinical metagenomic sequencing as-
say for pathogen detection in cerebrospinal fluid[J]. Ge-
nome Res,2019,29(5):831-842.

FAN S, WANG X J, HU Y F, et al. Metagenomic next-

generation sequencing of cerebrospinal fluid for the diag-

China Pharmacy 2024 Vol. 35 No. 14

[33]

[34]

[35]

[36]

nosis of central nervous system infections: a multicentre
prospective study[J]. BioRxiv,2019:658047.
TR LR 2 270 e PR A P FEAE SR v 8 R 1 FH 3R
LR, P E R B B 2 2 IR REAE 5 IR e &k & B
2 MEBEY 2R R Ll b2 55 R AR
L2 I B R Hh ER AR P I R B 3 5
—RR[T]. G E R BE 2, 2020, 32(5) :531-536.
Consensus Expert Group on Clinical Application of
Metagenomics Sequencing Technology in Moderate and
Severe Infection, Sepsis and Shock Committee of Chinese
Society of Research Hospitals, Microbial Toxin Commit-
tee of Chinese Society of Microbiology, et al. Expert con-
sensus for the application of metagenomic next generation
sequencing in the pathogen diagnosis in clinical moderate
and severe infections: first edition[J]. Chin Crit Care Med,
2020,32(5) :531-536.
ALCOCK B P, HUYNH W, CHALIL R, et al. CARD
2023: expanded curation, support for machine learning,
and resistome prediction at the Comprehensive Antibiotic
Resistance Database[J]. Nucleic Acids Res, 2023, 51
(D1) :D690-D699.
SALZBERG S L, BREITWIESER F P,KUMAR A, et al.
Next-generation sequencing in neuropathologic diagnosis
of infections of the nervous system[J]. Neurol Neuroim-
munol Neuroinflamm, 2016,3(4) :e251.
B A WA, A —Fh LT U2 R D A
H RS2 7T 1 : CN110335656A[P]. 2019-10-15.
MIAO Q, HU B J, CHEN X, et al. An interpretation
method based on the second-generation sequencing of the
pathogenic metagene: CN110335656A[P]. 2019-10-15.
AR TR S 2 2 . T v e P AR A e
] . T/CPMA 010-2020[S/OL].(2020-07-01)[2024-06-19].
https : //www.antpedia.com/standard/sp/905822 html.
The Chinese Preventive Medical Association. Common
guidelines for pathogen screening based on high-throughput
sequencing: T/CPMA 010-2020[S/OL]. (2020-07-01) [2024-
06-19].https : //www.antpedia.com/standard/sp/905822.html.
(ISR 1401 : 2024-01-26 {85151 1401 : 2024-06-20)
(Fdi: o0 UK

thEZ 2024 4E55 35 4245 143



