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Abstract

Infectious diseases remain a major public health challenge. Traditional microbial culture and poly-
merase chain reaction (PCR) techniques often fall short of meeting the demands of precise anti-in-
fective diagnosis and treatment. Next-generation sequencing (NGS) has emerged as a promising tool
for diagnosing complicated and critical infections. This article systematically reviews the research
progress of NGS applied to five common clinical specimen types: peripheral blood, sputum, bron-
choalveolar lavage fluid, pleural fluid, ascites, and cerebrospinal fluid. The findings indicate that
the sensitivity and specificity of NGS vary across specimen types due to differences in anatomical
and physiological characteristics. NGS of peripheral blood offers significant advantages in detecting
bloodstream infections and in immunocompromised patients, though it is susceptible to interfer-
ence from human nucleic acids. Respiratory specimens (sputum and bronchoalveolar lavage fluid)
markedly improve the detection rate of pulmonary infections but require careful differentiation of
colonizing microorganisms. NGS of pleural fluid and ascites broadens the detectable pathogen spec-
trum, demonstrating particular value in identifying rare pathogens. NGS of cerebrospinal fluid pro-
vides an efficient diagnostic approach for central nervous system infections. Despite current chal-
lenges common to NGS, including interference from human nucleic acids, difficulty in distinguishing
colonizing and pathogenic bacteria, and the lack of antimicrobial susceptibility data, ongoing ad-
vancements in host depletion techniques, targeted enrichment methods, and standardized proce-
dures are gradually making NGS more practical and effective. These developments are expected to
facilitate the transition of infectious disease diagnosis and treatment from empirical therapy to pre-
cision diagnosis.
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1. 5|8

HHT, BEAE N D ERAL B HEE R S e i) NFER3E 0, SRS K T 2 A BRVE N S AL T
AEBRAR[ 1] PR L HERHBSRIDUR 5 B PURSHR YT A . H BT R R 98 2R TR 2 I A 1 “ 4
FRUE” 5 SRR G A5G FRAFAEFERT A, o 3805 i I (1) R o 3R 5 1l % 2 B (Polymerase Chain
Reaction, PCR)FIA, IS4 MRHEL IR T H1, LASCHLE REBERI, HeAMmE ., REFF . H PCR £
AR GENT D U 58 3 S AR SE A ORI, o8 5 5 W AR ER AR, W R EURI2 2], B, IR B
AR PR e ARSI AR SR AT B R U SR T TR B R . AR EOR(NGS), A& —Fhidid
T8 I AR S AR L R T A B i, FEmT DI RE AR T BT A AR IR AR A AT oA M T, (5 B e
= E A MR ) R JFARSS e R 8. AR P (Next-Generation Sequencing, NGS) A ][] i 46 £ F
AR, BFEME. B, wEE. AR RMAYR EAARSE, JUIGR R DU AR iR . PCR BORHE
DA B 20 DL s Ji Ak o) e B A S8 e R AL M 08 (2 WA LR 35 (3. H AT R % F I NGS HioR 46
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7 R AR P (mNGS) A A [ AP (-NGS): 12 REXFEA A I A A% R EEAT il B e, AT S5
P SR A (T B 55 M0 t-NGS KT £ 8 PCR sREHAIREA, EEBMRTH], LI AR
SE I IR AR

NGS HAR H i s, # Z N T PR G967 IR IR 20 . H2E — D — BN PUE AMT——
AR HETA T NGS Bl bs A Mg R TR sese. . oK. A5, mTA
()b A B A AN T3] 0 ) 2 e B A B 2R A, DRI NGSS A P AR I AR S e B A — s R [4] 0 ]
BRAFFEAST 5N NGS 455K QAR U AN [F P 1 7 A G AE A, 2 H I R AR A 55 45 0 3% (1 [ i
W2 NGS IR A ARG L NGS FEA FZERAR A b B O, 20 il R 2 3

2. A EIGKRRAISIAR
2.1. 4pEIM NGS

FRGE AN AR A F T AR B H 2 W 2 R % 57 AR AN LR Jr s B TR B8 75 9060 T
JF 25 BRI J 22, AEAEASRENS i L Im PR 755K, T AMA 1L NGS Rl e — @ FEE Eipth ViIX— AL
Abo HHRIETRH, SEG0 IR, S E M mNGS K0 E) 5 A I LR 5] AR I
JE AR LS RAE I () 2 R M A0 1L mNGS I JE A AR Ak 3 & I R AR 9 I B 4T A0 A if
mNGS K& FHPERNY 77.7% [6]o A MG TR 53— AN B2 X0 i b AR SR S A . BB S5 %A
JER RS R AUIC, 17 BANREEE IR B8 110408 L mNGS XRFNG ARG g 4% 7], MR [8]. By
RIGAR[9155 IR BRI o AL mNGS 55— ML R T e e DhREAR T BN 28 9 S A A
BORESCo — TN 308 {1 it 2 MUAE &5 (7 7E ELA T mNGS AL SEREFRIEX T S R D RE(R T R far
RIIAR, S5REH], A RMA MBI A T, mNGS A H AR 1 BURE 235 m T8 97 i%(p = 0.001)
[10]o FEIGAR L, X TR RN RATEIHT )L ZF NS5 T H B SR LUK 2 A QI A LSRG
i VEE e S ARE AN, M I NG'S Rl AN 2k oy — oA R B A5 %6

EARANA MARAS T AR FF NGS farfll, (HAZA A R B, SN A AR & E i i AR
DNA, — ik 97%, i ErHAEY DNA F BUR SR —#82y, fERINIRE o AT e 5 BUW IR IR
FrBUNESR, ERABRAYE11]; SMEIFRAS B2 50 PR, T % 28 B PR AR DKL, R M 87 ¥ 33 AN ™ )
REFER AT, ERREME. Pk, BRI A LB AR DNA IR P B IS I mNGS faI B A,
ARSI A M ARA R TE R AR, 01 I mNGS A0 e R 14 F A 2

2.2. FEIRE NGS

2.2.1. & NGS #57)

SRR ARG R G547, A PR T 5 S A 2 PR P AR A . — IR AL N T 209 612 il 58 1) i
&, FIFBARA AT ¢NGS KM AE G A I . SR ER, +NGS HAEYIR H | 8 & T4E45
AR EE57(96.7% vs 36.8%, p < 0.001), I HAFFL B nfE G A T i, A 81 #lE3 A t-NGS 458
VR TIRIT TR, PR -NGS R BT 00 il 358 G 8 YR 7 SR [12] AR AT NGS
DU JE A T 25 A A B 2 Ak s BN S NAE—TRURTHERE o b, XF 49 151 5 LA 45 % 1) 2638 )6 R 1)
I BEAT PURR AT B ARG I  £54% 0 AP BRI 55 9%« x-pert & NGS ik, 455088, PUIRIKRE W NS britk,
NGS H AW (1) GO S5 S fe i REA BCF IS S Wi lib 45 4% [ 1310 SR, DRILAS B 1) A= 2 1k
SR NGS FEIPR SE B A 1 22 58— U ERIG . B 58, SRR AS R G W IR 45 L RP IR aE, o RN K=
PIRE R R, TR Y s Uk, RN IARASIAL, B A A A B O N TR I R B
WA T REREIA I T 25 5 o BRI, EERTZOE NGS flll, 5 ERAR AR BT, ¥ SRP0E . TE /K0 S5 it
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A B TAREIRBIR A R B 14]. R, DA IR B AT PESE A I A B0t 1 i vl e 32 e
PR NGS Al 2R 1) A 2 1 o

2.2.2. PFhiEHESE M (Bronchoalveolar Lavage Fluid, BALF) NGS #

BALF &8 b 308 o0t S8 AR il BUIEA T REDE R AAS B0 Ak br 4, ERIR 5R i, BALF AT LA
T B 993 A8 DX R SO IR ES , X IR TE S 2 W B B . 14K, R BALF #HAT
NGS F U 72E R 28 GEP 12 W7 o P L RS (A 35 . mINGS 2B T 50 . 558 ol B e 38 (ol o i s Jek e
PR, TSR rd, LN 18 5 SCHk, mNGS A&l BALF 55 R AR & 3 F BUKYE N 78%, &1k
TR T7%. HE— BT RN, BAEEE S DRI N B mNGS PR H % 92%, XM
ISCIRECR 2, FMIESE T mNGS % Tl 2 82 BALF KA BLAFR AR, 5 ) SE Bl S T fig
I T EE[15]. MT mNGS, t-NGS ol & B ¥ ) s L T H bR, Al scAS. s, e
JRIMEB 12 W AR 2 3E— P HE) T, Dai S ANI—THFFIAN T 358 (IIFIR T8 K JL it 5, 8 +-NGS
X B35 BALF BTG, 38 A BI04 3 AR R 12 W N2 2%, -NGS 5 JE AR H 287 52 5 T3 CT (90.22%
VS 57.26%, P=0.001), FfH>4 CT &5 R NBAMER, $fdH NGS fek B 2 A W J5i Ak, A /R
TRk ARG T . AR A E H I IEAER B 4, XK 7 H BALF 47 -NGS o i e X fiti 8 gk
Je B F IR IR IR T S116]. HATHEF LA mNGS 1 t-NGS 2k fe, 45 RER, WEX TR
WRE G2 W AR 2, T +-NGS 7EE BRI 5 T B AR [17], Az g 136 FlE#,
ARRAGAFRFEA (1 T A P BA FU I FE 3t — 20 LU A AN [F) NGS Rzl 73

SEE I RARFAE SRR e a5, R0 A A B B 2 o e T SR e M R R T T P i AR B . B
FEAEDS 22 B M HERE , DO SRIUR R AR 5 (1 ARG HERIE ” , IEZEARWT UM R A W PP UR G IR YT IR B
Xu 25N BT 588 7 FIA BALF 47 mNGS XFHEFH L3 SRl 2 PiAE SRS B 11, Fss R
7R, 1E mNGS FHYER B E T 77.4% 00 8 UARYE S BB T HiE 7R, AR 72 /N JE4T mNGS 1)
JUAELL, AR RHA(<72 /NENDAT mNGS il (0 8 ) LAE AR A 25 5 e P B B g 25 ), HLRiah I e
B £(55.22% vs 69.63%, p < 0.05), HAEREI 413 K vs 15 K, p<0.01) [18]. i%HF 45 BHT 5 R,
5T BALF [ mNGS J J5 224 U AT PSS 238 R S bR 3R 26« 7E48 T RIZIVR YT 1 [FRF, BALF-NGS £l
WRERE X B TS R B — 2 MR, AT BB 7T, SRR PERGE, A A e o = A A IE MR T
—ESE ., IR R, mNGS 5 R R AR i n] DU R R AR, 2 E R R R E RS
e A S AR T T I R [ 197

PRSI i 2 Je 75 /1 52 5 & BALF-NGS M EZIGRNME, Liv A —IDURTHE AT 7T, g4 78
2 BEAT NGS K, HAS I S B A PR DI 81 Pl 24 5, RIS ASI F 4 FheE WL R AR 144
FhEE R, #E—PRSRER, AR EEMEE D, HIEEN R SR EE AR, Pk
KA S I LU B i, B2 NGS5 7 2 R RS I R /R Dy Al il 28 7™ AR B2 (A 2 LR [20]. R H
(I, ASIFI NGS A T 245 1 (ks il 8 ) 2 A —FE . 7o, 2T 2 H PCR #7341 t(NGS (mp-
tNGS) AT M B 2105 J5E 3 R RE A Hh Ay R L, 17 22 T PR 2 S 3R 11 EINGS (he-tNGS) AT BE A HE 1R 531l Ji7
BRI 25 55 R [21] [22]

PR AE AR S 2R )T A R R, 7E NGS 25 3R PRt e S0 B0% R | 8 i B JL i, /& BALF-
NGS SRR EE T/E. — TR 7 BALF mNGS 6 H HE FCHlif 7 5 5 51 500 2 b sk e 5 e 1
PIE, TRARS R, 26 RBEHRIERAE. WEBERI. SMNEIM CDA'T MIEC R FEOtH<200 4Hul),
PLI MG G 58T 51(=106.7 pg/ml) & Z40H Bh T %50 HBUR 1 23] Bltk, A NGS 17 51504 DL
TR, DG A IRIRT 5t RRERRIE . 16 2 RS E DY S B4l . WAk, NGS &
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TR 24 5 R Re e S m I E RN 25 0L, (ROGVE S 2B RERABOAE . e, MY 255
T A B 5 A v Aff b TR TS 2R 28, (NG'S ARl 3] (1 it 24 DR 5 4% G 2 06 45 SR 2 IMAZFEAS — B [24].
IEAh, mNGS s o BN IEAZ IR TPt vl A 5 T T 24 R DR A I OB M . AR AL RO, BALF FEACH
NUSAZ TR AR P AT o s P 504 1 95% A 1-[25], R MRE T AEME S, 0T 2 25 PR SR 2 P i s 1)
K AAF o

I V6L E R VR AR Y AR AR W AR NGS AL B 1) B LT 4 . WAL RoR, AR R PR & B PR %
715 B S (D A8 B 5 /R i A A 3 e AR A I e B i L B X A 5 TN HL R
I BALF B AR Bl 2 ISR 22 /0>30%, #ERIRA MR, HARARREAET 10 ml, JLEAMET 3 ml.
FidAT 2 AL HEVE, T BIVEIEVEERAL. 4, BALF 4HMIE AR A ] N NGS 45 Bt E 5 S
%, G, VRIS 2 TR RVE S A, 2 W T AR B A R R G, T R M R R 2 T
7N HL P B AT AR BB [26].

BALF-NGS il /0 W JRAA R 48 SHUAZA R LI5S 40 Bt BT 24 B R I 77 T8 e B0 LR 2 35 Tl R
R, CRCNIMER SRS M EE TR, S0, M SEURSERINEE . = 2 R RS
ik, ERIGIREEA AL, & BE IMIRRI . AR RE 18 3 RS KA G 5 45 Rk AT 456
Iz, [RINF, PEHGEAE BALF REMIE . MR A TR, £ 72850 K% NGS BEARMMERIEAL . BEE AR
SARUFIGIRZE LA R, BALF NGS 4 7E WP IOE G127 iR ¥ S B 2 EH .

2.3. BIEE/K NGS

I 7 A WP 2R 5 S A R BRI 0 S 212 W T IR AR, IR S I v E e SR A, A G ) i i
K IR 5 R TR PCR FEIHG . BHPEZRAS, HERAH R IR T K. T NGS HARU AR AN IE K 112 W
L M AR . ST IR AR e M . AR B R R AL T EAEEZE R, LT 2 BB R P R ks A
£ NGS IS i fE .

2.3.1. Bk NGS

TESE VRIS 2 NI T, O /R R 73 TR IH, 7K mNGS 12 W25 1% 1 i i ¢ R 5%
A[IE R 54.1%, Fi5E 80.8%. BARILISWIRAEIKT BALF, {H A& & T8 MU 7 (MK B 77 . /K3t
BRI [27]. HbAh, H7K NGS fESE M2 W IR A R, Yoshiki 58 N — T 7N T 19 Bl Gt
O FEE R B O A M T s R I B, T I BRI 5 NGS BORMSE & W BUw B, 45 FIESRTE frf
G i fios AR R NGSS BB B DR S B ARS8 REAS H B00 s S5 4, T28 1 T A% Ge 8 97 (42%) [28]

2.3.2. Bk NGS

Goelz & NAE—TATHETERT FEHUSER 1 50 41 ICU S8 I BRI RUBbR A, I A b A% [R] I AT AR G i 224
BigR & NGS kil S5 R EoR, T NGS W 753255 A I B AR AT Ik 66%, 3 1% G4 77(26%)
[29]. &K NGS #£55 WUI J5 ks Iy T B BAT A LSS . — Rt o, —4 63 2 KR Spe i
75 0 R AN TR BRI . K, AR GRHUIR Gt TR I7 S A0 Mg B2 2 9 B, T mNGS 7E
AR R 4 e T L, X RN Ge R OV FE R A, 2tk pURasa T e, BE T
R AFHE[30]. /K NGS JRRELE s 2 BT 15 K da S PURSSATT I ZHTEE, Mao <5 A —TiUHk
FORFTCRT B0 JHe B MLAE 8 2 1) M2 K B ARV bR A5 T T~ mNGS £l 5 BRZH M AL SR ie 5%, 4R
7~ mNGS ALVGHC Y 8 SET - AONRERE ™ BRE S vy, JF H mNGS AR &5 R S R U 259,
T RE BRRPUE R3]

LR FE RS R B SRR K NGS fE IR _E RIS, (BB ZLDUNEAR BIBHERT N T, 17
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SCHR PP LI R RARE o I HL 28 30 R m A BB R A T 75 0 AR AR PR O S SRR T K AU DNA
T, VhRF K NGS ARy 5 1) S ZE AT .

2.4. BN NGS 7

HAXFRZE RGL(CNS) R B A M B0k % . midb T 355 fl, AT B R ik 50% 0 Hiix #0148 2 Goldk
TCIE I I A GEAS I J7 vk R AR [32] 0 JE4EK, TN NGS K0T R CNS IS 19 SR 22 Wi ok 1 4
PEIBE . — T R Ge iR A2 R4 2%, mNGS X )L# CNS BYL A B BURE N 68%, KRk 89%,
ZRE TAEEHE B2 FTRAAUC)E 0.85, U1 HA BAFHILWIRAE[33]. Feng 2N M — 4NN 246 1
BEAL ONS B 8 2 1 [l P 7L R, mNGS 5IGRSW RaAR T &Rk 73.2%, RE & THEARRT
1E(54.1%) R H BRI 77 72:(61.4%), (HR XA BFEH, B TRERIRAL, 1T RE B E ) mNGS 45 R 1
BAPE, SRR, Az B fde. Km0 2 M0 B U SR K P T e S s m FLALRE[34]. [RIRE, M LURS i X B0 51
SERE R 2 24 At SR et B T I NG'S ST R (1 i B WL R 3

3. BESRE

BEE AR P BOR B PRIEUA FE A RIS HT B AR N, A [FIRR AR AU 1) NGS Al CAE AL 2
U 5T P8 T R ) O ELAT T R AR S5t A SCRGE438 1AM I B R E DL B AR K B I
TR & WA AAE NGS Wl R Tk e, LIk NGS SrALEA R KI 5 GBS H], gtk
T2 W DU 25 SR LA SO 1 PR SR 06 1T 3 Bl o EARASRIARAS NGS A I 45 T i A JRA% R 40
SEML S BURE R WAL B2 58— bRAEL IR S G REEIVEPh A, (HREE £ 18 ERRIRBOR . #LR 4R
Jiids KRR T 6 FBRMFFEAL, ULEIVEAARA SRR IRAE A 3L A0 2 4 B 45 RUAI AR & 1 5¢
H, NGS s N “HER” B “IFM” o AR, ZARARBREGRN . 24 ARSI E VAR
PIRALE A . ERHERZIER, HIESCHNALL AT MRSHEISST IS, OVoes B e . fuiedt
IRYIR T SRR AT J1 324

E&UWH
H R TR A R TR H (CSKJI2025012).
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