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Abstract

Objective: To compare the diagnostic efficacy of acid-fast smear of Mycobacterium tuberculosis,
Gene Xpert MTB/RIF and metagenomic next-generation sequencing (mNGS) in pulmonary tuber-
culosis. Methods: The clinical data of 175 patients with suspected pulmonary tuberculosis attend-
ing the Public Health Clinical Center of Shandong Province from March 2021 to April 2023 were
retrospectively analyzed, and all the included cases underwent sputum antacid smear, alveolar
lavage fluid antacid smear, sputum culture, alveolar lavage fluid culture, alveolar lavage fluid
Gene Xpert MTB/RIF, and mNGS. Positive rates of antacid smear, Mycobacterium tuberculosis cul-
ture, Gene Xpert MTB/RIF and mNGS for the diagnosis of tuberculosis were compared. Results: A
total of 126 cases of TB were diagnosed in 175 patients with suspected TB. The sensitivity of Gene
Xpert MTB/RIF in lavage fluid was 77.8%, and the positivity rate of mNGS in lavage fluid was
85.7%, which was higher than that of sputum culture method (46.0%) and lavage culture method
(57.1%), and the positivity rate of Gene Xpert MTB/RIF and mNGS was higher than that of culture
method (P < 0.05) in smear-negative patients with TB. For smear-negative TB patients, Gene Xpert
MTB/RIF and mNGS were more positive than culture method (P < 0.05) Conclusion: mNGS and
Gene Xpert MTB/RIF are important in the diagnosis of TB, and greatly increase the detection rate
of smear-negative TB.
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1. 5|

SER% 95 & —Fh i 45 4% 70 B FF I (Mycobacterium  tuberculosis, MTB) 512 H9 N850, F 5 8 LW,
{EAS I 45 4% o Bl W IR R B[] G5 A% (5 A BRI Bl WA AE, Hodh Rk g v B KA 45 A% S e R BT o
LEI%L =i [2] - 7 COVID-19 Kt AT #AMA], RS ARG TT IS5 A% 0 86 B in, 854 JE T2 N3 2019
SRR, T2 AR ) AR N T 3% [3]. PRk, el RO A A E S5 % 0 BT B R S A A%
TFRE S 097 RO — 2 4]. HuilaR B RN MTB 55 852 0 BT w37 . iR
ikl RT-PCR S &, A% Ge AR DN 7 iR A7 AR LA SR AR I R BE IS5 ] R[] [6] 0 T3 D4 AL )
77 3 R AR 7 (metagenomic Next-Generation Sequencing, mNGS)FNZE 1% 73 BT B K A8 ~F- i 24 3 (R k
M(Gene Xpert MTB/RIF)B& 1% 5 i 4 [ Al sy oA FE AR, FFUG) 32 B T I 45 % 4 iz W[ 7] [8]. A
WA AR A S AR R G2 B I BORMEAT UM 20 A, PR IR HEBE M mNGS #I Gene
Xpert MTB/RIF A I 72 [ifi 45 4% Hh (12 Wi i .
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2. AMERE
2.1 HRMR

H% 2021 4E 3 H~2023 4 4 H WAFLE LA A L B AR OISR I 175 44 SEACUIH 45 1% B 0k 47 0]
R g, et S 109 44, 2otk 66 44 45 5 LU IS NEY 25.0% (76/175), 45~70 2 A% 60.7%
(63/175), L 70 % 1 ANHY 14.3% (36/175). PTG NI ] [ BEAT TOIRPURRIR v« IR S5 A% AT 1A B
Fev THEBEPTIR IR Fr v IV REE S AT 3G 7%, iV #ESE T Gene Xpert MTB/RIF A1 mNGS il o
HAfrE (WS 288-2017 filighitz iz W) [O1hndE, BHSIhiZit% 126 5], FE&5#% 83 49 . AWFH &t
KRB 2 H (LS. ZR2020MHO005)

22. MRAE

221 mEgRERH
T8 (o S50 B VA BRI S e T AETE F5 (2008 4EfR) ) [1013E T #1E .

2.2.2. BERSBATEIES

KH MGITI60 R Gyl i B3Rk AT G5 4% /0 AT B 5 9% o 1 Sl OB R S AT B9 0 . PR SS TRUAL 32
J&, AT R SRR AR B MGIT XIS . RS IKARIREFEAN
MGIT 960 1 &%, B E I MM [ 24584 B s N B2, FFEsREE ARG . HHF
N IR R, AR RIS S RIEE S MEVENSE, WRERETIIPEE.

2.2.3. Pl Gene Xpert MTB/RIF #&37

FRYE Xpert MTB/RIF ARG S UL B Bk T a0 N HEAE: 2 e REM 7O % 1 0 v T R AR
Ja, B SEEARL IR L 1:2 I HEBR A, Wik 15~30 s, IR E 15 0%, E 5CmRJEE 2 mL
IR ERINNIRF G, B2 Xpert (T B RINFE T, 4505 m Wbk .
2.2.4. FhiARESEE mNGS &l

B0 3 F Y VE e TR 4T mINGS Kl , 32 B0 B 1 0 B i AR R AR v ME e e A, B AR K
AT VGG e RFEARBEATTRACTE, A48 B O00E, ZBRYH MR I F A BRI 2% . DNA $EBU SCERME, ¥
H A% U O SC B REAT R B N B e HEAT B b e RS .
2.3. MEIEFR

SR PIRR Y i Ay BV ESRPTIR IR P RIS IR IE VRS 7% . MV HESE T Gene Xpert
MTB/RIF Fil mNGS FIFS G L. PARE IR AnUE, X LA RELE I Gene Xpert MTB/RIF A1 mNGS FH %
K, PUGARISW brvE, MEZLL AN 7 35 A S 2 o kT34 BH B4k BH s DAL ) 7 v i i
24. GitAZE

B PE I i ST R ) EXCEL #4%, K H SPSS 26.0 Giit#ft:, 40 RRH R kR, LA Bk
6] (1 LA SR 2 M B AT A OE GEi 0, P < 0.05 I N ZEFA GiiH 27 s
3. &R
3.1. ARG ERRMIER

76 175 5t 45 4% B b, B8 Ao R BE PR 40 1610(22.9%), BT 135 41(77.1%), i REVERIS
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JBATE S 47 151(26.9%) B P 128 151(73.1%), #3557 FH T 59 1(33.7%), Btk 116 151(66.3%), it HE
TREFRBAME R 74 191(42.3%), BT 101 151(57.7%) i #E BE M Gene Xpert MTB/RIF BH: 1) 98 141)(56%),
FHE 77 151(44%), FlyEERER mNGS BHTE: Y 108 41(61.7%), BHE: 67 11(38.3%). 59 13 555 5% BH 14 1)
i 57 19 MTB &3y, 1 BNIEGAZAT R IR G, 74 GIESE % TR I 1 5 T 72 69 MTB e, 2
BINARSE AT R YL, L3 1. PUERIR A WUAES 9%, Gene Xpert MTB/RIF. mNGS PUFf 5 5 ki i 1] £
N 15 min. 3~5 K. 2~3 h., 24~72 h, [P mNGS BHPE ) B b ol (R4 il 2 e TR A e . 36T %
TR SE HABAN TR . 08 500 R E A e

Table 1. Detection situation of different testing methods [cases (composition percentage (%)]

F 1. NEHEM T AR S [5 (H R EE%)]

o 2 Y FEVRWR PRI FEVRMEE R WEVRTR Xpert  MEVER mMNGS
BH P 40 (22.9) 47 (26.9) 59 (33.7) 74 (42.3) 98 (56.0) 108 (61.7)
B 135 (77.1) 128 (73.1) 117 (66.3) 101 (57.7) 77 (44.0) 67 (38.3)
&t 175 (100.0) 175 (100.0) 175 (100.0) 175 (100.0) 175 (100.0) 175 (100.0)

3.2. BUEFEEEREFREELE Xpert MTB/RIF F1 mNGS BRI 58

18 175 BIEEUIG 5% B T, DRSS FRIE A S hrilE LU, 7R IR FH D) 58 BB (G4
TEANFAESE AT IR 1 44 BB ), Xpert MTB/RIF BHTH: 47 51, mNGS FH 14 52 511 BUB % 43 1A 81%-.89.7%,
W72 2. DAL E P 5 R VE v e bnitk LU, 7N V6L HE DRV RS 75 FH VR 1Y 72 9 3 (VB dE S e N AR 4%
FFHE YR 2 44 F3) h Xpert MTB/RIF BH{4E 57 51, mNGS BH: 63 1], BUBE 5374 79.2%. 87.5%,
W72 3. WFEALL T B2 5.

Table 2. Comparison of the detection efficacy of Xpert MTB/RIF and mNGS using sputum culture assay as gold standard
] 2. LURIEFRAMEASFRELLE Xpert MTB/RIF F1 mNGS A3 AE

e \ IR FRE \ i
R 77 v ez 2 S WU E% PR BHMETRIME  BAMETIE

B [{ERES
BH 4 47 51

HEVEI Xpert 81.0 56.4 48.0 85.7
B 11 66
S 4 52 56

HELR I mMNGS 89.7 52.1 48.1 97.0
B 4 6 61

Table 3. Comparison of the detection efficacy of Xpert MTB/RIF and mNGS using alveolar lavage fluid culture assay as
gold standard

2 3. USSR E R SR EEL S Xpert MTB/RIF 1 mNGS AU NI SRE

RN . e R IRk \ ‘
R 77 v e 25 S HUEE% Frm g% PHYETINAE B M T
o 4 [{ERES
B 57 41
HEVEI Xpert 79.1 60.2 58.1 80.5
B 4 15 62
BH 4 63 45
FEVE mNGS 87.5 56.3 58.3 86.6
B 4 9 58
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3.3. FRIAZER M EEEC S

1E 175 ISR ZE 1% 538 s PRI 126 4], Hrh R 55 TR BUBEE 46% (58/126), VUi i35 77 UK B 57.1%
(72/126), #EV: Xpert MTB/RIF SURE 77.8% (98/126), #EVE mMNGS U ¥ 85.7% (108/126), H#EVEW
Xpert MTB/RIF FHME & TG 7% BELRMOE TR, H2ERAS 2R G mNGS B ME# s TR R 7%
VEVREEFRAGI, ZERAGTERE N, SRR Xpert MTB/RIF FHME R L BRI %257 .

34. AR ESEFHMIEL

TE 126 ZHCE A% B F P, TR A PR R 39 9, JLrh k8575 BH M 20 1), #EBERRE 7R BAPE 24 41,
VELEI Xpert MTB/RIF PHTE: 36 9], LR mNGS BHPE 37 51, 7E58 4R PH B v DAL DUy v RO AU B
5l 51.3%. 61.5%. 92.3%. 94.9%; 7E 86 BRIRFIMIL AL EF b, BeREFRPHME 38 7], MEDES IR A
48 19, MEFHE Xpert MTB/RIF AT 62 ], HEBE/ mNGS I 70 %1, 1E5 5 B Ml 45 4% 3 b Lk
DU RS IR 2> B 44.2%. 55.8%. 72.1%. 82.6%. fE 126 FfiiZ/ilisit B vhiEveiis A bt
47 5, Frh R FRIANE 23 ], MELEMESEFRBAME 30 4], BELEK Xpert MTB/RIF [ 41 5], #EBEM mMNGS
FEE 42 5], JEE BB B3 R IR DY R AR EE 733 48.9%. 63.8%. 87.2%. 89.4%; 1t 79 L
WP A% B b, R FRPAE 35 9, MEVRMRE FRPATE 42 5], VEVEMR Xpert MTB/RIF FHTE 57 5], #
el mNGS BHTE 66 1], BEPERIRIH B FaR DU 7550 N 44.3%. 53.2%. 72.2%. 83.5%. fEIR);T
BF I R e v XpertMTBIRIF BHPER & TOR 7R . MEVRMUSFRl, HZESH 55 L mNGS
PR S s TR EE IR HEVRMORE TR, ZRA SR, S5V Xpert MTB/RIF PR TCH 401+
HER. WK 4,

Table 4. Comparison of smear method with various tests (cases)

4. RAVES BN ITEE (151)

IR FEVRIIR A
ol 7 v ol 45
IS 4 B9 4 IS 4 9 4
BE 20 38 23 35
PR
[{ERES 19 48 24 44
[{ERi 24 48 30 42
PRI

9 15 38 17 36

[MEE 36 62 41 57
TEL R Xpert

¥ 7 3 24 6 22

A4 37 71 42 66
HEVET mMNGS

¥ 2 15 5 13

4. g

SERRAE N BT At SO H WIAE i —, HAR YRR, AR AL 7% 77 A R T H AL R
25/ Y(coronavirus disease 2019, COVID-19) [11] [12]. #7695 7 A IRATUE B 1 P HAG RIS Wi it A i st
T ™ R AL HE R B [13] [14]. H AW B2 W s IR G (. MTB 8557 MZRAS I . IR 7
B AR5, AR s BDULBWLEEE T 4544, BRI R & FH IR 9s B 2 Asn il 7732:, (H FLAEAE BRI 211K,
ANBE %5 B 5% 0 AT R B AR S5 2% 20 B AT T 45 10 [ 15] [16] . 35 973k R U v, A5 et s, o
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WM “ehridt” Tk —, (AHERFRAMK, FEZAUEARSBISER, Tovki 2 kIR TRE
CWIHIT R, IER R K RSZ IR [17] [18]. IE4ER, BEE 7 FAEMZHRAR MW 57, R &M M PCR
FARFIH &R UK BT R AL, CEBCNEE U TR 2 —, 112l 25 4% 75 TH B ke
f#4[19] [20]. Gene Xpert MTB/RIF il /& 5 T 52 5% 72 8 PCR (RT-PCR)XT 45 1% 2 BT B e = P 1)
rpoB & Rl R4 T 25 1% 0o X TR EAT RS, 3o~ g &40 A, ZEJGRT IR] A RE ) HE R R AFAE AR, A
I3 P H A Rl R 48, 72— E R T Bdb 7 AR 3R ploe 22 Hop il bod . RS m[21] [22].
A [2315 AWFFUXTEE T Xpert MTB/RIF Je 35 7= 25 i 777%, K3 Xpert MTB/RIF X MTB [t Hi %
B, A DABRERG I FAE T I 25 45 4% . U Xpert MTB/RIF RIS N2 EE 0% B0 75 70 T2 ek, {3
B LR A, R BT U RIAE T (RIF) T 25 P R 48 /R B AR 5 B 2 20T 25 45 1%
(MDR-TB) [24] [25]. —# Gene Xpert &%t A et il Z54% 70 BoAT i, 0T3R4 1% o0 B i ek AT Al
DR 0 T A7 AR TR A R R i 5 A SR, JEIR AT AT PO J5 2 R [ 26] o

F R 5 AR T mNGS & — o) A il &5 H52 AR &5 F 2 4 it b B i AR ) DNA 4T 42
BERNAH Y (773, @ AT SR, T USRI A MR I S5 A A D Re A B [27] [28]. mNGS
FEAERATIN Y MTB (1 [F] B ] DAV 22 P Ak, A6 & FhAt bl . 08 RS, AHECT HAb AL S nks il
J5i%, mNGS BRI B 1Bl EE 12 W R FAERATE[29] [30] [31]. SR SRHK[7]4 N Beils i — TR 72 2 9,
MNGS X} MTB il R 8% 47.92%, B S i T Hofd =il 777, b Gene Xpert (45.83%). $57%
(46.81%). PUFRAT P 44 £11(29.17%) . [FIHT mNGS Xf T il s &5z 12 W A B S B AT 5t PhVESE[32]%F A
i FE I MNGS X T i 745 1% 12 W R 85U RE BH I v T3 i Gene Xpert 72 Je 35971 IRt mNGS % 1
AR MR s H— e I, Em e, iz W s3].

AHFFLIE N Gene Xpert (77.8%)F1 mNGS (85.7%) Al MTB BH 1426 B 8 =y T 853715, XTI A B
sE B, MEEVE Gene Xpert AT mNGS #EIU7E MTB BHM: 50 W . T35 781%,  nlARORRE B R
Tizwim. DL ESERUL T Gene Xpert &% mNGS N 7ERT I &5 1% o b AT 8, PRk B 02 W 45 4% 5
A EEE S, NGRS 2% .

5. &
MNGS 3 % Gene Xpert AR HilR 3 th i A1 Fevk 10 2 Wi G5 0w 77 T 22 10 3, S T3 A

PER S5 R UG, N mNGS fz Gene Xpert & —Ffiff H s & Ok N B, oKt b 12, f£
i PR b BAT B R S A

BB

B LU ZR AR A JE TR IR R A 025 F 1B SCHE DAL ARG F AR B R & F KRR AL 0 H (T H 5
ZR2021ZD35)4; T I % Bl

E&H
IR B AR R 4 B ORI 7e U H (W H % ZR2021ZD35).
S 3k
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