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Diagnostic value of immunofluorescence staining of bronchoalveolar
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[Abstract] Objective To evaluate the diagnostic value of immunofluorescence staining for Mycobacteri-
um tuberculosis in bronchoalveolar lavage fluid by comparing its performance with acid-fast staining and tar-
geted next-generation sequencing (t-NGS). Methods A retrospective analysis was conducted on the clinical
data of 149 patients diagnosed with pulmonary infection in the hospital from December 2023 to December
2024. Bronchoalveolar lavage fluid samples were collected and tested for Mycobacterium tuberculosis using
acid-fast staining.immunofluorescence staining,and t-NGS, Using t-NGS results as the reference standard, the
concordance between acid-fast staining,immunofluorescence staining,and t-NGS was compared. The accuracy,
sensitivity, specificity, positive predictive value,and negative predictive value of acid-fast staining and immuno-
fluorescence staining for diagnosing Mycobacterium tuberculosis were analyzed. Results Among the 149 pa-
tients,71 were diagnosed with pulmonary tuberculosis. Immunofluorescence staining detected 20 positive cases
(positivity rate 28. 17 %) , while acid-fast staining detected 7 positive cases (positivity rate 9. 86 %). The differ-
ence in positivity rates was statistically significant (X*=7.998,P =0. 005). The difference between immuno-
fluorescence staining and t-NGS results was statistically significant (X* =17, 381, P<C0. 001), with a consis-
tency Kappa value of 74.15. The difference between acid-fast staining and t-NGS results was also statistically
significant (X*=5.382,P=0.028),with a consistency Kappa value of 70. 32. The sensitivity of immunofluo-
rescence staining for diagnosing Mycobacterium tuberculosis was 90. 91 % , superior to the 87. 50% sensitivity of acid-
fast staining (P<C0. 05),but there was no significant difference in specificity between the two methods (P >>0. 05).

Conclusion Immunofluorescence staining of bronchoalveolar lavage fluid is superior to acid-fast staining for
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assisting in the diagnosis of Mycobacterium tuberculosis and holds significant clinical value for diagnosing sus-

pected pulmonary tuberculosis in primary healthcare settings.

[Key words |

cing; bronchoalveolar lavage fluid;acid-fast staining

i 45 1 e B N KRR E KRR — B &
RIRBR G R TR AT At &0
FH T 235 A2 A% Y U8 S5 BEOR T BH AR ey B R
T ERR U0 A PH AR R el i 6 R A B ) R
G R DL T 2 B B R A R 1R O 2 K
W ABGRIR R A PUR Y 0K Ay vk R B AR AR
B P (F BH PR RAIK . S5 A% o BORE B B SR R AR A
RS = SR o T SN NI RV B 7 % s i
M2, BEE LR E W B RN K, 85 50 BT A
e A8 STt 245 15 O R 4G ( Xpert MTB/RIF Test , X-
pert MTB/RIF)™ | %2 5 K 5 7 AR | #0 i) 1 38 2k )
J¥ (targeted next-generation sequencing, t-NGS)"! 5 il
BT TG R LR A e P L2 A kv s AT R I
PR 55 75 2K AER 36 A B 5t L 177 22 38 )2 B B 1) S 3 =
ANEBZZR RS, T RB A e 9Ot A4
A3 B2 W il 45 % 0 i 5T, A0 32 B AR TR AR B AR AR
Jiti 25 0955 B AR A, A T 0 9 Ok VR v ) A T i G A D
B TR A 5 5 G BB 43 18 3 To R sl b 98 LA 8 b
A 2T LA BN ERAE R R I A TR AR A 41 4L bR
A T Y0 R R R AR BB D 2 A AT R R L AR TC
A5 . WA 5 38 1 YAc il 8 J e 2 Il 3 B U W AT
PriR g a3 DO Y ik 5 - NGS #EA7 K, #8
oF T 76 VR O YR i 8 U Ol G £ 1k A I 25 % R A 2
(49 I R A I R B S v M b 3 A5 T 235 A% G ) &%
SRR AR
1 &ME5RHE
1.1 —fF#

[l 3 B 2023 4F 12 H 2 2024 4F 12 H A Bl
PR BEAC il 340 2% 2 149 ) 28 2 I IR 95 kL. 40 A Hn .
L) A i 85 427 )8 3 4 ok o 5 (2D Wik 8 =2 JR], sk
R s W A A 25 L 2 S ER (3)
B AR B s IR 52 L 2SI P M R AR A A R
LA A ERbREHE R 1 ARRIAT HERRARME . (1D A RE
it 3% HL -SSR A A 5 (2) To R SR AR PR AS Bl bR AC
FAE TN R ME DA HE TR I . A B9 AR B 1 B

REHELHE AL S 3 W (2024)-0104 1, B (B4 0
T
1.2 &%

BEHITHFEXAERERA . 4G CT, fE &
AR A8 TR AV AT A B AR KTRE Pk LA A MU 60 T8 Ok A EE Uk
WAL R 3 3 s 43 Sl R FH B 988 2 0 % 4 3k it R
7k (CNGS AT R . PR Y (0 vk FH G A A Ik
LRI E VR L B O W A L DTVE W R - Je ik e £, 38
e A TR I ESE T (100 X)) MR 4s 0T 45 e 5 Sl e
3k O TR 25 % WO Mt 000 08 R VA 8500 VR 4 IR AR

pulmonary tuberculosis; immunofluorescence staining; targeted next-generation sequen-

BCEAERB A L 1 A W EIER P B,
Hh A AR SE 28 S AR A B Y5 15 min,
FHIE K vh AR A i A VR v ik 134 BRI N 1 0% B
W CBE O iR IR 2 E A L H
221 min, FWE/KMYEPRA . 35 F BB A B TR
B FULEE . - NGS.: F TG b 25 i USC4E il 0 39 Ik iR, 4%
TORARAE 35 2R MR I ALAE (7 N 4 3l B8 2 5 39
ARV ey A R /D A
1.3 WEIAF

LA -NGS W85 R NGRS Hhr " Gt s
TEICYL A PR F PR YL o vk A I 25 S 43 B Ml
VR G328 98 6 Y 035 5 PR Y €035 P R 2 I 7 TR 1
WERA 2 R R S R L BH P TN AR L BF P (.
1.4 %itzam

K H SPSS27. 0 Seit B A 743 B . I8R5 RE DL
85l Ay R L) FE A SR X K s — Bk e
X Kappa #6560, LI P<<0.05 NERA S
2 & ES
2.1 EARER

149 Bl & b 71 Bl Ee & H0i2 W45 8% . 55 78 Bl
Shy Al it 0 R G (LS 3 191 3F 45 2% 0 A AT B g, H
Al A R | — AN PR R R R R ) . 71 B
Jiti 25 4% HB 5 AE I (57. 81 £19. 63) %, 5 48 i, & 23
W) s 45 FF0E -2 BB R R 21 5], 12 1 BHL 28 1 i 25 5 14
W i 13 46, 0 12 6], BRIH PS54 7 ], %
SEY K 6 B, 1Bt L TURF S 6 ), oAl 8 1),
2.2 MAERBRARRAKIR G AN SR

FERIZ I 71 5] il 45 4% B 3 b, e g8 B e g 0k
B BHAE B8R 20 4], BHAME 2R R 28, 17 %, PR e (8 1%
B BH P 8 R 7 9, BHAPE R 9. 86 %0 . 3 BH IR F 1L
BMESHGHFE L (X =7.998, P =0.005), %
WY - NGS K& R i £ R A R %E
N (X*=17.381, P<C0.001), — & M Kappa {H N
7415, W3R 1, iR P k5 - NGS kil 45 8 i
EREG I E L (X =5.382,P=0.028), — & Pk
Kappa {H /7 70.32, W 2,

£1 BEERLEEES NGSHBRMERILL(n)

LRI S JERIN
t-NGS it
+ —
+ 20 51 71
— 2 76 78
At 22 127 149

2.3 WA R AR AT 09 2ak



2834

B RE e G Yl 0 1k K I 45 A% 0 R R TR I R B
90.91% . I FTHIMR Y (35 AU RBE 87. 50% (P <
0.0 H - FEHMEFEILHEZH (P >0.05, 1L

* 3.

=2 MBEREES +t NGS MR (n)

BN 8 RERS
+NGS At
+ —

+ 7 64 71
- 1 77 78
At 8 141 149

*®3 AR 2 77 7R 10 T B 25 AR B 2L RE

REYE PR HVEBNE BAMEBIE Youden

ez I 5 vk

e %) (%) %) (%) e
TR Y AL 90,91 59, 84 28.17 97. 44 50.75
N E NS 87.50 54.61 9. 86 98.72 42.11
3 3+ e

PE(2024 4F BRGSO A ), 2023 AR 2 BkoB 1
R A 1 080 T, B Y 74. 1 T3 L AE 30 A
ghRomm I E R P HEE 3 . SRR T A
B2y 125 B, h E SRR T AR A 2.7
1 R E N T AR ES e A R S L [
B AR LR R B L R B AR B T A TR — R AR A T
e G5 B0 R Yo (2 3 TR L O A RS T B

A5 25 5 7 o il 16 VR VR VL G E SO Y £ A
DN 235 4% 53 A5 AF B 1% M 0 % L BH % R L R U | Youden
T B0 M AL G2 1 PR e 0k, (H 5 5% B oW I 22
. DT ot 56 ik A A A D BT L A% G 1) B 1R
(R MRS R« 3 R TR 20 B v ) 43 R TR R
H5EAOYBERSGEERE AW, 2R OREAE A
JiE €, P R 2 e 5 A ST TR AT = B D 41,
7 45 75 5% R0 LA 2 T 5 TR A A X B, AR e
G 0,5 02 8 9 6 R 5 AR AR B R 4 BT T 4 i BE
R LIRSS & e PO BB A T R,
UL FERRE AR L e Y R AR G iR Y
TR BB 9 G e €0 o B Tk A i B AR RO IR
PR B AR D WY VT . RIE DY kAL
T 20X W) 5 L 2%, B K ol BE R, I B R e 8 0k T 7
100X 85 T MEE WL /I, BE A v g 4 de . [l 4
£ W 6 Y {0 5 A 5 B AN RE 8 I W 4R g B B9 AR
3 BRI 12 56, 5 SR 0 1 R S o ff 1T YT A B A
=P R

LK S BIESE Se BR L TE P A A% 0 R T A
RO e A B BH M S R VRE S HE A R
KRB E Ty sk, BESY s R LW,
PEDEN Y O T BEKG B R LB R Y vk B A AR
15% S BEIF B I B IR AK. A0 &S5 iE o
NS RPEDSIC Y (0 5 Z5 A% A R FF B DNA S I vk A6

FTHREF 2025 F 12 A% 54 55 124

W28 5 — bk L R R L B PR OIAE 2 T A B
FIPUIR Yo ik . PR B 15 e L A6 3 20 8 /0 s JE 9% )
B W A B 4 2 2 7 R R A
ARBC AN S S M. Z2Har R B
ZEUE S 9 W R VA T 0 VR PO IR AT TR B AR R
Y T v . AR 9 9 i 0 T R TR R AR it 58
it 5 Eibghis—E.

RWFTEA 3 H12 W AR S5 4% 7 BeAr e, Herb 2 41
a3 o e £ BH PR P RR Y @ BHPE . BUR Zr B AT BA
L8 254 A3 BT B AR 25 4% 0 R AT B L IR B L 45
AP B ot e o S5 RN AE S5 B R AT B R R )8 L A
R 22 I R B Jst mk — 2 22 1) 1% Bt D5t 245 4 A B0 5, Lb
R e il ] CIE VR RN 3 N2 N S = I
FOPU AT M DX 400 3 R e e e Y B B R AE
il 235 4% 12 W v £ SR B L DRI I R L i Ak A Ll T
Sk ] 9 7 IR AE SR 0 FE DA R LS S e BE 25 A% TR
B Rt RN R R R, N 3 R AR Oy
T 1A 50 D Ok 43 T, BT TR Yl vk B T AN R A A
T e (0 1k T P IR, -NGS B T 45 3L W A
BEL = ERAS RS AN B A L T DA 38 T Tk IX 43 BE B
UGB . MO IR L, 7 %5 Y145 & BB R Ll 52 1R
FERAIATIOR . AR A 7 B -NGS B R
G R AT 25 A% L B R4 AR R AR
JENEEREE K. WZ T B I R VR R AT A T &
MBS, A RZ G I 5 5 800 T e iR i 5t
RER . B ARG WA B 0 B /D L E4 S A
FEGE R —FN ) H e, X TS A R
FAME R ECE B A I E U I R i 45 i, LR
TG 55 SR AT Ml 45 % 10 &2 %

e i 25 4232 Wi v il 90 V8 R T e E Ot Y HE R
W RRE R R ULAR AL SE 1 B IR Y £ BT A7 A —
SE B J B S A0 AS B X 485 42 43 B0 AT B8 R AE 25 4% 43 B
FFTE TG T RBE R . (EL T — Sl 5 P A e 5
ipr, mEERTE 22w s, S EE T F R
Y AT o R D 5 B 98 5 ' Gl e R S — TP A AR
Zo I BRI 2, EAE IR PR v iR R A T
S BE BTG -4 TR UE- IR PR PR = A — 1R Y12
Wik 2 L iR 2 L IS W & R L 5 S TR i i
VR 5 98 W T2 9 Yo (0 10k T AT 43 AL 6) B s DB IE il
YLV O YRR ) 5 R A R FF PR TR, MR THE R
I RE A it B 22 7Pl B 58 R 0E — 25 B0 E

2% 3k

(1] SECRLEAHR . 5 m s b L) ], S H
B2 ,2023,39(19) :2424-2427.

(2] HARER 28R4 B B 2 W &
FALP G5 2. b E S5 e 2R 12 W R R AR
(] ], Hp A 25 1 Fn PR I 2% 75, 2017, 40 (6) ; 419-
425,



FTREF 2025512 AFH 54 5% 124

[3] SUN Y,ZHANG Q.LIU C,et al. Diagnostic ef-
ficacy of Xpert MTB/RIF assay in bronchoalve-
olar lavage fluid for tracheobronchial tuberculo-
sis; a retrospective analysis [ J]. Front Med
(LLausanne) ,2021,8:682107.

[4] GAO J,ZHAO L,CHEN G,et al. The value of
metagenomic next-generation sequencing for
the diagnosis of pulmonary tuberculosis using
bronchoalveolar lavage fluid [ J]. Lab Med,
2024,55(1) :96-102.

[5] SCHWAB T C,PERRIG L,GOLLER P C,et
al. Targeted next-generation sequencing to di-
agnose drug-resistant tuberculosis:a systematic
review and meta-analysis [ J ]. Lancet Infect
Dis,2024,24(10) :1162-1176.

(6] vl B2 7 O fdt [ B 52 Ui A i 25 i PR Bl A= W 5 0%
ey ox TP AR BE S 2 K I R 2 o) 23 R B A ) 2
4, AR R A S TR W2 R o A o3 i R B AR
YIor . G B BE 45 4% 00 ROMT TR R e SE 00 & 4G A
HRLT ], h AR g PR 22 A4 35, 2022, 45 (4) : 343~
353.

[71 b B2 7 R ddt [ B 2 O £ 3 25 i DR B0 90 27 4
2 RO [ s 3 A ) T R s T T S B
LHRILRLT] BB A5, 2024, 104 (48)
4375-4383.

(81 WAZEVE, m . 5 T 2 21(2024 4F 48k 4
W i 5 i e [T . S5 A% 5 M A e % 2 . 2024
5(6) :500-504.

(9] BAEL, EHA. IV 5. -8 [RPURR Ye (475 T 4x
JHie O 56 Y 0 VL AL 458 03 BURF BVER T 7 A il vp
FYXTEE [T ] KB BE R R 2= 5 4, 2018, 24 (4)
357-360.

[10] 2R Al 4, 25 B30, 55 PURR 73 BOFF I 2O G 8
5 Ziehl-Neelsen 72 78 $1L B2 43 850 AT 1 A6 I wp 1) 7
FHEEE LT . i R 55 5% 46 9 2 2% ¢ A, 2022, 38
(8):1013-1015.

[11] REOK, E805 . RPHPE, 55 S mi k2Ot g 6
T AE PR A5 A% 43 BOFF 3 A 0 e i i A LT 1L AR
g s 24 24 5, 2023, 38(2) 1 96-101.

(127 YA Bl 75, 35 U0 AL S 9Ot e Tk 7E
J2 1% e 12 W it 45 A v i o AR (B 23 BT LT . 25 AR
=258 M\ ,2023,21(10) :5-8.

[13] 2R E, v 2, /NI, Il BEWR Xpert BT
FETR TR o0 ROFF TR 15 95 X R W Xpert B it 45
e Wi (L) 1. 18N BB K224, 2025, 55
(1):41-45.

(141 BE A, 5% e, B0, 5. S 0% Il o Uk TR
GeneXpert-MTB/RIF Fi illl 76 3% 2 1 Jifi 45 % 12
Wb B RCRE LT 1. i R il B 2% 35, 2021, 26 (6)

2835

820-824.

[15] SHI C L, HAN P, TANG P J, et al. Clinical
metagenomic sequencing for diagnosis of pul-
monary tuberculosis[J]. J Infect,2020,81(4)
567-574.

[16] BADR O I, ELREFAEY W A,SHABRAWI-
SHI M, et al. Diagnostic accuracy of different
bronchoscopic specimens in sputum Xpert
MBT/RIF-negative pulmonary TB patients
[J7]. Multidiscip Respir Med»2022,17(1) :872.

[17] OU X C,LI H,LIU D X,et al. Comparison of
Xpert MTB/RIF, RealAmp,and CPA Tests in
detecting Mycobacterium tuberculosis [ J ]. Bi-
omed Environ Sci,2019,32(3):215-219.

[18] XU P,YANG K,YANG L,et al. Next-genera-
tion metagenome sequencing shows superior di-
agnostic performance in acid-fast staining spu-
tum smear-negative pulmonary tuberculosis
and non-tuberculous Mycobacterial pulmonary
disease[ ] ]. Front Microbiol,2022,13:898195.

[19] HE Y.GONG Z,ZHAO X,et al. Comprehen-
sive determination of Mycobacterium tubercu-
losis and nontuberculous Mpycobacteria from
targeted capture sequencing[ ] ]. Front Cell In-
fect Microbiol,2020,10:449.

[20] BPE L, BIme &, Bhok #E , 55, 2014 — 2018 4R L
Tl 25 i 8 2 ARG B M g R &R Ar A [T ). h
el B 95 2 75, 2022, 44(7) :690-697.

[21] FMBE i, mbE 035 A/ 8 HK -5 2 B0 R R
GIFWA I Z 2 B EBIT IR E KR LT 5
FAIG RS 2% ,2024,25(1) : 15-18.

[22] sRIE BT, SR Kl 2008 — 2017 4R 25 4%
BEREKHNRER AR PEEZHEM.
2021,19(11):121-122.

(23] BAEMS  WRZE MR 45 A 48 L ER 7 1 i
G ERE 10 F 2 LRIEN Loy K Z= 48[ ] 5
WS, 2021,36(11) :1152-1158.

[247] Z2J2, PP, X0 15, S5, I 48 ) 5 45 2 0 AU
BT ONHE BN GBI 5 [T ], ob #8042 1 2% 75
2022,26(11):1241-1247.

[25] FANG X E,CHEN D P,TANG L L,et al. As-
sociation between depression and malnutrition
in pulmonary tuberculosis patients:a cross-sec-
tional study[J]. World J Clin Cases, 2022, 10
(14):4395-4403.

Wi fs B #1.2025-05-17 &9 B #1.2025-07-28)
iR 8D



