Hans Journal of Biomedicine Z:¥JBE%Z, 2026, 16(4), 667-674 Hans X
Published Online July 2026 in Hans. https://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2026.164068

= - BRmBREE. € “07 KARE.
GRS EDNARIEF ZESZ AR
# e A9 R FH EE B

w #, L B, f%E, KEHF
JE NS Rt v 2 e T R E

ks H . 20264FE5 H26H: FHHEM: 2026E7H1H; KA HM: 202657513 H

R

HH: XTEHEATE - BRHIMBERE. “0” RLYG. 0BT B DNAKI K & 45 551k 1Y A g 75
KT EZ S BATHE K2 WEE, NEEREHE RS EKE. 7k BE218MRMERXAE /i
FEVRWREAS, 2» ISR AT T R, it &AM 2R, AR RN AN REE. BFHE.
FEMETRIIE . FHMETRME, RASREIWHEREAIFIFME. &R BT EDNAK I FH A H
ER22.02%, BEETFHA=SMESRIFIEP <0.01). BERKEEERER, DIEKRSE ind, 4
B BT E DNAK I R 81 97.62%. 157 H96.02%, FHHMNMERIX99.41%; &% “0” RALkfs
- BRIIBRELERFE1X100.00%, BRBENN52.38%- 42.86%; [E#EHERBES7.14%,
FrRE99.43%. FREMTIRR, TR FHEREARNTEIDNAS TR Y, (&9 52 k00T FH R
Bl it G ETEDNARNIELE S LWk REBAL, WH B AL T ERRERA . £ “0” ®
Tegeta. PiRREEFHES RS RER, EHRE, WHTHREYR. 1ERITARBERNRE S-S 2
FTEFREY, BAEGHHRESHHERE.

X 5in
¥ - BRAIRGE, £ “0”7 RARE, SEMBATHEDNAKN, iRk

Comparison of Ziehl-Neelsen Acid-Fast
Staining, Auramine “0” Fluorescence
Staining, Mycobacterium tuberculosis
DNA Detection and Culture Method in the
Detection of Mycobacterium tuberculosis

EIREE

WESIH: &, L, GIEN, kil E-RRIRRG. SIE0" Wyt %0 H DNA KB IR 4%
S BT BE ARSI A () 8 B[], AR MBS 2, 2026, 16(4): 667-674. DOI: 10.12677/hjbm.2026.164068


https://www.hanspub.org/journal/hjbm
https://doi.org/10.12677/hjbm.2026.164068
https://doi.org/10.12677/hjbm.2026.164068
https://www.hanspub.org/

TREr 5

Jing Xu*, Hui Wang, Hanmei Xu, Yanjiao Zhang

Clinical Laboratory, Traditional Chinese Medicine Hospital of Meishan, Meishan Sichuan

Received: May 26, 2026; accepted: July 1, 2026; published: July 13, 2026

Abstract

Objective: This paper aims to compare the diagnostic performance of Ziehl-Neelsen acid-fast stain-
ing, Auramine “0” fluorescence staining, M. tuberculosis DNA detection, and solid culture for Myco-
bacterium tuberculosis, and to provide evidence for early tuberculosis diagnosis. Methods: 218 spu-
tum or bronchoalveolar lavage fluid specimens were tested with all four assays. Positive detection
rates were recorded; sensitivity, specificity, positive and negative predictive values were compared.
Venn diagrams were used to analyze the distribution of positive samples. Results: The positive rate
of M. tuberculosis DNA detection was 22.02%, significantly higher than the three traditional meth-
ods (P < 0.01). Using clinical diagnosis as the reference, the DNA assay showed a sensitivity of
97.62%, specificity of 96.02%, and a high negative predictive value of 99.41%. Auramine “0” fluo-
rescence staining and Ziehl-Neelsen acid-fast staining both had 100% specificity but low sensitivi-
ties (52.38% and 42.86%, respectively). Solid culture had a sensitivity of 57.14% and specificity of
99.43%. Venn analysis showed nearly half of positive cases were only detected by DNA, with no in-
dependent positives from traditional staining. Conclusion: The M. tuberculosis DNA assay had the
best overall diagnostic performance, effectively identifying cases missed by conventional methods.
Auramine “0” fluorescence staining and acid-fast staining have high positive predictive value but
poor sensitivity, suitable for rapid screening. Combining multiple methods based on their strengths
can improve tuberculosis diagnostic accuracy.
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1. 5|18

5% B B (Mycobacterium Tuberculosis, MTB), 18 FREEAZIT B EEEZBE, A& 545147 (Tuberculosis,
TB) P I 1 . F5 tH 5 124 2H 2 (World Health Organization, WHO) B &7~ , SE5AZRALS1 2022 FE4ERH—
TR RIRBBEINEE — RJE N . RRAELIA 800 JI TGl kA, £/04 300 5 ANFETZM[1] 2] BEETUERT
JUZAE, 149 MTB WAk I 251, BGNiGIRIGTT MERE, AR 7 Bk AIL T A . BRth, 5. R
ORI HERR 12 0T S5 200 B AR SR BELIT . RS HEVE 7 RITIUS 2l 28 50 F 23] [4].

EAT, I PRI RS W 25 4% 73 BT T RS G 8 F IR S8 =5 T B4 20 AR 7 S e 2R it Al
[5], FEALZERAE ATV IR PPD W50 Ik BB RE . B IRk, SOt E & PCR %%,
AH @ LA ZE - J8 [R(Ziehl-Neelsen) iR G 0. &2 “O” G Z54% 73 HAF B DNA Al A ] 44
% [K(Lowenstein-Jensen) 3 75 PU RN T VEAE G5 % 0 BT AT I O R0 . ERAME . Fr MR BUE E R, B
TEREERZ AT AT 7 R s 2R 22, DT rdee, iRz 5ii2.
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2. AREFZE
2.1. —fRER

JEHL 2025 4 7 H~2025 4 10 H AR T JE 7w B 2R B gk 47 il 45 1% 07 15 58 (00 M B s S i v
VeI REAS 218 £, Hr B 150 151(68.81%), 2Pk 68 #(31.19%), ElS 15~90 %, “F14(62.67+15.87)%
PRBARAS 137 4y, SCOVE MR REDEMR 81 i, WHZH— R BRI St it 27 2 /(P > 0.05).

2.2. (LS

B BRI CEM AR B T BR 2 7]), 4 SLAN-96P 5L %t i & PCR A ( il Ails
SRR AR, HAERIE IR PR I DS G IR AT, 9O6 BB R 2 4 (Olympus).
W7 3 - Je KRPURG OB (BRI MR EMBARG IR AR, IRIRBOR GE(GE M AYRH A IR
WD), G RTE BRI BGT E CE AR AT IR A D), 2 IREE IR (BRI DR AEVHARAT IR

KA.
23. /&

23.1. E - RRERRE

PRI I SR M RE R AT O IE T SRR BRI, B AR T S I A € . AR IR 4L
IR G 10 min, KEEWT: BREEPREB G 1~2 min, KRBT WA EER A 30~60 s, KN
e, TREIEGRE. 100 HBIEE, HEHRT, PRI ESLG, RRIPURM F/300 PLEF R & A,
AR AR DURAT B B PE(1+~4+) [6] -

2.3.2. €% “O” Wh$e

Al 2.3.1 J5vEbil &R A, WnghE “0” P =iyt 15 min, KIENTs BRVETR AR G 2 &,
B 1~2 min, KPEPIT; BRI R YL 2~4 min, FKMPE, HIR TS ERS = R 78t BABTAT
Bk . 40<WBNIEE, RO ST, PURME W2 VMG E GBS 6 . RRIPIRFT /100 P0EFH 2
BAPE, 38 g s HURRAT B FE PE(1+~4+) [6].

2.3.3. Z54% 5T BUFFE DNA &

MRTEFEAKEAI L, I 2~3 AR 4%NaOH, fE% RS 5 B 30 min. 4307 Ui B S2 I A5 4%
Y EEFT B DNA, 37 SER 28 i PCR 47380 50 uL PCR R MAR R, [FIRS 15 8 I EFIBHPEXS IR, 436 72
A R: 50°C 2min, 94°C 5min, 94°C 15s. 57°C 30s, 45 ME¥F; 25°C 10s. FEIRHME Ct1E <39 ik
SER 5 B B DNA FEME .

2.3.4. EIRTRIEFRE

Al 2.3.3 J5VERAT “HRACBLELHE” NN 1~2 AR 4%NaOH, FE% 1R 515§ B AL 10~15 min,
PATCHEEAEEL 0.1~0.3 mL FEARZFT o4 B B4 %' (K% 78 & (Lowenstein-Jensen medium), & 37 CIHIZE; 7% 8
i, SRR SR A KA DL MR TR WV H A IS R G (0 JE 15 7 B R IS R P, 5595
8 JA G TS0 B AR AR AT R S IR B

2.4. B

PR PRI WS 5 hrife, 3 - BRIRPUR ALt &k “O” 2Otdth. 45k BOFF1E DNA S o7k
ISR 2 FT T B AGL H R BEAT 204, PRAR A IR R B . REBUE . IR WibsitE(7]: (1) =0H—
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OV A 45 BN PBR TGRS s 5597): (2) M XS ERmill & 0 B R M a5 Aokt (3) 2240 B~

L8, @) RGBS, KRGS IETT GBI,
2.5. GLtESAT

KH GraphPad Prism 10.4.2 #AFBEATEAE 700 THEFR DI + 2 (X £5)80R, HEHECK

e K. tHEBR AT 2 E(%) R, SR 2 K. P<0.05 ZRBEA AR

3. &R
3.1. A EEZ BT RS AR

F - BIRPIRA A, &% “O7 Jaiett, G5k B i DNA o A ] 455 72724600 218 435 i BK
YRV IREA B VE R 20 5N 8.26% 10.09%- 22.02%- 11.47%, Z5RWF 1. 4580 FiAT i
DNA Kyt R e, 2 - JE IRPTIR Y i S M R B . 454400 BAT B DNA AE 7 ) 5 1% 97 1%
&fE “O” PFIYILMZE - BIRPIRR YL E T RA G E R (P <0.05), ZRIE 1.

Table 1. Comparison of positive rates of MTB detection by means of different assays

F 1. M5 RSB S BATE A H R A EEER

i 77 9% oA i) FH (1) FH 1 22.(%)
% - BIRPIR Y& 218 18 8.26
&l “0” wtgeth 218 22 10.09
G515y BB DNA Kl 218 48 22.02
b VA 218 25 11.47
**k*%k%
60 * %%
* %
I
\ R %) k%
%@Q\\ o *}i@ ¥
S ¥ *
R
W
Figure 1. Comparison of the positive numbers of MTB detected
by means of different assays. ****: P < 0.0001, **: P <0.001, **: P
<0.01,ns: P>0.05
1. MG AN EZ D SATE AN RS ™ P<
0.0001, ™: P<0.001, *: P<0.01, ns: P>0.05
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3.2. EFAERNEZIEATEAYESEROFR S

VO Aok ) 5 2 B P 45 R B A T i an i 2 B . BRI ER, X DNA #BHYE 23 #1(47.9%),
PR 733 EIBH T 17 61(35.4%), DNA K555 78335 FIBHTE 5 41(10.4%), AXEEFRIEYE 2 61(4.2%),
PR YL 51 950 L E B 1 61(2.1%), HiAZSHE X IR A B PEREAS

G583 BOFT BEDNA e KPRt

&M “0” JOLH

Figure 2. Venn Plot of distribution of MTB positive results detected by means
of different assays. The “0%” region indicates positive samples without corre-
sponding combinations

B 2. MRS AR R ERM RO RE. 0% R
I RIAE A BIRHEAE

3.3. OFEMTT ESHRBELLER

PUIG R Wi g izmi A bnite, 2 - R KPR, &% “O7 Bttt L54% 0 it i DNA Kl & [
PR R DU TP 7 V5 (0 RS RIRE S8 W32 2, AW RRE /0 A WLIE] 3. S54% 20 BOAT 1A DNA A 1 R 50 fe
B 97.62%, RFFEN 96.02%; FE - RIRPIRA M. &M% “O” TPk R EEIN 100%, REE
0 42.86% 52.38%; FEFRIERBUEN 57.14%, FerfE 99.43%. H A4z 0 HA i DNA ik 1) I 18
B, N 93.64%.

Table 2. Comparison of the diagnostic efficacy of different methods for MTB
7= 2. WOMEERZ D RAT RGN 75 /A RIS BRI RE XS L

L OWIRFS RIBE (%) REFEE(%) IEFHEBU(%)
% - R RITIR Gt 42.86 100.00 42.86
B “0” PG 52.38 100.00 52.38
S5 3 KOT T DNA il 97.62 96.02 93.64
IRk 57.14 99.43 56.57
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Figure 3. Bar plot of diagnostic efficacy distribution according to assay. (a) DNA testing for MTB; (b) Ziehl-Neelsen acid-
fast staining; (c) Auramine “O” fluorescent staining; (d) Culture
l 3 IT_EIﬂVf_uAI &E’J SHIRE T MADIRE . (a) G54% 57 ATE DNA 8E; (b) E - RRIEEREE; (o) €& “0O7

3.4. Q75 ESE PR FRNME . PR FME AR

DG o6 300 7792 P I AR 9 P TN X B L6 3. S5 IR BN, 2 - B RPIRR O 581 “07 bt
(T FE P FRIAE 354 100%, 9348 TR 43 514 88.00%- 89.80%. £ K% 43 Hi AT DNA &I 1t FH 14 T B >y
85.42%, HPETMME AN 99.41%; £5FF7EFIBHMETMIE AN 96.00%, B FME AN 90.67%.

Table 3. Comparlson of positive and negative predictive values according to assay methods

3. AR AROPRMETUE . PR FURME LR

(O WIRES FH A FRINE (%) B 1 T INE (%)
% - ERPIR Rt 100.00 88.00
Gl “O0” TG 100.00 89.80
S54% 7 BUMT T DNA A2l 85.42 99.41
B avik 96.00 90.67

4. T1ig
GERGI  FHGE AR A RRE T B S 01 M e VG o B 5 A 4 R FF BT 2 1 B, S A6 M B
VAT G, R BT A ERA S AR — Pk TR, FL. MU, RS AR T R
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VRIT B OCE FL 8], IMPRK b 254% A AT R o P O 7 v R IR et Rt 5% A ATF 1R DNA
For I R [ R 720 A FELGER 1 IR DU 45 4% o0 B B A I 732, RIS [6) 7V 2 W s R A7 AE B 3
ZE5t, G PRIE B4 AT I 7 SRR AL T SR Bkl

PRI DU G R R S % AT R B Z . W g7k, BRERTEDUE, feRtEm, HHER
BUZMEMRE, SHIFE[09]. &% “O” AP OMBR THmRAEE, BAmPnRE. mRABUZESR A, 16
HHs Wb B EEANME[10][11]. CARRIZEBOAbRHE, AR RER, &% “O7 9 Y b PG
H%(10.09%) REBE(52.38%) FIHETIMIEL(89.8%) M T2 - Je IRPURR Yetruyk:, LRI REZZE - B IR
PURR L CETEAH T IR I B 10,000 AN/mL A RERAT HY, 8O FHERS 3B, &% “O0” ZFadetiim
AL FRBEARAE 2 H Y RHBIE S5 A% R AT B Y, TERE S 5t N 40 B S OB AR 6000k, wIm A3 in B A HE 2R
X5 FE W6 NI AR —5. 5% - BRIRPEOMERK “O” FOLREER R EYN 100%,
B REEEAR, AN 42.86%F1 52.38%, NI HE S, SRR P (UL REZFEAI &, BE. Il m
BIEARN AL RRECR[12], d@a A PRI

B IREFFRIE RS WiE SN YA 10 “ ShritE” , AT B VS RFIES WT | W A7T5 e ) S G 8 45 e 2L,
XS R 25 B AT B AR, (5 A I R RE AR SR i At 2R A5 PR 3 PR 2 R 13 ]
BRI H R AR T B TR AE KB BOE TR A NG B, oV 2 RS W ok . AR
TN, BIRIEBAER R (11.47%) . REE(57.14%) BAPETRIE (90.67%) 48 i T 34 A PR et fl ¢
S, 5[5 —E

SISO 2 i PCRJZFETE PCR LA R IS EHRICERE , FFH 26 (5 5 SR SEIT I %2~ PCR
SRR, KRR AR AT R AT I i, AR, 2 TG o B B LS W 8
)2 AR Z —[14], ZREARA R TGP T A 8 R GFE B R 5% 0 BT B IR, SRR SeR
W BB i VAR PR B 2 % . AR R BoR, S5 BFF A DNA R 25 & 2 Wi e B I T 16 4
Jiik, FBHPERE HI%(22.02%) RIBUE(97.62%) K BIPETIIIME (99.41%) 35 N fe s, AN 1 BRI, ek
fiX, S59KRZEEE[10] [15] [16)ANBF A —8. T BB ridt—BEsE, 47.9% 8 B PERE AN feid i 25 1% 2 BoAF
W DNA K7 VAR, FRoR HAHMR R & DA R R B A B s AR B 1, A ZORAME S 7151
AN G2 o [FIE S e 99.41% 1 B TIINME 4 PR HERR 25 B B3Rt T mTSEARHE , JUFHE F T 5L 9] 1 4097 o
FNR 1715 AR IL5E 8 & PCR 12l 25 4% B4R e FE . BHAEFROIAE . BIPETIAE 3 i T e,
REIR IS R AT« MERA L, 10 AT 7045 SR S 7 o 1k T B0 A ) M1 (85.42%), I A NFRAFAIE « AGi 7 ik
Jr PR B RAE ) = R R L R E S5 5, LR 28 A TOTEPE DNA Bty S5 0 BOAF i ik [
FEHRIEE . 347435 Yol 25 G300 e B PCR AN J7 v FH M A (W BRI . 54550 “ SbndE” AHLE
B, [EARREFRIERH AT H R (11.47%) F1 REFE(57.14%) MK T 554 /0 HoAF B DNA R ll:, B K[S1AA
[ A 15 FRAL AT AT DT, P AR AR AT R B A 3 PT RE 24 5 A% VG 1, HLAS X B I R 7R R w7 %1,
A RN PR BT IE RLPE 72, 08 TG I 45 R B — s R A ST H I 2 bR A DNA KT BI 4, (A
FRER A P AR, T RE IR A RS A AFAE PCR MG E R 7 5148 57 55, SRS A5, itk
B TAHEYERINA R S 2B RIERTTIE, TG Z TR T2,

ZE b, S5 B R DNA RfER 2 . REEEFFHEBR S E R —E . ImRsES, o]
R A G5 0 HAT B DNA R FE g etk B3Rk 2iushn, DUR sis WiEm e

R FAFAE— M RIRE: (1) FERA RO RIET, MAREAREMN AR, 76580 7t 4
WINAMEMESZIR, FEMITRZ O REERIIRATTTE, DA AT R PR R A (2) XN
KBEFtL B, REBEINBEARE, TRAFEER MG, (3) Kl ik 5 HIEhn i 2 200 = 2 A 52,
g L] Lk R 7R 2 Ot SR DA
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5. &t

SEA% 5y BT B DNA SR R A80RE AN A P PN B 7 R B s, R RIEHERR W A ) TR, HH

FHPESE R T4 A IR RER UM o AL SRR e I R Sk, A8 R FRIASE T 472 B8 2 00 T~ Bl

==

/-

BA

PP 5T 6 B AR SR R A FEAS T REF] T AR B A SR EE 24 0 i PR B S AR p oIk A
BN NERASYERE, BB HIATREER. MEAFRE, HERREANG, NEIIEES

SRS BB R 2 i 7 2
EEUH

JE TR RIUE . % - BRPIRGL IR, &% “O” sOedetuih. Sl BT # DNA filliz

G R AT R 15 7% DU 7 VEAS I 225 4% 20 BT T8 1) B8R VP4 (2024KIZD13 1)
SE 3k
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