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Abstract: Objective: To evaluate the diagnostic performance of combined testing strategies using Xpert MTB/RIF
(Xpert), TB-DNA, and MGIT culture in patients with smear-negative, newly diagnosed pulmonary tuberculosis (PTB)
and to determine the optimal strategy for early diagnosis. Methods: In this retrospective observational study, 288
inpatients were enrolled from July 2022 to November 2023. Using bronchoalveolar lavage fluid (BALF) samples,
we evaluated the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), diagnostic
accuracy, kappa value, and the area under the curve (AUC) of Xpert, TB-DNA, and MGIT culture, individually and in
combination. Results: With MGIT culture as the reference standard, only specificity differed significantly between
Xpert and TB-DNA (P < 0.05). No significant differences were observed in sensitivity, PPV, NPV, or diagnostic ac-
curacy. With the final clinical diagnosis as the reference standard, only sensitivity differed significantly between
the two assays (P < 0.05). Among the four combination strategies, the triple-method assay achieved the highest
sensitivity (81.69%; 95% Cl: 74.52-87.19), NPV (76.15%; 95% Cl: 67.34-83.17), diagnostic accuracy (85.41%; 95%
Cl: 80.30-89.37), AUC (0.864; 95% Cl: 0.814-0.915), and kappa value (0.704). However, its sensitivity did not dif-
fer significantly from that of the combinations of Xpert with TB-DNA or TB-DNA with MGIT culture (both P > 0.05).
No significant differences were observed among the four strategies in specificity, PPV, NPV, or diagnostic accuracy
(all P> 0.05). All four combination strategies showed substantial agreement with the final clinical diagnosis, and
their AUC values exceeded 0.83. Conclusion: In BALF samples from patients with smear-negative, newly diagnosed
PTB, Xpert and TB-DNA showed similar overall diagnostic performance. The combinations of Xpert with TB-DNA and
TB-DNA with MGIT culture showed diagnostic performance comparable to that of the triple-method combination.
The triple-method combination, which integrates two molecular assays with MGIT culture, achieved the highest
sensitivity and diagnostic accuracy. This strategy may therefore improve early diagnostic assessment and support
treatment decisions in this patient population.
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Introduction to human immunodeficiency virus/acquired im-
munodeficiency syndrome, with a case fatality

Pulmonary tuberculosis (PTB) is the most com- rate of 11.5% [1]. Smear-negative PTB remains

mon form of tuberculosis and remains a major
global public health challenge. It is caused by
the Mycobacterium tuberculosis (MTB) com-
plex. According to the World Health Organiza-
tion 2025 Global Tuberculosis Report, 8.3 mil-
lion newly diagnosed tuberculosis cases were
reported globally in 2024, representing a slight
increase from 8.2 million in 2023. Tuberculosis
caused an estimated 1.23 million deaths glob-
ally, approximately twice the number attributed

particularly difficult to diagnose, often delaying
treatment initiation. Improved diagnostic strat-
egies, including combined testing of broncho-
alveolar lavage fluid (BALF) samples, are there-
fore needed to facilitate earlier and more reli-
able diagnosis.

Traditional acid-fast bacilli (AFB) smear micros-
copy remains widely used because of its low
cost and operational simplicity; however, its
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sensitivity is relatively low, with single-slide
positivity rates ranging from 22% to 43% [2].
MGIT culture remains an important microbio-
logical reference method because of its higher
sensitivity than AFB smear microscopy. How-
ever, its clinical utility is constrained by the pro-
longed time required for mycobacterial growth
[3, 4]. Xpert MTB/RIF (Xpert) is an automat-
ed nucleic acid amplification platform that
addresses some of these gaps by rapidly iden-
tifying MTB and rifampicin resistance within 2
hours. However, similar to other molecular as-
says, it has an important limitation: it cannot
distinguish among viable bacteria, dormant
bacilli, and nonviable but structurally intact
MTB released during effective anti-tuberculo-
sis treatment. Consequently, it falls short as a
tool for monitoring treatment response or sup-
planting conventional AFB smear and culture
methods [4]. The TB-DNA assay uses TagMan
probe-based polymerase chain reaction (PCR),
with primers and probes targeting conserved
sequences of the Mycobacterium genus and
MTB for qualitative detection of mycobacterial
nucleic acids in clinical samples. This design
enables differentiation of MTB from nontu-
berculous mycobacteria (NTM). However, like
Xpert, TB-DNA cannot distinguish viable from
nonviable MTB and is therefore unsuitable for
monitoring treatment response [5]. Moreover,
no single assay provides sufficient sensitivity
across all clinical settings [6]. Combining mo-
lecular assays with culture may therefore im-
prove diagnostic yield while retaining the abil-
ity to detect viable organisms, providing a ra-
tionale for evaluating combined testing strate-
gies in smear-negative PTB.

Previous studies have confirmed that, compar-
ed with sputum samples, BALF samples can
provide a higher diagnostic yield for PTB, par-
ticularly when conventional respiratory sam-
ples are negative or inadequate [7, 8]. BALF is
particularly valuable for diagnosing smear-neg-
ative PTB because it can improve microbiologi-
cal detection compared with conventional spu-
tum testing [9]. Approximately 54% of smear-
negative PTB cases are ultimately confirmed
via nucleic acid amplification testing or culture
of BALF samples [10]. Although fiberoptic bron-
choscopy is invasive, BALF testing can increa-
se the rate of microbiological confirmation in
patients with bacteriologically negative, non-
productive, or scant-sputum PTB [11, 12].
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Accordingly, this study aimed to evaluate the
diagnostic performance of Xpert, TB-DNA, and
MGIT culture, individually and in combination,
using BALF samples from patients with smear-
negative, newly diagnosed PTB. The findings
may inform the selection of testing strategies
for earlier and more accurate diagnosis in this
population.

Data and methods
Patient selection

This retrospective observational study included
288 inpatients at the Affiliated Hospital of
Hangzhou Normal University, a designated tu-
berculosis referral center, from July 2022 to
November 2023. No participant had prior anti-
tuberculosis treatment. Therefore, all confirm-
ed PTB cases were newly diagnosed. BALF
samples were collected from all enrolled pa-
tients, and tested using AFB smear micro-
scopy, Xpert, TB-DNA, and MGIT culture. We
recorded all test results for analysis. Trained
laboratory staff performed all assays. Every
procedure followed the manufacturers’ instru-
ctions and relevant industry standards. To
ensure accurate and reliable results, we con-
ducted routine internal quality control and
external quality assessment. We evaluated
sensitivity, specificity, positive predictive value
(PPV), negative predictive value (NPV), and
diagnostic accuracy using clinical diagnosis or
MGIT culture as the reference standard. The
clinical diagnosis of PTB followed the national
guidelines issued by the National Health and
Family Planning Commission in China [13],
which integrate evidence from clinical presen-
tation, imaging features, and microbiological,
immunological, and pathological findings. This
study was approved by the Medical Ethics
Committee of the Affiliated Hospital of Hang-
zhou Normal University, with approval number
2026 (E2)-KS-020.

Eligibility criteria

The inclusion criteria were as follows: (1) BALF
samples had a volume of > 5 mL; (2) AFB
smear microscopy, Xpert, TB-DNA, and MGIT
culture were performed using the same BALF
sample; (3) complete clinical diagnostic data
were available; and (4) patients had no history
of tuberculosis or prior anti-tuberculosis treat-
ment.
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The exclusion criteria were as follows: (1) con-
firmed infection with NTM; (2) positive Xpert or
TB-DNA results with lost outpatient follow-up
records; and (3) patients who had contraindi-
cations to bronchoscopy.

Instruments and methods

(1) AFB smear microscopy: AFB smear micros-
copy was performed using the Ziehl-Neelsen
staining method (Baso, China). The procedure
followed the national standard for the diagno-
sis of pulmonary tuberculosis (WS 288-2017)
[13].

(2) Xpert assay: The Xpert MTB/RIF assay
(Cepheid, USA) and its reagent kit were used.
BALF was mixed with pretreatment reagent in a
1:2 ratio, vortexed, and allowed to stand for 15
min. The processed sample was then trans-
ferred to an Xpert cartridge and loaded into
the instrument for automated analysis and
result reporting.

(3) TB-DNA assay: A Mycobacterium nucleic
acid detection kit (CapitalBio, China) and an
MA-6000 fluorescent quantitative PCR instru-
ment (Molarray, China) were used. Testing was
performed according to the manufacturer’s
instructions.

(4) MGIT culture: MGIT culture was performed
via the BACTEC MGIT 960 system (BD, USA).
Briefly, 2-5 mL of BALF was mixed thoroughly
with 1-2 volumes of NALC-NaOH (N-acetyl-L-
cysteine-sodium hydroxide) to decontaminate
and liquefy the sample. After standing at room
temperature for 15 min, the mixture was sup-
plemented with 45 mL of phosphate-buffered
saline (PBS) to the final volume, followed by
centrifugation at 3000xg for 15-20 min. The
supernatant was discarded, and the pellet was
resuspended in 1 mL of PBS and vortexed vig-
orously. Subsequently, 0.5 mL of the processed
sediment was inoculated into an MGIT tube
supplemented with 0.8 mL of MGIT growth sup-
plement, mixed by inversion, and incubated in
the BACTEC MGIT 960 system. MGIT tubes with
positive growth signals were subjected to AFB
smear microscopy and MPT64 antigen testing
for species identification. AFB smear-positive,
MPT64-negative cultures were further evalua-
ted using the Xpert assay.
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Statistical analysis

Statistical analyses were conducted using
SPSS Statistics version 31.0. Continuous vari-
ables were expressed as mean * standard
deviation (SD), whereas categorical variables
were expressed as frequencies and percen-
tages [n (%)]. Categorical variables were com-
pared between groups using Pearson’s chi-
square test or Fisher’'s exact test, as appro-
priate. Diagnostic performance measures, in-
cluding sensitivity, specificity, PPV, NPV, and
diagnostic accuracy, together with their corre-
sponding 95% confidence intervals (Cls), were
calculated using OpenEpi, version 3, an online
statistical software package. Receiver operat-
ing characteristic (ROC) curves were construct-
ed for each diagnostic assay, and the area
under the curve (AUC) and corresponding 95%
Cl were calculated to assess diagnostic dis-
crimination. Agreement with the reference
diagnosis was assessed using kappa (k) sta-
tistics. Kappa values were interpreted accord-
ing to the criteria of Landis and Koch: poor
agreement (k < 0), slight agreement (O < K <
0.20), fair agreement (0.20 < k < 0.40), moder-
ate agreement (0.40 < k < 0.60), substantial
agreement (0.60 < k < 0.80), and almost per-
fect agreement (0.80 < k < 1.00). All the sta-
tistical tests were two-sided, and P values <
0.05 were considered statistically significant.

Results
Characteristics of the study population

As shown in the flow chart (Figure 1), we re-
trospectively screened 288 inpatients at the
Affiliated Hospital of Hangzhou Normal Uni-
versity from July 2022 to November 2023.
Baseline demographic and clinical characteris-
tics of the study population are summarized in
Table 1. Patient age ranged from 13 to 85
years, with a mean of 45.30 + 17.88 years.
185 patients (64.24%) were male, and 103
(35.76%) were female. We classified all pa-
tients into three mutually exclusive diagnostic
categories based on AFB smear results and
final clinical diagnoses. Specifically, 142 pa-
tients (49.31%) were confirmed to have smear-
negative PTB. 55 patients (19.10%) had
smear-positive PTB. The remaining 91 patients
(31.60%) were diagnosed with non-PTB con-
ditions, including pneumonia, other non-tuber-
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A total of 288 patients were enrolled in the
study, and BALF samples were collected
from all participants.

A4

clinical diagnosis

l |

Non-PTB group Newly diagnosed PTB group
(n=91) (n=197)
'
| AFB staining |

l

Smear-positive PTB group
(n=55)

l

Smear-negative PTB group
(n=142)

Figure 1. Patient grouping flow chart. BALF, bronchoalveolar lavage fluid; PTB, pulmonary tuberculosis; AFB, acid-

fast bacilli.

Table 1. Demographic and clinical characteristics of the study
population

Characteristics Patients (n = 288)
Age (years) 45.30 + 17.88
Gender (n, %)

Male 185 (64.24)

Female 103 (35.76)
Previous tuberculosis treatment (n, %)

Yes 0(0)

No 288 (100)
Clinical diagnosis (n, %)

Smear-positive PTB 55 (19.10)

Smear-negative PTB 142 (49.31)

Non-PTB 91 (31.60)
AFB smear (n, %)

MTB positive 55 (19.10)

MTB negative 233 (80.90)
Xpert (n, %)

MTB positive 143 (49.65)

MTB negative 145 (50.35)
TB-DNA (n, %)

MTB positive 165 (57.29)

MTB negative 123 (42.71)
MGIT culture (n, %)

MTB positive 111 (38.54)

MTB negative 177 (61.46)

PTB, pulmonary tuberculosis; AFB, acid-fast bacilli; Xpert, Xpert MTB/RIF; MTB,
Mycobacterium tuberculosis.

culous pulmonary infections,
and pulmonary opacities.

AFB smear results in all pa-
tients

Among the 197 PTB patients,
55 (27.92%) were AFB smear
positive, 142 (72.08%) were
smear negative, and all 91
(100%) non-PTB patients had
negative AFB smear results.
When clinical diagnosis was
used as the standard, the
AFB smear had a sensitivity
of 27.92% (95% Cl. 22.12-
34.56), a specificity of 100%
(95% CI: 95.95-100), a PPV
of 100% (95% ClI: 93.47-100),
an NPV of 39.06% (95% CI:
33.02-45.45), and a diagnos-
tic accuracy of 50.69% (95%
Cl: 44.95-56.42). The AFB
smear-positive images are sh-
own in Figure 2A. As shown in
Table 2, the AFB smear results
for the BALF samples from
newly diagnosed PTB patients
were in slight agreement with
the clinical diagnosis (kappa =
0.197, P < 0.001).
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Figure 2. A. Representative images depicting AFB smear-positive results from BALF samples from newly diagnosed

PTB patients stained via the Ziehl-Neelsen method. Magnification, x1,000. B. Representative Xpert assay result
from a BALF sample from a smear-negative, newly diagnosed PTB patient. The amplification plot indicates a positive
MTB result with rifampicin susceptibility. C. Representative amplification plot of the TB-DNA assay. The data were

derived from a BALF sample from a smear-negative, newly diagnosed PTB patient, indicating a positive MTB result.

The x-axis represents the number of PCR cycles, and the y-axis represents the fluorescence intensity (Rn). D. ROC

curves of Xpert, TB-DNA, MGIT culture and their combination, with clinical diagnosis used as a reference standard

for detecting PTB. E. ROC curves of Xpert, TB-DNA, and their combination, with MGIT culture used as a reference

standard for detecting PTB. AFB, acid-fast bacilli; BALF, bronchoalveolar lavage fluid; PTB, pulmonary tuberculosis;
Xpert, Xpert MTB/RIF; MGIT, MGIT culture; MTB, Mycobacterium tuberculosis; PCR, polymerase chain reaction;
ROC, receiver operating characteristic; AUC, area under the curve.
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Table 2. AFB smear results and agreement with clinical diagnoses in BALF samples from the PTB and
non-PTB groups

AFB smear Total (n = 288) PTB (n =197) Non-PTB (n=91) Kappa value P value
MTB positive 55 55 0 0.197 <0.001
MTB negative 233 142 91

BALF, bronchoalveolar lavage fluid; PTB, pulmonary tuberculosis; AFB, acid-fast bacilli; MTB, Mycobacterium tuberculosis.

Table 3. Positivity rates of Xpert, TB-DNA, and MGIT culture in BALF samples from smear-negative and
smear-positive PTB groups

Diagnostic SP-PTB SN-PTB X2 P value
assay MTB positive MTB negative PR (%) MTB positive MTB negative PR (%)

Xpert 55 0 100 86 56 60.56 - <0.001
TB-DNA 55 0 100 104 38 73.24 - <0.001
MGIT 51 4 92.73 60 82 42,25 39.034 <0.001

BALF, bronchoalveolar lavage fluid; PR, positivity rate; PTB, pulmonary tuberculosis; SP-PTB, smear-positive PTB; SN-PTB, smear-

negative PTB; Xpert, Xpert MTB/RIF; MGIT, MGIT culture; MTB, Mycobacterium tuberculosis.

Comparison of positivity rates of the single-
method assays using clinical diagnosis as the
reference standard between smear-negative
and smear-positive PTB groups

Xpert utilizes five probes specifically designed
to target the rifampicin resistance-determining
region of the rpoB gene and integrates multi-
ple internal quality control measures. Figure 2B
illustrates representative amplification curves.
Primers and probes targeting sequences spe-
cific to Mycobacterium and MTB are used in the
TB-DNA assay. A positive MTB result requires a
typical sigmoidal amplification curve specific to
MTB and a cycle threshold (Ct) value < 40.
Representative results are depicted in Figure
2C. In the 55 AFB smear-positive PTB pa-
tients, positive results were obtained via Xpert,
TB-DNA, and MGIT culture in 55 (100%), 55
(100%), and 51 (92.73%) patients, respective-
ly. Among the 142 smear-negative cases, 86
(60.56%), 104 (73.24%), and 60 (42.25%) were
positive. The positivity rates of Xpert, TB-DNA,
and MGIT culture in BALF samples were com-
pared between the smear-negative and smear-
positive PTB groups (Table 3), with the clinical
diagnosis serving as the reference standard.
The findings showed that the positivity rates
for all three methods were significantly higher
in the smear-positive PTB group than in the
smear-negative PTB group. The positivity rates
for all three single methods differed significant-
ly between the two groups (all P < 0.001).
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Diagnostic performance of single-method
assays and dual-/triple-method combinations
of Xpert, TB-DNA, and MGIT culture in BALF
samples, using the final clinical diagnosis as
the reference standard

Using the final clinical diagnosis as the refer-
ence standard, we evaluated the diagnostic
performance of three single-method assays,
namely Xpert, TB-DNA, and MGIT culture, using
BALF from patients with smear-negative, newly
diagnosed PTB. Among the 142 AFB smear-
negative patients, Xpert detected MTB in 86
patients (60.56%), TB-DNA in 104 patients
(73.24%), and MGIT culture in 60 patients
(42.25%). In the 91 non-PTB patients, Xpert
yielded two positive results (2.20%), TB-DNA
yielded six (6.59%), and MGIT culture yielded
none. Summarized in Table 4 and Figure
2D, TB-DNA showed the highest sensitivity
(73.24%; 95% Cl: 65.42-79.84), NPV (69.11%;
95% ClI: 60.47-76.59), diagnostic accuracy
(81.12%; 95% CI: 75.60-85.62), AUC (0.833;
95% Cl: 0.780-0.887), and kappa value (0.627)
among the three single-method assays. Con-
versely, MGIT culture recorded the lowest val-
ues for these metrics, with sensitivity at
42.25% (95% Cl: 34.44-50.48), NPV at 52.60%
(95% ClI: 45.18-59.90), diagnostic accuracy at
64.81% (95% CI: 58.48-70.65), AUC at 0.711
(95% Cl: 0.647-0.776) and kappa value at
0.364; although it achieved 100% specificity
and PPV. Compared to Xpert, TB-DNA showed
no statistically significant differences in speci-
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Table 4. Diagnostic performance of single-method assays and dual-/triple-method combinations of Xpert, TB-DNA, and MGIT culture in BALF
samples, using the final clinical diagnosis as the reference standard

Clinical diagnosis

Diagnostic assay SN-PTB  Non-PTB  Sensitivity (%) Specificity (%) PPV (%) NPV (%) DA (%) Pfgfup: P value
(n=142) (n=91)
Single-method assays
Xpert 0.527 <0.001
MTB positive 86 2 60.56 (52.35-68.22) 97.80 (92.34-99.40) 97.73(92.09-99.37) 61.38 (53.26-68.91) 75.11 (69.18-80.22)
MTB negative 56 89
TB-DNA 0.627 <0.001
MTB positive 104 6 73.24 (65.42-79.84) 93.41(86.35-96.94) 94.55 (88.61-97.48) 69.11 (60.47-76.59) 81.12 (75.60-85.62)
MTB negative 38 85
MGIT 0.364 <0.001
MTB positive 60 0 42.25 (34.44-50.48) 100 (95.95-100) 100 (93.98-100) 52.60 (45.18-59.90) 64.81 (58.48-70.65)
MTB negative 82 91
Various combinations®
Xpert + TB-DNA 0.672 <0.001
MTB positive 112 8 78.87 (71.44-84.78) 91.21(83.60-95.48) 93.33(87.39-96.58) 73.45(64.64-80.72) 83.69 (78.41-87.88)
MTB negative 30 83
Xpert + MGIT 0.609 <0.001
MTB positive 97 2 68.31 (60.26-75.39) 97.80 (92.34-99.40) 97.98 (92.93-99.44) 66.42 (58.06-73.86) 79.83(74.21-84.48)
MTB negative 45 89
TB-DNA + MGIT 0.674 <0.001
MTB positive 110 6 77.46 (69.92-83.56) 93.41(86.35-96.94) 94.83 (89.17-97.61) 72.65 (63.95-79.91) 83.69 (78.41-87.88)
MTB negative 32 85
Xpert + TB-DNA + MGIT 0.704 <0.001
MTB positive 116 8 81.69 (74.52-87.19) 91.21(83.60-95.48) 93.55 (87.78-96.69) 76.15 (67.34-83.17) 85.41 (80.30-89.37)
MTB negative 26 83

Various combinations®: Both negative results were considered negative, and any positive result was interpreted as positive. PPV, positive predictive value; NPV, negative predictive value; DA, diagnostic accuracy;
PTB, pulmonary tuberculosis; SN-PTB, smear-negative PTB; Xpert, Xpert MTB/RIF; MGIT, MGIT culture; BALF, bronchoalveolar lavage fluid; MTB, Mycobacterium tuberculosis.
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ficity, PPV, NPV, or diagnostic accuracy (all P >
0.05). Sensitivity was the only metric that dif-
fered significantly between the two assays (P <
0.05).

We further evaluated the diagnostic perfor-
mance of dual-method and triple-method com-
binations of Xpert, TB-DNA, and MGIT culture in
BALF from patients with smear-negative, newly
diagnosed PTB. Among the 142 PTB cases,
the combinations of Xpert with TB-DNA, Xpert
with MGIT culture, TB-DNA with MGIT culture,
and the triple-method detected MTB in 112
(78.87%), 97 (68.31%), 110 (77.46%), and 116
(81.69%) cases, respectively. In the 91 non-
PTB patients, these four strategies yielded
positive results in 8 (8.79%), 2 (2.20%), 6
(6.59%), and 8 (8.79%) cases, respectively. The
triple-method achieved the highest sensitivity
(81.69%; 95% CI: 74.52-87.19), NPV (76.15%;
95% Cl: 67.34-83.17), diagnostic accuracy
(85.41%; 95% Cl: 80.30-89.37), AUC (0.864;
95% Cl: 0.814-0.915), and kappa value (0.704)
among the four strategies. Conversely, the
combination of Xpert with MGIT culture record-
ed the lowest values for these metrics, with
sensitivity at 68.31% (95% CI: 60.26-75.39),
NPV at 66.42% (95% CI: 58.06-73.86), diagnos-
tic accuracy at 79.83% (95% Cl: 74.21-84.48),
AUC at 0.831 (95% CI: 0.778-0.883), and kappa
value at 0.609, although it achieved the high-
est specificity (97.80%; 95% Cl: 92.34-99.40)
and PPV (97.98%; 95% CI: 92.93-99.44).
Compared with the combination of Xpert with
MGIT culture, both the triple-method and the
combination of Xpert with TB-DNA showed sig-
nificantly higher sensitivity (both P < 0.05). The
combination of TB-DNA with MGIT culture
showed no significant difference in sensitivity
(P > 0.05). Furthermore, no statistically signifi-
cant differences were observed among the four
strategies regarding the specificity, PPV, NPV,
or diagnostic accuracy (all P > 0.05).

Notably, 2 of 54 cases (3.70%) with very low
MTB bacterial loads on Xpert were false posi-
tives, alongside six false-positive TB-DNA re-
sults. After adjudication by at least two senior
tuberculosis specialists and outpatient follow-
up exceeding six months, all these discrepant
cases showed no evidence of active tubercu-
losis. Additionally, one MGIT culture-positive
case required 106 days for culture-positive,
which is considerably longer than the typical
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6-week incubation period. In addition, three
MGIT culture-positive MTB cases were AFB
smear-positive but MPT64-negative; they were
initially misidentified as NTM. However, these
false-positive NTM results were corrected after
the Xpert assay.

Diagnostic performance of single-method as-
says and dual-method combinations of Xpert
and TB-DNA in BALF samples, using MGIT
culture as the reference standard

We additionally evaluated the diagnostic per-
formance of Xpert and TB-DNA, both as single-
method assays and as the dual-method com-
bination, using MGIT culture as the reference
standard. The dual-method combination of
Xpert with TB-DNA vyielded a sensitivity of
93.33% (95% Cl: 84.07-97.38) and an NPV of
96.46% (95% Cl: 91.25-98.62), both higher
than those of either assay alone. For the sin-
gle-method assays, Xpert achieved the highest
values across several metrics: specificity of
77.46% (95% Cl: 70.67-83.05), PPV of 55.68%
(95% Cl: 45.28-65.61), diagnostic accuracy of
78.54% (95% Cl: 72.83-83.33), AUC of 0.796
(95% Cl: 0.728-0.863), and kappa value of
0.513 (Table 5; Figure 2E). Xpert and TB-DNA
showed no statistically significant differences
in sensitivity, PPV, NPV, or diagnostic accuracy
(all P > 0.05). Specificity was the only metric
with a statistically significant difference
between the two assays (P < 0.05).

Discussion

Because some patients cannot produce spu-
tum or provide samples of adequate quality,
microbiological testing may yield false-nega-
tive results. In such cases, BALF provides an
alternative sample that can improve the diag-
nostic yield for PTB [14]. In this study, the posi-
tivity rates of Xpert, TB-DNA, and MGIT cul-
ture in AFB smear-positive BALF samples were
100%, 100%, and 92.73%, respectively, sub-
stantially higher than the corresponding ra-
tes in AFB smear-negative samples (60.56%,
73.24%, and 42.25%, respectively; all P <
0.001). This difference likely reflects the lower
MTB bacillary burden in smear-negative sam-
ples and supports focused evaluation of diag-
nostic strategies in patients with smear-nega-
tive, newly diagnosed PTB.
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Table 5. Diagnostic performance of single-method assays and dual-method combinations of Xpert and TB-DNA in BALF samples, using MGIT cul-
ture as the reference standard

Diagnostic MGIT culture - e Kappa
assay MTB positive MTB negative Sensitivity (%) Specificity (%) PPV (%) NPV (%) DA (%) value P value
(n =60) (n=173)

Xpert 0.513 < 0.001
MTB positive 49 39 81.67 (70.08-89.44) 77.46 (70.67-83.05) 55.68 (45.28-65.61) 92.41 (86.93-95.71) 78.54 (72.83-83.33)
MTB negative 11 134

TB-DNA 0.453 <0.001
MTB positive 54 56 90.00 (79.85-95.34) 67.63 (60.34-74.15) 49.09 (39.94-58.31) 95.12 (89.77-97.75) 73.39 (67.37-78.65)
MTB negative 6 117

Xpert + TB-DNA 0.425 <0.001
MTB positive 56 64 93.33 (84.07-97.38) 63.01 (55.60-69.84) 46.67 (37.98-55.56) 96.46 (91.25-98.62) 70.82 (64.68-76.28)
MTB negative 4 109

PPV, positive predictive value; NPV, negative predictive value; DA, diagnostic accuracy; Xpert, Xpert MTB/RIF; BALF, bronchoalveolar lavage fluid; MTB, Mycobacterium tuberculosis.
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Rifampicin resistance results from structural
alterations in the B-subunit of RNA polymerase
encoded by the rpoB gene, and approximately
95% of rifampicin-resistance mutations are
located within the 81-bp rifampicin resistance-
determining region. Xpert uses five fluorescent
probes that provide overlapping coverage of
the rpoB gene, specifically Probe A (codons
507-511), Probe B (511-518), Probe C (518-
523), Probe D (523-529), and Probe E (529-
533), allowing simultaneous detection of MTB
and rifampicin resistance [15, 16]. The TB-DNA
assay uses primers and probes targeting the
conserved hsp65 gene of Mycobacterium and
the MTB-specific IS6110 gene, thereby enabl-
ing differentiation of MTB from NTM. MGIT cul-
ture, in turn, shortens the time to culture posi-
tivity and improves culture yield compared with
Lowenstein-Jensen medium. DNA-based diag-
nostic methods are valuable for identifying tu-
berculosis, yet the continued presence of DNA
after bacterial death can impede their ability to
differentiate viable MTB from nonviable MTB
during treatment [17]. Generally, a positive cul-
ture suggests viable MTB is present, whereas
a negative one means no detectable growth
under the tested conditions, though it cannot
rule out residual bacterial components or loads
below the detection limit [17]. Even if Myco-
bacterium is dormant or nonculturable, it may
still have low-abundance but stable mRNA tran-
scripts, indicating that colony formation failure
dose not necessarily equate to complete tran-
scriptional inactivity [18]. This also indirectly
highlights the limitations of MGIT culture as a
reference standard. Specifically, TB cases with
positive molecular assays but negative MGIT
culture may present as false negatives, lead-
ing to lower observed specificity for various
diagnostic methods.

Using the final clinical diagnosis as the refer-
ence standard, we found that the AFB smear
positivity rate in BALF samples from patients
with newly diagnosed PTB was 27.92% (95%
Cl: 22.12-34.56), comparable to the 25.2%
reported by Bai et al. [19]. In patients with
BALF smear-negative, newly diagnosed PTB,
Xpert showed a sensitivity of 60.56% (95% CI:
52.35-68.22) and a specificity of 97.80% (95%
Cl: 92.34-99.40). These values are consistent
with the sensitivity of 61.1% and specificity of
96.6% for Xpert in BALF samples reported by
Pan et al. [20], and are in alignment with addi-
tional published studies [19, 21]. The TB-DNA
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assay yielded a sensitivity of 73.24% (95% ClI:
65.42-79.84) in BALF smear-negative, newly
diagnosed PTB patients, similar to the 75.5%
(95% Cl: 64.3-86.7) reported by Ruan et al.
[22]. Compared with MGIT culture, TB-DNA
showed substantial agreement with the final
clinical diagnosis, while Xpert exhibited moder-
ate agreement. Both molecular assays achie-
ved significantly higher sensitivity and diag-
nostic accuracy than MGIT culture (both P <
0.05), underscoring the diagnostic superiority
of nucleic acid-based methods over conven-
tional culture approaches. Specifically, com-
pared with Xpert, TB-DNA achieved higher val-
ues for sensitivity (73.24%; 95% Cl: 65.42-
79.84), NPV (69.11%; 95% Cl: 60.47-76.59),
diagnostic accuracy (81.12%; 95% Cl: 75.60-
85.62), kappa value (0.627), and AUC (0.833;
95% CI: 0.780-0.887), although only the differ-
ence in sensitivity reached statistical signifi-
cance (P < 0.05). We observed similar results
when using MGIT culture as the reference
standard; Xpert and TB-DNA showed no statis-
tically significant differences in sensitivity, PPV,
NPV, or diagnostic accuracy (all P > 0.05).
Specificity was the only metric with a significant
inter-assay difference (P < 0.05). Collectively,
these findings indicate that Xpert and TB-DNA
showed broadly similar overall diagnostic per-
formance in BALF from patients with smear-
negative, newly diagnosed PTB.

Notably, TB-DNA showed consistently higher
sensitivity than Xpert with both reference stan-
dards. Previous studies have reported similar
findings [22, 23], although contrasting results
have also been published [9]. TB-DNA also
showed higher sensitivity, NPV, diagnostic ac-
curacy, kappa value, and AUC than the combi-
nation of Xpert with MGIT culture. The higher
sensitivity of TB-DNA may partly be due to its
targeting of IS6110, a multicopy element in the
MTB genome that facilitates detection of low
concentrations of mycobacterial DNA in clinical
samples [23]. In addition, the TB-DNA assay
incorporates a centrifugation-based concent-
ration step. Its lower cost may also facilitate
repeat testing (> 2 times) of the same sample.
Together, these factors may contribute to the
higher sensitivity and related diagnostic met-
rics observed with TB-DNA.

Among the 143 Xpert-positive patients in
this study, 138 (96.50%) were susceptible
to rifampicin and 5 (3.50%) were resistant to
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rifampicin. Of these 5 resistant patients, 2
were lost to follow-up. The remaining 3 patients
received anti-TB treatment for 18 months (2
cases) and 21 months (1 case), respectively,
and all were confirmed to be cured at multiple
outpatient follow-up visits. Among the 91 non-
PTB cases, TB-DNA yielded six false-positive
results. This primarily contributed to its lower
specificity compared to Xpert. Additional large-
scale studies are needed to confirm these
observations. Furthermore, our analysis re-
vealed two false positives (3.70%) among 54
cases with very low MTB bacterial loads detect-
ed by Xpert. This observation highlights a non-
negligible risk of false positivity associated
with extremely low MTB burdens. However,
patients with negative MGIT culture but posi-
tive molecular assay results should not be sim-
ply classified as false positives, especially
those with high clinical suspicion of tuberculo-
sis. Consequently, clinicians must correlate
molecular results with complementary micro-
biological assays, chest imaging, and the full
clinical profile to avoid misdiagnosis. This vul-
nerability to false positives at low ba-
cterial loads has been corroborated by other
studies [24, 25]. Several mechanisms may
contribute: (1) Residual DNA from nonviable
bacilli may be detected by Xpert [26]; (2)
Positive TB-DNA and Xpert results may persist
for several years after treatment, even in the
absence of culturable mycobacteria [27]; (3)
Bronchoscope contamination with MTB may
generate false-positive molecular results [28,
29]. Therefore, when Xpert detects a very low
MTB burden, the possibility of contamination
should be considered, particularly when clinical
and imaging findings do not support active
tuberculosis [29]. To gain a clearer understand-
ing of the occurrence and clinical relevance of
these false-positive results, larger studies are
essential.

The MPT64 antigen assay is a rapid immuno-
chromatographic method for MTB identifica-
tion that detects MPT64 antigen in AFB smear-
positive cultures and can provide results with-
in approximately 15 min [30]. In our study, the
MGIT culture positivity rate among smear-posi-
tive PTB patients was 92.73%, which was sig-
nificantly higher than that among smear-nega-
tive PTB patients (42.25%). Like our findings,
Qi et al. reported that the average culture posi-
tivity time for MGIT culture was 7.45 days in
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AFB smear-positive/Xpert-positive samples
compared with 14.12 days in smear-negative/
Xpert-positive samples (P < 0.001), which can
be attributed to variations in the MTB bacillary
load [31]. Similarly, AFB smear and Xpert posi-
tivity, both reflecting higher MTB bacillary bur-
dens, have been associated with shorter times
to culture positivity [32]. In our study, MGIT cul-
ture showed a sensitivity of 42.25% (95% Cl:
34.44-50.48), and specificity of 100% (95% CI:
95.95-100) in BALF samples from patients with
smear-negative, newly diagnosed PTB, findings
comparable to those reported by Wang et al.
[33]. The high specificity observed in our cohort
may partly reflect the use of Xpert to further
identify AFB smear-positive, MPT64-negative
MGIT cultures.

Among the 60 MTB-positive cultures in the
smear-negative PTB group, one isolate with a
very low MTB bacterial load required 106 days
to become culture positivity, a duration that
substantially exceeded the conventional 6-
week incubation period for MGIT culture. This
prolonged time to positivity was consistent
with the very low MTB burden detected by
Xpert. A multicenter study conducted in Uganda
similarly demonstrated a positive association
between Xpert cycle threshold (Ct) values and
time to culture positivity, indicating that lower
bacillary burdens are associated with longer
culture detection times [34]. Mahomed et al.
also reported that approximately 0.8% of cul-
tures processed using the BACTEC MGIT 960
system became positive after more than 42
days of incubation [35]. In addition, a prospec-
tive study in West Africa suggested that pro-
longed incubation in automated MGIT systems
may improve detection in samples with delay-
ed growth [36]. Where laboratory workflow per-
mits, extending the incubation period for sam-
ples with low growth indices may therefore help
reduce false-negative culture results.

Furthermore, three MGIT culture-positive MTB
cases were AFB smear-positive but MPT64-
negative. They were initially misidentified as
NTM. Subsequent Xpert assay corrected these
false NTM results. The 63-bp deletion variant
in the MPT64 gene and frameshift mutations
in the MPT64 protein following the 3rd, 9th,
and 13th amino acids may explain this misi-
dentification [30, 37]. This assay also cannot
detect Mycobacterium bovis strains with dele-
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tions or mutations in the MPT64 gene, which
may lead to their misclassification as NTM
when using MGIT culture [38]. Therefore, the
use of Xpert as a complementary method for
identifying MPT64-negative and AFB smear-
positive MGIT cultures can substantially re-
duce, if not prevent, the misinterpretation of
MTB-positive cultures as NTM. This finding is
further supported by the study of Suresh et al.
which demonstrated that Xpert targets the
MTB-specific rpoB gene [38].

Undoubtedly, the triple-method achieved the
highest sensitivity (81.69%; 95% Cl: 74.52-
87.19), NPV (76.15%; 95% Cl: 67.34-83.17),
diagnostic accuracy (85.41%; 95% Cl: 80.30-
89.37), AUC (0.864; 95% CI: 0.814-0.915),
and kappa value (0.704) among the four
combination strategies evaluated. Sensitivity
differed significantly from that of the Xpert with
MGIT culture combination (P < 0.05), but not
from the combinations of Xpert with TB-DNA
or TB-DNA with MGIT culture (both P > 0.05).
Furthermore, no statistically significant differ-
ences existed among the four strategies re-
garding specificity, PPV, NPV, or diagnostic ac-
curacy (all P > 0.05). Kappa results demon-
strated substantial agreement with the final
clinical diagnosis across all combination me-
thods, with all AUC values exceeding 0.83.
Although the combinations of Xpert with TB-
DNA and TB-DNA with MGIT culture showed
comparable diagnostic performance to the tri-
ple-method in BALF from patients with smear-
negative, newly diagnosed PTB, the triple-
method increased sensitivity to 81.69% and
diagnostic accuracy to 85.41% while maintain-
ing specificity above 90%. Thus, it remains a
feasible strategy to further enhance diagnostic
performance.

Wang et al. reported that combining pheno-
typic methods such as MGIT culture with mo-
lecular assays may improve the accuracy of
early PTB diagnosis and guide treatment de-
cisions [39]. Nevertheless, Xpert and other
molecular assays cannot replace conventional
AFB smears, cultures, or phenotypic drug sus-
ceptibility tests (DSTs), which remain essential
for assessing treatment response and detect-
ing resistance beyond rifampicin [40]. MGIT cul-
ture can also increase diagnostic yield when
smear or molecular testing is negative and,
unlike Xpert, provides evidence of viable myco-
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bacteria [35, 41]. Furthermore, isolates ob-
tained from MGIT cultures can be used for
phenotypic DST, including assessment of re-
sistance to first- and second-line drugs, as well
as additional microbiological characterization
[42]. Thus, combining Xpert, TB-DNA, and MGIT
culture may provide complementary diagnos-
tic information that supports early diagnosis,
treatment selection, and subsequent microbio-
logical evaluation in patients with smear-nega-
tive, newly diagnosed PTB.

Our study has several limitations. First, althou-
gh standardized internal and external quality-
control procedures were implemented, residual
analytical variability cannot be completely ex-
cluded. Second, the single-center retrospec-
tive design introduces the possibility of selec-
tion bias and limits the generalizability of the
findings; larger multicenter studies are there-
fore needed for validation. Third, classifica-
tion of false-positive Xpert and TB-DNA results
relied primarily on consensus assessment by
senior tuberculosis specialists and outpatient
follow-up for more than six months, without
additional sequencing-based confirmation. Fi-
nally, the absence of sputum samples in a sub-
set of patients precluded a comparative analy-
sis of the diagnostic performance of the three
methods in BALF versus sputum among newly
diagnosed PTB patients.

Conclusion

Xpert showed similar overall diagnostic per-
formance compared to TB-DNA in BALF from
patients with smear-negative, newly diagnosed
PTB. Notably, the combinations of Xpert with
TB-DNA and TB-DNA with MGIT culture demon-
strated comparable diagnostic performance
to that of the triple-method assay. The triple-
method assay integrates two molecular assays
with MGIT culture, yielding higher sensitivity
and diagnostic accuracy. It thereby supports
earlier diagnosis and treatment decision-mak-
ing and represents a viable strategy for im-
proving diagnostic performance in this patient
population.
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