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ABSTRACT
Objective: To assess the diagnostic performance of the Xpert MTB/RIF assay, a rapid 
molecular test for tuberculosis, comparing it with that of AFB staining and culture, in 
BAL fluid (BALF) samples from patients with clinically suspected pulmonary tuberculosis 
(PTB) who are sputum smear-negative or produce sputum samples of insufficient 
quantity. Methods: This was a retrospective study of 140 cases of suspected PTB in 
patients who were smear-negative or produced insufficient sputum samples and were 
evaluated at a tertiary teaching hospital in the city of Rio de Janeiro, Brazil. All of the 
patients underwent fiberoptic bronchoscopy with BAL. The BALF specimens were 
evaluated by AFB staining, mycobacterial culture, and the Xpert MTB/RIF assay. Results: 
Among the 140 patients, results for all three microbiological examinations were available 
for 73 (52.1%), of whom 22 tested positive on culture, 17 tested positive on AFB staining, 
and 20 tested positive on the Xpert MTB/RIF assay. The sensitivity, specificity, positive 
predictive value, negative predictive value, and overall accuracy for AFB staining were 
68.1%, 96.1%, 88.2%, 87.5%, and 87.6%, respectively, compared with 81.8%, 96.1%, 
90.0%, 92.4%, and 91.8%, respectively, for the Xpert MTB/RIF assay. The agreement 
between AFB staining and culture was 82.3% (kappa = 0.46; p < 0.0001), whereas that 
between the Xpert MTB/RIF assay and culture was 91.8% (kappa = 0.8; p < 0.0001). 
Conclusions: In BALF samples, the Xpert MTB/RIF assay performs better than do 
traditional methods, providing a reliable alternative to sputum analysis in suspected 
cases of PTB. However, the rate of discordant results merits careful consideration.

Keywords: Tuberculosis; Molecular diagnostic techniques; Bronchoscopy; 
Bronchoalveolar lavage fluid; Mycobacterium tuberculosis.
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INTRODUCTION

Tuberculosis, a disease caused by infection with 
Mycobacterium tuberculosis, continues to be an alarming 
public health problem, with high rates of morbidity 
and mortality worldwide. It has been estimated that 
there were approximately 10.0 million new cases of 
tuberculosis in 2019, a year in which 1.2 million and 
208,000 tuberculosis-related deaths occurred among 
non-HIV-infected and HIV-infected individuals, respectively. 
Although the efforts made have saved millions of lives 
worldwide, reducing tuberculosis mortality by 42% since 
2000, an annual decrease of approximately 4-5%, rather 
than the current 2%, would be needed in order to reach 
the End TB Strategy target of a 95% reduction by 2035. 
In Brazil, which is one of the 30 countries with the highest 
tuberculosis burden,(1) the estimated number of new 
cases of tuberculosis in 2019 was more than 90,000.(2)

One major concern regarding the management of 
cases of tuberculosis is that microbiological confirmation 
is achieved in only 40-60% of patients with pulmonary 
tuberculosis (PTB), the main clinical manifestation and 
the type of tuberculosis that is the most relevant in the 
chain of transmission. In addition, approximately half of 
all patients with PTB are sputum smear-negative for AFB 
or are unable to produce sputum samples of sufficient 
quantity,(1,3) making the diagnosis quite challenging. In 
such patients, fiberoptic bronchoscopy with BAL is a 
reliable, rapid method of collecting useful specimens for 
the diagnosis of PTB.(3-6) However, conventional methods, 
such as Ziehl-Neelsen staining, which detects AFB, and 
mycobacterial cultures, have poor diagnostic yields. 
Sputum smear microscopy for AFB is limited by its low 
sensitivity (approximately 40%), whereas mycobacterial 
culture, which is considered the gold standard, performs 
better (with a sensitivity of approximately 86%), 
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although the latter is time consuming, requiring 6-8 
weeks to produce a diagnosis.(7,8) Therefore, new 
methods have been proposed and in some cases 
implemented to improve diagnostic accuracy, which 
would allow the appropriate treatment to be instituted 
early, thus avoiding the spread of tuberculosis and 
minimizing the associated deaths. The Xpert MTB/
RIF assay (GeneXpert; Cepheid, Sunnyvale, CA, 
USA), an automated cartridge-based assay that uses 
quantitative heminested real-time PCR, is a rapid (≤ 
2 h) molecular test for the detection of M. tuberculosis 
and of resistance to rifampin.(9,10) The Xpert MTB/RIF 
assay has proven to have high sensitivity and specificity, 
as well as being a test of low complexity that is safe 
and cost-effective for the diagnosis and management 
of suspected cases of tuberculosis.(11-13) Currently, a 
range of clinical specimens other than spontaneous 
or induced sputum, such as pleural fluid, urine, 
cerebrospinal fluid, tracheal aspirate, and BAL fluid 
(BALF), have been shown to be suitable for analysis 
with the Xpert MTB/RIF assay.(14,15) However, there 
are few data in the literature regarding the analysis 
of BALF samples by the Xpert MTB/RIF assay for the 
diagnosis of PTB, especially at tertiary care facilities, 
as well as regarding its comparison with conventional 
microbiological methods. Therefore, the present study 
aimed to assess the performance of Xpert MTB/RIF 
assays of BALF samples from patients with suspected 
PTB who are sputum smear-negative or produce 
insufficient sputum samples. To that end, we evaluated 
such patients at a university hospital in the city of Rio 
de Janeiro, which ranks second among Brazilian cities 
in terms of tuberculosis burden.(2) We also evaluated 
the Xpert MTB/RIF assay in comparison with AFB 
staining, processing the BALF samples in parallel and 
using mycobacterial culture as the reference.

METHODS

Ethical aspects
The study was approved by the Research Ethics 

Committee of Pedro Ernesto University Hospital of 
the State University of Rio de Janeiro (Reference no. 
2.013.455). All participating patients gave written 
informed consent. 

Study design and participants
This was a retrospective analytical study of 149 

patients who were sputum smear-negative, despite 
clinical and radiological findings suggestive of PTB. The 
patients were evaluated at Pedro Ernesto University 
Hospital, a tertiary care referral center in the city of 
Rio de Janeiro, Brazil, between November of 2015 
and October of 2017. All of the patients underwent 
fiberoptic bronchoscopy. The BALF samples collected 
were evaluated by AFB staining, mycobacterial culture, 
and Xpert MTB/RIF assay. The following inclusion 
criteria were applied: being suspected of having PTB 
on the basis of clinical, physical, and radiological 
findings; being sputum smear-negative, producing 

insufficient sputum samples, or testing negative 
for M. tuberculosis on sputum culture; and having 
been referred for fiberoptic bronchoscopy. Patients 
who tested positive for M. tuberculosis in sputum 
samples (by smear microscopy or culture) were 
excluded, as were those with malignancy, those with 
fungal infection, those who were on antituberculosis 
regimens for more than 2 weeks, and those with a 
confirmed diagnosis of infection with nontuberculous 
mycobacteria (NTM). A confirmed diagnosis of PTB was 
defined as M. tuberculosis growth on mycobacterial 
culture of a BALF sample, which was considered the 
reference method. A probable diagnosis of PTB was 
defined as not meeting the criteria for a confirmed 
diagnosis of PTB but having clinical and radiological 
findings suggestive of tuberculosis, as well as showing 
a clinical response to antituberculosis treatment. 
Sociodemographic and clinical characteristics, such as 
gender, age, smoking status, history of tuberculosis, 
HIV status, and the presence of cavitary disease, 
were collected from hospital records. Smokers were 
defined as individuals who had smoked at least 100 
cigarettes (or the equivalent) in their lifetime, and 
former smokers were defined as those who had quit 
smoking more than 12 months prior. 

Patient evaluation and sample collection
In patients under intravenous sedation, clinical 

investigators used a flexible fiberoptic bronchoscope 
to perform transnasal bronchoscopy, during which 
there was continuous monitoring of heart rate, blood 
pressure, and SpO2. In brief, after the bronchial tree 
had been inspected, BAL was performed by instilling 
sterile saline (0.9%) in serial 20-mL aliquots (up to 
a maximum of 200 mL). At least 50% of the total 
volume of the aspirate was returned, then being 
divided into three parts and sent to the laboratory for 
Ziehl-Neelsen (AFB) staining, mycobacterial culture, 
and Xpert MTB/RIF assay.

Smear microscopy 
The BALF specimens collected from all patients were 

centrifuged at 3,000 × g for 15 min, after which they 
were submitted to microbiological tests according to 
Brazilian Health Regulatory Agency guidelines.(16) The 
supernatant was carefully removed, after which it was 
processed in parallel for each subsequent test. For the 
AFB staining, a BALF sample was smeared on a glass 
microscope slide and allowed to dry, after which the 
staining was performed. After staining, a minimum of 
100 fields were examined with a ×100 oil immersion 
objective and the smear was scanned systematically. 
The observation of at least one AFB was considered 
a positive result.

Solid culture
The BALF samples were decontaminated by using 

sodium hydroxide in a final concentration of 4%. After 
centrifugation, the supernatant was discarded and 
the precipitate was inoculated into tubes containing 
Löwenstein-Jensen solid medium. Cultures were 
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incubated at 37°C for 60 days, being examined weekly 
for up to 8 weeks or until growth was observed. The 
growth of M. tuberculosis was identified by using a 
rapid immunochromatographic MPT64 antigen testing 
kit (SD Bioline TB Ag MPT64 Rapid test; Standard 
Diagnostics Inc., Yongin-si, South Korea), according 
to the manufacturer’s instructions. 

Xpert MTB/RIF assay
Sediment from the BALF samples was processed 

with a DNA/RNA extraction protocol, after which the 
Xpert MTB/RIF platform was employed according to 
the manufacturer’s instructions. In brief, the samples 
were diluted with the sample reagent provided by the 
manufacturer. The clinical specimens and reagent 
mixture were shaken in the vortex mixer for at least 
10 s and left to settle at room temperature for 15 
min. As recommended, all of the solutions were then 
transferred to the Xpert cartridge and loaded onto the 
GeneXpert equipment for analysis.

Statistical analysis
In the comparison of sociodemographic, clinical, and 

biochemical features between the two groups (culture-
confirmed PTB and non-culture-confirmed PTB), we 
tested the hypothesis that the different samples in the 
comparison were drawn from the same distribution or 
distributions with the same median by using Mann-
Whitney U tests for continuous variables. Fisher’s 
exact tests were used in order to evaluate frequencies 
between the two groups, testing the hypothesis of 
independence between the groups and the categorical 
variables. The kappa statistic was used in analyses of 
agreement among mycobacterial culture, the Xpert 
MTB/RIF assay, and AFB staining. For the detection 
of M. tuberculosis in BALF samples, the performance 
of the Xpert MTB/RIF assay and AFB staining, as well 
as combinations of the two, in comparison with the 
gold-standard (mycobacterial culture), was estimated. 
We used leave-one-out cross-validation to determine 
their accuracy, sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV), as 
well as determining their rates of false-positive and 
false-negative results, together with the corresponding 
95% confidence intervals. All statistical analyses were 
performed with the program R, version 3.5.2 (The R 
Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Study design and patient characteristics
As depicted in the flow chart in Figure 1, we enrolled 

149 patients who presented with clinical and radiological 
findings suggestive of PTB, who were sputum smear-
negative or who produced sputum samples of insufficient 
quantity, and who underwent fiberoptic bronchoscopy. 
After the BALF samples had been processed and 
evaluated, 9 patients were excluded for receiving a final 
diagnosis of NTM infection. Therefore, the final study 
population comprised 140 patients for whom BALF test 

results were available. Mycobacterial culture results 
were available for 140 patients, M. tuberculosis being 
identified in 22 (15.7%) of those patients, compared 
with 31 (23.8%) of the 130 patients for whom AFB 
staining results were available and 20 (24.4%) of the 
82 patients for whom Xpert MTB/RIF assay results 
were available. Results for all three examinations 
were available for 73 patients, of whom 22 (30.1%) 
tested positive on culture, 17 (23.2%) tested positive 
on AFB staining, and 20 (27.4%) tested positive on 
the Xpert MTB/RIF assay. None of the strains isolated 
were found to be resistant to rifampin.

Table 1 shows the demographic and clinical features of 
the study population, by outcome of the mycobacterial 
culture of the BALF samples. The median age of the 
patients was 56 years (IQR = 28.25 years). Seventy-
eight patients (55.7%) were male, and there were 
no significant differences between the two groups in 
terms of gender distribution. All of the patients had 
at least one symptom suggestive of tuberculosis, 
the most common symptoms being weight loss (in 
59.3%; p = 0.008), cough (in 57.1%), and dyspnea (in 
53.6%). Cavitary disease was observed in 25 patients 
(17.9%). Of the 140 patients in the study population, 
31 (22.1%) had previously had tuberculosis: 28 in 
the negative BALF culture group and 3 in the positive 
BALF culture group.

Performance of AFB staining and the Xpert 
MTB/RIF assay in BALF samples

Among the patients in the study population, the 
three methods for M. tuberculosis detection were used 
heterogeneously (Figure 1). Primarily, the test results 
were analyzed in different combinations (pairs) to 
evaluate the overall agreement among the Xpert MTB/
RIF assay, AFB staining, and mycobacterial culture of 
BALF samples in suspected cases of PTB. As shown 
in Table 2, the Xpert MTB/RIF assay showed 91.78% 
agreement with culture (kappa = 0.8; p < 0.0001), 
compared with 82.31% for AFB staining (kappa = 0.46; 
p < 0.0001), regardless of whether we analyzed the 
sample as a whole (n = 140) or only those patients 
for whom results from all three examinations were 
available (n = 73). The agreement between the Xpert 
MTB/RIF assay and AFB staining was 82.2% (kappa 
= 0.53; p < 0.0001).

When we compared the Xpert MTB/RIF assay and 
AFB staining in terms of their individual diagnostic 
performance in BALF samples, using mycobacterial 
culture as the reference, we found that the Xpert MTB/
RIF assay had an overall accuracy of 92%, a sensitivity 
of 81%, a PPV of 90%, and an NPV of 92%, compared 
with only 87%, 68%, 88%, and 87%, respectively, 
for AFB staining. Two different conditions (“OR” and 
“AND”) were also analyzed. When the two methods 
were used in combination (Xpert MTB/RIF assay AND 
AFB staining) the specificity and PPV increased to 
100%. However, the false-positive rate was higher 
when one or the other method was used (Xpert MTB/
RIF assay OR AFB staining) than when the two were 
used in combination (Table 3).
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To promote better identification and visualization of 
the overall performance of the methods evaluated, 
we created a Venn diagram to illustrate the outcomes 
of the BAL Xpert MTB/RIF assay, AFB staining, and 

mycobacterial culture of BALF samples in the 73 patients 
for whom results from all three examinations were 
available (Figure 2). The distribution of positive (+) 
and negative (−) results was as follows: Xpert MTB/RIF 

Table 1. Sociodemographic and clinical characteristics of the study population, by the results of mycobacterial culture 
of BAL fluid samples.a

Characteristic Result of BALF culture Total p
Negative Positive

(n = 118) (n = 22) (N = 140)
Gender

Male 69 (49.3) 9 (6.4) 78 (55.7) 0.162
Female 49 (35.0) 13 (9.3) 62 (44.3)
Age in years, median (IQR) 56 (26.25) 50 (30.00) 56 (28.25) 0.6002

Smoking status
Never smoker 60 (42.9) 16 (11.4) 76 (54.3) 0.2018
Former smoker 33 (23.6) 4 (2.9) 37 (26.4)
Current smoker 25 (17.9) 2 (1.4) 27 (19.3)

Clinical features
HIV-infected 7 (5.0) 4 (2.9) 11 (7.9) 0.0718
Previous tuberculosis 28 (20.0) 3 (2.1) 31 (22.1) 0.406

Symptoms
Chest pain 46 (32.9) 8 (5.7) 54 (38.6) 1.00
Dyspnea 66 (47.1) 9 (6.4) 75 (53.6) 0.246
Fever 45 (32.1) 6 (4.3) 51 (36.4) 0.4698
Hemoptysis 49 (35.0) 4 (2.9) 53 (37.9) 0.054
Cough 67 (47.9) 13 (9.3) 80 (57.1) 1.00
Weight loss 76 (54.3) 7 (5.0) 83 (59.3) 0.0081

Cavitary diseaseb

Yes 19 (13.6) 6 (4.3) 25 (17.9) 0.229
No 99 (70.7) 16 (11.4) 115 (82.1)

BALF: BAL fluid. aValues expressed as n (%), except where otherwise indicated. bDetermined by chest X-ray 
examination.

Retrospective cohort, Pedro Ernesto University Hospital, Rio de Janeiro, Brazil
Inclusion criteria:
1. Clinically suspected of having pulmonary tuberculosis
2. Sputum smear-negative or insufficient sputum production
3. Undergoing fiberoptic bronchoscopy

Mycobacterial culture, Ziehl-Neelsen staining for AFB, or 
Xpert MTB/RIF assay performed in BAL fluid samples (n = 149)

Excluded patients:
Nontuberculous mycobacterial infection (n = 9)

Yield of all diagnostic tests (n = 140)
Positive culture (n = 22)
Positive AFB staining* (n = 31)
Positive Xpert MTB/RIF assay† (n = 20)
RIF resistance (n = 0)  

All three tests performed (n = 73)
Positive culture (n = 22)
Positive AFB staining (n = 17)
Positive Xpert MTB/RIF assay (n = 20)
RIF resistance (n = 0)

Figure 1. Flow chart of the study design and yield of the tuberculosis diagnostic tests performed in BAL fluid samples. 
*Performed in only 130 of the 140 patients. †Performed in only 82 of the 140 patients.
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assay+/culture+/AFB staining+ = 12 patients; Xpert MTB/
RIF assay−/culture+/AFB staining− = 1 patient; Xpert 
MTB/RIF assay+/culture+/AFB staining− = 6 patients; 
Xpert MTB/RIF assay+/culture−/AFB staining− = 2 
patients; Xpert MTB/RIF assay−/culture+/AFB staining+ 
= 3 patients; Xpert MTB/RIF assay−/culture−/AFB 
staining+ = 2 patients. Altogether, the Xpert MTB/RIF 
assay identified three more cases than did AFB staining.

DISCUSSION

As previously mentioned, even though mycobacterial 
culture has long been considered the gold standard 
method for the diagnosis of PTB, 40-50% of cases are 
not detected by microbiological methods.(1) Sputum 
smear microscopy has low sensitivity and limited 
specificity, the latter evidenced by its incapacity to 

differentiate between M. tuberculosis and NTM species. 
In addition, some patients do not produce significant 
quantities of spontaneous or induced sputum,(1,3) which 
makes it difficult to obtain sufficient clinical specimens 
for microbiological analysis. In this scenario, empirical 
antituberculosis treatment emerges as a possible 
strategy to interrupt the spread of the disease and 
minimize the associated mortality. In the present 
study, we found that the Xpert MTB/RIF assay—a rapid 
molecular test for tuberculosis—performed better than 
did AFB staining in BALF samples from patients with 
suspected PTB who were sputum smear-negative or 
produced sputum samples of insufficient quantity, in 
a high-tuberculosis-burden area.

Recently, the Brazilian National Ministry of Health has 
recommended the use of the Xpert MTB/RIF assay in 

Table 2. Agreement among the results of the Xpert MTB/RIF assay, AFB staining, and mycobacterial culture in BAL 
fluid samples.a

Comparison 
methods

Results of the 
comparison methods

Comparator method and 
results

Agreement kappa p

Culture
Negative Positive

118 (84.3) 22 (15.7)

Xpert MTB/RIF assay
Negative 49 (35.0) 4 (2.9)

91.78% 0.79963 < 0.0001
Positive 2 (1.4) 18 (12.9)

AFB staining 
Negative 92 (65.7) 7 (5.0)

82.31% 0.45892 < 0.0001
Positive 16 (11.4) 15 (10.7)

AFB staining

Negative Positive

99 (70.7) 31 (22.1)

Culture
Negative 92 (65.7) 16 (11.4)

82.31% 0.45892 < 0.0001
Positive 7 (5.0) 15 (10.7)

Xpert MTB/RIF assay
Negative 48 (34.3) 5 (3.6)

82.19% 0.53043 < 0.0001
Positive 8 (5.7) 12 (8.6)

Xpert MTB/RIF assay

Negative Positive

53 (37.9) 20 (14.3)

Culture
Negative 49 (35.0) 2 (1.4)

91.78% 0.79963 < 0.0001
Positive 4 (2.9) 18 (12.9)

AFB staining
Negative 48 (34.3) 8 (5.7)

82.19% 0.53043 < 0.0001
Positive 5 (3.6) 12 (8.6)

aTest results are presented as n (%).

Table 3. Diagnostic performance of the Xpert MTB/RIF assay and AFB staining in BAL fluid samples, in comparison with 
the reference method (mycobacterial culture).

Measure Xpert MTB/RIF AFB staining Xpert MTB/RIF OR 
AFB staining

Xpert MTB/RIF AND 
AFB staining

% (95% CI) % (95% CI) % (95% CI) % (95% CI)
Accuracy 91.78 (87.35 to 96.21) 87.67 (82.37 to 92.97) 93.15 (89.08 to 97.22) 86.3 (80.76 to 91.85)
Sensitivity 81.82 (70.11 to 93.52) 68.18 (54.05 to 82.32) 95.45 (89.13 to 101.78) 54.55 (39.43 to 69.66)
Specificity 96.08 (92.31 to 99.85) 96.08 (92.31 to 99.85) 92.16 (86.94 to 97.37) 100.00 (100.00 to 100.00)
PPV 90.00 (80.4 to 99.6) 88.24 (76.95 to 99.52) 84.00 (73.62 to 94.38) 100.00 (100.00 to 100.00)
NPV 92.45 (87.43 to 97.48) 87.50 (81.39 to 93.61) 97.92 (95.06 to 100.78) 83.61 (77.06 to 90.16)
FPR 3.92 (0.15 to 7.69) 3.92 (0.15 to 7.69) 7.84 (2.63 to 13.06) 0.00 (0.00 to 0.00)
FNR 18.18 (6.48 to 29.89) 31.82 (17.68 to 45.95) 4.55 (−1.78 to 10.87) 45.45 (30.34 to 60.57)
PPV: positive predictive value; NPV: negative predictive value; FPR: false-positive rate; and FNR: false-negative rate.
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clinical specimens other than sputum, such as BALF, 
which is obtained by fiberoptic bronchoscopy, as an 
alternative way to investigate suspected cases of 
tuberculosis.(2) The Xpert MTB/RIF assay offers many 
advantages, such as providing results within 2 h, thus 
allowing antituberculosis treatment to be initiated 
sooner; high sensitivity, specificity, and overall accuracy; 
detecting rifampin-resistant M. tuberculosis strains; 
and high sensitivity and specificity for the detection of 
tuberculosis in HIV-infected patients. (11,13,17) Despite its 
limitations, which include a high false-positive rate and 
the high costs of equipment maintenance and reagents/
components, the Xpert MTB/RIF assay has made an 
essential contribution in clinical practice as a rule-in 
or rule-out test for the diagnosis of tuberculosis.(18,19)

The performance of the Xpert MTB/RIF assay in 
sputum samples has been well documented,(13,20,21) 
as has the value of BALF samples in the diagnosis of 
tuberculosis, especially in patients who are sputum 
smear-negative or unable to produce sufficient sputum 
samples(4,22-24); however, there have been few studies 
analyzing and validating the utility of molecular tests 
for the diagnosis of tuberculosis in BALF specimens. 
Khalil & Butt(25) demonstrated that, in comparison with 
mycobacterial culture, the Xpert MTB/RIF assay was 
superior for detecting M. tuberculosis and rifampin 
resistance showing high sensitivity (91.86%) and 
PPV (97.53%) in patients with PTB who were sputum 
smear-negative or unable to produce sufficient sputum 
samples. In a retrospective study, Agrawal et al.(26) 
also showed that the Xpert MTB/RIF assay performed 
better in respiratory samples (sputum and BALF) than 

did AFB staining. Finally, a recent study conducted 
at a tertiary care facility in India compared BAL the 
Xpert MTB/RIF assay, AFB staining, and mycobacterial 
culture in BALF samples from suspected cases of PTB, 
in a manner similar to that of the present study. Bashir 
et al.(27) observed that, although the Xpert MTB/RIF 
assay and AFB staining had similar overall specificity, 
the sensitivity of the Xpert MTB/RIF assay was much 
higher than was that of smear microscopy in BALF 
samples (97.1% vs. 36.7%). Together with all of 
that evidence, our data support the use of the Xpert 
MTB/RIF assay in BALF samples as an interesting and 
suitable tool to improve the diagnosis of tuberculosis.

In the present study, there were some discordant 
results among the outcomes of the Xpert MTB/RIF assay, 
AFB staining, and mycobacterial culture, particularly 
among the 73 patients for whom results from all 
three examinations were available. There were two 
patients in whom the BALF samples tested positive on 
the Xpert MTB/RIF assay, despite testing negative on 
AFB staining and culture. It is noteworthy that those 
samples had higher cycle threshold values (26.6-30.9; 
probes A-E), which implies low concentrations of M. 
tuberculosis DNA.(28) That could explain the negative 
results obtained with mycobacterial culture and AFB 
staining. In two other patients, M. tuberculosis was 
identified only by AFB staining; one of those patients, 
a female, was HIV-infected. Immunosuppression 
can favor coinfection with other pathogens, such as 
NTM. (29,30) However, in that case, there was no growth 
in mycobacterial culture, which delayed the diagnosis. 
In addition, there was one case in which M. tuberculosis 

Figure 2. Venn diagram of the positive results of the tuberculosis diagnostic tests performed in BAL fluid samples: Xpert 
MTB/RIF assay (green), AFB staining (blue), and mycobacterial culture (pink). Note: numerals indicate the number of 
cases in which Mycobacterium tuberculosis was identified.
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was identified only in culture. None of those 5 patients 
reported having had tuberculosis previously. Therefore, 
on the basis of clinical and radiological criteria, they 
were treated with an antituberculosis regimen. After 
six months, all of them showed improvement in the 
signs and symptoms. All of these discrepancies should 
be interpreted with caution, the limitations of each 
method and the clinical status of the patients being 
taken into consideration. 

Our study has some limitations. First, it was a 
single-center study, which limits the generalizability 
of the data. Second, because it was a retrospective 
study, the clinical data were limited to those available 
in the medical records. Third, there was a relatively 
small number of cases in which results were available 
from all three of the methods evaluated. However, the 
study was performed at a specialized, tertiary, referral 
teaching hospital in a high-tuberculosis-burden area, 
where numerous tools are available for the investigation 
and accurate diagnosis of cases of tuberculosis. In 
addition, mycobacterial culture results were available 
for all cases, and we excluded cases of NTM infection 
in order to avoid bias.

In summary, in BALF samples, the Xpert MTB/RIF 
assay performed better than did AFB staining for 
the diagnosis of cases of PTB in patients who were 

sputum smear-negative or were unable to produce 
sputum specimens of sufficient quantity. That could 
have a significant impact on clinical practice and on the 
management of such cases, particularly those in which 
the diagnosis is challenging. When the Xpert MTB/RIF 
assay produces results that are discordant with those 
of other diagnostic tools, those discrepancies must be 
carefully analyzed, given that tuberculosis continues 
to be a significant public health problem worldwide. 
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