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ABSTRACT
Objectives: Sputum acid-fast bacilli (AFB) and Xpert examinations are the most commonly used methods in
early diagnosis for pulmonary tuberculosis. It becomes difficult for the clinician to initiate treatment in patients
with negative sputum smear and Xpert examinations at the stage of diagnosis. Waiting for culture results for
diagnosis causes delay in treatment and increases the risk of disease transmission. We aimed to investigate the
contribution of bronchoscopic lavage (BL) obtained with flexible fiberoptic bronchoscopy (FOB) to the
diagnosis of tuberculosis. 
Methods: The BL results of 36 patients hospitalized in the tuberculosis clinic who were clinically suspected
of tuberculosis, but whose sputum AFB and Xpert results were negative, and whose bronchoscopic lavages
were taken by FOB, were retrospectively evaluated. 
Results: BL Xpert examination was the method that made the most contribution to the diagnosis with a rate
of 27.7%. BL smear AFB results did not contribute to the diagnosis statistically. Sputum and BL tuberculosis
culture results were found to be close to each other. In total, the diagnosis of 50% of the patients was confirmed.
Conclusions: Performing Xpert examinations on bronchoscopic materials of patients with negative sputum
examinations significantly increase the rate of early diagnosis.
Keywords: Sputum, smear negative, pulmonary tuberculosis, acid-fast bacilli, bronchoalveolar lavage, MGIT
Culture, Xpert
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Tuberculosis (TB) is one of the top 10 causes of
death worldwide, and nearly a quarter of the

world's population is infected with Mycobacterium tu-
berculosis [1]. Although mycobacterium culture is the
gold standard in the diagnosis of pulmonary tubercu-
losis, the growth of M. tuberculosis in cultures occurs
after 6-8 weeks. Therefore, sputum acid-fast bacilli
(AFB) and Xpert examinations are the most com-
monly used methods in early diagnosis. Sputum smear
is important for early diagnosis, but in order to observe
the bacillus in the smear, there should be 5000 bacilli
per ml [2]. Approximately 50-60% of patients with

pulmonary tuberculosis can be diagnosed with sputum
smear examinations [3]. Xpert test is more sensitive
than microscopy [4]. However, even if there is a bacil-
lus in the sputum, a small number of bacilli may not
be detected. It becomes difficult for the clinician to
initiate treatment in patients with negative sputum
smear and Xpert examinations at the stage of diagno-
sis. Waiting for culture results for diagnosis both
causes delay in treatment and increases the risk of dis-
ease transmission. Flexible fiberoptic bronchoscope
(FOB) can be used to perform mycobacterial exami-
nations in these patients [5, 6]. In addition, broncho-
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scopic lavage (BL), broncho-alveolar lavage (BAL),
and bronchial brushing methods can be applied for
early diagnosis. Considering the efficacy/complication
rate, trans-bronchial needle aspiration (TBNA) or
trans-thoracic needle aspiration biopsy (TNAB)  has
been used for a long time because of its contribution
to both early diagnosis and differential diagnosis [7-
10]. These methods are important both in detecting tu-
berculosis and in differential diagnosis. Averagely
30-40% untreated smear negative patient will develop
active TB within first two year period [11]. 

METHODS

Patients 
In the institution where we work, a committee called
the Medical Specialty Education Board is convened
and it checks the appropriateness of the planned stud-
ies. So we applied to this board and got the approval
of our study with the decision (date-number Jan 25,
2020-659). Thirty-six patients with a clinical and ra-
diological suspicion of pulmonary tuberculosis, who
received inpatient treatment at our Ankara Ataturk
Chest Diseases and Thoracic Surgery Training and Re-
search Hospital 2-TB clinic between 2018-2019 years,
and whose smear AFBs and sputum Xperts found neg-
ative in 3 sputum samples was included. Sputum in-
duction was applied to all patients who could not
produce sputum or had negative sputum smears. The
additional contribution of BL application to sputum
examinations was investigated. Therefore, patients
who could not produce sputum in any way were ex-
cluded from the study. Less involvement in the upper
right zone was evaluated as limited involvement on
chest radiography. Those with more involvement were
defined as diffuse involvement. Those with and with-
out cavities in the radiography were recorded. Smear
AFB and Xpert positivity of BL were accepted as early
diagnosis. 
      We included 36 patients who had negative sputum
AFB and Xpert's but had a pre-diagnosis of pulmonary
tuberculosis to our study and we aimed to evaluate the
contribution of smear, culture and Xpert results of
their FOB lavages’ to the diagnosis. 

Bronchoscopic Lavage Technique 
      Written informed consent was obtained from all

patients before the bronchoscopic procedure. Premed-
ication was performed with diazepam before FOB.
Also local anesthesia was applied to the upper respi-
ratory tract with 10% lidocaine. After examining the
tracheobronchial tree with Olympus 1T260 type FOB,
BL was performed with 15-20 cc saline solution from
the lobe bronchus, where lesions were detected by ra-
diological methods before the procedure. During the
procedure, 2% lidocaine was applied as needed for
local anesthesia. Lidocaine was not applied during
lavage. 

Microbiological Testing 
      The lavage smears were stained with Ziehl-
Neelsen (Z-N) to search for acid-fast bacilli. BL sam-
ples were seeded on solid (Lowenstein-Jensen) and
liquid (MGIT 960) media for tuberculosis culture. 

Xpert MTB/RIF Test 
      This test is a nucleic acid amplification (NAA)
test. Disposable cartridge is used. It is based on hemi-
nested real-time PCR that amplifies the rpoB gene tar-
get. Sample is taken from the patient with suspected
TB. The material is mixed with the reagent provided
by the test and a cartridge containing this mixture is
placed in the Xpert machine. From this point on, all
transactions are fully automated. The Xpert MTB/RIF
test detects Mycobacterium Tuberculosis Complex
(MTBC) and rifampine (RIF) resistance in less than 2
hours. It has an excellent accuracy when made in spu-
tum and has been approved by the World Health Or-
ganization (WHO) [12, 13]. The general sensitivity
and specificity of the Xpert Ultra test we used were
reported as 87.5% and 98.7% respectively. This sen-
sitivity was found to be 78.9% in smear negative sam-
ples. The limit of detection (LOD) is reported as 15.6
CFU/ml for sputum [14]. 
      Cepheid Xpert MTB / RIF Ultra, GXMTB / RIF-
ULTRA-10 devices and cartridges were used for Xpert
evaluation. After the material was treated with NaOH,
it was mixed with the reagent provided with the test
and loaded into the system with a disposable cartridge
and the samples were evaluated by automatic reading
by the system.

Statistical Analysis
      Categorical independent data were analyzed using
the chi-square test. Categorically dependent data were
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analyzed using the McNemar test. Normal distribution
of numeric variables was evaluated with Shapiro-Wilk
test, Skewness and Kurtosis. Normally-distributed nu-
meric variables were expressed as mean and standard
variation while non-normally distributed variables
were expressed as median. The correlation between
two numeric variables with normal distribution and a
linear correlation was analyzed using Pearson’s test.
The correlation between variables that did not show
normal distribution was evaluated with Spearman's
test. All analyses were performed using SPSS 22.0 sta-
tistical software (SPSS Inc, Chicago, IL, USA). A p <
0.05 was considered statistically significant.

RESULTS

Of the patients included in the study, 17 (47.2%) were
female and 19 (52.7%) were male. The mean age of
the female patients was 42.2 and the mean age of the
male patients was 47.9. The youngest patient was 18
and the oldest patient was 83 years old. The most com-
mon symptom was cough (88.9%), followed by
weight loss (69.4%) and fever (55.6%) (Table 1). 
      Comorbid diseases are chronic obstructive pul-
monary disease (1 patient), asthma bronchiale (1 pa-
tient), cervix Ca. (1 patient) and non-hodgkin
lymphoma (1 patient). Two patients were diagnosed

with diabetes mellitus and were using oral anti-dia-
betic agents. None of the patients were HIV positive
but close contact was detected in the histories of six
patients. There was a cavity in the chest radiograph of
21 patients. There was no correlation between the
presence of cavity and BL AFB smear/Xpert or culture
positivity (p = 0.768 and p = 0.571, respectively). Ra-
diologically, seven patients had less involvement than
right upper zone. Wider involvement was detected in
29 patients (Table 2). The relationship between the
bacteriological positivity rates of the patients and the
CRP, sedimentation rate, PPD values, the presence of
cavity in the chest radiographs and the amount of in-
volved zones were evaluated. There was no statisti-
cally significant relationship between these parameters
(p = 0.484, p = 0.733, p = 0.059 and p = /0.079 respec-
tively). 
      Sputum tuberculosis culture result was positive in
12 (33.3%) patients. On the other hand, lavage tuber-
culosis culture was positive in 9 (25%) patients. There
was no statistically significant difference between
lavage and smear culture positivity (p > 0.05). In one
patient, MBT and non-tuberculous mycobacteria
(NTM) were found together in mycobacterial cultures.
In 3 (5.5%) patients, lavage smear was positive for
AFB. This rate was not statistically significant (p =
0.25). Two of these 3 patients had positive lavage
Xpert results. In the third patient, the sputum culture
was positive, so lavage AFB contributed to early di-
agnosis in only 1 patient. In 10 (27.7%) patients,
lavage Xpert was positive. This rate was statistically
significant (p = 0.002). 
      The examinations of 13 (36.1%) patients were
positive and 11 (30.5%) patients were diagnosed early
with the applied BL. Most of the patients who can be
diagnosed early are diagnosed with Xpert positivity.
AFB positivity in bronchoscopic lavage was detected
in only 3 (8.3%) cases. With lavage Xpert and AFB
positivity, this rate was 30.5% with 11 patients (Table
3). In total, 18 (50%) patients were diagnosed with
sputum culture and lavage examinations. Clinical im-
provement and radiological regression were detected
in all patients during their 6-month follow-up. 

DISCUSSION

In this study, we aimed to evaluate the contribution of
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bronchial lavage results to the diagnosis of pulmonary
tuberculosis in patients with negative AFB smear in
sputum. 
      In our study, lavage smear AFB was found to be
positive in 3 (8.3%) patients. Two of these three pa-
tients had positive lavage Xpert results and one had
positive sputum culture results. Previous studies show
that BL smear AFB exams can range from 4% to 60%
[6, 15, 16]. In the study of Yuksekol et al. [17], one of
the studies conducted in our country, AFB direct ex-
amination of bronchial lavage was found to be positive
in 23.2% of cases. While this rate was 19% in Alp et
al.’s [8] study, Balbay et al. [7] Found that BL smear
positivity rate was 29% which was higher than ours.
However, in the study of Intepe et al. [18], bron-
choalveolar lavages of 83 patients were examined and
no smear positivity was found in any of the patients.
Studies show that the rate of AFB smear positivity in
BL or BAL can vary in a wide range. 
      Although it has been reported that bronchoscopic
examinations may contribute more to the diagnosis
than sputum examinations, the positivity of induced
sputum smear is considerably higher. In the compara-
tive study published in 2017 by Luhadia et al. [19], a
microbiological comparison of induced sputum and
bronchial aspirate was performed on 100 patients
(60/40, respectively) with negative sputum smear AFB

results, and the diagnostic value of bronchial aspirate
was found to be significantly higher. It has been sug-
gested that FOB examinations can be preferred ac-
cording to the cost-complication/efficiency ratio. In
the study of Gopathi et al. [20], the positivity of AFB
smear in BL is slightly higher than in induced sputum.
The results of sputum induction and bronchoscopy
were similar in the meta-analysis performed by Luo et
al. [21]. 
      We think that our AFB smear results can be com-
pared with the results of Luhadia, Gopathi and Lua’s
studies, as sputum induction is applied to patients who
cannot produce sputum or who are negative for spu-
tum AFB smears. 
      In our study, smear AFB results were positive only
in 3 patients, but when this result is evaluated together
with BL AFB, smear and Xpert results, the positivity
rate increases from 8.33% to 30.5%. This ratio is also
the rate of patients who were diagnosed early. Early
diagnosis was obtained mostly (27.7%) by Xpert pos-
itivity. 
      The Xpert MTB / RIF tests, which started to be-
come widespread in the 2000s and are now being used
in many centers in our country, can detect a higher rate
of positivity in materials taken with FOB than in AFB
smear examinations [22-25]. There are many publica-
tions that support this. In the study of Lee et al. [26]
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published in 2013, 50 of 132 patients were diagnosed
with tuberculosis with BL + BAL, and the sensitivity
of AFB smear and Xpert tests in this study was found
to be 13.2-81.6%, respectively. In the study of Khalil
and Butt [24] these rates were found to be 36% and
87%, respectively. In the study published by Le Palud
et al. [23] in 2014 and evaluated 162 patients retro-
spectively, BL or BAL were used as bronchoscopic
material. In this study in which 30 tuberculosis pa-
tients were identified, 16% of the patients were AFB
smear positive, while 80% were found to be Xpert
positive [23]. However, the sensitivity of the Xpert test
in smear-negative samples is reduced [14]. 
      The patients included in almost all of the other
studies were those who sesputum smears were nega-
tive or who were unable to produce sputum. However,
patients who could not produce sputumwere not in-
cluded in our study. We think this is an important rea-
son why our BL smear results were less positive than
previous studies. Although the sputum examinations
of all patients were examined together with the AFB
smear and the Xpert, the negative sputum examina-
tions suggest that the number of bacilli in the respira-
tory secretions of the patients included in the study
may be low. This is also observed in our FOB-BL re-
sults. 
      The inhibitory effect of lidocaine, which is used
as a local anesthetic in bronchoscopy, to the growth of
MTB in cultures, has been known for a long time [27-
29]. The possibility that the patients may have a low
number of bacilli in respiratory secretions or that the
patients have not been able to produce high-quality
sputum do not completely eliminate the possibility of
lidocaine inhibition. In the study of Schmidt et al. [30],
it is stated that lidocaine at concentrations of 1% and
above inhibits MBT growth. In our study, we tried to
minimize the local anesthetic exposure of the bacilli
during the bronchoscopic procedure. In addition, pos-
itive results of sputum and BL cultures decrease this
possibility. The results of our study exclude the nega-
tive effect of local anesthesia, with a lower rate of
smear-AFB positivity in lavage, and a higher rate of
culture positivity. We consider the inhibition of MTB
growth due to lidocaine as a poor possibility. 
      In our study, BL AFB smear examinations did not
significantly contribute to early diagnosis. However,
the Xpert results made a statistically and clinically sig-

nificant positive contribution. Although the disadvan-
tage of Xpert examinations is that they can not detect
non-tuberculosis mycobacteria, it’s advantage is the
detection of rifampicin resistance and rapid results less
than two hours.

CONCLUSION

      Bronchoscopic lavage Xpert examination con-
tributes significantly more to the diagnosis than spu-
tum Xpert examination. In centers where Xpert
MTB/RIF can be examined, bronchial lavage statisti-
cally increases the rate of early diagnosis. It is also im-
portant to learn about RIF resistance at an early stage,
in terms of the continuation and direction of treatment. 
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