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ABSTRACT
Background and Objectives: Sputum smear staining for acid-fast bacilli is initial approach to the 
diagnosis of pulmonary tuberculosis (PTB) but more than 50% of cases are sputum smear-negative. 
This study was aimed to investigate the diagnostic value of fiberoptic bronchoscopy (FOB) guided 
bronchoalveolar lavage (BAL) in patients suspected to have tuberculosis.
Methods: This prospective cross-sectional study was carried out on 290 sputum smear-negative 
patients who were clinically suspicious for PTB in 2006-12. All patients were subjected to FOB 
andBAL,then BAL specimens stained and cultured.
Results: Of the 290 patients, 173 cases (59.7%) were men and 117 cases (40.3%) were women with 
the age of 52.6±19.1 years (ranged 20-76 years). Of the total 290 BAL specimens, 110 specimens 
(38%) were positive for acid-fast bacilli. Sensitivity, specificity, PPV and NPV was 60%, 91%, 89% 
and 64%, respectively. Also, LR+ and LR- was 64.6% and 0.44%, respectively.
Conclusion: FOB guided BAL is a reliable, rapid and useful method for establishing the diagnosis 
of smear negative PTB with minimal complications.
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Introduction

Tuberculosis continues to be a major health 
problem worldwide with variable clinical 
presentations (1, 2).In 2011, 8.7 million 

new cases of tuberculosis were reported andthe 
highest cases were from Asia (3). Based on WHO 
report, in 2011, Iran had 16000 estimated number 
of tuberculosis cases (21 per 105population) (4). 
Pulmonary tuberculosis(PTB) is the most com-
mon form and prompt diagnosis is critical (2, 5, 
6). According to WHO guidelines for control of 
tuberculosis, the initial approach is the detection 
of AFB in respiratory specimens (sputum) with 
bacteriological methods (7). Although mycobac-
terial culture is the gold standard and most spe-
cific test for the diagnosis, it requires 3-8 weeks 
to grow. Therefore, the culture is not available to 
guide the initial therapy (1, 2). 
Sputum examination for acid-fast bacilli (AFB) is 
simple and inexpensive, but it is positive in 44% 
of cases and even less in children (1, 2, 8, 9).
Approximately more than 50% of the pulmonary 
tuberculosis is sputum smear-negative (10, 11).
The diagnosis and treatment of these patients re-
lies on clinical symptoms, but 20% are asymp-
tomatic. The initiation of empirical therapy or em-
ploying other techniques can be challenging and 
time consuming because a physician is seeking to 
prove tuberculosis (2). Clinical and radiological 
based diagnosis can lead to either over- orunder-
diagnosis of tuberculosis. Mortality of sputum 
smear-negative, culture-positivetuberculosis cas-
es are about 14.1%, insisting on the importance 
of diagnosis of sputum smear-negative PTB (12). 
On the other hand, unnecessary antituberculosis 
treatment may cause drug resistance and eco-
nomic burden. Fiberopticbronchoscopy(FOB) 
can provide an early confirmative diagnosis in 
such patients. Despite the fact that it is expen-
sive and aggressive, it is generally accepted as an 
important technique in the diagnosis of PTB and 
provides useful material for diagnosis. Among 
thebronchoscopic materials, bronchoalveolar 
lavage (BAL) is the bestdiagnostic material for 

the diagnosis of PTB (2,5,13,14). Diagnosis rate 
is up to 86.6%with less complication in experi-
enced hands (11).
The objective of this study was to assess the 
significance of BAL obtained by FOB in sputum 
smear-negative patients suspected to have PTB.

Material and Methods
This cross-sectional prospective study was 
conducted in Shahid Beheshti Hospital, Babol, 
northern Iran from April 2006 to December 
2012. The study involved 290 patients who had 
clinical and radiological findings suggestive for 
PTB. All patients were over 20 years of age and 
had 3 early morning sputum smears negative for 
AFB by Ziehl-Neelsen (ZN) stain. They had no 
response to 2 weeks antibiotics used for lower 
respiratory tract infection.All sputum specimens 
were cultured on Lowenstein-Jensen (LJ).
Thepatients informed about the procedure 
as well as the safety measures and consents 
were obtained.The study was approved by 
Babol University of Medical Sciences Eth-
ics Committee. The patients with contraindi-
cations to bronchoscopy (uremia,coagulation 
disorders,thrombocytopenia, severe pulmonary 
hypertension and single lung) and moderate to 
massive pleural effusion were excluded.
The patients underwent bronchoscopy by flex-
ible fiberopticbronchoscope through transnasal 
route in supine position and under intravenous 
sedation. All the patients underwent continuous 
monitoring of electrocardiogram, blood pressure 
and pulse oximetry. After inspection of the bron-
chial tree, BAL was done with 100 ml of normal 
saline at the end of bronchoscopy in the region 
suspected for lesion based on chest radiography.
Thepatients were observed in the recovery room. 
BAL samples were sent for ZN and gram stain-
ing, fungal smear, cytopathologyand mycobacte-
rial culture. Proper disinfection of the broncho-
scope in between use was mandatory.
Active PTB was confirmed were Mycobacterium 
tuberculosiswas cultured.
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Results
FBO was performed on 290 sputum smear-
negative patients, 173 men (59.7%) and 117 
women (40.3%), the mean age was 52.6±19.1 
years with range of 20 to 76 years.The patients 
aged 50 to 60 years (17.9%) were the ages 
most frequently affected. ZN staining of BAL 
samples was positive in 110 (38%) patients and 
in 98 cases,BAL samples showed growth ofM. 
tuberculosis on LJ. Of 180 patients (62%) with 
negative ZN staining of BAL samples,64 samples 
showed growth ofM. tuberculosison LJ medium 

(Fig.1). Therefore, the sensitivity, specificity, 
PPV and NPV for BAL was 60%,91%,89% 
and 64%, respectively. Moreover, LR+ and LR- 
was 64.6% and 0.44%,respectively(Table 1). 
Seventy three out of the 290 sputum specimens 
(25%) were positive culture for M. tuberculosis. 
Apart from some specific entities,cytopathologic 
examination of all BAL specimens revealedno 
significant difference between sputum smear-
negative and smear-positive. Findings of 
cytopathologic examination were shown in 
(Table 2).

Fig.1: Study flowchart
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Table 2- Cytopathologic findings of all BAL 
specimens

Cytology Findings N %

Strongyloidosis 1 0.3
Aspergilosis 1 0.3
Adenocarcinoma 4 1.3

Squamous cell carcinoma 7 2.4

Dysplasia 4 1.3
Inflammation 273 94.1
Total 290 100

Discussion
In the regions with high PTB prevalence, when 
the clinical diagnosis of PTB is likely, but sputum 
smear is negative for acid-fast bacilli orpatient is 
unable to produce sputum,especially when there 
isno time for further investigations, empirical 
treatment and closely monitoring of the patient 
is highly recommended. Although, sputum smear 
ZN staining is rapidandinexpensive for the detec-
tion of PTB, itcannotreveal acid-fast bacilli in all 
patients. Poor quality sputum sample, technical 
errors in preparation and staining of the sputum 
smear and deficient microscopic examination 
can contribute to the smear negative results. On 
the other hand, early diagnosis and treatment is 
the best option for the control of TB. Therefore, 
FOB and BAL is used to establish the diagnosis 
of PTB with low morbidity and avoiding delay in 
the treatment (2,5,15). 

Several studies have already shown the 
advantages of bronchoscopy in the diagnosis 
of PTB in different patients. Worodria et al. 
revealed that bronchoscopy with BAL increases 
the speed and sensitivity of PTB diagnosis in HIV 
patients (16). Moreover, Kumar et al. concluded 
that FOB is useful to detect PTB and allows 
initiating appropriate treatment (17).Menon et 
al. revealed that FOB and BAL for detecting of 
AFB was better than gastric aspiration in children 
suspected to have PTB (18).
In this study, FOB was performed for 290 sputum 
smear-negative patients who were clinically 
suspected for PTB, with 60%, 91%, 89% and 
64% sensitivity, specificity, PPV and NPV, 
respectively.
Altefet al. performed a study on 75 sputum 
smear-negative suspected patients for PTB and 
revealed that the total yield of FOB was 83.33% 
that was in line with our study (14). In the study 
conducted on 56 sputum smear-negative patients, 
Yuksekol et al. found that BAL smears and culture 
for M. tuberculosiswere positive in 13(23%) and 
28(50%) patients, respectively.In comparison to 
our study, the result of ZN positive BAL smears 
were lower,however, their positive cultures were 
more than ours. They concluded that FOB is 
useful and mandatory in the selected patients (9). 
Previous studies have reported that FOB and BAL 
play significant roles in diagnosis of PTB with 
a sensitivity of 80-93% and a specificity of 70-
95%(2,5,12). Shin et al. obtained 75.9%, 97.2%, 

Table 1- Diagnostic validity ofsputum smear-negative TB for BAL examination

Confidence Intervals(95%)BAL Examination (%)

53 to 6860Sensitivity

86 to 9691Specificity

83 to 9589Positive Predictive Value(PPV)

57 to 7164Negative Predictive Value(NPV)

3.71 to 11.2264.6LR+

0.36 to 0.530.44LR-
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95.3% and 84.3% sensitivity, specificity, PPV 
and NPV of BAL, respectively. All their results 
are higher than our study and they concluded 
FOB is a useful procedure in the rapid diagnosis 
of PTB (2).
Furthermore, Jacomelli et al. reported60% sensi-
tivity and 100% specificity of BAL. Although the 
sensitivity is lower than our result, they obtained 
higher specificity and showed that bronchoscopy 
wasa reliable technique (6).
Kamal et al. found that FOB and BAL are use-
ful methodsnot only in the diagnosis of PTB 
but also to confirm other pulmonary patholo-
gies (8). Some authors showed that performing 
methods suchaspostbronchoscopic sputum cul-
ture andtransbronchial biopsy adding to BAL 
examinationraised the sensitivity and specificity 
(6,10). Tamura et al. showed the value of FOB 
in patients whose prebronchoscopic sputum 
specimens were negative for acid-fast bacilli and 
PCR. They concluded that FOB provides rapid 
and definitive diagnosis of PTB (13).FOB is con-
sidered as invasive and expensive procedure with 
the risk of transmission of tuberculosis or other 
infections (12).
It is worth noting that FOB has low complication 
rate (pneumothorax and bleeding) and mostly 
there is no need for postbronchoscopic hospi-
talization (6). In our study, no one showed any 
complications.
Although sputum smear positive PTB was more 
infectious than sputum smear-negative cases,the 
patients who were sputum negative serve as an 
important source of tuberculosis spread in the 
community. On the other hand, empirical antitu-
berculosis therapy before to prior finding of any 
bacteriologic evidence culture result may cause 
drug resistance in community and economic 
strife.

Conclusion
Taking all together, FOB and BAL are safe 
and effective methods with good sensitivity, 
specificity, PPV and NVP for the rapid diagnosis 

of PTB in sputum smear-negative patients. 
However, further studies for cost-effectiveness 
of FOB for sputum smear-negative patients are 
recommended, especially in resource-limited 
countries.
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