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ABSTRACT… Objectives: To calculate and compare the diagnostic accuracy of transbronchial 
biopsy and bronchoalveolar lavage smear in sputum negative patients. Study Design: Cross-
sectional validation study. Setting: Department of histopathology, Foundation University Medical 
College, Islamabad and Department of Pulmonology and Microbiology, Fauji Foundation 
Hospital, Rawalpindi. Period: From May 2016 to May 2017. Materials & Methods: It comprised 
96 patients who underwent bronchoscopy. Transbronchial biopsy, bronchoalveolar lavage 
smear preparation and bronchoalveolar lavage culture was performed on specimens of all 
patients. Results: Out of 96 patients 22 (22.91%) patients were actually having tuberculosis 
whereas 74 (77%) had only clinical and radiological suspicion of tuberculosis. The mean age 
of patients was 43 years with a standard deviation of ±19.1 .The age range was 12-80 years. 
The sensitivity, specificity, positive predictive value, negative predictive value and true positives 
of transbronchial biopsy were 68.1%, 77%, 46.8%, 89% and15.62% while the values for 
bronchoalveolar lavage were 50%, 97.29%, 84.6%, 86.7% and 11.45% respectively. Thus, the 
diagnostic accuracy calculated for transbronchial biopsy and bronchoalveolar lavage was 75% 
and 13.54% respectively. Conclusions: Bronchoscopy should be done in all sputum negative 
tuberculosis patients having strong clinical and radiological suspicion to obtain transbronchial 
biopsy and bronchoalveolar lavage for timely diagnosis, treatment and prevention of disease 
transmission as well as to avoid empirical treatment and its side effects in patients having 
no tuberculosis. The diagnostic accuracy of transbronchial biopsy is almost 5 times more 
compared to bronchoalveolar lavage smear.
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INTRODUCTION
Tuberculosis (TB) was declared a global health 
emergency by World Health Organization (WHO). 
According to WHO Global TB Report 2015, there 
were an estimated 10.4 million incident cases of 
TB globally.1 Pakistan ranked 5th among the the 
list of 22 high TB burden countries.2 It occupies 
4th position in mortality caused by tuberculosis 
with a death rate of 34 per 100,000 population3, 
incidence rate of 181 cases / 100,000 and a 
prevalence of 398 cases /100,000 population.4 
Approximately 620, 000 people in Pakistan have 
tuberculosis, 410, 000 are newly infected cases 
and 59 000 die of it yearly.

The causative organism of TB is Mycobacterium 

tuberculosis. In usual routine the diagnosis of 
tuberculosis is established by obtaining sputum 
sample from suspected patients.5 A sputum 
smear is then prepared and stained for acid 
fast bacilli which stain the Mycobacterium. If the 
stain is positive then patient is considered to be 
sputum positive. However 40-60 % of patients 
with TB would not show a positive stain with AFB 
and will be labeled as sputum negative patients.6 
According to WHO guidelines, sputum negative 
pulmonary tuberculosis is defined on the basis 
of at least three negative smears for AFB but 
with radiographic abnormalities consistent with 
active pulmonary tuberculosis and lack of clinical 
response to at least two weeks of broad spectrum 
antibiotics.
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Sputum negative patients are a persistent source 
of infection for the community.10-20% of disease 
transmission at population level is attributed to 
smear negative pulmonary tuberculosis cases, 
so they must be diagnosed on urgent basis to 
reduce transmission to healthy individuals as well 
as to decrease morbidity and mortality in suffering 
individuals.7

The clinician will suspect tuberculosis when 
patient  has two or more of  the symptoms like 
cough for more than 3 weeks, fever, weight 
loss, heavy night sweats, tiredness and loss of 
appetite.8 

The radiological predictors of tuberculosis  can 
be anyone or all of the following: cavitations, 
consolidation, pleural effusion, atelectasis and 
mediastinal lymphadenopathy.9 When these 
clinical and radiological findings are present 
but sputum for AFB is negative, fiberoptic 
bronchoscopy, is a diagnostic modality, indicated 
for rapid diagnosis in suspected TB patients.

Transbronchial biopsy (TBB) and bronchoalveolar 
lavage (BAL) is obtained after bronchoscopy. 
Microscopy of bronchoalveolar lavage smear is 
done for detection of AFB and histopathology of 
transbronchial biopsy is done to detect caseating 
granuloma. BAL Culture is a gold standard test 
for the diagnosis of tuberculosis with a sensitivity 
of 92.7%10, specificity of 100%, positive predictive 
value (PPV) of 100% and negative predictive 
value (NPV) of 63%11, but it takes about 6-8 weeks 
to give a positive result.

In this study, we diagnose sputum smear 
negative patients by transbronchial biopsy and 
bronchoalveolar lavage and also compared the 
diagnostic accuracy of these two modalities. BAL 
smear and TBB have variable sensitivities and 
specificities in different previous studies. The 
sensitivities of BAL smear are 19%11, 34%12, 38%13 
and 88%.12 The specificities of BAL smear are 
79%12, 96%11, and 100%13, similarly the sensitivities 
of TBB are 42%11 and 89%14 and specificities are 
92%11 and 100%.13 Although bronchoscopy done 
to obtain BAL smear and TBB, is an invasive 

procedure but it gives quick results  compared 
with culture which takes about 6-8 week to give 
a positive result, thus will help in early initiation 
of treatment, reduction in transmission, morbidity 
and mortality of patients with a negative sputum 
for AFB.

MATERIALS AND METHODS
This cross-sectional validation study was 
conducted at the department of histopathology, 
Foundation University Medical College, 
Islamabad and department of pulmonology 
and microbiology, Fauji Foundation hospital, 
Rawalpindi for a duration of one year from May 
2016 to May 2017. Non-probability, consecutive 
sampling technique was applied. 

The number of patients underwent bronchoscopy 
were 96.The inclusion criteria were all patients 
irrespective of gender and age, strong clinical 
suspicion of tuberculosis, chest X-ray suspicious 
of tuberculosis and 3 consecutive negative 
sputum smear for AFB. 

The exclusion criteria were HIV positive cases, 
patients with history of bleeding diathesis, 
myocardial infarction or arrhythmias, asthma, 
suspected or known pregnancy, signs of cardiac 
and respiratory failure and any malignancy, 
patients with history of antituberculous treatment 
for more than one month, any contraindication 
for transbronchial biopsy and un co-operative 
patients.

Fiberoptic Bronchoscopy was done to obtain 
transbronchial biopsy and bronchoalveolar lavage 
fluid. After informed consent patients underwent 
bronchoscopy and were nil by mouth for4 to 6 
hours prior to the procedure. 30-45 minutes prior 
to bronchoscopy patients were premedicated 
with 0.6mg atropine and nebulization with 2% 
xylocaine was done. Bronchoscopy was carried 
out under local anesthesia and transbronchial 
biopsy was performed under fluoroscope by 
General Electronics Brivo OEC 850.

The biopsy was put in formalin and was received 
by the department of Histopathology. BAL 
was obtained and was send to Microbiology 
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department for smear preparation and for 
culture on Lowenstein Jensen media. At the 
end of procedure, patients were observed 
for the development of any complications 
like pneumothorax,   hemorrhage or cardiac 
arrhythmias for 24-48 hours.

Statistical Analysis
All the data was analyzed using the software 
SPSS version 17. Descriptive statistics were 
used to describe the data for quantitative and 
qualitative variables. For age, mean and standard 
deviation was calculated. For qualitative variables 
i.e. sex, true positives and true negatives, 
frequency and percentages were calculated .2x2 
tables were constructed to find out the validity of 
transbronchial biopsy and BAL smear for AFB 
which is given below with the calculation formulas.

Transbronchial 
Biopsy

BAL Culture

Culture Positive Culture 
Negative

Granuloma 
positive True positive / a False positive / b

Granuloma 
negative False negative / c True negative / d

BAL Smear for 
AFB

BAL Culture
Culture Positive Culture Negative

AFB positive True positive / a False positive / b
AFB negative False negative / c True negatives / d

Sensitivity = a/a+c x100
Specificity =d/d+b x 100
Positive predictive value= a/a+b x100
Negative predictive value=d/c+d x100
Diagnostic accuracy= a+d/a+b+c+d x100

RESULTS
The female to male ratio was 3:1 with 72 female 
patients and 24 male patients. In 22 out of 96 
patients, which were actually having tuberculosis 
proved by culture, 18 patients were females and 4 
were males.74 (77%) of 96 cases, had clinical and 
radiological suspicion of tuberculosis and only 
22 (22.91%) patients actually had tuberculosis. 
Mean age was 43 years with standard deviation 
of ± 19.18. The age range was 12-80 years.

32 patients exhibited granulomatous inflammation 

(caseating as well as non-caseating) on 
transbronchial biopsy. Out of 32 individuals, 15 
cases were actually having tuberculosis as proven 
by a subsequent positive BAL culture.17 of 32 
patients had granulomatous inflammation on 
transbronchial biopsy but don’t have tuberculosis 
which was declared after a negative BAL culture. 

There were 7 patients who had a positive 
BAL culture but no granuloma was found on 
transbronchial biopsy. 57 patients had no 
granuloma on biopsy and their BAL culture 
was also negative (Table-I). From these values 
we calculated that transbronchial biopsy had a 
sensitivity of 68.1%, specificity of 77%, positive 
predictive value of 46.8% and negative predictive 
value of 89% (Table-II).

BAL smear of only 13 patients revealed 
Mycobacterium tuberculosis with Ziehl-Neelsen 
stain.11 of 13 cases were actually having 
tuberculosis which was later on proved by culture 
positivity in these patients. 2 of 13 cases don’t 
have tuberculosis because the culture results 
were negative. 

11 patients were culture positive but BAL smear 
negative and 72 patients were BAL smear as well 
as culture negative (Table-III). BAL smear had a 
sensitivity of 50%, specificity of 97.29%, positive 
predictive value of 84.6%, and negative predictive 
value of 86.7% as (Table-II).

Transbronchial 
Biopsy

BAL Culture
Culture 
Positive

Culture 
Negative

Granuloma positive 15 (a) 17(b)
Granuloma negative 7(c) 57(d)
Table-I. 2x2 table showing tranbronchial biopsy and 

culture results.

Sensitivity = (a/a+c) x 100 = {15/(15+7)} x 100 = 68.1%
Specificity = (d/b+d) x 100 = {57/(17+57)} x 100 = 77%
Positive Predictive Value = (a/a+b) x 100 = {15/(15+17)} x 
100 = 46.8%
Negative Predictive Value = (d/c+d) x 100 = {57/(7+57)} x 
100 = 89%
Diagnostic Accuracy = (a+d)/(a+b+c+d) x 100 = 75%
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Parameter Transbronchial 
Biopsy

BAL 
Smear

True Positives 15 11
False Positives 17 2
True Negatives 57 72
False Negatives 7 11
Sensitivity 68.1% 50%
Specificity 77% 97.29%
Positive Predictive Value 46.8% 84.6%
Negative Predictive Value 89% 86.7%
Diagnostic Accuracy 75% 13.54%

Table-II. Table showing comparison of diagnostic 
accuracy of TBB and BAL smear for AFB in sputum 

smear negative pulmonary tuberculosis patients 
(n=96).

BAL smear 
for AFB

BAL Culture
Culture Positive Culture Negative

AFB positive 11(a) 2(b)
AFB negative 11(c) 72(d)

Table-III. 2x2 table showing bronchoalveolar lavage 
and culture results.

Sensitivity = (a/a+c) x 100 = {11/(11+11)} x 100 = 50%
Specificity = (d/b+d) x 100 = {72/(2+72)} x 100 = 97.29%
Positive Predictive Value = (a/a+b) x 100 = {11/(11+2)} x 
100 = 84.6%
Negative Predictive Value = (d/c+d) x 100 = {72/(11+72)} 
x 100 = 86.7%
Diagnostic Accuracy = (a+d)/(a+b+c+d) x 100 = 13.54%

DISCUSSION
Sputum negative patients are unaware about 
having tuberculosis and therefore their accurate 
diagnosis and treatment is delayed. This leads 
to increase morbidity and mortality among these 
patients. Furthermore they continue to pose a 
threat of transmitting the disease to other people. 
Therefore accurately diagnosing these patients 
is very important for the timely management and 
prevention of disease spread.

While comparing mean age and age range with 
our study we found that a study was conducted 
by CaymmiAL14 which showed a mean age value 
of 39 years. Likewise, a study carried out in china, 
provided a mean age value of 47.2 years15 So, 
age range of patients of our study, is almost 
comparable with values given by international 
studies.

The most frequent symptoms with which the 
patient presented in this series, were fever and 
cough which constituted 37.1% while a study 
done by Waheed K et al in 2011 gave a value of 
22.5%. Ansari J et al also showed cough and fever 
as the most frequent presenting complaint in his 
study.16 Other clinical features included weight 
loss, dyspnea, hemoptysis, weakness, lethargy 
and pleural chest pain in ours series as well as in 
various other studies.

Cavitations and consolidation were the most 
frequent radiological observation in our study. 
Wekesa C et al also give consolidation as the 
most frequent finding but provided a value of 
88.2% which is quite high compared to our study 
and cavitations as the second most frequent 
chest X-ray pattern with a value of 11.8%.17 
Another study done by Eini P gives a percentage 
of 30.4 for consolidation and 20.918 forcavitary 
lesions.8.33% patients, in our study presented 
with hilar and mediastinal lymphadenopathy while 
in Wekesa C et al studies 3.9% cases showed 
hilar lymphadenopathy on chest X-ray.17

Comparison of transbronchial biopsy with other 
studies shows variable results. A study done by 
Jacomelli et al in 2012 done on bronchoscopically 
obtained specimens in sputum negative 
tuberculous patients found 42% sensitivity and 
53% negative predictive value of transbronchial 
biopsy.11 These values were lower as compared 
to our cases and a specificity of 92% and 
positive predictive value of 88%which were 
higher than our studies.11 Similarly Figueiredo 
et al did a research project in 2005 which also 
showed lower values of sensitivity of 31.8% and 
a negative predictive value of 38.7% and higher 
values of 100% specificity and positive predictive 
value for transbronchial biopsy.19 Another study 
showed 89% sensitivity of transbronchial biopsy 
in HIV negative patient and 67% sensitivity for HIV 
positive patients.14

Gupta N et al in his research work gave diagnostic 
yield of transbronchial biopsy of 66.6% which is 
very close to the value obtained in our study.20 
Evidence from another study done in 2010 by 
Altaf B A et al came with a diagnostic accuracy of 
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61.6% which is a little lower than our series but is 
comparable.21

The Iran journal of pathol published an article 
of Nikbakhsh N et al which provided a value of 
sensitivity of 60% for BAL smear slightly higher 
than our study, the specificity of 91%, positive 
predictive value of 89% which was comparable 
to our study whereas a lower negative predictive 
value of 64% contrasted to the current study.22 

Conde MB et al concluded that BAL smear had 
a sensitivity of 38.1 %, specificity and positive 
predictive value of 100% and a negative predictive 
value of 54.9%.13 This study revealed a lower 
sensitivity and negative predictive value, matching 
specificity and a higher positive predictive value 
compared to our study.

A study conducted in University of Sao Paulo 
showed a sensitivity of 19%, specificity of 96%, 
positive predictive value of 84% and negative 
predictive value of 54% for BAL smear. The 
sensitivity and negative predictive values of this 
study were lower than current study but specificity 
and positive predictive value were comparable.11

In Brazil, Figueiredo et al carried out a study 
on 34 patients and revealed 13.6% sensitivity, 
100% specificity and positive predictive value 
and 38.7% negative predictive value for BAL 
smear. This study showed a lower sensitivity and 
negative predictive value, almost equal specificity 
and a higher positive predictive value compared 
to our study.19

We also observed that, a single test alone, that 
is direct examination of BAL smear for AFB 
and histopatholgical examination of TBB has 
low diagnostic sensitivity of 50% and 68.1% 
respectively. So, while doing bronchoscopy both 
these specimens should be collected in order to 
diagnose maximum number of sputum smear 
negative pulmonary tuberculosis patients.

In the end of our study we come to the 
conclusions that bronchoscopy must be done in 
the sputum negative tuberculous suspects and 
TBB has a higher diagnostic accuracy compared 

to BAL smear. Whenever bronchoscopy is done, 
transbronchial biopsy specimen should be 
collected because it provides a greater quantity 
of material to the histopathologist for analysis 
and expedite the identification of tuberculosis 
granuloma. These granulomas in tissue along with 
clinical and radiological findings allow treatment 
initiation before culture results are available.

CONCLUSIONS
Bronchoscopy should be done in all sputum 
negative tuberculosis patients, having strong 
clinical and radiological suspicion, to obtain 
transbronchial biopsy and bronchoalveolar lavage 
for timely diagnosis, treatment and prevention of 
disease transmission as well as to avoid empirical 
treatment and its side effects in patients having 
no tuberculosis.

The diagnostic accuracy of transbronchial 
biopsy is almost 5 times more compared to 
bronchoalveolar lavage smear. These modalities 
alone have low diagnostic sensitivities but it can 
be increased when both tests are performed 
together. Therefore, both tests should be done 
in all patients who undergo bronchoscopy to 
diagnose maximum number of sputum negative 
tuberculous patients.
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