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Abstract:  

Background: Tuberculosis (TB) has been and remains a major global health problem. India accounts 

for one fourth of the global TB burden. 

Methods: This was a tertiary hospital based, descriptive type of observational study conducted on fifty 

consecutive patients with clinicoradiologically consistent pulmonary tuberculosis who were either 

sputum smear negative for AFB or sputum non-producers at the Department of Tuberculosis and Chest 

Diseases, Institute of Respiratory Diseases, Jaipur from October 2017 to October 2018. 

Results: The positivity of BAL AFB smear & Gene Xpert were 15 (30%) & 32 (64%) respectively. 

With BAL MTB culture as the gold standard, BAL AFB smear showed a sensitivity of 35%, specificity 

of 90%, positive predictive value (PPV) of 93.3%, negative predictive value (NPV) of 25.7%. BAL 

Gene Xpert showed a sensitivity of 72.5%, specificity of 70% and PPV of 90.60% and NPV of 38.9%.  

Conclusion- GeneXpert and AFB smear microscopy share almost same specificity but sensitivity of 

GeneXpert is much higher than AFB smear microscopy in respiratory samples as shown in our study. 
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Introduction 

Tuberculosis (TB) has been and remains a major 

global health problem. India accounts for one 

fourth of the global TB burden
1
. Based on sputum 

microscopy, patients are classified as either smear 

positive or smear negative tuberculosis. A 

substantive number of patients remain 

undiagnosed by conventional sputum microscopy. 

In such situations, Gene Xpert/ Cartridge Based 

Nuclear Acid Amplification Test (CBNAAT), 

with a turnaround time of 2 hours, serves as a 

good diagnostic tool
2
.By making an early 

diagnosis, morbidity, progression, spread of the 

disease & lung damage by fibrosis can be 

prevented. 

Fiberoptic bronchoscope (FOB), has been 

adopted in smear negative patients in an attempt 

to diagnose tuberculosis
3
. Among the 

bronchoscopic materials, bronchoalveolar lavage 

(BAL) is the best diagnostic material for the 

diagnosis of PTB
,4,5,6

. This study was undertaken 

to assess the role of Gene Xpert in BAL specimen 

for the diagnosis of PTB among patients who 

have clinical features and chest X-ray suggestive 

of PTB, but sputum smear negative for AFB. 

Materials and methods  

This was a tertiary hospital based, descriptive 

type of observational study conducted on fifty 

consecutive patients with clinicoradiologically 

consistent pulmonary tuberculosis who were 

either sputum smear negative for AFB or sputum 

non-producers at the Department of Tuberculosis 

and Chest Diseases, Institute of Respiratory 

Diseases, Jaipur from October 2017 to October 
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2018. This study was approved by the 

Institutional Review Board, SMS medical 

College, Jaipur. 

Inclusion Criteria  

Patients with clinical suspicion of PTB based on 

clinical symptoms and signs or radiological 

features, who either had sputum smear (two 

samples) negative for Tuberculosis or not 

producing adequate sputum. 

Exclusion Criteria  

Extrapulmonary tuberculosis, HIV positive 

patients and those who had contraindications for 

fibreoptic bronchoscopy were excluded. 

The patients were subjected to detailed history 

and clinical examination, relevant blood 

investigations and chest x-ray. Two samples of 

sputum were sent for AFB smear- one at the spot 

and another next day morning sample. Patients 

with both samples negative were included in 

study.In case if patients were not producing 

sputum spontaneously, they were subjected to a 

procedure of sputum induction. 

Sputum induction (SI) 

After asking the patient to gargle his/her mouth 

with clean water, nebulization with 20 ml of 3% 

NaCl via the Ultrasonic nebulizer ‘420AI’ was 

done. Patients who produced adequate (10 ml) of 

sputum were termed SI success and the rest as SI 

failures. AFB smear(SI) negatives and sputum 

induction failures were included for further study. 

Bronchoscopic procedure  

After written informed consent, bronchoscopy 

was performed via transnasal route under local 

anesthesia. Gross observations on examining 

bronchial mucosa were noted. BAL was taken by 

instilling normal saline at room temperature 

through the internal channel of fibreoptic 

bronchoscope and aspirated into a trap connected 

to suction tubing, maintaining a suction pressure 

of <100mmHg.15 to 30 ml of saline was instilled 

each time and about one fourth to half of this was 

retrieved in the suction trap. BAL was taken till 

around 100 ml of fluid was collected. BAL was 

preferably taken from abnormally visible areas. If 

no abnormality was visualized, BAL was taken 

from radiologically localized lobe or lobes. 

BAL was subjected to the following: 

AFB smear- ZN technique was used for staining. 

Mycobacterial culture- BACT/ALERT 3D. All 

positive culture samples were subjected to either 

‘NAP test’ or ‘TB Ag MPT4 Rapid’ 

immunochromatographic assay to differentiate 

between Mycobacterium tuberculosis complex 

(MTBC) and Mycobacteria Other Than 

Tuberculosis (MOTT). 

Gene Xpert/CBNAAT - The results from 

measured fluorescent signals, with embedded 

calculation algorithms, were: invalid, if PCR 

inhibitors are detected with amplification failure; 

negative or positive.  If positive, the strain was 

categorized as susceptible or resistant to 

rifampicin.   

Statistical analysis - Statistical analysis was 

performed with the Epi info version 7.2.1.0 

statistical software package. Qualitative / 

categorical data was presented as proportion and 

was analysed using Chi square test. Quantitative 

data was presented as mean and standard 

deviation and the difference in mean was 

analysed using t test.  

Results  

50 patients were included in our study, 33(66%) 

males and 17(34%) females. The mean age was 

41.4±15.2 years. Common presenting complaints 

were cough (100%), expectoration (88%) and 

fever (78%). Radiologically,48% (24/50) patients 

had cavitatory disease. Also,13(26%), 

17(34%),20(40%) had mild, moderate and far 

advanced diseases respectively, with the 

proportion of patients diagnosed as PTB in each 

category were 15%, 47.5% and 37.5% in mild, 

moderate and far advanced disease respectively. 

Predominant findings on bronchoscopy were 

secretions,24(48%), followed by hyperemia 

21(42%) & hemorrhagic 3 (6%). 
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Table No 1: Gender wise distribution of the cases 

Gender 

Tuberculosis Non-Tuberculosis Total 

No % No % No % 

Male 28 70 5 50 33 66 

Female 12 30 5 50 17 34 

Total 40 100 10 100 50 100 

Chi-square =    0.031 with 2 degrees of freedom; P = 0.985 NS 

 

Table 2: Comparison of BAL AFB smear with BAL culture (Gold Standard) 

BAL AFB 

BAL Culture  

Grand Total Tuberculosis Non-TB 

Positive  14 1 15 

Negative  26 9 35 

Grand Total 40 10 50 

 

Table 3: Comparison of BAL Gene Xpert with BAL culture (Gold Standard) 

BAL Gene Xpert 

BAL Culture  

Grand Total Tuberculosis Non-TB 

Positive  29 3 32 

Negative  11 7 18 

Grand Total 40 10 50 

The positivity of BAL AFB smear & Gene Xpert were 15 (30%) & 32 (64%) respectively. With BAL 

MTB culture as the gold standard, BAL AFB smear showed a sensitivity of 35%, specificity of 90%, 

positive predictive value (PPV) of 93.3%, negative predictive value (NPV) of 25.7%. BAL Gene Xpert 

showed a sensitivity of 72.5%, specificity of 70% and PPV of 90.60% and NPV of 38.9%.  

Table 4: Comparison of BAL AFB smear with BAL Gene Xpert 

BAL AFB 

Gene Xpert 

Grand Total Positive  Negative  

Positive  15 0 15 

Negative  17 18 35 

Grand Total 32 18 50 

A Kappa statistical analysis between BAL AFB smear and Gene Xpert, showed an agreement of 0.388 

(0.202 – 0.575), indicating a fair agreement. 

 

Discussion  

Conventional methods of diagnosis are less 

sensitive and time consuming, in the diagnosis of 

smear negative PTB. Gene Xpert aims at rapid 

identification of mycobacteria. A 2013 Cochrane 

systematic review showed that this test is highly 

accurate when compared to culture, Xpert has 

about 88% sensitivity and 98% specificity for 

PTB. In smear-negative patients with TB, Xpert 

had a sensitivity of 67%
7
. 

Our study had a male: female ratio of 2.33:1, 

which was in concordance with Rao et al 
8
 which 

had a ratio of 2:1. This male predominance might 

be due to the fact, females in our country do not 

report their symptoms and have relatively lower 

priority and access for medical facilities. 
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Radiologically, 13 patients (26%) had mild 

disease ,17(34%) had moderately advanced and 

20 (40%) had far advanced disease. Similar 

method of classification was used by Rawat et al
9
. 

Also, the proportion of patients diagnosed as PTB 

in each category in our study were 15%, 47.5% 

and 37.5% in mild, moderate and far advanced 

disease respectively. This observation was due to 

increased bacterial load in more severe disease 

leading to increased yield in these groups. Out of 

the 21 patients with hyperemia on bronchoscopy, 

17 (80.95%) turned out tubercular, whereas 20 

out of 24 patients (83.3%) with secretions turned 

out tubercular, making secretions a more sensitive 

predictor of tubercular yield. These findings 

correspond to the ones by Kulpati et al
10

, in 

which yellowish white secretions were noted in 

PTB cases. Diagnostic yield of bronchoscopy for 

tuberculosis was 80% (40/50) in our study. 

Diagnostic yield for tuberculosis in various 

published studies ranged from as low as 10% to 

as high as 100%
11,12,3,14,15,16,17 

 

BAL AFB smear showed a sensitivity of 35%, 

specificity of 90%, positive predictive value 

(PPV) of 93.3%, negative predictive value (NPV) 

of 25.7% and accuracy of 46% in diagnosis of 

PTB, similar to other studies 
18,19,20

. BAL Gene 

Xpert had a higher sensitivity compared to AFB 

smear (29/40; 72.5% vs 14/40; 35%). The 

sensitivity, specificity, positive predictive value 

and negative predictive values of BAL gene 

Xpert in this study were 72.5%, 

70%,90.6%,38.9% respectively, which correlated 

with similar studies
18,20,21,22,23

 

However, the sensitivity and positive predictive 

value of Xpert MTB/RIF assay to detect MTB 

was very high (72.5% and 90.6% respectively), 

while the specificity and negative predictive 

value in this study was low (70% and 38.9%) as 

compared to the international studies (100 % and 

92.1% respectively)
 24,25 

. Possible explanations 

include false positive tests in the presence of a 

negative culture, or laboratory error. 

Limitation  

The limitation of this study was that only ZN 

staining, Mycobacterial culture and Gene Xpert 

of sputum and BAL sample were performed and 

no other investigative method for diagnosis of 

PTB. Therefore, no comparison with other 

methods was possible. 

Conclusion 

 GeneXpert and AFB smear microscopy share 

almost same specificity but sensitivity of 

GeneXpert is much higher than AFB smear 

microscopy in respiratory samples as shown in 

our study. In a resource limited setting with high 

case burden, a positive Gene Xpert, owing to its 

simplicity, sensitivity and automation, can serve 

as a useful adjunct for the diagnosis of PTB in 

BAL specimens of smear negative PTB suspects. 

References 

1. RNTCP Annual status report 2017 accessed 

from http://www.tbcindia.gov.in  

2. RNTCP–Training Module for Medical 

Practitioners, Central TB Division, 

Directorate General Of Health Sciences, 

Ministry Of Health & Family Welfare, New 

Delhi; Dec- 2010: Page:13. 

3. RNTCP – Training Module for Medical 

Practitioners, Central TB Division, 

Directorate General Of Health Sciences, 

Ministry Of Health & Family Welfare, New 

Delhi; Dec- 2010: Page:16 

4. Boonsarngsuk V, SuwannaphongS, 

Laohavich CH. Combination of adenosine 

deaminase activity and polymerase chain in 

bronchoalveolar lavage fluid in the diagnosis 

of smear-negative active pulmonary 

tuberculosis. Int Infect Dis 2012;16(9):663-8. 

5. KalawatU,Sharma KK, Reddy PNR, Kumar 

AG. Study of bronchoalveolar lavage in 

clinically and radiologically suspected cases 

of pulmonary tuberculosis. Lung India 

2010;27(3):122-4. 

6. Tamura A, Shimada M, Matsui Y, 

Kawashima M, Suzuki J, Ariga H, et al. The 

value of fiberopticbroncoscopy in culture-

positive pulmonary tuberculosispatients 

whose pre-bronchoscopic sputum specimens 

were negative both for smear and PCR 

analyses. Inter Med 2010;49:95-102. 

7. Behr MA, Warren SA, Salamon H, Hopewell 

PC, Ponce de Leon A, Daley CL, et al. 

Transmission of mycobacterium tuberculosis 

from patients smear negative for acid-fast 

bacilli. Lancet 1999;353:444-9.  



R Raj Thilak et al, International Journal of Medical Science and Diagnosis Research (IJMSDR)  
 

 

108 | P a g e  
 

8. Karen R Steingart, Hojoon Sohn, Ian 

Schiller, Lorie A Kloda, Catharina C 

Boehme, Madhukar Pai, et al. Cochrane 

Library 2013 http://doi.wiley.com/10.1002/ 

14651858.CD009593.pub2. 

9. Spach SD, Silverstein MD, Stamm WE. 

Transmission of infection by gastrointestinal 

endoscopy and bronchoscopy. Ann Intern 

Med 1993;118:117-28. 

10. Kulpati DDS, Hira HS. Diagnosis of smear 

negative pulmonary tuberculosis by flexible 

fiberoptic bronchoscopy. Indian J Tub 

1986;33:179- 82. 

11. British Thoracic Society Interventional 

Bronchoscopy Guideline Group; “British 

Thoracic Society guideline for advanced 

diagnostic and therapeutic flexible 

bronchoscopy in adults”. Thorax 2011;66 

(3):1-21. 

12. World Health Organization Policy statement: 

automated real-time nucleic acid 

amplification technology for rapid and 

simultaneous detection of tuberculosis and 

rifampicin resistance: Xpert MTB/RIF 

system. 

13. Kernan DJ. Bronchoscopy in pulmonary 

tuberculosis. Laryngoscope 1937;47:777-91. 

14. Gronroos J, Palva T, Saloheimo M. 

Bronchoscopic observations in pulmonary 

tuberculosis. Acta Tuberc Scand 

1956;32:163-78. 

15. Uddenfeldt M, Lundgren R. Flexible 

fiberoptic bronchoscopy in the diagnosis of 

pulmonary tuberculosis. Tubercle 1981;62: 

197-9. 

16. Mehta J, Krish G, Berro E, Harvill L. 

Fiberoptic bronchoscopy in the diagnosis of 

pulmonary tuberculosis. South Med J 

1990;83:753-5. 

17. Jalleh RD, Kuppusamy I, Parameswary V, 

Yeow CS. Fibreoptic bronchoscopy in the 

diagnosis of pulmonary tuberculosis: a 

Malaysian experience. Singapore Med J 

1993;34:55-7. 

18. Khalil KF, Butt T. Diagnostic yield of BAL 

gene Xpert in smear negative and sputum 

scarce pulmonary tuberculosis. J Coll 

Physicians Surg Pak 2015;25(2):115-118 

19. Barnard DA, Irusen EM, Bruwer JW, Plekker 

D, Whitelaw AC, Deetlefs JD, et al. 

Koegelenberg The utility of Xpert MTB/RIF 

performed on bronchial washings obtained in 

patients with suspected pulmonary 

tuberculosis in a high prevalence setting. 

BMC Pulm Med. 2015;15:103. 

20. Palud PL, Cattoir V, Malburny B, et al. 

Retrospective observational study of 

diagnostic accuracy of the Xpert MTB/RIF 

assay on FOB sampling for early diagnosis of 

smear-negative or sputum scarce patients 

with suspected tuberculosis. BMC Pulm Med 

2014;14:137. 

21. Agrawal M, Bajaj A, Bhatia V, et al. 

Comparative study of Gene Xpert with ZN 

stain and culture in samples of suspected 

pulmonary tuberculosis. J Clin Diagn Res 

2016;10(5):DC09-DC12. 

22. Lee HY, Seong MW, Park SS, Hwang SS, 

Lee J, Park YS, et al. Diagnostic accuracy of 

Xpert® MTB/RIF on bronchoscopy 

specimens in patients with suspected 

pulmonary tuberculosis. Int J Tuberc Lung 

Dis. 2013;17(7):917–21 

23. Sharma SK, Kohli M, Yadav RN, Chaubey J, 

Bhasin D, Sreenivas V, et al. Evaluating the 

diagnostic accuracy of xpert mtb/rif assay in 

pulmonary tuberculosis. www. journals. plos. 

org/plosone/article?id=10.1371/journal.pone.

0141011 

24. Mohanty T,Panigrahi SK, Pattanaik M, et al. 

Study on diagnostic modalities in smear 

negative pulmonary tuberculosis with special 

reference to sputum induction (SI 

CBNAAT),bronchoscopy (BAL CBNAAT 

BAL culture). J. Evid. Based. Med. Healthc. 

2017; 4(47), 2858 2862. DOI: 10.18410/ 

jebmh/2017/567 

25. Kirwan DE, Cárdenas MK, Gilman RH. 

Rapid implementation of new TB diagnostic 

tests: Is it too soon for a global roll-out of 

Xpert MTB/RIF? Am J Trop Med Hyg 2012; 

87:107.

 


