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INTRODUCTION 
India is a country with one fourth of the Global Tuberculosis (TB) 
burden. According to the latest World Health Organisation (WHO) 
guidelines, there were estimated 10 million new TB cases worldwide, 
of which 5.7 million were men, 3.2 million were women and 1.1 
million were children. Globally, the mortality reported was reported as 

.[1]1.5 million, including 0.25 million with HIV co-infection

The estimated incidence of TB in India is approximately 2.7 million. 
HIV co-infection among TB was nearly fty thousand cases 

2]amounting to TB HIV co-infection rate of 3.4%. 

One of the health targets of sustainable development goals by WHO is 
[2] to end tuberculosis by 2030. Indian government has targeted to end 

[2]TB by 2025 . TB can manifest as pulmonary TB (PTB) or extra 
pulmonary TB (EPTB). Globally, EPTB accounts for 25% of all TB 
cases.In immune compromised states, like HIV infection and children, 
the percentage increases to even 50%. In India, EPTB incidence is 

[3]about 20% of all cases. . Amongst all EPTB cases, pleural 
[4]involvement is maximum (30%) 

 
Conventional technique for detecting tubercular bacilli using smear 

[5,6]microscopy has low sensitivity for EPTB samples.  Culture of 
Mycobacterium tuberculosis (MTB) is the gold standard technique, 
but requires trained laboratory personnel, and the absence of MTB in 
the sample can only be conrmed after 8 weeks. This delay in 
diagnosis can be more disastrous for the patients, so the treatment is 

[7,8]often started empirically. 

The WHO recently implemented the light emitting diode (LED) 
uorescent microscopy and the Gene Xpert MTB/RIF assay in the 
National Tuberculosis Programme for diagnosis of TB in developing 
countries. Compared to the conventional uorescence microscopy, 
LED uorescent microscopy is less expensive and has a sensitivity of 

[9]84% and specicity of 98% against culture as reference standard.  

The purpose of the current study is to evaluate the performance of 

Gene Xpert MTB/RIF assay for detection of MTB in PTB and EPTB 
samples, and to compare it with other conventional methods.

MATERIALS AND METHODS
The study was conducted according to the tenets of the Declaration of 
Helsinki after approval from the Institutional Review Board. It was a 
cross sectional study, conducted at a tertiary care centre. The study was 
conducted during one year period, from June 2018 to September 2019. 
Data was obtained from lab records of patients, who visited the 
Department of Respiratory Medicine, New Medical College Hospital, 
Kota, Rajasthan, for seeking medical advice. The sample size was 
calculated as 200, which included patients with both, pulmonary and 
extra pulmonary presumptive TB. 100 pulmonary samples [sputum] 
and 100 extra pulmonary samples [25 samples each from pleural uid, 
ascitic uid, CSF and pus] were collected using all aseptic precautions. 
All pulmonary and extra pulmonary samples (sputum, pleural uid, 
ascetic uid, CSF and pus) were taken from patients who were 
clinically suspected of EPTB, and who would be able to give their 
clinical history. The sample volume of at least 3 ml for expectorated 
samples and any kind of body uid was taken.Patients with age less 
than 10 years, patients presenting with haemoptysis or any other 
serious critical illness like congestive heart failure, chronic renal 
failure, liver failure etc. were excluded from the study. Insufcient 
sample volume (less than 3ml) and patients not willing to participate 
were also excluded from the study.      

Initially, for all samples, (both PTB and EPTB) smears were made, 
stained and looked for the presence or absence of MTB (acid fast 
bacilli) under uorescent microscope. All samples were 
simultaneously loaded in the Gene Xpert and the results were 
compared with uorescent smear microscopy. 

RESULTS
Out of total of 200 pulmonary and extra pulmonary samples, 62% 
samples were obtained from males while remaining 38% were from 
females [Table-1]. Maximum number of patients were in the age group 
31-50 years i.e.79 patients (39.5%) followed by 59 patients (29.5%) 
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between 11-30 years, 49 patients (24.5%) between 51-70 years and 13 
patients (6.5%) above 70 years. 

Among the total 200 samples collected, there were 100 samples from 
sputum i.e. pulmonary (50%), and 100 samples were extrapulmonary 
(50%). Among extra pulmonary samples, 12.5 % samples (25/100) 
were collected each from pleural uid, pus, ascitic uid and CSF. Pus 
samples included lymph node aspirates and empyema. Among the 
total 200 samples, 47 were smear positive for acid fast bacilli. Amongst 
EPTB samples maximum positivity was seen in pus sample by 
uorescent microscopy. Eighty four samples were detected positive by  
Gene Xpert MTB/RIF out of which, there were 64 samples of sputum, 
11 pus samples, 4 samples of pleural uid, 4 samples of CSF and 1 
sample of ascetic uid [Table-2, Figure 1]. Among all extrapulmonary 
samples, pus samples had highest  positivity and ascetic Gene Xpert
uid had least positivity. In all CBNAAT positive cases, 4 sputum 
samples and 2 samples of pus were found rifampicin resistant. 

Pooled Sensitivity of uorescent sear microscopy against Gene Xpert 
MTB/RIF in PTB was 60.93%. Pooled Specicity of uorescent sear 
microscopy against Gene Xpert MTB/RIF in PTB was 94.44%. The 
Positive predictive value of the test was 95.12% while Negative 
predictive value was 57.62% [Table-4].

Pooled Sensitivity of uorescent sear microscopy against Gene Xpert 
MTB/RIF in EPTB was 30%. Pooled Specicity of uorescent sear 
microscopy against Gene Xpert MTB/RIF in EPTB was 98.75%. The 
Positive predictive value of the test was 85.71% while Negative 
predictive value was 84.94% [Table-4].

Using CBNAAT, the prevalence of multi drug resistant tuberculosis 
(MDR-TB) in total samples (PTB and EPTB) was detected as 7.14% 
(4% PTB and 2% EPTB). 

DISCUSSION
Tuberculosis is an important cause of mortality and morbidity in high 
prevalence country like India, therefore there is a need for prompt 
diagnosis, mainly to reduce tuberculosis burden. Rapid diagnosis of 
MTB in pulmonary and extra pulmonary samples is essential for 
effective treatment and to reduce the emergence and spread of MDR-
TB. Mortality and morbidity due to TB is higher in developing 
countries.The incidence of EPTB is higher in patients with HIV co-

[10]infection. 

The diagnosis of EPTB is difcult due to its paucibacillary nature and 
its non- specic clinical signs and symptoms. As uorescent smear 
microscopy is less sensitive due to the requirement of large bacillary 
load and conventional culture method requires time, trained persons 
and biosafety cabin, Expert MTB/RIF assay emerges as a rapid 

[10]diagnostic tool that offers accurate results in less than 2 hours.

In our study, majority of samples were from age group 41-50 years. 
Higher prevalence of EPTB was noted in younger age, i.e.  21- 30 
years, which is similar to a study by Arora et al, which showed higher 

[10]prevalence in the same age group.

In the present study, out of 200 PTB and EPTB samples, 47 samples 
(23.5%) were AFB positive by Fluorescent smear microscopy and 84 
samples (42%) were positive by Expert MTB/RIF assay.

The Gene Expert MTB/RIF assay (Cepheid USA) cartridge based 
nucleic acid amplication test is a newly developed, WHO 
recommended, automated diagnostic molecular test based on nested 
real time PCR and molecular beacon technology with a sensitivity of 
detecting 131 cu /ml of Mycobacterium tuberculosis in the specimen. 
Mycobacterium tuberculosis by Xpert MTB/RIF was detected in 64% 
in sputum samples, 16% of CSF samples, 16% of pleural uid, 44% of 
pus samples and 4% in ascetic uid samples. Out of 84 positive extra 
pulmonary samples 6 showed rifampicin resistance.

Conventional technique of smear microscopy had low sensitivity of 
around 0-40% on extra pulmonary samples and lead to higher false 

[96]negative rates.  In our study, the sensitivity of Fluorescent 
microscopy when compared with Gene Xpert MTB/RIF reported to be 
53.57% while specicity was 98.27%. Although Gene Xpert 
MTB/RIF has been recommended by WHO for testing EPTB samples 
recently, validation for Gene Xpert MTB/RIF is available mostly for 
PTB. 

A study done by Tortoli et al, concluded that the sensitivity of 
uorescent microscopy was 47% in both PTB and EPTB when 
compared with Gene Xpert. In our study the sensitivity of uorescent 
smear microscopy in combined PTB and EPTB is 47.61%, which is 

[11]similar to previous published literature.

Another study done by Khan et al, on EPTB samples, the sensitivity of 
uorescent microscopy was found to be 40%, as compared to Gene 
Xpert. In our study, the sensitivity of uorescent smear microscopy in 
EPTB was 30%, which has low sensitivity compared to the referred 

[12]study.

Another study conducted by Kudi et al, the sensitivity of uorescent 
microscopy was 35% in both PTB and EPTB, compared to Gene 
Xpert. In our study, the sensitivity of uorescent smear microscopy in 

[13]both PTB and EPTB was 46.7 %, which has higher sensitivity.

A study done by Taddese et al, documented the diagnostic accuracy in 
presumptive TB cases in both PTB and EPTB samples for uorescent 
microscopy -21.55% and for Gene Xpert – 41.64%. In our study this 
diagnostic accuracy for uorescent microscopy-23.5% and Gene 

[14]Xpert – 42%. Our study had higher diagnostic accuracy.

Another study done by Kumar et al reported the diagnostic accuracy in 
all sputum samples as 38% by uorescent microscopy and 53% by 
Gene Xpert. In our study, the diagnostic accuracy in sputum samples 
was 41% by uorescent and 64% by Gene Xpert i.e. our study had 

[15]higher diagnostic accuracy.

Another study done by Iram et al, found out diagnostic accuracy of 
Gene Xpert in PTB and EPTB samples was 41.3% and diagnosed 
MDR TB in 6.5% cases. In our study, diagnostic accuracy of Gene 
Xpert in PTB and EPTB samples was 42%, which is higher in our 

[16]study.     

In the present study, we report 7.1% of rifampicin resistance (6/84) 
indicating multidrug resistant (MDR) tuberculosis. In a study done by 

[16]Iram et al reported MDR prevalence in both PTB and EPTB as 6.5%. 

Similar study was also done by Gupta et al, in which rifampicin 
resistance in PTB was detected in 5.8% cases, while in our study, 

[17]6.25% MDR TB were detected among pulmonary TB.

Xpert MTB/RIF test is a major advance in TB diagnostic testing, but 
has limitations, including the limited shelf-life of the diagnostic 
cartridges, some operating temperature and humidity restrictions, 
requirement for electricity supply, unknown long-term robustness, and 
the need for annual servicing and calibration of each machine.

CONCLUSION
The Xpert MTB/RIF assay is a new test that is revolutionizing 
tuberculosis (TB) control by contributing to the rapid diagnosis of TB 
disease and drug resistance.  Major advantages of the Xpert MTB/RIF 
assay are that results are available quickly (2 hrs), and minimal 
technical training is required to run the test. Additionally, the Xpert 
MTB/RIF assay can quickly identify possible multidrug-resistant TB. 
From our study we conclude that Gene Xpert MTB/RIF is simple and 
reliable technique for diagnosing pulmonary and extra pulmonary 
tuberculosis with high sensitivity and specicity not only in smear 
positive cases but also in smear negative cases. It is a game changer not 
only in pulmonary tuberculosis control but probably also in extra 
pulmonary tuberculosis.

Table No. 1: Gender distribution among all samples.

Table 2: Number of pulmonary and extra pulmonary samples that 
are detected by smear microscopy, Gene Xpert MTB/RIF and 
MDR cases
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Gender No of Patients (N=70) (%)
Female 76 38%
Male 124 62%
Total 200 100%

Type of 
sample

Number of 
samples

  
    %

Fluorescent 
microscopy

Positive

Gene 
xpert 

mtb/rif 
positive

Rifampici
n resistant

Sputum 100 50 41 64 4
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Table 3: Age Wise Distribution Of Positive Samples

Table 4: Comparative evaluation of fluorescent microscopy and 
Xpert MTB/RIF in pulmonary Tuberculosis.

Table 5: Comparative evaluation of fluorescent microscopy and 
Xpert MTB/RIF in Extrapulmonary tuberculosis.

Figure 1: -GENE XPERT positive cases among all clinically 
presumptive pulmonary and extrapulmonary TB cases.

REFERENCES:
1. Global tuberculosis control 2021, WHO, www.who.int/tb/publications/global-report/
2. India TB Report 2019, Revised National TB Contro Programme Annual  report 2019.
3. Rama prakasha S, Suresh G, Ivor peter, Shobha S Shetty, Ganesh S  Kumar. Mapping the   

pattern and trends of extra pulmonary tuberculosis.  Journal  of  Global  Infectious 
Disease. 2013 April- June: 5(2): 54-59.  

4. Ogawa K, Koga H, Hirakata Y, Tomono K, Tashiro T, Kohno S.  Differential diagnosis of     
tuberculous pleurisy by measurement of  cytokine concentrations  in pleural effusion. 
Tuberculous Lung   Disease.  1997; 78:29-34. http://dx.doi.org/10.1016/s0962-
8479(97)9013-7.

5. Mittal M, Kumar R. Comparison of diagnostic yield of Gene Xpert  MTB/ RIF assay and 
Ziehl –  Neelsen staining in serosal uids from  HIV and non- HIV patients with extra-
pulmonary tuberculosis.  International Journal of Research  in Medical Sciences 2017; 
5: 2952-5.

6. Claudia M. Denkinger, Samuel G. Schumacher, Catharina C. Boehme, Nandini 
Dendukur,  Madhukar Pai and Karen R. Steingart. Xpert MTB/RIF assay for the 
diagnosis of extrapulmonary  tuberculosis: a  systematic review and meta- analysis. 
European Respiratory Journal  2014; 44: 435– 446. doi:10.1183/09031936.00007814.

7. Jones BE, Young SM, Antoniskis D, et al. Relationship of the manifestations of 
tuberculosis to  CD4 cell counts in patients with human immunodeciency virus 
infection. American Review of  Respiratory Disease 1993; 148: 1292– 1297.

8. Global Tuberculosis Report 2013. Geneva, World Health Organization,  2013.
9. Sharma SK, Mohan A. Extrapulmonary tuberculosis. Indian Journal of Medical 

Research 2004;  120: 316–353.
10. Arora VK, Gupta R. Trends of extra pulmonary tuberculosis under Revised National 

Tuberculosis  Control Programme: A study from South Delhi. Indian Journal of 
Tuberculosis. 2006 April; 53 (2): 77-83. 

11. Enrico Tortoli Clinical validation of Xpert MTB/RIF for the diagnosis of  
extrapulmonary  tuberculosis . Astudy from Italey. Eur Respir J 2012; 40:  442–447

12. Anwar Sheed Khana et al  Comparison of GeneXpert MTB/RIF assay and  L E D - F M 
microscopy for  the diagnosis of extra pulmonary tuberculosis in  Khyber Pakhtunkhwa, 
Pakistan (2018)

13. Enenche Francis Ejeh ,Caleb Ayuba Kudi   Diagnostic performance of  GeneXpert and 
Ziehl-  Neelson microscopy in the detection of tuberculosis in Benue State, 
Nigeria(2018) journal  homepage: http://www.  elsevier.com/locate/ajme

14. Boja Dufera Taddese et al Comparison of GeneXpert against Light- E m i t t i n g  D i o d e   
Fluorescent Microscopy for the Diagnosis of Pulmonary  Tuberculosis in Addis Ababa, 
Ethiopia  Taddese et al., J Microb Biochem  Technol 2018, 10:1DOI: 10.4172/1948-
5948.1000388

15. Pratik Kumar et al Diagnosis of pulmonary tuberculosis with cartridge  based nucle ic 
acid amplication test and light emitting diode uorescent  microscopy: a comparative 
study.   Study  done in Bilaspur, Chhattisgarh,  India International Journal of Advances 
in Medicine Kumar P et al. Int J Adv Med. 2019 Oct;6(5):1580-1583 http://www. 
ijmedicine.com

16. Iram S, Zeenat A, Hussain S, Yusuf NW, Aslam M. Rapid diagnosis of  tuberculosis using 
Xpert  MTB/RIF assay - Report from a developing country. Pak J Med Sci 
2015;31(1):105-110. doi:  http://dx.doi.org/  10.12669/pjms.311.6970 

17. Sandeep Gupta et al  Role of Gene Xpert Mtb/Rif in Diagnosis of Tuberculous Pus  A 
study done in Amritsar, panjab(India). http://dx.doi.org/10.22192/ijcrms.2018.04.02. 
014

FLOUROSCE
NT SMEAR

GENE XPERT TOTAL
POSITIVE NEGATIVE

Positive 39 2 41
   Negative 25 34 59

Total 64 36 100
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Age groups (years)  Number of 
Patients (N=84)

Percentage (%)

11-30 27 32.14
31-50 39 49.42
51-70 12 14.28
>70 6 7.14
Total 84 100

Pleural uid 25 12.5 1 4 0
Pus 25 12.5 4 11 2

Ascitic uid 25 12.5 0 1 0
CSF 25 12.5 1 4 0
Total 200 100 47 84 6

FLOUROSCE
NT SMEAR

GENE XPERT TOTAL
POSITIVE NEGATIVE

Positive 6 1 7
   Negative 14 79 93

Total 20 80 100
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