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ABSTRACT 

Objective: Tuberculosis is one of the major global health problems, while India contributing to a major chunk of the disease burden. A molecular 
method, the Xpert MTB/RIF (Cepheid, USA) can detect the presence of Mycobacterium tuberculosis DNA and the diagnostic accuracy of Xpert 
MTB/RIF in pulmonary tuberculosis was evaluated. 

Methods: This prospective study was conducted from September 2019 to September 2020. Sputum specimens were collected and processed for 
Ziehl Neelsen staining technique, culture on solid Lowenstein Jensen medium and Xpert MTB/RIF. Differentiation of NTM’s from MTB by was done 
by performing Rapid test method using TB antigen MPT64 immunoprotein antigen. Drug susceptibility testing by proportion method was 
performed. The data was compiled and analyzed statistically. The sensitivity, specificity, positive predictive value, negative predictive value and 
diagnostic accuracy of Xpert MTB/RIF was calculated using sputum culture for Mycobacterium tuberculosis as a gold standard test.  

Results: A total of 435 samples satisfying the inclusion criteria were processed and analyzed. Considering Mycobacterial culture as a “gold 
standard” the sensitivity, specificity and accuracy of Xpert MTB/RIF in the diagnosis of pulmonary tuberculosis was noted as 96.4% (95% CI 87.4%-
99.5%), 93.3% (95%CI 93.8%-97.9%) and 96.3% (95% CI 94%-97.8%) respectively. Among 9 rifampicin resistance samples detected by Xpert 
MTB/RIF, only 7 (77.8%) were rifampicin resistant by DST; additional 2 samples were detected by Xpert MTB/RIF alone. 

Conclusion: The current study concluded that Xpert MTB/RIF is a first-line diagnostic tool in pulmonary tuberculosis which can be used in field 
settings as a point-of-care test and to be compared with clinical aspect of the patient as a part of National Tuberculosis Elimination Programme. 
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INTRODUCTION 

Tuberculosis (TB) is a slowly progressive communicable disease 
and a global epidemic. It is one of the major global health problem 
while India contributing to a major chunk of the disease burden. 
TB affects all age groups and both males and females are affected, 
but the highest burden observed in adult men who accounted for 
56% of all TB cases [1]. The most important aspect in control of TB 
remains early diagnosis and treatment, which has been made 
difficult with the emergence of multi-drug resistant tuberculosis 
(MDR-TB) and Extensively Drug-Resistant (XDR) strains of 
Mycobacterium tuberculosis (MTB). The advent of newer 
diagnostic tests including use of liquid culture media and nucleic 
acid amplification tests such as Xpert MTB/RIF and Line Probe 
Assay (LPA) has assisted in diagnosing the disease. By rapidly 
diagnosing TB, we can initiate treatment more quickly which 
ultimately helps in reducing the disease transmission rate and 
prevents complications [2]. A molecular method, Xpert MTB/RIF 
assay (Cepheid, USA), was endorsed in 2010 by World Health 
Organization (WHO) for rapid identification of MTB and antibiotic 
resistance in the clinical specimens [3]. Ministry of Health and 
Family Welfare has engaged with international partners to start 
Xpert MTB/RIF for the diagnosis of pulmonary TB as a part of 
National Tuberculosis Elimination Programme (NTEP) [4]. Xpert 
MTB/RIF (Cepheid, USA) can detect the presence of 
Mycobacterium tuberculosis (MTB) DNA and mutations associated 
with rifampicin (RIF) resistance directly from sputum samples in 
less than 2 h, and it minimizes staff manipulation and biosafety 
risk [5]. There are meager studies on the accuracy of Xpert 
MTB/RIF, especially from India, which prompted the present 
study at our tertiary care teaching hospital. 

MATERIALS AND METHODS 

This prospective study was carried out in the Mycobacteriology 
laboratory in the department of Microbiology (NTEP accredited), 
SVIMS, Tirupati, from September 2019 to September 2020. 

The following laboratory investigations were done on each 
sputum sample 

 Smear microscopy by Ziehl –Neelsen smear (ZN smear) technique 
to detect Acid Fast Bacilli (AFB) 

 Conventional solid culture using Lowenstein-Jensen medium (L-J 
medium) to detect Mycobacterium species in duplicate. 

 Xpert MTB/RIF to detect Mycobacterium tuberculosis (MTB) and 
Rifampicin Resistance (RR) 

 Differentiation of NTMs from MTB by Rapid test method using TB 
antigen MPT64 immunoprotein antigen. 

 Drug susceptibility testing by proportion method for all positive 
culture samples after excluding Nontuberculous Mycobacteria 
(NTM) in duplicate. 

A total of 435 sputum samples from patients suspected of having 
pulmonary tuberculosis was collected and processed by all the 
above-mentioned methods simultaneously.  

All the sputum samples were processed as per the diagnostic 
algorithm described in the fig. 1. 

Statistical analysis 

Data was recorded on a predesigned proforma and descriptive 
statistics were represented as mean±standard deviation, median 
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[interquartile range (IQR)]. Categorical variables were reported as 
percentages. Accuracy, sensitivity, specificity and negative and 
positive predictive values of Xpert MTB/RIF were calculated 
considering mycobacterial culture as gold standard. A two by two 

contingency table was constructed and the true positives (TP), true 
negatives (TN), false positives (FP) and false negatives (FN) were 
listed. Then, the sensitivity, specificity, positive and negative 
predictive values and accuracy were calculated [6]. 

 

 

Fig. 1: Algorithm showing study design, **(TB: Tuberculosis, MTB: Mycobacterium tuberculosis, AFB: Acid Fast Bacilli, ZN smear: Ziehl –
Neelsen smear, RIF: Rifampicin, INH: Isoniazid, SM: Streptomycin, EMB: Ethambutol, LJ MEDIUM: Lowenstein-Jensen medium) 

 

RESULTS 

A total of 435 samples satisfying the inclusion criteria were 
processed and analyzed. Among them 6 samples were NTM’s, which 
were detected by MPT64 rapid test method and sample size 
numbered to 429.  

All the samples (n=429) were tested for Mycobacterium tuberculosis 
by various methods like sputum smear examination by Ziehl-
Neelsen (ZN) technique, sputum culture by solid culture method on 
Lowenstein-Jensen medium and molecular diagnosis to detect 
Mycobacterium tuberculosis by Xpert MTB/RIF. All the positive 
sputum cultures were confirmed by ZN smear technique to confirm 
Acid Fast Bacilli (AFB) and were differentiated from Non 
Tuberculous Mycobacteria (NTM) by rapid test method that detect 
Mycobacterial protein tuberculosis 64 (MPT64) immunoprotein 
which is present only in the culture fluid of Mycobacterium 
tuberculosis (MTB). The remaining positive samples were evaluated 
for drug susceptibility method (DST) by Proportion method and the 
results were compiled and analyzed. 

Among 429, sixty-nine samples which came positive by sputum 
culture and/or smear and/or Xpert MTB/RIF were analyzed. All the 
positive samples were analyzed to know the sensitivity, specificity, 
PPV, NPV and accuracy of Xpert MTB/RIF in pulmonary tuberculosis 
considering mycobacterial culture as ‘gold standard’. 

Demographic characteristics 

The majority of the patients were in their fifth and sixth decades of 
life, followed by fourth decade. Their mean age of presentation was 
50.68±17 y. 

In the present study, males (n=286, 66%) outnumbered females 
(n=149, 39%) with a male to female ratio of 1.9:1. 

Clinical presentation among patients suspected of pulmonary 
tuberculosis (PTB) at the time of sample collection 

Majority of patients who are positive for PTB presented with 
productive cough since 30 days (n=310, 71.2%) followed by fever 
since 20 days (n=80, 18.3% breathlessness (n-=28, 6.4%), fatigue 
and exertional dyspnea (n=17, 3.9%). 

Diagnostic accuracy of Xpert MTB in pulmonary tuberculosis 

Among 75 positive sputum samples, 6 were NTM’s that were 
detected by Rapid Test Method using MPT64 antigen which is 
present in the culture fluid of MTB. A total of 69 MTB isolates were 
detected by various methods. 

Among 69 positive samples, 67 were tested positive for MTB by 
Xpert MTB/RIF and 2 were tested negative by Xpert MTB/RIF. These 
2 samples were tested positive for Mycobacterium tuberculosis with 
LJ culture alone. Fifty-five samples were tested positive for MTB by 
LJ culture method. In 22 samples, AFB were detected by ZN smear 
technique and among them 18 were positive by LJ culture also. 
Remaining 4 were tested negative by LJ culture method and were 
positive by Xpert MTB/RIF. 

In 67 Xpert MTB/RIF positive samples, fourteen were negative by LJ 
culture. All the positive culture samples (n=55) were subjected to 
drug susceptibility testing (DST) to Isoniazid (0.2µg/ml), Rifampicin 
(40µg/ml), Ethambutol (2µg/ml) and Streptomycin (4µg/ml) by 
proportion method as per RNTCP guidelines [7]. From DST results, 
Rifampicin resistance was detected in 7 samples, whereas RIF 
Resistance was identified in 9 samples by Xpert MTB/RIF. 

Based on the above results the sensitivity, specificity, PPV, NPV and 
accuracy of Xpert MTB/RIF was calculated using sputum for 
Mycobacterial culture as gold standard. 

 

Fig. 2: Recovery rate of mycobacteria by culture and Xpert MTB/RIF (n=435) 

Species identified Total no. of samples positive by LJ 
culture 

Total no samples positive by Xpert 
MTB/RIF 

No. of samples positive by LJ culture 
and Xpert MTB/RIF 

MTB 55 67 53 
NTM 6 - - 
Total 61 67 53 
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Diagnostic accuracy of Xpert MTB/RIF in pulmonary 
tuberculosis with sputum culture as the gold standard 

Out of 435 sputum samples processed in this study, 75 samples were 
tested positive by different methods. Out of 75 samples, 6 were 
NTM’s and, which were differentiated by rapid test method using 
MPT64 antigen. Remaining 69 samples were identified as MTB 
positive. As sputum for mycobacterial culture is the gold standard, 
sensitivity, specificity, PPV, NPV, accuracy of Xpert MTB/RIF were 
calculated as 96.4%, 96.3%, 79.1%, 99.45% and 96.3%, respectively 
using data depicted in fig. 3. 

Identification of rifampicin resistance by xpert MTB/RIF and 
phenotypic DST by proportion method 

A total of 53 positive sputum samples tested by proportion method 
and Xpert MTB/RIF to detect Rifampicin resistance. Among them, 7 
were tested resistance to rifampicin by DST using proportion 
method and 9 were identified with Rifampicin resistance by Xpert 
MTB/RIF. As phenotypic DST is the gold standard in identifying 
Rifampicin resistance, the sensitivity, specificity, PPV, NPV and 
accuracy of Xpert MTB/RIF is calculated as 100%, 95%, 77.7%, 
100% and 96.23% respectively. 

  

Fig. 3: Diagnostic accuracy of Xpert MTB/RIF in PTB with sputum culture as gold standard 

Xpert MTB/RIF Sputum culture  
Positive Negative Total 

Positive 53 14 67 
Negative 2 360 362 
Total 55 374 429 

 

Fig. 4: Rifampicin susceptibility testing by Xpert MTB/RIF and phenotypic DST by Proportion method 

Rifampicin Rifampicin susceptibility testing  
Rifampicin resistance by DST Rifampicin sensitive by DST Total 

Rifampicin resistance by Xpert MTB/RIF 7 2 9 
Rifampicin sensitive by Xpert MTB/RIF 0 44 44 
Total 7 46 53 

 

DISCUSSION 

In the current study, the incidence of culture-confirmed pulmonary 
tuberculosis was found to be 12.8% (55/429) whereas the 
conventional diagnostic tool, smear microscopy detected only 5.1% 
(n=22 out of 429) of cases among the study participants. Xpert 
MTB/RIF diagnosed more number of patients 15.6% (67/429) than 
smear microscopy and LJ culture in our study. 

Demographic characteristics 

Forty-five percent of study populations were under 50 y of age and 
among them, 48% have been diagnosed with pulmonary tuberculosis. 
While the remaining 55% of study population were above 50 y of age. 
In studies conducted in Mumbai by Vadwai V et al. [8] the mean age of 
presentation was 37 y. In another studies conducted in Delhi by 
Sharma S K et al. [9] the mean age of presentation was 37±18 y. This 
reinforces the fact that tuberculosis affects persons in their 
economically most productive years of life. Hence, is therefore not only 
a medical disease but also poses a major economic problem. 

In the present study, male to female ratio was: 1.9:1. Among the 
positivity rates males exceeds females by 2 times (males: n=55; 
79.7%, females: n= 14, 20.2%) male to female ratio was 2.04:1. A 
similar demographic trend was noted in a study conducted in by 
Sharma S K et al. [9] where the male to female ratio being 1.8:1. The 
increased incidence of PTB in males when compared with females 
can be attributed to the prevalence of risk factors for TB in males 
such as smoking and alcoholism and other substance abuse than 
females. There is a higher odds ratio of acute and chronic diseases 
like COPD (chronic obstructive pulmonary disease), silicosis in 
males than females.  

In our study, majority of the patients presented with chief complaint 
of productive cough since 30 days (71.2%) followed by low-grade 
fever since 20 days (18.3%). Similar results were noted in a study 
conducted by T K Barman et al. [10] from Bangladesh where 73.3% 
of patients presented with chronic cough for more than one month 
followed by low-grade fever.  

Sensitivity and specificity of Xpert MTB/RIF in pulmonary 
tuberculosis 

In our study, a total of 429 samples were processed by Xpert 
MTB/RIF, LJ culture method and ZN smear method. Among 429 

samples, 69 were tested positive for MTB by different methods. 
Among 69 positives, Xpert MTB/RIF detected 67 samples and two 
were negative by Xpert MTB/RIF which are tested positive by LJ 
culture alone. Fifty-five samples were positive by LJ culture method. 
Among 55 culture positives, 53 were shown positive by Xpert 
MTB/RIF. Twenty-two samples were positive by ZN smear method 
and among them only 18 were positive by LJ culture and all 22 were 
positive by Xpert MTB/RIF. Seven samples were shown to have 
resistance for Rifampicin by phenotypic DST by Proportion method, 
whereas 9 were positive for Rifampicin resistance gene by Xpert 
MTB. By considering mycobacterial culture as the ‘gold standard’ for 
PTB diagnosis, the sensitivity, specificity, PPV, NPV and accuracy of 
sputum smear was calculated as 33.7%, 98.9%, 81.8%, 90.9% and 
90.4% respectively. Similarly considering LJ culture as gold standard 
the sensitivity, specificity, PPV, NPV and accuracy of Xpert MTB/RIF 
in PTB was calculated as 96.4%, 96.3%, 79.1%, 99.45% and 96.3% 
respectively. The above results showed that Xpert MTB/RIF has 
higher sensitivity than AFB smear microscopy in sputum samples.  

A similar study conducted in New Delhi by Agrawal et al. [11] over 170 
pulmonary specimens including Broncho alveolar lavage samples, the 
overall sensitivity, specificity, PPV, NPV of Xpert MTB/RIF in sputum 
samples were 86.6%, 93.1%, 78.5% and 96% respectively considering 
Mycobacterial growth indicator tube BACTEC 320 (MGIT BACTEC 
320) liquid culture systems as gold standard. The sensitivity specificity 
of AFB microscopy in sputum samples were 22.2% and 78.5%, 
respectively regarding liquid culture as gold standard.  

Results obtained from a study conducted in New Delhi by Sharma S 
K et al. [9] showed sensitivity and specificity of 95.7% and 99.3%. In 
smear-negative culture-positive samples it had a sensitivity of 
77.7%(56/77) and for detecting smear-positive samples was 
99.2%(374/377) whereas in our study, the sensitivity of Xpert 
MTB/RIF in smear negative-culture positive samples was identified 
as 94.6% and smear positive-culture positive samples was noted as 
88.89% In the same study for the sputum samples, the Xpert 
MTB/RIF has a sensitivity and specificity in detecting the rifampicin 
resistance when taking the drug susceptibility testing (DST) on solid 
culture media by Proportion method as gold standard was 99% and 
99.3% respectively. In our study, the sensitivity and specificity of 
Xpert MTB/RIF in detecting rifampicin resistance when taken DST 
by Proportion method on solid media as gold standard was 
calculated as 100% and 95%. 
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A study conducted in South Korea by Lee H S et al. [12] the 
cumulative sensitivity and specificity were 74.1% and 97.5% for 
Xpert MTB/RIF, whereas only 38.8% and 97.7% for smear 
microscopy, respectively. Out of 82 positive NTM’s, 81(98.8%) were 
not detected by Xpert MTB/RIF in their study, where as in our study 
all 6 NTM’s (100%) were not detected by Xpert MTB/RIF. 

A much similar study conducted in Tanzania by Rachow et al. [13] 
where the Xpert MTB/RIF had an overall sensitivity of 88.4% among 
patients with positive culture and 99% specificity. Seven additional 
cases (9.1% of 77) were detected by Xpert MTB/RIF assay among 
the patient with suspected TB based on clinical findings and were 
culture negative. In our study, 14 additional cases (20.2%, 14/69) 
were detected positive by Xpert MTB/RIF and were culture negative 
having clinical symptoms related to PTB. Further in 4 samples which 
were tested negative by LJ culture, but were positive by ZN smear 
and Xpert MTB/RIF. This can be cleared by the fact that the patient 
may be already on treatment and hence, the dead bacilli may be 
present in the sputum sample due to which no growth was observed 
in culture but are stained with ZN smear and nonviable MTB was 
detected by Xpert MTB/RIF. 

CONCLUSION 

By the above-stated facts, this study concluded Xpert MTB/RIF is 
first-line diagnostic tool in PTB which can be used in field setting to 
perform at the point of care and to be compared with clinical aspect 
of the patient as a part of NTEP. Xpert MTB/RIF also requires 
minimal training and less technical expertise to perform the test. 
Further, Xpert MTB/RIF is less laborious and requires shorter 
turnaround time. Simultaneous detection of MTB and RIF resistance 
by Xpert MTB/RIF would considered as a salient diagnostic tool to 
roll-out in national TB elimination programme. 
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