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ABSTRACT
Tuberculosis remains one of the major killers. The prognosis is poor in patients who are diagnosed late or are suffering from any kind of drug 
resistance. Traditional methods of TB diagnosis such as microscopy and chest X- ray lack the desired sensitivity and thus may delay diagnosis of 
TB leading to increase in TB related deaths. These diagnostic modalities also cannot detect drug resistance which also leads to delay in initiating 
effective treatment. Culture and drug susceptibility testing is a sensitive method for diagnosing TB and detecting drug resistance but time remains a 
constraints. Gene Xpert provides a faster and sensitive method of diagnosing TB and detecting Multi drug resistance TB. It is of high utility in 
diagnosing extra-pulmonary TB and TB in HIV infected individuals. Gene Xpert has been found to be found cost effective. Many countries have 
already adapted this method as first line diagnostic method for TB. More countries need to expand its use for TB diagnosis and it can play a major 
role in achieving the goals of End TB strategy.
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Introduction
The WHO End TB strategy aims to end the global TB epidemic, with 
targets to reduce TB deaths by 95% and to cut new cases by 90% 
between 2015 and 2035, and to ensure that no family is burdened with 
catastrophic expenses due to TB. It sets interim milestones for 2020, 
2025, and 2030.(1)

There was an estimated 10.4 million new cases of TB in 2016. TB  was 
the ninth leading cause of death causing about 1.3 million deaths in 
2016 and worldwide was the leading cause of death due to a single 
infectious agent.(2) India contributes a quarter of new incidence of TB 
cases and about one-third of deaths due to TB.(3) The high burden in 
India is attributed to delay in diagnosis and treatment of the disease. 
Delay in diagnosis of TB increases the risk of poor treatment 
outcomes, including death, and enhances transmission of disease in the 
community.(4) In lower and lower middle income countries, the 
contribution of TB as a cause of death assumes much greater 
proportion compared to the middle and higher income countries.(2)  
The advent of directly observed treatment (DOTS) has seen much 
better treatment outcomes in diagnosed case (5–7) but case detection 
still remains a challenge.(8,9) Sputum microscopy and radiography 
have remained the backbone of diagnosis in most resource-constrained 
settings. The sensitivity and specificity of the two still fails to achieve 
desirable results or early case detection.(10) Any barrier to early case 
detection presents a challenge in improving treatment outcomes. More 
ever the rising cases of Multi drug resistance(MDR) TB. HIV-TB co-
infection and TB in paediatric patient present a new challenge in TB 
diagnosis and treatment. The sensitivity of sputum microscopy and 
radiography is poor in these cases. Six lakh MDR cases occurred 
globally. About a quarter of it were newly detected in India alone.(11) 
Many MDR cases are diagnosed at advanced stage and many are left 
undiagnosed.  Culture presents an alternate to sputum microscopy and 
is the gold standard for diagnosis, but the results come after a lag period 
of many days and therefore are not suited for early case detection.  
Under these circumstances Gene Xpert provides a ray of hope and 
shows the pathway to achieve the goals of SDG and End TB strategy.

What is Gene Xpert?
Gene Xpert is a Mycobacterium tuberculosis-specific automated, 
cartridge based nucleic acid amplification assay, which has the 
capability of automatic amplification and producing results within 2 
hrs. It purifies concentrates, amplifies and identifies targeted nucleic 
acid sequences in the TB genome. Gene-Xpert, the test device 
platform, was launched by Cepheid in 2004.  The Xpert MTB/RIF test 
is currently the only molecular test of its kind and uses a cartridge 
containing all elements necessary for the reaction, including 
lyophilized reagents, liquid buffers and wash solutions.Target 
detection and characterization is performed in real time using a six-
colour laser detection device.(12)
The Foundation for Innovative New Diagnostics (FIND) had 

partnered with Cepheid, Inc. (Sunnyvale, CA) to develop Xpert 
MTB/RIF. In December 2010, WHO recommended the use of the 
Xpert MTB/RIF assay. The WHO's policy statement was issued in 
early 2011.

The evidence:
In a multicountry study done by FIND, across 4 countries, Xpert 
MTB/RIF achieved a sensitivity of almost 98% in patients with smear-
positive tuberculosis and about 73% in smear negative TB. Specificity 
was almost 100%. Among patients with smear-negative, culture-
positive tuberculosis, the addition of a second MTB/ RIF test increased 
sensitivity by considerable amount. As compared with phenotypic 
drug-susceptibility testing, MTB/RIF testing correctly identified 
almost all samples with rifampicin-resistant bacteria.(13)

Comparative study done in India to compare Gene Xpert with sputum 
microscopy found significant better sensitivity and specificity of Gene 
Xpert compared to sputum microscopy. The Gene Xpert had a 
sensitivity of around 86% and specificity of 93% compared to only 
22.2% and 78.5% in sputum smear microscopy.(14)

The superiority of Gene Xpert compared to sputum microscopy has 
been demonstrated in a study conducted  in Thailand where  Gene 
Xpert  had a sensitivity of around 95% compared to only 60% of smear 
microscopy.(15)

In a study conducted in one of the large tertiary care centre in India, the 
sensitivity and specificity of Gene Xpert was around 95% and 99% in 
pulmonary TB samples. The distinctive advantage of this study was 
evident from the finding that it was able to detect almost 80% of cases 
which were smear negative but culture positive.(16)

Meta-analysis of 18 studies conducted mainly in lower and middle 
income countries, Gene Xpert achieved a pooled sensitivity of 88% 
and a pooled specificity of 98%.When the same test was used as an add 
on test following a negative sputum smear examination, it still had 
67% pooled sensitivity and a pooled specificity of 98%.(17)

Gene Xpert in HIV positive patients
PLHIV have a 16-27-fold increased risk of TB compared to HIV-
uninfected people.(18) The detection of mycobacterium tuberculosis 
in HIV patient through sputum microscopy has a very low sensitivity. 
As a result, HIV-related TB deaths are a significant public health problem 
in high HIV-prevalent settings. The sensitivity and specificity of Gene 
Xpert has been tested under circumstances where sputum microscopy has 
lacked the desired sensitivity of detecting Mycobacterium, like HIV .

In a study conducted by Lawn et al among adult HIV infected patients 
without diagnosis of TB, Gene Xpert showed an overall sensitivity of 
about 73% compared to sputum microscopy which had a sensitivity of 
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only 28%. Culture was the gold standard in this case. The process was 
also able to identify rifampicin resistance in all the MDR TB case.(19)

Study conducted in two tertiary care hospital of Peru and in resource 
constrained settings in Ethiopia  have demonstrated a distinct 
advantage of Gene Xpert technology in HIV positive individuals 
compared to sputum microscopy.(20,21) TB remains a major killer in 
HIV patient. Early  diagnosis and treatment of TB is essential in HIV 
infected individuals and using Gene Xpert as first line of investigation 
can be a game-changer.

The superiority of Gene Xpert over other nucleic acid based test and 
sputum microscopy has been demonstrated in a study conducted in 
South Africa. Xpert based nucleic acid test was the only one which 
showed a sensitivity of more than 85% while rest had sensitivities 
restricted to only around 75%.The same study also demonstrated that it 
was the best nucleic acid test for HIV infected patient when compared 
to other nucleic acid based test.(22)

Early detection has shown to be have an impact on early start of 
treatment of pulmonary TB especially in resource constraint setting.

In one of the large studies conducted in India, Gene Xpert was able to 
detect mycobacterium in significant proportion of pulmonary samples 
of HIV infected individuals which had not been detected  by 
sputum.(23)

Meta-analysis has shown a pooled sensitivity of around 80% in HIV 
infected individuals which is much higher compared to sputum 
microscopy and presents a distinctive advantage.(17) 

Gene Xpert in detecting MDR TB: Antibiotic resistance is one of the 
gravest dangers the world is facing today.TB is one of the notorious 
disease that  faces the threat of drug resistance. MDR TB is assuming a 
gigantic proportion. In the past there has always been a struggle to deal 
with quick and effective diagnosis which will aid in early start of 
treatment. Culture was the mainstay of MDR TB diagnosis but time 
remained a constraining factor. Gene Xpert  provides the window of 
opportunity providing the result of TB and rifampicin resistant within 
two hours. 

Cochrane review based on 11 studies have demonstrated high 
sensitivity and specificity of Gene Xpert in detecting rifampicin 
resistance(94% and 98% respectively)(24)

Similar findings were found in study conducted in India (16) which 
also showed the huge utility of Gene Xpert in detecting rifampicin 
resistance with a high sensitivity (94.5%) and specificity(97.5%).

The WHO expert committee report based on 17 studies has shown a 
pooled sensitivity of 95% and pooled specificity of 98% in detecting 
rifampicin resistance. Gene Xpert thus shows a viable and feasible 
alternative for quick detection of MDR TB(17) 

Recommendation on extra pulmonary tuberculosis: Extra-pulmonary 
TB has always posed a challenge in early diagnosis.(25) It often 
requires invasive and use of composite procedures and sometimes 
opinion of multiple consultant to come to a conclusion. The feasibility 
of these investigation and consultation is restricted to tertiary care 
centres. Moreover it is time consuming. Under the circumstances Gene 
Xpert provides a quick and reliable alternative. Gene Xpert has shown 
a good diagnostic accuracy with sensitivity of around 91% for pus and 
80% for lymph node aspirate. It was low in pleural and ascitic fluid 
compared to culture or composite diagnostic gold standard(26). A 
study done in India has also shown promising result with Gene Xpert 
sensitivity reaching as high as 81% compared to gold standard 
composite reference test.(27) 

In 2013 WHO expert group came up with recommendation on extra 
pulmonary tuberculosis based on the findings of 15 published articles 
and 7 unpublished articles. In lymph node aspirate, CSF, gastric fluid 
and pleural fluid the pooled sensitivity was 92.5%, 79.5%, 83.8% and 
43.7% respectively. Based on the findings, the expert group reached 
the consensus that CSF and lymph node aspirate could be subjected for 
initial diagnostic testing for TB meningitis and TB lymphadenitis.(17) 
Pleural fluid lacked the desired sensitivity and should not be 

considered as first line investigation for pleural TB.

Gene Xpert in Children: Laboratory investigation of TB is hampered 
by paucibacillary nature of disease and obtaining appropriate 
specimen.(28) Gene Xpert showed a pooled sensitivity of 66% in 
studies among children where expectorated sputum or induced sputum 
was used .Similar diagnostic sensitivity was observed in samples from 
gastric lavage or aspiration was used. Pooled specificity can be as high 
as 98%.(29) Many countries including India have already adapted 
Gene Xpert as a first line investigation for paediatric patient. 

Economic evaluation of Gene Xpert: WHO did cost effectiveness 
review of Gene Xpert under various settings. 15 studies were selected 
for the review and 12 of those studies found Gene Xpert to be cost 
effective. Studies done in South Africa, Uganda and India found that 
Xpert MTB/Rif was a cost effective diagnostic strategy compared to 
sputum smear microscopy and clinical diagnosis combined.(30)

Two studies performed in Indian health settings also found that Xpert 
MTB identified fewer false positive and account of it prevented 
unnecessary expenditure on wrongly diagnosed TB cases. It was also 
found in one of the studies in India that various implementation 
strategies does have an effect on cost effectiveness and countries need 
to devise strategies for using it the most effective way.(30) Five of the 
fifteen studies done in high income settings also found Gene Xpert to 
be cost effective

WHO consolidated recommendation for Gene Xpert(30)
Ÿ Xpert MTB/RIF should be used rather than conventional 

microscopy, culture and DST as the initial diagnostic test in adults 
suspected of having MDR-TB or HIV-associated TB (strong 
recommendation, high-quality evidence). 

Ÿ Xpert MTB/RIF should be used rather than conventional 
microscopy, culture and DST as the initial diagnostic test in 
children suspected of having MDR-TB or HIV-associated TB 
(strong recommendation, very low-quality evidence).

Ÿ Xpert MTB/RIF may be used rather than conventional microscopy 
and culture as the initial diagnostic test in all adults suspected of 
having TB (conditional recommendation acknowledging resource 
implications, high-quality evidence).

Ÿ Xpert MTB/RIF may be used rather than conventional microscopy 
and culture as the initial diagnostic test in all children suspected of 
having TB (conditional recommendation acknowledging resource 
implications, very low-quality evidence). 

For Extra-pulmonary TB (17)
Ÿ Xpert MTB/RIF should be used in preference to conventional 

microscopy and culture as the initial diagnostic test for CSF 
specimens from patients suspected of having TB meningitis 
(strong recommendation given the urgency for rapid diagnosis, 
very low-quality evidence).

Ÿ Xpert MTB/RIF may be used as a replacement test for usual 
practice (including conventional microscopy, culture or 
histopathology) for testing specific nonrespiratory specimens 
(lymph nodes and other tissues) from patients suspected of having 
extra pulmonary TB (conditional recommendation, very low-
quality evidence).

Indian perspective:
Keeping in line with the available evidence and cost effectiveness, 
India has strategically employed Gene Xpert as an initial testing in 
following case:

1. All people living with HIV cases.(PLHIV) 
2. All paediatric TB cases. 
3. All MDR contacts. 
4. All private cases. 
5. Extra Pulmonary TB cases with appropriate specimen
6. All CAT-2 negative cases

RNTCP programme has called for revision for diagnostic algorithm. 
The new algorithm for adult and paediatric patient has made way for 
much larger scope for use of Gene Xpert 
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Revised Algorithm for TB diagnosis in a suspected adult TB: 
(RNTCP  Technical and operational guidelines, 2016, MOHFW,GOI)

Revised diagnostic algorithm paediatric TB suspect: (RNTCP 
Technical and operational guidelines, 2016, MOHFW,GOI)

Extra-pulmonary TB:(31)
Lymph node- TB-Xpert MTB/RIF should be used as an additional test 
to conventional smear microscopy, culture and cytology in fine-needle 
aspiration cytology (FNAC) specimens.

TB meningitis- Xpert MTB/RIF may be used as an adjunctive test for 
tuberculosis meningitis (TBM). A negative Xpert MTB/RIF result on a 
cerebrospinal fluid (CSF) specimen does not rule out TBM.

Pleural TB- Xpert MTB/RIF should not be routinely used to diagnose 
pleural TB.

Conclusion:
The Gene Xpert technology has truly revolutionised the ease with 
which TB is diagnosed. Not only it is time saving with results 
appearing within 2 hrs, but also much more sensitive than sputum 
microscopy.Moreover it has the added advantage of giving the result of 
rifampicin resistance. Culture remains the gold standard but has the 
disadvantage of having a great time lag between sample collection and 
result. Under the circumstances, Gene Xpert as a diagnostic can have a 
far reaching effect on dealing with the menace of Drug resistance 
tuberculosis. Gene Xpert also has an improvised role in diagnosing TB 
from specimen collected from extra pulmonary site and in paediatric 
TB. Gene Xpert has a definite role in achieving the National strategic 
plan vision of TB free India and elimination of TB in India by 2025.
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