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Abstract 

Background: Improved diagnosis of tuberculosis is a global priority for tuberculosis control which requires early case-
detection. MDR-TB poses formidable challenges due to the complex requirements for diagnosis and treatment and so 
enhancement in the capacity to diagnose MDR TB is required. The objective of the study is to assess the performance of 
GeneXpert MTB/RIF as an initial diagnostic tool for diagnosis of Mycobacterium tuberculosis and MDR TB in kota 
region. Methods: Total 330 patients of all age groups having either pulmonary or extrapulmonary tuberculosis were 
included in the study with study period from February 2016 to July 2016 and samples collected were subjected to Gene 
Xpert. Results: Mycobacterium tuberculosis was reported in 102 (30.90%) cases by Gene Xpert and Rifampicin 
Resistance was detected in 23 (22.54%) out of these 102 cases. Conclusion: The implementation of the Xpert MTB/RIF 
assay could dramatically improve the rapid diagnosis of tuberculosis, especially in cases with suspicion of MDR and 
smear negative TB.    
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Introduction 

Tuberculosis is an infectious disease caused by 
Mycobacterium tuberculosis. As per WHO Global TB 
Report (2015) out of the estimated global annual 
incidence of 9.6 million TB cases, 2.2 million were 
estimated to have occurred in India. i. e. approximately 
Twenty three percent of global annual TB incidents 
occur in India making it highest Tuberculosis burden 
country [1]. 
 
In the global tuberculosis report (2014), WHO reported 
that there were 9 million new cases of TB and 1.5 
million deaths in 2013. This included upto 15% burden 
of paediatric cases and 1.1 million cases among people 
who were HIV positive. At the same time, global 
burden of multidrug-resistant TB (MDR-TB) was 
estimated to be 480,000 cases leading to estimated 
210,000 deaths [2]. One-fourth of TB cases notified are  
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Extrapulmonary and incidence is even higher in 
children and immunocompromised people [3]. 
Recurrence of active TB after treatment occurs either 
due to relapse of infection with the same strain or re- 
infection with a new strain of Mycobacterium 
tuberculosis (MTB). The proportion of recurrent 
tuberculosis cases caused by re-infection has varied 
widely. Yet, retreatment outcomes are often poor, 
especially in patients with treatment failure or default 
[4]. 
 
Improved diagnosis of tuberculosis is a global priority 
for tuberculosis control which requires early case-
detection particularly in cases of smear-negative disease 
which are often associated with the HIV co-infection 
and young age. HIV-associated TB is often 
misdiagnosed due to the limitations of conventional 
diagnostic techniques. MDR-TB poses formidable 
challenges due to the complex requirements for 
diagnosis and treatment and so enhancement in the 
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capacity to diagnose MDR TB is required. Alarming 
increase in MDR-TB incidence, the global emergence 
of extensively drug-resistant TB (XDR-TB), 
documented institutional transmission, and rapid 
mortality in patients with MDR-TB or XDR-TB who 
are co-infected with HIV have highlighted the urgent 
need for rapid diagnostic methods.  
 
Prompt and accurate TB diagnosis are prerequisite for 
early and effective treatment thereby reducing 
tuberculosis burden and disease transmission but no 
single diagnostic test currently satisfies all the demands 
of “rapid”, “affordable”, and “easy”. Conventional 
diagnostic methods for MTB are slow and lack 
sensitivity [5].  Sputum smear microscopy is inefficient 
due to its variable sensitivity particularly in patients 
with Sputum Smear-Negative TB, Extrapulmonary TB, 
HIV infected cases and Drug Resistant TB [6,7,8]. 
Lowenstein-Jensen (LJ) method, “the gold standard 
test”, takes several weeks to produce result causing 
delayed onset of treatment [8]. Scaling up conventional 
culture and DST services is still slow and expensive, 
compounded by huge demands on laboratory 
infrastructure and human resources and also there are 
biosafety concerns. The World Health Organization 
(WHO) has endorsed the use of commercially available 
liquid culture systems and molecular line probe assays 
(LPAs) to rapidly detect MDR-TB; however, due to the 
tests’ complexity and cost, as well as the need for 
sophisticated laboratory infrastructure and trained 
personnel, uptake has been limited in many resource-
constrained settings. [6]. Since the development in the 
early 1980s of the polymerase chain reaction (PCR), 
molecular diagnostics have had a major impact on 
clinical medicine. However, despite several theoretical 
advantages, the use of molecular tests for TB has been 
limited, largely due to the complexities of DNA 
extraction, amplification and detection, and the 
biosafety concerns related to manipulating 
Mycobacterium tuberculosis. Therefore GeneXpert 
system was launched in 2004 as it simplifies molecular 
testing by fully integrating and automating the three 
processes required for real-time PCR-based molecular 
testing (ie. specimen preparation, amplification and 
detection). 
 
 Gene Xpert MTB/ RIF assay is an automated closed-
cartridge system, easy to operate and user friendly with 
consistently better sensitivity than sputum microscopy. 
It is based on a hemi nested real time PCR assay 
utilizing five molecular beacon technology each 

labelled with a differentially coloured fluorophore  
spanning the rpoB gene 81-bp rifampicin resistance 
determining region (RRDR) of M. Tuberculosis. The 
test concurrently determines MTB and rifampicin 
susceptibility, which can be used as a surrogate marker 
for multidrug resistance (MDR–TB) [9]. Thus it can 
detect TB along with rifampicin resistance in less than 
two hours, directly from untreated sputum samples 
[3,10].  
 
Therefore in December 2010, WHO recommended use 
of a new Cartridge Based Nucleic Acid Amplification 
test (CB-NAAT), named Gene Xpert system for 
diagnosis of TB. The October 2013 WHO guidelines 
include a conditional recommendation for Xpert 
MTB/RIF as the initial diagnostic test in all adults with 
suspected tuberculosis and MDR depending upon the 
available resources. The impact of Xpert MTB/RIF will, 
however, depend on the system in which it is used and 
countries will need evidence about patient, programme, 
and cost effectiveness outcomes to inform policy 
recommendations for programmatic implementation of 
the test in their settings [3]. 
 
Revised National TB Control Programme (RNTCP) is 
also currently using Xpert MTB/RIF to diagnose 
pulmonary TB, paediatric TB, extrapulmonary TB and 
rifampicin resistance and Multi Drug Resistance 
Tuberculosis in high risk populations like HIV positive 
as recommended by WHO under 2013 policy 
recommendations [2,3,10]. 
 
Aims Of The Study- The aim of the present study is to 
assess the performance of GeneXpert MTB/RIF as an 
initial diagnostic tool for diagnosis of TB in 
presumptive TB and MDR cases, and for the detection 
of Rifampicin Resistance in a tertiary level patient care 
setting.  

Material and Methods 

The present study was carried out at District 
Tuberculosis Centre associated with Government 
Medical College Kota. The study period was February 
2016 to July 2016. The ethical clearance was taken 
from ethical committee of Govt Medical College Kota 
for study purpose. 
 
Total 330 patients of all age groups having either 
pulmonary or extrapulmonary tuberculosis were 
included in the study if they fulfilled the inclusion 
criteria. 
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Inclusion Criteria 

1. Presumptive TB case 
   *All smear negative cases  
   *All Paediatric cases 
   *All HIV positive cases  
   *All ExtraPulmonary cases 
 
2. Presumptive MDR TB case according to the 

following criteria 
   *Smear positive and Smear negative retreatment case. 
   *MDR contact, Pulmonary TB. 
   *TB-HIV Co-infected Cases. 
 
Exclusion Criteria 
Sputum sample which are either blood stained or 
contain food particles. 

Procedure 

All the samples were collected in well labelled falcon 
tubes. In pulmonary cases two sputum samples were 
collected: one early morning and other supervised spot 
specimen. Smears of both the sputum samples were 
made, stained by Zeihl Neelsen procedure, examined 
under light microscope and results were noted. 

Thereafter only one sample was further processed: if the 
samples were positive for AFB, more positive sample 
otherwise good quality or early morning sample was 
used for Gene Xpert. In paediatric cases gastric lavage 
was collected in place of sputum. Where invasive 
techniques were required for sample collection only one 
sample was collected. In extrapulmonary cases the 
samples collected were CSF, lymph node fluid, pleural 
fluid and ascitic fluid. 
 
The Xpert assay was performed according to the 
manufacturer’s instructions [CEPHEID, Sunnyvale, 
CA, USA]. 

Our machine contains 4 cartriges so 4 samples were 
processed for each run (figure1). According to standard 
operating procedure the sampling reagent (containing 
NAOH and isopropanol) was added at 2:1 ratio to the 
sample and kept for 15 minutes at room temperature 
with intermittent shaking. 3ml of this treated sample 
was transferred to the cartridge and the cartridge was 
inserted in the module of CBNAAT machine. An 
automatic process completed the remaining assay steps 
and the results were displayed on the monitor attached 
to Gene Xpert after 1hr and 50 minutes. 

Results 

Total 330 cases were included in the present study. Of these 86 cases were in the Paediatric age group (0-10 years) and 
the youngest patient was 3 months old. 244 cases were above 10 years of age and the oldest patient was 80 years old. 
There was no significant sex difference. Out of the total 330 cases 125 were presumptive TB cases and 205 were 
presumptive MDR cases. Of all the total 86 paediatric cases there were 63 presumptive pulmonary cases, 22 presumptive 
extrapulmonary cases and 1 MDR contact case. 45 gastric lavage samples and 18 smear negative sputum samples were 
included for pulmonary cases and MTB was detected in 6 gastric lavage and 1 smear negative sputum samples. 14 CSF 
samples, 6 pleural fluid samples and 2 were ascitic fluid samples were included for extrapulmonary cases and MTB was 
detected in 1 CSF sample. No MTB was detected in MDR contact sputum sample. So total 8 paediatric cases were MTB 
positive and no case was reported to be MDR. (Table 2).        
 
Of all the total 125 presumptive TB cases there were 84 pulmonary cases and 41 extrapulmonary cases. 50 gastric lavage 
samples and 34 sputum samples were included for pulmonary cases and MTB was detected in 3 smear negative sputum 
samples and 8 gastric lavage samples. No MTB was detected in PLHIV sample. So out of total 84 pulmonary cases 11 
cases (13.09%) were detected MTB positive and out of these 11 cases Rifampicin Resistance was reported in 2 (18.18%) 
cases. 17 CSF samples, 15 pleural fluid samples, 6 lymph node aspirates and 3 were ascitic fluid samples were included 
for Extrapulmonary cases and MTB was detected in 6 lymph node aspirates, 2 pleural fluid samples and 1 CSF sample. 
So out of total 41 Extrapulmonary samples MTB was detected in 9 samples and out of these 9 samples Rifampicin 
Resistance was reported in 3 (33.33%) samples. So overall in total 125 presumptive TB cases MTB was detected in 20 
(16%) cases and out of these 5 (25%) cases were detected MDR. (Table 3). 
 
 Of all the total 205 Presumptive MDR cases 140 were smear negative retreatment cases of which 35 were detected MTB 
positive, 50 were smear positive retreatment cases of which 43 were detected MTB positive, 10 were TB-HIV co infected 
cases of which 3 were detected MTB positive and 5 were MDR Contact cases of which 2 were detected MTB positive. 
So total 82 (40%) cases were reported MTB positive out of which 18 (45%) cases were reported MDR. (table4).   
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Table-1:  Distribution of patients.        

Age group (years) No. of patients 
0-10 86 

>10 244 

 
Table-2: Paediatric cases (0-10 years) 

Type of samples Total samples M.TB detected Rifampicin 
Resistant 
(MDR) 

 
PULMONARY 

Gastric lavage 45 06 00 

Smear negative sputum 18 01 00 

 
EXTRAPULM-

ONARY 

CSF 14 01 00 

Ascitic fluid 02 00 00 

Pleural fluid 06 00 00 

MDR CONTACT 01 00 00 

TOTAL SAMPLES 86 08 (9.3%) 00 

 
Table-3: Presumptive TB Cases. 

 
 
 
 

PULMONARY 
(Total cases = 84) 

 

Type Of Sample Total samples M.TB Detected Rifampicin 
Resistant 
(MDR) 

Smear negative 
sputum 

33 03 02 

Gastric lavage 50 08 00 

PLHIV sputum 01 00 00 

 
 

EXTRAPULMONARY 
(Total cases = 41) 

CSF 17 01 01 

Lymph node aspirate 06 06 00 

Pleural fluid 15 02 02 

Ascitic fluid 03 00 00 

TOTAL CASES 125 20 (16%) 05 (25%) 

 
Table-4: Presumptive MDR Cases. 

TYPE OF CASES Total Cases MTB Positive 
Cases 

Rifampicin 
Resistant cases 

( MDR) 
RETREATMENT 

CASES 
Smear Positive 50 42 09 

Smear Negative 140 35 07 

MDR CONTACT CASES 05 02 01 

TB-HIV CO-INFECTED CASES 10 03 01 

TOTAL CASES 205 82 (40%) 18 (45%) 

Discussion 

Early and improved diagnosis of Mycobacterium 
tuberculosis and MDR in presumptive cases is essential 
for National Control Program, nevertheless till recently 
it was often confronted by the limitation of availability 
of single diagnostic test which satisfies all demands of  

 
 
being rapid, affordable and easy. In December 2010, 
WHO endorsed the use of Gene Xpert system to full fill 
all these requirements. In the present study Xpert 
MTB/RIF has been utilized as the initial diagnostic 
method to diagnose paediatric TB, pulmonary TB, 
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extrapulmonary TB and Rifampicin Resistant 
Tuberculosis in high risk populations as recommended 
by WHO under 2013 policy recommendations [11]. 
 
In the present study 86 patients were from the paediatric 
age group (0-10yrs) from which samples obtained were 
gastric lavage (45), smear negative sputum samples 
(18), CSF (14), pleural fluid (6) and ascitic fluid (2). 
Application of Xpert assay detected MTB in 9.3% of 
these cases which is approximately 8% increase over 
the smear microscopy. Our study correlated with the 
study done by Do Chau Giang et al in 2013 in which 
Xpert detected MTB in 20.6% in clinically diagnosed 
children which was 11% increase over smear. TB in 
children account for 15% of total TB burden. About 
74,000 children die of TB every year and there are 
around half a million new cases annually [12]. Like in 
adults, the majority (70–80 %) of child TB cases 
present with pulmonary tuberculosis (PTB). 
Tuberculosis in children has been relatively neglected, 
mainly due to challenges in the availability of effective 
diagnostic tools [13]. Diagnosis of childhood TB is 
difficult and microbiological confirmation by smear is 
rare. Children typically are unable to expectorate 
sputum or produce small quantities. So gastric lavage is 
the preferred sample for the diagnosis of pulmonary TB 
in children. Few bacilli are present in the respiratory 
secretions and smear has a limit of detection of 
approximately 5,000-10,000 acid fast bacilli (AFB)/ml 
[14].  Extrapulmonary TB is also high in children which 
is much more difficult to diagnose by microscopy. So in 
October 2013 WHO recommended that Xpert assay 
should be used as initial diagnostic for the diagnosis of 
paediatric TB [11]. 
 
In the present study there were 125 presumptive 
(clinically suspected) TB cases among which MTB was 
detected in 20 (16%) cases and rifampicin resistance 
was detected in 5 (25%) out of these 20 cases by Xpert 
Assay. Out of these 125 cases 84 were pulmonary and 
41 extrapulmonary cases in which MTB was detected in 
11 pulmonary and 9 extrapulmonary cases respectively 
and Rifampicin Resistance was reported in 2 pulmonary 
and 3 extrapulmonary cases respectively. Among the 84 
presumptive pulmonary cases 33 cases were sputum 
smear negative among which 3 cases were reported 
MTB positive by Gene Xpert and rifampicin resistance 
was detected in 2 (66.66%) out of these 3 cases. Thus 
applications of Xpert Assay have resulted in 
approximately 10% additional MTB detection over 
smear. Sputum microscopy has low sensitivity 

especially in HIV patients, MDR cases and 
extrapulmonary cases. Smear examination may miss 
about 25% of MTB positive cases. The impact of 
delayed TB detection is threefold: firstly, morbidity to 
the individual is increased and in many cases will 
persist beyond the disease episode in severe permanent 
lung damage; secondly, undetected smear-negative TB 
will become progressively more infectious and transmit 
within the community; and finally the economic impact 
on the household is magnified by repeated visits to 
healthcare facilities, differential diagnostic testing and 
treatments, and loss of earnings due to healthcare 
seeking and morbidity.  
 
An in vitro study demonstrated a limit of detection as 
low as 131 CFU/ml of MTB for Xpert Assay [15]. 
Xpert will divert treatment away from “false cases” to 
“true” smear-negative TB cases, thereby increasing the 
accuracy of treatment and cost-effectiveness, while 
reducing the burdens of toxicity and cost of treatment in 
patients who do not in fact have TB [16, 17]. Xpert 
have 72.5% sensitivity for smear negative and culture 
positive TB in comparison to 99.2% for smear and 
culture positive TB according to a clinical study. 
 
Among 41 extrapulmonary samples MTB was detected 
in 9 (21.95%) samples and MDR was reported in 3 
(33.33%) out of these 9 cases. Maximum number of 
MTB was detected in lymph node aspirate samples. 
Diagnosis of extrapulmonary TB remains especially 
challenging since the number of Mycobacterium 
tuberculosis bacilli present in tissues at sites of disease 
is often low and clinical specimens from deep-seated 
organs may be difficult to obtain. Histology is time-
consuming to undertake. Tissue microscopy after 
special staining is often negative and when 
mycobacteria are seen, it is impossible to distinguish 
MTB from nontuberculous mycobacterial disease. 
Therefore WHO has recommended that Xpert may be 
used as a replacement test for usual practice (including 
microscopy, culture and histopathology) for diagnosis 
of extrapulmonary specimens. In study done by Stephen 
D Lawn et al in 2012 (Diagnosis of extrapulmonary 
tuberculosis using the Xpert MTB/RIF assay) the 
sensitivity and specificity of Gene Xpert was 79% and 
97.3% respectively as compared to culture [18]. 
 
In the present study there were 10 TB-HIV co infected 
cases and 1 PLHIV case. MTB was detected in 3 (30%) 
TB-HIV co infected patients and MDR was reported in 
1 (33.33%) out of these 3 cases. Tuberculosis (TB) is a 
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leading cause of morbidity and mortality among 
patients infected with HIV worldwide. In sub-Saharan 
Africa, the TB and HIV epidemics are closely related, 
with more than 70% of all TB cases in South Africa co-
infected with HIV [19,20]. Diagnosing TB in patients 
infected with HIV is challenging because of not only 
the atypical clinical presentation of TB disease, and the 
paucibacillary nature of pulmonary TB disease in 
patients with HIV. The most widely used TB diagnostic 
test worldwide is sputum smear microscopy, which fails 
to detect TB in over 60% of cases, particularly in high-
HIV prevalence settings [21–24]. Smear-negative TB in 
persons infected with HIV is associated with poorer 
outcomes, in part because of delays in TB diagnosis and 
treatment initiation [25, 26] which results in disease 
progression and often death among patients co-infected 
with HIV [27, 28]. Prompt diagnosis and treatment of 
TB among HIV-negative people is also crucial to 
reduce TB transmission to people living with HIV. Thus 
all people living with HIV should be regularly screened 
for TB. In high-HIV prevalence settings, where WHO 
approved molecular tests (e.g. Xpert MTB/RIF) are 
available, they should be the primary diagnostic test for 
TB in people living with HIV. 
 
In the present study out of the total 102 MTB positive 
cases 23 (22.54%) cases were reported to be Rifampicin 
Resistant. Therefore there is increased early detection of 
MDR TB. It is high in high risk groups (presumptive 
MDR cases) among which 18 (45%) out of 82 MTB 
positive cases were reported to be MDR. Prior to 
application of this assay, patients at high risk for MDR 
TB would have to be referred to a tertiary setting and 
wait for 6 to 8 weeks for results of phenotypic drug 
susceptibility testing resulting in high loss to follow-up 
and delays in treatment initiation. The line probe assays 
for MDR diagnosis have also largely been limited to 
tertiary centres. However, early identification of 
possible MDR cases is key to reduce community 
transmission and reducing the incidence of MDR TB. 
Traditional phenotypic DST is considered the gold 
standard for TB drug resistance testing; however studies 
are now showing cases of TB isolates that have rpoB 
mutation that are not detected by phenotypic assays 
[29,30,31,32]of such cases. Thus WHO recommends 
that Xpert MTB/RIF should be used as the initial 
diagnostic test in individuals (both adults and children) 
suspected of having TB who are considered to be at risk 
of harbouring drug-resistant TB bacilli and also 
includes both adults and children who have been treated 
with anti-TB drugs and in whom TB has again been 

diagnosed, that is, all retreatment categories (failure, 
defaulter and return after relapse). 
 
So major advantage of Gene Xpert is that MTB is 
detected rapidly and minimal technical training is 
required to perform the test, also it simultaneously 
detects Rifampicin Resistance so correct treatment can 
be started at an early stage of the disease and also 
detects true TB Negative patients thus contributes to 
cost saving by avoiding unnecessary treatment. 
However the assay have several disadvantages also 
which are as follows: 

1. Hetero-resistance defined as the presence of both 
sensitive and resistant MTB populations is often 
suggested to be responsible for discordant DST results. 
Discordance between Xpert and phenotypic testing 
require confirmation by another molecular assay. 
Additionally, larger studies are essential to ascertain the 
clinical significance of such cases. Also it can miss the 
resistance detection outside RRDR foci. 

2. Xpert cannot be used for assessing the emergence of 
Rifampicin Resistance during treatment. Also it is not 
suitable to detect INH monoresistance. 

3. Inability to differentiate XDR-TB from MDR-TB as 
it can detect only Rifampicin Resistance. It can detect 
rifampicin resistance only if rpoB allele is present in at 
least 65% of DNA present in sample.  

4. It is not suitable for monitoring patients’ response to 
treatment and so conventional microscopy and culture 
are required for monitoring MDR-TB patients during 
treatment. 

5. Xpert Assay also have several technical problems, 
including requirement for stable electricity supply, 
limited temperature range, availability of maintenance, 
and bulky consumables. 

Conclusion 

The results of this study indicate that the 
implementation of the Xpert MTB/RIF assay could 
dramatically improve the rapid diagnosis of 
tuberculosis, especially in cases with suspicion of MDR 
and smear negative TB. However further research is 
needed to evaluate the cost effectiveness, patient 
acceptability and impact on overall out-of-pocket 
expenditure of Xpert testing provided at a direct cost to 
the patient and to determine the optimal sustainable use 
of this technology while maximizing equality of access. 
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