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ABSTRACT
Background: The Xpert Mycobacterium tuberculosis (MTB)/
rifampicin (RIF) assay (GeneXpert) is a rapid semi-quantitative 
nucleic acid amplification test with established role in the diag-
nosis of pulmonary tuberculosis (PTB) and multidrug-resistant 
(MDR) PTB. We determined the performance of the GeneXpert 
assay for the diagnosis of extrapulmonary tuberculosis (EPTB) 
MDR cases.

Aims and objectives: To study the role of GeneXpert in the 
diagnosis of EPTB MDR.

Materials and methods: A retrospective study was conducted 
over a period of 2 years at a tertiary care hospital after Ethics 
Committee permission. Data of 44 consecutive patients of diag-
nosed EPTB MDR were retrieved for GeneXpert and culture 
drug susceptibility test (DST). Sensitivity of GeneXpert in the 
diagnosis of EPTB MDR was calculated comparing culture 
DST results.

Results: Various EPTB MDR cases studied were lymph node 
TB (n = 23) 51%, pleural effusion (n = 14) 32%, central nervous 
system TB/spinal TB/psoas abscess/gluteal abscess (n = 7) 
17%. Sensitivity for GeneXpert was found to be 91.30, 57, 
100% respectively. True positive and false negative were 36 
and 8 cases respectively. The overall sensitivity of GeneXpert 
in diagnosing EPTB MDR was 81.80%. The sensitivity among 
lymph node, pleural effusions, and spinal/psoas abscess/gluteal 
abscess was 91.30, 57.14, and 100% respectively.

Conclusion: GeneXpert sensitivity for the diagnosis of EPTB 
MDR varied with site of extrapulmonary involvement, with lower 
sensitivity in pleural fluid as compared with higher sensitivity 
among lymph node and spine TB. Nevertheless, given the 
rapid turnaround time and simplicity, it is a useful tool in the 
diagnosis of EPTB MDR when used in correct clinical context. 
Subsequent confirmation with culture DST, however, is recom-
mended to diagnose false negatives.
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INTRODUCTION

The emergence of drug resistance is a serious problem 
that poses a challenge to clinicians and hinders effective 
tuberculosis (TB) control across the world.1 Multidrug-
resistant (MDR) TB has microbial, clinical, and pro-
grammatic causes. However, it should be stressed that 
MDR TB is essentially a man-made phenomenon. Lack 
of awareness among treating physicians, improper 
treatment regimes, poor adherence, and drug toxicities 
are the prime culprits contributing to its occurrence. 
Treatment of MDR TB is complex due to the prolonged 
regimens, expensive drugs, and high incidence of drug 
toxicities. According to the World Health Organization 
(WHO)2 MDR TB update 2015, about 5% (in comparison 
to 3.7% in 2013) of newly diagnosed TB patients in the 
world have MDR TB. Lack of reliable rapid diagnostic 
techniques for MDR TB hampers timely diagnosis 
and leads to continued disease transmission, causing 
significant morbidity and mortality. Thus, making a 
rapid diagnosis of MDR TB is of utmost importance. 
Extrapulmonary tuberculosis MDR forms a significant 
proportion of the total MDR TB cases and is a major 
health problem in both developing and developed 
countries. Diagnosing drug resistance in EPTB is chal-
lenging due to its varied clinical presentations and 
paucibacillary nature of the disease.3 A commercially 
available cartridge-based nucleic acid amplification test, 
Xpert MTB/rifampicin (RIF) (Cepheid, USA), has been 
developed recently but awareness for this test among 
physicians is limited. GeneXpert detects the presence of 
TB bacilli and tests for resistance to RIF also. GeneXpert 
is likely to revolutionize the diagnosis and treatment of 
drug-resistant (DR) TB, as it is a very cost-effective and 
rapid test.4 Despite the recommendation by WHO since 
2010 for incorporating GeneXpert as a part of diagnostic 
algorithm, it is till date used infrequently due to lack 
of awareness among physicians. There is paucity of 
data guiding the use of GeneXpert among EPTB MDR 
patients. Hence, we performed a retrospective analysis 
to calculate the sensitivity of GeneXpert for diagnos-
ing EPTB MDR. Our study aimed to define the role of 
GeneXpert in clinical decision-making in these cases.
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  MATERIALS AND METHODS 

 We conducted this retrospective observational study 
over a period of 2 years from October 2013 to October 
2015 at a tertiary care center. The study was approved 
by Ethics Committee. Data of 44 consecutive patients 
of diagnosed EPTB MDR were retrieved. All patients 
were diagnosed cases of MDR based on GeneXpert or 
Mycobacterial Growth Indicator Tube (MGIT) culture 
DST detecting RIF resistance with clinico-radiological 
correlation. GeneXpert is a semi-quantitative cartridge-
based nucleic acid amplifi cation test. It is the method of 
choice for DST under the Revised National Tuberculosis 
Control Program (RNTCP).  5   The MGIT culture DST was 
the method used for DST to confi rm the results obtained 
by GeneXpert assay. Reports were retrieved from P. D. 
Hinduja Hospital, Mumbai, India. This laboratory is 
accredited by RNTCP for MGIT culture and fi rst line DST. 
The MGIT liquid culture method is a state-of-the-art,  in 
vitro  diagnostic instrument designed and optimized for 
rapid detection of mycobacteria from clinical specimens. 
The MGIT culture DST constituted the gold standard for 
the diagnosis of MDR TB and for calculating the sensitivity 
and positive predictive value (PPV) of GeneXpert.  5   These 
extrapulmonary cases included lymph node (cervical, 
axillary, abdominal, inguinal), pleural effusions, spinal 
TB, psoas abscess, and gluteal abscess. The demographic 
data, history, clinical examination fi ndings, and investiga-
tions were noted. Corresponding GeneXpert and MGIT 
culture DST reports were compared and the sensitivity 
and PPV of GeneXpert were calculated.  

  RESULTS 

 Of the 44 patients included, lymph node, pleural effu-
sions, and spinal/psoas abscess/gluteal abscess site of 
involvement was seen in 23, 14, and 7 respectively. The 
GeneXpert showed concordant results/confi rmed MDR 
in 36 (81.8%) of the 44 cases diagnosed on culture DST 
( Table 1 ). The true positives consisted of 21, 8, and 7 cases 
of lymph node, pleural, and spinal/psoas abscess/gluteal 
tuberculosis. Of the 8 false-negative cases, 2 were lymph 
node and 6 were pleural effusion ( Table 1 ). There were no 
false negatives in spinal TB/psoas abscess/gluteal abscess 
patients ( Table 1 ). The sensitivity and PPV of GeneXpert 
in diagnosing EPTB MDR were calculated. The overall 
sensitivity of GeneXpert in the diagnosis of EPTB MDR 
was 81.80% and PPV was 100% ( Table 1 ) comparing with 
culture DST for RIF resistance. Comparison with extended 
DST for second-line drugs was not done as extended 
DST was not available under the program. We observed 
that GeneXpert sensitivity varied according to the site of 
EPTB. Sensitivity among lymph node, pleural effusions, 
and spinal/psoas abscess/gluteal abscess was 91.30, 57.14, 
and 100% respectively.  

  DISCUSSION 

 Owing to its complex and often subclinical presentations, 
EPTB contributes to a signifi cant burden of mortality and 
morbidity, leading to a delay in diagnosis. The conven-
tional culture DST methods are time-consuming and 
require trained laboratory personnel, which are a practi-
cal hurdle in resource-limited developing countries. The 
Xpert MTB/RIF assay (GeneXpert) is a semi-quantitative 
nested nucleic acid amplifi cation test based on molecu-
lar detection of a mutated gene. It can be carried out in 
automated manner including bacterial lysis, nucleic acid 
extraction, and amplifi cation and amplicon detection. It 
is cost-effective and does not require technical expertise. 
It enables diagnosis of DR TB within 2 hours and also 
has minimal false positive rates due to use of disposable 
closed cartridges preventing cross-contamination.  6   Thus, 
in resource-limited settings where facilities for culture 
DST are not available, GeneXpert is extremely useful for 
rapid diagnosis of MDR TB. It was developed as a rapid 
test to diagnose pulmonary TB and to detect rifampicin 
resistance.  7   However, it also has a signifi cant role to play 
in the diagnosis of EPTB and EP MDR TB. Its potential in 
EPTB MDR detection has been underutilized due to lack 
of awareness regarding the same. Hence, we conducted 
the study to determine utility of this rapid and logistically 
simplifi ed test in the diagnosis of EPTB MDR. We found 
that GeneXpert has a good overall sensitivity (81.80%) and 
PPV (97.29%) in diagnosing EPTB MDR. Hilleman et al  8   
found combined sensitivity of GeneXpert for EPTB to be 
77.30%. Signifi cant differences in the performance of the 
GeneXpert test were observed in our study depending 
on the specimen site, higher in lymph node specimens 
(91.30%), spinal/psoas abscess (100%) but is lower in 
samples from pleural fl uid specimens (57.14%). Six patients 

   Table 1:    Performance characteristics of Xpert MTB/RIF in the 
diagnosis of extrapulmonary MDR TB  

Site/Xpert MTB 
RIF assay

Gold standard 
test result

Sensitivity PPVPositive Negative
Lymph node
Positive 21 0
Negative 2 0 91.30% 100%
Pleural effusion
Positive 8 0
Negative 6 0 57.14% 100%
Spinal TB/psoas 
abscess/gluteal 
abscess
Positive 7 0
Negative 0 0 100% 100%
Overall
Positive 36 0
Negative 8 0 81.80% 100%
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of 14 pleural effusion patients were false negatives, which 
is as high as 43%. This signifies the limitation of GeneXpert 
test in ruling out DR TB in pleural effusion cases even 
when the test is negative. Lower sensitivity among pleural 
fluid samples is cited in the literature and our findings are 
in concordance with the prior works. This is attributed 
to the physiological mechanism of formation of pleural 
fluid. Accumulation of pleural fluid in most cases is due 
to a hypersensitivity reaction to tuberculous antigens 
rather than direct invasion of organism into pleura. This 
gives a lower yield on GeneXpert. Also pleural biopsy is 
the sample of choice for cultures and not pleural fluid.9 
Also, inhibition of polymerase chain reaction by inhibi-
tors in pleural fluid and also by the presence of blood in 
fluid is also a possible explanation.10 According to a meta-
analysis findings of Denkinger et al,11 sensitivity among 
pleural fluid was 46% and sensitivity among lymph node 
specimens was 83%. Another meta-analysis finding of 
Penz et al12 suggested sensitivity among pleural fluid 
was 37% and lymph node specimen was 87%. A recently 
published study by Sharma et al13 regarding the utility 
of GeneXpert in diagnosing EPTB has shown an overall 
sensitivity of 71% and PPV ranging from 98 to 100%. But 
direct comparisons could not be drawn with our study 
as these prior works included both drug-sensitive and 
DR cases. In this study, we observed modest sensitivity 
of GeneXpert in the diagnosis of EPTB MDR. GeneXpert 
sensitivity varied with site of extrapulmonary involve-
ment, with lower sensitivity among specimens obtained 
from pleural fluid and higher sensitivity among lymph 
node specimens, which is consistent with other studies 
in the literature.11-13

The prevalence of EPTB MDR is showing a rising trend. 
The diagnosis is challenging due to heterogeneous clini-
cal presentations, paucibacillary nature, and difficulties 
in specimen procuring often required invasive tests. This 
calls for an urgent need for a rapid sensitive, technically 
simplified, and cost-effective tool for its diagnosis. This 
can aid in early initiation of appropriate therapy, leading 
to improved treatment outcomes, thereby minimizing 
the morbidity and mortality. Our findings suggest that 
GeneXpert plays a pivotal role in EPTB MDR diagnosis, 
particularly in high-burden and resource-limited settings. 
Awareness among physicians regarding the diagnostic 
utility of GeneXpert in EPTB MDR should be increased. 
Hence, we conclude that GeneXpert should be routinely 
used for rapid diagnosis even in EPTB MDR while exer-
cising precaution in pleural effusion cases. Limitation of 
our study was limited number of cases as prevalence of 
EPTB MDR is low. Also we could not calculate specific-
ity since we included cases diagnosed only based on the 
GeneXpert positivity with subsequent comparison with 
culture reports. Nevertheless, we conclude that GeneXpert 

has high sensitivity, which coupled with its speed and 
simplicity make it a useful tool in the diagnosis of EPTB 
MDR when used in correct clinical context. This also calls 
for future studies involving larger sample sizes for a better 
understanding and practical application.
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