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INTRODUCTION

World Health Organization (WHO) fact sheet of  
the year 2015 shows a mixed picture of  global 

tuberculosis (TB); on one hand, there is a decline in the 
incidence and the mortality rate attributed to TB, while on 
the other hand, the decrease in rate is very slow and TB is 
still the greatest killer worldwide due to a single infectious 
agent.[1,2] According to WHO estimates of  the year 2013, 
approximately, 9.0 million people developed TB and 
1.5 million died from the disease.[1] Out of  these, more than 
half  (56%) of  new TB cases occurred in the South-East 
Asia and Western Pacifi c Regions.[1] According to the 
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Ministry of  Health Affairs, India, every year, approximately, 
100 million work days are lost due to illness. India incurs 
a huge cost due to TB, which is close to US$ 3 billion in 
indirect costs and US $ 300 million in indirect costs.[3]

As TB is a curable disease, the role of  accurate diagnosis 
and treatment is vital for improving the global picture. 
Between the years 2000 and 2013, approximately, 37 million 
lives were saved through TB diagnosis and treatment.[1,2] 
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Science Direct and Google Scholar for relevant studies for studies published between 2010 and December 2014. Studies given 
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showing that fi ndings are of high scientifi c validity and credibility. Quantitative analysis of 37 included studies shows that Xpert 
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These numbers are encouraging and an achievement for 
the epidemiologists, however, lots more needs to be 
achieved to control this disease. Use of  highly sensitive 
and specifi c diagnostic assays for screening, monitoring, 
diagnosing co-infection with Human Immunodefi ciency 
Virus (HIV), and pattern of  drug resistance may help the 
national and international TB control programs to get 
close to the targets.

Of  the 9.0 million (range: 8.7-9.4 million) incident cases 
in 2013, only 5.7 million were detected and notified, 
giving a case detection rate of  64%, thus creating a gap 
of  approximately 3.3 million people with TB who were 
“missed” either because they were not diagnosed or 
because they were diagnosed, but not reported.[2] Apart 
from the poor detection rate, increase in the incidence 
of  multidrug-resistant (MDR) TB and extensively drug 
resistant (XDR) TB is also critical. In the same year, 
3.5% of  new and 20.5% of  previously treated TB cases 
were diagnosed to have MDR-TB and 9% of  these had 
XDR-TB.[4] In 2013, there were 3,00,000 estimated cases 
of  MDR-TB worldwide and out of  these 1,36,000 cases 
were actually detected, which is an improvement in the 
detection rates as compared to earlier years.[4] Another 
area of  concern is co-infection with HIV as TB causes 
one-fourth of  all HIV-related deaths.[1]

Now, major thrust is being laid on the accessibility of  
economically feasible accurate diagnostic assays.[5] In early 
2011, WHO endorsed a novel, rapid, automated, molecular 
diagnostic test, the Xpert MTB/RIF assay that can 
simultaneously detect TB and rifampicin resistance.[6] Xpert 
MTB/RIF provides result within 2 h, thus the patients 
can be started with proper treatment even on the same 
day. Furthermore, it requires minimal hands-on technical 
time, training, and can be installed in nonconventional 
laboratories.[7,8] All these features give Xpert MTB/RIF 
assay an edge over the other available diagnostic techniques. 
Sample processing and polymerase chain reaction (PCR) 
amplifi cation are integrated into a single self-enclosed test 
unit unlike conventional nucleic acid amplifi cation tests 
(NAAT).[9] In addition, the assay’s sample reagent, used to 
liquefy sputum, has potent tuberculocidal properties and 
so largely eliminates biosafety concerns during the test 
procedure.[10]

Other available tests include the direct examination of  
sputum smears with Ziehl–Neelsen (ZN) staining for 
acid-fast Bacilli, mycobacterial culture sensitivity, and 
other NAATs and immunological tests.[11,12] Microscopic 
examination is suitable for laboratories at peripheral and 
higher levels and it can be done safely under minimal 

biosafety conditions.[11] Mycobacterial culture is taken as 
the reference standard test for the diagnosis of  TB, but this 
process is cumbersome and time-consuming.[11] NAATs 
are molecular systems that can detect small quantities of  
genetic material (DNA or RNA) from microorganisms 
such as Mycobacterium tuberculosis. PCR is the most common 
among the variety of  NAATs. NAATs are available as 
commercial kits and in-house tests and are used routinely in 
high-income countries for TB detection.[13] In-house PCR 
tests are widely used in the developing countries because 
these tests are less expensive than commercial kits. The 
line probe assays (LPA) are suitable only for national or 
regional level laboratories because of  its complexity and 
bio safety requirements.[13]

We tried to analyze the sensitivity and specifi city of  Xpert 
MTB/RIF assay in this review. Two earlier Cochrane 
reviews had assessed the diagnostic accuracy of  Xpert 
MTB/RIF as an initial diagnostic test replacing microscopy 
and add-on test following negative smear microscopy 
result.[9,13] We tried to include more studies published after 
the publication of  these two Cochrane reviews.

Objective

To determine the diagnostic accuracy of  Xpert MTB/
RIF for the diagnosis of  pulmonary TB among adults as 
compared to other available diagnostic tests.

MATERIALS AND METHODS

Criteria for considering studies for this review

Types of  studies
Studies that assessed the diagnostic accuracy of  Xpert 
MTB/RIF assay were included in the analysis. Diagnostic 
accuracy studies are typically cross-sectional in design. 
Studies that reported data comparing Xpert MTB/RIF 
to an acceptable reference standard from which we could 
extract true positive (TP), true negative (TN), false positive 
(FP), and false negative (FN) values were included. Xpert 
MTB/RIF assay can be assessed alone or together with 
other tests.

Types of  participants
Studies that had recruited adult or predominantly adult 
patients (≥14 years), presumed to have pulmonary TB 
with or without HIV infection were included in the 
review. In addition, studies that had assessed the diagnostic 
accuracy of  Xpert MTB/RIF assay using sputum and 
other respiratory specimens (such as fluid obtained 
from bronchial alveolar lavage and tracheal aspiration) 
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and studies from all the types of  health facilities and all 
laboratory levels (peripheral, intermediate, and central) 
from all countries were included.

Types of  interventions
Xpert MTB/RIF assay was the index test under evaluation. 
Comparison was made between Xpert MTB/RIF and 
smear microscopy, either ZN microscopy, fl uorescence 
microscopy, or both microscopy methods, liquid or solid 
culture.

Search methods for identifi cation of  studies
Electronic searches
A systematic literature search was conducted in the 
following databases: Cochrane Central Register of  
Controlled Trials and Cochrane Database of  Systematic 
Reviews, MEDLINE, PubMed, Scopus, Science Direct, 
and Google Scholar for relevant studies. Studies given in 
the systematic reviews were accessed separately and used 
for analysis. Secondary referencing was done by manually 
reviewing the list of  key articles and searching citations 
using PubMed and Google Scholar. Study search was done 
on from all the published literature from 1st January 2010 
till December 2014. The key words used were “diagnosis” 
or “TB” or “developing countries” or “GeneXpert” or 
“diagnosis and TB and GeneXpert” or “Xpert MTB/
RIF”.

Data collection and analysis
Selection of  studies
• Population: Adult population both males and females 

above 14 years of  age suspected of  having TB with or 
without HIV.

• Diagnostic test: Xpert MTB/RIF assay.
• Comparator: Smear microscopy.
• Outcome: Diagnosis of  TB.

Data extraction and management
Two review authors (RK and KK) independently 
performed the data extraction by reading every study. 
The data included characteristics of  patients. Whenever 
possible, data were extracted for TP, FP, FN, and TN values 
based on one Xpert MTB/RIF result for one specimen 
provided by one patient. However, in some of  the studies, 
the number of  specimens exceeded the number of  patients, 
suggesting that a single patient may have provided multiple 
specimens. Therefore, pooled sensitivity and specifi city 
for TB detection in all the studies were compared with 
pooled sensitivity and specifi city in the subset of  studies 
that provided one Xpert MTB/RIF result based on one 
specimen provided by one patient.

Assessment of  risk of  bias in included studies
Two reviewers (RK and KK) independently assessed the 
quality of  all the studies. With the help of  Review Manager 
5.3, we interpreted the bias among all the studies and 
explained that in terms of  legible diagrams as a risk of  
bias and summary table.[14]

RESULTS

Results of  the search

After deduplication, we were left with 123 studies, out of  
these, 78 studies were excluded as they were not relevant 
to the diagnosis of  TB [Figure 1]. The remaining 45 
full text articles were read out and eight of  these were 
excluded mainly because the data to calculate TP, TN, 
FP, and FN were insuffi cient to assess the sensitivity and 
specifi city of  the Xpert MTB/RIF. The excluded studies 
were listed and the reasons for their exclusion were also 

Figure 1: Study search diagram
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mentioned. The remaining 37 studies were included in 
the quantitative synthesis of  data. Studies were named 
according to the surname of  the fi rst author and year of  
publication. For multicenter studies, the study-naming 
scheme uniquely identifi ed multiple study centers from 
within each study (e.g., Al-Ateah et al. [2012a]; Al-Ateah 
et al. [2012b]), each of  which reported data separately for 
a distinct population at a given study site.[15] Hence, the 
number of  study centers exceeds the number of  studies.

Included studies
Thirty-seven different studies were identifi ed. Out of  
these, Boehme et al. and Boehme et al. were international 
multicenter studies, carried out at five and six study 
centers, respectively.[16,17] These two studies had involved 
different patients.[16,17] Another study, Marlowe et al. had 
been conducted at three sites, reported accuracy data for 
the three sites combined; which was considered to be a 
single study and a single study center.[18] Thus, there were 
37 studies representing 47 study centers.

Methodological quality of  the included studies
Risk of  bias table and summary shows the overall risk of  bias 
and applicability concerns for the 47 study centers [Figures 
2 and 3]. Xpert MTB/RIF assay has been developed by 

only one manufacturer and, as a new test for which there 
has been considerable attention and scrutiny; it was believed 
that reporting bias was minimal. In the fi gure showing risk 
of  bias summary, 10 presents the quality assessment results 
for the individual study centers. In the patient selection 
domain, 73% were at low risk of  bias because the center 
enrolled participants consecutively and avoided inappropriate 
exclusions. The remaining study centers were at 23% high 
risk of  bias because either the manner of  patient selection 
was by convenience (Bowles et al. [2011]; Hanif  et al. [2011]; 
Ioannidis et al. [2011]; Malbruny et al. [2011]; Marlowe et al.; 
and Miller et al. [2011]) or the study preselected smear positive 
patients (Friedrich et al. [2011]; Williamson et al. [2012]) or 
4% (Ciftci et al. [2011]) at unclear risk of  bias because the 
manner of  patient selection was not stated. High concern 
was among 2% studies and 25% of  studies had unclear 
concern. In the index test (Xpert MTB/RIF) domain, 99% 
were considered to be at low risk of  bias and low concern 
regarding applicability and the remaining at unclear concerns 
and risk. In the reference standard domain, 95% were judged 
to be at low risk of  bias because the reference standard 
results were interpreted without knowledge of  the results 
of  the Xpert MTB/RIF assay. Applicability was of  low 
concern for all the studies in the reference standard domain. 
Furthermore, 77% of  the studies were at low risk of  bias 
in the fl ow and timing domain. Overall, the studies show a 
low risk of  any form of  bias, showing that fi ndings are of  
high scientifi c validity and credibility.

Findings

The results have been depicted in the form of  forest plot, 
+ likelihood ratio (LR), −LR and receiver operating curve 

Figure 2: Risk of bias and applicability concerns graph for 47 included 
study centers (37 studies)

Figure 3: Risk of bias and applicability concerns summary: Review authors’ judgments about each domain for each included study center
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(ROC). As per the choice of  optimal test, +LR should be 
greater than 10 and −LR should be less than equal to 0.1, 
for the test to be considered as “robust” and 24 studies 
were showing +LR ≥10 and −LR ≤0.1. Therefore, Xpert 
MTB/RIF, diagnostic test for TB fulfi lled the criteria for 
being a robust test [Figure 4].

Figure 5 shows two ROC curves representing Xpert MTB/
RIF versus other tests (Smear microscopy) plotted on the 
same graph. The accuracy of  the test depends on how well 
the test separates the group being tested into those with and 
without the disease in question. Accuracy is measured by 
the area under the ROC curve. An area of  “1” represents 
a perfect test and an area of  0.5 represents a worthless test. 
A rough guide for classifying the accuracy of  a diagnostic 
test is the traditional academic point system shown below 
− 0.90-1 = Excellent (A); 0.80-0.90 = Good (B); 0.70-0.80 
= Fair (C); 0.60-0.70 = Poor (D); and 0.50-0.60 = Fail (F) 
[Table 1].

DISCUSSION

Our results show that Xpert MTB/RIF assay is a signifi cantly 
more sensitive and specific test as compared to other 
diagnostic tests (microscopic and smear culture) for accurate 
diagnosis of  TB. Diagnosis and appropriate treatment of  TB 
can help in achieving the targets. TB is mainly curable, if  it 
is detected and treated effectively, thus it is highly signifi cant 
to have robust economically viable diagnostic tests.

According to the WHO data of  2011, only 48% of  the 
MDR-TB patients detected were treated successfully, 16% 
were died and 12% were not cured regardless of  treatments 
and the rest did not get their outcome reported. Worse, the 
treatment success rate was only 22% for XDR TB.[4] WHO 
has set high goals to end the global TB epidemic such that 
there should be a 95% reduction in TB deaths and a 90% 
decrease in TB incidence by year 2035 as compared to the 
2015 targets.[2]

The priority areas to achieve these surmountable targets 
include administration of  highly effective treatment 
to prevent MDR-TB and second, expansion of  rapid 
diagnostic assays for MDR-TB.[7] However, diagnosis 
with the bacterial culture still remains the gold standard 
in many developing countries and the 125-year-old 
sputum microscopic examination is still the most widely 
used method for the detection of  TB.[6,12] On the other 
hand, a single Xpert MTB/RIF run can provide both 
detection of  TB and detection of  rifampicin resistance 
within 2 h.[6] It is a quick assay with minimum hands-on 
time and negligible safety concerns for persons handling 

Figure 4: Forest plot showing sensitivity and specifi city results of Xpert test

Figure 5: Receiver operating curve curves representing Xpert versus other 
tests (smear microscopy, culture, culture and smear, and amplicor MTB test)

the samples. WHO recommends the use of  Xpert MTB/
RIF assay worldwide.[2,52] For pulmonary TB, the strong 
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Table 1: Data showing diagnostic test effi cacy of Xpert
Reference number Study ID (fi rst author, year) Sensitivity Specifi city NPV PPV TP TN FP FN LR+ LR− n

Diagnostic test effi  cacy of GeneXpert comparator smear microscopy

[15] Al Ateah, 2012 0.95 1 0.98 1 57 112 0 3 Infi nity 0.05 172
[19] Theron, 2011 0.89 0.99 0.93 0.97 127 195 3 14 59.4 0.1 339
[20] Lee, 2013 0.7 1 0.92 1 35 0 0 15 Infi nity 0.3 50
[21] Abed Al Darraji, 2013 0.53 1 0.9 1 8 109 0 8 Infi nity 0.5 125
[22] Theron, 2012 0.77 0.95 0.9 0.88 115 316 15 34 17.8 0.2 480
[16] Boehme, 2011a 1 0.97 1 0.85 101 671 16 0 42.9 0 788
[16] Boehme, 2011b 0.96 0.99 0.99 0.98 171 825 3 6 6.7 0.9 1005
[16] Boehme, 2011c 0.88 0.98 0.92 0.98 201 303 4 26 67.9 0.1 534
[16] Boehme, 2011d 0.81 0.99 0.95 0.98 121 669 2 32 265.3 0.2 824
[16] Boehme,2011e 0.76 1 0.85 1 136 144 0 24 Infi nity 0.1 304
[16] Boehme, 2011f 0.91 0.97 0.95 0.99 133 234 5 12 47.1 0 1184
[23] Lawn, 2012 0.81 0.99 0.44 0.99 1034 198 2 242 81 0.19 1476
[24] Chaisson, 2014 0.89 1 0.99 1 8 133 0 1 Infi nity 0.1 142
[25] Malbruny, 2011 1 1 1 1 6 73 0 0 Infi nity 0 79
[26] Bowles, 2011 0.84 1 0.85 1 21 23 0 4 Infi nity 0.1 48
[27] Moure, 2011 0.78 1 0.54 1 61 20 0 17 Infi nity 0.2 98
[18] Marlowe, 2011 0.78 1 0.21 1 43 47 0 12 Infi nity 0.2 102
[28] Rachow, 2011 0.61 0.99 0.93 0.91 11 102 1 7 62.8 0.39 121
[29] Ioannidis, 2011 0.94 0.94 0.91 0.93 29 32 2 3 15.4 0 66
[30] Miller, 2011 0.96 0.96 0.96 0.6 3 58 2 2 18 0.41 65
[31] Teo, 2011 0.95 0.95 0.87 0.86 13 42 2 6 15.05 0.33 63
[32] Nicol, 2011 1 1 0.9 1 25 166 0 18 Infi nity 0.4 184
[28] Rachow, 2012 1 1 0.75 1 14 22 0 7 62.9 0.3 43
[33] Williamson, 2012 1 1 1 1 67 22 0 0 Infi nity 0 89
[34] Carriquiry, 2012 0.98 0.98 0.98 0.95 44 84 2 1 42 0 131
[35] Kurbatova, 2013 0.95 1 0.95 0.85 102 104 17 5 6.7 0 228
[17] Boehme, 2010a 0.99 1 0.98 1 209 102 0 2 Infi nity 0 313
[17] Boehme, 2010b 0.96 0.97 0.93 0.98 144 68 2 5 33.8 0 219
[17] Boehme, 2010c 0.95 0.89 0.96 0.97 142 186 3 6 60.4 0 337
[17] Boehme, 2010d 0.95 0.97 0.99 0.87 43 213 6 2 34.8 0 264
[17] Boehme, 2010e 0.98 0.97 0.92 0.99 185 35 1 3 35.4 0 224
[36] Friedrich, 2011 0.93 0.97 0 1 117 0 0 9 Infi nity Infi nity 126
[37] Helb, 2010 0.71 1 0.62 1 38 25 0 15 Infi nity 0.28 78
[38] Balcells, 2012 0.92 0.98 0.99 0.91 11 147 1 1 135.6 0.08 160
[39] Hanif, 2011 0.9 1 0.96 1 54 146 0 6 Infi nity 0.1 206
[40] Barnard, 2012 0.71 1 0.51 1 37 16 0 15 Infi nity 0.28 68
[41] van Rie, 2013 0.66 0.99 0.96 0.9 10 145 1 5 97.3 0.3 161
[42] Hanrahan, 2013 0.65 0.99 0.95 0.95 42 487 2 22 160.4 0.3 553
[43] Ciftçi, 2011 0.96 0.98 0.98 0.96 24 59 1 1 57.6 0.04 85
[44] Scott, 2011 0.87 0.97 0.92 0.95 58 107 3 9 31.7 0.1 177
[45] Bunsow, 2014 0.92 0.98 0.99 0.86 60 519 11 5 48.5 0.08 595
[46] Hillemann,2011 0.77 0.98 0.97 0.87 45 456 7 13 54.3 0.2 521

Diagnostic test effi  cacy of GeneXpert comparator culture
[47] Lawn, 2011 0.72 0.99 0.94 0.94 52 319 3 20 50.9 0.5 445
[48] O’Grady, 2012 0.86 0.95 0.94 0.89 173 420 22 4 19.6 0.02 619
[49] Walters, 2012 0.78 0.6 0.6 0.7 7 3 2 2 1.9 0.3 3

Diagnostic test effi  cacy of GeneXpert comparator smear and culture

[50] Zeka, 2011 0.7 1 0.9 1 77 319 0 33 Infi nity 0.3 429

Diagnostic test effi  cacy of GeneXpert comparator amplicor MTB test

[51] Safi anowska, 2012 0.81 0.97 0.94 0.97 190 18 4 1 5.47 0 213

Test effi  cacy of smear microscopy comparator GeneXpert

[24] Chaisson, 2014 0.89 0.99 0.99 0.89 8 132 1 1 118.2 0.1 142

[19] Theron, 2011 0.67 1.00 0.87 0.99 94 338 1 47 222.3 0.33 480

[22] Theron, 2012 0.68 0.99 0.87 0.97 102 328 3 47 75.5 0.3 480

[20] Lee, 2013 0.72 0.99 0.33 0.97 39 77 1 15 54.8 0.28 132

[44] Scott, 2011 0.56 0.10 0.56 0.1 29 29 260 23 0.61 4.4 341

Test effi  cacy of fl uorescence microscopy comparator GeneXpert

[48] O’Grady, 2012 0.53 0.97 0.81 0.90 106 429 11 95 21.08 0.48 641

Test effi  cacy of culture comparator GeneXpert

[47] Lawn, 2011 (culture) 0.28 1.00 0.87 0.1 21 370 0 54 Infi nity 0.72 468

FP: False positive, FN: False negative, LR: Likelihood ratio, TP: True positive, TN: True negative, NPV: Negative predictive value, PPV: Positive predictive value
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recommendation is to use Xpert MTB/RIF assay as the 
initial diagnostic assay in adults and children presumed to 
have MDR-TB or HIV-associated TB and the conditional 
recommendation is for initial diagnosis among adults 
and children presumed to have TB. It is also strongly 
recommended for the initial diagnostic test of  cerebrospinal 
fl uid of  patients presumed to have TB meningitis.[6]

Xpert MTB/RIF assay can be used directly on the 
clinical specimens, either raw sputum samples or sputum 
sediments created after decontaminating the sample and 
concentrating it.[53] Even the unprocessed sputum samples 
and those from the extrapulmonary sites can be used for 
this assay.[8] Xpert MTB/RIF detects both live and dead 
bacteria.[54] The Xpert MTB/RIF test is being used both as 
an initial test replacing smear microscopy in a population 
unselected by smear status and as an add-on test following 
a negative smear microscopy result. Efforts are being made 
to increase the coverage area of  use of  Xpert MTB/RIF 
across the world. Subsidies are being provided by various 
organizations so that this assay is available in the developing 
and underdeveloped countries where health systems work 
with economic constraints. The inclusion of  Xpert MTB/
RIF assay in the national control programs by different 
countries will definitely shift the center of  diagnosis 
of  HIV-associated and resistant TB from specialized 
laboratories to decentralized health care centers.[7]

As the alternative conventional diagnostic tests are less 
sensitive, we require specialized training and biosafety 
set up and are not so quick, the use of  Xpert MTB/RIF 
assay can be increased, especially in countries with higher 
prevalence of  HIV with TB.[7,9,13] Sensitivity and specifi city 
of  Xpert MTB/RIF is more than smear microscopy, liquid 
and solid culture, and even is less prone to contamination 
and is more biocompatible as it has tuberculocidal 
properties and does not pose a biosafety concern to the 
human kind. Although the sensitivity of  the alternative tests 
like microscopic examination can be improved, still a large 
fraction cannot be detected and there is no provision for 
detecting the drug resistance. The conventional methods 
of  detection of  drug resistance include bacterial culture 
and drug susceptibility testing (DST), which are slow and 
cumbersome. This delay can lead to the administration of  
inappropriate treatment to the patient, thus increasing the 
risk of  spread and resistance.[7] Results of  NAAT results 
can be highly inconsistent with in-house kits.[55] The main 
advantage of  NAATs is that they can provide results several 
weeks earlier than culture.[56] Drawbacks are that these tests 
are often too expensive and complex for routine use by 
TB programs in resource-limited settings.[56] Advantages 
of  LPAs are that they can provide a result for detection 

of  TB in 1-2 days. In addition, these assays have high 
sensitivity (>90%) and specifi city (>99%) on TB isolates 
and smear-positive sputum specimens.[57] However, LPAs 
are expensive and must be used in reference laboratories.[58]

Other WHO recommended diagnostic tests at the levels 
of  laboratories include LED microscopy, which can be 
used as a replacement of  conventional fl uorochrome and 
light microscopy; commercial liquid culture, DST system; 
rapid speciation strip technology; commercial molecular; 
and LPAs. LPAs can help in the detection of  rifampicin 
and/or isoniazid resistance in smear positive specimens or 
culture isolates.[11] Xpert MTB/RIF assay has not replaced 
the conventional methods (microscopy, culture, and DST) 
of  diagnosis; those are required for monitoring and for 
detecting resistance to other drugs.[11]

Rapid and accurate case detection is critical for effective 
treatment, prevention of  transmission of  infection, treatment 
failures, relapse, and development of  resistant cases. As we are 
lagging behind the targets of  STOP TB, consistent research 
and funding is required for the development of  propagation 
of  the best monitoring centers.[5] Infl ow of  huge funds for 
specifi c projects related to accessibility of  Xpert MTB/
RIF assay will help in achieving the TB control targets. The 
escalation in consumption of  cartridges by the developing 
countries in last 3 years has been very encouraging.[11]

CONCLUSION

Xpert MTB/RIF assay is a sensitive specifi c robust assay 
as compared to other conventional tests for accurate 
initial TB diagnosis and detection of  rifampicin resistance. 
Xpert MTB/RIF assay may be used as an add-on test to 
microscopy for smear negative patients. This diagnostic 
test can be, especially benefi cial for the diagnosis of  TB 
among HIV patients in the developing countries.
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