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the variable host response to infection, and, perhaps, 
complacency as this disease was nearly eradicated in high-
income settings. [2] With increasing HIV–TB co-infections, 
TB has become a high priority for action and research in 
international health again. Looking into this, WHO and the 
World Bank, with International Union against Tuberculosis 
and Lung Disease (IUATLD), Centre for Disease Control and 
Prevention (CDC), and other organizations, are reassessing 
their approaches to the prevention and control of TB.[3] Of 
late, agencies such as the Foundation for Innovative New 
Diagnostics (FIND), Stop TB Partnership’s New Diagnostics 
Working Group (NDWG), Global Laboratory Initiative (GLI, 
another Stop TB Partnership Working Group), WHO, and 
the Special Program for Research and Training in Tropical 
Diseases (TDR) have shown increased interest toward 
the development of better diagnostics for TB.[4] Funding 
agencies such as the Bill and Melinda Gates Foundation, 
the Global Fund to Fight AIDS, TB and Malaria (GFATM), 
and UNITAID have emerged as resource providers for 
work on this disease that was being neglected in terms 
of sponsorship and interest of the private sector till now. 

With this, lots of efforts and funds are being brought 
up for the development of newer diagnostic methods in 
mycobacteriology. But it remains to be a major challenge 
till date. There are multiple hurdles to cross before we 

INTRODUCTION

A report, published in September 2009, from the World 
Health Organization (WHO)-sponsored study includes 
tuberculosis (TB) and AIDS with a share of 5.5% each in 
the list of top 10 causes of death in all 10–24 year olds, 
males and females combined, globally.[1] This has revealed 
an urgency to act on these issues with all our available 
resources and an approach to improve upon them. Stop TB 
partnership announced the theme for World Tuberculosis 
Day 2010 as “On the move against tuberculosis: Innovate 
to accelerate action.” This calls for ideas and projects to 
come up with something other than what we have been 
practicing for long. We are still not well equipped to fight 
TB. Improving the research in TB has been a neglected 
area for long, in part due to the complex characteristics 
of the causal organism Mycobacterium tuberculosis, 
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ABSTRACT

Tuberculosis (TB) has been a disease affecting almost all parts of the world since ages. Lot many efforts came in the past 
for improving diagnosis and treatment. Also, an effective vaccine has been sought after for long. With the emergence of 
resistant strains of Mycobacterium tuberculosis, the causal organisms of tuberculosis, and complexities emerging due 
to other associated infections and disease conditions, there is a desperate need for further research input in the field. 
Be it the better medication and care or better resistance management, proper diagnostics holds the key to success. It 
has been observed that a high burden of the disease was accompanied by resource limitations and poor research set-
up. The scenario remained like this for several decades. With the refreshed vision of resourceful countries and funding 
agencies, funding is being provided in many areas of research in tuberculosis diagnosis and treatment. This review 
has been written with an aim to bring forth the limitations of available methods in the field of diagnostics and making 
researchers aware about the changing scenario with better funding opportunities and support. The author visualizes an 
enthusiasm from all over the world for the development of better modalities and urges scientists to join the struggle at 
this very perfect time to take the challenge and come forward with innovations in this field.
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reach the ultimate goal of having an efficacious vaccine, 
easy and affordable diagnosis, and short-term treatment 
regimens with minimal side effects.

SMEAR MICROSCOPY

In the field of TB, problem starts at the very first step, 
i.e., diagnosing the case. Conventional TB diagnosis has 
been relying on medical history, tuberculin skin test, chest 
X-rays, and bacteriological examination. M. tuberculosis 
grows slowly, and clinical specimens submitted to the 
TB microscopy and culture are contaminated to varying 
degrees by more rapidly growing unwanted normal flora. 
Microscopy and culturing both become difficult in such 
cases. Moreover, the hydrophobic nature of the cell wall 
due to a high concentration of mycolic acid makes it more 
difficult to stain mycobaterial cells. The poor sensitivity of 
conventional smear microscopy has been a major concern. 
With various samples and sample processing methods, 
it has been found to be around 36–43% sensitive. [2] In 
general, direct smear reportedly detects AFB only at 
concentrations of around 10,000 bacilli/ml of the specimen. 
Conversely, as few as 100 bacilli/ml may be required for a 
positive culture. [5] Various modifications to the technique 
and higher level of sophistications have been introduced 
in this field to get the highest level of sensitivity. With 
certain variations in the sample processing methods 
for smear preparation, a few reports of improvement in 
detection limits are there. Samples were subjected to 
different centrifugation forces and centrifugation times 
after decontamination and liquefaction and the centrifuged 
deposits were examined by smear and culture. The 
sensitivity of detection at an RCF of 4000 g for 15 min was 
5000 organisms/ml for a smear.[6]

Various workers have demonstrated the improved 
detection of direct smear-negative cases by universal 
sample processing (USP) smear microscopy.[7,8] The 
highest limit of detection in smear microscopy after 
employing the USP methodology and observing 400–500 
fields was experimentally found to be 250–300 bacilli/ml 
of the sample. Under the best conditions for culture on 
solid and liquid media with USP-treated spiked sputum, 
the detection limit was found to be 400 CFU/ml after 8 
weeks of incubation. Hence, although it could reduce the 
bacilli count needed to be detected using smear, it has not 
helped improving detection by culture. The reason may 
be the deleterious effect of sample treatment. However, 
the researchers felt a need for a more sensitive test to 
detect samples with a low bacterial load. Steingart and 
co-workers did a systematic review to assess the ability of 
different processing methods to improve the sensitivity of 
microscopy.[9] Their search suggested that centrifugation 
with any of several chemical methods (including bleach) 
is more sensitive, that overnight sedimentation preceded 
by chemical processing is more sensitive, and that the 
specificity is similar. Recently, a pilot study has compared 
the diagnostic accuracy and incremental yield of two short-

duration (<1 h) sputum pretreatment procedures involving 
pretreatment with bleach and USP centrifugation and 
concluded that both did not increase yield as compared to 
direct sputum smears.[10] People tried hard for developing 
field-based methods to avoid the use of centrifugation 
during decontamination. Culturing the sputum directly 
without decontamination or centrifugation has also been 
tried.[11] But it was found to have a lower sensitivity 
as compared to the conventional method of centrifuge 
decontamination. Fluorescence microscopy is credited 
with increased sensitivity and lower work effort but has a 
rider of increased cost and technical complexity. Pai and 
co-workers[4] have reported an average 10% increment in 
sensitivity of microscopy using fluorescence microscopy 
with no difference in specificity. Lange and Mori have 
given an update on the developments being made in the 
field of fluorescent microscopy.[12] These include light-
emitting diode (LED)-based fluorescent microscopy, 
mobile phone-based microscopy, and automated detection 
systems using image processing. With many more other 
studies, it is very apparent that we are still struggling hard 
to get a sensitive, easy, cost-effective, and faster method 
for smear microscopy. It seems possible to decrease 
mortality and morbidity due to TB using smear microscopy 
diagnosis and DOTS coverage, as being done in most of 
the high prevalence countries like India.[13] But as many 
smear negative cases may remain undiagnosed, cutting 
transmission of infection does not seem to be an achievable 
target without having better diagnostic amenities. 

THE CULTURE OF CULTURING

Just the presence of acid-fast bacilli (AFB) on a sputum 
smear or other specimens does not confirm a diagnosis of 
TB as all acid-fast-bacilli are not M. tuberculosis. Culture 
remains the gold standard for the laboratory confirmation 
of TB. Also, bacterial isolation for drug-susceptibility 
testing and genotyping is required using a solid or liquid 
medium. Therefore, a culture is expected on all initial 
samples to confirm the diagnosis followed by biochemical 
tests like catalase test at 68°C, nitrate reduction, and 
niacin accumulation for speciation. Although culture-
based diagnosis of TB is recommended in International 
Standards of Tuberculosis Care, lack of resources and 
technical expertise poses as a major limitation in most 
of the high prevalence countries. [14] Traditionally, 
primary isolation and culture of mycobacteria is 
performed on agar or Lowenstein–Jensen (LJ) media. Drug 
susceptibility testing of isolates is done using the same 
medium following the proportion method. This method 
compares the mycobacterial growth levels in clinical 
isolates to be tested with known standard culture in the 
presence of different concentrations of anti-TB drugs in a 
proportional way. This method enables a determination 
of the concentration that inhibits more than 99% of 
the inoculum and is reported as the minimal inhibitory 
concentration (MIC) of the given drug. This is considered 
as a “gold standard.”[15] But it is cumbersome, technically 
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demanding, lacks reproducibility, and it generally takes 
at least 21 days for a result after assay set-up. Liquid 
culturing with radioisotopic detection or with the 
incorporation of fluorescent dyes was introduced in the 
past as a confirmatory method (Bactec 460, BACTEC MGIT 
960 system, MB/BacT, and Versa Trek system). However, 
looking at the sophistication and issues like contamination, 
the struggle again started to search something better. 
Microscopic observation drug susceptibility (MODS) 
testing developed recently allows both rapid and low-
cost TB diagnosis in liquid culture with the simultaneous 
determination of drug susceptibilities. [16- 18] However, 
MODS requires higher biosafety level facilities, an expert 
and experienced microbiologist, and the samples are very 
prone to contaminations. Thus, it needs addition of various 
antibiotics in culture media and the samples need to be 
processed before inoculation involving decontamination 
and centrifugation steps. Some other unconventional 
methods like thin-layer agar (TLA) and the direct nitrate 
reductase assay (NRA) have attempted to address the 
problem of multiple point processing and hence the 
generation of aerosols by incorporating visual inspection 
of results in the form of typical colony morphology or color 
change to identify TB growth.[19,20] Although they have 
tried to make things simple, they could not avoid the most 
cumbersome step of specimen processing. 

THE EVOLUTION CONTINUES

Present systems for the detection of TB infection totally 
rely on microscopy and culture. Microbiological detection 
is possible only once the microbial load in the sample 
reaches a substantial number. Some other situations like 
immune suppression and in the case of children, getting 
a good quality sample and getting the required microbial 
load in the samples is tough. Culture-based approaches 
are never going to be as fast as we need. Hence, indirect 
approaches to trace the causal organism/byproducts or to 
look into the host response against the infection are also 
being considered. 

The PCR-based amplification of various target nucleic acids 
has been tried extensively that allows rapid and sensitive 
detection of target DNA sequences. Amplified sequences 
accumulate to concentrations that are easily detected using 
nonisotopic detection methods. Ideally, PCR can detect a 
single copy of the gene being targeted for amplification but 
with all the processing to avoid interference, the detection 
of as few as 4–10 copies has been made possible by several 
workers.[21,22]

Various targets have been tried and tested to get better 
identification or speciation till date. Although the 
16S rRNA gene is the most commonly used target, 
other targets have also provided a high-sensitivity and 
representative species-specific differentiation. The PCR 
amplification of the entire 16S–23S rRNA spacer region 
and use of a secondary technique of randomly amplified 

polymorphic DNA (RAPD) fingerprinting to differentiate 
strains belonging to the Mycobacterium species has been 
reported.[23] The amplification of the entire 16S–23S 
intergenic region, and diagnostic tests for bacterial 
organisms using probes targeted for sequences within the 
16S–23S intergenic region have also been described.[24,25] 
Other targets include the 16S rRNA gene, the 16S–23S 
internal transcribed spacer, the 65-kDa heat shock protein, 
recA, rpoB, and gyrB.[23,26-29] The 16S rRNA gene-based 
methods are presently widely used for the identification 
and differentiation of mycobacteria.[30-34] However, some 
species cannot be differentiated by their 16S sequences 
because the number of polymorphic sites in the 16S rRNA 
gene in the genus Mycobacterium is rather small (e.g., 
Mycobacterium kansasii and Mycobacterium gastri), while 
others possess a very high degree of sequence similarity 
(e.g., Mycobacterium marinum and Mycobacterium 
ulcerans, Mycobacterium abscessus, and Mycobacterium 
chelonae). [35] The 16S–23S rRNA gene internal transcribed 
spacer (ITS) region contains both conserved and highly 
variable signatures and is rather small. The 16S–23S 
rRNA gene ITS-based PCR produces a relatively small PCR 
product (200–350 bp). This sequence of the 16S–23S rRNA 
ITS can distinguish between M. kansasii and M gastri; 
however, it fails to distinguish between M. marinum and 
M. ulcerans and needs secondary methods like RFLP or line 
blot hybridization to get conclusive results as demonstrated 
by various workers.[24,36] The first marketed test was INNO-
LiPA Mycobacteria (Innogenetics) in which the 16S–23S 
intergenic region was amplified and then hybridized to a 
membrane on which were attached probes that recognized 
mycobacterial species revealed by colorimetry.[37] The 
same principle was used to develop GenoType MTBC 
tests (Hain Lifescience GmbH, Nehrin, Germany), which 
use multiplex amplification of DNA fragments (23S rRNA 
gene, RD1 region, and gyrB gene) to differentiate M. 
tuberculosis complex species (Mycobacterium tuberculosis, 
Mycobacterium bovis ssp bovis, M. bovis BCG, bovis ssp 
caprae, Mycobacterium africanum, Mycobacterium canettii, 
and Mycobacterium microti).[38] 

The hsp65 gene-based PCR restriction pattern analysis 
(PRA) is also widely used for the identification of 
Mycobacterium spp. McNabb and co-workers assessed 
the use of partial sequences of the hsp65 gene for the 
routine identification of mycobacteria and reported an 
overall agreement of 85.2% with other identification 
methods; discrepancies were most frequently encountered 
with isolates of M. chelonae, Mycobacterium fortuitum, 
Mycobacterium gordonae, Mycobacterium scrofulaceum, 
and Mycobacterium terrae.[39] The amplification of the 
secA1 gene that codes for the essential protein SecA1, a 
key component of the major pathway of protein secretion 
across the cytoplasmic membrane, has also been tried. [40] 
It was demonstrated that the secA1 gene of the genus 
Mycobacterium can be used for species-level or complex-
level (for the MTB complex) identification. It was also 
found that secA1 is a suitable target for diagnostics as 
the degree of interspecies variation for gene sequences 
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among mycobacteria was observed to be moderate. These 
conclusions came from nonexhaustive studies and a need 
for further inputs for the improvement of the same was felt. 

Apart from costly and cumbersome probe-based methods, 
combining the detection of various characteristic features 
or the multiple species identification using multiplex PCR 
also seems to be promising. For instance, to detect three 
mycobacterial species, the multiplex PCR is estimated to 
cost at least half that of a commercial DNA probe which is 
used to identify only one of the three pathogens that can 
be identified by a multiplex PCR assay. In this regard, the 
use of the multiplex PCR could provide large savings in 
time, costs, and laboratory resources compared with the 
use of the expensive commercial DNA probes, subcloning 
procedures, and biochemical tests. The use of multiplex 
PCR to detect members of the Mycobacterium genus and 
to detect and differentiate M. tuberculosis, Mycobacterium 
avium, and Mycobacterium intracellulare has also been 
investigated.[40] However, there exist a few limitations 
with respect to DNA isolation, species identification, 
and obtaining cultures from a sophisticated system like 
BACTEC as a source to begin with. 

The recent development of the real-time PCR-based 
instrument named GeneXpert system, recently endorsed 
by the WHO, has led to the rapid detection of TB and 
drug resistance at the point of care. The MTB/RIF test 
using this system provided sensitive detection of TB and 
rifampin resistance directly from the untreated sputum in 
less than 2 h with minimal hands-on time.[41] WHO has 
recently issued a policy statement for the Xpert MTB/RIF 
system.[42] This statement provides a brief description of the 
results obtained from various analytical studies, controlled 
clinical validation trials, field demonstration studies, etc. 
Analysis with this system reports the detection of five 
genomic copies and 131 cfu/ml MTB spiked in sputum. 
Based on the results, it has been recommended that 
1. Xpert MTB/RIF should be used as the initial diagnostic 

test in individuals suspected of MDR-TB or HIV-
associated TB (strong recommendation). 

2. Xpert MTB/RIF may be used as a follow-on test to 
microscopy in settings where MDR and/or HIV is of 
lesser concern, especially in smear-negative specimens 
(conditional recommendation, recognizing major 
resource implications).

However, conventional microscopy, culture, and DST, 
which are required to monitor treatment progress and to 
detect resistance to drugs other than rifampicin were found 
to be indispensible at this time. Also several operational 
conditions need to be maintained for proper functioning of 
the instrument. Apart from this, the cost of the instrument 
and the cartridges used is another concern that is being 
negotiated and taken care of by agencies like FIND.

Currently, there is an urgent need for a highly sensitive and 
specific diagnostic method for the identification of active 
M. tuberculosis disease that can be performed at the point 

of care, i.e., outside the traditional laboratory setting. As 
serological methods have never shown to be very consistent 
in terms of their sensitivity and specificity for the detection 
of M. tuberculosis infection, research has again focused on 
finding new biomarkers for better detection. Developing 
a method that uses alternate clues like biomarkers is 
desperately needed as all available diagnostic methods 
require a sputum sample limiting applicability to patients 
with pulmonary disease who are able to provide sputum 
for analysis. Various molecules from mycobacterial as well 
as the host origin are being explored and tested for the 
same to get the desired speed, accuracy, and consistency 
in diagnosing the disease and restricting it for the benefit 
of patient and their environment.

There are several reports of new biomarkers being 
proposed and have shown some promise. In addition to 
the biomarkers used in the currently available diagnostic 
tests, the literature is rich with candidate biomarkers like 
early secretary proteins such as early secretory antigenic 
6 kDa (ESAT-6) and culture filtrate protein 10 (CFP-10), 
malate synthase, etc., and a few molecules emerging from 
the host in response to infection with varying degrees of 
validation with the potential for development into new 
diagnostic tests.[43-46] The emergence of new knowledge 
about interactions of M. tuberculosis with its host with 
the advancing technology has provided new concepts of 
the clinical phenotypes, pathogenesis, and host immune 
responses in tuberculosis and the resulting opportunities 
for biomarker discovery. The use of “omics” approaches 
may be needed for biomarker discovery in individuals who 
are exposed but not infected, who get infected but do not 
get the disease and in comparing them with those who 
succumb to the infection. Also, it is expected that these 
new biomarkers would be able to differentiate between 
active and latent tuberculosis. The “omics” approach 
involves fetching out the signatures from transcriptomic, 
proteomic, or metabolomic profiling. Hopefully, some 
biomarkers would provide us with a reliably consistent 
indication of infection and would help us detect the same 
before the infection proceeds to a level wherein we could 
easily detect AFB in sputum or otherwise but late.

THE INDIAN PERSPECTIVE

India bears the highest burden of TB (1.96 million cases 
annually).[47] Also, with a significantly higher number of HIV 
patients (2.3 million prevalent cases),[48] it complicates the 
management of TB in HIV-infected individuals. With about 
50% lifetime risk of developing TB disease in HIV-infected 
people, it is projected that 50%–60% of the HIV-infected 
persons in India will develop TB disease during their 
lifetime.[49,50] Comparable data from various Indian studies 
conducted between 1994 and 2006 also report the prevalence 
of HIV–TB co-infection in the range of 3%–55%.[51] 

Scientific efforts have been put in by academia and 
research institutes in India for the development of better 
diagnostic tools. India has been a big market for in vitro 



Lung India • Vol 29 • Issue 3 • Jul - Sep 2012 263

Nema: Tuberculosis diagnostics

diagnostics but has been dominated by imported and 
generic products, mostly serological, with virtually no 
innovations. Examples of the development in the field of 
hepatitis and others from the Indian industry have given a 
hope that Indian diagnostic companies could also become 
world’s hub for high-quality generic diagnostics in the field 
of TB diagnostics. For this to happen, the Indian industry 
needs to venture into genuine innovation in the field. 
This requires supportive policies, enhanced and timely 
funding, and greater collaboration between the workers 
and the funders from the public and private sector. Such 
efforts are becoming visible now. RNTCP, being an official 
caretaker in India for TB control, has been very active in the 
recent past. In line with the WHO 12-point policy package, 
RNTCP has also adopted strategies to diagnose and manage 
TB in HIV-infected patients. The program has immediate 
priorities of restricting TB infection by providing treatment 
to all infected individuals. For diagnosis, there exist the 
guidelines for intensive case finding at the community 
level, but for early diagnosis of TB in the Indian population, 
not many efforts could be made. This is very justifiable 
in light of huge numbers of already existing cases of TB. 
Indian Council of Medical Research (ICMR) has also been 
working extensively on disease control programs with a 
support of the continued exploitation of scientific and 
technological advances from basic to applied research, 
from biomedical to health sciences, and from laboratory to 
field research. ICMR is providing significant information 
through its laboratories engaged in TB research and 
also provides funding to various academic and research 
institutions for research in this area. 

Researchers from various parts of India have also shown 
concerted efforts in this direction. They are not only 
discussing the problem and its solutions among themselves, 
but also consulting the international community for 
disseminating their work and getting updates from all 
over the world. An international symposium on TB 
diagnostics held at International Centre for Genetic 
Engineering and Biotechnology (ICGEB), New Delhi, India, 
in December 2010 titled “Innovating to Make an Impact” 
discussed multiple aspects regarding the challenges in 
TB diagnostics. A very positive feel for support in the 
field of diagnostic development came out of this.[52] A 
consultative meeting held in January 2011 at National 
AIDS Research Institute, India, on “Galvanizing Evidence 
for HIV Management” also incorporated a full session on 
TB supported by WHO. This was given a name “HIV and 
TB: Partners in crime” (report preparation in progress). 
Policy makers, subject experts, program implementers, 
researchers, HIV and TB physicians from different parts 
of India, researchers from another resource-limited setting 
like South Africa, and researchers from USA took part in 
the discussions. Exclusive discussions on diagnosing extra-
pulmonary TB, childhood TB, and HIV–TB were conducted 
as these pose serious challenges to developing universally 
applicable diagnostic tools for TB. The willingness and 
determination for better diagnosis and management of TB 
from laboratory workers to the policy makers further have 

shown a promising future. 

CONCLUSIONS

This systematic review has not tried to incorporate the 
strategy of meta-analysis as the reports or publications 
being considered here are not sufficient to cover the 
entire range of efforts being contributed. Recently, private 
enterprises are putting in a lot for the development of 
newer and better diagnostic tools in the field of TB. But 
the data from this end are not available to statistically 
assemble the results of studies into a single estimate. 
Although the review has not taken into view all upcoming 
and sophisticated technologies which are not evidence 
based, the aim is to land upon an idea of basic problems 
being identified in due course of diagnostic development. 
Table 1 reviews the frequently used techniques, problems 
associated with them, and an approach to solve these 
problems. Also, in normal diagnostic settings which use 
conventional methods of diagnosis, it is always difficult 
to maintain quality and ensuring biosafety in the absence 
of recommended equipments. In a very recent policy 
recommendation by WHO, a warning has been issued 
against the use of inaccurate blood tests for active TB, 
and these tests have been defined as “substandard tests 
with unreliable results.”[53] WHO has advised most of the 
countries which use these methods to ban the inaccurate 
and unapproved blood tests and instead rely on accurate 
microbiological or molecular tests, as recommended by 
WHO. As there is a big market for these tests in India, the 
focus is now going to be toward alternatives which can be 
placed in the market for active TB diagnosis. This is going 
to generate a huge demand of better diagnostic methods. 
In the light of a recent report “Totally Drug Resistant 
Tuberculosis in India,”[54] followed by a big controversy 
about the origin and proper identification, it becomes 
indispensible for a clinician to confirm about the status 
of infecting species along with the exact nature of drug 
resistance. At the same time, a clinician cannot wait for 
culture-based reports to initiate the treatment. In such 
cases, PCR/marker-based techniques would help getting 
concrete evidences of the etiology and would direct the 
treatment options on the right track. 

Looking on the other side, wherein commercial automated 
liquid cultures are recommended for better quality with 
minimum handling and manipulation of cultures by 
laboratory technicians, the expense and sophistication 
required is not a bearable load for all. In such conditions, 
alternative and novel culture-based approaches with a 
justifiable balance of cost, biosafety, and sensitivity are 
highly solicited. Nucleic acid amplification test (NAAT)-
based methods seem to be the best and fastest options 
among all. The big question that arises then is how to 
facilitate the required resources. We need to upgrade all 
research and diagnostic units all over the affected regions 
of the world to equip themselves with basic set-ups of PCR 
assays and to make confirmative diagnosis a routine and 
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feasible option. In designing assays, sometimes the worker 
is faced with a significant challenge in selecting the primer 
and probe combinations that detect all of the organisms to 
cover a broader range of significant organisms, avoiding 
cross-reactivity, sequence analysis, etc., to get the best 
suitable target. Anticipation and removal of inhibitory 
substances from the samples before the assay set-up is 
also a major issue to consider. For this, basic knowledge 
and training about molecular assays can be made a part of 
the basic training for technicians and scientists working 
in the field. Also NAA tests are not considered for the 
evaluation of patients receiving therapy as the technology 
cannot distinguish between live and dead organisms. This 
can still be used with the same specificity if followed by 
short-term culture-based enrichment. A possibility of 
having some method that incorporates both culture and 
modern methods of detection has been visualized during 
this review. A culture enriching the initial viable loads 
followed by a sensitive and specific NAA test with a 
minimized need of containment can make identification 
safer, faster, and more reliable. 

With the recent enthusiasm of various policy makers, funding 
agencies, and grants, the need is now to foster innovations 
that deliver better tools to diagnose TB with confidence 
using affordable approaches. After this only, the next step 
to treat and eradicate the menace of TB and associated 
risks can be taken with confidence. This review has been 

written with an intention to make readers aware of the kind 
of methodological challenges involved in such diagnosis. 
The author hopes that this will raise inquisitiveness in the 
brains of true scientific warriors to strive for newer ideas in 
making things simple and affordable. 
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Table 1: Overview of diagnostic methods and their limitations
Diagnostic 
method

Concerns Future avenues

Sample 
collection 

Type of sample (pulmonary/extra-pulmonary), sample quality and 
quantity (getting a good sample is always a problem in both cases) 

Better technologies and proper training for sample collection 
and sensitive methods which work on pulmonary as well as 
extra-pulmonary samples are sought after 

Sample 
processing 

Specimens such as sputum, stool, urine, and ascitic fluid need 
decontamination to reduce other fast-growing contaminants. The method 
of decontamination needs to balance between proper decontamination 
and minimum growth inhibition of the target Mycobacterium species[7,8]

Methods to selectively isolate/enrich mycobacterial species 
are desperately needed to avoid demanding, unsafe, and time-
consuming method of decontamination 

Microscopy WHO estimates that conventional smear microscopy only identifies 35% 
of patients with active TB.[11] The test identifies cells suspended in liquid 
samples and hence is not useful in detecting TB which occurs in a variety 
of organs in the body. This test will identify every acid fast bacilli, and 
hence the specificity is not 100%.
A newer adaptation using Auramine fluorescence stains requires 
fluorescence microscopy 

A more sensitive test to detect samples with a low bacterial 
load is needed. Selective concentration of mycobacterial 
cells followed by microscopy may help in achieving this 
goal. WHO has recommended the use of low-cost fluorescent 
LED microscopes. However, staff training, validation, quality 
assurance, and their availability to the needed laboratories are 
required to be implemented quickly[13] 

Culture Culture on Lowenstein–Jensen (LJ) media is time consuming and does 
not give an idea about species. Liquid culturing is very susceptible to 
contaminations and generates aerosol and hence needs containment 
facilities. Also, it is not always possible to obtain bacteria in the sample, 
especially in nonpulmonary TB and the test is therefore not always 
reliable. Automated liquid cultures have been validated mostly for 
pulmonary TB and are costly 

Faster culture methods are being optimized and tried worldwide. 
A method to selectively enrich and grow the cells with an early 
indication of identity is the need of the hour. Automated culture 
methods need to be designed for other samples also with the 
cost effectiveness as a primary goal 

Nucleic acid 
amplification 
tests (NAATs) 

Even though NAAT techniques can amplify even the smallest amounts of 
the genetic material, the sample used still has to contain a certain number 
of TB bacilli. This indicates for better and faster enrichment methods 
before carrying out the PCR test. Optimization of drug resistance testing 
is also an issue with in-house methods. Probe-based methods are not 
affordable for resource-limited set-ups[40]

NAAT tests are very sensitive but not always specific. Designing 
of better molecular tools needs a little more attention. Recently, 
recommended Gene Xpert has given some hope except a major 
concern about the feasibility of its implementation globally. Also 
its validation on extra-pulmonary samples is not yet completed 

Biomarkers Immunological outcomes of infection were considered best as early 
markers of infection. Cytokine profiling panels have been explored but 
influenced with a bias of using already known markers[45]

“Omics” (transcriptomic, proteomic, or metabolomic) approach 
is expected to provide some signature(s) of infection. Also 
easily achievable samples like urine, blood, breath, or saliva 
may be targeted 
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