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Trends in Tuberculosis Research

The global impact of tuberculosis has been alarming. With an estimated annual
2–3 million deaths (including HIV-infected individuals), over 8 million new cases
and one-third of the world’s population infected with Mycobacterium tuberculosis,
the WHO1 has declared tuberculosis as an international health emergency. Hence,
there has been a worldwide, determined and comprehensive effort to combat
tuberculosis both at the level of recruiting governmental and non-governmental
agencies to implement mass programmes for detection and supervised treatment, as
well as encouraging and funding scientists to research and discover new improved
tools for the diagnosis, treatment and prevention of human tuberculosis. We focus on
the current trends of research in tuberculosis.

There has been a qualitative change in the scenario of research in the present era
of genomics, proteomics2 and concomitant use of bioinformatic tools to analyse,
compare, predict and design appropriate targets or reagents for the detection of
tuberculosis, as well as proficient vaccines and effective drugs. The availability of the
mycobacterial genome, proteome and bioinformatic tools in the public domain has
had a profound influence on the use of new high throughput technologies for rapid
screening of a multitude of potential antimycobacterial compounds. Technologies
with similar impact such as micro-array have been used to study the complex host–
pathogen interactions. However, verifying and confirming the utility and relevance
of these ‘critical genes’ or their products requires assessment in a suitable biological
system or animal model. To date, these have been roadblocks in tuberculosis research.
Further, these model systems do not match the high throughput technologies either
in capacity or in determining the biological relevance of the critical gene(s) or their
product(s). Newer technologies have enabled researchers to address age-old questions
such as reliable detection of tubercle bacilli or products of immune response in
clinical samples in vitro or in vivo, parameters for describing protection against
infection by M. tuberculosis, and constructing new vaccines.

Several mycobacterial pathogens belonging to the tuberculosis complex have been
recognized as human pathogens. They include M. tuberculosis, M. bovis, M. canneti
and M. africanum. These microorganisms cause identical disease in humans which
cannot be clinically differentiated. The commonly used first-line drugs have been
used for treating these clinical conditions. It has been a challenge to identify these
pathogens owing to their antigenic and genetic similarities, and difficulties in
identification by the classical bacteriological methods. Polymerase chain reaction
(PCR), spoligotyping and associated technologies3 have been described to meet the
challenge of recognizing these pathogens as isolates or in clinical samples. Several
gene targets such as hup B,4 devR,5 rRNA,6 dnaJ,7 insertion sequences8 (such as
IS6110, IS990, IS1081), and genomic deletions using a set of seven primers to
differentiate the subspecies of the M. tuberculosis complex9 have been described as
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reliable and relevant for differential identification of these pathogens. However,
there is no consensus on the panel of defined gene targets needed for specific
identification and speciation of mycobacterial pathogens. The sluggish growth rates,
characteristic of mycobacteria in general, and limited efficiency of bacteriological
techniques for isolation and separation of mycobacterial pathogens from non-
tuberculous mycobacterial mixtures have retarded the progress and popularity of
these assays in modern mycobacterial diagnostic laboratories. The need to identify
mycobacterial pathogens is relevant from the epidemiological viewpoint, recognition
of reservoirs and the infection chain, and drug resistance. Some of these pathogens
such as M. tuberculosis and M. bovis are capable of infecting cattle10 and a host of
other domesticated and wild animals. These aspects of transmission of mycobacterial
pathogens require to be considered in formulating strategies for the control and
prevention of tuberculosis, limited not only to humans but also across the spectrum
of susceptible animal hosts, both domesticated and wild. Sensitive diagnostic assays
are required especially in cases of extrapulmonary tuberculosis, in which the tubercle
bacilli are scanty.

Besides PCR-based technologies, methods are being investigated to distinguish
between latent and active disease. The tuberculin test has been the mainstay in the
past; however, cytokine assays that specifically detect interferon-g  in whole blood
and antibody assays have been shown to have the potential of becoming diagnostic
tests. Cocktails of mycobacterial antigens such as early secretory antigen 6 (ESAT-
6, Rv3875) and culture filtrate protein 10 (CFP-10, Rv3876) localized in the region
of difference 1 (RD 1) of M. tuberculosis have been shown to be suitable candidates
for the detection of exposure to tubercle bacilli prior to progression towards clinical
disease.11 Profiling antibody responses to M. tuberculosis antigens at different stages
of the disease (latent, non-cavitary and cavitary) have shown that the gamut of
antigens recognized alters with progression of the disease. Malate synthase (Rv1837c)
and MTP51 protein (Rv3803c)12 have the potential to detect early and subclinical
tuberculosis. Antibody-based assays have an added advantage over cellular assays
designed for the detection of interferon-g,13 in that they will not be influenced by the
HIV positivity status of those being tested. In general, acceptance of a diagnosis of
incipient tuberculosis in the absence of a clinical diagnosis has been a contentious
issue between scientists and clinicians.

Besides the previously described techniques, a new technology at the forefront for
in vivo detection of active infectious foci is positron emission tomography (PET) with
a glucose analogue (2-{fluorine 18} fluoro-2-deoxy-D-glucose, FDG). Granulomatous
tissue has been reported to accumulate FDG. In fact, FDG uptake is more rapid by
cellular infiltrates such as lymphocytes and macrophages, which are characteristically
seen in early tuberculous lesions.14 Activated inflammatory cells exhibit quantitatively
increased glycolysis and hexose monophosphate shunt activity compared with the
surrounding tissue. Taking advantage of this differential uptake of FDG by
inflammatory cells, PET techniques are being applied to image tuberculomas. PET-
based imaging techniques along with other imaging techniques provide a hopeful
means to discover cryptic and hitherto inaccessible infectious tuberculous foci.
Perhaps in the future this approach will extend to discover and describe the difficult
to establish latent infection, which is characteristic of tubercle bacilli infection.

Human immunity against intracellular mycobacteria is determined by effective
cell-mediated immunity. Effective immunity to M. tuberculosis among humans is
variable, as only 5%–10% of infected individuals develop clinical signs and
symptoms of the disease. The course of infection is determined by the interplay of
several factors that include host-derived (nutritional status, genetic factors, and
exposure to environmental infectious viruses, microbes and mycobacteria in particular)
and pathogen-related factors. Owing to the complex nature of the immune response
to mycobacterial infection, correlates of protective immune response have not yet
been satisfactorily defined. This is an essential prerequisite before any human
vaccine trial can be conducted. Documentation related to the onset of human
tuberculosis has been useful in this regard. Studies related to the human
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immunodeficiency virus (HIV)–tuberculosis nexus have led to the establishment of
the major role played by CD4 T cells in determining protective immunity to
tuberculous infection. Besides the presence of CD4 cells, their number and the CD4–
CD8 ratio have been shown to be critical in the prevention of tuberculosis. The major
contribution of T cells in immunity has been confirmed by restoration of in vitro T
cell functions15 in patients following chemotherapy leading to a fall in mycobacterial
load. Apart from T cells, the role of cytokines such as interferon-g and tumour
necrosis factor (TNF)-a in vivo has been established by human immunotherapy trials
with recombinant interferon-g16 and the occurrence of tuberculosis in patients with
arthritis treated with humanized antibody specifically blocking the biological
activity of TNF-a.17 Genetic mutation studies18 have indicated the critical importance
of several other cytokines such as interleukin (IL)-12, IL-18, etc. in immunity to
mycobacterial infection. Characterization of the regulation and expression of
intracellular transcription protein regulators such as T-bet19 and GATA-3,20 and
understanding their influence in the generation of effector T cell subsets (TH1/TH2)
would hold the key in developing modulators of immune response to M. tuberculosis.

Though most of these aspects of the immunology of tuberculosis have been
confirmed in various animal models, at present there are only a few animal models
that mimic human tuberculosis. The two animals widely used are guinea pigs and
mice. Guinea pigs are extremely susceptible to infection and mice are fairly resistant.
The reasons for the occurrence of latent and re-activation tuberculosis, a feature of
human tuberculosis, remain elusive. Various candidate mycobacterial vaccines
which have been tested in animals include subunit, DNA, live attenuated M.
tuberculosis, recombinant BCG vaccines and non-mycobacterial vectors expressing
mycobacterial proteins. Most studies demonstrated the efficacy of some of these
vaccines over the standard BCG vaccine in animal models. These include rBCG
expressing Ag85B, urease-deficient rBCG expressing the Lysteriolysin O gene of L.
monocytogenes, an attenuated strain of M. tuberculosis, and recombinant vaccinia
virus expressing Ag85A, and several recombinant mycobacterial proteins (ESAT-6
and Ag85B). These candidate vaccines have been cleared for or are currently being
tested in phase I human trials. There have been recent reports of the success of a
combination of chemotherapy and a DNA vaccine in curing tuberculosis. Heat-killed
environmental mycobacteria such as M. vaccae and in India Mycobacterium W, a
strain antigenically related to M. leprae, are being used in phase III trials to establish
their efficacy against human tuberculosis.21–25

We are in an exciting era. After more than 50 years of mass vaccination with BCG
and 3 billion doses being administered, there are potential candidate vaccines
entering human trials. The current scenario appears promising—modern approaches
are likely to succeed in deciphering the complexities of immune responses to
mycobacterial pathogens, define protective immune responses and immunodiagnostic
techniques to distinguish between active disease and individuals. However, this
optimism needs to be tempered for the following reasons:

1. The lack of identical concerted efforts to control tuberculosis in cattle, and
domesticated and wild animals, especially in developing countries. Transmission
of M. tuberculosis and M. bovis from animals to man (zoonosis) and man to
animals (reverse zoonosis) has long been recognized. The web of susceptible hosts
also extends to animals in the wild and their links with domesticated animals
constitutes a transmission chain that has been persistently ignored. Prevention
and control of tuberculosis lies in recognizing this nexus and interrupting the
transmission of mycobacterial pathogens from various potential reservoirs to
humans as well as animals.

2. The inability/inefficiency of routine diagnostic laboratories to identify the acid-
fast bacilli discovered in a clinical sample. This need has been overlooked owing
to the clinical similarities in disease presentation and response to standard
chemotherapeutic regimens. Further, this inability stems from the fact that the
available tests are labour-intensive, variable and therefore unreliable. However,
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it is imperative to identify acid-fast bacilli in samples for epidemiological reasons.
Characterization of the pathogen is important to pinpoint its source, which will
help in formulating appropriate prevention strategies for tuberculosis.

Hence there is a need to arrive at a consensus to utilize and implement rapid and
reliable molecular biological techniques to identify mycobacterial pathogens in
clinical specimens. This would go a long way in enhancing awareness of the potential
sources of mycobacterial pathogens, and designing relevant schemes for the prevention
and cure of tuberculosis.
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