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Editorial
Tuberculosis research in India
Diagnosis of tuberculosis in its various forms
continues to a major problem challenging the clinicians
and the basic scientist alike. From the public health
point of view, diagnosis by simple sputum microscopy
is enough to bring under control the transmission of
disease in the community. Earlier stages of pulmonary
tuberculosis with pauci-bacillary disease, and most
forms of extra-pulmonary tuberculosis still requires
sound clinical judgment in the absence of satisfactory
gold standards. The same is true for the diagnosis of
childhood tuberculosis. Widely available and
frequently used serological tests for the diagnosis of
active tuberculosis using antibody detection with
commercially available kits have not been validated
in the Indian context. PCR-based diagnostic tests
hold considerable promise but lack of strict quality
control, limited availability and high cost are major
issues. This topic has been discussed in this issue
summarizing the Indian experience. Several advances
have been made in the diagnosis of latent tuberculosis
using enzyme linked immunospot to measure T-cell
responses to early secretory antigens. Although its
value in areas of high prevalence lies in exclusion of
the diagnosis with a negative test result, the test
appears to have higher sensitivity and specificity as
compared to traditional tuberculin skin test.

Tuberculosis is the second most common cause
of death from infectious disease at the global level,
being second only to HIV/AIDS. Most deaths occur
in developing countries, and affect the young in
productive years of their life. Effective combination
chemotherapy for tuberculosis has been available for
almost half a century, but it has done little to reduce
the disease burden in low-income countries including
India. The prevalence, incidence and annual risk of
infection continue to be the same as they were at the
time of the baseline National Survey fifty years ago.
The number of patients with active disease has
continued to increase in proportion to the growth of
the population in India.
It is in recognition of this important public health
problem that the Indian Council of Medical Research
decided to publish this special issue of the Indian
Journal of Medical Research on tuberculosis with
contributions from eminent epidemiologists, public
health specialists, microbiologists, clinicians and basic
scientists. It is to be expected that many of them are
drawn from the Tuberculosis Research Center,
Chennai, of the ICMR, an Institution which has made
major contribution on various aspects of tuberculosis
in India. Indeed, it is this institution which recognized
the importance of supervised and directly observed
chemotherapy for tuberculosis in achieving high cure
rates. This now forms one of the basic tenets of the
DOTS (directly observed therapy, short course)
advocated by the World Health Organization.
Chapters on clinical aspects of tuberculosis have been
contributed by authors from the all India Institute of
Medical Sciences, New Delhi, a center recognized
for academic excellence. Other authors are eminent
scientists and public health workers with major original
contributions in their respective areas. An attempt
has been made to cover several areas of current
interest, and to avoid duplication of recently published
material on the same topic.

High prevalence of (multi) drug resistant
tuberculosis in certain subject groups and regions has
been a subject of major concern for public health
administrators as well as clinicians. Almost one third
of the patients with past history of having been treated
for tuberculosis have been reported to have multidrug resistant organisms when they present with
sputum positive disease. There is a trend for increase
in multi-drug resistant tuberculosis even amongst
patients who have never received anti-tuberculosis
agents in the past. There are concerns regarding the
adequacy of standard regimen recommended for
category II patients which includes chronic cases as
well. Tuberculosis specialists from academic centers
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have advocated wider availability of culture and drugsusceptibility testing facilities in different parts of the
country for the management of multi-drug resistant
tuberculosis. It is clear that it would not be costeffective at the present time to advocate DOTS plus
under the revised national program, but it is also clear
that the necessary infra-structure for reference
laboratories and trained personnel needs to be created
at several academic institutions in the country for the
management of patients referred from the existing
program.
Considerable progress has been made in
speciation and rapid identification of drug resistant
organisms using molecular tools. Notable in this
regard is the identification of mutations in rpoB gene
which are associated with drug-resistant phenotype.
There is possibility of undertaking this investigation
directly on the sputum samples rather than cultures
which take several weeks. Unfortunately these
investigations are unlikely to be widely available in
the field and would be undertaken only in the reference
laboratories. Nevertheless, they hold great promise
as they would supplement the results of conventional
drug susceptibility testing. Specific contributions of
the Indian scientists along with others have been
discussed in this issue.
There has been debate as to how much of newly
diagnosed active tuberculosis in adults is the
consequence of new infection or reactivation of
infection from the past. Restriction length
polymorphism analysis is helpful in recognizing
ongoing transmission in the community. Only limited
data is available from India on this subject which
has been presented in this issue of the Journal. Much
more information, however, needs to be generated
regarding transmission dynamics in overcrowded
slums, public utilities and large hospitals with
inadequate infection control measures.
The HIV epidemic is yet to reach its peak in India.
Tuberculosis is the most frequent opportunistic

infection amongst these patients with moderate to
advanced immunosuppression. HIV positivity
amongst patients with tuberculosis attending
tuberculosis centers is considerable higher than in the
general population. As the pool of people living with
HIV/AIDS expands in India, the prevalence and
incidence of tuberculosis is expected to increase.
Current reports do not suggest higher prevalence of
drug-resistant tuberculosis amongst HIV infected
individuals in India, but this scene may change with
changing transmission dynamics and environmental
factors. There are several issues which need to be
considered for reducing the impact of HIV epidemic
on the epidemiology of tuberculosis. These include
chemoprophylaxis for patients with latent infection,
and strategies for chemotherapy of dually infected
individuals. Indian along with other low-income
countries is preparing for three by five movement
although several questions remain unanswered. They
relate to financial and management issues, as well as
concerns regarding emergence of drug resistant strains
of HIV. Public health planners and administrators
have the enormous responsibility of choosing
appropriate and feasible strategies for controlling
tuberculosis in the wake of HIV epidemic.
Review articles in this issue of the Journal take
stock of the currently available information on
tuberculosis in India. Important lacunae in knowledge
have been highlighted emphasizing the need for future
research in several areas including diagnosis,
chemotherapy, molecular epidemiology, operational
research and vaccine development. I am sure the
readers would find the information as useful as I did.
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Tuberculosis (TB) has been declared as a global health emergency by the World Health Organization
(WHO). This has been mainly due to the emergence of multiple drug resistant strains and the synergy
between tubercle bacilli and the human immunodeficiency virus (HIV). Genomic analysis of strains
for outbreak investigations is in vogue for about a decade now. However, information available from
whole genome sequencing efforts and comparative genomics of laboratory and field strains is likely
to revolutionize efforts towards understanding molecular pathogenesis and dissemination dynamics
of this dreaded disease. Genomic information is also going to fuel discovery projects where new
targets will be identified and explored towards a new drug for TB. Besides this, efforts of information
technologists, chemists, population biologists, freelance workers, media persons, non-governmental
organizations and administrators to needed to handle the problem of tuberculosis to prevent it from
becoming a pandemic.
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Mycobacterium tuberculosis is reputed to have the
highest annual global mortality among all of the
pathogens1. The rise in tuberculosis (TB) incidence
over the last two decades is partly due to TB deaths
in HIV-infected patients and partly due to the
emergence of multidrug resistant strains of the
bacteria. This rapid increase in the disease has led to
potential funding arrangements aimed at a large effort
towards stopping this disease before it becomes a
global epidemic. Due to its slow growth and high
virulence it is extremely difficult to work with the
TB bacterium. However, rapidly evolving
mycobacterial genomics with complete genome
sequences known along with powerful bioinformatics
approaches, one can realize better therapeutics and
prophylactics in the near future 2. A comparative
genomic analysis of these species has a potential to
reveal the genetic basis of disease phenotypes, which
will be invaluable for the development of much
needed drugs and newer vaccines.

Problem of multi drug resistant tuberculosis
(MDR-TB)
One of the classical threats of the tuberculosis
epidemic has been the MDR-TB. Use, and often abuse
or misuse, of antimicrobial agents has encouraged
the evolution of bacteria toward resistance, resulting
often in therapeutic failure. There are evidences that
bacteria have the ability to adapt to this deficit and
recover fitness on serial passage 1 . Resistance to
antituberculosis drugs has been a problem since the
era of chemotherapy began. After dramatic outbreaks
of MDR-TB in the early 1990s, resistance became
recognized as a global problem. MDR-TB now
threatens the inhabitants of countries in Europe, Asia,
Africa, and the Americas2. An understanding of the
molecular basis of drug resistance may contribute to
the development of new drugs 3. Management of
MDR-TB relies on prompt recognition and treatment
with at least 3 drugs to which an isolate is susceptible.
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The roles of drug containing environments, and the
immunological status of the host and bacterial
molecular mechanisms of development of drug
resistance to M. tuberculosis have been examined and
results are helpful in implementation of modified
drug regimens in tuberculosis control programmes.
Multidrug resistant strains of M. tuberculosis
seriously threaten tuberculosis control and prevention
efforts. Molecular studies of the mechanism of action
of antitubercular drugs have elucidated the genetic
basis of drug resistance. Drug resistance in M.
tuberculosis has been primarily attributed to the
mutations in the drug target genes, however, the
presence of efflux pumps in clinical MDR isolates
cannot be ruled out4. These mutations lead either to
an altered target or to a change in titration of the drug.
A diverse array of strategies is already available to
assist in rapid detection of drug resistance-associated
gene mutations. In spite of remarkable advances in
this area, much remains to be learned about the
molecular genetic basis of drug resistance in M.
tuberculosis. During the last decade, there has been
a marked increase in the number and gravity of
tuberculosis cases both in developing countries and
in industrialized nations. One of the more insidious
consequences of this resurgence has been the recent
emergence of nosocomial transmission of multi drug
resistant strains of M. tuberculosis, thus creating
untreatable forms of the disease and these strains may
become widespread. That the various clinical isolates
of M. tuberculosis are geographically partitioned at
the global level. Ahmed et al5,6 has provided evidence
to the concept of geographic genomics7.

isolates obtained from AIDS patients by the technique
of restriction fragment length polymorphism (RFLP)
analysis showed that re-infection and new infection
both occur in AIDS patients5. It has been speculated
that the HIV/AIDS patients constituting an ecological
niche for M. tuberculosis, where less virulent strains
multiply freely without the selection pressure
provided by an immunocompetent patient.
Consequently, it should be possible to differentially
identify pathogenic bacterial clones and differentiate
them on the basis of epidemiological parameters
related to co-infection, relapse versus recent infection
and multiple drug resistance. Recently, one
study6 has been conducted under the auspices of the
M. tuberculosis evolutionary genomics interest group,
where significantly different genotypes were observed
for HIV-associated tubercle bacilli as compared to
bacilli recovered from non-HIV patients. This has
been the only study of its kind in the post genomic
scenario where high resolution genomic pattern
analysis was systematically applied to a well
characterized strain collection from a clinically tested
patient population. While statistically significant
association of a clone to the disease outbreak in a
community may reflect increased fitness of the
genome, it can be suggested that this phenomenon
should be observed in multiple settings before they
can be linked with certainty to a particular host
population. Frequent travel and social links among
the people of economically productive and sexually
active age groups as seen in some African and South
American countries, often provide for fast
multiplication of low virulent strains and therefore
high clustering is seen in such settings.

The TB- HIV symphony: Supporting the idea of
low virulent clones

The post genomic approaches

The emergence of the HIV/acquired
immunodeficiency syndrome (AIDS) pandemic has
led to major shift in our approaches towards
epidemiological studies of TB both in resource poor
and developed countries, with HIV infection
becoming a risk factor for the development of active
TB infection. This might be a consequence of
increased re-activation of previously acquired,
dormant bacilli and an increase in susceptibility to
both re-infection and primary infection. Studies
involving DNA fingerprinting of M. tuberculosis

New developments in molecular biology and
functional genomics have fostered major advances
in our understanding of genetic variability among M.
tuberculosis. Complete genome sequence
information 8 has been released for this organism
opening new vistas in diagnosis, epidemiology and
vaccine development. Automated DNA sequencing
allows for the direct comparison of specific genes
among large populations of isolates, and
determination of complete genomic sequence of two
strains together with new technologies like DNA
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microarrays and computational biology, has provided
a whole genome perspective on genomic content,
gene regulation, and metabolism.

209

epidemiologic behaviour of strains, these factors must
be carefully integrated into the investigative process.
Post genomic databases for epidemiologists

The face of infection epidemiology has changed
in the post genomic scenario. Bacterial genome
signatures permit whole genome comparisons
between different bacterial strains or isolates by using
differential amplification techniques and automated
genotyping for the determination of genetic signatures
or barcodes. These signatures could be a group of
markers or DNA fragments of unique sizes. In this
way, gene deletions may be readily identified that
correlate with alteration in virulence or other
phenotypes.
The use of differential expression to monitor
whole genome expression is now a powerful
approach, which will result in definition of
differentially expressed genes important in
pathogenesis, and will provide useful targets for
rational design of new drugs and vaccine candidates
for M. tuberculosis. These studies are likely to
confirm the reality of “transcriptomics” as a technical
deliverable for hypothesis driven research into
mycobacterial pathogenesis, vaccine and drug
research.
The emergence of protein-based analysis or
proteomics is likely to facilitate determination of
changes in the expression profile that leads to
pathogenicity, drug resistance and immune responses.
This approach has a very high potentiality and
accuracy to identify proteins involved in
pathogenicity and drug resistance leading to
development of medical intervention. Similar
approaches can be adopted to understand M.
tuberculosis pathogenicity and multidrug resistance
among different strains.
The recent accumulation of copious data about the
extent and nature of genetic and phenotypic variation
in tubercle bacilli provides an unprecedented
opportunity to determine the phenotypic
consequences of genetic polymorphism in this
organism. However, a coherent synthesis of this
knowledge is lacking, reflecting the formidable
challenges of this endeavour. Because environmental
and host factors clearly contribute to the clinical and

A large number of molecular markers have been
made available for epidemiological and evolutionary
studies as a result of comparative genomics studies
(Fig.). These markers include Mycobacterial
interspersed repeat units-variable number tandem
repeats (MIRU-VNTRs) 9 , fluorescent amplified
fragment length polymorphism (FAFLPs) 6 and large
genomic deletions10. The present day challenge is to
compile standardized fingerprint patterns originating
from highly networked, multi-centric, genotypic
analyses in the databases for interlaboratory use and
future references 7 . This requires an accurate
measurement of fragment lengths. Analysis via
molecular weight markers in adjacent lanes is
straightforward and can be done automatically on
digitated images. A correction for the variation in
migration rates and gel distortion is achieved by coelectrophoresis in each lane of both sample and
marker fragment. One option is the use of invariant
fragments with known lengths as internal markers.
Digitated images in a standard graphical file may be
obtained as scanned autoradiographs. These data can
be imported in gel analysis software, which carries
out the normalization and fragment sizing for analysis
by the dedicated software. Many databases have been
developed recently for rapid genotypic searches and
comparisons on the world-wide web: SpolDB:
Spoligotyping resource database at Institut Pasteur
of Guadilope (http://www.cdc.gov/ncidod/EID/
vol7no3/sola_data.htm) Tbase: RFLP resource
database at RIVM, The Netherlands (https://
hypocrates.rivm.nl/bnwww/IS6110-RFLPbands.htm) AmpliBASE: AFLP resource database at
CDFD Hyderabad (http:www.cdfd.org.in/amplibase)
MiruDB:VNTR resource database at IBL Lille,
France (http://www.ibl.fr/mirus/mirus.html)
Post genomic discovery efforts: TB structural
genomics
It is quite unfortunate to realize that while the
world is faced with the horrors of TB epidemic, no
novel compound has been introduced for widespread
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Fig. Screen dump of AmpliBASE MT®, a M. tuberculosis diversity knowledgebase, that is based on MIRU(A) and FAFLP(B)
markers.

treatment of this disease after rifampicin was
developed in 1963. At this point, however, it is
believed that new chemotherapies for treatment of
TB should have the following major objectives: (i)
development of faster acting drugs to shorten the
duration of treatment; (ii) development of novel
antimicrobials to counter the emergence of bacteria
resistant to current therapies; and (iii) development
of chemotherapeutics that specifically target dormant
bacilli and hence provide more effective treatment
of latent TB infections.
In the post genomic scenario, a strong emphasis
has been paid on structural genomics based discovery
of new powerful drugs. Structural genomics is the
large scale determination and analysis of protein
structures. It is a new field that has been boosted by
major technological advances in structure
determination and by the availability of as many as
95 to 200 completed genome sequences related to
many microbial and protozoan species. Several
computational methods can predict the biological
roles of proteins by analyzing functional relationships

among proteins rather than sequence similarities.
Three of these methods are phylogenetic profiling,
domain fusion and gene clustering. These methods
can help in identifying potential drug targets such as
proteins functionally linked to known targets of antiTB drugs and to proteins known to be essential for
bacterial survival. Inhibiting these functionally
related proteins should have a similar effect on the
organism as inhibiting the present drug targets, since
the same processes or pathways would be disrupted.
An international effort in the form of the TB
Structural Genomics Consortium11 has been a most
successful partnership of investigators working on
different targets throughout the world. Objectives of
this partnership include determining the structures
of many of the mycobacterial proteins facilitating
drug discovery efforts using high throughput
screening, genetic identifications of key TB genes,
and structure-based approaches. Other proteins that
might be good targets for anti-TB therapy include
extracellular proteins that are involved in virulence,
and persistence determinants, since the M.
tuberculosis cell envelope is impermeable to many
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antibacterial agents. Potential therapeutic targets also
include secreted antigens and proteins involved in
iron acquisition, which is a critical process for M.
tuberculosis survival. These proteins include iron
regulatory proteins and enzymes involved in the
production of secreted iron siderophores such as
exocholins and mycobactins. Proteins specific to
tubercle bacilli might constitute possible targets,
since these may provide adaptations exclusive to the
virulence and pathogenicity of mycobacteria. In
particular, 10 per cent of the M. tuberculosis genome
consists of genes that encode M. tuberculosis-specific
PE, PPE and PE-PGRS proteins. The PE family is
named after the presence of the motif proline-gluamic
acid (PE) at positions 8 and 9 in a highly conserved
N-terminal domain of approximately 110 amino
acids, the C-terminal region is however, variable
within the family. The PPE family resembles the PE
family with a highly conserved N-terminal region
(about 180 amino acids), containing the motif
proline-prolineglutamic acid at positions 7-9. Lastly,
the (PE-PGRS) (polymorphic GC-rich sequence)
family represents an extension of the PE protein
family with multiple repeats of glycine-glycinealanine (asparagine) motifs. The function or functions
of these proteins are unknown though they have been
implicated in virulence and immune surveillance 12,13.
Conclusion and expert opinion
In the post genomic scenario, future of TB
elimination holds a lot of promise but it is yet to be
realized. With the unravelling of the M. tuberculosis
genome, newer paradigms in the areas of
epidemiology, evolution and diagnostics are almost
certain. On the discovery front, scientists can now
selectively target enzymes of M. tuberculosis which
display strong antigenic attributes 14 . Genetic
products of mycobacteria can be modified to cause
their own death. The international initiative under
the auspices of the Structural Genomics Consortium
is all set to harvest the fruits of such a new biology.
In the future, the distinction between drugs,
immunomodulators and vaccines may disappear
leading to amalgamation of all these as a super
antimycobacterial to rid the world from the deadly
shadow of TB. With the unprecedented growth of
bioinformatics and comparative genomics, state of
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the art technologies are essential to utilize the vast
gene pools sitting in the databases. Genomic
discovery alone will not be sufficient to tackle the
problem. Apart from basic scientists, the role of health
care workers, clinicians and epidemiologists, publicprivate partnerships and the non- government
organizations will be highly needed on all the frontiers.
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Tuberculosis is a major health problem throughout the world causing large number of deaths,
more than that from any other single infectious disease. The review attempts to summarize the
information available on host immune response to Mycobacterium tuberculosis. Since the main
route of entry of the causative agent is the respiratory route, alveolar macrophages are the
important cell types, which combat the pathogen. Various aspects of macrophage-mycobacterium
interactions and the role of macrophage in host response such as binding of M. tuberculosis to
macrophages via surface receptors, phagosome-lysosome fusion, mycobacterial growth
inhibition/killing through free radical based mechanisms such as reactive oxygen and nitrogen
intermediates; cytokine-mediated mechanisms; recruitment of accessory immune cells for local
inflammatory response and presentation of antigens to T cells for development of acquired
immunity have been described. The role of macrophage apoptosis in containing the growth of
the bacilli is also discussed. The role of other components of innate immune response such as
natural resistance associated macrophage protein (Nramp), neutrophils, and natural killer cells
has been discussed. The specific acquired immune response through CD4 T cells, mainly
responsible for protective Th1 cytokines and through CD8 cells bringing about cytotoxicity,
δ
also has been described. The role of CD-1 restricted CD8 + T cells and non-MHC restricted γ /δ
T cells has been described although it is incompletely understood at the present time. Humoral
immune response is seen though not implicated in protection. The value of cytokine therapy
has also been reviewed. Influence of the host human leucocyte antigens (HLA) on the
susceptibility to disease is discussed.
Mycobacteria are endowed with mechanisms through which they can evade the onslaught of
host defense response. These mechanisms are discussed including diminishing the ability of
antigen presenting cells to present antigens to CD4+ T cells; production of suppressive cytokines;
escape from fused phagosomes and inducing T cell apoptosis.
The review brings out the complexity of the host-pathogen interaction and underlines the
importance of identifying the mechanisms involved in protection, in order to design vaccine
strategies and find out surrogate markers to be measured as in vitro correlate of protective
immunity.
Key words Immunology - Mycobacterium tuberculosis - tuberculosis

due to TB2, with the incidence and prevalence being
1.5 and 3.5 millions per year.

Tuberculosis (TB) remains the single largest
infectious disease causing high mortality in humans,
leading to 3 million deaths annually, about five deaths
every minute. Approximately 8-10 million people
are infected with this pathogen every year1. Out of
the total number of cases, 40 per cent of cases are
accommodated in South East Asia alone. In India,
there are about 500,000 deaths occurring annually

This review summarizes the information available
on host immune response to the causative bacteria,
complexity of host-pathogen interaction and
highlights the importance of identifying mechanisms
involved in protection.
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Pathogenesis of TB

of acquired immunity.

Route and site of infection: Mycobacterium
tuberculosis is an obligatory aerobic, intracellular
pathogen, which has a predilection for the lung tissue
rich in oxygen supply. The tubercle bacilli enter the
body via the respiratory route. The bacilli spread
from the site of initial infection in the lung through
the lymphatics or blood to other parts of the body,
the apex of the lung and the regional lymph node
being favoured sites. Extrapulmonary TB of the
pleura, lymphatics, bone, genito-urinary system,
meninges, peritoneum, or skin occurs in about 15 per
cent of TB patients.

Binding of M. tuberculosis to monocytes /
macrophages: Complement receptors (CR1, CR2,
CR3 and CR4), mannose receptors (MR) and other
cell surface receptor molecules play an important role
in binding of the organisms to the phagocytes4. The
interaction between MR on phagocytic cells and
mycobacteria seems to be mediated through the
mycobacterial
surface
glycoprotein
lipoarabinomannan (LAM) 5 . Prostaglandin E2
(PGE2) and interleukin (IL)-4, a Th2-type cytokine,
upregulate CR and MR receptor expression and
function, and interferon-γ (IFN-γ) decreases the
receptor expression, resulting in diminished ability
of the mycobacteria to adhere to macrophages 6 .
There is also a role for surfactant protein receptors,
CD14 receptor 7 and the scavenger receptors in
mediating bacterial binding8.

Events following entry of bacilli: Phagocytosis of M.
tuberculosis by alveolar macrophages is the first
event in the host-pathogen relationship that decides
outcome of infection. Within 2 to 6 wk of infection,
cell-mediated immunity (CMI) develops, and there
is an influx of lymphocytes and activated
macrophages into the lesion resulting in granuloma
formation. The exponential growth of the bacilli is
checked and dead macrophages form a caseum. The
bacilli are contained in the caseous centers of the
granuloma. The bacilli may remain forever within
the granuloma, get re-activated later or may get
discharged into the airways after enormous increase
in number, necrosis of bronchi and cavitation.
Fibrosis represents the last-ditch defense mechanism
of the host, where it occurs surrounding a central area
of necrosis to wall off the infection when all other
mechanisms failed. In our laboratory, in guineapigs
infected with M. tuberculosis, collagen, elastin and
hexosamines showed an initial decrease followed by
an increase in level. Collagen stainable by Van
Gieson’s method was found to be increased in the
lung from the 4th wk onwards3.
Macrophage-Mycobacterium interactions and the
role of macrophage in host response can be
summarized under the following headings: surface
binding of M. tuberculosis to macrophages;
phagosome-lysosome fusion; mycobacterial growth
inhibition/killing; recruitment of accessory immune
cells for local inflammatory response and
presentation of antigens to T cells for development

Phagolysosome
fusion:
Phagocytosed
microorganisms are subject to degradation by
intralysosomal
acidic
hydrolases
upon
phagolysosome fusion9. This highly regulated event10
constitutes a significant antimicrobial mechanism of
phagocytes. Hart et al11 hypothesized that prevention
of phagolysosomal fusion is a mechanism by which
M. tuberculosis survives inside macrophages11. It has
been reported that mycobacterial sulphatides 12 ,
derivatives of multiacylated trehalose 2-sulphate13,
have the ability to inhibit phagolysosomal fusion. In
vitro studies demonstrated that M. tuberculosis
generates copious amounts of ammonia in cultures,
which is thought to be responsible for the inhibitory
effect14.
How do the macrophages handle the engulfed M.
tuberculosis?: Many antimycobacterial effector
functions of macrophages such as generation of
reactive oxygen intermediates (ROI), reactive
nitrogen intermediates (RNI), mechanisms mediated
by cytokines, have been described.
Reactive oxygen intermediates (ROI): Hydrogen
peroxide (H 2 O 2 ), one of the ROI generated by
macrophages via the oxidative burst, was the first
identified effector molecule that mediated
mycobactericidal effects of mononuclear
phagocytes15. However, the ability of ROI to kill M.
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tuberculosis has been demonstrated only in mice16
and remains to be confirmed in humans. Studies
carried out in our laboratory have shown that M.
tuberculosis infection induces the accumulation of
macrophages in the lung and also H2O2 production17.
Similar local immune response in tuberculous ascitic
fluid has also been demonstrated 18. However, the
increased production of hydrogen peroxide by
alveolar macrophages is not specific for TB 19 .
Moreover, the alveolar macrophages produced less
H2O2 than the corresponding blood monocytes.
Reactive nitrogen intermediates (RNI): Phagocytes,
upon activation by IFN-γ and tumor necrosis factorα (TNF-α), generate nitric oxide (NO) and related
RNI via inducible nitric oxide synthase (iNOS2)
using L-arginine as the substrate. The significance
of these toxic nitrogen oxides in host defense against
M. tuberculosis has been well documented, both in
vitro and in vivo, particularly in the murine system 20.
In genetically altered iNOS gene knock-out (GKO)
mice M. tuberculosis replicates much faster than in
wild type animals, implying a significant role for NO
in mycobacterial host defense 21.
In our study, rat peritoneal macrophages were
infected in vitro with M. tuberculosis and their fate
inside macrophages was monitored. Alteration in the
levels of NO, H2O2 and lysosomal enzymes such as
acid phosphatase, cathepsin-D and β-glucuronidase
was also studied. Elevation in the levels of nitrite
was observed along with the increase in the level of
acid phosphatase and β-glucuronidase. However,
these microbicidal agents did not alter the
intracellular viability of M. tuberculosis22.
The role of RNI in human infection is
controversial and differs from that of mice. 1, 25
dihydroxy vitamin D3 [1, 25-(OH)2D3] was reported
to induce the expression of the NOS2 and M.
tuberculosis inhibitory activity in the human HL-60
macrophage-like cell line 23. This observation thus
identifies NO and related RNI as the putative
antimycobacterial effectors produced by human
macrophages. This notion is further supported by
another study in which IFN-γ stimulated human
macrophages co-cultured with lymphocytes (M.
tuberculosis lysate/IFN-γ primed) exhibited
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mycobactericidal activity concomitant with the
expression of NOS2 24. High level expression of
NOS2 has been detected immunohistochemically in
macrophages obtained by broncho alveolar lavage
(BAL) from individuals with active pulmonary TB25.
Other mechanisms of growth inhibition/killing: IFNγ and TNF-α mediated antimycobacterial effects have
been reported. In our laboratory studies, we were
unable to demonstrate mycobacterial killing in
presence of IFN-γ, TNF-α and a cocktail of other
stimulants26.There is lack of an experimental system
in which the killing of M. tuberculosis by
macrophages can be reproducibly demonstrated in
vitro. The reports of the effect of IFN-γ treated
human macrophages on the replication of M.
tuberculosis range from its being inhibitory 27 to
enhancing28. Later it was demonstrated that 1,25(OH) 2D3, alone or in combination with IFN-γ and
TNF-α, was able to activate macrophages to inhibit
and/or kill M. tuberculosis in the human system29.
In our comparative study of immune response after
vaccination with BCG, in subjects from Chengalput,
India and London, M. bovis BCG vaccination did not
enhance bacteriostasis with the Indians, but did so
with the subjects from London.
Macrophage apoptosis
Another potential mechanism involved in
macrophage defense against M. tuberculosis is
apoptosis or programmed cell death. Placido et al30
found that using the virulent strain H37Rv, apoptosis
was induced in a dose-dependent fashion in BAL cells
recovered from patients with TB, particularly in
macrophages from HIV-infected patients. Klingler
et al31 have demonstrated that apoptosis associated
with TB is mediated through a downregulation of bcl2, an inhibitor of apoptosis. Within the granuloma,
apoptosis is prominent in the epithelioid cells as
demonstrated by condensed chromatin viewed by
light microscopy or with the in situ terminal
transferase mediated nick end labeling (TUNEL)
technique 32.
Molloy et al 33 have shown that macrophage
apoptosis results in reduced viability of
mycobacteria. The effects of Fas L- mediated or
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TNF-α-induced apoptosis on M. tuberculosis
viability in human and mouse macrophages is
controversial; some studies report reduced bacterial
numbers within macrophages after apoptosis 34 and
others indicate this mechanism has little
antimycobacterial effect35.
Evasion of host immune response by M.
tuberculosis
M. tuberculosis is equipped with numerous
immune evasion strategies, including modulation of
antigen presentation to avoid elimination by T cells.
Protein secreted by M. tuberculosis such as
superoxide dismutase and catalase are antagonistic
to ROI 36 . Mycobacterial components such as
sulphatides, LAM and phenolic- glycolipid I (PGLI) are potent oxygen radical scavengers 37,38 . M.
tuberculosis-infected macrophages appear to be
diminished in their ability to present antigens to CD4+
T cells, which leads to persistent infection39. Another
mechanism by which antigen presenting cells (APCs)
contribute to defective T cell proliferation and
function is by the production of cytokines, including
TGF-β, IL-1040 or IL-641. In addition, it has also been
reported that virulent mycobacteria were able to
escape from fused phagosomes and multiply 42.
Host immune mechanisms in TB
Innate immune response: The phagocytosis and the
subsequent secretion of IL-12 are processes initiated
in the absence of prior exposure to the antigen and
hence form a component of innate immunity. The
other components of innate immunity are natural
resistance associated macrophage protein (Nramp),
neutrophils, natural killer cells (NK) etc. Our
previous work showed that plasma lysozyme and
other enzymes may play an important role in the first
line defense, of innate immunity to M. tuberculosis43.
The role of CD-1 restricted CD8+ T cells and nonMHC restricted T cells have been implicated but
incompletely understood.
Nramp: Nramp is crucial in transporting nitrite from
intracellular compartments such as the cytosol to
more acidic environments like phagolysosome,
where it can be converted to NO. Defects in Nramp

production increase susceptibility to mycobacteria.
Newport et al 44 studied a group of children with
susceptibility to mycobacterial infection and found
Nramp1 mutations as the cause for it. Our laboratory
study on pulmonary and spinal TB patients and
control subjects suggested that NRAMP1 gene might
not be associated with the susceptibility to pulmonary
and spinal TB in the Indian population45.
Neutrophils: Increased accumulation of neutrophil in
the granuloma and increased chemotaxis has
suggested a role for neutrophils 46. At the site of
multiplication of bacilli, neutrophils are the first cells
to arrive followed by NK cells, γ/δ cells and α/β cells.
There is evidence to show that granulocytemacrophage-colony stimulating factor (GM-CSF)
enhances phagocytosis of bacteria by neutrophils47.
Human studies have demonstrated that neutrophils
provide agents such as defensins, which is lacking
for macrophage-mediated killing 48. Majeed et al 49
have shown that neutrophils can bring about killing
of M. tuberculosis in the presence of calcium under
in vivo conditions.
Natural killer (NK) cells: NK cells are also the
effector cells of innate immunity. These cells may
directly lyse the pathogens or can lyse infected
monocytes. In vitro culture with live M. tuberculosis
brought about the expansion of NK cells implicating
that they may be important responders to M.
tuberculosis infection in vivo 50 . During early
infection, NK cells are capable of activating
phagocytic cells at the site of infection. A significant
reduction in NK activity is associated with multidrugresistant TB (MDR-TB). NK activity in BAL has
revealed that different types of pulmonary TB are
accompanied by varying degrees of depression51. IL2 activated NK cells can bring about
mycobactericidal activity in macrophages infected
with M. avium complex (MAC) as a non specific
response52. Apoptosis is a likely mechanism of NK
cytotoxicity. NK cells produce IFN-γ and can lyse
mycobacterium pulsed target cells 53. Our studies54
demonstrate that lowered NK activity during TB
infection is probably the ‘effect’ and not the ‘cause’
for the disease as demonstrated by the follow up
study. Augmentation of NK activity with cytokines
implicates them as potential adjuncts to TB
chemotherapy 54.
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The Toll-like receptors (TLR): The recent discovery
of the importance of the TLR protein family in
immune responses in insects, plants and vertebrates
has provided new insight into the link between innate
and adaptive immunity. Medzhitov et al55 showed
that a human homologue of the Drosophila Toll
protein signals activation of adaptive immunity. The
interactions between M. tuberculosis and TLRs are
complex and it appears that distinct mycobacterial
components may interact with different members of
the TLR family. M. tuberculosis can
immunologically activate cells via either TLR2 or
TLR4 in a CD 14-independent, ligand-specific
manner56.
Acquired immune response
Humoral immune response: Since M. tuberculosis is
an intracellular pathogen, the serum components may
not get access and may not play any protective role.
Although many researchers have dismissed a role for
B cells or antibody in protection against TB57, recent
studies suggest that these may contribute to the
response to TB58.
Mycobacterial antigens inducing humoral response
in humans have been studied, mainly with a view to
identify diagnostically relevant antigens. Several protein
antigens of M. tuberculosis have been identified using
murine monoclonal antibodies59. The immunodominant
antigens for mice include 71, 65, 38, 23, 19, 14 and 12
kDa proteins. The major protein antigens of M. leprae
and M. tuberculosis have been cloned in vectors such
as Escherichia coli. Not all the antigens identified based
on mouse immune response were useful to study human
immune response.
In our laboratory a number of M. tuberculosis
antigens have been purified and used for diagnosis
of adult and childhood TB 60-66 . Combination of
antigens were also found to be useful in the diagnosis
of HIV-TB 67,68 . Detection of circulating immune
complex bound antibody was found to be more
sensitive as compared to serum antibodies. The
purified antigens were evaluated for their utility in
diagnosing infection69,70.
Cellular immune response
T cells: M. tuberculosis is a classic example of a
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pathogen for which the protective response relies on
CMI. In the mouse model, within 1 wk of infection
with virulent M. tuberculosis, the number of activated
CD4+ and CD8+ T cells in the lung draining lymph
nodes increases71. Between 2 and 4 wk post-infection,
both CD4+ and CD8+ T cells migrate to the lungs and
demonstrate an effector/memory phenotype
(CD44hiCD45loCD62L-); approximately 50 per cent
of these cells are CD69+. This indicates that activated
T cells migrate to the site of infection and are
interacting with APCs. The tuberculous granulomas
contain both CD4+ and CD8+ T cells72 that contains
the infection within the granuloma and prevent
reactivation.
CD4 T cells: M. tuberculosis resides primarily in a
vacuole within the macrophage, and thus, major
histocompatibility complex (MHC) class II
presentation of mycobacterial antigens to CD4 + T
cells is an obvious outcome of infection. These cells
are most important in the protective response against
M. tuberculosis. Murine studies with antibody
depletion of CD4+T cells73, adoptive transfer74, or the
use of gene-disrupted mice 75 have shown that the
CD4+ T cell subset is required for control of infection.
In humans, the pathogenesis of HIV infection has
demonstrated that the loss of CD4 + T cells greatly
increases susceptibility to both acute and reactivation TB 76. The primary effector function of
CD4+ T cells is the production of IFN-γ and possibly
other cytokines, sufficient to activate macrophages.
In MHC class II-/- or CD4-/- mice, levels of IFN-γ
were severely diminished very early in infection75.
NOS2 expression by macrophages was also delayed
in the CD4 + T cell deficient mice, but returned to
wild type levels in conjunction with IFNγ
expression75.
In a murine model of chronic persistent M.
tuberculosis infection77, CD4 T cell depletion caused
rapid re-activation of the infection. IFN-γ levels
overall were similar in the lungs of CD4+ T celldepleted and control mice, due to IFNγ production
by CD8+ T cells. Moreover, there was no apparent
change in macrophage NOS2 production or activity
in the CD4+ T cell-depleted mice. This indicated that
there are IFN-γ and NOS2-independent, CD4+ T celldependent mechanisms for control of TB. Apoptosis

218

INDIAN J MED RES, OCTOBER 2004

or lysis of infected cells by CD4+ T cells may also
play a role in controlling infection32. Therefore, other
functions of CD4+ T cells are likely to be important
in the protective response and must be understood as
correlates of immunity and as targets for vaccine
design.
CD8 T cells: CD8+ cells are also capable of secreting
cytokines such as IFN-γ and IL-4 and thus may play
a role in regulating the balance of Th1 and Th2 cells
in the lungs of patients with pulmonary TB. The
mechanism by which mycobacterial proteins gain
access to the MHC class I molecules is not fully
understood. Bacilli in macrophages have been found
outside the phagosome 4-5 days after infection78, but
presentation of mycobacterial antigen by infected
macrophages to CD8 T cells can occur as early as 12
h after infection. Reports provide evidence for a
mycobacteria-induced pore or break in the vesicular
membrane surrounding the bacilli that might allow
mycobacterial antigen to enter the cytoplasm of the
infected cell79.
Yu et al 80 analyzed CD4 and CD8 populations
from patients with rapid, slow, or intermediate
regression of disease while receiving therapy and
found that slow regression was associated with an
increase in CD8+ cells in the BAL. Taha et al81 found
increased CD8+ T cells in the BAL of patients with
active TB, along with striking increases in the number
of BAL cells expressing IFNγ and IL-12 mRNA.
These studies point to a potential role for CD8+ T
cells in the immune response to TB. Lysis of infected
human dendritic cells and macrophages by CD1- and
MHC class I-restricted CD8+ T cells specific for M.
tuberculosis antigens reduced intracellular bacterial
numbers82. The killing of intracellular bacteria was
dependent on perforin /granulysin83. Lysis through
the Fas/Fas L pathway did not reproduce this effect82.
At high effector-to-target ratio (50:1), this lysis
reduced bacterial numbers84. It is shown that IFN-γ
production in the lungs by the CD8 T cell subset was
increased at least four-fold in the perforin deficient
(P-/-) mice, suggesting that a compensatory effect
protects P-/- mice from acute infection 85.
Studies defining antigens recognized by CD8+ T
cells from infected hosts without active TB provide

attractive vaccine candidates and support the notion
that CD8+ T cell responses, as well as CD4 + T cell
responses must be stimulated to provide protective
immunity.
T cell apoptosis: A wide variety of pathogens can
attenuate CMI by inducing T cell apoptosis.
Emerging evidence indicates that apoptosis of T cells
does occur in murine86 and human TB87. In in vitro
studies using peripheral blood mononuclear cells
(PBMC) from tuberculous patients88, the phenomenon
of T cell hypo-responsiveness has been linked to
spontaneous or M. tuberculosis-induced apoptosis of
T cells. The observed apoptosis is associated with
diminished M. tuberculosis-stimulated IFN-γ and IL2 production. In tuberculous infection, CD95mediated Th1 depletion occurs, resulting in
attenuation of protective immunity against M.
tuberculosis, thereby enhancing disease
susceptibility 89 . Detailed analysis of para
formaldehyde-fixed human tuberculous tissues
revealed that apoptotic CD3 +, CD45RO + cells are
present in productive tuberculous granulomas,
particularly those harbouring a necrotic centre90 .
Studies carried out in our laboratory have
demonstrated the ability of mycobacterial antigens
to bring about apoptosis in animal models 91 . In
addition, increased spontaneous apoptosis, which is
further enhanced by mycobacterial antigens, has also
been shown to occur in pleural fluid cells92.
Nonclassically restricted CD8 T cells: CD1
molecules are nonpolymorphic antigen presenting
molecules that present lipids or glycolipids to T cells.
There is evidence of a recall T cell response to a CD1restricted antigen in M. tuberculosis-exposed purified
protein derivative (PPD) positive subjects93. CD1
molecules are usually found on dendritic cells in
vivo94, and dendritic cells present in the lungs may
be stimulating CD1-restricted cells in the granuloma
that can then have a bystander effect on infected
macrophages. Further investigation of the processing
and presentation of mycobacterial antigens to CD1restricted CD8 T cells is necessary to understand the
potential contribution of this subset to protection.
γ/δ T-cells in TB: The role of γ/δ T cells in the
host response in TB has been incompletely worked
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out. These cells are large granular lymphocytes that
can develop a dendritic morphology in lymphoid
tissues; some γ/δ T cells may be CD8+. In general,
γ/δ T cells are felt to be non-MHC restricted and they
function largely as cytotoxic T cells.
Animal data suggest that γ/δ cells play a
significant role in the host response to TB in mice
and in other species 95 , including humans. M.
tuberculosis reactive γ/δ T cells can be found in the
peripheral blood of tuberculin positive healthy
subjects and these cells are cytotoxic for monocytes
pulsed with mycobacterial antigens and secrete
cytokines that may be involved in granuloma
formation96. Studies97,98 demonstrated that γ/δ cells
were relatively more common (25 to 30% of the total)
in patients with protective immunity as compared to
patients with ineffective immunity. Our study in
childhood TB patients showed that the proportion of
T cells expressing the γ/δ T cell receptor was similar
in TB patients and controls99. Thus γ/δ cells may
indeed play a role in early immune response against
TB and is an important part of the protective
immunity in patients with latent infection100.
Th1 and Th2 dichotomy in TB: Two broad (possibly
overlapping) categories of T cells have been
described: Th1 type and Th2 type, based on the
pattern of cytokines they secrete, upon antigen
stimulation. Th1 cells secrete IL-2, IFN-γ and play
a protective role in intracellular infections. Th2 type
cells secrete IL-4, IL-5 and IL-10 and are either
irrelevant or exert a negative influence on the immune
response. The balance between the two types of
response is reflected in the resultant host resistance
against infection. The type of Th0 cells shows an
intermediate cytokine secretion pattern. The
differentiation of Th1 and Th2 from these precursor
cells may be under the control of cytokines such as
IL-12.
In mice infected with virulent strain of M.
tuberculosis, initially Th1 like and later Th2 like
response has been demonstrated 101 . There are
inconsistent reports in literature on preponderance
of Th1 type of cytokines, of Th2 type, increase of
both, decrease of Th1, but not increase of Th2 etc.
Moreover, the response seems to vary between
peripheral blood and site of lesion; among the

219

different stages of the disease depending on the
severity.
It has been reported that PBMC from TB patients,
when stimulated in vitro with PPD, release lower
levels of IFN-γ and IL-2, as compared to tuberculin
positive healthy subjects102. Other studies have also
reported reduced IFN-γ103 increased IL-4 secretion104
or increased number of IL-4 secreting cells105. These
studies concluded that patients with TB had a Th2type response in their peripheral blood, whereas
tuberculin positive patients had a Th1-type response.
More recently, cellular response at the actual sites
of disease has been examined. Zhang et al106 studied
cytokine production in pleural fluid and found high
levels of IL-12 after stimulation of pleural fluid cells
with M. tuberculosis. IL-12 is known to induce a
Th1-type response in undifferentiated CD4+ cells and
hence there is a Th1 response at the actual site of
disease. The same group107 observed that TB patients
showed evidence of high IFNγ production and no IL4 secretion by the lymphocytes in the lymph nodes.
There was no enhancement of Th2 responses at the
site of disease in human TB. Robinson et al108 found
increased levels of IFN-γ mRNA in situ in BAL cells
from patients with active pulmonary TB.
In addition, reports suggest that in humans with
TB, the strength of the Th1-type immune response
relate directly to the clinical manifestations of the
disease. Sodhi et al109 have demonstrated that low
levels of circulating IFN-γ in peripheral blood were
associated with severe clinical TB. Patients with
limited TB have an alveolar lymphocytosis in
infected regions of the lung and these lymphocytes
produce high levels of IFN-γ34. In patients with far
advanced or cavitary disease, no Th1-type
lymphocytosis is present.
Cytokines
Interleukin-12: IL-12 is induced following
phagocytosis of M. tuberculosis bacilli by
macrophages and dendritic cells 110, which leads to
development of a Th1 response with production of
IFN-γ. IL-12p40-gene deficient mice were susceptible
to infection and had increased bacterial burden, and

220

INDIAN J MED RES, OCTOBER 2004

decreased survival time, probably due to reduced IFNγ production111. Humans with mutations in IL-12p40
or the IL-12R genes present with reduced
IFN-γ production from T cells and are more
susceptible to disseminated BCG and M. avium
infections 112. An intriguing study indicated that
administration of IL-12 DNA could substantially
reduce bacterial numbers in mice with a chronic M.
tuberculosis infection 113, suggesting that induction
of this cytokine is an important factor in the design
of a TB vaccine.
McDyer et al114 found that stimulated PBMC from
MDR-TB patients had less secretion of IL-2 and IFNγ than did cells from healthy control subjects. IFNγ production could be restored if PBMC were
supplemented with IL-12 prior to stimulation and
antibodies to IL-12 caused a further decrease in IFNγ upon stimulation. Taha et al81 demonstrated that in
patients with drug susceptible active TB both IFN-γ
and IL-12 producing BAL cells were abundant as
compared with BAL cells from patients with inactive
TB.
Interferon-γ: IFN-γ, a key cytokine in control of M.
tuberculosis infection is produced by both CD4+ and
CD8+ T cells, as well as by NK cells. IFN-γ might
augment antigen presentation, leading to recruitment
of CD4 + T-lymphocytes and/or cytotoxic Tlymphocytes, which might participate in
mycobacterial killing. Although IFN-γ production
alone is insufficient to control M. tuberculosis
infection, it is required for the protective response to
this pathogen. IFN-γ is the major activator of
macrophages and it causes mouse but not human
macrophages to inhibit the growth of M. tuberculosis
in vitro16. IL-4, IL-6 and GM-CSF could bring about
in vitro killing of mycobacteria by macrophages
either alone or in synergy with IFN-γ in the murine
system115. IFN-γ GKO mice are most susceptible to
virulent M. tuberculosis116.
Humans defective in genes for IFN-γ or the IFNγ receptor are prone to serious mycobacterial
infections, including M. tuberculosis117. Although
IFN-γ production may vary among subjects, some
studies suggest that IFN-γ levels are depressed in
patients with active TB 107,118 . Another study
demonstrated that M. tuberculosis could prevent

macrophages from responding adequately to IFN-γ119.
This suggests that the amount of IFN-γ produced by
T cells may be less predictive of outcome than the
ability of the cells to respond to this cytokine.
Our study comparing the immune response to preand post- BCG vaccination, has shown that BCG had
little effect in driving the immune response towards
IFN-γ and a protective Th1 response120. In another
study on tuberculous pleuritis, a condition which may
resolve without therapy, a protective Th1 type of
response with increased IFN-γ is seen at the site of
lesion (pleural fluid), while a Th0 type of response
with both IFN-γ and IL-4 is seen under in vitro
conditions 121.
To determine if the manifestations of initial
infection with M. tuberculosis reflect changes in the
balance of T cell cytokines, we evaluated in vitro
cytokine production of children with TB and healthy
tuberculin reactors 122. IFN-γ production was most
severely depressed in patients with moderately
advanced and far advanced pulmonary disease and
in malnourished patients. Production of IL-12, IL-4
and IL-10 was similar in TB patients and healthy
tuberculin reactors. These results indicate that the
initial immune response to M. tuberculosis is
associated with diminished IFN-γ production, which
is not due to reduced production of IL-12 or enhanced
production of IL-4 or IL-10.
Tumor necrosis factor (TNF-α): TNF-α is believed
to play multiple roles in immune and pathologic
responses in TB. M. tuberculosis induces TNF-α
secretion by macrophages, dendritic cells and T cells.
In mice deficient in TNF-α or the TNF receptor, M.
tuberculosis infection resulted in rapid death of the
mice, with substantially higher bacterial burdens
compared to control mice123. TNF-α in synergy with
IFN-γ induces NOS2 expression124.
TNF-α is important for walling off infection and
preventing dissemination. Convincing data on the
importance of this cytokine in granuloma formation
in TB and other mycobacterial diseases has been
reported 123,125 . TNF-α affects cell migration and
localization within tissues in M. tuberculosis
infection. TNF-α influence expression of adhesion
molecules as well as chemokines and chemokine
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receptors, and this is certain to affect the formation
of functional granuloma in infected tissues.
TNF-α has also been implicated in
immunopathologic response and is often a major
factor in host-mediated destruction of lung tissue126.
In our studies, increased level of TNF-α was found
at the site of lesion (pleural fluid), as compared to
systemic response (blood) showing that the
compartmentalized immune response must be
containing the infection127.
Interleukin-1: IL-1, along with TNF-α, plays an
important role in the acute phase response such as
fever and cachexia, prominent in TB. In addition,
IL-1 facilitates T lymphocyte expression of IL-2
receptors and IL-2 release. The major antigens of
mycobacteria triggering IL-1 release and TNF-α have
been identified 128 . IL-1 has been implicated in
immunosuppressive mechanisms which is an
important feature in tuberculoimmunity 129.
Interleukin-2: IL-2 has a pivotal role in generating
an immune response by inducing an expansion of the
pool of lymphocytes specific for an antigen.
Therefore, IL-2 secretion by the protective CD4 Th1
cells is an important parameter to be measured and
several studies have demonstrated that IL-2 can
influence the course of mycobacterial infections,
either alone or in combination with other cytokines 130.
Interleukin-4: Th2 responses and IL-4 in TB are
subjects of some controversy. In human studies, a
depressed Th1 response, but not an enhanced Th2
response was observed in PBMC from TB
patients 107,118 . Elevated IFN-γ expression was
detected in granuloma within lymph nodes of patients
with tuberculous lymphadenitis, but little IL-4 mRNA
was detected 107 . These results indicated that in
humans a strong Th2 response is not associated with
TB. Data from mice studies 116 suggest that the
absence of a Th1 response to M. tuberculosis does
not necessarily promote a Th2 response and an IFNγ deficiency, rather than the presence of IL-4 or other
Th2 cytokines, prevents control of infection. In a
study of cytokine gene expression in the granuloma
of patients with advanced TB by in situ hybridization,
IL-4 was detected in 3 of 5 patients, but never in the
absence of IFN-γ expression 131. The presence or
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absence of IL-4 did not correlate with improved
clinical outcome or differences in granuloma stages
or pathology.
Interleukin-6: IL-6 has also been implicated in the
host response to M. tuberculosis. This cytokine has
multiple roles in the immune response, including
inflammation, hematopoiesis and differentiation of
T cells. A potential role for IL-6 in suppression of T
cell responses was reported 41. Early increase in lung
burden in IL-6 -/- mice suggests that IL-6 is important
in the initial innate response to the pathogen 132.
Interleukin-10: IL-10 is considered to be an antiinflammatory cytokine. This cytokine, produced by
macrophages and T cells during M. tuberculosis
infection, possesses macrophage-deactivating
properties, including downregulation of IL-12
production, which in turn decreases IFN-γ production
by T cells. IL-10 directly inhibits CD4 + T cell
responses, as well as by inhibiting APC function of
cells infected with mycobacteria 133. Transgenic mice
constitutively expressing IL-10 were less capable of
clearing a BCG infection, although T cell responses
including IFN-γ production were unimpaired 134 .
These results suggested that IL-10 might counter the
macrophage activating properties of IFN-γ.
Transforming growth factor-beta (TGF-β): TGF-β is
present in the granulomatous lesions of TB patients
and is produced by human monocytes after
stimulation with M. tuberculosis 135 or
lipoarabinomannan 136. TGF-β has important antiinflammatory effects, including deactivation of
macrophage production of ROI and RNI137, inhibition
of T cell proliferation 40, interference with NK and
CTL function and downregulation of IFN-γ, TNF-α
and IL-1 release138. Toossi et al135 have shown that
when TGF-β is added to co-cultures of mononuclear
phagocytes and M. tuberculosis, both phagocytosis
and growth inhibition were inhibited in a dosedependent manner. Part of the ability of macrophages
to inhibit mycobacterial growth may depend on the
relative influence of IFN-γ and TGF-β in any given
focus of infection.
Cell migration and granuloma formation
A successful host inflammatory response to
invading microbes requires precise coordination of
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myriad immunologic elements. An important first
step is to recruit intravascular immune cells to the
proximity of the infective focus and prepare them
for extravasation. This is controlled by adhesion
molecules and chemokines. Chemokines contribute
to cell migration and localization, as well as affect
priming and differentiation of T cell responses139.
Granuloma: CD4 + T cells are prominent in the
lymphocytic layer surrounding the granuloma and
CD8+ T cells are also noted140. In mature granulomas
in humans, dendritic cells displaying long filopodia
are seen interspersed among epithelioid cells.
Apoptosis is prominent in the epithelioid cells 32.
Proliferation of mycobacteria in situ occurs in both
the lymphocyte and macrophage derived cells in the
granuloma 141 . Heterotypic and homotypic cell
adhesion in the developing granuloma is mediated at
least in part by the intracellular adhesion molecule
(ICAM-1), a surface molecule that is up regulated
by M. tuberculosis or LAM142. The differentiated
epithelioid cells produce extracellular matrix proteins
(i.e., osteopontin, fibronectin), that provide a cellular
anchor through integrin molecules143.
In our experience 144 , the lymph node biopsy
specimens showing histological evidence of TB could
be classified into four groups based on the organization
of the granuloma, the type and numbers of participating
cells and the nature of necrosis. These were (i)
hyperplastic (22.4%) - a well-formed epithelioid cell
granuloma with very little necrosis; (ii) reactive (54.3%)
- a well-formed granuloma consisting of epithelioid
cells, macrophages, lymphocytes and plasma cells with
fine, eosinophilic caseation necrosis; (iii) hyporeactive
(17.7%) - a poorly organized granuloma with
macrophages, immature epithelioid cells, lymphocytes
and plasma cells and coarse, predominantly basophilic
caseation necrosis; and (iv) nonreactive (3.6%) unorganized granuloma with macrophages,
lymphocytes, plasma cells and polymorphs with non
caseating necrosis. It is likely that the spectrum of
histological responses seen in tuberculous lymphadenitis
is the end result of different pathogenic mechanisms
underlying the disease144.
Chemokines: The interaction of macrophages with
other effector cells occurs in the milieu of both

cytokines and chemokines. These molecules serve
both to attract other inflammatory effector cells such
as lymphocytes and to activate them.
Interleukin-8: An important chemokine in the
mycobacterial host-pathogen interaction appears to
be IL-8. It recruits neutrophils, T lymphocytes, and
basophils in response to a variety of stimuli. It is
released primarily by monocytes/macrophages, but
it can also be expressed by fibroblasts, keratinocytes,
and lymphocytes145. IL-8 is the neutrophil activating
factor.
Elevated levels of IL-8 in BAL fluid and
supernatants from alveolar macrophages were seen
in patients 140 . IL-8 gene expression was also
increased in the macrophages as compared with those
in normal control subjects. In a series of in vitro
experiments it was also demonstrated that intact M.
tuberculosis or LAM, but not deacylated LAM, could
stimulate IL-8 release from macrophages146.
Friedland et al147 studied a group of mainly HIVpositive patients, and reported that both plasma IL-8
and secretion of IL-8 after ex vivo stimulation of
peripheral blood leukocytes with lipopolysaccharide
remained elevated throughout therapy for TB. Other
investigators had previously shown that IL-8 was also
present at other sites of disease, such as the pleural
space in patients with TB pleurisy148.
Other chemokines: Other chemokines that have been
implicated in the host response to TB include
monocyte chemoattractant protein-1 (MCP-1) and
regulated on activation normal T cell expressed and
secreted (RANTES), which both decrease in the
convalescent phase of treatment, as opposed to IL-8.
Chemokine and chemokine receptor expression must
contribute to the formation and maintenance of
granuloma in chronic infections such as TB. In in
vitro and in vivo murine models, M. tuberculosis
induced production of a variety of chemokines,
including RANTES, macrophage inflammatory
protein1-α (MIP-α), MIP2, MCP-1, MCP-3, MCP-5
and IP10149. Mice over expressing MCP-1 150, but not
MCP-/- mice 151 , were more susceptible to
M. tuberculosis infection than were wild type mice.
C-C chemokine receptor 2 (CCR2) is a receptor for
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MCP-1, 3 and 5 and is present on macrophages and
activated T cells. CCR2-/- mice are extraordinarily
susceptible to M. tuberculosis infection and they
exhibit a defect in macrophage recruitment to the
lungs. The current literature indicates that TNF-α can
upregulate expression of MIP1-α, MIP1-β, MIP2,
MCP-1, cytokine-induced neutrophil chemoattractant
(CINC) and RANTES152, and it can affect recruitment
of neutrophils, lymphocytes and monocytes/
macrophages to certain sites.
RANTES, MCP-1, MIP1-α and IL-8 were released
by human alveolar macrophages upon infection with
M. tuberculosis in vitro 153 and monocytes, lymph
node cells and BAL fluid from pulmonary TB patients
had increased levels of a subset of these chemokines
compared to healthy controls153,154. In human studies,
CCR5, the receptor for RANTES, MIP-α and MIPβ, was increased on macrophages following in vitro
M. tuberculosis infection and on alveolar
macrophages in BAL from TB patients155.
HIV-TB coinfection
Studies from many parts of the world have shown
higher incidence of TB among HIV infected
individuals, ranging from 5 to 10 per year of
observation 156 , which is in sharp contrast to the
lifetime risk of 10 per cent among people without
HIV. Persons with HIV infection are at increased
risk of rapid progression of a recently acquired
infection, as well as of re-activation of latent
infection. TB is the commonest opportunistic
infection occurring among HIV-positive persons in
India and studies from different parts of the country
have estimated that 60 to 70 per cent of HIV positive
patients will develop TB in their lifetime 157 .
Differences in HIV-positive TB, as opposed to HIVnegative TB, include a higher proportion of cases with
extra-pulmonary or disseminated disease, a higher
frequency of false-negative tuberculin skin tests,
atypical features on chest radiographs, fewer
cavitating lung lesions, a higher rate of adverse drug
reactions, the presence of other AIDS-associated
manifestations and a higher death rate.
TB and HIV infections are both intracellular and
known to have profound influence on the progression
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of each other. HIV infection brings about the
reduction in CD4+ T cells, which play a main role in
immunity to TB. This is reflected in the integrity of
the cellular immune response, namely the granuloma.
Apart from the reduction in number, HIV also causes
functional abnormality of CD4 + and CD8 + cells.
Likewise, TB infection also accelerates the
progression of HIV disease from asymptomatic
infection to AIDS to death. A potent activator of
HIV replication within T cells is TNF-α, which is
produced by activated macrophages within granuloma
as a response to tubercle infection158. Because the
clinical features of HIV infected patients with TB
are often non specific, diagnosis can be difficult. The
method most widely used, detection of acid-fast
bacilli by microscopic examination of sputum smears,
is of little use, since 50 per cent of the HIV-TB cases
are negative by acid fast staining159. Chest radiograph
is normal in up to 10-20 per cent of patients with
AIDS 160 . Alternative diagnostic tests, based on
serology, using crude mycobacterial antigens 161 ,
purified lipid 162 and protein antigens 163, have been
tried with varying results. Our results with purified
38, 30, 16 and 27kDa antigens to study the antibody
response to different isotypes have yielded an
improved sensitivity and specificity67,68.
Since the CD4+ receptors of the T cells are bound
by the HIV through the gp120 antigen, interaction of
these cells with APC presenting antigen in the context
of Class II MHC molecules is impaired, which results
in hypo-responsiveness to soluble tubercle antigens.
HIV infection also downregulates the Th1 response,
not affecting or increasing the Th2 response. In
patients co-infected with TB and HIV, expression of
IFN-γ, IL-2 and IL-4 in PBMCs is suppressed, but
IL-10 levels do not differ from patients with HIV
infection164. The suppressed Th1 response paves the
way for susceptibility to many intracellular
infections. A role for NK cells also has been
implicated in the immune response to HIV. It has
been reported that NK cells from normal and HIV
positive donors produce C-C chemokines and other
factors that can inhibit both macrophage and T cell
tropic HIV replication in vitro 165. Another group
reported a decline in NK activity, which strongly
correlated with the disease progression in HIV
patients166. Our studies demonstrate that even though
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there is no difference in the per cent of NK cells,
there is lowered NK activity during TB and HIV-TB
infection54.

important role on the specific immune response
against the pathogen.

Though most patients respond very well to
antituberculous treatment initially, they develop other
opportunistic infections and deteriorate rapidly
within a few months. Further, recurrence of TB is
more frequent than in immunocompetent population,
due to both endogenous reactivation or exogenous
reinfection.

Conclusion

Immunogenetics of TB
Yet another important area in understanding the
immunology of TB is host genetics, which is briefly
discussed here. Susceptibility to TB is multifactorial.
Finding out the host genetic factors such as human
leucocyte antigens (HLA) and non-HLA genes/
gene products that are associated with the
susceptibility to TB will serve as genetic markers to
understand predisposition to the development of the
disease.
A number of studies on host genetics have been
carried out in our laboratory. Our studies on HLA in
pulmonary TB patients and their spouses revealed
the association of HLA-DR2 (subtype DRB1*1501)
and -DQ1 antigens with the susceptibility to
pulmonary TB167,168. Further studies on various nonHLA gene polymorphisms such as mannose binding
lectin (MBL) 169, vitamin D receptor (VDR) 170,171,
TNF-α and β 172, IL-1 receptor antagonist 170 and
Nramp 45 genes revealed that functional mutant
homozygotes (FMHs) of MBL are associated with
the susceptibility to pulmonary TB. The polymorphic
BsmI, ApaI, TaqI and FokI gene variants of VDR
showed differential susceptibility or resistance with
male or female subjects. These studies suggest that
multicandidate genes are associated with the
susceptibility to pulmonary TB.
The role of HLA-DR2 and the variant genotypes
of MBL on the immunity to TB revealed that in a
susceptible host (HLA-DR2, FMHs of MBL-positive
subjects) the innate immunity (lysozyme, mannose
binding lectin, etc.) play an important role 173-176. If
the innate immunity fails, HLA-DR2 plays an

The protective and pathologic response of host to
M. tuberculosis is complex and multifaceted,
involving many components of the immune system.
Because of this complexity, it becomes extremely
difficult to identify the mechanism(s) involved in
protection and design surrogate markers to be
measured as in vitro correlate of protective immunity.
A clear picture of the network of immune responses
to this pathogen, as well as an understanding of the
effector functions of these components, is essential
to the design and implementation of effective
vaccines and treatments for TB. The combination of
studies in animal models and human subjects, as well
as technical advances in genetic manipulation of the
organism, will be instrumental in enhancing our
understanding of this immensely successful pathogen
in the future.
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Molecular epidemiology (ME), a blend of molecular biology and epidemiology, is very useful to
study the spread of tubercle bacilli in mini epidemics, outbreaks, to analyse the transmission
dynamics of tuberculosis (TB) and to determine the risk factors for TB transmission in a
community. ME has a great role in distinguishing between exogenous reinfection and endogenous
reactivation. In the laboratory, molecular epidemiology can be used to identify cross
contamination. Many new DNA typing methods have been introduced after the initial
introduction of restriction fragment length polymorphism (RFLP) in 1993. An internationally
accepted, standardized protocol for RFLP typing of the Mycobacterium tuberculosis complex
using IS6110 was published in 1993 and is still used today. Most of the newer DNA typing
methods are PCR based and microarray based methods are also available. This will enable
individual strains of M. tuberculosis or clonal groups to be identified by specific phenotypic
traits. ME will continue to be a useful tool in future to measure the impact of any public health
intervention strategy for control of tuberculosis in the community.
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Molecular epidemiology, the study of distribution
and determinants of disease occurrence in human
populations using molecular techniques, is a blend
of molecular biology and epidemiology.
Epidemiologic investigations that incorporated DNA
fingerprinting of the isolates of Mycobacterium
tuberculosis have been used to provide novel
information about the spread of tubercle bacilli in
miniepidemics and outbreaks, to analyse the
transmission dynamics of tuberculosis (TB) and to
distinguish exogenous reinfection from endogenous
reactivation. In addition, ME is also being used to
identify the source of laboratory contamination, to
determine the risk factors for TB transmission in a
community, and to track the geographic distribution
and spread of clones of M. tuberculosis of public
health importance.

Fingerprinting of M. tuberculosis exploits
restriction fragment length polymorphism (RFLP) of
chromosomal DNA. The amplified illustration of the
procedure is shown schematically (Fig.). Variation
in the array of fragments generated by specific
restriction endonucleases are called RFLPs.
However, restriction enzyme digestion generates
many bands in the gel which make comparison of
many gels nearly impossible. To simplify analysis
it is possible to perform Southern blotting of
electrophoretically - separate DNA followed by
hybridisation with probes to determine the presence
and size of fragments containing specific genomic
DNA restriction fragments.
Repetitive elements called insertion sequences (IS)
are present in various sites and variable copy numbers
233
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Fig. Restriction fragment length polymorphism (RFLP) can distinguish two isolates of Mycobacterium tuberculosis. The chromosomal
DNA from 2 clinical isolates of M. tuberculosis were digested with restriction enzyme. Pvu II. The resulting DNA fragments were
run on agarose gel electrophoresis along with molecular weight marker. The DNA fragments were transferred from the agarose gel to
nylon membrane by southern blotting and hybridized with non radioactively labeled IS 6110 repeat element.
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in the genomic DNA. These ISs serve as probes,
allowing comparison of the number and size of
fragments containing an IS. The most commonly
used insertion sequence or repetitive element is
IS6110 which is found throughout the M. tuberculosis
complex. It was originally hypothesized that IS6110
insertions occur randomly1 but that was not true in
the sequenced H37Rv strain of M. tuberculosis2,3.
Internal and external molecular weight standards
introduced adjacent to the specimen tracks facilitate
accurate computer-assisted analysis of IS6110 RFLP
patterns. The RFLP band patterns of strains may be
compared visually or scanned optically by a
computerized reading system and matched to a
reference library of strain profiles2,4. When used in
conjunction with standardized international databases
and computer-assisted analysis, this approach allows
comparisons of strains between different laboratories
in widely separated geographical regions. Two
computerized systems, Gel compare version
4.2 program (Applied Maths Inc. Gent Belgium) and
(Bio Image whole Band Analyser, version 3.3
Millipore, Ann Arbor MI USA) have been developed
specifically for the analysis of RFLP patterns of M.
tuberculosis. While these systems are suitable for
the study of large numbers of isolates, they are
expensive and not widely available.
DNA typing methods
An internationally accepted, standardized protocol
for RFLP typing of the M. tuberculosis complex using
IS6110 was published in 1990 and is still used today 5.
Between 0-25 copies of IS6110 are found in almost
all strains of M. tuberculosis complex6,7 and is not
known to be present in other organisms. IS6110
elements differ in their position and number and this
variability is exploited to distinguish between strains.
Though IS6110 RFLP typing is the Gold standard
for typing strains of M. tuberculosis, it has several
disadvantages. It is a slow, cumbersome, labour
intensive and technically demanding technique
requiring relatively large amounts (i.e., 2 µg) of high
quality DNA from each strain of M. tuberculosis, an
amount that can only be extracted from a large
number of bacteria grown from clinical material. The
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culture of M. tuberculosis takes 4-8 wk. Also, this
method has poor discriminatory power for isolates
with less than 6 copies of IS6110 (<6 bands in the
RFLP pattern). To avert the poor discriminatory
power of this probe, supplementation of the technique
with other probes has been adopted. Various
repetitive DNA elements that contribute to strain
variation have been discovered in M. tuberculosis8-10.
Polymorphic GC repeat sequence (PGRS), and major
polymorphic tandem repeat (MPTR) have a broad
host range besides M. tuberculosis complex. Among
the various repetitive sequences only IS6110 and
IS1081 are insertion sequences and the others are
short sequences with no known function or
phenotype.
The DR region in M. tuberculosis complex strains
is composed of multiple direct variant repeat sequence
(DVRS) each of which is composed of a 36-bp DR
and a non repetitive spacer sequence of similar size.
It has been shown that there is extensive
polymorphism in the DR region by the variable
presence of DVRS and this polymorphism is used in
the epidemiology of tuberculosis. The DR locus is
presently the only well-studied single locus in the
genome of M. tuberculosis showing considerable
strain-to-strain polymorphism. The nature of
polymorphism has been used to genotypically classify
clinical isolates by DR-RFLP to define
epidemiological relationships 11-14.
Spoligotyping is a polymerase chain reaction
(PCR)-based method that interrogates a small DR
sequence with 36 bp repeats interspersed with short
unique, non repetitive sequences 35-71 bp in length.
All these spacer nucleotides between the direct
repeats can be amplified simultaneously using one
set of primers. The presence or absence of spacers
in a given biotinylated strain is determined by
hybridization with a set of 43 oligonucleotides
derived from spacer sequences of M. tuberculosis
H37Rv. Although the overall discriminatory power
of spoligotyping is lower than that of IS6110 typing15,
it has the specific advantage of higher discrimination
of strains with low copy numbers of IS611016.
The multiple synthetic spacer nucleotides are
covalently bound to a nylon membrane in parallel
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lines. Hybridization is performed in a 45-lane blotter
by applying PCR products of 2X Sodium chloride
Sodium Phosphate Ethylene diamino tetracetic acid
(SSPE) in the wells. After washing the membrane,
the bound fragments are revealed by
chemiluminescence by incubating with horse radish
peroxidase labeled streptavidin and the
autoradiogram is developed.
The most commonly used secondary markers are
the polymorphic guanine/cytosine-rich repetitive
sequences (PGRS), a triplet repeat of GTG and the
major polymorphic tandem repeat (MPTR). The
PGRS typing system uses the polymorphic GC-rich
sequence contained in the recombinant plasmid
pTBN12 as a probe17,18. Two other nucleic acid-based
typing systems for M. tuberculosis have been
described. Pulse field gel electrophoresis (PFGE)
allows simplified chromosomal restriction fragment
patterns to be generated without using probe
hybridization methods. In this method, DNA is
cleaved with restriction endonucleases that cut DNA
infrequently, creating large fragments of
chromosomal DNA19. The restriction fragments are
then separated using sophisticated and expensive
electrophoresis equipment.
This method
discriminates the strains with low IS6110 copies.
There is discrepancy between PFGE and IS6110 in
classifying strains with IS6110 high copy numbers19.

DNA fingerprint analysis was attempted using
M. tuberculosis isolates spotted onto filter paper and
concluded that the results were identical to those
obtained from conventional culture material27. The
other method fast ligation-mediated PCR (Flip) is
based on mixed-linker method and has the same
discriminating power but M. tuberculosis isolates can
be typed within 6.5 h. Another method, ligationmediated PCR (LMPCR) uses the 5’ end of the
flanking sequence of IS6110 for amplification 25,28.
Hemi nested inverse PCR method targets the insertion
sequence IS6110 and the upstream flanking
regions29,30,. All these methods are based on IS6110
element and hence not useful for typing the isolates
with low copy numbers of IS6110.
Exact tandem repeats (ETRs) have also been used
for PCR-based strain typing assays31,32. ETRs differ
from polymorphic repeat sequences by having a
variable number of tandem repeats ranging from
53 to 79 bp in length, which vary between strains
and between different species of the M. tuberculosis
complex.

Many PCR based typing assays have been
developed in the recent past based on IS6110 as the
target. Ligation mediated PCR 23 mixed linker PCR25,
hemi-nested inverse PCR, IS6110 inverse PCR,
IS6110 ampliprinting and double-repetitive (DR)
element PCR24 are among the techniques developed
to date. Spoligotyping is a PCR based method which
has been described before.

A high resolution typing method based on the
variable number of tandem repeats (VNTR) of
mycobacterial interspersed repetitive units (MIRUs)
has been successfully employed in typing the
mycobacterial isolates yielding a resolution power close
to IS6110-RFLP. MIRUs are short (40-100 bp) DNA
elements often found as tandem repeats and dispersed
in intergenic regions in the genome of the
M. tuberculosis complex33. The strains vary in the
number of repeats at different loci. Each typed strain
is assigned a 12-digit number corresponding to the
number of repeats at each MIRU loci, forming the
basis of a coding system that facilitates
interlaboratory comparisons 34-36 . The technical
difficulty of sizing the multiple small PCR fragments
is overcome by combining multiplex PCR with a
fluorescence-based DNA analyzer 37 . Relative to
IS6110 RFLP typing, MIRU VNTR profiling is fast,
appropriate for strains regardless of their IS6110
RFLP copy number and permits rapid comparison of
global strains using a binary data classification
system33.

Automated detection of DNA fingerprints was
achieved using mixed-linker PCR26. Mixed-linker

Fluorescent amplified fragment length
polymorphism (FAFLP) typing is a whole genome

PCR-based methods
PCR-based methods are easier to perform, require
relatively smaller amounts of genomic DNA and even
can be performed on non viable organisms or directly
from clinical specimens relative to RFLP
genotyping20-22.
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approach that involves digesting genomic DNA with
two restriction enzymes (EcoRI and Msc I). The
restriction fragments are linked to the adaptors using
a DNA ligase. Only particular restriction fragments
are visualized after PCR amplification because the
primer for the EcoRI adaptor sites contains the
selection bases ATC or G labeled with fluorescent
dyes and then amplifying the resulting fragments with
different fluorescent dye-labeled primers 37 . This
method is useful for discriminating low copy number
strains.
Kremer et al38 compared 5 different methods of
RFLP typing which employed IS6110, IS1081,
PGRS, the DR and the GTSS repeat as probes. Of
the PCR- based methods compared, VNTR typing,
mixed-linker PCR and spoligotyping were highly
reproducible between different laboratories.The
double repetitive PCR (DRE-PCR), IS6110 inverse
PCR, IS6110 ampliprinting and arbitrarily primed
PCR were not reproducible. Despite the development
of different typing methods, RFLP using IS6110 is
being widely used and considered the Gold standard
to which other methods are compared 39 . Thus
implementation of multiple molecular techniques in
a single study provided better discrimination between
strains and insight for phylogenetic groupings 40 .
Today, most of the molecular epidemiologic studies
rely on IS6110 RFLP typing and a secondary typing
method such as PGRS or spoligotyping for isolates
with less than 6 bands in the IS6110 RFLP band
pattern.
There is rising interest in identifying relationships
between strains that have a specific phenotype such
as increased infectivity, virulence, or
hypermutability. Direct comparison of genomic DNA
sequences of strains of M. tuberculosis would be the
best way of quantitatively determining whether the
two strains are similar or different, but DNA
sequencing is still too expensive and complex to be
applied in practical situations to large numbers of
isolates. Currently, it is possible to analyze short
segments of DNA for sequence similarities and
differences. Genomic fragments can be amplified
using PCR, and an automated DNA-sequencing
procedure involving fluorescent dye-labeled
terminators can be used to directly sequence the PCR-
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amplified DNA fragment41. This approach allows a
DNA fragment of 300 to 500 bp to be sequenced in
24 h. In future, improvements in automation of target
amplification and direct sequence analysis may lead
to practical implementation of this method in
laboratories.
Another approach is to evaluate the relatedness
of strains based on the whole genome sequence using
DNA microarrays and DNA chip technology. These
techniques allow simultaneous detection of genetic
variation at various genomic sites by analysis of the
amount and specific location of mycobacterial DNA.
Conceptually, they use oligonucleotide arrays
containing thousands of oligonucleotides on a limited
surface 42.
Deletion microarray approach will potentially
provide information both on phylogenetic
relationships and information about specific
biologically relevant phenotypes. Briefly, the genome
of a strain is compared against that of a known,
sequenced reference strain, using a microarray. Any
deletions that have occurred will be detected in the
comparison. Since deletions rarely occur
independently at exactly the same chromosomal
locus, they can be considered unique and irreversible
genetic events. The number and distribution of these
deletions provide a genomic pattern that can be used
to construct phylogenetic relationships. The genomic
patterns can also be used to determine whether the
loss of specific genes is related to the phenotype of a
strain, such as its transmissibility or antigenicity.
Molecular epidemiology as a tool to identify
outbreaks and to analyse the transmission
dynamics of TB
Outbreak situation usually involves person-toperson spread or simultaneous infection from a
common source. By definition, all isolates involved
in outbreak of an infection would be expected to be
clonal. Non clonality, which is often easier to
determine, eliminates an isolate from consideration
in a specific chain of transmission. Ideally, strain
typing will provide a clear, objective basis for
identifying the outbreak strain and distinguishing it
from epidemiologically unrelated isolates. Many
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studies on TB have extended these assumptions to
define clusters of patients in the community based
on identical DNA fingerprinting patterns from the
isolates of M. tuberculosis. Conventional TB contact
investigations use circuitous approaches to collect
information and to screen spouses, partners, other
household members, co-workers and increasingly
distinct contacts for TB infection and disease43 .
Several studies have added molecular typing of the
isolates of contacts who were also TB cases, in order
to trace the source of infection. Molecular
epidemiological data overlaid with conventional
epidemiology data would help in knowing the
transmission dynamics. In a high incidence area in
Barcelona, Spain (163 TB cases/100,000 population),
there was 61.5 per cent concordance between the
DNA fingerprint results (IS6110 RFLP and PGRS)
and conventional contact tracing44. In this study the
authors concluded that conventional contact tracking
was useful for identifying new TB cases, but it did
not provide much information about the chains of
TB transmission and how to block or prevent that.
In a five-year population-based study in the
Netherlands, contact investigations of persons in five
of the largest clusters identified epidemiological links
between them based on time, place and risk factors.
However TB transmission also occurred only through
short term, casual contact that was not easily detected
in routine contact investigations45.
In low-incidence areas such as San Francisco
(California, USA) 43, Zurich 45 and Amsterdam 46, a
relatively small percentage (5-10%) of cases having
identical RFLP patterns were actually identified as a
contact by the source case. This suggests that
unsuspected transmission of TB occurs and is not
easily traced by conventional contact tracing
investigations 47. In a contact tracing study done at
Thiruvallur near Chennai, India, only 10 per cent
concordance was seen between conventional
epidemiology and molecular epidemiology using
IS6110 and DR probes14. Among the patients in the
clusters having identical fingerprints by IS6110 and
DR, only 10 per cent could name the contact which
could be a source case14.

In summary, DNA fingerprinting is a useful tool
to confirm or rule out the possibility of recent TB
transmission between two or more persons. It has
also shown that TB transmission can occur through
short, casual and unsuspected contacts. Molecular
epidemiologic studies suggest that the traditional or
classical contact tracing approaches such as DNA
fingerprinting could be particularly useful to guide
contact tracing strategies in low incidence areas,
where its predictive value would be high.
Molecular epidemiological studies have provided
novel insights into the transmission dynamics of
tuberculosis48. Such an approach has shown that a
drug-susceptible strain of M. tuberculosis (the C or J
strain) which was first identified as causing a large
outbreak in 1990 in a homeless shelter49 has become
widely prevalent in New York city 50. The availability
of standardized genotyping technique for
M. tuberculosis and the existence of extensive
collections of fingerprints made it possible to do a
molecular epidemiological assessment of
tuberculosis transmission between different
geographic regions51. Daley et al52 described 12 cases
of TB that occurred in a housing facility in San
Francisco, USA, among HIV infected people. The
demonstration of transmission of M. tuberculosis in
nosocomial settings53-55, congregate living facilities52
and among persons at high risk such as the
homeless56,57 and those who are HIV infected54-55 has
been especially important. Fingerprinting in the
context of geographic studies has shown the
acquisition of M. tuberculosis of Tunisian or
Ethiopian genotypes by Dutch persons who resided
in Tunisia or Ethiopia 58 as well as spread of the
organisms between Greenland and Denmark59.
Exogenous infection vs endogenous reactivation
Post-primary TB which occurs many years after a
primary infection, may develop as the result of
reactivation of the endogenous primary infection or
as a result of a recent exogenous infection. In this
era of effective treatment regimens, the notion that
multiple episodes of TB in one patient are almost
always caused by endogenous reactivation may be
questioned. It is now possible to characterize the
genotype of M. tuberculosis by DNA fingerprinting,
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which can show whether a new episode of the disease
is caused by infection with the same strain that caused
a previous episode or by a different strain. Thus,
molecular epidemiology using DNA fingerprinting
can determine the proportion of cases due to recent
infection and the proportion due to reactivation.
RFLP studies conducted in Hong Kong60 showed
that the patterns of 88 per cent of the isolates from
patients with relapses matched those for their pretreatment counterparts indicating a high frequency
of occurrence of infections caused by endogenous
reactivation of M. tuberculosis. A study conducted
at the Tuberculosis Research Centre (TRC), Chennai
on pre- and post-treatment isolates by DR-RFLP
analysis indicated (69% of the isolates by DR probe
and 50% by IS61100) a high degree of endogenous
reactivation among patients who have relapses after
successful completion of chemotherapy 61,62. Small
et al 63 used IS6110 typing to trace exogenous
reinfection with multidrug-resistant M. tuberculosis
in patients with advanced HIV infection. Recently,
molecular epidemiological study undertaken in a
rural area near Chennai, India as part of the model
DOTS (directly observed therapy short course)
programme using fingerprinting with two probes
(IS6110 and DR) and cluster analysis revealed more
of endogenous reactivation than exogenous
reinfection in the community 14. Similar observations
were made by the molecular biological study
conducted in New York City from 1989 to 199264
and in San Francisco, California during 1991 and
199243.
Laboratory contamination
It is very important to determine whether a group
of culture positive isolates represents a true outbreak
of TB or a pseudo outbreak based on false positive
laboratory cultures of M. tuberculosis. DNA
fingerprinting analysis is a very good tool to identify
false positive laboratory cultures.
Earlier
investigations focused on the isolates of
M. tuberculosis that were processed together in
the laboratory and had identical IS6110 RFLP
patterns, but were from at least one otherwise
asymptomatic patient 65,66. In a study conducted in
New York City67, an isolate was collected from every
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patient with a positive culture for M. tuberculosis
during a one-month period, including both incident
and prevalent cases, and RFLP analyses were
performed. The DNA fingerprinting of all
M. tuberculosis isolates from a 700-bed urban
hospital in Chicago, USA, revealed only one possible
instance of nosocomial transmission and five falsepositive M. tuberculosis cultures out of 183 patients68.
In another study 69, isolates collected prospectively
over 5 yr from a municipal health department
laboratory, underwent DNA fingerprinting using
IS6110 and pTBN12 sequences, clinical and
laboratory records of all isolates with matching DNA
fingerprints and processed within 42 days of each
other, were reviewed, and 4.0 per cent of the culturepositive patients were identified as probable or
definite false-positives. In a convenience sample of
isolates from three other mycobacterial laboratories,
12 per cent were found to be definite or probable
false-positive. The reasons for laboratory crosscontamination are careless specimen processing and
contaminated reagents69. A small, but non-negligible
proportion of cases with laboratory crosscontamination was detected in every institution that
looked for it70-73. As a result, DNA fingerprinting is
now used in some settings to routinely evaluate all
specimens for possible laboratory crosscontamination.
In general, laboratory cross-contamination should
be considered if isolates were cultured within one
week of each other and had identical DNA
fingerprints. Laboratory contamination should be
suspected when M. tuberculosis is grown from smearnegative specimens, from low-yield cultures, and
from patients who are otherwise asymptomatic. A
single positive culture in clinically well patients with
negative acid fast bacilli (AFB) smears and no other
evidence of TB may not always need therapy.
Laboratory cross-contamination should also be
suspected when there is a sudden increase in culture
positive isolates, without an epidemiological or
clinical explanation. For example, adopting more
rapid and sensitive methods may increase the
contamination rate. The isolates should be analyzed
by reliable molecular typing techniques, and
compared with specimens that were originally
processed during the same time period. Many
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investigators used IS6110 RFLP typing, VNTR
typing 73 or spoligotyping 74 to detect and evaluate
laboratory cross-contamination.
Simultaneous infection by more than one strain
of M. tuberculosis by RFLP
It has been understood from the recent reports that
a single patient could be infected with more than one
strain of M. tuberculosis at any given time as more
reports are confirming infections by multiple strains.
Phage typing method was used in the 1970s to detect
the presence of more than one strain (phage types) in
a single patient75-78. Due to technical complexity of
the assay method, the results were not reliable. With
the advent of newer methods of genotyping in early
nineties, like IS6110-based DNA fingerprinting
together with secondary typing methods, it is possible
now to precisely identify specific strains of
M. tuberculosis isolated from clinical samples.
Few reports have shown the simultaneous
infection with two or more strains of M. tuberculosis
by RFLP 79. Yeh et al80 demonstrated the existence
of simultaneous infection with two strains of
M. tuberculosis using IS6110 DNA fingerprinting,
based on the relative intensities of the band patterns.
Infections from multiple strains of M. tuberculosis
are sometimes mistaken to be due to laboratory crosscontamination. It is important to identify “true” mixed
infections to gain insights into the patterns of
transmission of the disease in the community.
Molecular epidemiological approaches have provided
novel insights. Adoption of more rigorous reporting
standards in studies of the molecular epidemiology
of tuberculosis would improve the comparability of
studies and help investigators to assess the
implications of their results81.
Risk factors and settings for recent transmission
Molecular typing techniques in combination with
conventional epidemiological methods, can be used
to identify the risk factors associated with recent
transmission. Cases defined as patients whose
isolates have clustered RFLP patterns, and controls
are defined as patients whose isolates have unique
band patterns. The risk factors that are associated

with recent infection are specific to a particular
community and others are common to TB patients in
geographical areas. In San Francisco, among persons
< 60 yr of age, Hispanic ethnicity, birth in the United
States and a diagnosis of AIDS were independently
associated with being in a cluster 43 . Specific
interventions were directed at persons with one or
more of the independent risk factors, and
consequently the proportion of TB cases that were
clustered decreased over time82. In a recent study in
New York city birth outside the United States, age
> 60 yr, and diagnosis after 1993 were independently
associated with reaction of latent tuberculosis
infection (LTBI), while homelessness was associated
with clustering or recent transmission. TB among the
foreign-born persons was more likely to result from
the reactivation of LTBI among those who were not
infected with HIV82. The researchers recommended
that TB prevention and control strategies need to be
targeted to the large number of foreign born persons
in New York city who have latent TB infection.
However, HIV was not associated with clustering
among TB patients in a university teaching hospital
Rio de Janerio, Brazil 83 and HIV was not a risk factor
for clustering among South African gold miners84.
The
limited
numbers
of
molecular
epidemiological studies conducted in India were
laboratory-based and comprised small numbers of
patients 61,62. The recent study from Tuberculosis
Research Centre14 was the first in India to combine
molecular and conventional epidemiologic
techniques to investigate the mechanism and risk
factors of transmission. They reported several
characteristics of the molecular epidemiology of TB
in the rural settings at Chennai India using IS6110
and DR probes which differ from previously reported
findings in other settings. Forty one per cent of
M. tuberculosis isolates harboured a single IS6110
copy. Such a high proportion of single-copy isolates
has not been reported elsewhere except south India84.
The proportion of clustering in this study ranged from
9 to 38 per cent depending on whether single-copy
strains were excluded or included in the analysis.
Clustering was higher in older patients contrary to
the observation by many other investigators86-89.
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Geographical distribution and dissemination of
tuberculosis
There may be a link between geographic location
and IS6110 number. Some isolates of M. tuberculosis
contains no or very few copies of IS6110. One early
study based on 1S typing claimed that M. tuberculosis
strains from regions in Central Africa, where
tuberculosis is highly endemic, are generally related
to each other than isolates from the Netherlands,
where the transmission rate is slow and where the
majority of TB cases are presumed to be the result of
reactivation of LTBI90.
Several of the strains identified in outbreaks have
been associated with large clusters that are widely
dispersed both geographically and temporarily,
suggesting they are either more transmissible or they
are more likely to cause disease once transmitted than
are other strains. The most commonly cited and
reviewed example of the geographical dissemination
of a particular clone of M. tuberculosis is that of
Beijing/W strains91,92 which is a multidrug-resistant
strain of M. tuberculosis, responsible for causing
many cases of TB and deaths attributable to TB
among patients and health care workers in nosocomial
outbreaks and other institutional settings in New York
city during the 1990s93-95. This strain was later found
in other parts of USA. By the late 1990s the W strain
was recognized as the member of Beijing genotype
family strains. A study performed in Beijing, China
reported that 85 per cent of the isolates were strains
with more than 66 per cent similarity among their
IS6110 RFLP patterns 96. This “Beijing family” of
strains was also detected in high proportions among
strains in other parts of Asia97, the former Russian
Federation98-100 and Estonia Latin America101. Beijing
stains including the W strain and its variants, have
an insertion of IS 6110 in the dnaA-dnaN locus102.
Based on several early technical studies and a review
of 16 studies of the Beijing or W strains that gave
results on spoligotyping, the W family and Beijing
family strains have as identical, characteristic
spoligotype based on DNA polymorphism in
the direct repeat region that contains spacers
35-43 91,94,103-106. The true proportion of TB cases
attributable to the Beijing family of strains and an
association between the Beijing family of strains and
drug resistance is hard to assess.
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Transmission of drug resistant strain
There is no evidence of a lower risk of infection
among contacts exposed to TB patients with drug
resistant pulmonary TB107. A population based study
in Mexico reported that MDR-TB were less likely to
be in clusters relative to persons with drugsusceptible TB107. Similar results were reported by
studies among South African gold miners84 and in
the Netherlands108. Except in localized areas with
poor cure rates, and a high prevalence of HIV, it is
unlikely that drug resistance strains spread fast. This
has been shown by mathematical modeling of the
relative transmission of drug resistant versus drug
sensitive strains 109. The studies showing reducing
bacterial transmissibility are predominantly for
strains resistant to isoniazid. Isoniazid is a key
component of the short-course regimen for treatment
of TB. Studies with animal models showed that
isoniazid resistant strains caused significantly less
disease in guinea pigs than did drug susceptible
strains110-112. Specific mutations or deletions within
the KatG gene of isoniazid resistant stains of
M. tuberculosis have been associated with decrease
in its pathogenecity 113,114 . The most commonly
occurring KatG mutation were [serine 315 replaced
by threonine (S 315T] is associated with clinically
significant levels of isoniazid resistance.
Mycobacterial genome sequence and molecular
epidemiology reveal the phenotypic and genotypic
associations 114.
The completed, published genome sequence of
M. tuberculosis provides an enormous amount of
information that will widen research in molecular
epidemiology and mycobacteria genomics115. There are
a number of molecular typing techniques available
which will enable individual stains or clonal groups to
be identified by specific phenotypic traits to study the
genetic basis of these important traits using gene
expression profiling with microarrays. The strains are
being examined for specific differences in correlation
with bacterial phenotypes such as tissue tropism,
virulence, transmissibility, pathogenesis, antogenecity,
resistance to antimicrobial agents and immunogenecity.
The casual relationships can be established if we
understand the specific polymorphism, deletions or other
changes in the genotypes of the strains.
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Future research should focus on phenotypic
characteristics, gene expression and genotypephenotype correlations in M. tuberculosis strains.
Molecular epidemiological methods will continue to
play an important role to identify appropriate public
health interventions and to measure their impact.
However, most of these studies are being conducted
only in industrialized countries and resource-rich
areas that have a relatively low incidence of TB.
Therefore, the inferences drawn and their applications
are limited. There is a strong need for additional
studies in different geographical areas and
populations with a high burden of disease. There is
a need for a better understanding of the epidemiology
of tuberculosis; instead of using molecular
epidemiology only as a tool for molecular typing,
we need to find ways to enlist this tool to answer
questions of major public health importance.

7.

Cave MD, Eisenach KD, McDermott PF, Bates JM,
Crawford JT. IS6110: conservation of sequence in the
Mycobacterium tuberculosis complex and its utilization in
DNA fingerprinting. Mol Cell Probes 1991; 5 : 73-80.

8.

McAdam RA, Hermans PW, van Soolingen D,
Zainuddin ZF, Catty D, van Embden JD, et al.
Characterization of a Mycobacterium tuberculosis
insertion sequence belonging to the IS3 family.
Mol Microbiol 1990; 4 : 1607-13.

9.

Hermans PW, van Soolingen D, Bik EM, de Haas PE,
Dale JW, van Embden JD. Insertion element IS987
from Mycobacterium bovis BCG is located in a hot-spot
integration region for insertion elements in
Mycobacterium tuberculosis complex strains. Infect
Immun 1991; 59 : 2695-705.

10.

Collins DM, Stephens DM. Identification of an insertion
sequence, IS1081, in Mycobacterium bovis. FEMS
Microbiol Lett 1991; 67: 11-5.

11.

Goguet dela Salmoniere YO, Li HM, Torrea G,
Bunschoten A, Embden JDA, Gicquel B. Evaluation of
spoligotyping in a study of the transmission of
Mycobacterium tuberculosis. J Clin Microbiol 1997; 35
: 2210-4.

12.

Warren RM, Streicher EM, Charalambous S, Churchyard
G, van der Spuy GD, Grant AD, et al. Use of
spoligotyping for accurate classification of recurrent
tuberculosis. J Clin Microbiol 2002; 40 : 3851-3.

13.

Narayanan S, Sahadevan R, Narayanan PR,
Krishnamurthy PV, Paramasivan CN, Prabhakar R.
Restriction fragment length polymorphism of
Mycobacterium tuberculosis strains from various regions
of India using direct repeat probe. Indian J Med Res 1997;
106 : 447-54.

14.

Narayanan S, Das S, Garg R, Hari L, Rao VB, Frieden
TR, et al. Molecular epidemiology of tuberculosis in a
rural area of high prevalence in south India : implications
for disease control and prevention. J Clin Microbiol
2002; 40 : 4785-8.

15.

Mistry NF, Iyer AM, D’Souza DT, Taylor GM, Young
DB, Antia NH. Spoligotyping of Mycobacterium
tuberculosis isolates from multiple-drug-resistant
tuberculosis patients from Bombay, India. J Clin
Microbiol 2002; 40 : 2677-80.

16.

Bauer J, Andersen AB, Kremer K, Miorner H. Usefulness
of spoligotyping to discriminate IS6110 low-copynumber Mycobacterium tuberculosis complex strains

References
1.

2.

3.

Manca C, Tsenova L, Barry CE III, Bergtold A,
Freeman S, Haslett PA, et al. Mycobacterium tuberculosis
CDC 1551 induces a more vigorous host response in vivo
and in vitro, but is not more virulent than other clinical
isolates. J Immunol 1999; 162 : 6740-6.
Cole ST, Brosch R, Parkhill J, Garnier T, Churcher C,
Harris D, et al. Deciphering the biology of
Mycobacterium tuberculosis from the complete genome
sequence. Nature 1998; 393 : 537-44.
Hermans PWM, van Soolingen D, Dale JW,
Schuitema ARJ, McAdam RA, Catty D, et al. Insertion
element IS986 from Mycobacterium tuberculosis: a
useful tool for diagnosis and epidemiology of
tuberculosis. J Clin Microbiol 1990; 28 : 2051-8.

4.

Heersma HF, Kremer K, van Embden JD. Computer
analysis of IS6110 RFLP patterns of Mycobacterium
tuberculosis. Methods Mol Biol 1998; 101 : 395-422.

5.

Thierry D, Cave MD, Eisenach KD, Crawford JT,
Bates JH, Gicquel B, et al. IS6110, an IS-like element
of Mycobacterium tuberculosis complex. Nucleic Acids
Res 1990; 18 : 188.

6.

Agasino CB, Ponce de Leon A, Jasmer RM, Small PM.
Epidemiology of Mycobacterium tuberculosis strains in
San Francisco that do not contain IS6110. Int J Tuberc
Lung Dis 1998; 2: 518-20.

NARAYANAN : MOLECULAR EPIDEMIOLOGY OF TB
cultured in Denmark. J Clin Microbiol 1999; 37:
2602-6.

243

using fluorescent detection of PCR products. J Clin
Microbiol 1996; 34: 1801-3.

17.

Cousins DV, Williams SN, Ross BC, Ellis TM. Use of a
repetitive element isolated from Mycobacterium
tuberculosis in hybridization studies with Mycobacterium
bovis: a new tool for epidemiological studies of bovine
tuberculosis. Vet Microbiol 1993; 37 : 1-17.

27.

Prodhom G, Guilhot C., Gutierrez MC, Vernent A,
Giequel B, Vincent V. Rapid discrimination of
Mycobacterium tuberculosis complex strains by ligationmediated PCR fingerprint analysis. J Clin Microbiol
1997; 35 : 3331-4.

18.

Yang Z, Chaves F, Barnes PF, Burman WJ, Koehler J,
Eisenach KD, et al. Evaluation of method for secondary
DNA typing of Mycobacterium tuberculosis with
pTBN12 in epidemiologic study of tuberculosis. J Clin
Microbiol 1996; 34 : 3044-8.

28.

Kearns AM, Barrett A, Marshall C, Freeman R,
Magee JG, Bourke SJ, et al. Epidemiology and molecular
typing of an outbreak of tuberculosis in a hostel for
homeless men. J Clin Pathol 2000; 53: 122-4.

19.

Singh SP, Salamon H, Lahti CJ, Farid-Moyer M, Small
PM. Use of pulsed-field gel electrophoresis for
molecular epidemiologic and population genetic studies
of Mycobacterium tuberculosis. J Clin Microbiol 1999;
37 : 1927-31.

29.

Patel S, Wall S, Saunders NA. Heminested inverse PCR
for IS6110 fingerprinting of Mycobacterium tuberculosis
strains. J Clin Microbiol 1996; 34:1686-90.

30.

Goyal M, Young D, Zhang Y, Jenkins PA, Shaw RJ. PCR
amplification of variable sequence upstream of katG gene
to subdivide strains of Mycobacterium tuberculosis
complex. J Clin Microbiol 1994; 32: 3070-1.

31.

Frothingham R, Meeker-O’Connell WA. Genetic
diversity in the Mycobacterium tuberculosis complex
based on variable numbers of tandem DNA repeats.
Microbiology 1998; 144 : 1189-96.

32.

Skuce RA, McCorry TP, McCarroll JF, Roring SM,
Scott AN, Brittain D, et al. Discrimination of
Mycobacterium tuberculosis complex bacteria using
novel VNTR-PCR targets. Microbiology 2002; 148: 51928.

33.

Supply P, Magdalena J, Himpens S, Locht C.
Identification of novel intergenic repetitive units in a
mycobacterial two-component system operon. Mol
Microbiol 1997; 26: 991-1003.

34.

Supply P, Mazars E, Lesjean S, Vincent V, Gicquel B,
Locht C. Variable human minisatellite-like regions in
the Mycobacterium tuberculosis genome. Mol Microbiol
2000; 36: 762-71.

35.

Mazars E, Lesjean S, Banuls AL, Gilbert M, Vincent V,
Gicquel B, et al. High-resolution minisatellite-based
typing as a portable approach to global analysis of
Mycobacterium tuberculosis molecular epidemiology.
Proc Natl Acad Sci USA 2001; 98: 1901-6.

36.

Supply P, Lesjean S, Savine E, Kremer K, van Soolingen D,
Locht C. Automated high-throughput genotyping for
study of global epidemiology of Mycobacterium
tuberculosis based on mycobacterial interspersed
repetitive units. J Clin Microbiol 2001; 39: 3563-71.

20.

21.

22.

23.

24.

25.

26.

Qian L, van Embden JDA, van der Zanden AGM,
Weltevreden EF, Duanmu H, Douglas JT. Retrospective
analysis of the Beijing family of Mycobacterium
tuberculosis in preserved lung tissues. J Clin Microbiol
1999; 37 : 471-4.
Taylor GM, Goyal M, Legge AJ, Shaw RJ, Young D.
Genotypic analysis of Mycobacterium tuberculosis from
medieval human remains. Microbiology 1999; 145 :
899-904.
Kamerbeek J, Schouls L, Kolk A, van Agterveld M, van
Soolingen D, Kuijper S, et al. Simultaneous detection
and strain differentiation of Mycobacterium tuberculosis
for diagnosis and epidemiology. J Clin Microbiol 1997;
35 : 907-14.
Bonora S, Gutierrez MC, Di Perri G, Brunello F,
Allegranzi B, Ligozzi M, et al. Comparative evaluation
of ligation-mediated PCR and spoligotyping as screening
methods for genotyping of Mycobacterium tuberculosis
strains. J Clin Microbiol 1999; 37: 3118-23.
Friedman CR, Stoeckle MY, Johnson WD, Jr, Riley LW.
Double-repetitive-element PCR method for subtyping
Mycobacterium tuberculosis clinical isolates. J Clin
Microbiol 1995; 33 : 1383-4.
Haas WH, Butler WR, Woodley CL, Crawford JT.
Mixed-linker polymerase chain reaction: a new method
for rapid fingerprinting of isolates of the Mycobacterium
tuberculosis complex. J Clin Microbiol 1993; 31 :
1293-8.
Butler WR, Haas WH, Crawford JT. Automated DNA
fingerprinting analysis of Mycobacterium tuberculosis

244

INDIAN J MED RES, OCTOBER 2004

37.

Fillol I, Ferdinand S, Negroni L, Sola C, Rastogi N,
Molecular typing based on variable number of tandem
DNA repeats used alone and in association with
spoligotyping. J Clin Microbiol 2000; 38 : 2520-4.

48.

Small PM, van Embden JDA. Molecular epidemiology of
tuberculosis. In: Bloom BR, editor, Tuberculosis:
Pathogenesis, protection and control. Washington, DC:
American Society for Microbiology Press; 1994 p. 6569-82.

38.

Kremer K, van Soolingen D, Frothingham R, Haas WH,
Hermans PWM, Martin C, et al. Comparison of methods
based on different molecular epidemiologic markers for
typing of Mycobacterium tuberculosis complex strains:
interlaboratory study of discriminatory power and
reproducibility. J Clin Microbiol 1999; 37: 2607-18.

49.

Dobbs KG, Lok KH, Bruce F, Mulcahy D, Benjamin WH,
Dunlap NE. Value of Mycobacterium tuberculosis
fingerprinting as a tool in a rural state surveillance
program. Chest 2001; 120 :1877-82.

50.

Friedman CR, Stoeckle MY, Kreiswirth BN, Johnson
WD Jr, Manoach SM, Berger J, et al. Transmission of
multidrug-resistant tuberculosis in a large urban setting.
Am J Respir Crit Care Med 1995; 152: 355-9.

51.

van Embden JDA, Cave MD, Crawford JT, Dale JW,
Eisenach KD, Gicquel B, et al. Strain identification of
Mycobacterium tuberculosis by DNA fingerprinting :
recommendations for a standardized methodology. J Clin
Microbiol 1993; 31 : 406-9.

52.

Daley CL, Small PM, Schecter GF, Schoolnik GK,
McAdam RA, Jacobs WR Jr. An outbreak of tuberculosis
with accelerated progression among persons infected
with the human immunodeficiency virus. An analysis
using restriction-fragment-length polymorphisms. N Engl
J Med 1992; 326: 231-5.

53.

Frieden TR, Sherman LF, Maw KL, Crawford JT,
Nivin B, et al. A multi-institutional outbreak of highly
drug-resistant tuberculosis. Epidemiology and clinical
outcomes. JAMA 1996; 276: 1229-35.

54.

Edlin BR, Tokars JI, Grieco MH, Crawford JT,
Wiliams J, Sordillo EM, et al. An outbreak of multidrugresistant tuberculosis among hospitalized patients with
the acquired immunodeficiency syndrome. N Engl J Med
1992; 326: 1514-21.

55.

Jereb JA, Burwen DR, Dooley SW, Haas WH,
Crawford JT, Geiter LJ, et al. Nosocomial outbreak of
tuberculosis in a renal transplant unit: application of new
technique for restriction fragment length polymorphism
analysis of Mycobacterium tuberculosis isolates. J Infect
Dis 1993; 168: 1219-24.

39.

40.

Bifani PJ, Mathema B, Liu Z, Moghazeh SL, Shopsin B,
Tempalski B, et al. Identification of a W variant outbreak
of Mycobacterium tuberculosis via population-based
molecular epidemiology. JAMA 1999; 282: 2321-7.
van Soolingen D, Hermans PWM, de Haas PEW,
Soll DR, van Embden JDA. Occurrence and stability of
insertion sequences in Mycobacterium tuberculosis
complex strains: evaluation of an insertion sequencedependent DNA polymorphism as a tool in the
epidemiology of tuberculosis. J Clin Microbiol 1991; 29:
2578-86.

41.

Tracey TE, Mulcny LS. A simple method for direct
automated sequencing of PCR fragments. Biotechniques
1991; 1 : 68-75.

42.

Kato-Maeda M, Rhee JT, Gingeras TR, Salamon H,
Drenkow J, Smittipat N, et al. Comparing genomes
within species of Mycobacterium tuberculosis. Genome
Res 2001; 11: 547-54.

43.

Small PM, Hopewell PC, Singh SP, Paz A, Parsonnet J,
Ruston DC, et al. The epidemiology of tuberculosis in
San Francisco: a population-based study using
conventional and molecular methods. N Engl J Med 1994;
330 : 1703-9.

44.

Jones WD Jr. Bacteriophage typing of Mycobacterium
tuberculosis cultures from incidents of suspected laboratory
cross-contamination. Tubercle 1988; 69: 43-6.

45.

Pfyffer GE, Strassle A, Rose N, Wirth R, Brandli O,
Shang H. Transmission of tuberculosis in the
metropolitan area of Zurich: a 3 year survey based on
DNA fingerprinting. Eur Respir J 1998; 11: 804-8.

56.

van Deutekom H, Gerritsen JJJ, van Soolingen D,
van Ameijden EJC, van Embden JD, Coutinho RA. A
molecular epidemiological approach to studying the
transmission of tuberculosis in Amsterdam. Clin Infect
Dis 1997; 25: 1071-7.

Genewein A, Telenti A, Bernasconi C, Mordasin C,
Weiss S, Mourer AM, et al. Molecular approach to
identifying route of transmission of tuberculosis in the
community. Lancet 1993; 342: 841-4.

57.

Barnes PF, el-Hajj H, Preston-Martin S, Cave MD,
Jones BE, Otaya M, et al. Transmission of tuberculosis
among the urban homeless. JAMA 1996; 275: 305-7.

58.

Hermans PW, Messadi F, Guebrexabher H, van Soolingen
D, de Haas PE, Heersma H, et al. Analysis of the

46.

47.

Sebek M. DNA fingerprinting and contact investigation.
Int J Tuberc Lung Dis 2000; 4: (2 Suppl 1): S45-8.

NARAYANAN : MOLECULAR EPIDEMIOLOGY OF TB

59.

60.

61.

62.

63.

64.

65.

66.

245

population structure of Mycobacterium tuberculosis in
Ethiopia, Tunisia, and the Netherlands: usefulness of
DNA typing for global tuberculosis epidemiology. J
Infect Dis 1995; 171: 1504-13.

67.

French AL, Welbel SF, Dietrich SE, Mosher LB,
Breall PS, Paul WS, et al. Use of DNA fingerprinting to
assess tuberculosis infection control. Ann Intern Med
1998; 129: 856-61.

Yang ZH, de Haas PEW, van Soolingen D, van Embden
JDA, Andersen AB. Restriction fragment length
polymorphism of Mycobacterium tuberculosis strains
isolated from Greenland during 1992; evidence of
tuberculosis transmission between Greenland and
Denmark. J Clin Microbiol 1994; 32: 3018-25.

68.

Burman WJ, Stone BL, Reves RR, Wilson ML, Yang Z,
El-Hajj H, et al. The incidence of false-positive cultures
for Mycobacterium tuberculosis. Am J Respir Crit
Care Med 1997; 155: 321-6.

69.

Nivin B, Fujiwara PI, Hannifin J, Kreiswirth BN. Crosscontamination with Mycobacterium tuberculosis: an
epidemiological and laboratory investigation.
Infect Control Hosp Epidemiol 1998; 19: 500-3.

70.

Perfecto B, Dorronsoro I, Lopez-Goni I. Confirmation
by molecular typing of cross-contamination in a
mycobacteria laboratory. Enferm Infecc Microbiol Clin
2000; 18: 12-5.

71.

Breese PE, Burman WJ, Hildred M, Stone B, Wilson ML,
Yang Z, et al. The effect of changes in laboratory
practices on the rate of false-positive cultures for
Mycobacterium tuberculosis. Arch Pathol Lab Med 2001;
125: 1213-6.

72.

Anon. Misdiagnoses of tuberculosis resulting from
laboratory cross-contamination of Mycobacterium
tuberculosis cultures - New Jersey, 1998. MMWR Morb
Mortal Wkly Rep 2000; 49: 413-6.

73.

Gascoyne-Binzi DM, Barlow RE, Frothingham R,
Robinson G, Xollyns TA, Gelleflie R, et al. Rapid
identification of laboratory contamination with
Mycobacterium tuberculosis using variable number
tandem repeat analysis. J Clin Microbiol 2001; 39 :
69-74.

74 .

Nivin B, Driscoll J, Glaser T, Bifani P, Munsiff S. Use
of spoligotype analysis to detect laboratory crosscontamination. Infect Control Hosp Epidemiol 2000;
21: 525-7.

75.

Bates JH, Stead WW, Rado TA. Phage type of tubercle
bacilli isolated from patients with two or more sites of organ
involvement. Am Rev Respir Dis 1976; 114: 353-8.

76.

Mankiewicz E, Liivak M. Phage types of Mycobacterium
tuberculosis in cultures isolated from Eskimo patients.
Am Rev Respir Dis 1975; 111: 307-12.

77.

Crawford J, Bates JH. Phage typing of mycobacteria In:
Kubica GP, Wayne LG, editors, The Mycobacteria: a
sourcebook: Part A. New York: Marcel Dekker, 1984
p.123-32.

Das S, Chan S L, Allen B W, Mitchison D A, Lowrie
D B. Application of DNA fingerprinting with IS986 to
sequential mycobacterial isolates obtained from
pulmonary tuberculosis patients in Hong Kong before,
during and after short-course chemotherapy. Tuberc
Lung Dis 1993; 74: 47-51.
Sahadevan R, Narayanan S, Paramasivan CN, Prabhakar R,
Narayanan PR. Restriction fragment length polymorphism
typing of clinical isolates of Mycobacterium tuberculosis
from patients with pulmonary tuberculosis in madras, India,
by use of Direct-Repeat probe. J Clin Microbiol 1995; 33:
3037-9.
Das S, Paramasivan C N, Lowrie D B, Prabhakar R,
Narayanan P R. IS6110 restriction fragment length
polymorphism typing of clinical isolates of
Mycobacterium tuberculosis from patients with
pulmonary tuberculosis in Madras, South India. Tuber
Lung Dis 1995; 76: 550-4.
Small PM, Shafer RW, Hopewell PC, Singh SP,
Murphy MJ, Desmond E, et al. Exogenous reinfection
with multidrug resistant Mycobacterium tuberculosis in
patients with advanced HIV infection. N Engl J Med
1993; 328: 1137-43.
Alland D, Kalkut GE, Moss AR, McAdam RA, Hahn JA,
Bosworth W, et al. Transmission of tuberculosis in New
York City: an analysis by DNA fingerprinting and
conventional epidemiologic methods. N Engl J Med
1994; 330: 1710-6.
Dunlap NE, Harris RH, Benjamin WH Jr, Harden JW,
Hafner D. Laboratory contamination of Mycobacterium
tuberculosis cultures. Am J Respir Crit Care Med 1995;
152: 1702-4.
Frieden TR, Woodley CL, Crawford JT, Lew D,
Dooley SM. The molecular epidemiology of tuberculosis
in New York City: the importance of nosocomial
transmission and laboratory error. Tuber Lung Dis 1996;
77: 407-13.

246

INDIAN J MED RES, OCTOBER 2004

78.

Glynn JR, Jenkins PA, Fine PEM, Ponnighans JM,
Sterne JAC, Mkandwire PK, et al. Pattenrs of initial
and acquired antituberculosis drug resistance in Karonga
district, Malawi. Lancet 1995; 345: 907-10.

79.

Pavlic M, Allerberger F, Dierich MP, Prodinger WM.
Simultaneous infection with two drug-susceptible
Mycobacterium
tuberculosis
strains
in
an
immunocompetent host. J Clin Microbiol 1999; 37:
4156-7.

80.

81.

Yeh RW, Hopewell PC, Daley CL. Simultaneous
infection with two strains of Mycobacterium tuberculosis
identified by restriction fragment length polymorphism
analysis. Int J Tuberc Lung Dis 1999; 3: 537-9.
Glynn JR, Vynnycky E, Fine PEM. Influence of sampling
on estimates of clustering and recent transmission of
Mycobacterium tuberculosis derived from DNA
fingerprinting techniques. Am J Epidemiol 1999;
149: 366-71.

tuberculosis cases with drug-resistant and drugsusceptible bacilli. Am Rev Respir Dis 1985; 132: 12532.
89.

Warren R, Hauman J, Bayers N, Richardson M,
Schaaf HS, Donald P, et al. Unexpectedly high strain
diversity of Mycobacterium tuberculosis in a highincidence community. S Afr Med J 1996; 86: 45-9.

90.

Casper C, Singh SP, Rane S, Daley CL, Schecter GS,
Riley LW, et al. The transcontinental transmission of
tuberculosis: a molecular epidemiological assessment.
Am J Public Health 1996; 86: 551-3.

91.

Glynn JR, Whiteley J, Bifani PJ, Kremer K,
van Soolingen D. Worldwide occurrence of Beijing/W
strains of Mycobacterium tuberculosis: a systematic
review. Emerg Infect Dis 2002; 8: 843-9.

92.

Daley CL, Small PM, Schecter GF, Schoolnik GK,
McAdam RA, Jacobs WR, Jr., Hopewell PC. An outbreak
of tuberculosis with accelerated progression among
persons infected with the human immunodeficiency
virus. An analysis using restriction-fragment-length
polymorphism. N Engl J Med 1992; 326 : 231-5.

93.

Bifani PJ, Plikaytis BB, Kapur V, Stockbauer K, Pan X,
Lutfey ML, et al. Origin and interstate spread of a New
York City multidrug-resistant Mycobacterium
tuberculosis clone family. JAMA 1996; 275: 452-7.

82.

Geng E, Kreiswirth B, Driver C, Li J, Burzynski J,
DellaLatta P, et al. Changes in the transmission of
tuberculosis in New York City from 1990 to 1999.
N Engl J Med 2002; 346: 1453-8.

83.

Godfrey-Faussett P, Sonnenberg P, Shearer SC,
Bruce MC, Mee C, Morris L, et al. Tuberculosis control
and molecular epidemiology in a South African goldmining community. Lancet 2000; 356: 1066-71.
94.

84.

Fandinho FC, Kritski AL, Hofer C, Conde H Jr., Ferreira
RMC, Saad MHF, et al. RFLP patterns and risk factors
for recent tuberculosis transmission among hospitalized
tuberculosis patients in Rio de Janeiro, Brazil. Trans R
Soc Trop Med Hyg 2000; 94: 271-5.

Bifani PJ, Mathema B, Liu Z, Moghazeh S, Shobsin B,
Tempalski B, et al. Identification of a ‘W’ variant outbreak
of Mycobacterium tuberculosis via population-based
molecular epidemiology. JAMA 1999; 282: 2321-7.

95.

Radhakrishnan I, Manju YK, Kumar RA, Mundayoor
S. Implications of low frequency of IS6110 in
fingerprinting field isolates of Mycobacterium
tuberculosis from Kerala, India. J Clin Microbiol 2001;
39: 1683.

Agerton TB, Valway SE, Blinkhorn RJ, Shilkret KL,
Reves R, Schluter W, et al. Spread of strain W, a highly
drug-resistant strain of Mycobacterium tuberculosis,
across the United States. Clin Infect Dis 1999; 29:
85-92.

96.

van Soolingen D, Qian L, de Haas PEW, Douglas TJ,
Traore H, Portaels F, et al. Predominance of a single
genotype of Mycobacterium tuberculosis in countries of
east Asia. J Clin Microbiol 1995; 33: 3234-8.

97.

Anh DD, Borgdorff MW, Van LN, Lan NT, van Gookom T,
Kremer K, et al. Mycobacterium tuberculosis Beijing
genotypes emerging in Vietnam. Emerg Infect Dis 2000;
6: 302-5.

98.

Kurepina N, Shashkina E, Sloutsky A, Naroditskaya V,
Safonova S, Chernousova L, et al. RFLP and DST data
on Mycobacterium tuberculosis cultures isolated from
patients in prison and civilian populations in Russia.

85.

86.

87.

88.

Friedman CR, Quinn GC, Kreiswirth BN, Perlman DC,
Salomon N, Schlinger N, et al.
Widespread
dissemination of a drug-susceptible strain of
Mycobacterium tuberculosis. J Infect Dis 1997; 176: 47884.
Frieden TR, Fujiwara PI, Washko RM, Hamburg MA.
Tuberculosis in New York City- turning the tide. N Engl
J Med 1995; 333: 229-33.
Snider DE Jr, Kelly GD, Cauthen G, Thompson NJ,
Kilburn JO. Infection and disease among contacts of

NARAYANAN : MOLECULAR EPIDEMIOLOGY OF TB
Abstract 1537, European Respiratory Society Congress
2000, Florence, Italy, Aug 30-Sept 3, 2000.
99.

Kruuner A, Hoffner SE, Sillastu H, Danilovits M,
Levina K, Svenson SB, et al. Spread of drug-resistant
pulmonary tuberculosis in Estonia. J Clin Microbiol
2001; 39: 3339-45.

100. Diaz R, Kremer K, de Haas PE, Gomez RI, Marrero A,
et al. Molecular epidemiology of tuberculosis in Cuba
outside of Havana, July 1994-June 1995: utility of
spoligotyping versus IS6110 restriction fragment length
polymorphism. Int J Tuberc Lung Dis 1998; 2: 743-50.
101. Niemann S, Rusch-Gerdes S, Richter E. IS6110
fingerprinting of drug-resistant Mycobacterium
tuberculosis strains isolated in Germany during 1995.
J Clin Microbiol 1997; 35: 3015-20.
102. Kurepina NE, Sreevatsan S, Plikaytis BB, Bifani PJ,
Connell ND, Donnelly RJ, et al. Characterization of the
phylogenetic distribution and chromosomal insertion
sites of five IS6110 elements in Mycobacterium
tuberculosis: non-random integration on the dnaA-dnaN
region. Tuber Lung Dis 1998; 79: 31-2.
103. van Crevel R, Nelwan RH, de Lenne W, Veeraragu Y,
van der Zanden AG, Amin Z, et al. Mycobacterium
tuberculosis Beijing genotype strains associated with
febrile response to treatment. Emerg Infect Dis 2001;
7: 880-3.
104. Soini H, Pan X, Amin A, Graviss EA, Siddiqui A,
Masser JM. Characterization of Mycobacterium
tuberculosis isolates from patients on Houston, Texas,
by spoligotyping. J Clin Microbiol 2000; 38: 669-76.
105. Sola C, Devallois A, Horgen L, Maisetti J, Filliol I,
Lagrand E, et al. Tuberculosis in the Caribbean: using
spacer oligonucleotide typing to understand strain origin
and transmission. Emerg Infect Dis 1999; 5: 404-14.
106. Nardell E, McInnis B, Thomas B, Weidhaas S.
Exogenous reinfection with tuberculosis in a shelter for
the homeless. N Engl J Med 1986; 315: 1570-4.
107. Garcia-Garcia ML, Ponce de León A, Jimenez-Corona
ME, Jimenez-Corona A, Palaicios-Marnez M,

247

Balandrano-Cambos S, et al. Clinical consequences and
transmissibility of drug-resistant tuberculosis in southern
Mexico. Arch Intern Med 2000; 160: 630-6.
108. van Soolingen D, Borgdorff MW, de Haas PE,
Sebek MMGG, Veen J, Dessens M, et al. Molecular
epidemiology of tuberculosis in the Netherlands: a
nationwide study from 1993 through 1997. J Infect Dis
1999; 180: 726-36.
109. Dye C, Williams BG, Espinal MA, Raviglione MC.
Erasing the world’s slow stain: strategies to beat
multidrug-resistant tuberculosis. Science 2002; 295:
2042-6.
110. Cohn ML, Kovitz C, Oda U, Middlebrook G. Studies on
isoniazid and tubercle bacilli II. The growth
requirements, catalase activities, and pathogenic
properties of isoniazid-resistant mutants. Am Rev Tuberc
1954; 70: 641-64.
111. Riley RL, Mills CC, O’Grady F, Sultan LU, Wittstadt F,
Shivpuri DN. Infectiousness of air from a tuberculosis
ward.Ultra irradiation of infected air: comparative
infectiousness of different patients. Am Rev Respir Dis
1962; 85: 511-25.
112. Li Z, Kelley C, Collins F, Rouse D, Morris S. Expression
of katG in Mycobacterium tuberculosis is associated with
its growth and persistence in mice and guinea pigs. J
Infect Dis 1998; 177: 1030-5.
113. Pym AS, Domenech P, Honore N, Song J, Deretic V,
Cole ST. Regulation of catalase-peroxidase (katG)
expression, isoniazid sensitivity and virulence by furA
of Mycobacterium tuberculosis. Mol Microbiol 2001;
40: 879-89.
114. Pym AS, Saint-Joanis B, Cole ST. Effect of katG
mutations on the virulence of Mycobacterium
tuberculosis and the implication for transmission in
humans. Infect Immun 2002; 70: 4955-60.
115. Ambroon CB, Kadlubar FF. Toward an integrated
approach to molecular epidemiology. Am J Epidemiol
1997; 146: 912-8.

Reprint requests: Dr Sujatha Narayanan, Assistant Director, Department of Immunology, Tuberculosis Research Centre (ICMR)
Mayor V.R. Ramanathan Road, Chetput, Chennai 600031, India
e-mail: sujatha36@hotmail.com

Review Article
Indian J Med Res 120, October 2004, pp 248-276

Epidemiology of tuberculosis : Current status in India
A.K. Chakraborty
Epidemiology Analyst, Bangalore, India
Received January 10, 2003
India is classified along with the sub-Saharan African countries to be among those with a high
burden and the least prospects of a favourable time trend of the disease as of now (Group IV
countries). The average prevalence of all forms of tuberculosis in India is estimated to be 5.05
per thousand, prevalence of smear-positive cases 2.27 per thousand and average annual incidence
of smear-positive cases at 84 per 1,00,000 annually.
The credibility and use of the estimates are discussed in detail. Reports on recent studies on the
time trend of the disease from some areas in India, e.g., Chingleput in Tamil Nadu are discussed.
They confirm the slow downward trend over a fairly long period of observation, as in the rural
areas around Bangalore. It also outlines the serious escalation of disease burden in a tribal
population group in Car Nicobar over a period 1986-2002, and highlights the nature and extent
of the emerging threats. Some epidemiologists forecast a rise of 20 per cent in incidence in the
next 20 yr, for India, with a cumulative rise of 46 million cases of tuberculosis during that
period, largely as a consequence of HIV epidemic.
The Governmental efforts at intervention through Revised National Tuberculosis Control
Programme (RNTCP) and at monitoring the epidemiology of intervention through organising
routine reporting are highlighted, and data are presented and evaluated on these. RNTCP needs
to be used as an effective instrument to bring a change in epidemiological situation, through
fast expansion and achievement of global target.
The present review describes the global tuberculosis situation, and views it in the context of the
goal of the antituberculosis intervention activities. It presents the epidemiological situation in
India, comments on the current trend and discusses the efforts taken towards making projections
on the likely burden of disease in India over time.
Key words Annual risk of infection - epidemiology - incidence - infection - mathematical modeling - monitoring - prevalence survey - time trend - tuberculosis

An increasing morbidity and mortality from
tuberculosis (TB) in the near future is forecast for
the world at large, with the number of newly
occurring cases predicted to increase from 7.5 million
a year in 1990 to 8.8, 10.2 and 11.9 million in the
years 1995, 2002 and 2005 respectively; an increase
amounting to 58.6 per cent over a 15-yr period1. The
estimates were subsequently found to be appropriate
for the year 2000 using a new method 2 . The
proportion of tuberculosis cases co-infected with

human immuno deficiency virus (HIV) was also
found to be rising, being 2-10 times greater for the
1997 estimates, than for19902. The association with
HIV and increasing multi drug resistant tuberculosis
(MDRTB) appears to be a serious issue, especially
for the developing nations.
Zaki in 1968 3 , had commented that “The
international tuberculosis situation is complicated by
the growing impression that tuberculosis is no longer
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a major public health problem”. He had also
shortlisted the following factors: chronicity, ability
of bacilli to stay alive in body for years, increase in
life expectancy, high level of endemicity in ethnic
groups even in the midst of affluence in the western
world, the frequent occurrences of isolated epidemics
in certain parts of the world and the emergence of
MDRTB. In the course of a few decades and more,
Zaki’s extensive analysis 3,4 and forecasting of
situation has proved near-prophetic. Apathy of public
policy makers, all over the world, including in the
affluent countries, had complicated the issue.
India had a National Tuberculosis Programme
(NTP) in place from the sixties, following
epidemiological assessment of the situation during
1955-1958 5 . However, less than optimal service
delivery under the Government controlled
antituberculosis programme did not allow it to make
much progress in terms of achieving substantially
high cure rates. There were serious limitations in the
diagnostic paradigm and treatment regimens
followed. Besides, there remained considerable
leeway to be made in ensuring support of the general
health services network, supposed to be running the
programme.
On top of that, the question of involving the
private service providers had remained an uncharted
field. Population size along with most of the maladies
of socio-economic nature, as listed by Zaki, are
operational in India, infact, more so here, than
elsewhere in the developing countries. However,
following WHO initiative, there is today a heightened
sense of urgency and global awareness to the problem
and the impending escalation in it. In 1993, the NTP
in India was strengthened in the form of Revised
National Tuberculosis Control Programme (RNTCP).
Following a decade of efforts to test-run the
RNTCP and then implement it in the field conditions
in India, the programme entered into the phase of
substantial expansion, under which more than 700
million people are planned to be covered by the year
2004 6. More than 450 million people are already
reported to be under the directly observed treatment
short course (DOTS) strategy under the RNTCP by
the end of 2001 7 . In the wake of RNTCP, some
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selected epidemiological data are in use to create
awareness, carry out advocacy exercises, and for
calculating the resource–allocation needed for the
programme. A few epidemiological indices are
currently used under the RNTCP for monitoring the
efficiency of the given activities under it. They need
to be refined for the purpose of setting programme
development indicators. A baseline epidemiological
situation also needs to be constructed for its periodic
evaluation, following intervention. It is in this context
that the present article seeks to review the
epidemiological scenario with respect to tuberculosis
in India.
INDICES USED AND DEFINITIONS
Tuberculosis situation in an area is conveniently
measured in terms of (i) Death among the known
cases of tuberculosis, case fatality; or, that attributable
to tuberculosis among total population in the
community, mortality; (ii) Prevalence and incidence
of infection - persons in the community infected with
tubercle bacilli at a point of time is prevalence of
infection; persons infected between two points of time
among those not infected or, BCG vaccinated initially
is incidence of infection; (iii) Prevalence of disease
refers to persons diseased at a point of time in the
given community; and (iv) Incidence of disease refers
to occurrence of disease between two points of time
in the community among those not initially affected.
Prevalence and incidence of disease are considered
in terms of culture with or without smear positivity
(C+), smear positive cases (S+) or, X- ray positive
culture/smear negative cases (X+).
Death: Death from tuberculosis is the most adverse
outcome. Occurrence of death is the first of the
indices to decline in the secular curve of a tuberculosis
epidemic, followed by morbidity and infection in that
order 8,9 . Subsequently however, it is not much
informative to trace the course of the epidemic and
to classify countries on the basis of their progress in
the epidemiological situation. For example,
tuberculosis death toll in several European
metropolitan areas was nearly 1 per cent annually at
the height of the epidemic. It had reduced during the
centuries long epidemic process, to be 1 to 2 per
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1,00,000 population by the end of 1980s, a 500-1000
fold reduction 10. Though death has ceased to be a
significant epidemiological information for the most
advanced countries, it could still possibly be a
measure of the extent of the most visible success of
at least the antituberculosis programme delivery and
its management, in the developing countries. For
example, it is reported that nearly 70 per cent of
possible deaths between 1991-2000 in Peru11, and
nearly 46 per cent in China between 1991-199712,
were averted among smear-positive cases of
tuberculosis, through a more efficient process of
programme delivery. As an immediate and the most
visible effect of antituberculosis intervention, the
prevention of death appears without doubt, to be an
attractive index to the programme planners. For the
purpose of this paper, however, death is not included
as an index to classify the countries in their progress
towards “elimination” goal, in pursuance of the
hypothesis of Styblo13.
Prevalence and incidence:
Infection: Prevalence of infection in the Indian
context cannot be estimated accurately in those aged
14 yr or more. Failure to demarcate the infected from
the non infected due to high prevalence of
intermediate reactors in India in older ages, does not
allow prevalence of infection among the unvaccinated
subjects, to be a sensitive indicator 14. In fact incidence
of infection as studied in younger age groups is the
appropriate index to measure the tuberculosis
situation in a community. However, estimating
incidence would call for repeat testing of the same
children. To avoid repeat tuberculin testing of the
same children, a mathematical estimation is carried
out, using the figures on the prevalence of infection
in younger children (0-14 yr) to obtain the incidence
of infection. The latter is termed the annual risk of
infection (ARI) 15 . The estimated ARI is actually
observed to be the same as the incidence of infection,
when worked out by repeat testing of the same
population under Indian conditions 16.
It is understood that ARI is studied among the
unvaccinated subjects only15. However, in situations
where mass BCG vaccination at birth or soon after is
the national policy, it is not a convenient to use these

children as study subject, as most of them will already
be vaccinated. The alternative could be to study the
incidence of infection in the vaccinated, for
identifying the newly infected subjects by the
differences of reactions method17. Chadha et al18 have
shown the infection estimates in the vaccinated and
unvaccinated as not materially different. The same
does not stand corroborated from some Indian
experiences (Regional Medical Research Centre, Port
Blair, 2002, personal communication).
It should be noted that for developing the
information base on infection both for prevalence and
incidence, periodic community surveys have
necessarily to be carried out as these serve as the
only data source.
Disease: In most of the western European countries
and others in the industrially advanced world, the
data on disease and death are obtained mainly from
national statistical reports, provided by the Ministry
of Health and National TB Organisation1-4,8-11,19. No
such data are available for vast population groups
elsewhere in countries like India and China.
Tuberculosis is not considered to be a notifiable
disease in India and hence routine health data have
not served as the source of information for estimating
the disease state in the community. Periodic
community surveys, sporadic and in different areas,
dependent solely on investigator’s convenience, are
therefore relied upon, and extrapolated to observe and
assess the tuberculosis disease situation in India14,20.
Data source and indices for observing trend:
Information on disease trend is available from repeat
tuberculosis surveys carried out from 1961 onwards, in
various areas namely, Delhi (urban), Madanapalli,
Bangalore, Car Nicobar and Tamil Nadu 19 . The
Tuberculosis Research Centre (TRC), Chennai has
brought out a comprehensive report on the disease
situation in the area during 1968-1986, along with that
from a subset for the area till 199621, as a follow up to
their original report22. The isolated tribal community in
Car Nicobar is also further followed up in 2002,
following the first two surveys in 1986 and 198823.
Of the repeat surveys, Delhi and Madanpalli had
efficient treatment services for tuberculosis, provided
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in the study areas. The two areas, namely Car Nicobar
and Chingleput in Tamil Nadu, also had provision
for treatment for every identified case, through the
NTP operating with its given efficiency 22 . The
Bangalore area survey, on the other hand, was planned
to study the natural dynamics, without a programme
in the area for the initial period of five surveys. It
was intended to study the baseline problem making
it possible to assess intervention effects with the
programme introduced at a later date.
At the time these surveys were originally planned,
it had appeared logical to expect tuberculosis case
prevalence rate to be reduced over a period of time,
following intervention. However, it is now
understood that prevalence and incidence of cases are
not affected over relatively short periods of time,
unless of course very intensive and effective treatment
of smear-positive cases are carried out 24. This is
especially true for the countries with a high infection
transmission. Moreover, small rates of change neither
in the case prevalence rates nor in incidence, which
are already small, could be appreciated in sample
sizes, not specifically decided upon to be sensitive
to register very small changes in them 20.
Prevalence of real smear-positive cases is likely
to be a good epidemiological index, when the
intervention measure is either very effective (close
to 100%) or when there is no treatment at all24. It is
understood that inefficient treatment services would
only multiply the prevalence of smear-positive cases,
due to pooling of inadequately converted cases. The
incidence cases, on the other hand, occur from the
breakdown among those previously infected decades
back. The incidence rates are therefore constant year
to year, representing the aging and progress of the
infected cohort of previous decades, with time. In
any case, the incidence cases would represent the
transmission taking place in the community decades
ago, and of course the socio-economic compulsion
coupled with the currently obtaining cell mediated
immunity (CMI) situation among the infected.
Incidence rates of cases are therefore not expected to
undergo any change following the best of
interventions, in a comparatively short period of 34 yr, given the long span of the tuberculosis epidemic.
The incidence : prevalence ratio in India is about
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1:314. In case an efficient tuberculosis programme,
targeting a sufficient number of sputum-positive
prevalence cases in the community, is run for a
sufficiently long period of time, it could bring down
the case prevalence, till probably the point when
incidence and prevalence come to be in the same
proportions in the community (1:1).
From studies by Styblo and his group in the
Netherlands15, it is now understood that incidence of
infection in the younger age group can really be the
index representing the current transmission situation.
A series of tuberculosis infection surveys, carried out
at intervals of 7-10 yr, depending on and related to
the intervention efficiency in a given area, could give
a trend, following intervention. Styblo 25 had
demonstrated about 9 per cent change per year
attributed to the intervention measures, over and
above about 5 per cent natural decline (i.e., a total of
14% or so annually) in the Netherlands. It is suggested
that for developing countries, the natural decline of
0-2 per cent may have to be augmented to be between
5-10 per cent following an intervention, for it to be
cost-effective.
It is possible to work out appropriate sample size
of population with the hypothesis of decline given
above, to measure likely change in India or elsewhere
in the developing world, making allowance for the
design factor (between 2 and 3), confidence intervals
of the proportions in the population studied (95%),
years intervening the surveys ( 7 to 10 yr), relative
proportions of annual change designed to be
appreciated (upwards of 50% in 7 yr) and relative
precision of the estimates. Given the proportion of
the BCG vaccinated children in India, this is also a
variable to be considered in deciding the sample size.
A word of caution on following epidemiological
trend through repeat surveys including infection
surveys, may not be out of the place. In order to
follow the intervention effects over a long time, large
scale ARI surveys need to be organized in a valid
sample of unvaccinated children, from time to time.
In view of the paucity of countrywide data on ARI at
present and widespread use of BCG in India,
collection of exclusive data and their appropriate
interpretation at repeated intervals, on a countrywide
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basis could be a difficult proposition. Moreover, to
estimate the disease incidence/prevalence from ARI,
is an exercise in modeling 26. The recommended rule
of the thumb by which figures on ARI are converted
into smear-positive case incidence rates is not a
phenomenon universally valid 14,22 . Whereas the
conversion could be put to use in planning for
resources, its reliability in measurement of changes
could be untenable. Notification data, on the other
hand, on disease were considered reliable when
provided by programmes with an established
surveillance system10,19. In most developing nations,
it could be unreliable to interpret it as community
prevalence. Huge costs involved in obtaining
incidence rates by conducting population surveys
could be avoided if the routine data could be
interpreted after necessary adjustments. However, for
information derived from monitoring data to
transcend itself into indices of trend measurement,
from mere indicators of programme efficiency, at
their best, as at the present times, could require
considerable efforts in this direction. The situation
and the opportunity need to be understood before such
use.
EPIDEMIOLOGY OF TUBERCULOSIS – THE
GLOBAL CONTEXT
In line with the hypothesis made by Frost in
1937 27 , the countries of the world seem to

conveniently align themselves in two broad groups,
namely those in whom the “tubercle bacillus is losing
ground”, so that a given number of sputum-positive
transmitters “do not succeed in establishing an
equivalent number to carry on the succession”, and
the others, in whom “no such prospect is in sight” in
the conceivable future. It is not a mere coincidence
that the above alignment happens to be across the
socio-economic divide, between the highly
industrialised nations of the world and the so-called
developing nations. There is an additional dimension
i.e., the huge population size in the latter, in absolute
numbers, as well as in its escalation with time. Apart
form the above two groups, there are of course others,
in whom the tuberculosis situation may not be at
either extreme of the divide.
Following this broad posturing, countries of the
world could be grouped in four major categories
(Table I) as adapted after Styblo13,28. In arriving at
the pragmatic definition on “goal” to be pursued by
the countries of the world, data on incidence of smearpositive cases and prevalence of tuberculous
infections, likely to be attained by 2050, among the
countries with the most favourable tuberculosis
situation, are used (Table II).
While the term control is used by policy makers
and programme managers in designating the longterm objective of antituberculosis programme

Table I. Global tuberculosis situation (Grouping of countries)
Annual risk of infection (ARI) (%)

Annual
decline (%)

0.1 - 0.01

≥ 10

Group I
Industrialised countries
(Netherlands, Norway, etc.)

0.5 - 1.5

5-10

Group II
Middle income countries
(Latin America, West & North Africa, etc.)

1 – 2.5

≤5

Group III
Middle income countries
(East & South East Asia, etc.)

1 - 2.5

0–3

Source : Refs 13, 14

Group

Group IV
(Sub-Saharan Africa and Indian Sub-continent, etc.)
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possibly pass through in their journey towards
attainment of the final ‘goal’, i.e., “virtual
elimination”. Table IV provides the likely time table
for the journey.

Table II. Global tuberculosis situation - I
(Suggested definition of goal)
Eradication (E)

↑
↑

Elimination (EL)
Virtually identical with EL
Incidence of smear positive cases :
Below 1 per 10 million
(Prevalence of infection:
general population 0.1%)

↑

Close to EL
Incidence of smear positive cases :
1 per million population
(Prevalence of Infection below 1%)
Source : Refs 13, 14

(RNTCP) in India, it should be understood that the
parameters of control remain yet to be defined. This
is for understandable reasons, in the context of the
developing countries, where the specific ‘goals’ of
antituberculosis programme, as shown in Table II are
rather distant and remote, as is in the case of India,
as compared to a group I country, such as the
Netherlands (Table III). Even then, it should be
understood that the ‘goals’ of human endeavour, in
its fight against tuberculosis, are for the first time
defined in concrete terms. These are based on
epidemiological situations, attained through the best
possible of human efforts, anywhere in the world.
Table II defines the stages that the countries could

The long-term epidemiological trend in
tuberculosis, unaffected by and secured against shortterm spikes or dips through transitory influences, is
termed as “secular trend”. The best and the worst
possible trend scenario anywhere in the world, drawn
on the basis of tuberculosis infection rates are
projected (Table V). In respect of the ARI25, there is
an exponential decline in the case of countries with
the best possible case scenario, such as Netherlands
(decline up to about 14% annually: about 5% of it
natural and the rest attributed to antituberculosis
measures). For the worst case scenario, on the other
hand, there could be a rise (Afghanistan) or a state of
minimal decline ranging between 1 and 1.4 per cent
annually (Lesotho)2,25,29. The problem is likely to be
halved in five years in countries with the best possible
case scenario, without any such prospect in the
other 25 . Disease rates, expressed as incidence of
smear-positive cases in Group IV vs. Group I
countries, as at present, are set against those required
to be achieved in case the goal of elimination is
addressed (Table III). It could be observed that for
the Group I countries (Netherlands) the annual
incidence of 12-15 as at present, needs to be reduced
to less than one for a million population, to achieve
the ‘close to elimination’ status by 202513. For the

Table III. Task infront of group IV countries set against group I, for pursuing close to elimination status
Epidemiological situation

Country
Present

Incidence of smearpositive cases per
million/year
Most advanced †

Qualification for ‘close to
elimination’ status
Prevalence of
infection all
ages (%)

12 – 15

15

India

500* (850)**

40

China

515**

†

}

Incidence of smearpositive cases per
million/year

1.0

Prevalence of
infection all
ages (%)

1.0

Norway, Netherlands, etc.: (ARI 0.1 to 0.01%, 10% annual decline, Close to elimination’ status projected to be achieved by
2025 AD) 15,22
Figures based on *Ref 38, ** Ref 2
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Group IV countries on the other hand, this could mean
requiring the present incidence of smear-positive
cases of about 510 per million, as in China12, or 840
per million for India2, to be brought down to 1-2 by
that date13 (Table III).

countries for the foreseeable future”. One might also
add here that the intervention effects need to be
continuously evaluated in a regular ongoing manner
(monitoring). Without an effective monitoring, the
improvements or otherwise in disease trend would
not be documented. For such ongoing evaluation to
take place, the development indicators need to be
suitably designed, requiring these to be sensitive and
easily obtainable. On sustained monitoring and
agglomeration of such indicators, one could derive
the course of the disease with time. Surveillance
systems are therefore critical to build and sustain, if
one has to follow disease trend. Periodic surveys in
some selected areas, do give some information, but
may not replace a disease surveillance system in the
long run.

Styblo25 had highlighted the challenge before the
policy makers, “unless a massive increase in the cure
rate for smear-positive pulmonary tuberculosis was
achieved, there would be no marked improvement in
the tuberculosis problem in many developing
Table IV. Global situation-time frame of achievement
(Best possible)
Group I
Netherlands, etc.
Prevalence of infection
Time
15 %
(Present)
(Incidence of smear-positive cases : 12-15 per million)
9%

THE INDIAN SITUATION

(2000 AD)

ARI: ARI from different parts of India till the middle
of the last decade (1991-96) was reported to be
between 1.0 and 2.0 per cent (Table VI)14. There
have been fresh estimates available from a few areas
in the country since then, the best possible situation
being reported from Kerala (ARI, 0.75%)30. The high

1%
(2025 AD)
(Incidence of smear-positive cases : < 1 per million)
0.1%

(2050 AD)

Source: Ref 13, 14, 20

Table V. Worst and best possible tuberculosis situation in the world
Group IV countries
Year

1.

2.

3.

Lesotho (whole country)
1956-1957
1962-1965
1981-1982
Current (1999)
South Sumatra
1975
1980
1985
Current (1999)
Afghanistan
1963
1982
Current (1999)

Source:

†
Ref. 29
*Ref. 2
**Ref. 26

ARI †
(%)

Incidence
of S+ cases*
(per 1,00,000)

2.78
2.83
2.03
173

3.76
3.8
3.48

Group I countries
Netherlands
Year
ARI †
(%)

1952
1955
1958
1961
1964
1967
1973-76

128
2.55 – 4.80
3.63
4.0 (2.0 – 3.0)

150

S+, Sputum smear positive cases
ARI, Annual risk of infection

0.4
0.265
1.176
0.116
0.077
0.051
0.038

Incidence rates
of S + cases **
(per 1,00,000)
13.9
7.8
5.7
4.6
3.2
2.4
1.8
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Table VI. Recent studies: Annual risk of infection (ARI) in various areas in India
Study by

State

Year

ARI (%)

1.

Kerala
TB Association

Kerala 30

1991

0.75

2.

NTI

1960-72
1962
1985
1996-99
2000-01

1.66-1.08
1.1
0.61
1.67
1.9
1.62
2.6

3.

TRC, Chennai

Chingleput (Rural) 21
Chingleput (Rural) 21

1969-84
1991-96

1.8-1.9
2.9-3.2

4.

URMUL
Trust

Rajasthan 14

5.

DAN TAB
(DANIDA)

Tumkur Dist14
Bangalore Rural 14
Bangalore Rural 14
Bangalore Urban 32
* North India
North India rural
North India urban

1.44

* Orissa
Orissa Rural
Orissa Urban

2002

1.72
1.62
2.48

6.

A & N Govt.

Car Nicobar 14

1986

1.53

7.

RMRC, Port Blair

Car Nicobar23

2002

3.8

8.

MGIMS, Sevagram/
NTI, Bangalore

Maharashtra 31
Nagpur Rural
2001
1.2 (6.34-6.38)
Nagpur Urban
2001
1.6 (8.44-8.50)
Thane Rural
2001
1.6 (8.07-8.10)
Thane Urban
2001
3.3 (15.75-15.80)
95 per cent confidence interval (CI) of prevalence of infection is given in parentheses
*Personal information, unpublished data. NTI
NTI, National Tuberculosis Institute; TRC, Tuberculosis Research Centre;
URMUL, Upper Rajasthan Milk Union Ltd. Lunkaransahr; DAN TAB DANIDA-DANIDA TUBERCULOSIS
A & N, Andaman & Nicobar; RMRC, Regional Medical Research Centre, Port Blair;
MGIMS, Mahatma Gandhi Institute of Medical Sciences, Sevagram

rates of ARI observed in Thane in the outskirts of
Mumbai (3.3%) as reported in a study by MGIMS
Sevagram/NTI, Bangalore 31 and in Nicobar district
(3.8%)23 merit mention, being among the worst case
scenario on record. The rate in Thane urban area is
interpreted to be due to HIV seroprevalence and to
the increasing component of slum dwellers in the fast

expanding population group inhabiting the area 31. The
ARI from Car Nicabor is the only documented
instance of ARI in India, escalating with time.
The recent data on ARI (Table VI) confirm the
author’s earlier suggestions of differences in
tuberculosis situation between areas in India 20. It
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Table VII. Problem of tuberculosis in India (average for the country)
(Estimated for 1000 million population)

Population : 1000 million (850 million in 5+ age group, 85%)

Number

Prevalence of infection *
Rate : (a) 38% all ages (b) 44% all ages

(b) 380 Million (b1) 440 Million

Prevalence of radiologically active abacillary pulmonary TB (X + cases)
Rate : (a) 16 per thousand (3.0, 2.6-4.7)

(b) 13.6 million (2.6 million)

Prevalence of all forms of tuberculous disease
Rate : (a1) 5.05 per thousand

(b 1) 5.05 million

Prevalence of culture-positive cases (C+ cases)
Rate : (a) 4.0 per thousand (6.0, 3.0-11.0)

(b) 3.4 million (5.1 million)

Prevalence of smear-positive cases (S+ cases)
Rate : (a1) 2.27 per thousand

(b 1) 1.93 million

Prevalence of total pulmonary TB cases
Rate : (a) 20.0 per thousand (9.0, 5.6-15.7)

(b) 17.0 million (7.7 million)

New culture positive (C+cases) arising annually
Rate : (a) 1.3 per thousand

(b) 1.1 million

New smear positive (S+cases) arising annually
Rate : (a1) 0.84 per thousand

(b 1) 0.71 million

Mortality rate (annual)
Rate : (a) 50-80/1,00,000

(b) 0.43 – 0.68 million

(a1) 46, 28-71/1,00,000

(b 1) 0.39, 0.24 – 0.60 million

Case fatality rate (annual)
Rate : (a) 14 per cent of untreated C+cases
(a 1) 24 per cent of all TB

(a1) 0.48 million
(b 1) 1.21 million

* Infected : > 50 per cent in age group 40 yr and more
Disease rates applicable to population in 5 + age for rows 3, 5 and 6-9.
For rows 1,4 & 10

:

calculated for persons in all ages

Data given under a & b

:

worked out by the author 14 from Indian survey data

Data given under a1 & b1

:

worked out by Dye et al2 by aligning several kinds of data

Rates and numbers in bracket :

as per revision suggested by the author on the basis of correctional surveys14

For average absolute numbers
for revised rates in bracket

:

Range not presented

Source : Refs. 2, 14
C+, Culture positive; S+, Smear positive
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could be recalled that the urban rural difference in
ARI was also evident in the Bangalore area,
Bangalore rural; ARI 1.1 per cent declining to 0.61
per cent in 23 yr up to 1985 16; urban Bangalore: ARI
1.67 per cent (CI: 1.40-1.93) 32.
Prevalence of pulmonary tuberculosis: The data
presented in Table VII are the outcome of several
surveys, conducted from time to time in different
areas of the country, since 1955-58. An average rate
for the country as a whole, is presented in this table,
along with the range, to represent the best and the
worst possible case scenario. Necessary corrections
and refinement to the existing rates of disease are
also suggested 14 . For the latter, specific survey
results, devised to study and correct the observed
inaccuracies and inconsistencies in the previous
estimates are relied upon 14 . This method for
computation of average rate with the range is
adopted, since a representative sample for the
country as a whole, has so far eluded the researchers,
as also the sample, sensitive enough to discriminate
prevalence or incidence rates between one area and

the other 20. As already explained, notification of
sputum-positive or other diagnosed cases of
tuberculosis is not yet the source of data on
incidence and prevalence in India.
A more detailed and extensive exercise was
conducted by Dye et al2 directed towards providing
an average estimate for the country. The average
rates of disease and infection (both prevalence and
incidence), as well as death were computed. Data
from (i) survey results; (ii) incidence of cases,
calculated out of the ARI based on an empirical model
suggested by Styblo15 and (iii) the likely disease rates
computed from notification of cases made to the
WHO Geneva, were mutually compared and assessed
for reliability and internal consistency. The average
rates for countries were then worked out, being the
“most uptodate” and the “fullest” statement of the
burden.
In Table VII, the problem is expressed in terms of
rates and absolute numbers, based on a population
of 1000 million, both for prevalence as well as for

Table VIII. Culture positive case (C+) prevalence of tuberculosis by geographical areas
Zone

Area

Average C+case
prevalence (per 1000)

Confidence limits
(95%)*
Lower

Upper

Calcutta
(Kolkata)

City

6.39

5.16

7.62

Delhi

City
Towns
Villages

4.06
2.45
2.49

3.23
1.54
1.87

4.89
3.36
3.11

Hyderabad

City
Towns
Villages

4.18
3.44
2.29

3.44
2.32
1.70

4.92
4.56
2.88

Madanapalle

City
Towns
Villages

2.40
8.13
6.11

1.64
6.58
5.02

3.16
9.68
7.20

Patna

City
Towns
Villages

6.38
5.25
5.85

5.10
3.83
4.58

7.66
6.67
7.12

Trivandrum
(Thiruvananthapuram)

City
Towns
Villages

2.96
3.20
2.59

2.14
1.93
2.08

3.78
4.47
3.10

*Calculated from C+ cases found and population examined in sample survey ICMR 5
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Table IX. Age distribution of smear-positive prevalence cases in a survey area,1984-1986 (for 100,000 population)

Age (yr)

1968-70

1973-75

1979-81

1984-86

10-14

35 (0.88)

14 (0.30)

8 (0.20)

3 (0.07)

15-24

108 (2.73)

111 (2.40)

105 (2.61)

62 (1.54)

25-34

425 (10.74)

461 (9.96)

404 (10.06)

292 (7.25)

35-44

729 (18.42)

691 (14.93)

570 (14.19)

693 (17.20)

45-54

899 (22.71)

1,127 (24.36)

1,050 (26.14)

921 (22.86)

55-64

994 (25.11)

1,218 (26.32)

966 (24.05)

1,144 (28.40)

65+

768 (19.40)

1,005 (21.72)

914 (22.75)

913 (22.67)

All

3,958 (457)*

4,627 (511)*

4,017 (444)*

4,028 (428) *

Figures in parentheses are proportion of cases of total (%)
*Standardised prevalence rates for 1,00,000 population
Source: Ref. 21

Table X. Age distribution of smear positive cases in TB
programme in India (year 2000)
Age(yr)

Total

Non-DOTS

DOTS

0-14

3,838
(2.02)

2,041
(2.08)

1,797
(1.95)

15-24

35,458
(18.65)

14,055
(14.32)

21,403
(23.26)

25-34

45,377
(23.86)

23,911
(24.36)

21,466
(23.33)

35-44

42,597
(22.40)

22,750
(23.18)

19,847
(21.57)

45-54

31,746
(16.69)

17,450
(17.78)

14,296
(15.54)

55-64

11,902
(10.47)

11,205
(11.42)

8,697
(9.457)

65+

11,231
(5.91)

6,735
(6.86)

4,496
(4.89)

All

1,90,149

98,147

92,002

Figures in parentheses are percentage of total cases in all ages
DOTS, directly observed treatment-short course
Source: Ref. 7

new cases arising (incidence). Thus the earlier
presentation 14 has been revised to take care of
population escalation during the past decade. The
hypothesis in computing the numbers diseased for
the present population, is that the disease rates in
India remain static, but absolute numbers increase
owing to demographic reasons. It also needs to be
pointed out that the prevalence and incidence rates
are applied to 1000 million population, across the
board, in the manner it was applied to 850.00 million
in the previous estimate14, without making allowances
for changes in age sex wise composition of the
population between the two, taking place during the
decade. The issue of lack of standardisation in
calculating the burden from time to time, by applying
prevalence rates of earlier surveys to later
populations, has been appreciated in recent times and
needs to be addressed for computing the absolute
numbers33. It has not been attempted here.
Area-wise distribution: From the results or the
countrywide sample survey conducted by the Indian
Council of Medical Research (ICMR) in 1955-585, it
was observed that the prevalence rates for this country
as a whole were by and large similar in six zones
studied and across the urban-rural divide. On a careful
review of the above data, it could be observed that
the prevalence rates throughout the country were
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Table XI. Prevalence of culture-positive pulmonary tuberculosis by occupation in Wardha (per 1,00,000 population)
Urban & Rural

Sex ratio of cases (M/F)

Occupation

Population
(Proportion %)

Sex ratio
of (M/F) cases

Proportion of total
cases (C+) (%)

Urban

Rural

Non worker

26.8

0.34

24.9

2.30

1.41

Student

29.0

1.25

6.6

1.17

1.56

Service

5.3

—

—

1.40

0.53

Professional

2.0

12.19

4.4

0.40

—

Cultivator

15.0

2.45

24.8

0.48

1.73

Agriculture-labour

16.4

0.85

21.4

2.25

1.94

Non agriculture labour

3.9

—

—

4.22

2.05

Others

1.5

—

—

1.53

2.87

Total

100.0

1.08

100.0

1.77

1.84

C+, Culture positive cases
Source: Ref. 14
Table XII. Notified new S+ cases : India (1993-2000)†against
expected S+ incidence cases*

Table XIII. Tuberculosis situation in Car Nicobar (1986-2002)

Year

Year

1993
1994
1995
1996
1997
1998
1999
2000
TOTAL

Diagnosed new S+ cases
(No. in 1000)

Rate (per 1,00,000)

2,25,256
2,26,543
2,64,515
2,90,953
2,74,877
2,78,275
3,45,150
3,49,374
22,54,943

25
25
29
31
29
29
35
35
25 – 35

*Expectation at 8,40,000 per year : 67,20,000 (cumulative
1993-2000)
S+, smear-positive
†
Ref. 7

really not similar 20. In the first place, the sampling
framework did not allow testing of the hypothesis
of difference between the areas and zones, if any.
In addition, the prevalence rates, on further
assessment with the help of 95 per cent confidence
limits, do not support the hypothesis of lack of
difference between the geographical areas (Table
VIII). For example, for the city areas under the
Madanapalle zone, the C+ case prevalence rates
(2.40 per 1000) were between 1.64 and 3.16 (range
for 95% confidence limits), and were significantly
lower than those in towns (average, 8.13 per 1000,
range for 95% confidence limit, between 6.58 and

Prevalence of
infected (per cent)
among 0-14 yr old
children without BCG

ARI,
per cent/year

Prevalence
of S+cases
(per 1000)

1986

10.1

1.53

4.1

2001-02

25.1

3.80(3.50)

7.30 (*7.10) †

ARI based on standardised prevalence rate of infection is
shown in parentheses; †Prevalence of disease significantly higher
in 2002.
*Standardised prevalence rate
Source: Ref. 23

9.68), or in the villages (average, 6. 11: range for
95% confidence limits: between 5.02 and 7.20). It
would not be out of place to mention here, that from
the data shown in Table VIII, as also from
information available from surveys elsewhere in
India over the years, Bangalore area, falling within
the Madanapalle zone in the country wide ICMR
survey, appears to have the best possible
tuberculosis case scenario anywhere in India.
Further, the bacteriological case prevalence rates (C
+) for Trivandrum city (average, 2.96 per thousand
range between 2.14 and 3.78) were different from
Patna city (average, 6.38: range between 5.10 and
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Categories of cases :
a) Culture positive on 2 sputum specimens
b) Culture positive on one specimen only
c) Culture negative smear-postive [3 or more acid fast bacilli (AFB)]
d) Abacillary mass miniature radiography (MMR)/ active (by 2 readers)
Fig.1. Prevalence of disease by age, sex and method of diagnosis.
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Table XIV. Expansion of TB programme and HIV influence on TB incidence
(A) Hypothetical levels of efficiency of TB programme (RNTCP)

Current
Most
Optimistic

a) Case detection
b) Cure rate

60
40

Most
Pessimistic

Cure rate

40

Targets of TB Programme for
achievement* (%)
Year
2004

TB incidence (%)

2007

Rate of decline

60

80

10% per year

45

55

5% per year

* Global Target of WHO - 70% case detection and 85% cure
(B) Rate of programme expansion/rate of HIV spread
1.

Low HIV/Fast
expansion of DOTS
(say entire country
covered by 2005-2006)

Incidence of total and SS +
cases reduced

82% likely fall due to
Programme could be only 59%
by 2020 (due to HIV)

· Cumulative number of case (in 20 yr)
2.

High HIV/Slow
expansion of DOTS

21 million

Incidence increases by 20%

cumulative number of
cases (in 20 yr) 46 million
3.
Losses due to HIV effect are much greater than the gains made from programme expansion (DOT-S). Even low HIV
epidemic affects programme expansion gains.
Source: Ref. 52

7.66). This shows that tuberculosis prevalence rates
could not be similar between areas in India. This is
understandably so, given the regional diversities in
terms of ethnic, economic, cultural complexities and
variables, pervading the vast land masses and the
population size of near continental dimensions.
With this background information, one could now
argue that the average prevalence rate (and incidence
rate also) as worked out by Dye et al 2(Table VII),
may not be used indiscriminately for all areas of the
country, as a sort of target, with the ostensible purpose
of evaluating supposedly epidemiological gains,
through a set of programme activities, as currently
being practised under the RNTCP. This could be used
for resource mobilisation and advocacy purposes.
Measurement of change on a time series or of
geographical differences would require statistically
sensitive indices of disease (and infection) in order
to test a given hypothesis of change/difference (or,
otherwise) by examining an appropriate population

sample, calculated for the purpose 20. The grossly
average and well rounded rates may not lend
themselves to a measurement of change in them with
the required degree of precision.
Prevalence/incidence by age: Both prevalence and
incidence rise with age, in both sexes, in surveys
conducted so far in the country. The rise is seen in
all categories of case, namely X+, C+, and S+ in the
community22 (Fig.1). The latest information on the
proportional distribution of smear positive prevalence
cases in the community by age (1984-1986) in the
Chennai area 21, is given in Table IX. It could be
observed that, of the prevalent cases in the
community, the age-wise proportion of cases were
substantially higher 35-44 yr onwards, to be at the
peak for the age group 55- 64 yr (28.40%). Moreover,
it remains as high as 22.67 per cent in 65 + age group,
being similar to that in 45-54 yr. This could be
contrasted to the distribution proportions of 0.7, 1.54
and 7.25 per cent in age groups, 10-14, 15-24 and
25-34 yr, respectively.

262

INDIAN J MED RES, OCTOBER 2004

Table X shows the age-wise proportional
distribution of smear-positive cases for India,
diagnosed both under the NTP and RNTCP,
combined for the year 20007. The peak concentration
is seen to be at 25-34 yr age group, reducing
thereafter. In 55-64 and 65+ year age groups, only
10.47 and 5.91 per cent of all the cases are
respectively distributed. The relative concentration
of diagnosed S+ cases to be in the younger age group,
peak in 25-34 yr, is a phenomenon also seen in some
of the African countries, who are similarly placed
with India with respect to tuberculosis situation as
group IV countries, e.g., Tanzania (1985-87),
Mozambique (1989), Malawai (1989) and
Nicaragua (1989)34.
The situation of less than expected detection of
cases in older age groups, as observed under the NTP/
RNTCP in India, could be attributed to deficient
attendance of the symptomatics in older age groups
at the general health service facilities, i.e., not
commensurate with the likely prevalence of
tuberculosis among them, as was highlighted by
Chakraborty in 198135, based on data in the Bangalore
area. The situation in India appears not to have
altered, since. It appears to be a problem of access
owing possibly to a degree of discrimination by the
society. The latter seems, in a way, to decide on the
attendance pattern of the sick persons to the health
delivery outlets, younger people being possibly
encouraged and preferred to take action and seek
relief. The programme thus seems to benefit the
younger and socio-economically the more important
group within the population, as against the older
population group. The latter is much smaller in size
and marginalised due to age, and yet positioning itself
as a significant epidemiological group, with a higher
concentration of the source of infection transmission.
The above discriminatory situation seems to have
an epidemiologic significance of no mean
consequence. The large majority of the infecters and
most of the uninfected and susceptible population at
risk of being infected, seem to distribute themselves
at the two extremes of the age groups, the former
being in the older age groups and the latter in the
younger age groups and children. The former remain
comparatively unattended to, under the programme,

and keep on accumulating in number and proportion
in comparison to the middle age groups. Thus a
relative concentration of cases seems to be occurring
by age. Due to their position in the society and
restricted movement, the persons in the older age
groups seem to be in close proximity to the
susceptible young children within the family,
increasing chances of transmission.
The situation in the western countries, on the other
hand, (i.e., Group I countries), appears to be quite
different in this regard. In 1970, for example, 70 per
cent of the cases in Sweden, diagnosed among the
Swedish born, were in the age group 65+ yr. In
England and Wales also the situation was similar10.
The difference in this regard may not only be among
the countries, depending on their grouping (I to IV).
Even within the most developed countries of the
world, the age distribution of tuberculosis cases has
a direct relationship with the socio-economic/ethnic
variable. For example, the relatively unfavouable
epidemiological scenario, obtaining among the
American minorities is distinctly different from that
among the non Hispanic whites, as also the
proportional age distribution of cases occurring in
them 36,37.
It is possible that apart from the social and
programme driven discrimination, the concentration
of cases in older age could take place as a secular
trend of disease 8,9 , as also due to demographic
situation, related to higher population size in the
elderly with time. It would thus be logical to conclude
that the situation in India is a symptom of its socioeconomic milieu, interacting with the disease
situation. It also remains a moot point fit for
investigation, whether the intervention programme,
as it is in India, could result in further concentration
of cases among the elderly, through a system of a
preferential intervention dynamics.
Distribution of prevalence and incidence by gender:
The prevalence of disease by sex and age in the BCG
trial area in Chingleput 22 is depicted in Fig.1.
Prevalence and incidence (the latter not presented)
in all categories of diagnosis had increased with age
in males. For female, up to 45-49 yr age, the rates
had increased, to be at a plateau thereafter. At all
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ages the prevalence was considerably higher in males
than in females (Fig.1). Of all culture positive case,
79 per cent were found to be in males. In the later
TRC follow up study 1968-1986, the average male/
female ratio was 3.7 for C+ cases and 4.5 for S+
cases 21. Of all pulmonary tuberculosis cases in males,
70 per cent were in the age group 20-54 yr
(constituting 39% of male population). Among
females on the other hand, 56 per cent of these cases
were in age group 20-44 yr, i.e., in the reproductive
age (constituting 40% of female population).
In the longitudinal epidemiological study in
Bangalore rural area carried out between 1961-6838,
the annual incidence rate of C+ cases in males
increased during the five year observation period
from 200 to 300 per 100,000. It however remained
stable among females at 100 per 100,000. The
incidence among males aged 55+ yr, in successive
surveys for the five years period, ranged from 400700 per 100,000. In females it had increased only
from 150 to 200 per 100,000. An unexplained
observation in these surveys was the annual incidence
of about 100 per 100,000 in both sexes in the 15-34
yr age group. Aside from the above exceptional parity
in incidence between the sexes in this age group, the
observations are similar in most Indian
epidemiological studies21,22,38. In general the disease
occurrence rates are about similar in both sexes, till
the puberty in females. This is followed by a
continuing widening of the gap between the sexes
in favour of the females, the differences acutely
accentuated past the 35-40 yr age mark.
In the European countries during the earlier part
of the last century, the case rates among females
between the ages 15-35 yr were generally 10-35 per
cent higher than in males. Prompted by this, the
postulate of a higher case rate in females in India as
well, has been the recurrent theme of many an
investigation carried out in India in recent times. It
appears that, in so far as general distribution of
prevalence and incidence of tuberculosis cases in
India is concerned, the epidemiological observation
from industrialised countries of the West is a poor
guide (Jochem Klaus, personal communication).
Instead of investigating the anticipated but
unsubstantiated gender bias against women reflected
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in the occurrence of disease in the community, the
reasons for apparent protection enjoyed by the
women across the age groups, could rather be a theme
of immunobiological and sociological investigations
in the Indian context.
Tuberculosis by socio-economic criteria: The survey
carried out in Wardha District (Maharashtra) is the
only source of survey data (unpublished) linking
tuberculosis in the community to socio-economic
criteria 14. The prevalence rates in the survey had
depended on literacy (lowest in the graduates and
highest among the illiterates), employment held
(highest among the professionals, followed by
cultivators and agricultural labour) (Table XI). These
had also depended on income, living standard (those
living in “Kutcha” houses had a higher prevalence
than “pucca” house dwellers). Of the total cases in
women, 48 per cent were among those unemployed
(include housewives). For all demographic variables,
rates in female were less than those in males.
As per Dholakia39, evidence is lacking to assume
a differential prevalence rate of tuberculosis among
workers than among non-workers. Of the ‘workers’
group, estimated to be suffering from tuberculosis
in India, about 52 per cent were in the age group 1544 yr. In this age group, about 40 per cent of the
workers with tuberculosis were women in the urban
areas. The proportion was only 17.9 per cent in rural
areas. There was much lower proportion of women
among workers with tuberculosis in higher ages,
especially in the urban areas. In the Wardha survey14,
the urban professionals and rural service workers,
who had a higher prevalence, had a low proportion
of the female population in them, and had
consequently accounted for a small proportion of the
total cases among females.
The extent of tuberculosis morbidity in the males
in the economically active age and in females in the
reproductive age, marks it out as a priority among
the public health problems in India.
Disease burden-diagnosis of tuberculosis assessed
from “Notification” against “Expectation” of
incidence: As already stated, the RNTCP in India is
due to be expanded fast as per a plan. Currently, there
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Fig.2. Pool of tuberculosis cases in the community (natural dynamics).
Source: Ref. 14.

is a mixed coverage in the country by NTP and
RNTCP. Matching the notifications of the new smearpositive cases, as per WHO Report 20027, pertaining
to the performance of both NTP and RNTCP areas,
for 1993 through 2000, with the expected figures for
incidence of S+ cases computed for the period, one
could observe a huge short fall (Table XII). Detection
rates ranged annually between 25-35 per 1,00,000,
against an expectation of 84 per 1,00,000 per year,
(annual incidence of S+ cases, as calculated vide Dye
et al2, see Table VII). In absolute numbers, whereas
a total of 67,20,000 cases for an average population
size of 1 billion, could have occurred between 19932000 (cumulative likely load; age sex not
standardised in computing, over the proportion
parameters used in Dye’s estimate2), the programme
had diagnosed only between 2,25,256 and 3,49,374
new S+ cases per year (cumulative: 22,54,943.
between 1993-2000). This could be taken as an

illustration, in essence, of a part of the
epidemiological dynamics, contributing to creating
‘left overs” in the community, which is represented
by the prevalence. The incidence is the same as
prevalence in the Western World. In India, the
incidence : prevalence ratio is 1:3 14, for C+ cases,
owing to what Grzybowski had aptly termed “left
overs”40.
EPIDEMIOLOGICAL TREND IN INDIA
Tuberculosis in the Bangalore rural area: From the
natural dynamics of tuberculosis as studied in the
rural area around Bangalore 14 , the tuberculosis
situation is supposed to be presenting a steady state.
(Fig.2). Without active intervention, a third of the
existing pool of bacillary cases in a year would get
eliminated through death and natural cure. But during
the interval, the same proportion gets added to it.
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Fig.3. Annual risk of infection (1962-1985) and observed annual incidence of infection (1962-1967).
Source: Ref. 16.

Fig.4. Model depicting hypothetical time-trend of tuberculosis in Bangalore rural area.
Source: Ref. 14.
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The r es ults of the obse rvations fro m t h e
Bangalore study could be summarised as below,
presenting a trend. It is apt to describe the same
as natural trend up to the first 5 yr 28. Thereafter
an element of NTP intervention could cloud the
interpretations, as it was introduced in the area
after the 4th survey (5 yr).
(i) Prevalence and incidence rates of C+ cases and
X + cases revealed no change in the period of 12 yr
(1961-68 to 1977-78), for which information was
available41. (ii) The mean age of cases was higher at
later surveys, up to 12 yr period studied 41. (iii) ARI
had declined from 1.1 to 0.65 per cent in 23 yr (19621985), at around 2.35 per year 16 (Fig.3). (iv) Incidence
of smear-positive cases had declined for the area from
about 65 to 23 per 1,00,000 in the same period42. It
was observed to the declining in consonance with
the fall in ARI.
The observations from the above time series study
were extrapolated to the population, taking care of
demographic changes in it with time, over a 50 yr
period43. The observed dynamics of deaths and those
due to transfers between the non infected, infected,
and several epidemiological classes formed on the
basis of the actual study findings over a period of
five years, were fed into the mathematical construct
for a period of over 50 yr. The natural dynamics were
compared with likely disease situations, under various
programme effectivity modes, hypothesised for the
purpose and fed into the model. The above model
showed that even in 50 yr, tuberculosis case rates
would come down only minimally. Very large
population sizes would be required to be surveyed
repeatedly to appreciate a change, if any, which rules
out the possibility 14 . Various case finding and
treatment levels were imputed into the model, as per
the data available from a study on programme
dynamics44. The model demonstrated that high levels
of intervention, however, could result in substantial
change in the prevalence rates (Fig.4). The projections
could contribute to a decision making process,
guiding policy planners to look at likely efficiency
modes to be adopted.
Tuberculosis in rural Tamil Nadu: ARI: In the study
carried out in a rural population of Chingleput in

Tamil Nadu by TRC, Chennai21 (1968-1984, and in
a subset of population, again in 1991-1992 and 19941996), ARI had remained unchanged for the entire
period. It was between 1.8 and 1.9 per cent in the
earlier period (1969-84) and 2.9-3.2 per cent (199192, 1994-96) ( Table VI).
Prevalence of cases: (i) The study 21 has shown no
change in C+ case prevalence during the period 196875 (Fig.5). However, as the resurveys were extended
further up to 1984-86, a decline of 2.3 per cent per
year was recorded for the later period (overall being
1.4% per annum). Such a decline was not seen in
Bangalore rural area (surveyed for first 12 yr)14,41.
(ii) There was a declining trend in C+ cases in all
ages, especially in 10-14 yr. This was in line with
the agewise trend seen in the 12 yr follow up in the
Bangalore rural area14,41.
(iii) There was no change in S+ case prevalence,
for all ages (Table IX). However, a declining trend
was visible in the younger population, i.e., among
those aged upto 35 yr in age. It was statistically
significant for 10-14 yr old children.
(iv) There was a strong evidence of decline in both
C+ as well as S+ case prevalence in females: 3.8 and
2.8 per cent annually. C+ cases had shown decline
at a later period of the follow up in males, (i.e.,
between 1975-1978 to 1979-1981), without any
significant change in the trend of S+ cases.
(v) Because of the above gender related difference,
the male : female ratio in C+ case prevalence had
increased from 3.5 in 1968-70 to 5.2 in 1984-86
survey (average 4.7). The average for S+ cases for
the entire period stood at 1.7 only.
Incidence of cases: (i) There was a steady decline in
the incidence of C+ cases (at 4.3% per annum) from
352/100,000 between the first two surveys (1968,
1971) to 189 between the last two (1981, 1984). The
decline was seen in both sexes and in all age groups.
(ii) There was only a tendency for decline in incidence
of S+ cases. (iii) Ratio of prevalence and incidence
of S+ cases remained 3.6, at the surveys, probably
indicating that new S+ patients would probably
continue as S+ cases after occurrence, cumulating

267

CHAKRABORTY : EPIDEMIOLOGY OF TUBERCULOSIS

a) Prevalence of S + cases

•

•

ec e @ 7% e a u

1000
900
800
700
600
500
400
300
00
100
50

b) Incidence of s+ cases / annum

♣

♣

ec e @ 3% e a u

539

•

51

•

398

459

•

•

♣

1968
1970

161

71 73

419

•

46

•

438

•

357

•

•
♣

138

73 75

♣

130

76 78

♣

106

79 81

♣

104

♣

6

1

81 83 84 86

♣

91 9

76

94 96

Fig.5. Trend in smear positive cases (incidence and prevalence) in a subset of Chingleput (1968 through 1996)
Source: Ref. 21.

themselves for 3.6 yr in the community, to constitute
prevalence. Findings are more or less similar for
both rural Bangalore and urban Delhi (between 3.33
and 3.7).
X+ cases: There was significant and substantial
decline in X+ case prevalence rate from 1289 /
100,000 to 827/100,000 between 1968 and 1986
(average decline 3.2% per year). The pattern was not
gender specific.
Comments on findings: (i) It was revealing to observe
that incidence of S+ cases, arising at a later survey,
from the radiographic class of tuberculous shadows
on X ray in an earlier survey, was coming down
significantly, with time for the area21,22. This was
likely to be due to the treatment programme in place

for the area, as pursued under NTP, no doubt
accentuated due to the presence and interaction with
the research field staff of TRC, Chennai. They could
act either by motivating patients and probably
ensuring drug supply at treatment centres also. Being
the long term study area for the TRC evidently had
influenced intervention situations and brought long
term benefit to the area.
(ii) The decline in C+ cases, not initially seen,
could also be evidenced on a longer term follow up,
as different from the NTI rural area. There was
substantial reduction in C+ case prevalence in later
surveys (1991/1996 surveys). Whether it had
anything to do with reduction of incidence from X +
case class, is a point to consider.
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n = Incidence of S+case (1971-73)

n = Incidence of S+case (1984-86)

** Having X-ray abnormality consistent with TB at an earlier survey.
Others: Smear+TB incidence from groups other than initial TB on X-ray.
Fig.6. Proportional contribution of the group with tuberculosis abnormality on X-ray at a survey to incidence of smear+tuberculosis
at a later survey. Source: Ref. 21.

(iii) A hypothesis could be considered that when
the ARI and S+ case prevalence (and incidence) are
relatively high in an area, as it appears to be so in
Tamil Nadu rural area, active and intense
interventions for a long enough and sustained span
of time, are necessary to record change in them. The
situation in the subset, for example, in Chingleput
area, could record a change in C+ / S+ case situation,
only in later surveys. In the subset studied longer
(1991, 1994) a significant decline (2.7% per year)
had occurred in the prevalence of S+ cases (398 to
262 per 100,000) (Fig.5). However, for reducing
breakdown from among the X+ cases into C+ cases,
on the other hand, a relatively low key treatment, as
followed in the programme, could suffice to achieve
the objective early enough.
(iv) It is of consequence to programme managers
while estimating the S+ case load from ARI data, to
observe that the rate of incidence of S+ for 1 per cent
of ARI had decreased from 74 to 42 per 100,000 in
about 7.5 yr of observation (a decreased by over
40%). The decline in the relationship between S+
incidence and ARI with time, in the Indian context,
is reported earlier from the Bangalore rural areas,
under long term repeat surveys42.
(v) The findings of the Chingleput area appear to
be in line with the overall projections of change made
in the 50 yr construct of epidemiological situation

with a 2.3 per cent reduction annually, in response
to a relatively low key programme dispensation43.
(vi) One of the most significant findings from this
study concerned the incidence of C+ and S+ cases,
from out of the persons sputum negative but identified
as having radiographic abnormality at an earlier
survey. There was no decline in incidence from those
with a normal X-ray or in those with non tuberculous
X-ray abnormality at an earlier survey. However, in
those with a TB abnormality initially, the incidence
of C+ cases had declined substantially (4.7%
annually). It is also true for S+ cases. Of the total C+
S+ cases, arising in 1971-73, about a third had
originated from those with an X-ray abnormality
interpreted as tuberculosis. This proportion declined
consistently from year to year and was only 8 per
cent at the 1984-86 survey (Fig.6).
It could be interpreted that the treatment given to
the specific epidemiological class of X-ray shadows
consistent with tuberculosis disease (X+ cases), had
caused a substantially reduced incidence of S+ / C+
cases from this class. The selective decline in
incidence by radiological classes moreover indicates
a good standard of interpretation and classification
of various radiographic abnormalities throughout the
survey period. An alternative hypothesis of likely
socio-economic change in the area reducing
breakdown, may not be tenable, as the same was not
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reflected in ARI and incidence of S+ cases. The socioeconomic improvement, if responsible, could have
caused reduction in incidence in all radiographic
classes, not confined to X+ cases alone.
It is generally recognised that for appreciation of
change with time, culture-positive case prevalence
rate of tuberculosis is not the appropriate index to
rely on. In the Styblo study24, the C+ prevalence rate
had been observed to register a high only during the
survey years. However, it was also a crucial
observation in the above study that the S+ cases,
detected in a survey, and not confirmed on culture,
were mostly found not to be the real cases. It thus
stands to reason that in considering trend in the
Chingleput studies, S+ cases are considered as cases,
only when they are C+. The same was the case in
NTI longitudinal surveys also. Thus prevalence of
smear-positivity in a survey, unless supported by
culture, is not considered representative. At the same
time, prevalence of real smear-positive cases, in
situations where there is considerable pooling of
untreated or inadequately treated cases, is the index
which is influenced in an effective control
programme. For example, in a situation like as it is
in India, where prevalence is about thrice the annual
incidence, an effective control programme could
possibly work by reducing the smear-positive case
prevalence. It is in this context that the reduction in
C+ prevalence cases over time, even earlier to that
in S+ incidence cases, needs to be understood. It
appears to be due to reduced breakdown, and the
consequent incidence, specifically from among the
X+ cases, through their treatment (a sort of secondary
chemoprophylaxis). It appears possible that
transmission in the present time did not come down
sufficiently largely to be reflected in ARI. It needs
to be kept in mind that the treatment of S+ cases was
not energetic enough under the routine NTP treatment
regimens, as pursued in the study areas. Even though
it had salutory effect with regard to the breakdown
from X+ class, in the manner of secondary
chemoprophylaxis it could not reduce S+ case
incidence/prevalence as a whole, and consequently
the ARI for the area.
Trend in an urban area: Findings from a study carried
out in the New Delhi TB Centre area (NDTBC) are
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unique in the sense that it gives the only trend for an
urban area in the country. The study was conducted
for a sufficiently long span of 30 yr, following up
the same community seven times after the first
survey45. The diagnosis in the survey was based only
on culture and X-ray result. All the X+ and C+ cases
were efficiently treated through the survey period
(90% cure rate achieved during 1995-96).
The findings and comments on the trend are
summarised as follows:
(i) About a tenth (8%) of the bacillary cases had
continued as such for about a decade (i.e., between
the last two follow up 1982 to 1991). This was despite
a good service programme in the area. Of the C+ cases
30 per cent were dead in the period. The proportions
remaining as C+ or as X+ cases during the above
period were significantly lower than observed
between earlier two periods of follow up.
(ii) The standardised prevalence rate of C+ cases
had not changed over the period, being around 4.0
per thousand (i.e., for 95% confidence level: 2.544.84). However, as in Bangalore and Chingleput
study areas, there was a higher C+ prevalence at
survey VIII among population 55+ yr age group,
compared to earlier surveys. The peak of C+ cases at
survey VIII in females, had shifted to around 45-54
yr from around 25-34 yr, as seen between survey I
through VI.
However, a proportional concentration in the
number of cases in higher ages with time, as seen in
Bangalore rural area14, did not occur in the New Delhi
area. This was interpreted to be due to a significantly
reducing population size in the area, in the age group
of 45+, compared to that in survey I, 30 yr back.
Influx of wage earners in younger group and exodus
of those in higher age (possibly considered to be
without ostensible economic worth) from out of city
area, was the essential demographic feature in the
New Delhi city area45. This was not observed to be
so in the rural areas of Bangalore, possibly causing
the difference in the nature of epidemiological
pooling of cases by age with time, between the areas.
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(iii) There was considerable decline in prevalence
of X + cases at later compared to the earlier surveys
(Survey I: 13.2, Survey VII, VIII: 6.5 and 5.4 per
1000).
(iv) The X+ cases of earlier surveys had the highest
rate of breakdown into C+ cases subsequently, this
being the highest risk group. The reduction in rate of
incidence from among X+ cases with time, as
observed in Chingleput study was not observed in
New Delhi.
(v) Data on sputum smear positive (S+) cases as
well as on infection rates (ARI) were not studied in
these surveys.
Trend in a tribal area: Car Nicobar is an island in
the Bay of Bengal, with a total population of 15,575
residing in 15 villages. An intensified tuberculosis
control project was launched there by the Island
Administration in 198646,47. All S + as well as C+
prevalence cases were detected on house-to-house
survey and treated adequately. Children aged 5+ yr
were given chemoprophylaxis for six months after
tuberculin testing and those 0-4 yr given BCG
vaccination. Infection prevalence was 10 per cent
among the 0-14 yr old (Table XIII). The prevalence
rate of S+ cases was 4.1 per 1000 and X + case, 7.9
per 1000. At the end of a nine month short course
chemotherapy 94 per cent of S+ cases were sputum
negative. At a resurvey after a 16 month period, no
fresh infected children were detected by the
differences of reactions method 17,47. Number of new
S+ cases arising in the area in the period of 16 months
was only a third of the previous prevalence (i.e., in
conformity with NTI surveys 38 ). The intensive
programme was then discontinued at a time when
there was no observed cumulative prevalence and no
fresh infection taking place in 16 months. At this
point, the NTP was implemented, leaving the routine
district tuberculosis programe (DTP) to operate in
the area. The survey in the area has been repeated in
2001-2002 23.
It appears from treatment records, available with
the local health authorities that over the years, the
programme was not maintained in the island.
Investigation and follow up of cases diagnosed from
year-to-year since 1988 in the area, showed only 66

per cent of the S+ cases on register completing
treatment, their sputum results unavailable.
Incomplete treatment, if taking place in these cases
year-to-year, could have prevented death, not
ensuring sputum negativity though (Annual case
fatality 3.7% among the cases on record since 1988,
as against the likely rate of over 20 per cent among
the cases in an area without an organised
programme38, the latter taken to represent the natural
dynamics of tuberculosis). In all likelihood this
cumulation of cases over the years had returned the
tribal community, back to where their
epidemiological trend originally was, infact much
worse than it was, before 1986. The force of infection
of the relatively fresh cases all diagnosed afresh after
1986, must have caused an escalation of ARI as well,
the incidence cases being more prone to cause higher
transmission of infection in the community.
Similar trend reversal from a tribal community in
Greenland 48 has been observed. Obviously,
programmes need to be continued with an accepted
level of efficiency for a long enough time. Lack of
advocacy and priority could be important causes of
attenuation of epidemiological trend in a community.
Trends of reduction in a community, achieved
through care and effort as in Car Nicobar, could be
rudely halted or reversed through lack of
prioritisation at a later stage. This could be seen even
in the most developed countries, as in Japan49.
RECENT
FACTORS
ESCALATION

THREATENING

Tuberculosis and HIV/AIDS
Disease burden for HIV/AIDS: The first case of AIDS
in India was reported in 1986. As per estimates
provided by the WHO/UNAIDS50, together with those
developed through the use of data available with the
National AIDS Control Organisation (NACO) in
India, the current prevalence of HIV infection in India
could be as follows: 1998 : 3.50 million; 1999 : 3.70
million; 2000 : 3.86 million; 2001 : 4.00 million.
Currently, the estimated HIV infection rate among
general population in 15-49 yr of age is 0.7 per cent51.
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HIV infection has crossed 2 per cent in Mumbai and
is more than 1 per cent in Hyderabad, Bangalore and
Chennai. This shows that it is not merely the
population groups, manifesting special behaviour
alone, but the general population at large, which is
progressively at the risk of getting infected.
The escalating HIV-TB situation: Tuberculosis is the
only AIDS-related opportunistic infection that
significantly affects people not infected with HIV.
People infected with tubercle bacilli and HIV are 30
times more likely to develop active tuberculosis in a
given year, than those infected with tuberculosis
alone. The risk of tuberculosis infection progressing
to active tuberculosis is estimated to be 8 per cent
per year in an HIV positive person, as opposed to 10
per cent life time risk in an immunocompetent person,
infected with tuberculosis, (non-HIV). This results
in creating a larger pool of infectious tuberculosis
patients51.
Studies in India show that the proportion of HIV
seropositivity in tuberculsis patients in hospitals in
Chennai and in Mumbai has risen from 2.6 per cent
in 1988-89 to 15.28 per cent in 199951. On the other
hand, it has risen in Pune from initial level of between
3.25 and 3.6 per cent in 1991 to about 20.1 per cent
in 1996. A study from Tanjavur (Tamil Nadu) rural
areas reports a rise in HIV seropositivity among
tuberculosis patients from 0.59 per cent in 1996 to
8.89 per cent in 199951.
HIV-AIDS - TB-interface: epidemiological situation
and intervention: From the global model on spread
of HIV-AIDS and how it could be affecting
tuberculosis epidemic in India, it is derived by
Williams 52 that under the hypothetically simulated
scenario of even the best possible expansion rate and
the most effective implementation of RNTCP in
India, together with the best possible situation of a
low HIV-spread, there could still be a rising number
of tuberculosis cases in the country (Table XIV). The
number of tuberculosis cases could still be higher by
59 per cent by 2020 (cumulative no. of incidence 21
million). The above situation could be seen as better
than an alternative worst possible case scenario with
a likely rise in tuberculosis incidence by 82 per cent
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during the period, under a favourable HIV situation
but without an RNTCP, with the requisite expansion
and adequate efficiency. However, with the worst case
scenario of high rise of HIV and slow expansion of
RNTCP, the cumulative number of cases could be
46 million by 2020, i.e., more than double, with the
spectre of a 20 per cent rise in the incidence of fresh
cases of tuberculosis(Table XIV).
Tuberculosis and multi drug resistance (MDR TB):
Like HIV-AIDS, threat perception due to occurrence
of multidrug resistance has assumed considerable
gravity in constructing the epidemic situation analysis
and appropriate intervention. In a recent review of
the Indian situation53, eminent workers from the TRC,
Chennai, have concluded that the magnitude of the
drug resistance problem is principally due to acquired
resistance (replaced in recent times by the term drug
resistance among previously treated cases). In
Gujarat, the patients with treatment failure or
relapses, had shown an increased rifampicin
resistance from 2.8 per cent (1980) to 37.3 per cent
in 1986, and isoniazid (INH) resistance from 34.5 to
55.8 per cent. MDR TB was of the order of 30 per
cent. In New Delhi, a similar extent of acquired drug
resistance was reported. Institute of Thoracic
medicine in Chennai had shown acquired resistance
of about 63 per cent among patients from District
Tuberculosis Centres of Tamil Nadu. Resistance to
INH and rifampicin (MDR TB) was of the order of
20.3 per cent. It was considered53 that initial drug
resistance in India (freshly defined as, drug resistance
among new cases) could be at a lower order than
similarly placed countries globally, as distinct from
the acquired drug resistance situation given above.
There could be 5-10 per cent resistance to INH,
2-11.45 for streptomycin and nil for rifampicin in
Indian children. This could be reflecting the primary
drug resistance problem in the Indian context, and
there could be no immediate cause for alarm on this
score 53.
The situation thus could be interpreted that (i)
there is inadequate and inappropriate treatment, both
in private and public, including the NTP; (ii) the
situation has caused high levels of widespread drug
resistance in previously treated patients; and (iii) the
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acquired drug resistance has not so far caused primary
infections to be causing alarm, inspite of the NTP
being operative for over four decades and more. It is
possible that drug resistance in tuberculosis patients
is less prone to cause transmission. This may, to an
extent, explain the phenomenon that high levels of
acquired drug resistance is a disconnected observation
from a situation of no escalation in ARI and the initial
resistance being still low in the community.
ASSESSING TUBERCULOSIS THROUGH
MATHEMATICAL MODELING:
Tuberculosis across the globe through modeling: In
the global context, the process of mathematically
estimating the impact of the strategy of DOTS, is
possible now. Murray and Solomon54,55 evaluated a
range of extensions to global control strategies in
terms of their potential effects on tuberculosis
incidence and mortality, by regions of the world, from
1998 to 2030. The impact of each of the likely items
of the DOTS strategy are evaluated separately and
incrementally. They have concluded, that globally,
171 million new cases and 60 million deaths are
expected in the best possible DOTS scenario and 249
million new cases and 90 million deaths in the worst
case scenario, by 2028. Uncertainty prevails on
outcome estimates for Asia. In the model by Dye et
al 56 , it is shown that the potential effect of
chemotherapy delivered as DOTS on tuberculosis is
greater in many developing countries now, than it
was in developed countries years ago. The potential
needs to be realised fully.
It is forecast that without greater effort to control
tuberculosis, the annual incidence of tuberculosis
disease is expected to increase by 41 per cent, between
1998 and 2020 (from 7.4 to 10.6 million cases per
year) in view of the HIV AIDS/TB epidemic. It is
envisaged that DOTS would save a greater proportion
of deaths than lower the incidence of cases. The
proportion of difference is bigger in the presence of
HIV- 1.
Tuberculosis modeling in the Indian context: The
tuberculosis model developed at the NTI in 199243,44,
to study the natural trend and that on some
hypothetical situational outcomes created through

various efficiency variables of programme delivery
has already been commented upon. This is the first
mathematical model to study disease trend of
tuberculosis in India. However, the model was meant
for decision making on alternatives rather than on
forecasting the disease situation. Further, it also did
not make the equations available, in a manner that
other set of variables could be used in forecasting.
Clearly, with the change in the nature of the
programme and in the hypotheses oscillating around
it, there is a felt need today for forecasting the
situation with the help of model constructs. One needs
to construct situational variables owing to
introduction of DOTS, the attendant HIV problem, a
fast-paced programme expansion along with a
changed face of programme delivery with higher
private participation etc. The recent work to construct
a model to address the Indian situation, carried out
under the World Bank auspices by the present author
and associates, is a progress in that direction
(unpublished document).
As stated earlier, the NTP and the RNTCP are
simultaneously operating in India since 1993 as state
controlled antituberculosis intervention processes.
These operate subject to their own dynamics of
delivery, along with the attendant variables with their
respective ability to place tuberculosis patients in the
community, on treatment, and their outcome. This
has created, and will be creating in time, several
artificially induced epidemiological classes (or
groups) in the community by age sex, socio-economic
parameters, demographic distributions with time.
Such classes will come into reckoning, besides, on
the behaviour of the population, their access to the
diagnostic and treatment facilities available within
and outside the intervention programme and the
dynamics of operations within the latter. The number
of classes and their interdependence could be much
more complex than under the natural dynamics, as
identified and estimated by Gothi et al57, from the
longitudinal survey data of the NTI, Bangalore14. In
the final analysis, however, the epidemiological
implementation of the national programmes depends
on the “Cure”, (or, achievement of a durable state of
sputum negativity, following antituberculosis
treatment) and prevention of death. The latter, along
with the freshly occurring cases in a period, would
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Table XV. Varying epidemiological observations by areas in India
Worst case-scenario
Chennai slum,
Wardha district
Nicobar tribal

Best case-scenario
Bangalore area
(Urban slum and rural)

Urban-rural distribution
ARI (%)
Infection prevalence (%)
Age group 0-4 yr
Age group 5-9 yr

High in urban pocket
Around 3.0

No difference
1.0

> 7 (U), 2-3 (R)
22.0 (U), 15.0 (R)

2-4
8-12

Disease incidence
(Per thousand per year)

3.0 (U)

1.0

Type of disease

i) Disseminating forms
(Lymphadenopathy predominant
4-6 per thousand)

Areas

ii) Pulmonary TB

Pulmonary fibrotic
(Remnant of primary)

iii) Spine TB
TB mortality in children
(Less than 4 yr age)

Very high, more than 230
(per hundred thousand)

About 50

U, urban; R, rural
Source: Ref. 58

tend to increase the load and the cure would dent the
load of existing, as well as freshly occurring
tuberculosis cases in the community.

an epidemiological statement of the disease state in
India, in an ongoing manner, by regions/states.
Conclusion

The present mathematical model prepares the
initial disease state as caused due to programme
delivery process and the respective efficiency levels
of various components under it with time. The
itinerant size of the classes and the fractional changes
in them, caused through processes of transfers
between classes together with the directional forces
responsible for these, are expressed in mathematical
denominations, called “Symbols” and “Vectors”
respectively. Persuaded by an unavoidably large
number of variables, 47 model vector states and 26
mathematical equations are conceived. These are
intended to measure the effect of intervention, causing
changes in the size of the respective classes, including
that of “cure”. The equations await simulation/
validation in due course. It could pave the way for

The likely estimates on the tuberculosis problem
in India, expressed both as average rates (with range
for 95% confidence intervals) and the absolute
numbers, are discussed based both on rates from
Indian survey results, as well as on the basis of global
consensus statements. It also presents disease rates,
after adjusting for under and over diagnosis made in
the surveys, from which the rates are derived,
depending on the survey method used. It could be of
considerable significance in this context to note that
the adjusted rates for culture-positive cases could be
as high as 6.0 per thousand and that for radiologically
positive cases, about 3.0 per thousand, on the average.
The rates are recommended to be used for estimation
of the burden for the purposes of resources

274

INDIAN J MED RES, OCTOBER 2004

mobilisation and advocacy. It is also suggested that
for ongoing evaluation of programme effectivity,
instead of average rates, as in use for the vast country
under RNTCP, alternative rates for the given areas
corresponding to their identification as having the
best and worst possible disease scenario, could be
more desirable to use. The hypothetical disease
situations, for the best and worst possible case
scenarios, as per information available for some areas,
is depicted in Table XV57. Some economic indices in
the nature of physical quality of life indices (literacy
rate, life expectancy at birth, maternal mortality rate
and infant mortality rate), as developed from census
data, could also be used along with ARI, to classify
areas for the purpose of applying average indices
(virtual targets) for monitoring.
Over comparatively shorter periods of observation
of the natural dynamics in the NTI-longitudinal
survey 38 or the TRC study in rural Tamil Nadu 22,
tuberculosis appears to be having a near steady state
in India14. Evidences are available to permit one to
draw the hypothesis that the epidemic situation in
India is probably on a slow downward curve of the
epidemic. Such evidences could be as follows:
declining mortality and case fatality rates due to TB,
decline in meningeal and miliary forms of the disease,
relatively high prevalence of cases in higher ages with
a low rate of positive cases in children, relative
concentration of cases in higher ages, higher
prevalence of cases in males, especially adult males
and equal prevalence rates across the urban-rural
divide. However, even if on a downward curve, the
decline at present could only be minimal, as seen
from the direct measurement of ARI in some areas
in India, and the nature and extent of the recorded
decline in the Chennai area. It is apparent that India
has the epidemiological trend in common with the
countries of sub Saharan region, with an ARI between
1 and 3 per cent, and an annual decline of around 03 per cent. Only when high efficiency intervention,
both in case finding and treatment is carried out, a
decline of between 7-10 per cent would result.
Planners need to be cautions on nascent disasters,
possible through cursory programme applications and
failure of sustenance of activities through lack of
advocacy and awareness as well as inadequacy in the

priority setting. It cites specific instances of escalation
of the tuberculosis situation, especially among two
tribal population groups, one being in India (Car
Nicobar). It also suggests that baseline ARI studies,
as are being currently completed throughout the
country, could be repeated in due time to obtain a
trend in the tuberculosis situation, subject to various
levels of the intervention efficiencies. Small
population sizes, as required for infection surveys,
make such studies possible to conduct and these could
yield valuable information. The role of monitoring
of the programme dynamics and its use in assessing
the changes in the epidemiological classes in the
community, brought about by a successful application
of the programme is also discussed. The likely threat
perceptions due to HIV-AIDS/TB and MDR TB are
reviewed. The possible use of mathematical
modeling, as a tool in the hands of epidemiologists
to forecast long-term trend is also described.
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Tuberculosis (TB) has, for centuries, continued to remain a public health problem of enormous
importance, particularly in the developing world, taking a heavy toll of those at their prime of
life. The emergence of human immunodeficiency virus (HIV infection) and its close association
with TB poses an even greater challenge to the health systems in general and TB programmes
in particular, in African and Asian countries. HIV is considered to be the most potent risk
factor for progression to active TB among those infected both with TB and HIV; as a result, TB
is the most common life threatening opportunistic infection associated with HIV, and biggest
cause of death among patients with acquired immunodeficiency syndrome (AIDS). In areas
hard-hit by HIV, TB is increasing, leading to greater case load, thereby overstretching the
already fragile health infrastructure. The deadly relationship between HIV and TB, each
potentiating the effect of the other, requires a clearly defined strategy taking into consideration
the natural history of the co-infection and its progression to clinical TB (and AIDS). It is clear
that the only way to fight this is by bringing the two programmes to join forces and work
creatively and innovatively. The strategy should include not only preventing HIV through
community-based behavioural interventions and limiting progression to clinical TB through
the use of isoniazid preventive therapy, but also early diagnosis and treatment of HIV-associated
TB and AIDS using DOTS strategy and combination antiretroviral therapy respectively. The
strategy probably would not succeed unless both the programmes are first strengthened before
attempting to forge collaboration based on mutual strengths and comparative advantages. In
addition, mobilizing national and international response, building partnerships and mobilizing
resources will help a great deal in mounting an appropriate and effective response to HIV/TB
in the Asian context.
Key words Antiretroviral therapy - co-epidemics - HIV - HIV-TB interventions - national programmes - tuberculosis

Developing countries, including India, have for
centuries borne the heavy burden of tuberculosis
(TB). Of the eight million people developing TB
every year, nearly two-thirds live in Asia and the
Pacific region1 . TB control efforts such as the (BCG)
vaccine given to more than a quarter of a million
people in South India have shown no efficacy2. It is
no surprise that even today TB is the leading
infectious cause of mortality among adults. The
problem is now being further complicated by the

alarming spread of human immunodeficiency virus
(HIV) and the emergence of drug resistance. HIV
not only makes the diagnosis of TB more difficult; it
also contributes to an increase in TB incidence 3 ,4.
The rate of breakdown to clinical TB is many times
higher in individuals infected both with HIV and
tuberculosis than in those without HIV. As a result,
increase in TB attributed to HIV can be expected
wherever the HIV epidemic is severe. The
burgeoning TB burden and additional load
277
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contributed by HIV will therefore overstretch the
already fragile health infrastructure in the Region.
The problem of TB/HIV is an issue of critical
importance, which needs to be seriously addressed
by all countries. Although the overall impact in the
Region is not yet substantially visible, a great
challenge lies ahead for both TB and AIDS control
programmes. Innovative approaches are required, to
reach the vulnerable and socially marginalized
populations most at risk for both infections.
Experience shows that proper management of TB and
care of patients with HIV/AIDS can improve their
survival and also enhance the quality of their lives5
(Rai Mra, personal communication). Provision of
care at the community level however requires
measures which counter discrimination and enhance
acceptance by the community of people living with
HIV/ AIDS.
The close link between TB and HIV also requires
enhanced collaboration and harmonization of efforts
in order to prevent HIV and to manage TB within
the framework of the comprehensive care continuum,
from institution to community and home. HIV and
TB programmes must work in collaboration to
maximize their outputs from the limited resources
available. Enhanced political commitment,
integrating relevant activities in various programmes
and strengthening partnerships with governmental
and nongovernmental sectors will help to meet the
challenge posed by the dual epidemic. An attempt is
made in this review to provide an overview of the
problem as it relates to Asia and the Pacific region.
It also provides a framework for minimizing the
impact of HIV-TB through enhanced collaboration
between the national TB and AIDS control
programmes.

and 3 million deaths are estimated to have occurred.
Six million children are currently living with
HIV/AIDS. In Asia and the Pacific, the highest
numbers of infected persons are in India (4.58
million), followed by Thailand (800,000), Myanmar
(440,000), and Vietnam (88,000)7.
At the same time, at least one-third of the world’s
population (1.9 billion people) is estimated to be
infected with TB1. Every year, eight million people
become sick with TB, 80 per cent of whom are in
22 high burden countries. Seven of these countries,
namely India, Indonesia, Bangladesh, Vietnam,
Cambodia, Thailand and Myanmar are in Asia and
the Pacific. TB is the leading infectious cause of
death among adults (15-59 yr) in developing
countries. TB kills more than two million people
each year, which constitutes about 26 per cent of the
avoidable adult deaths in the developing world.
Overall, every six out of ten TB cases worldwide live
in Asia and the Pacific region1.

Epidemiology of HIV-TB

The close association between TB and HIV, each
potentiating the impact of the other, has been well
described and is presently more pronounced
particularly in Africa3,4,8 ,9. In Asia and the Pacific,
the impact is not yet visible but evidence is emerging
clearly from epidemiological studies as well as from
surveillance data (both published and not yet
published), that the region could witness an enormous
increase in TB cases in the future. Both TB and
HIV/AIDS are conditions found mostly in poor socioeconomic and underprivileged groups, marginalized
from the mainstream population and having limited
access to information and health services. The region
which harbours a large population of the world’s poor
already has the highest number of people living with
HIV after Africa. The problem of HIV-TB therefore
presents both as a challenge as well as an opportunity
for Asia and the Pacific.

At the end of 2002, the World Health Organization
(WHO) and the Joint United Nations Programme on
HIV/AIDS (UNAIDS) estimated that over 42 million
people were infected with HIV, and that 20 million
people around the world had already lost their lives
to AIDS6. Currently, 16 000 people get infected every
day. During 2002 alone, 5 million new HIV infections

It is estimated that about 1 billion people in the
Region are infected with tuberculosis, of whom
presently about 2.5 million are infected also with HIV
(Fig.1). While 10 per cent of those infected with TB
will progress to active disease over their life times,
those who are co-infected with both TB and HIV on
the other hand, will progress to active TB more
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Fig.1. Distribution of TB/HIV in the world. Source: CDS department, WHO HQ, Geneva, 2002.

rapidly, at the rate of 10 per cent annually and about
60 per cent in their life time, increasing the numbers
of people sick with TB. This increase in TB
attributable to HIV although much less in absolute
numbers compared to those resulting among TB
infected individuals but free from HIV, will further
lead to an increase in TB transmission in the
community, posing considerable clinical and
programmatic challenges to both the AIDS and TB
control programmes.
HIV prevalence surveys in Africa as well as in
Asia and the Pacific show that HIV prevalence among
TB patients is many times higher than that seen in
the general population. In New Delhi, a study of 555
medicine patients with TB demonstrated an HIV
seropositivity of (9.4%), vs an overall seropositivity
in this same hospital of 0.4 per cent from 1994-199910.
Prevalence rates among TB patients of 30 per cent in
Mumbai11, and 40 per cent in Northern Thailand12
have been noted. In Africa, the countries with the
highest HIV prevalence rates are also those with a
high rate of tuberculosis13.
The linear relationship between HIV prevalence
and TB notification rates demonstrate that rapid
spread of HIV would lead to an increasing burden of
TB 13-15 (Fig.2). In many countries including
Zimbabwe, Malawi, Tanzania, Kenya and Rwanda,

TB notifications have either doubled or quadrupled
over the last few years 15. In these countries, TB is
becoming unmanageable and the achievement of the
global TB targets of 85 per cent cure rate and 70 per
cent case detection is becoming difficult.
The HIV epidemic is already having a profound
and prolonged impact on TB in Asia and the Pacific.
In the Chiang Rai province in Northern Thailand a
case control study between 1990-1998 has shown that
the proportion of TB cases attributable to HIV rose
to 72 per cent in male patients and 66 per cent in
female patients 16. This continuing increase in TB
cases attributable to HIV has occurred even when
there is marked reduction in HIV prevalence in the
area. HIV infection is now considered as the most
potent risk factor for tuberculosis; it not only
increases the risk of reactivating latent
Mycobacterium tuberculosis (MTB) infections but
also leads to the rapid progression to clinical TB soon
after natural infection.
The increased risk of active TB among HIV
infected persons compared with those without HIVinfection has been shown in both cohort as well as
case control studies with the magnitude of the relative
risk varying from 5 to 20 per cent17. While part of
this variation is explained by differences in study
design, the strength of association between HIV and

280

INDIAN J MED RES, OCTOBER 2004

load attributable to HIV there will be greater demand
to diagnose and treat TB cases, which otherwise
would not have occurred. In Chiang Rai, Thailand,
the TB notifications increased from 40/100,000
population to 144/100,000 between 1990-2002, a
three-fold increase in TB mostly attributable to HIV.

Fig.2. Relationship between estimated incidence of TB
(all forms) and HIV prevalence in adults for 18 African countries
in 1999 (HIV data supplied by UNAIDS).

TB is likely to increase with rising number of HIV
infected persons being immunocompromised. In
much of Africa therefore, spread of HIV is primarily
responsible for driving the parallel epidemic of TB,
often at a rate of 6 per cent per year18. HIV infected
TB patients are considered less infectious because
they have fewer cavitations and are less likely to be
smear positive. Nevertheless, increase in TB is
expected to enhance TB transmission in the
community. In many countries, it has been noted
that while TB incidence continues to increase due to
reactivation by HIV, the annual risk of TB infection
in children shows no increase; there is even a
decline in areas where DOTS is being expanded5. This
has important implications for TB control
programmes.
Across Asia and the Pacific, 40-70 per cent of
AIDS patients have tuberculosis which also is the
biggest killer of AIDS patients. Tuberculosis has
emerged as the most common life-threatening
opportunistic infection associated with HIV
accounting for at least one third of AIDS deaths
worldwide and 40 per cent of AIDS deaths in Asia,
although it is a preventable and curable condition.
Moreover, an advanced HIV epidemic contributes to
the emergence of drug-resistant strains as seen in
Thailand and elsewhere which often do not respond
to treatment 19-21.
Impact of HIV on TB control
Tuberculosis is already a huge problem
overstretching the fragile health infrastructure in most
of Asia and the Pacific. With the increasing TB case

HIV-associated TB poses difficult clinical
challenges. Patients are relatively more likely to be
sputum negative posing difficulty in diagnosis since
sputum smear examination is the mainstay of
diagnosing the disease. Moreover, the pathogenesis
of both tuberculosis infection and the disease relates
directly to cell-mediated immunity (CMI), especially
CD4+T- lymphocytes. Not surprisingly, HIV
infection which induces CD4+T- lymphocyte
depletion, also leads to defective immunological
response to M. tuberculosis. The pathogenesis of TB
can be altered by HIV either through reactivation of
latent tuberculosis infection to active disease (more
common) or by causing rapid progression from recent
infection with M. tuberculosis to tuberculosis disease.
As HIV infection progresses, CD4+ T-lymphocytes
decline in number and function. The immune system
is therefore, less able to prevent the growth and local
spread of M. tuberculosis. As a result, disseminated
and extra-pulmonary disease is more commonly seen.
Nevertheless, pulmonary TB is still the most common
form of TB even in HIV infected patient; pulmonary
involvement can occur in 70-90 per cent of all patients
with TB4.
The presentation of pulmonary TB depends
on the degree of immuno-suppression. In advanced
HIV infection, the presence of many opportunistic
infections affecting the lungs may cause
difficulties in the diagnosis of TB. The occurrence
of hilar and/or mediastinal adenopathy seen in
a chest X-ray can also suggest the diagnosis of TB in
an HIV infected patient. The most common forms of
extra-pulmonary
involvement
include
lymphadenopathies, pleural effusion, pericardial
disease, miliary disease and meningitis. Cervical,
supraclavicular, and auxiliary lymphnodes are the
most common sites of peripheral lymphadenitis.
Examination of the percutanous needle aspiration of
the lymph nodes can be useful in establishing the
diagnosis.
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In most cases, particularly at early stages of HIV
infection, the presentation of tuberculosis among such
patients with HIV is indistinguishable from other
patients. However, some may show a bizarre pattern
with a higher proportion of cases tending to have a
negative sputum smear. In spite of that, sputum smear
examination remains an essential component in the
diagnosis of tuberculosis in countries where HIV
infection is common, because of its ability to identify
infectious cases.
The diagnosis of TB in HIV-positive patients is
difficult for three main reasons: (i) The sensitivity
of the direct sputum smear examination is reduced
in HIV-positive patients. Compared to HIV-negative
patients with pulmonary TB, a lesser proportion of
HIV-positive patients with pulmonary TB will have
positive sputum smears; (ii) X-ray abnormalities,
which are not specific for TB in HIV-negative
patients, are even more non-specific in the
HIV-infected, with only minor abnormalities seen on
chest X-ray or with abnormalities which do not look
like classical TB, and (iii) patients infected with HIV
have frequent illnesses with pulmonary involvement
caused by agents other than M. tuberculosis.
The response to anti-TB therapy is similar among
for HIV-positive and HIV-negative TB patients.
HIV-related immunosuppression does not interfere
with the effectiveness of therapy for TB. Since the
management of TB and the response to standard short
course regimen is similar in patients with or without
HIV, there is no rationale for HIV tests in clinical
settings from the patient management point of view.
Adverse reactions are generally more common
in HIV-positive than in HIV-negative TB patients.
Most reactions occur in the first two months of
treatment. Skin rash and hepatitis are more
common and most often attributed to rifampicin.
The usual drug responsible for fatal skin reactions
such as exfoliative dermatitis, Steven-Johnson
syndrome, and toxic epidermal necrolysis is
thiacetazone. Therefore, thiacetazone should never
be given to HIV-positive TB patients. From a
programmatic point of view, thiacetazone should
not be prescribed in areas where HIV prevalence
is shown to be high.
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Rifampicin is a potent inducer of the hepatic
cytochrome P450 enzyme system and can reduce the
activity of several medications commonly used in
HIV-infected patients. These include ketoconazole,
fluconazole, methadone, and several anti-retroviral
compounds such as the non-nucleoside reverse
transcriptase inhibitors and protease inhibitors.
Although the combination of anti-TB medications and
zidovudine is well tolerated, pharmacokinetic data
suggest that rifampicin may increase hepatic
clearance of zidovudine and decrease zidovudine
plasma levels22. There also are reports of decreased
rifampicin absorption attributed to simultaneous
administration of ketoconazole22. On the other hand,
some protease inhibitors decrease the metabolism of
rifampicin and increase the rifampicin blood level,
thereby, resulting in increased frequency of
sideeffects 22. In such a situation, the appropriate
dosage of the above-mentioned drugs should be
closely monitored and adjusted as needed, in order
to minimize the sideeffects from rifampicin and to
maximize the effectiveness of other medications
being given simultaneously. If possible, treatment
for TB should be completed before starting protease
inhibitors.
Impact of TB on the HIV programme
HIV and M.tuberculosis are both intracellular
pathogens and act on the cell-mediated immunity.
Patients with HIV infection are uniquely susceptible
to TB, and TB on the other hand accelerates the course
of infection. Besides contributing to progression
from HIV infection to AIDS, contribution of TB to
AIDS deaths is substantial; up to 40 per cent of AIDS
deaths are due to TB18. The mortality rate for HIV
infected persons with TB is approximately four times
greater than the rate for TB patient not infected with
HIV. The high mortality rate amongst patients with
TB appears to be mainly due to progressive HIV
infection and caused by other infections such as
septicaemia, salmonella etc. The degree of
immunosuppression is the most important predictor
of survival of HIV infected patients with TB and low
CD4 counts are associated with increased mortality.
These data indicate that the relationship is one of
deadly symbiosis; each potentiating the effect of the
other.
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Fig.3. Combating TB/HIV: The conceptual framework and intervention points.
The above figure presents the strategic framework with points where the effects of TB and HIV can be either prevented or reduced
through specific interventions.
ART, antiretroviral therapy; TPT, TB preventive therapy; STI, sexually transmitted infections; VCT, voluntary counselling and
testing; DOTS, directly observed treatment short course.

The evidence that TB may accelerate HIV-induced
immunological deterioration is as follows: (i) Active
TB is associated with transient CD4+T-lymphocyte
depletion; (ii) TB causes immune stimulation and
increased production of cytokines, such as the tumour
necrosis factor (TNF) which increases HIV replication
in vitro; and (iii) HIV infected persons with TB appear
to have a higher risk of opportunistic infections and death
than do HIV-infected patients with similar CD4+ Tlymphocyte counts but without TB.

In addition, patients already receiving ART may
develop clinical TB. Effective treatment and control
of TB is a central priority when developing treatment
strategies for co-infected patients. The management
of HIV and TB co-infection is complicated because
some antiretroviral agents produce unacceptable drug
interactions with anti-tubercular agents and/or can
increase toxicity of TB treatment. Tuberculosis
treatment following the DOTS strategy should be
initiated promptly in the diagnosed cases of TB.

The shorter survival among patients with HIV
partly attributable to death from TB has been
observed both in developing and developed countries.
The fact that TB accelerates the progression of HIV
is observed by a six-to-seven fold increase in the HIV
viral load as compared to the load in those without
TB and by the decline in CD4 counts among people
with HIV.

Conceptual framework for combating HIV-TB

Due to major reduction in prices of antiretrovirals
(ARV), these drugs are now available in many
countries. Due to the high prevalence of tuberculosis
among HIV-infected individuals living in Asia and
the Pacific, many patients who are candidates for
antiretroviral therapy (ART) will have active TB23.

The control of TB/HIV and mitigating its impact
requires an understanding of the natural history and
pathogenesis. In most cases, tuberculosis infection
comes first and HIV is contracted subsequently when
the person achieves adolescence or adulthood (Fig.3).
Once co-infected, the progression to active TB occurs
quite rapidly, which could be prevented through the
use of TB prevention therapy (TPT). Those who
progress to active TB could be managed with DOTS
and through provision of care and support, including
the use of antiretroviral therapy. Therefore, at each
point in the scheme, interventions can be planned and
implemented to try and interrupt TB and HIV
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infection from progressing to active TB and/or AIDS.
Management of HIV-associated TB through DOTS
can prevent community transmission of tuberculosis.
Interventions
Preventing HIV infection: Prevention of HIV
infection, the most potent risk factor, is essential to
prevent the devastating impact on tuberculosis. The
strategy calls for support and care for those who have
been infected with HIV, whether they are still healthy
or have developed illnesses associated with their
infection, including AIDS. The support and care of
HIV-infected persons is not only humane, it is vital
for the success of prevention. The majority, up to
85-90 per cent of all infections result through sexual
transmission of HIV and an additional 5 per cent by
injecting drug use; changing sexual and injecting
behaviour is thus the prime focus of action for
interrupting transmission. Action for prevention of
HIV transmission must include: (i) information and
education aimed at all men and women, particularly
those at high risk of infection, including sex workers
and injecting drug users; (ii) health and social
services especially for the purpose of providing
condoms, clean needles and syringes to reduce harm,
and the early diagnosis and treatment of sexually
transmitted infections using syndromic approach; and
(iii) creating an enabling environment, in the absence
of stigma and discrimination directed against people
living with HIV/AIDS or those at risk. This should
be linked with strategies aimed for the social and
economic empowerment of women, and reducing the
vulnerability of young people by providing accurate
information about HIV transmission to preadolescent and adolescent girls and boys, and
enabling them to learn and practice the related
prevention skills.
Reducing progression to active TB: Preventing the
occurrence of clinical TB among co-infected persons
requires the people with HIV to be diagnosed in the
first place. The primary intervention required thus is
expanding and making available widely the Voluntary
Counselling and Testing (VCT) services to those with
HIV infection. Some studies have used the new
diagnosis of TB counsel and test for HIV, a research
technique that could be used in high seroprevalence
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areas24. Those found infected both with TB and HIV
can use TB preventive therapy with isoniazid (INH)
to prevent progression to TB. The co-infected persons
must be screened for active TB through intensified
case finding. Screening patients for clinical or active
TB is important since they may require short-course
chemotherapy over a period of 6 months instead of
preventive therapy, as recommended by national TB
programmes. VCT therefore provides an entry point
not only identifying HIV infected persons but also
of co-infected individuals who could benefit from TB
preventive therapy as well as for diagnosing patients
with active TB who would require TB treatment.
TB preventive therapy (TPT) with isoniazid
may play a role in limiting a possible increase in
the number of cases of symptomatic tuberculosis
that is expected from the pool of HIV/TB coinfected individuals. This approach is supported
by the knowledge that TB in HIV infected people
is predominantly caused by the endogenous
reactivation of dormant foci, that it can happen
wi t h a h i g h er freq u en cy am o n g co - i n f e c t e d
individuals than in the general population, and that
the disease can therefore be prevented by
chemotherapy. The efficacy of INH in preventing
TB in HIV-positive people has been proven.
However, it must be administered to the patient
for a long period, for at least six months, a factor
that may challenge patient compliance. A twomonth course of rifampicin and pyrazinamide daily
can be used instead of INH alone.
However, in many countries in Asia and the
Pacific, facilities for voluntary HIV counselling
and testing are yet to become widely available and
tuberculin testing to identify TB infection is
operationally difficult to implement in the field
situation. There is also a problem of energy, since
many with advanced HIV infection may not be able
to mount immune response. Moreover, persons
who live far away from TB service sites are
unlikely to complete the course of preventive
therapy. WHO therefore recommends TB
preventive chemotherapy on an individual basis,
as part of an HIV/AIDS care package wherever
suitable, for those infected with both TB and
HIV 25 .
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Preventing death and improving quality of life:
Experiences in the Asia and Pacific region show that
early diagnosis and treatment of HIV- associated TB
is critical for improving survival and enhancing
quality of life of patients. Intensive case finding of
such patients should be followed by referral to the
DOTS Centre for further investigation and treatment
for active TB and for prophylaxis for other
opportunistic infections.
Short-course chemotherapy under the DOTS
strategy is as effective among HIV positive TB
patients as in HIV negative patients in curing patients
of TB and thereby rendering them non-infectious.
Thus, besides lowering individual suffering,
implementing DOTS through effective TB control
programmes can reduce the transmission of TB
infection, even in the context of increased HIV
prevalence.
Strenghening the capacity of health services to be
able to diagnose patients with TB, both pulmonary
and extra-pulmonary, contributes to greater case
finding and for putting them on the DOTS
strategy25 ,26. The quality of diagnostic infrastructure
and of a responsive health service will improve the
situation. The DOTS strategy depends primarily on
passive case finding. However, in view of the close
association between TB and HIV, actively looking
for TB cases may be a helpful approach, particularly
in high HIV prevalence areas. The clinical
presentation, radiological and laboratory findings
depend greatly on the stage of HIV infection and on
the degree of suppression of host defences. For
example, in the advanced stages of HIV, the
mycobacterial load in the patients are high pulmonary
lesions are mostly infiltrative, sputum smears are
often negative and frequently the lesions are extrapulmonary. HIV-associated tuberculosis is therefore
not more infectious than tuberculosis in general.
In most cases, the clinical presentation of
tuberculosis in patients with HIV is indistinguishable
from those patients who do not have HIV infection.
However, some HIV-positive TB patients particularly
at an advanced stage of HIV may present with an
atypical pattern, with a higher proportion of cases
tending to have a negative sputum smear. In one

study in Pune, India, seropositive TB patients with
cavitation were noted to have a higher CD4 cell count
(and likely to be smear positive) vs those without
cavitation, representing a more robust immune
response27. Nonetheless, sputum smear examination
remains an essential component in TB diagnosis, even
in countries where HIV infection is common, because
of its ability to identify infectious cases.
Common problems with treating HIV infected TB
patients include non-adherence with therapy,
increased adverse reactions to anti-TB drugs and
concomitant occurrence of other opportunistic
diseases. The clinical and bacteriological response
of HIV positive TB patients to treatment should be
closely monitored. Therapy may be prolonged only
for patients with slow or sub-optimal responses. The
clinical, radiological and microbiological responses
to short-course chemotherapy in HIV-positive and
HIV-negative TB patients are similar in the two
groups, barring HIV positive patients who may die
due to other causes. The bactericidal activity of
anti-TB drugs on the tubercle bacilli is similar in HIVpositive and HIV-negative patients; hence, the same
drug regimens are employed in the two populations.
Antiretroviral therapy: New HIV medicines
specifically antiretrovirals when given in highly
active combinations significantly decrease viral
replication in the organism and restore immune
function. This leads even under programme
conditions to decreased morbidity and mortality
including incidence of HIV-associated opportunistic
infections such as tuberculosis28-30.
The two major issues in the clinical management
of patients with HIV and TB are when to start ART
and which regimen to use. The optimum time at which
to commence ART in a patient with HIV/TB
co-infection is unknown. Initiation of ART for TB
patients at very high risk for HIV disease progression
and mortality is recommended. For patients with a
CD4 count <200 cells/mm3 ART is recommended
as soon as the TB therapy is tolerated, usually
between 2 wk and 2 months (Table). For patients who
develop TB with CD4 counts in the 200-350 cells/
mm3 range, ART should be started after the first two
months of TB therapy, because the toxicity of TB
treatment is greatest in the first 2 months of treatment.
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Table. Antiretroviral therapy for individuals with TB co-infection
Situation

Recommendations

CD4 count <200 cells/mm3

Start TB therapy. Start one of these regimens as soon as TB therapy is tolerated
(between 2 wk and 2 months):
Recommended regimen:
ZDV/3TC/EFV
Alternatives:
ZDV/3TC/SQV/r
ZDV/3TC/ABC
D4T/3TC/ABC or SQ/r
(for ZDV intolerance)

CD4 200-350 cells/mm3

Start TB therapy. Start one of these regimens after 2 months of TB therapy:
Recommended regimen:
ZDV/3TC/EFV
Alternatives
ZDV/3TC/SQV/r
ZDV/3TC/ABC

CD4 >350/mm3

Treat TB. Monitor CD4 counts if available. Defer ART

In patients with CD4 count > 350 cells/mm3 ART
should be deferred and the patient monitored closely.
The recommended first line treatment options
include ZDV/3TC or d4T/3TC plus efavirenz. The
dose of EFV should be increased to 800 mg/day when
used in combination with rifampicin. There are
currently no definite guidelines on the most
appropriate dose of efavirenz to be used in
combination with rifampicin.
Data on the use of NVP plus rifampicin are limited
and conflicting. NVP levels are reduced by
37 per cent in the presence of rifampicin, and
pharmacokinetic studies are examining if a dose
adjustment in NVP is needed.Currently, the
combination can be used without dose adjustment if
there are no alternatives22.
SQV/r (1000/100 bid or 1600/200 once daily), in
combination with the NRTI backbone is an
alternative to EFV although resistance is a clear risk
with suboptimal adherence due to the high pill burden
of this combination. Except for SQV/r, use of other
PIs (NFV, IDV/r, LPV/r) is contraindicated because
rifampicin induces hepatic enzymes that reduce
exposure to the protease inhibitors to sub-therapeutic
levels. ABC (300 mg bid) plus two NRTIs is the last
alternative.

If patients already receiving ART develop TB,
they should be adjusted to the regimen compatible
with TB treatment. Following completion of
anti-tubercular therapy, the ART regimen can be
continued or changed depending upon the clinical and
immunologic status of the patient. With better
understanding of genomics and proteomics new
targets for TB treatment are being identified with the
prospect of higher specificity and deceased drug
interactions, which may alter some of the TB specific
ART regimens31.
Mobilizing national and international support: The
worsening co-epidemics of TB and HIV in Asia and
the Pacific require urgent and effective attention. The
two epidemics need a joint effort employing different
but complementary strategies. The best approach to
curb the HIV epidemic is so far based on an integrated
prevention and care interventions. Prevention
interventions should target all the possible ways of
transmission, but especially the ones most frequently
involved in the ongoing transmission in a given
country. Unlike HIV, TB can be cured, even in people
with HIV infection. DOTS strategy has been
demonstrated to achieve TB cure rates of over
85 per cent1. This is the most successful approach to
stop further spread of the disease. A strategic
framework is necessary to integrate the different
interventions needed to combat the dual TB/HIV
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epidemic and to avoid wasting the already scarce
available resources.
Analysis of HIV/TB surveillance and research data
is crucial for generating evidence and for promoting
collaborative action between the HIV and TB control
programmes. This would also be helpful for
developing the strategic framework to address the
HIV/TB co-epidemic in a given country. Multiple
sources of data can be evaluated to generate the
evidence of the association between HIV and TB
and to quantify the extent of the problem. In a few
countries these data are already available, since HIV
surveillance activities include TB patients as part
of the sentinel population. Other sources of data
include TB notifications; HIV prevalence surveys
among TB patients and the general population;
cohort and case control studies evaluating risk of
TB by HIV status; clinical and autopsy data
indicating the proportion of AIDS patients having
TB; and finally obtaining the population attributable
fraction which indicates the proportion of all TB
cases that would be attributable to HIV.
Epidemiological data are extremely useful to obtain
the baseline, monitor trends which can be helpful
evidence to be used for advocacy, programme
planning and for mobilizing resources (human and
financial). The basis for good advocacy lies
especially in skillful communication and articulation
of available data and facts.
Partnerships at country level between the
Government, non-governmental organizations
(NGOs), private health sector, corporate bodies,
foundations, universities and committed
individuals are needed and fortunately are being
forged to stop TB and HIV. A new initiative in the
form of the Global Fund to Fight AIDS, TB and
Malaria (GFATM) is a major contributor to this
work and is bringing unprecedented opportunities
to mobilize substantial additional financial
resources to fight AIDS, TB and malaria. Through
support from GFATM and other partners, hundreds
of millions of more dollars are available now than
in previous years for DOTS expansion, for
innovative response to HIV-associated TB and
drug-resistance TB, and for research and
development for new diagnostics, drugs and

vaccines. Many experiences in countries,
particularly in Myanmar and Thailand, show that
joint collaboration between national TB and
HIV/AIDS programmes is feasible. Among the
activities, development of a national policy and
strategic framework, a joint TB and AIDS
programme team, and coordination at central level
have been identified as the most crucial.
Implementing HIV/TB Interventions: A step-bystep approach
In order to combat HIV/TB, a clear strategic
framework is needed based on epidemiological and
public health rationale.The strategy should promote
a co-ordinated and integrated approach and build on
the existing activities to prevent and control both HIV
and TB. This mandates clearly defining the
interventions and activities that must be planned for
and implemented including the roles that can be
played by various stakeholders. A co-ordination
mechanism, both at policy as well as at
implementation levels is needed as a matter of
urgency.
At regional level, WHO is promoting the concept
of joint planning and coordination of both TB and
AIDS programmes, for generating evidence for
advocacy, mobilizing partnership and resources, for
educating communities and for managing HIV-related
TB. The principles that guide the regional strategy
include establishing a functional collaboration
between the two programmes, not integration, so that
both programmes will benefit from the collaboration.
The idea is to first assess the capacities of both
programmes and strengthen them where needed, then
establish collaboration by identifying responsibilities
of each programme and including areas where both
programmes would work together.
The HIV and TB programmes have traditionally
functioned separately along different perspectives.
HIV programmes have focussed on prevention and
care under a broad multisectoral approach with
emphasis on the involvement of the community and
the civil society. TB programmes on the other hand,
have more of a medical or clinical approach, where
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TB prevention and control is carried out primarily
through a case management approach.
Communication and involvement of the civil society
are only now beginning to get attention as an
important part of the programme. More recently,
however, the two programmes are adopting
approaches that are becoming more complementary
to each other with enormous scope for learning from
each other’s experience. For example, the use of
antiretroviral therapy as a part of HIV care is
becoming a major priority for AIDS programmes due
to the drastic reduction in the prices of drugs and
there are those who advocate the use of the DOTS
approach for ART to ensure treatment adherence and
follow up. On the other hand, TB programmes in
order to enhance case detection rates, have now
identified community mobilization through
information and communication campaigns, and
building partnerships with NGOs and the private
sector as priority areas for attention.
Considerable progress is presently being made in
a number of countries namely Thailand, Myanmar
and to some extent in India in forging collaboration
between the two programmes. The idea is simple –
to try and strengthen each programme and then build
collaboration by identifying areas where HIV
programmes could contribute (VCT, ART,
surveillance), where TB programmes could work
(DOTS, intensified case finding), and areas where
the two programmes could work together (joint
planning, joint training, joint supervision and
monitoring etc.).
In carrying out HIV-TB collaborative activities
at country level, the following are some of the guiding
principles that should drive the effort: (i) establish
functional collaboration between National AIDS and
TB programmes and not programmatic integration;
(ii) build on existing programmes, strengthening both
AIDS and TB programmes in order that they could
complement each other in a better fashion;
(iii) identify and agree on responsibilities to be carried
out by respective programmes and those that could
be performed jointly; and (iv) recognize that the
collaboration is a win-win-win situation, where the
two programmes as well as the community could
benefit.
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A step-by-step approach is therefore necessary
to implement the collaborative programme. In
many countries, WHO in the South-East Asia
region is presently advocating for piloting of TB/
HIV interventions at district level and based on
the experience gained to expand these in other
geographic areas in a phased manner. The process
could start with a situation analysis at district level
to review the HIV-TB epidemiological situation
and risk factors; services available including what
needs to be strengthened or introduced i.e. ,
whether DOTS is being implemented or sexually
transmitted diseases (STD) syndromic
management is being practiced or whether VCT
services are available. The idea would be to
identify the intervention gaps and also get to know
the stake-holders active in the area and their
relative strengths. Based on the situation analysis,
a joint HIV-TB committee could prepare a plan of
action. The resources needed to implement the
plan could be mobilized primarily from the
existing programme or from local resources. The
programme could be reviewed periodically and the
experience gained shared. Based on the practical
experience, the interventions could be extended
to other districts. WHO is presently funding pilot
projects in selected districts in India, Bangladesh,
Nepal, Indonesia and Myanmar.
Conclusion
HIV-TB is an important emerging crisis in Asia
and the Pacific, as evidenced from the extent of
both epidemics in the countries of the region and
the high number of co-infected persons living in
Cambodia, India, Myanmar and Thailand. The
main strategies to successfully combat this deadly
a s s o c i a t i o n , a t l e a s t c o n c e p t u a l l y a r e : (i )
preventing HIV through behaviour change in the
context of sexual practices and injecting drug use;
(ii) preventing the progression of TB infection to
clinical TB through TB preventive therapy, (iii)
effective case management of patients with HIVassociated TB or those with AIDS thereby
preventing further TB or HIV transmission; and
( iv ) p a r t n e r s h i p - b u i l d i n g f o r s u r v e i l l a n c e ,
advocacy and programme management for the
control of TB and HIV.
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In order to mount a more meaningful response to
the TB/HIV co-epidemic, many countries in the
region have initiated efforts by establishing
collaborative activities between TB and AIDS
programmes. These experiences show that joint
collaboration is possible, including sharing of
resources. In addition, regional and national strategies
are being developed to combat HIV-TB. However,
the first and foremost priority should be to strengthen
and build the capacities of both the national AIDS
and TB programmes. Resource allocation for TB
control however remains desperately inadequate,
despite proof that measures like DOTS have been
highly successful. In the absence of increased
resources and commitment, the problem of HIV-TB
will continue to cause human suffering and death,
particularly in poor and vulnerable populations. It
would be tragic if TB, particularly MDR TB, was
allowed to spin out of control, when proven strategies
and inexpensive efficacious drugs are available to
contain the HIV-TB epidemic.
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The membership list of genus mycobacterium is ever expanding and it has grown to 95 in year
2003. While leprosy and tuberculosis are specific diseases caused by mycobacteria, other
members are usually saprophytes but can be opportunistic and at times deadly pathogens. These
other mycobacteria are referred to as atypical mycobacteria, non-tuberculous mycobacteria
(NTM) or mycobacteria other than tubercle bacilli (MOTT). These organisms can produce
localized disease in the lungs, lymph glands, skin, wounds or bone. Occasionally they may produce
disseminated disease. Of the more than 90 known species of NTM, about one third have been
associated with disease in humans. The species causing human disease are : Mycobacterium avium,
M. intracellulare, M. kansasii, M. paratuberculosis, M. scrofulaceum, M. simiae, M. habana, M.
interjectum, M. xenopi, M. heckeshornense, M. szulgai, M. fortuitum, M. immunogenum, M.
chelonae, M. marinum, M. genavense, M. haemophilum, M. celatum, M. conspicuum, M. malmoense,
M. ulcerans, M. smegmatis, M. wolinskyi, M. goodii, M. thermoresistible, M. neoaurum, M. vaccae,
M.palustre, M. elephantis, M. bohemicam and M. septicum. Isolation of these mycobacteria from
representative specimens and their rapid identification is very important as the treatment strategy
for tuberculosis and other mycobacterioses is different. Several biochemical, chemical (lipid) and
molecular techniques have been developed for rapid identification of these species. Along with
suggestive clinical features, poor response to antitubercular treatment and repeated isolation of
the organisms from the clinical specimens these techniques can help in establishing correct
diagnosis. Further, many drugs like rifampicin, rifabutin, ethambutol, clofazimine, amikacin,
new generation quinolones and macrolides effective against mycobacterial infections are available
that can be used in appropriate combinations and dosage to treat these infections.
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pulmonary and non pulmonary infections 3-8, which
is in part explained by the increase in the number of
susceptible/immunocompromized individuals such as
those suffering from acquired immuno deficiency
syndrome (AIDS) and is also due to better recognition
of their role through more sensitive and specific
techniques 9,10 . The diseases caused by these
mycobacteria have varied manifestations, are not
usually transmitted from man to man and have been
broadly grouped as mycobacterioses. In the
immunocompromised individuals the infections due

Genus Mycobacterium has 95 well characterized
species 1 . Over the centuries two well known
mycbacterial species, namely, Mycobacterium
tuberculosis and M.leprae have been the known
causes of immense human suffering. Most of other
mycobacteria are present in the environment as
saprophytes. Their pathogenic potential has been
recognized since the beginning of last century2. These
organisms in the past have been called atypical
mycobacteria, the term first coined by Pinner 3. These
have been increasingly recognised to cause
290
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to non-tuberculous mycobacteria (NTM) have been
observed to be an important cause of morbidity
and mortality in western countries9. Besides being
known as atypical, these mycobacterial species have
been given various names like anonymous, nontuberculous, environmental, opportunistic and
mycobacteria other than tubercle bacilli (MOTT).
None of these terms have been universally accepted
and the name NTM seems to be more acceptable. It
has been endorsed by American Thoracic Society
(ATS) in their statement9,10.
Distribution in the environment
The distribution of NTM and the incidence of
disease caused by them is perhaps not fully
understood in most parts of the world. NTM are
widely distributed in nature11 and have been isolated
from natural water, tap water, soil, water used in
showers and surgical solutions. In United States most
of isolates were M. avium, M. kansasii and M.
fortuitum 12 . There have been some reports from
Japan13, UK14 and India15-21. In most of Indian studies
M. tuberculosis has been found as major cause of
mycobacterial infections and the proportion of NTM
has been considered low. Species like M.fortuitum,
M. avium, M. scrofulaceum etc., have been isolated
in different studies 17-21. As the culture with strict
criteria is still not routinely done in most parts of
India and there is a tendency to ignore such isolates
as cotaminants, it would be difficult to comment on
the exact magnitude of the problem. Though
M.tuberculosis has been observed to be the main
secondary infection in the reported cases of AIDS in
India22 the future scenario is yet to unfold.
Predisposing factors
It is a common observation that environmental
mycobacteria cause disease in individuals who offer
some opportunity due to altered local or systemic
immunity 3,4,9,10,23-26. Chronic obstructive pulmonary
diseases,
emphysema,
pneumoconiosis,
bronchiectasis, cystic fibrosis, thoracic scoliosis,
aspiration due to oesophageal disease, previous
gastrectomy and chronic alcoholism are some of
conditions which have been linked to disease due to
NTM. While the reasons may be less clear in
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conditions like adenitis in children, such factors
may be quite obvious in other conditions like
bronchiectasis, surgical procedures, injections, break
in skin surface due to wounds and generalized
immune deficiency states like AIDS, use of
immunosuppressive agents as used in transplant
patients etc9,10. The mechanisms of pathogenesis of
NTM are not very clear and have not been adequately
investigated. The lipid rich outer envelope of the
organisms may be important as first defence but
specific moeities on the surface may be the important
factors. Very low CD4 counts in AIDS patients and
defective cytokine response(s) have been linked to
severe infections due to M.avium from the common
sources like potable water26.
Clinical manifestations
Of the 95 known species of mycobacteria, nearly one
third have been observed to be associated with disease
in humans. The species of NTM associated with human
disease are : M.avium, M.intracellulare25-30, M.kansasii3133
, M.paratuberculosis 34-36 , M.scrofulaceum 37 ,
M.simiae7,8, M.habana7, M.interjectum38, M.xenopi3941
, M.heckeshornense42, M.szulgai43, M.fortuitum18,44,45,
M.immunogenum46, M.chelonae 20, 47, M.marinum48-50,
M.genavense51,52, M. bohemicum53, M.haemophilum54-56,
M.celatum 57 , M.conspicuum 58 , M.malmoense 59,60 ,
M.ulcerans 61 , M.smegmatis 62 , M.wolinskyi and
M.goodii 63 , M.thermoresistible 64 , M.neoaurum 65 ,
M.vaccae 66 , M.palustre 67 , M.elephantis 68 , and
M.septicum69 and M.nonchromogenicum70.
Non-tuberculous mycobacteria have been reported
to cause localized or disseminated disease depending
on local predisposition and/or degree of immune
deficit3,4-9. In non-HIV patients, different NTM may
cause localized pulmonary disease, adenitis, soft
tissue infections, infections of joints/bones, bursae,
skin ulcers and generalized disease in individuals like
leukaemia, transplant patients etc 3,4,9 . In AIDS
patients the manifestations may range from localized
to disseminated disease 9,71. Clinical features will
include local organ specific signs and symptoms to
persistent high grade fever, night sweats, anaemia
and weight loss in addition to nonspecific symptoms
of malaise, anorexia, diarrhoea, myalgia and
occasional painful adenopathy.
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(a) Pulmonary infections due to NTM: M.aviumintracellulare complex (MAC) strains have been a major
cause of pulmonary and other infections in the pre-AIDS
era also9,10. MAC infections were commonly seen in
chronic bronchitis, bronchiectasis and in chronic
obstructive airway disease in the pre-AIDS era in
geriatric patients. Since long, M. kansasii has been
considered an important cause of pulmonary disease4,9.
M.scrofulaceum has been shown to be the cause of
localized pulmonary infections 9,10. M. xenopi, an
unusual bacterium with optimal growth temperature of
450 C has been encountered as a pathogen in patients
with other underlying lung diseases39-41. One instance
of an outbreak of pulmonary disease due to this organism
from hot water supply of a hospital has been reported9.
M.simiae 3, 4, 9, M.habana8, M.szulgai19,43, M.fortuitum18,
M.vaccae66 , M.malmoense59,60 are other pathogens
reported to be associated with pulmonary infections.
M.heckeshornense is a new slow growing species of
mycobacteria which has been shown to be associated
with cavitary disease in immunocompetent
individuals42.
(b) Lymph glands: MAC isolates have been reported
to be the cause of lymphadenitis9,10. M. scrofulaceum
whose distribution in nature closely resembles that
of M.avium, has also been found to be a common
cause of cervical lymphadenitis in western countries9
and has been reported from India as well 21 .
M.bohemicum53, M.szulgai43 and M. interjectum, a
new species resembling M.scrofulaceum have been
isolated from cases of lymphadenitis 38.
(c) Bone, joints and bursae: MAC isolates,
M.szulgai43, M.fortuitum3,4,9, M.non-chromogenicum
and M.kansasii have been reported to be the cause
of bone and joint infections9.
(d)
Cutaneous
infections:
M.szulgai 43 ,
3,4,48-50
61
, M.ulcerans and M.vaccae66 have
M.marinum
been reported to be a cause of skin infections.
M.marinum species has been recognized as a
causative organism of swimming pool granuloma
or fish tank granuloma. It causes papular lesions in
the extremities and may be confused with
sporotrichosis 3,4,48-50. M.ulcerans is established cause
of buruli ulcer61. M.vaccae66 has also been reported
to be a cause of skin infections.

(e)Wound infection and sepsis: M. fortuitum causes
pyogenic lesions in the soft tissue, joints, bursae and
injection abscesses3,4,9,10. While M.chelonae abscessus
is a well known cause of wound infections47, a new
related species M.immunogenum has been recently
been recognized as a cause of sepsis 46. M. marinum
also causes infections of bones/joints/tendon sheaths
specially in AIDS patients 50. M.smegmatis 62, M.
wolinskyi and M. goodii 63 , M. thermoresistible64
and M. palustre67 have been reported to cause wound
infections and also bacteraemia. Members of M.terrae
complex (M. terrae, M. nonchromogenicum and M.
triviale) may be associated with mycobacterial
disease. Occasionally M.nonchrmogenicum and
M.chelonae have been identified as causes of
acupuncture induced infections70. M.septicum a new
rapidly growing species has been reported to be
associated with catheter related bacteremia 69.
(f) Crohn’s disease: Advances in molecular
techniques have by and large established the
aetiology of regional ileitis ( Crohn’s disease) due to
M. paratuberculosis , a species closely related to M.
avium. Members of this species have been reported
to be the causative agents of enteritis (Johne’s
disease) in cattle, goats and sheep and can be
characterized rapidly with the help of molecular
techniques 34,35. By using gene probes and in situ
hybridization strategy M.paratuberculosis has been
linked to the aetiology of Crohn’s disease in man35,36
with reasonable certainty.
(g) Disseminated disease in immunocompromized
individuals: Important NTM causing disseminated
disease in immunocompromized cases including:
(i) MAC: Unlike tuberculosis, the strains of MAC
are pathogens of very low virulence and despite being
commonly found in the environment rarely cause
disease11,26. In western countries, infections due to
members of MAC have been frequently reported
in AIDS patients 27-30. Certain specific serotypes of
M.avium 9,24, plasmid containing M.avium 29, and in
some European and African countries certain
restricted fragment length polymorphism (RFLP)
types of M. avium have been found to be more
commonly isolated from AIDS patients 24,30 . As
compared to M. intracellulare, M. avium appears to
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have greater predilection for causing disease in AIDS
cases24. Further, these may cause mixed infections
along with other NTM such as M.kansasii 27 and
M.simiae28 etc. MAC usually produce clinical disease
only when the CD4 count is very low (<50 cells/ml)
towards the end of natural history of disease, seen in
4 to 5 per cent of HIV infected patients. MAC strains
isolated from AIDS cases in Africa have been shown
to be different from those of western strain24. In AIDS
patients, the portal of entry of MAC is thought to be
mainly through the gut26. Persistent high grade fever,
night sweats, anaemia and weight loss in addition to
nonspecific symptoms of malaise, anorexia,
diarrhoea, myalgia and occasional painful adenopathy
are common signs and symptoms associated with
MAC disease in AIDS cases.
(ii) Infections due to M.kansasii have become more
important in AIDS cases and are common
in individuals with severe immunodeficiency
state27,31-33. While M.kansasii isolates are generally
more resistant to antimicrobial agents than
M. tuberculosis, therapeutic responses to multiple
drug therapy have been usually found to be good 6,33.
(iii) M. scrofulaceum (M. marianum) may cause adult
pulmonary disease and disseminated infections in
patients with AIDS9,37.
(iv) M. xenopi causes disease with clinical
manifestations similar to those of MAC in advanced
AIDS patients 40. One instance of an outbreak of
pulmonary disease due to this organism from hot
water supply in a hospital has been reported9.
(v) M. simiae has been recognized as an agent of
human pulmonary disease in AIDS as well as nonAIDS cases3,4,9,28.
(vi) M. fortuitum-M. chelonei complex: These rapidly
growing organisms have been frequently isolated
from soil in different countries including India, and
are well known cause of soft tissue infections like
injection abscesses and wound infections4-8,9,18-20,44-47.
These organisms can also cause generalized disease
in immunocompromized hosts and present as
subcutaneous nodules; similar picture may be shared
by other NTM like M. kansasii9,44.
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(vii) M. genavense: These organisms initially
isolated from AIDS patients with advanced disease,
have been reported from many countries 51-52. These
organisms need enriched medium with mycobactin
J and often grow after prolonged incubation periods.
Weight loss, fever, abdominal pain and diarrhoea are
the common presenting symptoms in infected
individuals.
(viii) M. haemophilum is a fastidious slow growing
organism and requires enriched chocolate agar,
haemin or ferric ammonium citrate for its growth. It
grows well at a comparatively lower temperature of
30 oC. It has been recognized as a cause of life
threatening infections in immunocompromised
individuals like AIDS cases and bone marrow
transplant recipients 54-56.
(ix) Several other species of NTM namely M.
celatum57, M. conspicuum58, and M. malmoense59,60
have been isolated from AIDS patients.
Diagnostic procedures
Due to ubiquitous presence of NTMs in the
environment, establishing the causative relationship
depends upon appropriate sampling and strict
laboratory practices as contamination needs to be
ruled out. These issues have been extensively debated
and some broad guidelines are available9,10.
(a) Diagnosis of pulmonary disease: The clinical
presentation of the pulmonary disease due to NTM
may be like tuberculosis. Infection due to NTM
should be suspected specially in cases in whom initial
antitubercular treatment (ATT) has not produced the
desired response. This should be corroborated by
repeated isolation of the same NTM from sputum or
bronchoalveolar lavage. Infection with NTM may
be asymptomatic or subacute or chronic illness
resembling pulmonary tuberculosis. While
radiological appearances are usually like in
tuberculosis with cavities and infiltrates, thin walled
cavities with lesser parenchymal infiltrates have been
described as suggestive features 9,10. The changes may
be uni- or bilateral and more than one lobes
may be involved. High resolution computed
tomography (CT) scanning may show clusters of
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small nodules associated with areas of bronchiectasis
in the lower and middle zones. Pleural thickening
and effusion is uncommon. Bronchoscopy is very
useful to obtain lavage samples for culture and to
obtain biopsy samples. Tissue biopsy showing
granulomatous inflammation, which may or may not
contain acid fast bacilli (AFB) and a positive culture,
even if the sample was smear negative is considered
as most appropriate strategy to establish the
diagnosis.
(b) Other clinical forms: Infections with NTM should
be considered in the differential diagnosis of any
chronic infection, pyrexia of unknown origin and
localized clinical disease (abscess, ulcers, nodules,
infiltrates etc.) not responding to antibiotics. Attempt
then should be made to repeatedly demonstrate and
isolate the NTM from such lesions using most
stringent criteria and precautions.
(c) Strategy to diagnose NTM infections
As many of the NTM are not amenable to routine
antituberculosis therapy, it is important to correctly
identify the causative mycobacteria and if required
determine their sensitivity profile. Main strategic
points are:
(i) Specimens: As far as possible the specimen should
be directly from lesion/organ concerned9,10. For such
purposes biopsies and procedures like
bronchoalveolar lavage have advantages. As NTM
are more sensitive to agents like sodium hydroxide,
the decontamination has to be gentler than
M.tuberculosis. In case of the disseminated infections
such as in AIDS patients with CD4 count less than
50 cells/mm isolation of mycobacteria from
peripheral blood or bone marrow has been reported
to be quite useful72-75.
(ii) Histopathological examination: Histopathology
has been described to be useful specially for
demonstration of granuloma for specimens from such
as aspirates/ biopsies from bone marrow, liver or
lymph nodes10. Histopathology was reported to be
rapid and useful approach to diagnose infections due
to MAC74. It may be advisable to include some in
situ methods (antigen detection/gene probes) to

confirm the histological diagnosis and aetiology
directly with perhaps good speed and specificity.
(iii) Cultivation: Most of NTM can be grown on
ordinary media for mycobacteria like LowensteinJensen, Middlebrook and Dubos Broth/Agar 9,76 .
While organisms like M. hemophilum may have
special requirements like hemin which may be
obtained from blood containing media -chocolate agar
or supplement of ferric ammonium citrate,
M.genavense and M.paratuberculosis will need media
enrichment with mycobactin J. Radiometric systems
such as BACTEC medium or an agar based isolator
system have been reported to be highly sensitive for
cultivation of MAC3,4,9,12,73-77. Different incubation
temperatures such as 30 o C for M.ulcerans and
M.marinum, 37 o C for most pathogens, 45 o C for
M.xenopi etc., will have to be selected depending
upon the suspected organisms.
(iv) Identification of isolates by phenotypic
characteristics: Growth rates, colony pigmentation
and biochemical tests such as niacin production,
nitrate
reduction,
tween-80
hydrolysis,
arylsulphatase, urease, tellurite reduction, thiophen2-carboxylic acid hydrazide (TCH) sensitivity,
catalase (qualitative and quantitative), growth on
MaConkey agar, sodium chloride tolerance etc., are
adequate to identify majority of clinically relevant
mycobacteria 78,79. This strategy is, however, time
consuming and not conclusive for many isolates with
variable characters. Analysis of the lipids of
mycobacteria by thin layer chromatography (TLC)
and high performance liquid chromatography (HPLC)
has been recommended as an alternate approach.
When used along with easy software programmes
for rapid analysis, isolates from liquid/ solid medium
can be rapidly identified79,80.
Serotyping methods using serotype specific sera
have been described for the members of
mycobacterium avium intracellulare scrofulacecm
(MAIS) complex73,81. Some serotypes9,73 of M. avium
have been shown to be preferentially associated with
disease in AIDS patients. Isoenzyme and protein
electropherogram based schemes for rapid
identification and characterization of strains of M.
tuberculosis and NTM have been developed which
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may be used in small laboratory settings82,83. Based
on measurement of immunological divergences in
the structure of certain enzyme molecules like
catalase 84 and superoxide dismutase 85, techniques
have been described for identification of
mycobacteria. All these techniques need some
specialized infrastructure and expertise but are not
difficult to set up.
(d) Identification and characterization of NTM by
molecular methods
Based on new knowledge about the gene
sequences of mycobacteria many gene probes for
the identification of isolates as well as
amplification of specific gene fragments from the
lesions and mycobacterial culture isolates have
been developed:
(i) Gene probes: For the identification of important
NTM several gene probes have been developed and
some are also commercially available77,86-88. With
the help of these probes, growth from solid slants/
liquid cultures (e.g., BACTEC) can be rapidly and
reliably identified.
(ii) Gene amplification methods: Polymerase chain
reaction (PCR) techniques for detection and rapid
identification of various clinically relevant
mycobacteria have been developed which include
methods for concentration and detection of M.
avium, M. intracellulare from the clinical
specimens 89-91, M. paratuberculosis from clinical
specimens and milk34,92. PCR assays using genus/
group specific amplification followed by restriction
analysis have been described for the analysis of gene
regions like 65 kD93,94 and rRNA gene region which
have been found to be useful for identification of
different mycobacteria95-99. Besides the PCR-RFLP
approach, PCR amplification followed by
hybridization has been reported to be useful for M.
avium, M. chelonae, M. scrofulaceum, M. ulcerans
and other mycobacteria 100-103. Most important and
specific approach mainly applicable at reference level
involves the amplification of 16S rRNA followed by
sequencing and several species have been identified
for the first time using this approach 104,105. These
PCR methods can be used for direct detection of
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mycobacterial pathogens 89-92 as well as for rapid
identification of clinical isolates of NTM 93-104 .
Keeping in view the diversity of these organisms
present in different geographical locations, it is
important to evaluate the usefulness of these
techniques in different settings.
(iii) DNA fingerprinting techniques: DNA
fingerprinting techniques are of interest for
identifying the subtypes/strains which would be more
commonly associated with disease and also to
investigate hospital acquired infections. Several DNA
fingerprinting techniques have been tried to
investigate the diversity in NTM106. Techniques like
pulsed field gel electrophoresis107, random amplified
polymorphic DNA (RAPD) - arbitrary PCR 108, rRNA
gene polymorphism 109-111 , typing using different
insertion/repeat elements 53,112,113, plasmid typing 114
and single gene polymorphism 115 have been
successfully used for molecular typing of NTM.
Insertion sequence based RFLP methods have been
described to be useful for characterization of M.
hemophilum55, M. avium112 as well as M. kansasii113.
Using these methods certain RFLP types of M. avium
have been shown to be closely linked with disease in
Europe and Africa 24,30. In India, such information
about molecular types of NTM is very scanty.
(e) Determination of sensitivity profiles
The drug susceptibility profile of NTM is usually
quite different from M.tuberculosis. Firstly, these
organisms are usually sensitive at high concentrations
of antitubercular drugs9,10, thus higher cut off values
for deciding sensitivity/resistance are recommended.
Secondly, rapid growing mycobacteria are usually
resistant to rifampicin and isoniazid (INH) whereas
these are sensitive to drugs like new generation
macrolides, cephalosporins and sulphones. The media
usually recommended for the sensitivity screening
of M. tuberculosis are used for NTM also. Other
media like chocolate agar/supplemented with ferric
ammonium salts/mycobactins etc., will be needed
for the sensitivity screening of fastidious species.
Newer techniques like BACTEC and E test have been
also found to be quite useful for sensitivity
determination of rapid as well as slow growing
NTM116-118. A new technique using recombinant strain
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of M.avium expressing beta- galactosidase to evaluate
the activities of antimycobacterial agents inside
macrophages has been recently described 119.
Management of NTM infections
Prophylaxis, medical and surgical treatment are
three important aspects of management of infections
due to NTM9,10.
(a) Prophylaxis:
Chemoprophylaxis with
antimycobacterial drugs such as rifabutin has been
recommended as primary prophylaxis by US Food
and Drug Administration to prevent and delay the
onset of bacteraemia in AIDS patients 120. There is a
need to undertake studies in India to gain experience
as profile of NTM causing infection in AIDS cases
may be quite different from west and these infections
may not be very important in our country.
(b) Surgical treatment: Surgical intervention has been
recommended for the management of cervical
lymphadenitis 121 and also as a last resort in the
management of localized infections due to
drug resistant organisms 122,123 . Additional
antimycobacterial treatment is also considered to be
beneficial by some investigators whereas others
disagree9. Surgical debridement is required in cases
with accumulation of pus, dead tissue and is
indicated in infections due to M.fortuitum-chelonae9
and in some cases of M.marinum49 as an adjunct to
antimycobacterial treatment.
(c) Medical treatment: Medical treatment for NTM
infections should be based on background
information about sensitivity profiles9,10 which is very
limited for NTM in India10. In United States, trends
about the type of NTM isolates and their sensitivity
profile have been studied over a long period of time
and some broad principles of management have
already been suggested by American Thoracic Society
(ATS) 9. An initial trial of 2 wk with ATT and
repeated isolation of NTM is suggested as starting
point. After that drug combinations and their dosage
for treatment of various NTM infections differ
significantly from tuberculosis. In general, dosage
higher than recommended for the treatment of
tuberculosis is recommended and requires intense

monitoring of side effects of these drugs and
combinations.
(i) Treatment of M. avium complex: A variety of
compounds and their combinations have been
reported to be effective against MAC strains124-140.
The compounds showing activity against MAC
include rifampicin, rifabutin, clofazimine,
ciprofloxacin, amikacin, ethambutol, azithromycin,
clarithromycin, telithromycin, and INH. While the
experience about many of the above compounds is
still experimental124,125,134-136, others have been tested
in patients as well. Important regimens tried for the
treatment of MAC infections include combinations
of rifampin, isoniazid, ethambutol streptomycin9,126;
ansamycins, clofazimine, ethambutol and
isoniazid127; and amikacin, ethambutol, rifampin and
ciprofloxacin 128 ; rifabutin, clofazimine, INH,
ethambutol129; rifampin, ethambutol, clofazimine and
ciprofloxacin 130. Clarithromycin and azithromycin
have been considered two promising drugs for
treatment of MAC infections131-134. Telithromycin has
been observed to be active against M.avium in mice
despite lacking significant activity in vitro and within
macrophages 135 .
Liposomized encapsulated
clofazimine has been reported to be more effective
than clofazimine alone in the experimental studies
in mice136. A combination of clofazimine, rifampin,
ethionamide, streptomycin and ethamutol has been
observed to be effective against M.intracellulare
infections 139 . Combination of amikacin and
rifampicin which has been reported to be active
against M.avium in mice, holds promise in
management of infections in humans as well 141 .
Except for ATS regimen 9 the duration of other
regimens is not certain and more trials need to be
carried out.
(ii) Treatment of M. kansasii infections: A regimen
comprising of isoniazid, rifampin and ethambutol for
a duration of 18-24 months has been recommended
by ATS for the treatment of M.kansasii infections9.
Sulphonamides and short course regimens for the
treatment of rifampin resistant M.kansasii have been
also been suggested142,143.
(iii) Treatment of other NTM infections: Regimens
used for MAC infections have been generally reported
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to be good for the management of infections due to
M.malmoense, M.simiae, M.szulgai and M.xenopi
as well 9 . Rifampicin and ethambutol has been
recommended for the management of M. xenopi, M.
kansasii, M. fortuitum. For infections due to
M.marinum and M.szulgai a combination of
trimethoprim- sulfamethoxazole and doxycycline
has been suggested4,49. There is extensive information
which suggests that commonly used antitubercular
drugs like rifampin and INH have no role to
play in the treatment of infections due to M.
fortuitum chelonei complex. Clarithromycin144 and
combination of amikacin and doxycycline have been
observed to be effective against M.fortuitum-chelonei
infections145. For the treatment of severe infections
caused by these organisms cefoxitin, sulpha drugs
and amikacin have been recommended 9 . For the
treatment of M. haemphilum infections, a regimen
comprising of
rifampin, clofazimine and
clarithromycin has been described to be effective146.
For the treatment of infections due to other NTM,
no specific recommendations are available.
Antimicrobial drug screening results should guide
the management of such infections.

in gene targets like rpoB have been found be
responsible for resistance to rifampicin in most
isolates of M.tuberculosis, these are much less
important in case of NTM. Other mutations seen in
drug-resistant isolates of M.tuberculosis are not
frequently found in drug resistant NTM 151-155. In
general, mechanisms like alterations in the
permeability at cell wall140 and efflux pumps appear
to be far more important than mutations in the
targets151-153. It would be appropriate to conclude that
these mechanisms are by and large not well
understood in NTM. More in depth studies for gaining
better understanding of these mechanisms are
required which may help in developing better
diagnostics and therapeutics for the treatment of NTM
infections.

Recent developments relevant in improving the
therapy of NTM infections
There are several new developments which may
have long-term effect on improving the therapy of
NTM infections . Moxifloxacin, telithromycin and
quinupristin and dalfopristin have been reported to
be more effective against M.marinum than other
macrolides and antibiotics147. It has also been reported
that mycothiol deficient mutants of M.smegmatis are
inhibited better by antibiotics148. Further C-8 halogen
and methoxy moeties have been shown to enhance
fluoroquinolone activity even in gyrase resistant
mutants 149 . A new protein involved in intrinsic
resistance to quinolone has been identified150. Further
studies need to be done to reach at some meaningful
conclusions.
It may be unrealistic to imagine common
mechanisms of susceptibility/resistance in these
diverse organisms. Several studies have shown that
the mechanisms of drug susceptibility in NTM are
quite distinct from M.tuberculosis . While mutations
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Tuberculosis can involve any part of the gastrointestinal tract and is the sixth most frequent site
of extrapulmonary involvement. Both the incidence and severity of abdominal tuberculosis are
expected to increase with increasing incidence of HIV infection. Tuberculosis bacteria reach the
gastrointestinal tract via haematogenous spread, ingestion of infected sputum, or direct spread
from infected contiguous lymph nodes and fallopian tubes. The gross pathology is characterized
by transverse ulcers, fibrosis, thickening and stricturing of the bowel wall, enlarged and matted
mesenteric lymph nodes, omental thickening, and peritoneal tubercles.
Peritoneal tuberculosis occurs in three forms : wet type with ascitis, dry type with adhesions,
and fibrotic type with omental thickening and loculated ascites. The most common site of
involvement of the gastrointestinal tuberculosis is the ileocaecal region. Ileocaecal and small
bowel tuberculosis presents with a palpable mass in the right lower quadrant and/or complications
of obstruction, perforation or malabsorption especially in the presence of stricture. Rare clinical
presentations include dysphagia, odynophagia and a mid oesophageal ulcer due to oesophageal
tuberculosis, dyspepsia and gastric outlet obstruction due to gastroduodenal tuberculosis, lower
abdominal pain and haematochezia due to colonic tuberculosis, and annular rectal stricture and
multiple perianal fistulae due to rectal and anal involvement.
Chest X-rays show evidence of concomitant pulmonary lesions in less than 25 per cent of cases.
Useful modalities for investigating a suspected case include small bowel barium meal, barium
enema, ultrasonography, computed tomographic scan and colonoscopy. Ascitic fluid examination
reveals straw coloured fluid with high protein, serum ascitis albumin gradient less than 1.1
g/dl, predominantly lymphocytic cells, and adenosine deaminase levels above 36 U/l. Laparoscopy
is a very useful investigation in doubtful cases. Management is with conventional antitubercular
therapy for at least 6 months. The recommended surgical procedures today are conservative
and a period of preoperative drug therapy is controversial.
Key words Abdominal tuberculosis - extrapulmonary - gastrointestinal - peritoneal - ultrasonography

Tuberculosis (TB) can involve any part of the
gastrointestinal tract from mouth to anus, the
peritoneum and the pancreatobiliary system. It can
have a varied presentation, frequently mimicking
other common and rare diseases1. The clinician must
look for tuberculosis, and confirm or exclude this
treatable malady in any patient who presents with
gastrointestinal disease.

Autopsies conducted on patients with pulmonary
tuberculosis before the era of effective antitubercular
drugs revealed intestinal involvement in 55-90 per
cent cases, with the frequency related to the extent
of pulmonary involvement. Pimparkar found evidence
of abdominal tuberculosis (bowel, peritoneum and
liver) in 3.72 per cent of 11,746 autopsies carried
out in K.E.M. Hospital, Mumbai between 1964 to
305
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1970 2 . Both the incidence and the severity of
abdominal tuberculosis are expected to increase with
increasing incidence of HIV infection in India. About
0.4 million people in India are coinfected with HIV
and tuberculosis. In a study from Mumbai, HIV
seroprevalence was found in 16.6 per cent in patients
with abdominal tuberculosis as compared to 1.4 per
cent in voluntary blood donors 3. Extra-pulmonary
forms of TB which account for 10-15 per cent of all
cases may represent up to 50 per cent of patients
with AIDS. TB of the gastrointestinal tract is the sixth
most frequent form of extra-pulmonary site, after
lymphatic, genitourinary, bone and joint, miliary and
meningeal tuberculosis 4.
Pathogenesis
The postulated mechanisms by which the tubercule
bacilli reach the gastrointestinal tract are: (i)
hematogenous spread from the primary lung focus
in childhood, with later reactivation; (ii) ingestion
of bacilli in sputum from active pulmonary focus;
(iii) direct spread from adjacent organs; and (iv) and
through lymph channels from infected nodes.
The earlier belief that most cases are due to
reactivation of quiescent foci is being challenged with
a recent study using DNA fingerprinting showing that
40 per cent cases are due to reinfection. In India, the
organism isolated from all intestinal lesions has been
Mycobacterium tuberculosis and not M.bovis 5,6.
The most common site of involvement is the
ileocaecal region, possibly because of the increased
physiological stasis, increased rate of fluid and
electrolyte absorption, minimal digestive activity and
an abundance of lymphoid tissue at this site. It has
been shown that the M cells associated with Peyer’s
patches can phagocytose BCG bacillis4. In Bhansali’s
series, including 196 patients with gastrointestinal
tuberculosis, ileum was involved in 102 and caecum
in 100 patients 7 . Of the 300 patients in a study
ileocaecal involvement was present in 162 8. The
frequency of bowel involvement declines as one
proceeds both proximally and distally from the
ileocaecal region.
Peritoneal involvement may occur from spread
from lymph nodes, intestinal lesions or from

tubercular salpingitis in women. Abdominal lymph
nodal and peritoneal tuberculosis may occur without
gastrointestinal involvement in about one third of the
cases 9.
Pathology
Tuberculous granulomas are initially formed in
the mucosa or the Peyer’s patches. These granulomas
are of variable size and characteristically tend to be
confluent, in contrast to those in Crohn’s disease.
Granulomas are often seen just beneath the ulcer bed,
mainly in the submucosal layer. Submucosal oedema
or widening is inconspicuous. Tubercular ulcers are
relatively superficial and usually do not penetrate
beyond the muscularis 10 . They may be single or
multiple, and the intervening mucosa is usually
uninvolved. These ulcers are usually transversely
oriented in contrast to Crohn’s disease where the
ulcers are longitudinal or serpiginous11. Cicatrical
healing of these circumferential 'girdle ulcers' results
in strictures. Occlusive arterial changes may produce
ischaemia and contribute to the development of
strictures12. Endarteritis also accounts for the rarity
of massive bleeding in cases of intestinal tuberculosis.
Shah et al13 correlated findings on barium studies and
superior mesenteric angiography in 20 patients.
Angiograms were abnormal in all and showed arterial
encasement, stretching and crowding of vessels, and
hypervascularity. Patients with strictures had
occlusion of the vasa recta, while ulcerated lesions
had hypervascularity. In long-standing lesions there
may be variable degree of fibrosis of the bowel wall
which extends from submucosa into the muscularis.
Many sections may show only non-specific chronic
inflammation and no granulomas.
Mesenteric lymph nodes may be enlarged, matted
and may caseate. Characteristic granulomas may be
seen only in the mesenteric lymph nodes. This is
especially common in patients who have taken
antitubercular therapy for some time. The reverse,
i.e., the presence of granulomas in the intestine and
no granulomas in the draining lymph nodes is rare9.
Hoon et al 10 originally classified the gross
morphological appearance of the involved bowel into
ulcerative, ulcerohyperplastic and hyperplastic
varieties. Tandon and Prakash9 described the bowel
lesions as ulcerative and ulcerohypertrophic types.
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Ulcerative form has been found more often in
malnourished adults, while hypertrophic form is
classically found in relatively well nourished adults.
The bowel wall is thickened and the serosal surface
is studded with nodules of variable size. These
ulcerative and stricturous lesions are usually seen in
the small intestine. Colonic and ileocaecal lesions
are ulcerohypertrophic. The patient often presents
with a right iliac fossa lump constituted by the
ileocaecal region, mesenteric fat and lymph nodes.
The ileocaecal angle is distorted and often obtuse.
Both sides of the ileocaecal valve are usually involved
leading to incompetence of the valve, another point
of distinction from Crohn’s disease.

307

Tuberculosis of the oesophagus
Oesophageal tuberculosis is a rare entity,
constituting only 0.2 per cent of cases of abdominal
tuberculosis 4 . Till 1997 only 58 cases had been
reported in the English literature 16 . Oesophageal
involvement occurs mainly by extension of disease
from adjacent lymph nodes. The patient usually
presents with low grade fever, dysphagia,
odynophagia and an ulcer, most commonly
midoesophageal. The disease usually mimics
oesophageal carcinoma and extraoesophageal focus
of tuberculosis may not be evident17.
Gastroduodenal tuberculosis

In tuberculous peritonitis, the peritoneum is
studded with multiple yellow-white tubercles. It is
thick and hyperaemic with a loss of its shiny luster.
The omentum is also thickened14.
Peritoneal tuberculosis occurs in 3 forms: (i) Wet
type with ascitis; (ii) Encysted (loculated) type with
a localized abdominal swelling; and (iii) Fibrotic type
with abdominal masses composed of mesenteric and
omental thickening, with matted bowel loops felt as
lump(s) in the abdomen. A combination of these types
are also common.
Clinical features
Abdominal tuberculosis is predominantly a disease
of young adults. Two-thirds of the patients are
21-40 yr old and the sex incidence is equal, although
some Indian studies have suggested a slight female
predominance12. The spectrum of disease in children
is different from adults, in whom adhesive peritoneal
and lymph nodal involvement is more common than
gastrointestinal disease 15. The clinical presentation
of abdominal tuberculosis can be acute, chronic or
acute on chronic. Most patients have constitutional
symptoms of fever (40-70%), pain (80-95%),
diarrhoea (11-20%), constipation, alternating
constipation and diarrhoea, weight loss (40-90%),
anorexia and malaise. Pain can be either colicky due
to luminal compromise, or dull and continuous when
the mesenteric lymph nodes are involved. Other
clinical features depend upon the site, nature and
extent of involvement and are detailed below:

Stomach and duodenal tuberculosis each constitute
around 1 per cent of cases of abdominal tuberculosis.
Gastroduodenal tuberculosis may mimic peptic ulcer
disease with a shorter duration of history and non
response to anti-secretary therapy 18 . It may also
simulate gastric carcinoma. Chowdhary et al 19
reported the rare concurrence of carcinoma and
tuberculosis of stomach in the same patient. The
largest published series of duodenal tuberculosis
reported 30 cases from India 20. Most patients (73%)
had symptoms of duodenal obstruction. In a majority
of these cases obstruction was due to extrinsic
compression by tuberculous lymph nodes, rather than
by intrinsic duodenal lesion. The remainder (27%)
had a history of dyspepsia and were suspected of
having duodenal ulcers. Two of these patients
presented with hematemesis 20 . Other reported
complications by various authors are perforation21,
fistulae (pyeloduodenal, duodenocutaneous, blind) 21,
excavating ulcers extending into pancreas 22 and
obstructive jaundice by compression of the common
bile duct23.
Duodenal tuberculosis is often isolated with no
associated pulmonary lesions in more than 80 per cent
cases21. Barium studies reveal evidence of segmental
narrowing. Duodenal strictures are usually short but
can involve long segments of the duodenum. CT may
reveal wall thickening and/or lymphadenopathy.
There is no specific picture of duodenal tuberculosis
on endoscopy, and demonstration of granulomas or
acid fact bacilli on endoscopic biopsy material is
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unusual. Surgical bypass has been required in the
majority of cases to relieve obstruction but successful
endoscopic balloon dilatation (TTS balloon,
Microvasive) of duodenal strictures has been reported
by Vij et al24 in two cases.
Ileocaecal tuberculosis
Patients complain of colicky abdominal pain,
borborygmi and vomitings. Abdominal examination
may reveal no abnormality or a doughy feel. A well
defined, firm, usually mobile mass is often palpable
in the right lower quadrant of the abdomen.
Associated lymphadenitis is responsible for the
presence of one or more lumps which are mobile if
mesenteric nodes are involved and fixed if para-aortic
or illiac group of nodes are enlarged7.
The most common complication of small bowel
or ileocaecal tuberculosis is obstruction due to
narrowing of the lumen by hyperplastic caecal
tuberculosis, by strictures of the small intestine,
which are commonly multiple, or by adhesions.
Adjacent lymph nodal involvement can lead to
traction, narrowing and fixity of bowel loops. In
India, around 3 to 20 per cent of all cases of bowel
obstruction are due to tuberculosis7,25,26. In a large
series of 348 cases of intestinal obstruction, Bhansali
and Sethna25 found tuberculosis to be responsible for
54 (15.5%) cases; 33 cases were small bowel and 21
large bowel obstruction. Tandon et al27 studied 186
patients over 5 yr and observed an increase in patients
with more protracted course and subacute intestinal
obstruction in recent years.
Tuberculosis accounts for 5-9 per cent of all small
intestinal perforations in India, and is the second
commonest cause after typhoid fever28,29. Evidence
of tuberculosis on chest X-ray and a history of
subacute intestinal obstruction are important clues.
Pneumoperitoneum may be detected on radiographs
in only half of the cases30. Tubercular perforations
are usually single and proximal to a stricture 12 .
Acute tubercular peritonitis without intestinal
perforation is usually an acute presentation of
peritoneal disease but may be due to ruptured
caseating lymph nodes7, 29.

Malabsorption is a common complication. Next
to tropical sprue, it is the most important cause of
malabsorption syndrome in India 7 . In a patient
with malabsorption, a history of abdominal pain
s u g g e s t s t h e d i a g n o s i s o f t u b e r c u l o s i s 30.
Pimparkar and Donde 31 studied 40 patients with
malabsorption and divided then into those with and
without bowel stricture. They performed glucose
and lactose tolerance tests, d-xylose test, faecal
fat and schillings test for B 12 malabsorption and
found them to be abnormal in 28, 22, 57, 60 and
63 per cent respectively in patients with stricture
compared to 0, 0, 8, 25 and 30 per cent respectively
without strictures. Tandon et al 32 also reported
biochemical evidence of malabsorption in 75 per
cent of patients with intestinal obstruction and in
40 per cent of those without it. The cause of
malabsorption in intestinal tuberculosis is
postulated to be bacterial overgrowth in a stagnant
loop, bile salt deconjugation, diminished
absorptive surface due to ulceration, and
involvement of lymphatics and lymph nodes.
Segmental colonic tuberculosis
Segmental or isolated colonic tuberculosis
refers to involvement of the colon without
ileocaecal region, and constitutes 9.2 per cent of
all cases of abdominal tuberculosis. It commonly
involves the sigmoid, ascending and transverse
colon 33 . Multifocal involvement is seen in onethird (28 to 44%) of patients with colonic
tuberculosis 34,35. The median duration of symptoms
at presentation is less than 1 yr 36 . Pain is the
predominant symptom in 78-90 per cent of patients
and hematochezia occurs in less than one third 34,37.
The bleeding is frequently minor and massive
bleeding is less common. Singh et al 36 reported
rectal bleeding in 31 per cent of patients with
colonic tuberculosis, and it was massive in 13 per
cent. Bhargava et al 38, reported bleeding in 70 per
cent cases. Overall, tuberculosis accounts for about
4 per cent of patients with lower gastrointestinal
b l e e d i n g 29. O t h e r m a n i f e s t a t i o n s o f c o l o n i c
tuberculosis include fever, anorexia, weight loss
and change in bowel habits. The diagnosis is
suggested by barium enema or colonoscopy.
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Rectal and anal tuberculosis

Radiological studies

Clinical presentation of rectal tuberculosis is
different from more proximal disease. Haematochezia
is the most common symptom (88%) followed by
constitutional symptoms (75%) and constipation
(37%)37. The high frequency of rectal bleeding may
be because of mucosal trauma caused by scybalous
stool traversing the strictured segment. Digital
examination reveals an annular stricture. The stricture
is usually tight and of variable length with focal areas
of deep ulceration. It is usually within 10 cm of the
anal verge36. Associated perianal disease is very rare.
Excessive fibrosis associated with the rectal
inflammation results in an increase in presacral space.
Overall rectal tuberculosis is rare and may occur in
the absence of other lesions in the chest and small
and large bowel39,40.

Chest X-ray: Evidence of tuberculosis in a chest Xray supports the diagnosis but a normal chest X-ray
does not rule it out. Sharma et al44 studied 70 cases
of abdominal tuberculosis and found evidence of
active or healed lesions on chest X-ray in 22 (46%).
X-rays were more likely to be positive in patients
with acute complications (80%) 44. In Prakash’s series
of 300 patients, none had active pulmonary
tuberculosis but 39 per cent had evidence of healed
tuberculosis8. Tandon et al27 found chest X-ray to be
positive in only 25 per cent of their patients. Hence,
about 75 per cent cases do not have evidence of
concomitant pulmonary disease.

Anal tuberculosis is less uncommon and has a
distinct clinical presentation. Tubercular fistulae are
usually multiple. Dandapat et al41 reported that 12
out of 15 multiple fistulae were of tubercular origin,
as compared to only 4 out of 61 solitary perianal
fistulae. Shukla et al 42 reported that in India,
tuberculosis accounted for up to 14 per cent of cases
of fistula in ano. Anal discharge was present in all
cases and perianal swelling in one third.
Constitutional symptoms were not present in any
patient42. Anal tuberculosis is also seen in paediatric
patients43.

Plain X-ray abdomen: Plain X-ray abdomen may
show enteroliths, features of obstruction i.e., dilated
bowel loops with multiple air fluid levels, evidence
of ascitis, perforation or intussusception. In addition,
there may be calcified lymph nodes, calcified
granulomas and hepatosplenomegaly.
Small bowel barium meal: The features which may
be seen:
Accelerated intestinal transit;
hypersegmentation of the barium column (“chicken
intestine”), precipitation, flocculation and dilution of
the barium; stiffened and thickened folds; luminal
stenosis with smooth but stiff contours (“hour glass
stenosis”), multiple strictures with segmental
dilatation of bowel loops, may also be found; and
fixity and matting of bowel loops.

Diagnosis and investigations
4

Barium enema: The following features44 may be seen:
(i) Early involvement of the ileocaecal region
manifesting as spasm and oedema of the ileocaecal
valve. Thickening of the lips of the ileocaecal valve
and/or wide gaping of the valve with narrowing of
the terminal ileum (“Fleischner” or “inverted
umbrella sign”) are characteristic.

Paustian in 1964 stated that one or more of the
following four criteria must be fulfilled to diagnose
abdominal tuberculosis: (i) Histological evidence of
tubercles with caseation necrosis; (ii) a good typical
gross description of operative findings with biopsy
of mesenteric nodes showing histologic evidence of
tuberculosis; (iii) animal inoculation or culture of
suspected tissue resulting in growth of M.
tuberculosis; and (iv) histological demonstration of
acid fast bacilli in a lesion.

(ii) Fold thickening and contour irregularity of the
terminal ileum, better appreciated on double contrast
study.

These criteria must be kept in mind, and the
diagnosis substantiated by adequate radiological and
histopathological studies. Non specific findings
include raised ESR, anaemia, and hypoalbuminaemia.

(iii)“Conical caecum”, shrunken in size
and pulled out of the iliac fossa due to contraction
and fibrosis of the mesocolon. The hepatic flexure
may also be pulled down.
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(iv) Loss of normal ileocaecal angle and dilated
terminal ileum, appearing suspended from a retracted,
fibrosed caecum (“goose neck deformity”).
(v) “Purse string stenosis”– localized stenosis
opposite the ileocaecal valve with a rounded off
smooth caecum and a dilated terminal ileum.
(vi) “Stierlin’s sign” is a manifestation of acute
inflammation superimposed on a chronically involved
segment and is characterized by lack of barium
retention in the inflammed segments of the ileum,
caecum and variable length of the ascending colon,
with a normal configured column of barium on
either side. It appears as a narrowing of the terminal
ileum with rapid empyting into a shortened, rigid or
obliterated caecum.
(vii) “String sign” – persistant narrow stream of
barium indicating stenosis.
Both Stierlin and String signs can also be seen in
Crohn's disease and hence are not specific for
tuberculosis.
Enteroclysis followed by a barium enema may be
the best protocol for evaluation of intestinal
tuberculosis.
Ultrasonography
Barium studies though accurate for intrinsic bowel
abnormalities, do not detect lesions in the peritoneum.
Ultrasound is very useful for imaging peritoneal
tuberculosis.
The following features may be seen, usually in
combination45.
(i) Intra-abdominal fluid which may be free or
loculated; and clear or complex (with debri and
septae). Fluid collections in the pelvis may have thick
septa and can mimic ovarian cyst.
(ii) “Club sandwich” or “sliced bread” sign is due to
localized fluid between radially oriented bowel loops,
due to local exudation from the inflammed bowel
(interloop ascitis).

(iii) Lymphadenopathy may be discrete or
conglomerated (matted). The echotexture is mixed
heterogenous, in contrast to the homogenously
hypoechoic nodes of lymphoma. Small discrete
anechoic areas representing zones of caseation may
be seen within the nodes. With treatment the nodes
show a transient increase in size for 3-4 wk and then
gradually reduce in size. Calcification in healing
lesions is seen as discrete reflective lines. Both
caseation and calcification are highly suggestive of
a tubercular etiology, neither being common in
malignancy related lymphadenopathy.
(iv) Bowel wall thickening is best appreciated in the
ileocaecal region. The thickening is uniform and
concentric as opposed to the eccentric thickening at
the mesenteric border found in Crohn’s disease and
the variegated appearance of malignancy.
(v) Pseudokidney sign – involvement of the ileocaecal
region which is pulled up to a subhepatic position.
Computed tomographic (CT) scan
Ileocaecal tuberculosis is usually hyperplastic and
well evaluated on CT scan. In early disease there is
slight symmetric circumferential thickening of
caecum and terminal ileum. Later the ileocaecal valve
and adjacent medial wall of the caecum is
asymmetrically thickened. In more advanced disease
gross wall thickening, adherent loops, large regional
nodes and mesenteric thickening can together form a
soft tissue mass centered around the ileocaecal
junction 46. CT scan can also pick up ulceration or
nodularity within the terminal ileum, along with
narrowing and proximal dilatation. Other areas of
small and large bowel involvement manifest as
circumferential wall thickening, narrowing of the
lumen and ulceration. In the colon, involvement
around the hepatic flexure is common. Complications
of perforation, abscess, and obstruction are also seen.
Tubercular ascitic fluid is of high attenuation value
(25-45 HU) due to its high protein content. Strands,
fine septae and debris within the fluid are
characteristic, but are better appreciated on
ultrasonography 46 . Thickened peritoneum and
enhancing peritoneal nodules may be seen.
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Mesenteric disease on CT scan is seen as a patchy
or diffuse increase in density, strands within the
mesentery, and a stellate appearance. Lymph nodes
may be interspersed. Omental thickening is well seen
often as an omental cake appearance. A fibrous wall
can cover the omentum, developing from long
standing inflammation and is called omental line. An
omental line is less common in malignant
infiltration 47.

yield of acid fast bacilli stains has been variable in
studies. Culture positivity is not related to the
presence of granulomas. Bhargava et al35 reported
positive cultures in 40 per cent of patients and
concluded that routine culture of biopsy tissue
increases the diagnostic yield. A combination of
histology and culture of the biopsy material can be
expected to establish the diagnosis in over 60 per
cent of cases.

Caseating lymph nodes are seen as having
hypodense centers and peripheral rim enhancement.
Along with calcification, these findings are highly
suggestive of tuberculosis. In tuberculosis the
mesenteric, mesenteric root, celiac, porta hepatis and
peripancreatic nodes are characteristically involved,
reflecting the lymphatic drainage of the small bowel.
The retroperitoneal nodes (i.e., the periaortic and
pericaval) are relatively spared, and are almost never
seen in isolation, unlike lymphoma46.

Immunological tests

Colonoscopy
Colonoscopy is an excellent tool to diagnose
colonic and terminal ileal involment but is still often
underutilised. Mucosal nodules of variable sizes (2
to 6 mm) and ulcers in a discrete segment of colon, 4
to 8 cm in length are pathognomic. The nodules have
a pink surface with no friability and are most often
found in the caecum especially near the ileocaecal
valve. Large (10 to 20 mm) or small (3 to 5 mm)
ulcers are commonly located between the nodules.
The intervening mucosa may be hyperemic or
normal 35 . Areas of strictures with nodular and
ulcerated mucosa may be seen. Other findings are
pseudopolypoid edematous folds, and a deformed and
edematous ileocaecal valve. Diffuse involvement of
the entire colon is rare (4%), but endoscopically can
look very similar to ulcerative colitis. Lesions
mimicking carcinoma have also been described35-37.
Most workers take up to 8-10 colonoscopic
biopsies for histopathology and culture. Biopsies
should be taken from the edge of the ulcers. However,
there is a low yield on histopathology because of
predominant submucosal involvement. Granulomas
have been reported in 8-48 per cent of patients and
caseation in a third (33-38%) of positive cases36. The

Chawla et al 48 reported that an optical density
(OD) of 0.81 on ELISA and fluoroscent coefficient
of 2.56 on soluble antigen fluorescent antibody
(SAFA) as cut-off gave positivity of 92 and 83 per
cent, respectively, with 12 and 8 per cent false
positives respectively. Bhargava et al 49 used
competitive ELISA with monoclonal antibody against
38 Kd protein and found a sensitivity of 81 per cent,
specificity of 88 per cent and diagnostic accuracy of
84 per cent. However, ELISA remains positive even
after therapy, the response to mycobacteria is variable
and its reproducibility is poor. Hence the value of
immunological tests remains undefined in clinical
practice 29.
Ascitic fluid examination
The ascitic fluid in tuberculosis is straw coloured
with protein >3g/dl, and total cell count of 150-4000/
µl, consisting predominantly of lymphocytes (>70%).
The ascites to blood glucose ratio is less than 0.9650
and serum ascitis albumin gradient is less than
1.1 g/dl.
The yield of organisms on smear and culture is
low. Staining for acid fast bacilli is positive in less
than 3 per cent of cases. A positive culture is obtained
in less than 20 per cent of cases, and it takes 6-8 wk
for the mycobacterial colonies to appear. However
Singh et al 46 in an earlier study cultured 1 litre of
ascitic fluid after centrifugation and obtained 83 per
cent culture positivity.
Adenosine deaminase (ADA) is an
aminohydrolase that converts adenosine to inosine
and is thus involved in the catabolism of purine bases.
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The enzyme activity is more in T than in B
lymphocytes, and is proportional to the degree of T
cell differentiation. ADA is increased in tuberculous
ascitic fluid due to the stimulation of T-cells by
mycobacterial antigens. ADA levels were determined
in the ascitic fluid of 49 patients by Dwivedi et al51.
The levels in tuberculous ascitis were significantly
higher than those in cirrhotic or malignant ascitis.
Taking a cut off level of 33 U/l, the sensitivity,
specificity and diagnostic accuracy were 100, 97 and
98 per cent respectively51. In the study by Bhargava
et al52, serum ADA level above 54U/l, ascitic fluid
ADA level above 36 U/l and a ascitic fluid to serum
ADA ratio >0.985 were found suggestive of
tuberculosis 53. In coinfection with HIV the ADA
values can be normal or low. Falsely high values can
occur in malignant ascitis. High interferon-γ levels
in tubercular ascitis have been reported to be useful
diagnostically54. Combining both ADA and interferon
estimations may further increase sensitivity and
specificity.
Laparoscopic findings
Bhargava et al 14 studied 87 patients with high
protein ascites, of which 38 were diagnosed as having
tuberculosis. They found visual appearances to be
more helpful (95% accurate) than either histology,
culture or guinea pig innoculation (82, 3 and 37.5%
sensitivity respectively). Caseating granulomas may
be found in 85-90 per cent of the biopsies. The
laparoscopic findings in peritoneal tuberculosis can
be grouped into 3 categories :
(i) Thickened peritoneum with tubercles : Multiple,
yellowish white, uniform sized (about 4-5 mm)
tubercles diffusely distributed on the
parietal peritoneum. The peritoneum is
thickened, hyperemic and lacks its usual shiny luster.
The omentum, liver and spleen can also be studded
with tubercles.
(ii) Thickened peritoneum without tubercles.
(iii) Fibroadhesive peritonitis with markedly
thickened peritoneum and multiple thick adhesions
fixing the viscera.

Management
All patients should receive conventional
antitubercular therapy for at least 6 months including
initial 2 months of rifampicin, isoniazid,
pyrazinamide and ethambutol. A randomized
comparison of a 6 month short course chemotherapy
with a 12 month course of ethambutol and isoniazid
(supplemented with streptomycin for the initial 2 wk)
was conducted by Balasubramanium et al 55 at
Tuberculosis Research Centre, Chennai, in 193 adult
patients. Cure rate was 99 and 94 per cent in patients
given short-course and the 12 month regimen
respectively. However many physicians extend the
treatment duration to 12 to 18 months.
The surgical treatment of intestinal tuberculosis
has gone through three phases 56 . Bypassing the
stenosed segment by enteroenterostomy or by
ileotransverse colostomy was practiced when
effective antitubercular drugs were unavailable, as
any resectional surgery was considered hazardous in
the presence of active disease. This practice however,
produced blind loop syndrome, and fistulae and
recurrent obstruction often occurred in the remaining
segments. With the advent of antituberculous drugs,
more radical procedures became popular in an attempt
to eradicate the disease locally. These included right
hemicolectomy with or without extensive removal
of the draining lymph nodes and wide bowel
resections. These procedures were often not tolerated
well by the malnourished patient. Moreover the
lesions are often widely spaced and not suitable for
resection.
The recommended surgical procedures today are
conservative. A period of pre operative drug therapy
is controversial. Strictures which reduce the lumen
by half or more and which cause proximal
hypertrophy or dilation are treated by
strictureplasty56. This involves a 5-6 cm long incision
along the anti-mesenteric side which is closed
transversely in two layers. A segment of bowel
bearing multiple strictures or a single long tubular
stricture may merit resection. Resection is segmental
with a 5 cm margin.
Tubercular perforations are usually ileal and are
associated with distal strictures. Resection and
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anastomosis is preferred as simple closure of the
lesions is associated with a high incidence of leak
and fistula formation.
Two reports suggest that obstructing intestinal
lesions may relieve with antitubercular drugs alone
without surgery. Anand et al57 reported clinical and
radiological resolution of tuberculous strictures with
drug therapy even in patients with subacute intestinal
obstruction. They treated 39 patients with obstructive
symptoms using medical therapy. At the end of one
year 91 per cent showed clinical improvement, 70
per cent had complete radiological resolution and
surgery was needed in only 3 cases (8%). Predictors
of need for surgery were long strictures (>12 cm)
and multiple areas of involvement 57 . Similar
observations were made by Balasubramaniam et al53.
The mean time required for the relief of obstructive
symptoms was 6 months.
Summary
Abdominal tuberculosis is defined as infection of
the peritoneum, hollow or solid abdominal organs
with Mycobacterium tuberculi. The peritoneum and
the ileocaecal region are the most likely sites of
infection and are involved in the majority of the cases
by hematogenous spread or through swallowing of
infected sputum from primary pulmonary
tuberculosis. Pulmonary tuberculosis is apparent in
less than half of the patients. Patients usually present
with abdominal pain, is usually made through a
combination
of
radiologic,
endoscopic,
microbiologic, histologic and molecular techniques.
Antimicrobial treatment is the same as for pulmonary
tuberculosis Surgery is occasionally required.
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Extrapulmonary involvement can occur in isolation or along with a pulmonary focus as in the
case of patients with disseminated tuberculosis (TB). The recent human immunodeficiency virus
(HIV) and acquired immunodeficiency syndrome (AIDS) pandemic has resulted in changing
epidemiology and has once again brought extrapulmonary tuberculosis (EPTB) into focus.
EPTB constitutes about 15 to 20 per cent of all cases of tuberculosis in immunocompetent patients
and accounts for more than 50 per cent of the cases in HIV-positive individuals. Lymph nodes
are the most common site of involvement followed by pleural effusion and virtually every site
of the body can be affected. Since the clinical presentation of EPTB is atypical, tissue samples
for the confirmation of diagnostic can sometimes be difficult to procure, and the conventional
diagnostic methods have a poor yield, the diagnosis is often delayed. Availabiity of computerised
tomographic scan, magnetic resosnance imaging laparoscopy, endoscopy have tremendously
helped in anatomical localisation of EPTB. The disease usually responds to standard
antituberculosis drug treatment. Biopsy and/or surgery is required to procure tissue samples for
diagnosis and for managing complications. Further research is required for evolving the most
suitable treatment regimens, optimal duration of treatment and safety when used with highly
active antiretroviral treatmenrt (HAART).
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too exhaustive, an attempt is made to provide a
critical overview of the more commonly encountered
forms of EPTB in this review.

Tuberculosis can involve any organ system in the
body. While pulmonary tuberculosis is the most
common presentation, extrapulmonary tuberculosis
(EPTB) is also an important clinical problem1-3. The
term EPTB has been used to describe isolated
occurrence of of tuberculosis at body sites other than
the lung. However, when an extrapulmonary focus
is evident in a patient with pulmonary tuberculosis,
such patients have been categorized under pulmonary
tuberculosis as per the guidelines of the World Health
Organization (WHO) 4 . Since tuberculosis can
virtually involve any organ system and a detailed
description regarding EPTB at each of these sites is

Epidemiology
In the era before the human immunodeficiency
virus (HIV) pandemic, and in studies involving
immunocompetent adults, it has been observed that
EPTB constituted about 15 to 20 per cent of all cases
of TB (Fig.1a)1,5-13. In HIV-positive patients, EPTB
accounts for more than 50 per cent of all cases of
TB (Fig.1b)14-22. The diagnosis of EPTB, especially
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involving deeply located inaccessible areas is very
difficult. Sparse literature is available regarding the
relative contributions of pulmonary and
extrapulmonary disease to the total number of
tuberculosis cases from India as reliable
epidemiological data are lacking13. Considering the
stigma associated with and the reluctance to perform
invasive procedures especially in HIV-positive
patients in the Indian setting, even notified estimates
of EPTB under the Revised National Tuberculosis
Control Programme (RNTCP) are often based on
presumptive diagnosis and are an overestimate of the
problem 23 . Though it is estimated that EPTB
constitutes 15 to 20 per cent of tuberculosis cases in
general practice among HIV-negative adults in
India13, a higher proportion of EPTB cases have
been documented in tertiary care centres. For
example, at the Tuberculosis Clinic at the All India
Institute of Medical Sciences, (AIIMS), New Delhi
(n=1137) and the Sri Venkateswara Institute of
Medical Sciences (SVIMS), Tirupati (n=612),
patients with EPTB constituted 53 and 30.4 per cent
respectively during the period 1994-2002
(unpublished observations). Since several patients are
referred to tertirary care centres for confirmation of
diagnosis, these high figures could be a result of
referral bias.
Impact of human immunodeficiency virus infection:
HIV infected persons are at increased risk for primary
or reactivation tuberculosis 24-27 and for second
episodes of tuberculosis from exogenous
reinfection 28,29 . CD4+ T-helper (Th) cells, upon
antigenic challenge, are thought to differentiate along
the separate pathways resulting in cell populations
with different cytokine production profile termed Th1
and Th230-32. In murine models, Th1 cells that produce
interferon-γ (IFN-γ) and interleukin-2 (IL-2) confer
resistance to infection with mycobacteria 32,33. Th2
cells that produce interleukin-3 (IL-3), interleukin-4
(IL-4), interleukin-5 (IL-5), interleukin-6 (IL-6) and
interleukin-10 (IL-10), do not contribute much to
antimycobacterial immunity24,32. It has been observed
that when peripheral blood lymphocytes from
HIV-positive patients with tuberculosis are exposed
in vitro to Mycobacterium tuberculosis, they produce
less IFN-γ but similar amounts of IL-4 and IL-10 as
compared with lymphocytes from tuberculosis
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patients who are HIV-negative34. Thus, reduced Th1
response observed in HIV-infected patients is
thought to increase their susceptibility to
tuberculosis24,34.
The risk of tuberculosis increases as
immunosuppression progresses 2,14,19,35 . The most
common extrapulmonary site in HIV-positive
individuals
is the lymph node. However,
neurological, pleural, pericardial, abdominal
involvement has been described and virtually every
site in the body can be involved in HIV-positive
patients1,2,14,19,35. In studies reported from India, EPTB
constituted 45 to 56 per cent of all the cases of
tuberculosis in persons with AIDS36,37.
Constitutional symptoms
Patients with EPTB may manifest constitutional
symptoms such as fever, anorexia, weight loss,
malaise and fatigue. In India patients with EPTB
especially when the disease is located at an obscure
site, may present with pyrexia of unknown origin
(PUO) and this may be the only diagnostic clue in
them. In addition, patients with EPTB manifest
sympyoms and signs related to the organ system
involved and these are discussed under the repective
anatomic sites.
Lymph node tuberculosis
Historically, lymph node tuberculosis (LNTB) has
been called the “King’s evil” referring to the divine
benediction which was presumed to be the treatment
for it. It was also referred to as “scrofula” meaning
“glandular swelling” (Latin) and “full necked sow”
(French)38. Peripheral lymph nodes are most often
affected and cervical involvement is the most 38-40.
In India and other developing countries LNTB
continues to be the most common form of EPTB and
lymphadenitis due to non-tuberculous mycobacteria
(NTM) is seldom seen41-43. On the other hand, NTM
are the most common cause of lymphadenopathy in
the developed world 44,45 . In patients with
mycobacterial lymphadenitis in the USA,
M. tuberculosis has been the most common pathogen
among adults whereas NTM were the most common
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Fig.1a. Distribution of tuberculosis cases by anatomical site in HIV-negative patients. Data derived from references 3,5,6,10,11.
PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis; GUTB, genitourinary tuberculosis; MTB, miliary tuberculosis;
TBM, tuberculosis meningitis; ABD, abdominal tuberculosis; LNTB, lymph node tuberculosis.

Fig.1b. Distribution of tuberculosis cases by anatomical site in HIV-positive patients data derived from references 14-22.
PTB, pulmonary tuberculosis; EPTB, extrapulmonary tuberculosis; LNTB, lymph node tuberculosis.
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pathogens among children46. In England, there has
been a decline in LNTB and a rise in NTM
lymphadenitis47, and persons of Indian ethnic origin
were more often affected than the local residents40,47.
Similar results have been reported among native
Americans and in persons originating from south east
Asia and Africa48,49. Asians and Hispanic patients
and African American also seem to have a high
predilection for developing mycobacterial
lymphadenitis 48,49.
Pathogenesis: LNTB is considered to be the local
manifestation of a systemic disease whereas NTM
lymphadenitis is thought to be a truly localised
disease. M. tuberculosis gains entry into the body
via the respiratory tract and undergoes
haematogenous and lymphatic dissemination. Hilar
and mediastinal lymph nodes are initially involved.
This may occur at the time of primary infection or
may occur later in life due to reinfection or
reactivation of previous infection. Sometimes, tonsil
is an important portal of entry. The infection then
spreads via the lymphatics to the draining cervical
lymph nodes. Initially, the nodes are discrete.
Periadenitis results in matting and fixation of the
lymph nodes. The lymph nodes coalesce and break
down due to formation of caseous pus. This may
perforate the deep fascia and present as a collar-stud
abscess. Overlying skin becomes indurated and
breaks down, resulting in sinus formation which may
remain unhealed for years. Healing may occur from
each of the stages with calcification and scarring. In
contrast NTM, gain entry into the lymph nodes
directly via oropharyngeal mucosa, salivary glands,
tonsils, gingiva or conjunctiva46,50, and lymph node
involvement represents a localised disease.
Clinical presentation: LNTB often affects children
and young adults40-42. Female predilection has been
reported in some studies 40-42,51,52. Patients usually
present with slowly enlarging lymph nodes and may
otherwise be asymptomatic. In HIV-negative patients,
isolated cervical lymphadenopathy is most often seen
in about two-thirds of the patients 40-42,51,52 . Bem
et al53 observed that among HIV-negative as well as
HIV-positive patients, cervical lymph nodes were
most commonly affected followed by axillary and
inguinal lymph nodes. Multifocal involvement was
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observed in 39 and 90 per cent among HIV-negative
and HIV-positive patients respectively. In HIVpositive patients, multifocal involvement,
intrathoracic and intraabdominal lymphadenopathy
and associated pulmonary disease are more
common 40-42,53,54 . Some patients with LNTB may
manifest systemic symptoms and these include fever,
weight loss, fatigue and occasionally night sweats.
Patients with mediastinal lymphadenopathy
(Fig.2a and 2b) may present with cough and
dysphagia 40-42,51-58 . With wider availability of
computerised tomographic (CT) scan, it is expected
that more cases of intrathoracic and intraabdominal
lymphadenopathy and other associated lesions
(Fig.2c and 2d) may be reported.
Peripheral tuberculosis lymphadenopathy has
been classified into five stages59. These include: (i)
stage 1, enlarged, firm mobile discrete nodes showing
non-specific reactive hyperplasia; (ii) stage 2, large
rubbery nodes fixed to surrounding tissue owing to
periadenitis; (iii) stage 3, central softening due to
abscess formation; (iv) stage 4, collar-stud abscess
formation; and (v) stage 5, sinus tract formation.
Physical findings depend upon the stage of the
disease. The enlarged lymph nodes may be of varying
size, are usually firm and may be discrete or matted.
If necrosis and abscess formation have taken place
they may become cystic in consistency. The lymph
nodes are usually not tender unless secondary
bacterial infection has occurred. Physical
examination may be unremarkable but for palpable
lymphadenopathy. Occasionally, lymph node abscess
may burst leading to a chronic non-healing sinus and
ulcer formation. Classically, tuberculosis sinuses
have thin, bluish, undermined edges with scanty
watery discharge. Uncommon manifestations
observed in patients with mediastinal lymph node
involvement include dysphagia 60,61 , oesophagomediastinal fistula 62-64 , and tracheo-oesophageal
fistula 65. Upper abdominal and mediastinal lymph
nodes may cause thoracic duct obstruction and
chylothorax, chylous ascites or chyluria66,67. Rarely,
biliary obstruction due to enlarged lymph nodes can
result in obstructive jaundice 68. Cardiac tamponade
has also been reported due to mediastinal lymph node
tuberculosis69.
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Fig.2. Contrast enhanced computerized tomographic (CECT) scan of the chest of a young woman who presented with low grade
fever for 3 months, cough and dysphagia showing subcarinal (a) and right hilar (b) lymph nodes. Arrows points to hypodensity
which indicates necrosis in the lymph node. CECT scan of the abdomen of the same patient showing bilateral psoas abscesses
(c) (arrows). Coronal reconstruction of the CECT scan of the abdomen of the same patient showing bilateral psoas abscesses
(d) (arrows). CT guided fine needle aspirate from the psoas abscess revealed numerous acid-fast bacilli.
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Nontuberculous mycobacterial lymphadenitis: Very
little is known regarding lymphadenitis due to NTM
from India. In the western literature, NTM
lymphadenitis has often been described in children.
Both sexes are equally affected 48,50,59,70. Constitutional
symptoms seldom develop and the disease generally
remains localised to the upper cervical area. If
untreated, the nodes often progress to softening,
rupture, sinus formation, healing with fibrosis and
calcification 48,50,59,70.
Pleural effusion and empyema thoracis
Tuberculosis pleural effusion is categorised as
extrapulmonary despite an intimate anatomic
relationship between pleura and the lungs71-75.
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and intercostal tenderness. Occasionally, tuberculosis
empyema may present as a chest wall mass or draining
sinus tract (tuberculosis empyema necessitatis).
Abdominal tuberculosis
Abdominal tuberculosis is the term used to
encompass TB of the gastrointestinal tract,
peritoneum, omentum, mesentery and its nodes and
other solid intra-abdominal organs such as liver,
spleen and pancreas76. Peritoneal and intestinal TB
have been covered in another review article published
in this issue of the journal 77. Hence, TB at other
abdominal sites such as hepatobiliary, pancreatic and
splenic tuberculosis will be covered.
Hepatobiliary, pancreatic and splenic tuberculosis

Pathogenesis: It is thought that a small subpleural
focus ruptures into the pleural space, setting up an
interaction between the tubercle bacilli or their
specific components inducing a delayed
hypersensitivity reaction. Recent evidence suggests
that patients with TB pleural effusion have
significantly higher levels of IFN-γ in the pleural
fluid as compared to peripehral blood thus exhibiting
localisation of predominantly Th1-type immunity in
the pleural fluid75. Rupture of a cavity containing
caseous material into the pleural space results in
empyema thoracis. Less often, rupture of caseous
paratracheal lymph nodes, paravertebral abscess or
osteomyelitis of the ribs can result in empyema
thoracis.
Clinical features: TB pleural effusion usually
presents as an acute illness and the symptom duration
ranges from a few days to few weeks. Most patients
complain of pleuritic chest pain, non-productive
cough and dyspnoea. Majority of the patients
manifest fever, though a few may not have fever.
Occasionally, the onset may be less acute, with only
mild chest pain, low-grade pyrexia, cough, weight
loss and loss of appetite.
Patients with tuberculosis empyema present with
chest pain, breathlessness, cough with expectoration,
fever, and toxaemia. Anaemia and hypoproteinaemia
are often present. Physical examiantion may reveal
digital clubbing, clinical findings suggestive of effusion

Hepatobiliary and pancreatic TB are rare and are
often associated with miliary tuberculosis, and occur
more often in immunocompromised patients 78. The
clinical manifestations are non-specific and depend
on the site and extent of disease. Anorexia, malaise,
low grade fever, weight loss, night sweats, malaena,
pancreatic mass or abscess or obstructive jaundice
have all been described 79,80 . Pancreatic TB may
present as acute or chronic pancreatitis or may mimic
malignancy79,80. Isolated splenic tuberculosis is very
rare in immunocompetent persons. Splenomegaly can
occur in patients with disseminated/miliary
tuberculosis. Splenic tuberculosis presents as
hypersplenism or splenic abscess or as a solitary
splenic lesion81. Multiple tuberculosis abscesses have
been described in patients with HIV infection82,83. Preoperative diagnosis of tuberculosis at these obscure
sites is difficult and the diagnosis is often confirmed
on histopathological examination of excised
specimen.
Neurological tuberculosis
Neurological tuberculosis may be classified into
three clinico-pathological categories: tuberculosis
meningitis (TBM), tuberculoma, and arachnoiditis84-86.
Tuberculosis meningitis
TBM accounts for 70 to 80 per cent of cases of
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neurological tuberculosis84-86. A majority of cases of
TBM are caused by M. tuberculosis. Isolated cases
of meningitis caused by NTM have also been
documented86. Neurological tuberculosis is invariably
secondary to tuberculosis elsewhere in the body. In
the bacteraemic phase of primary lung infection,
metastatic foci can get established in any organ, which
can become active after a variable period of clinical
latency. The critical event in the development of
meningitis is the rupture of a subependymally located
tubercle (Rich focus) resulting in the release of
infectious material into the subarachnoid space87.
Whether the critical subependymal tubercle develops
during primary haematogenous dissemination or due
to secondary haematogenous spread from an area of
extracranial extrapulmonary tuberculosis is not clear.
The following features comprise the salient
pathological features of TBM: (i) inflammatory
meningeal exudate; (ii) ependymitis; (iii) vasculitis;
(iv) encephalitis; and (v) disturbance of cerebrospinal
fluid (CSF) circulation and absorption.
Clinical features: In the developing world, TBM is
still a disease of childhood with the highest
incidence in the first three years of life86. The disease
usually evolves gradually over two to six weeks.
However, acute onset has also been described. The
prodromal phase lasts for two to three weeks and
is characterised by a history of vague ill-health,
apathy, irritability, anorexia and behavioural
changes. With the onset of meningitis, headache and
vomiting become evident and fever develops. Focal
neurological deficits and features of raised
intracranial tension may precede signs of meningeal
irritation. Focal or generalised seizures, are
encountered in 20 to 30 per cent of patients. Cranial
nerve palsies can occur in 20 to 30 per cent of
patients, the sixth nerve involvement being the most
common 86,88. Complete or partial loss of vision is a
major complication of TBM. Various mechanisms
postulated for the loss of vision include presence of
exudates around the optic chiasma, arteritis,
compression of the anterior visual pathways due to
hydrocephalus or tuberculoma, and ethambutol
toxicity among others. In untreated cases,
progressive deterioration in the level of
consciousness, pupillary abnormalities and
pyramidal signs may develop due to increasing

hydrocephalus and tentorial herniation. The terminal
illness is characterised by deep coma and
decerebrate or decorticate posturing. Without
treatment, death usually occurs in five to eight
weeks.
According to the severity of the illness, patients
with TBM can be categorised into three clinical
stages. The clinical staging helps to optimise therapy
and to predict the prognosis. The prognosis of TBM
is determined by the clinical stage at the time of
initiation of treatment. The Medical Research
Council89 and Kennedy and Fallon systems 90 stage
the patients into three categories: stage 1, patients
are conscious and oriented with or without signs of
meningeal irritation, but no focal neurological deficit;
stage 2, patients with altered sensorium or focal
deficits; and stage 3, patients are comatose and have
dense deficits. During the last two decades, the
clinical presentation of TBM has changed 91,92 .
Atypical presentations include acute meningitic
syndrome simulating pyogenic meningitis,
progressive dementia, status epilepticus, psychosis,
stroke syndrome, locked-in-state, trigeminal
neuralgia, infantile spasm and movement
disorders 86,88,93.
Intracranial tuberculomas and single, small,
enhancing brain lesions
Tuberculoma is a mass of granulation tissue made
up of a conglomeration of microscopic small
tubercles 84. The size of cerebral tuberculomas is
highly variable. In most cases their diameters range
from a few millimetres (mm) to three to four
centimeters (cm) 94 . Intracranial tuberculomas in
patients under the age of 20 yr are usually
infratentorial, but supratentorial lesions predominate
in adults. Solitary tuberculomas are more frequent
than multiple lesions. Although their frequency has
decreased in the last two to three decades,
tuberculomas still constitute about 5 to 10 per cent
of intracranial space occupying lesions in the
developing world 86,95. Patients with epilepsy who
showed ring enhancing single CT lesions have been
described almost exclusively from India96-100. The
enhancing lesion is < 2 cm, but may show
considerable oedema around it. Tuberculosis has been
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Fig.3a and 3b. Chest radiograph (postero-anterior view) of a patient with tuberculosis pericardial effusion showing a globular
heart shadow (a) before treatment. Chest radiograph taken 9 months after antituberculosis treatment (b) reveals considerable
resolution of the pericardial effusion.

implicated as one of the causes for this form of
presentation.
Neurological involvement is five times more
frequent in HIV-positive compared to HIV-negative
patients101,102. HIV infected patients account for over
50 per cent of the cases of TBM seen in the
industrialised nations101,102. Bishburg et al102 reported
that intravenous drug abusers with AIDS exhibited
increased risk of developing neurological
tuberculosis and brain abscesses. Yechoor et al103
found that 20 of the 31 patients (65%) identified as
definite or probable TBM over a 12 yr period were
infected with HIV. In general, HIV status does not
alter the clinical manifestations, CSF findings and
response to therapy 103 . However, HIV-positive
subjects with TBM can have normal CSF more
frequently101-103.
Pericardial tuberculosis
Pericardial involvement in tuberculosis may result
in acute pericarditis, chronic pericardial effusion,
cardiac tamponade or pericardial constriction104-107.
In India, TB accounts for nearly two-thirds of the
cases of constrictive pericarditis104-106. TB has been
reported to be the cause of acute pericarditis in four
per cent of patients in the developed world and 60 to
80 per cent of the patients in the developing
world 104-110. TB pericarditis has been estimated to
occur in one to eight per cent patients with
pulmonary tuberculosis 111,112 . In industrialised
countries TB pericarditis is not so common except

in patients with HIV infection and AIDS104.
Pericardial involvement most commonly results
from direct extension of infection from adjacent
mediastinal lymph nodes, or through lymphohaematogenous route from a focus elsewhere. TB
pericarditis has the following stages: (i) dry stage;
(ii) effusive stage; (iii) absorptive stage; and (iv)
constrictive stage 112 . The disease may progress
sequentially from first to fourth stage or may present
as any of the stages. Sometimes, pericardial TB can
persent as fever with no clinical localisation. Presence
of cardiomegaly on the chest radiograph may be the
only diagnostic clue and echocardiography may
reveal pericardial effusion.
Clinical features: TB pericarditis occurs most
commonly in the third to fifth decade of life. The
disease has an insidious onset and presents with fever,
malaise and weakness. The patients may manifest
pericardial rub, vague chest pain or cardiomegaly on
a chest radiograph (Figs.3a and 3b). Acute onset has
been reported in 20 per cent of patients and some
patients can present with cardiac tamponade106,107.
Dyspnoea, cough, and weight loss are common
symptoms. Chest pain, orthopnoea and ankle oedema
occur in nearly 40 to 70 per cent of patients113-116.
Pericardial effusion: Patients with TB pericarditis
usually
present with chronic pericardial
effusion104,113,115,116. Patients may also present acutely
with cardiac tamponade and may manifest severe
distress, retrosternal compression, tachycardia and
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Fig.3c, 3d and 3e. Contrast enhanced CT scan of the chest of a patient with constrictive pericarditis showing thickened pericardium
(black arrow) and dilated right atrium (white arrow) (c). Right and left ventricular pressure tracings (paper speed 100 mm/sec and
100 mm Hg gain) of the same patient showing markedly elevated and equal diastolic pressures with mild elevation of right ventricular
systolic pressure (45 mm Hg) (d). Operative photograph showing thickened pericardium (e).

raised jugular venous pressure (JVP) with blunt γ
descent113,115,116, distant heart sounds, pericardial rub
and pulsus paradoxus may be evident.
Effusive constrictive pericarditis: In patients with
effusive constrictive pericarditis, constriction can be
due to thickening of either the visceral or the parietal
pericardium. Cardiomegaly, pedal oedema and raised
JVP with a blunt γ descent may be present. After
removal of fluid, JVP is still raised with a prominent
γ descent. This stage could occur within few weeks
of TB pericarditis. With effective antituberculosis
treatment, some cases may resolve. Commonly,
chronic constriction ensues107,117,118.
Chronic constrictive pericarditis: In patients with
chronic constrictive pericarditis, the inflow of blood
is impeded due to thickened unyielding pericardium,
especially in the late diastole (Figs 3c, 3d and 3e).
Consequently, these patients have systemic as well
as pulmonary venous congestion and manifest

exertional dyspnoea, orthopnoea, ankle oedema and
ascites. Cardiac output is mildly reduced at rest.
Tachycardia, raised JVP with a prominent y descent
occur. The JVP may rise further on inspiration
(Kussmaul’s sign). Pulsus paradoxus is seen in less
than one-third of cases and signifies presence of some
fluid or a relatively elastic pericardium. Cardiac size
is normal. A systolic retraction of apex can be
evident104. A pericardial knock may be present but
murmurs are not common. The ascites is
disproportionate to the oedema (ascites praecox)104.
Severe elevation of venous pressure may result in
congestive splenomegaly and protein losing
enteropathy resulting in hypoalbuminaemia. After
many years of hepatic venous congestion cardiac
cirrhosis may develop in some patients. The disease
worsens gradually and in chronic cases, significant
myocardial atrophy occurs due to extension of
inflammation and possibly disuse of the muscle. Such
patients have suboptimal improvement and higher
mortality with pericardiectomy104.
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Fig.4. Magnetic resonance imaging (MRI) scan of the dorsolumbar spine, (sagittal view, T1 weighted image) showing central
hypointense lesion (arrow) with reduced vertical height of the vertebra (a). MRI scan of the dorsolumbar spine (sagittal view, T2
weighted image) showing destruction of D10 and D11 vertebrae (arrow), reduction in the intervening disc (inset, arrow) with
anterior granulation tissue and cord compression (b).

Bone and joint tuberculosis
Skeletal tuberculosis is a haematogenous infection
and affects almost all bones. Tuberculosis commonly
affects the spine and hip joint119,120. Other sites of
involvement include knee joint, foot bones, elbow
joint and hand bones. Rarely, it also affects shoulder
joint. Two basic types of disease patterns have been
observed: granular and exudative (caseous). Though
both the patterns have been observed in osseous and
synovial tuberculosis infection, one form may
predominate.
Spinal tuberculosis (TB spine) is the most
common form of skeletal tuberculosis. Majority of
patients are under thirty years of age at the time of
diagnosis. Constitutional symptoms such as
weakness, loss of appetite and weight, evening rise
of temperature and night sweats generally occur
before the symptoms related to the spine manifest.
Lower thoracic and lumbar vertebrae are the most
common sites of spinal tuberculosis followed by

middle thoracic and cervical vertebrae. Usually, two
contiguous vertebrae are involved but several
verebrae may be affected and skip lesions are also
seen. The infection begins in the cancellous area of
vertebral body commonly in epiphyseal location and
less commonly in the central or anterior area of
vertebral body (Figs 4a and 4b). The infection spreads
and destroys the epiphyseal cortex, the intervertebral
disc and the adjacent vertebrae (Fig.4b). It may spread
beneath the anterior longitudinal ligament to reach
neighbouring vertebrae. The vertebral body becomes
soft and gets easily compressed to produce either
wedging or total collapse. Anterior wedging is
commonly seen in the thoracic spine where the normal
kyphotic curve accentuates the pressure on the
anterior part of vertebrae. The exudate penetrates the
ligaments and follows the path of least resistance
along fascial planes, blood vessels and nerves, to
distant sites from the original bony lesion as cold
abscess. In the cervical region, the exudate collects
behind prevertebral fascia and may protrude forward
as a retropharyngeal abscess. The abscess may track
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down to the mediastinum to enter into the trachea,
oesophagus or the pleural cavity. It may spread
laterally into the sternomastoid muscle and form an
abscess in the neck119,120.

patients cord dysfunction may occur due to nonmechanical causes 119,120 .
Clinical presentation of tuberculosis of the hip and
knee joints depends on the clinicopathological stage
and each stage has a definite pattern of clinical
deformity. Pain, circumferential reduction of
movements at the joint are evident. “Night cries” may
develop due to relaxation of muscle spasm and
unguarded movements at the joint 121,122. Tuberculosis
osteomyelitis may mimic chronic mosteomyelitis of
other causes119,120.

In the thoracic spine, the exudate may remain
confined locally for a long time and may appear in
the radiographs as a fusiform or bulbous paravertebral
abscess and may compress the spinal cord. Rarely, a
thoracic cold abscess may follow the intercostal nerve
to appear anywhere along the course of nerve. It can
also penetrate the anterior longitudinal ligament to
form a mediastinal abscess or pass downwards
through medial arcuate ligament to form a lumbar
abscess. The exudate formed at lumbar vertebrae most
commonly enters the psoas sheath to manifest
radiologically as a psoas abscess or clinically as a
palpable abscess in the iliac fossa. Abscess can
gravitate beneath the inguinal ligament to appear on
the medial aspect of thigh. It can spread laterally
beneath the iliac fascia to emerge at the iliac crest
near anterior superior iliac spine. Sometimes an
abscess forms above the iliac crest posteriorly.
Collection can follow the vessels to form an abscess
in Scarpa’s triangle or gluteal region if it follows
femoral or gluteal vessels respectively 119,120.

Genitourinary tuberculosis (GUTB) complicates
three to four per cent of patients with pulmonary
tuberculosis121-124. Haematogenous dissemination from
an active site of infection results in GUTB. Initially
metastatic lesions (tubercles) are formed in the kidneys.
Macroscopic progression of the disease is often
unilateral125. Usually, these lesions heal spontaneously
or as a result of treatment. However, they may enlarge
even after years of inactivity and rupture into the
nephrons producing bacilluria. There is descending
spread of infection, inflammation and scarring.

Retropharyngeal abscess can present with local
pressure effects such as dysphagia, dyspnoea, or
hoarseness of voice. Further, dysphagia may also
occur due to mediastinal abscess. Flexion deformity
of hip develops due to psoas abscess. The abscesses
may be visible and palpable if they are superficially
located. Therefore, neck, chest wall, groin, inguinal
areas and thighs where cold abscesses occur
frequently must be carefully examined in addition to
the location of a bony lesion119,120.

Active GUTB usually develops 5 to 25 yr after
the primary pulmonary infection and is usually
encountered between the second and fourth decades
of life121. Patients present with dysuria, haematuria
which may be painless, flank pain, renal mass, sterile
pyuria, and recurrent urinary tract infection. Rarely,
acute presentation mimicking pyelonephritis has also
been described. Other uncommon presentations
include: non healing wounds, sinuses or fistulae,
haemospermia among others121.

Paraplegia (Pott’s paraplegia) is the most
serious complication of spinal tuberculosis and its
occurrence is reported to be as high as 30 per cent
in patients with spinal tuberculosis 119,120 . Early
onset paraplegia develops during the active phase
of infection. Paraplegia of late onset can appear
many years after the disease has become quiescent
even without any evidence of reactivation. Most
commonly paraplegia develops due to mechanical
pressure on the cord, but in a small number of

Female genital tuberculosis

Genitourinary tuberculosis

Primary female genital tuberculosis has rarely been
described in female partners of males affected by active
GUTB125-128. More often, female genital tuberculosis is
secondary to tuberculosis infection elsewhere in the
body. Haematogenous or lymphatic spread is the most
common method of spread. Infection may also spread
from the contiguous intraabdominal sites through the
fallopian tubes125-128.
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Female genital tuberculosis is an important cause
of infertility. Patients may also present with chronic
lower abdominal or pelvic pain, or alterations in the
menstrual pattern. Sympotms of tuberculosis
toxaemia may not be evident and physical
examination may be unremarkable126-128.
Cutaneous tuberculosis
Cutaneous tuberculosis accounts for 0.11 to
2.5 per cent of all patients with skin diseases129-133.
Several clinical types of cutaneous tuberculosis have
been described. In those not previously exposed to
M. tuberculosis, miliary tuberculosis of the skin and
tuberculosis chancre have been described. Previously
sensitised hosts develop lupus vulgaris, scrofuloderma,
tuberculosis verrucosa cutis129. Other lesions seen are
tuberculids which include lichen scrofulosorum;
papulonecrotic tuberculid; erythema induratum; and
erythema nodosum. Lupus vulgaris is the most common
variety seen in India followed by tuberculosis verrucosa
cutis and scrofuloderma 129,133. The other types are
distinctly rare. Localised and generalised skin
complications due to Bacille Calmette-Guerin (BCG)
vaccination have also been described134,135.
In patients with HIV infection and AIDS, the lesions
may not fit into the above described categories and
usually present as papules, nodules, vesicles or
induration129. Ulceration and discharge from the surface
of the lesions may occur. The diagnosis is usually not
suspected clinically and it has been suggested that all
atypical cutaneous lesions developing in
immunosuppressed individuals should be biopsied and
subjected to mycobacterial culture133,136-140.
Tuberculosis in otorhinolaryngology
Before the advent of antituberculosis treatment,
patients with active pulmonary tuberculosis very often
developed laryngeal, otological, nasal and paranasal
sinus involvement and deteriorated progressively.
Laryngeal involvement was a dreaded consequence and
was considered to be a harbinger of death141. With the
advent of effective treatment the incidence of
otorhinolaryngological TB had come down
significantly. Otorhinolaryngological TB constitutes
less than five per cent of all cases of EPTB. Focus has
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shifted on to otorhinolaryngological TB with the advent
of HIV infection and AIDS142.
Tuberculosis of larynx
In the present era, in countries where TB is highly
endemic, almost all patients with laryngeal
tuberculosis have been found to have radiological
evidence of pulmonary TB and many of them may
be sputum smear-positive142,143. On the contrary, in
countries with a low prevalence of tuberculosis,
associated pulmonary tuberculosis is rarely seen in
patients with laryngeal TB144,145. In a study of 500
patients with pulmonary tuberculosis from India145,
laryngeal involvement was observed in four per cent
of them.
Clinical features: Patients often present with
hoarseness of voice. Pain is also an important feature
which may radiate to one or both ears and may lead
to odynophagia. Occasionally, patients may present
with rapid onset of hoarseness of voice similar to
that encountered in acute viral laryngitis. Laryngeal
tuberculosis may co-exist with carcinoma. Clinical
features of these conditions may overlap and the
lesions may look similar143,144.
Tuberculosis of the pharynx oral cavity and salivary
glands
Tuberculosis involvement of the tonsils and
pharynx is uncommon. The presenting features
include: (i) ulcer on the tonsil or oropharyngeal wall;
(ii) granuloma of the nasopharynx; and (iii) neck
abcess. The oral cavity is an uncommon site of
involvement by tuberculosis. Infection in the oral
cavity is usually acquired through infected sputum
coughed out by a patient with open pulmonary
tuberculosis or by haematogenous spread. Tongue is
the most common site of involvement and accounts
for nearly half the cases. The lesions are usually found
over the tip, borders, dorsum and base of the tongue.
They may be single or multiple, the lesions may or
may not be painful. Other sites of involvement
include floor of mouth, soft palate, anterior pillars
and uvula 146,147 . Secondary involvement of the
draining lymph nodes may occur. Majority of these
patients also have pulmonary tuberculosis144,147-151.
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TB sialitis is usually secondary to tuberculosis
infection of the oral cavity or primary pulmonary
tuberculosis 151. Primary infection of the salivary
glands is also known, but, is rare. Parotid gland is
most commonly involved. Clinical presentation can
be acute or chronic. Acute presentation may resemble
acute non-tuberculosis sialitis and clinical
differentiation may be difficult. Occasionally, the
diagnosis of tuberculosis may be a surprise following
surgery performed for a suspected salivary gland
tumour151. Unsuspected tuberculosis parotid abscess
may be wrongly drained mistaking it to be a pyogenic
abscess. This may lead to the formation of a persistent
sinus.
Tuberculosis of the ear
Tuberculosis of the external ear is uncommon.
However, lupus vulgaris of the external ear has been
reported152. Tuberculosis of the ear develops when
the bacilli invade the eustachian tube while the infant
is being fed, or, by haematogenous spread to the
mastoid process. The focus in the middle ear cleft
may present as painless otorrhoea. Pale granulation
tissue may be present in the middle ear with dilatation
of vessels in the anterior part of the tympanic
membrane. Multiple perforations of tympanic
membrane may occur as a result of caseation necrosis.
Facial nerve palsy may sometimes develop.
Tuberculosis of paranasal sinuses and nasopharynx
Tuberculosis of nose, paranasal sinuses and
nasopharynx is uncommon. However, occasionally
maxillary sinus may be involved153,154. Other sites
which can be involved include inferior turbinate,
septal mucosa and the vestibular skin. Nasal
discharge, mild pain and partial nasal obstruction are
important presenting features. Involvement of
nasolacrimal duct can rarely occur. Tuberculosis of
the nose can cause complications like septal
perforation, atrophic rhinitis and scarring of nasal
vestibule.
Ocular tuberculosis
Ocular involvement has described in 2 to 30
per cent of patients with tuberculosis 1,7,12,155, and
usually develops as a result of haematogenous
dissemination. While tuberculosis can affect all the
part of the eye, choroid is the most commonly affected

structure. Primary ocular tuberculosis though has
been described is extremely rate 155. Tuberculosis
affects the eyelids infrequently. Lupus vulgaris may
spread to the face and involve the eyelid.
Conjunctival tuberculosis and lupus vulgaris are the
common manifestations of primary tuberculosis
while tuberculids and phlyctenulosis occur in postprimary tuberculosis. Phlyctenulosis can involve
conjunctiva, cornea or lid margin. Tuberculosis has
also been implicated in the causation of Prinaud’s
oculoglandular syndrome and Eale’s disease 155 .
Tuberculosis uveitis can present as panuveitis or as
chronic granulomatous iridocyclitis. Choroidal
tubercles, when present, can provide valuable
diagnostic clues to life threatening forms of
disseminated tuberculosis such as miliary
tuberculosis. These may be single or multiple and
vary in size from quarter of a disc diameter to several
disc diameters and are most frequently situated at
the posterior pole155.
Tuberculosis of the breast
Tuberculosis mastitis can occur as primary disease
or can be secondary to tuberculosis elsewhere in the
body. Primary tuberculosis mastitis is extremely rare
and is thought to occur due to direct inoculation of
the breast by M. tuberculosis through skin abrasions
or duct openings in the nipple. Secondary
involvement of breast is more common. The
organisms may reach the breast through lymphatic
route or haematogenous routes, or by contiguous
spread from the ribs, pleural space. Lymphatic spread
by retrograde extension from the axillary lymph nodes
is considered to be the most common mode of spread
though spread from cervical and mediastinal lymph
nodes has been occasionally reported 83 . Clinical
presentation is atypical and often, histopathological
evidence suggests the diagnosis.
Disseminated/miliary tuberculosis
Disseminated tuberculosis (DTB) refers to
involvement of two or more non-contiguous sites.
Dissemination can occur during primary infection or
after reactivation of a latent focus/re-infection.
During primary infection, small numbers of tubercle
bacilli gain access to the circulation through the
lymphatics and disseminate to visceral sites which
have rich vascular supply and good oxygenation such
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as the liver, spleen, bone marrow and the brain. These
foci heal by calcification in a majority of the patients.
In the post-primary period, acute miliary tuberculosis
(MTB) can occur when these foci fail to heal and
progress. Later in life, reactivation of these latent foci,
caseation and erosion into blood vessels can result
in haematogenous embolisation and the development
of MTB. Rarely, MTB can also develop due to
caseation of an extrapulmonary site into the portal
circulation and initial hepatic involvement with the
classical pulmonary involvement occurring late.
Clinical presentation: Clinical manifestations of
DTB/MTB are protean36,156-171. Even in areas where
TB is highly endemic, the diagnosis of MTB can be
difficult as the clinical symptoms have been subacute
and non specific and the chest symptoms can be
obscure till late in the disease. Fever and inanition
are relatively common. Cough and dyspnoea are often
present. Chills and rigors, usually seen in patients
with malaria, or, sepsis and bacteraemia have often
been described in patients with MTB 156-171 .
Organomegaly is also a frequent physical finding.
Choroidal tubercles are bilateral pale greyish white
oblong patches which occur less commonly in adult
patients with MTB than children. When present, they
can be a valuable diagnostic clue 160,167 . Skin
involvement in the form of erythematous macules and
papules and unusual manifestations such as ulcerative
lesions have also been described 156-171 . Signs of
hepatic involvement may be evident in the form of
icterus and hepatomegaly. Neurological involvement
in the form of meningitis or tuberculomas is common.
Clinically significant cardiac or renal involvement
are uncommon in patients with MTB 160,172. Overt
adrenal insufficiency at presentation, or during
treatment has also been described173. In some studies,
headache and abdominal pain when present are
supposed to have specific implications in MTB,
headache signifying the presence of meningitis and
abdominal
pain
signifying abdominal
167,168
.
involvement
Though the association of MTB and acute lung
injury (ALI) and acute respiratory distress sydnrome
(ARDS) is well known, only a few cases of this
association have been published 160,164,174,175. Severe
pulmonary vascular damage has been implicated
to be the pathophysiological basis for the
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development of ARDS in patients with MTB 176 .
Immune reconstitution disease is a well known
complication of highly active antiretroviral therapy
(HAART). Recently, ARDS developing as a
manifestation of severe immune reconstitution
disease secondary to pulmonary tuberculosis has been
reported 177 . Increases in CD4+ T- lymphocytes
induced by HAART with subsequent inflammation
in tissues affected by ongoing infection have been
postulated to be the mechanism rsponsible for this.
The mortality in ARDS of any cause is high, ranging
from 40 to 60 per cent 171,178,179 . Therefore,
identification of the primary cause is vital to initiate
the appropriate therapy early. In patients with MTB
complicated by ARDS, the classical miliary mottling
occurs less commonly and
bilateral diffuse
interstitial or alveolar infiltrates similar to those
described in ARDS of other causes occur nearly
in all patients160,162,164 which make the diagnosis even
more difficult.
Diagnosis
Methodological issues
Definitive diagnosis of tuberculosis involves
demonstration of M. tuberculosis by microbiological,
cytopathological or histopathological methods.
Clinical presentation of EPTB is atypical. Especially
when the disease involves obscure occult sites, EPTB
may not even be considered in the initial list of
differential diagnosis. Further, invasive methods may
have to be employed to secure tissue/body fluids for
analysis. Many times representative tissue/body fluid
may not be accessible. Even when adequate tissue is
procured, the pathological findings may be suggestive
of “granulomatous infection” which encompasses a
wide range of differential diagnoses rather than
“definitive tuberculosis”. Therefore, the clinicians
more often rely upon the clinical impression,
radiological and endoscopic appearances and nonconventional diagnsotic methods as evidence to
diagnose EPTB.
Principles of diagnosis
When EPTB is suspected as a possible diagnosis,
every attempt should be made to procure
tissue/relevant body fluid for diagnostic testing.
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Most accessible tissue should be procured
for histopathological, cytopathological and
micrbiological diagnosis. For example, when working
up a patient with suspected lymph node tuberculosis,
the most easily accessible representative peripheral
lymph node should be excised and subjected to
diagnostic testing. Similarly, cerebrospinal fluid
(CSF) and ascitic fluid examination provide most
valuable diagnostic clue in patients with neurological
and peritoneal tuberculosis respectively.

Histopathological, cytopathological
and
microbiologial examination of tissue specimens
and body fluids

With the advent of ultrasound scan and
subsequently CT scan and the magnetic resonance
imaging (MRI) and widespread availability of upper
gastrointestinal
endoscopy,
colonoscopy,
laparoscopy, cystoscopy and biopsy under visual
guidance and other invasive investigations such as
hysterosalpingography and colposcopy, tremendous
progress has been achieved in precise anatomical
localisation of the lesions of EPTB antemortem. If
no accessible tissue/fluid is available for analysis,
radiologically guided fine needle aspiration and
cytopathology (FNAC) or biopsy may be required
to secure tissue for diagnosis.

Fine needle aspiration cytopathology (FNAC),
biopsy: In patients with lymph node tuberculosis,
FNAC, excision biopsy of the most accessible
peripheral lymph node confirms the diagnosis
most of the times. CT scan is helpful in
localising intrathoracic and intraabdominal
lymphadenopathy and radiologically guided FNAC
and biopsy 192-200. When available, video-assisted
thoracoscopic surgery (VATS) can be a valuable
minimally invasive procedure to procure tissue for
diagnostic testing in patients with intrathoracic
lymphadenopathy and pleural disease201. Transporting
the collected lymph node specimen in Kirschner’s
transport medium is helpful in increasing the
microbiological yield202. In patients with DTB/MTB,
various invasive methods have been employed to
ascertain the diagnosis their relative diagnostic yield
is shown in Table II.

Tuberculin skin test: In countries like India where
tuberculosis is higly endemic, tuberculin skin test
result alone is not sufficient evidence to diagnose
EPTB in adult patients. Tuberculin positivity in
patients with various forms of EPTB is shown in
Table I.

Laparoscopy will facilitate visual inspection of the
lesions and faciliatate procurement of tissue for
histopathological confirmation of the diagnosis 76.
These details are discussed in elsewhere in this
issue 77.

Table I. Tuberculin positivity in various forms of extrapulmonary tuberculosis
Site

Tuberculin positive (%)

Lymph node tuberculosis33,34,36,180,181

74-98

Pleural effusion 75,180,182-184

73-93

Abdominal tuberculosis

185-189

Pericardial 115,190
Cutaneous tuberculosis 133
DTB/MTB

156,166,169,180,191

Numbers in superscript indicate reference numbers
DTB, diseminated tuberculosis
MTB, miliary tuberculosis

58-100
75-100
67
21-62
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Table II. Method of confirmation of diagnosis in patients with disseminated/miliary tuberculosis*
Maartens
et al166

Sharma
et al160

Prout and
Benatar 191

Biehl 169

Kim et al165

Cumulative
yield (%)

Sputum †

29/75

10/88

31/39

13/26

25/33

41.4

Bronchoscopy‡†

38/95

2/37

3/3

ND

12/19

35.7

Gastric lavage †

7/11

ND

ND

20/35

6/8

61.1

CSF†

14/44

ND

1/31

15/45

0/26

20.5

Urine†

5/28

ND

3/17

7/29

18/27

32.0

Bone marrow§†

18/22

3/11

20/21

ND

9/22

58.1

Liver biopsy

11/11

6/9

12/13

ND

11/12

88.9

9/9

16/19

ND

3/3

ND

90.3

Variable

Lymph node biopsy

*Data are shown as number positive/number tested. Criteria for subjecting the patients to these tests not clearly defined in any of
thestudies. Often, more than one test have been performed for confirming the diagnosis. For histopathological diagnosis, presence of
granulomas, caseation and demonstration of acid-fast bacilli have been variously used to define a positive test
†yield from smear and culture
‡includes yield from bronchoscopic aspirate, washings, brushings, bronchoalveolar lavage and transbronchial lung biopsy
§yield from aspiration and/or trephine biopsy
CSF, cerebrospinal fluid; ND, not described
Superscript numerals denote reference numbers

Table III. Characteristic body fluid findings in patients with various forms of extrapulmonary tuberculosis
Variable

Pleural fluid

Pericardial fluid

Cerebrospinal fluid

Appearance

Straw coloured

Straw coloured or
serosanguinous

Clear early;
Turbid with chronicity

pH

7.3-7.4
Rarely <7.3
Never >7.4

Not well described

Not well described

1000-5000
50-90% lymphocytes,
eosinophils <5%
Few mesothelial cells

Not well described
Leukocyte count is usually
increased. PMN
preponderant early. Later,
up to mononuclear cells
predominate

100-500
Rarely >1000
PMN preponderant
early. Later, up to 95%
Mononuclear

Protein

Usually high (>2.5g/dl)

Usually high

Usually high (100-500 mg/dl)
Can be very high with
blockage or extreme
chronicity

Glucose

Usually less than serum
concentration

Low

Usually 40-50 mg/dl
(about 50% of blood
glucose)

Cell count
Total count
Differential
count
Cytology

PMN, polymorphonuclear leukocytes
Data derived from references 71-75,84-86,88,104,113,115,117,180
Details regarding ascitic fluid are described in reference 77

332

INDIAN J MED RES, OCTOBER 2004

Table IV. Yield of various tissues and body fluid specimens by the conventional smear and culture methods in patients with
extrapulmonary tuberculosis
Variable

Pleural fluid

Pericardial fluid

Cerebrospinal fluid

Smear microscopy

< 10%

< 1%

5-37%

Mycobacterial culture

12-70%

25-60%

40-80%

Data derived from references 71-75,84-86,88,104,113,115,117,180

Examination of body fluids and other biochemical
tests
The characteristic features of various body fluids
and their yield by the conventional microbological,
histopathological, cytopathological, and nonconventional methods in patients with EPTB is shown
in Tables III-VI.

Fig.5. Chest radiograph (postero-anterior view) showing right
sided pleural effusion.

Pleural fluid: The pleural fluid is typically clear or
straw coloured, but cloudy or serosanguinous fluid
may also be obtained. The pleural fluid is exudative
and lymphocyte rich. Early in the disease, the pleural
fluid may reveal predominantly neutrophils, but on
serial thoracocenteses, lymphocytosis may become
evident71-75. Presence of a large number of mesothelial
cells (> 1% of white blood cells) is a strong evidence
against the diagnosis of tuberculosis, though, a few
cases with numerous mesothelial cells in the fluid
have been reported71-75 .

Fig.6. Chest radiograph (postero-anterior view) showing left sided encysted pleural effusion (a) Contrast enhanced CT scan of the
chest of the same patient (b) showing left sided loculated empyema surrounded by thick enhancing pleura (arrow).
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Fig.7. Chest radiograph (postero-anterior view) showing classical miliary pattern (a). Contrast enhanced CT scan of the chest (b)
showing classical miliary pattern. Branching nodular (2 to 3 mm) and linear opacities resulting in a tree-in-bud appearance can
also be discerned. These nodules resemble millet seeds (c).

Fig.8. Intravenous pyelogram showing calyceal cut-off sign black arrow and ureteral narrowing (white arrow) (a) thimble bladder
(black arrows) (b). Percutaenous nephrogram showing irregularity, narowing and stricture of ureter (white arrow) (c).
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Fig.9. Contrast enhanced CT scan of the abdomen showing
intraabdominal (a) and retroperitoneal (b) lymphadenopathy
(arrows). Both the white and black arrows point to hypodensity
which indicates necrosis in the lymph node. This central
attenuation with peripheral rim enhancement is considered
classical (though not pathogenomic) for tuberculosis.

Details about ascitic fluid examination are
described eleswhere 77.
Cerebrospinal fluid: Clear CSF with moderately
raised cells and protein and low glucose constitute
the typical CSF picture of TBM. However, these
characteristics are shared by other forms of chronic
meningitis and partially treated pyogenic meningitis.
In the presence of coexisting spinal meningitis and
spinal block the CSF may be xanthochromic. If
allowed to stand, a pellicle or cobweb may form,
indicating the presence of fibrinogen. The pellicle is
highly suggestive but not pathognomonic of TBM.
CSF protein has been reported to be normal in some
patients with AIDS and TBM 84. CSF glucose levels

Fig.10. Contrast enhanced CT scan of the abdomen showing
multiple hypointense areas in the liver and spleen (arrows)
(a), hypodense lesions in the right kidney (arrow) with
extension into the poas and paraspinal muscles (arrow) (b) CT
guided fine needle aspiration confirmed the diagnosis of
tuberculosis.

are abnormal in the majority of cases, being less than
40 per cent of the corresponding blood sugar level.
However, CSF glucose levels are never undetectable
as in patients with pyogenic meningitis.
Pericardial fluid: Echocardiography, pericardiocentesis and examination of pericardial fluid can help
in confirming the diagnosis of pericardial
tuberculosis. The characteristic pericardial fluid
findings in patients with tuberculosis pericarditis are
shown in Table III.
Urine: The yield of urine examination by smear and
culture for detecting the tubercle bacillus is low
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Fig.13. Contrast enhanced MRI of the brain (sagittal view, T1
weighted image) showing solitary enhancing ring lesion
(arrow).
Fig.11. Contrast enhanced (CE) CT head showing basal
meningitis, ventricular dilatation.

probably because of the intermittent shedding of the
baclli. Nevertheless, in patients with suspected
genitourinary tuberculosis, urine examination is
mandatory.
Cold abscess pus: Smear and culture examination of
the pus aspirated from cold abscesses either directly
or under radiological guidance can be rewarding and
must be attempted whenever feasible.
Imaging

Fig.12. Contrast enhanced (CE) CT head showing intracranial
tuberculoma (black arrows) and perilesional oedema (white
arrows).

Plain radiograph: The association of pulmonary
tuberculosis assessed by the chest radiograph in
patients with various forms of EPTB is depicted in
Table VII. In patients with pleural tuberculosis, the
chest radiograph usually reveals a unilateral pleural
effusion (Fig.5). Sometimes the pleural effusion or
empyema can be encysted or multiloculated
(Fig. 6a and 6b). Encysted effusion may be confused
with a mass lesion of the pleura, mediastinum, chest
wall and lungs. Most often encystment occurs in the
costoparietal regions, usually along the posterior
parietal pleural surface on the right side. A lateral
decubitus film may be useful in dstinguishing
subpulmonic encystment from subpulmonic
collection of free fluid as both these conditions
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Fig.14. Contrast enhanced MRI of the brain (sagittal view, T1 weighted image) showing intramedullary enhancing ring lesion
(arrow) opposite C6 vertebral body (a) before treatment. The lesion resolved completely following nine months of antituberculosis
treatment (b).

present with a raised hemidiaphragm with convexity
lateral than usual with or without a blunted
costophrenic angle. Very rarely, encysted
mediastinal pleural effusion can present as an
unexplained bulge of the mediastinum.
The hallmark of acute disseminated MTB is the
miliary pattern on the chest radiograph (Figs. 7a,
7b and 7c). The term miliary refers to the “millet
seed” size of the nodules (2-3 mm) seen on classical
chest films 158,160. Some patients with MTB, however,
may have normal chest radiographs and some may
have patterns that are indistinguishable from
interstitial pneumonia 160. Some of the patients may
manifest coalescent opacities. When patients with
MTB develop ARDS, the chest radiograph may be
identical to that seen in ARDS due to other
causes 160. In a large study of HIV-negative MTB
patients from New Delhi, majority of the patients
(88%) 160 had chest radiographs consistent with
MTB, and in some these classical radiological
changes evolved over the course of the disease. The
diagnosis of MTB is easier when the patient presents
with classical miliary shadowing on chest
radiograph in an appropriate setting. However, the
diagnosis may be difficult in those situations where

chest radiograph does not show classical miliary
shadows.
Intravenous pyelography (Figs.8a and 8b) and
percutaneous nephrogram (Fig.8c) are useful in
imaging GUTB.
Ultrasonography: Ultrasonography of the chest may
be helpful in demonstrating winding structures of
different lengths which may represent fibrin bands,
mobile delicate septations, regular pleural thickening,
and occasional nodularity amidst the effusion.
Ultrasonography and CT scan (Fig.6b) are useful in
the diagnosis of encysted and multiloculated pleural
effusions.
Computerised tomography and magnetic resonance
Imaging: In patients with pleural effusion and
empyema, contrast enhanced (CE) CT scan of the
thorax may be useful in identifying the underlying
pulmonary lesion, mediastinal, hilar or paratracheal
lymphadenopathy (Figs.2a and 2b) and assessing
the pleural loculation and thickening (Fig.6b).
Sometimes, CECT of the thorax has also been used
to assess pericardial thickening in patient with
pericardial effusion (Fig.3c).
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Abdominal CT scan scores over ultrasonography
for detecting high density ascites 238-241 .
Retroperitoneal, peripancreatic, porta hepatis and
mesenteric/omental lymph node enlargement may be
evident (Figs9a and 9b). Abdominal CT scan also
detects caseous necrosis of lymph node which appears
as low attenuating, necrotic centres and thick,
enhancing inflammatory rim 238-241. Granulomas or
abscesses in the liver, pancreas and spleen may be
seen (Figs.10a and 10b). In addition to ascites,
mesenteric infiltration, omental masses, peritoneal
enhancement/thickening and disorganised masses of
soft tissue densities may be seen.
In patients with DTB/MTB, CT scan and MRI
scan may reveal evidence of neurotuberculosis,
intraabdominal lymphadenopathy, infiltrative lesions
in liver, spleen and kidney (Fig.10b).
CT scan or MRI of the brain may reveal thickening
and enhancement of basal meninges, hydrocephalus,
infarction, periventricular oedema, and mass lesions due
to associated tuberculoma or tuberculosis abscess
(Figs11 and 12). Common sites of exudates are basal
cisterna ambiens, suprasellar cistern and sylvian fissures.
Serial CT scans are very helpful in assessing the course
of tuberculomas and hydrocephalus. Gadolinium
enhanced MRI is superior to the CT scan in detection
of basal meningeal enhancement and small
tuberculomas (Figs13,14a and 14b). Contrast enhanced
MRI has been found to be superior to the contrast
enhanced CT scan in detection of diffuse and focal
meningeal granulomatous lesions, in delineating focal
infarcts of the basal ganglia and diencephalon. Further,
MRI is superior to CT in defining the presence, location
and extent of associated brainstem lesions. MRI of the
spine is also useful in the diagnosis of lesions of spinal
tuberculosis (Figs 4a and 4b).
If there is a high index of suspicion of the
diagnosis of MTB and the chest radiograph is
atypical, it is suggested that high resolution computed
tomographic scan (HRCT scan) (Fig.7b) be done to
support the diagnosis. HRCT scan is superior to
the conventional CT scan in defining the
parenchymal detail. Further, HRCT of the chest with
contrast can also be useful in detecting lymph nodal
enlargement, calcification and pleural lesions.
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Details regarding various imaging modalities in
the diagnosis of abdominal tuberculosis are described
elsewhere77.
Echocardiography and cardiac catherisation
Echocardiography is useful for detecting the
presence of pericardial fluid and features such as
collapse of right atrial or right ventricular free wall
in diastole which are diagnostic of cardiac
tamponade. In fact, these features may sometimes
precede the other clinical evidence of pericardial
tuberculosis. Echocardiogram, however, is not an
accurate test to detect pericardial thickening. Indirect
echocardiographic signs such as flat posterior left
ventricular wall motion in the diastole, premature
opening of the pulmonary valve, may suggest chronic
constrictive pericarditis 104.
In cardiac tamponade, cardiac catherisation
revelas a prominent γ descent in the right atrial
tracing. In chronic constrictive pericarditis, a
prominent γ descent in the atrial pressure tracing
and a dip-plateau ventricular pressure tracing are
characteristic of chronic constrictive pericarditis.
Cardiac tamponade as well as chronic constrictive
pericarditis produce a similar elevated right and left
atrial, right and left ventricular end-diastolic
pressures 104 (Fig.3d).
Serologial, molecular and other non-conventional
methods
A number of non-conventional diagnostic
methods are often resorted to for diagnosing EPTB.
These test results are relied upon as “concrete
evidence” to initiate or withold antituberculosis
treatment. When many of these non-conventional
methods are validated at the time of initial
introduction, the criteria employed to define the
“gold standard” for diagnosis against which these
methods are standardised would include “a clinical
presentation compatible with tuberculosis” and
“good response to antituberculosis treatment”.
Subsequently, the same diagnostic tests are
recommended for substantiating the clinical
diagnosis. Further, the small sample size and the
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Table V. Sensitivity and specificity of immunodiagnostic and molecular methods applied to the pleural fluid and
cerebrospinal fluid
Diagnostic method

Pleural fluid

Cerebrospinal fluid

ELISA:
Detection of antibody in the fluid
Sensitivity
Specificity
Detection of antigen in the fluid
Sensitivity
Specificity

0.22 - 0.68a
0.90 -1.00a

0.60 - 0.90b
0.58 - 1.00b

0.48 - 1.00c
0.98 - 1.00c

0.61 - 0.79d
1.00 d

Molecular methods :
Polymerase chain reaction
Sensitivity
Specificity

0.22 - 0.81e
0.77-1.00 e

0.50 - 0.90f
1.00 f

a

Data
Data
c
Data
d
Data
e
Data
f
Data
b

derived
derived
derived
derived
derived
derived

from
from
from
from
from
from

references
references
references
references
references
references

203-207
208-210
205,211-213
214-216
217-220
221-223

Table VI. Sensitivity and specificity of some commonly used non-conventional diagnostic tests in the diagnosis of extrapulmonary
tuberculosis
Test

Pleural fluid

Pericardial fluid

Cutoff ≥

Sensitivity

Specificity

Cutoff ≥

0.88
0.8
0.83
0.40
0.89
1.00
0.91
-

0.86
0.81
0.67
1.00
0.92
0.97
0.81
-

-

-

-

Perez-Rodriguez et al 227
Ocana et al 228
Burgess et al229
Dogan 230
Burgess et al231
Aggeli et al232
Gambhir et al233
Mishra et al234

45.5
48
35
100
40
45
50
-

50
30
72
-

1.00
0.94
1.00
-

IFN-γ
Villegas et al224
Wongtim et al 235
Sharma et al180
Burgess et al231

6*
240†
134†
-

0.86
0.95
0.89
-

0.97
0.96
0.97
-

200†

ADA (IU/l)
Villegas et al224
Reechaipichitkul et al 225
Sharma et al226

* U/ml
† pg/ml
ADA, adenosine deaminase; IFN-γ, interferon-γ

Sensitivity

Cerebrospinal fluid
Specificity

Cutoff ≥

Sensitivity

Specificity

-

-

-

0.83
0.68
0.94
-

8
5

0.44
0.89

0.75
0.92

-

-

-

-

-

1.00

1.00

-

-

-
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Table VII. Associated pulmonary/pleural disease in patients with various froms of extrapulmonary tuberculosis
Site

Abnormal chest radiograph (%)

Lymph node tuberculosis40-42,52,180
Pleural effusion

5-44

71,74,180,182

Abdominal tuberculosis

30-50

186,236,237

20-28

Pericardial 113

32

Table VIII. Treatment regimens for patients with extrapulmonary tuberculosis
Treatment category

Intensive phase
(daily or three times a week)

Continuation phase

Severe forms of EPTB

2HRZE (2HRZS)

6HE

(category I)

2H 3R3Z3E3 (2H3R3Z3S3)

4HR
4H 3R 3

Less severe forms of

2HRZ

6HE

EPTB (category III)

2H 3R3Z 3

4HR
4H 3R 3

EPTB, extrapulmonary tuberculosis; R, rifampicin; H, isoniazid; Z, pyrazinamide; E, ethambutol; S, streptomycin
The number before the letters refers to the number of months of treatment. The subscript refers to the number of doses per week.
Some authorities advocate a seven-month continuation phase with daily isoniazid and rifampicin (7HR) for category I patients
with tuberculosis meningitis, military tuberculosis and spinal tuberculosis with neurological signs
Adapted from reference 4

lack of reproducibility of the tests in most studies
render the information generated by these tests
inconclusive 242 . It should be remembered that a
positive non-conventional test may perhaps “rule
in” a diagnsosis, but certainly a negative test cannot
“rule out” a diagnosis of tuberculosis Thus, it is
not suprising that the diagnosis of EPTB is often
delayed or missed.

pulmonary tuberculosis to smear and culture negative
EPTB at inaccessible body sites. However, ELISA
based methods for the detection of mycobacterial
antigens in body fluids have been resorted to most
often for the diagnosis of neurological (CSF) and
pleural tuberculosis (pleural fluid). The diagnostic
yield of ELISA methods in the CSF and pleural fluid
EPTB is listed in Table V.

Immunodiagnostic methods

Applied to blood: The diagnostic utility of
serodiagnostic methods applied to the blood samples
in patients with EPTB is controversial. In a study
from India244, the utility and efficacy of detection of
antimycobacterial antibodies to A60 antigen in serum
and/or CSF was analysed in 100 patients with various
forms of EPTB such as neurotuberculosis, abdominal
tuberculosis and others. The overall positivity rate
for the test was 75 per cent . The positivity rate of
the test in serum and/or CSF was 79.2 per cent in
neurotuberculosis and 62.5 per cent for other forms
of EPTB.

Applied to body fluids: Most often, enzyme linked
immunosorbent assay (ELISA) for detecting
mycobacterial
antigens,
antibodies
and
immunecomplexes in the blood and body fluids have
been used in the diagnosis of EPTB. Some workers
have advocated testing for a panel of antigens rather
than single antigens 243 . There are numerous
publications regarding the application of
immunodiagnositc methods for the diagnosis of every
form of tuberculosis ranging from sputum positive
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Table IX. Summary of recent randomised controlled trials of additional corticosteroid treatment in patients with extrapulmonary
tuberculosis
Study

Patients

Treatment regimen employed

Comments

Prednisone (n=30)
Placebo (n=36)

Rifampicin (10 mg/kg),
isoniazid (8 mg/kg),
pyrazinamide (25 mg/kg)
and pyridoxine (25 mg/kg)
daily for 6 months Oral
prednisone (0.75 mg/kg/day)
for up to 4 wk with gradual
reduction over an additional
2 wk by 5 mg/day

Standard ATT and early complete
drainage is adequate
Addition of prednisone
does not relieve symptoms earlier
nor influence residual pleural
thickening

Galarza et al (1995)252

Prednisone (n=57)
Placebo (n=60)

Isoniazid 5 mg/kg and rifampicin
10 mg/kg daily for six months
Oral prednisone (1 mg/kg/day),
tapered off over 30 days

Corticosteroids do not influence
the rate of reabsorption of the
pleural fluid, the pleural sequelae,
as well as lung capacity

Lee et al (1988)253

Prednisolone (n=21)
Placebo (n=19)

Isoniazid 300 mg/day,
rifampicin 450 mg/day,
ethambutol 20 mg/kg/day
for > 9 months oral prednisolone
0.75 mg/kg/day tapered gradually
over the next 2 to 3 months

Corticosteroids, in conjunction
with ATT will resolve
the clinical symptoms more
quickly and hasten the
absorption of pleural effusion

Dexamethasone (n=75)
Placebo (n=85)

Standardised ATT
Adults: dexamethasone
12 mg/day;
children: 8 mg/day tapered
over 6 wk

The fatality rate, development of
neurologic complications and
permanent sequelae were
significantly lower in
dexamethasone group

Dexamethasone (n=24)
Placebo (n=23)

Standardised ATT
Oral dexamethasone 16mg/day
for 7 days; then 8mg/day
for 21 days

Trend towards survival and milder
sequelae with desamethasone
treatment though the difference
was not statistically significant

Daily streptomycin, isoniazid,
rifampicin, and pyrazinamide
for 14 wk followed by isoniazid
and rifampicin for total a period
6 months

In the absence of a specific
contraindication, ATT should be
initially supplemented by steroids

Rifampicin, isoniazid,
pyrazinamide, and ethambutol
for 2 months, followed by
rifampicin and isoniazid for a
further 4 months in standard
doses Prednisolone (60 mg/day)
tapered by 10 mg/week until
completion at the end of the
sixth week

Adjunctive prednisolone produced
a pronounced reduction in mortality
No difference in the rate of
radiologic and echocardiographic
resolution of pericardial effusion

Pleural effusion:
Wyser et al (1996)251

Tuberculosis meningitis:
Girgis et al (1991)254

Kumaravelu et al
(1994) 255

Pericardial tuberculosis:
Strang et al (1987) 107
Prednisolone (n=53)
Placebo (n=61)

Hakim et al (2000)256

Prednisolone (n=29)
Placebo (n=29)

ATT, Antituberculosis treatment
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Table X. Complications and sequelae of extrapulmonary
tuberculosis
Lymph node tuberculosis
Scars, sinuses
Tracheo-oesophageal fistula
Oesophageo-mediastinal fistula
Chylothorax
Chylous ascites
Chyluria
Pleural effusion
Pleural thickening, fibrothorax
Empyema thoracis
Empyema necesstantis
Neurological tuberculosis
Raised intracranial tension, cerebral oedema, stupor
Basal meningitis with cranial nerve palsies
Focal neurological deficits
Hydrocephalus
Tuberculoma
Cerebral abscess
Visual loss
Arteritis leading to stroke
Endocrine disturbances
Hypothalamic disorders
Diabetes insipidus
Syndrome of inappropriate antidiuretic hormone
secretion (SIADH)
Internuclear ophthalmoplegia
Hemichorea
Spinal block
Spinal arachnoiditis
Abdominal tuberculosis
Subacute intestinal obstruction
Perforation and peritonitis
Haemorrhage
Fistula, sinus formation
Pericardial tuberculosis
Cardiac tamponade
Chronic constructive pericarditis
Bone and joint tuberculosis
Compressive myelopathy, paraplegia
Genitourinary tuberculosis
Infertility
Hydronephrosis
Pyonephrosis
Ureteric stricture, stenosis
Urinary bladder related abnormalities (thimble bladder)
Ocular tuberculosis
Visual Loss
Secondary glaucoma
Optic atrophy
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In another study 245 , the utility of detecting
immunoglobulin G (IgG) and immunoglobulin A
(IgA) against A60 antigen was studied in 42 patients
with confirmed EPTB, none had clinical or
radiological evidence of pulmonary involvement. In
addition, 24 subjects with healed pulmonary or EPTB,
44 patients with a defined disease other than
tuberculosis, and 88 healthy volunteers were studied.
In patients with EPTB, the sensitivity and specificity
of IgG and IgA tests were 0.738 and 0.961; and 0.69
and 0.936 respectively. When both the results were
combined, the sensitivity was 0.809 and the
specificity was
0.923 245 . Detection of
lipopolysaccharide antigen (LPS) has also been found
to be useful in the diagnosis of EPTB207.
Adenosine deaminase: Adenosine deaminase (ADA)
is an enzyme of purine metabolism which catalyses
adenosine into inosine and is found in most human
tissues particularly in the lymphoid tissues. ADA
estimation has been found to be useful in the
diagnosis of tuberculosis pleural effusion and ascites.
High ADA levels have also been reported in effusions
due to rheumatoid arthritis, lymphoma, chronic
lymphatic leukaemia, empyema, parapneumonic
effusions, and mesothelioma74,228. The sensitivity and
specificity of ADA estimation in the diagnosis of
EPTB is shown in Table VI.
ADA exists as two isoenzymes, ADA1 and ADA2,
each with unique biochemical properties. The ADA1
isoenzyme is found in all cells with the highest
activity in lymphocytes and monocytes, whereas
ADA2 isoenzyme appears to be found only in
monocytes 74,228. In tuberculosis pleural effusion,
ADA2 isoenzyme is considered to be primarily
responsible for total ADA activity, while in
parapneumonic effusions, the ADA1 isoenzyme is
the major isoenzyme of ADA 77,229,246 . Thus,
measurement of individual isoenzyme of ADA can
enhance the diagnostic utility of ADA estimation in
pleural effusions.
Interferon-γ: Interferon-y (IFN-γ) is a cytokine
produced by activated T-lymphocytes. It plays a
fundamental role in the immune response to
tuberculosis. High levels of IFN-γ have been
reported in tuberculosis pleural effusions75,180,226,235,
possibly related to in situ stimulation of CD4+ T
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lymphocytes by tuberculosis antigens. A few studies
have shown a better sensitivity and specificity of
pleural IFN-γ levels as compared to ADA
levels 180,226,235 . The sensitivity and specificity of
IFN-γ in the diagnosis of pleural tuberculosis are
shown in Table VI.
Other non-conventional tests: Lysozyme, a
bacteriolytic protein which is widely distributed in
body fluids and many cells is a marker of general
inflammatory response. Lysozyme estimation has
been found to help in identifying tuberculosis pleural
effusion74.
Molecular methods: Many of the molecular methods
are research tools and are not widely available. Of
these, polymerase chain reaction (PCR) has often
been applied to the CSF and pleural fluid to detect
various sequences representing the DNA of
M. tuberculosis (Table V). Though the diagnostic
utility of PCR in blood, other body fluids such as
ascitic fluid, urine, pericardial fluid, pus from cold
abscesses, and tissue biopsy specimens has been
studied, available evidence is far from convincing.
These test results must be interpreted in the
appropriate clinical situation with caution. PCR alone
must not be the sole evidence on which
antituberculosis treatment is initiated or withheld.
Treatment
Antituberculosis drugs
Antituberculosis treatment is the mainstay in the
management of EPTB. However, the ideal regimen
and duration of treatment have not yet been resolved.
While the RNTCP and other National Tuberculosis
Programmes worldover which follow the World
Health Organization’s guidelines, directly observed
treatment, short-course (DOTS) approach, advocates
the use of short-course intermittent chemotherapy for
patients with EPTB also, the reality seems different.
According to the DOTS guidelines4, patients with less
severe forms of EPTB are categorised under
treatment category III and those with severe form of
EPTB are categorised under treatment category I.
Antituberculosis treatment regimens for these
categories are listed in Table VIII. While the six
months treatment may be sufficient for many

patients, each patient has to be individually assessed
and, where relevant, treatment duration may have to
be extended for a given patient 247 . Large scale
prospective controlled trials with a large sample size
are requried to sort out these issues. Patients receiving
antituberculosis treatment should be carefully
monitored for adverse drug reactions, especially drug
induced hepatotoxicity248,249.
Corticosteroids
The usefulness of corticosteroids in the treatment
of EPTB is not well established and controversial250.
When the diagnosis of tuberculosis is established with
certainity, additional oral corticosteroid treatment
may be helpful in selected patients with life
threatening forms of EPTB. Evidence from
randomised controlled trials regarding the usefulness
of adjunctive corticosteroid administration along with
antituberculosis drugs for the treatment of EPTB is
depicted in Table IX.
Methodological issues such as varying
antituberculosis drug regimens used, dosage schedule
of corticosteroids, differences in the disease severity
render meaningful comparison of the results from
various studies difficult. In a recent publication,
Prasad et al 257 critically evaluated the effect of
corticosteroid administration along with
antituberculosis drugs for the treatment of TBM. In
their report, results of six randomised controlled trials
involving 595 patients were evaluated. It was
observed that steroids were associated with fewer
deaths [relative risk (RR) 0.79; 95% confidence
interval (CI) 0.65 to 0.97] and a reduced incidence
of death and severe residual disability (RR 0.58, 95%
CI 0.38 to 0.88). The authors concluded that
adjunctive steroids might be of benefit in patients
with TBM.
In a systematic evaluation of evidence from
randomised and quasi-randomised trials evaluating
the effects of adjunctive corticosteroids in patients
diagnosed with tuberculosis pleural effusion
published recently 258 , three small trials (n=236)
conducted in HIV-negative patients were studied.
There was no difference in residual lung function
between patients with tuberculosis pleural effusion
who received corticosteroid treatment and those who
did not at completion of treatment. The authors felt
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that there is insufficient evidence to know whether
adjunctive corticosteroid treatment is effective in
patients with tuberculosis pleural effusion 258 .
Prospective studies with large sample size involving
HIV-positive and HIV-negative patients are required
to clarify these issues.
Antiretroviral drugs
If co-existent HIV infection is there, the CD4+
and CD8+ T lymphocyte counts must be estimated
and highly active antiretroviral treatment (HAART)
must be administered when indicated259. Patients with
EPTB
especially
those
who
are
co-infected with HIV may develop paradoxical
reactions 260 while on ATT. The paradoxical
worsening and the immune reconstitution
syndrome177 when HAART treatment is started must
be distinguished from poor response due to treatment
failure, drug resistance or due to an alternate
diagnosis.
When rifampicin is co-administered along with
antiretroviral drugs, by inducing the hepatic P450
pathway, rifampicin may result in dangerously low
levels of the antiretroviral agents. In this situation,
the available therapeutic options include deferring
HAART until standard antituberculosis treatment is
completed; or, discontinuing HAART and treating
with a standard short-course regimen; deferring or
discontinuing HAART during the initial two month
intensive phase when rifampicin is used; using a nonrifampicin containing regimen for the maintenance
phase and using HAART among others 2,247.

and confirmation of the diagnsosis, early institution
of specific antituberculosis treatment and close
clinical monitoring for adverse drug reactions are the
key to the successful management of EPTB.
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Multidrug-resistant tuberculosis (MDR-TB) caused by Mycobacterium tuberculosis resistant to
both isoniazid and rifampicin with or without resistance to other drugs is among the most
worrisome elements of the pandemic of antibiotic resistance. Globally, about three per cent of
all newly diagnosed patients have MDR-TB. The proportion is higher in patients who have
previously received antituberculosis treatment reflecting the failure of programmes designed
to ensure complete cure of patients with tuberculosis. While host genetic factors may probably
contribute, incomplete and inadequate treatment is the most important factor leading to the
development of MDR-TB. The definitive diagnosis of MDR-TB is difficult in resource poor low
income countries because of non-availability of reliable laboratory facilities. Efficiently run
tuberculosis control programmes based on directly observed treatment, short-course (DOTS)
policy is essential for preventing the emergence of MDR-TB. Management of MDR-TB is a
challenge which should be undertaken by experienced clinicians at centres equipped with reliable
laboratory service for mycobacterial culture and in vitro sensitivity testing as it requires
prolonged use of expensive second-line drugs with a significant potential for toxicity. Judicious
use of drugs, supervised individualised treatment, focussed clinical, radiological and
bacteriological follow up, use of surgery at the appropriate juncture are key factors in the
successful management of these patients. In certain areas, currently available programme
approach may not be adequate and innovative approaches such as DOTS-plus may have to be
employed to effectively control MDR-TB.
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Tuberculosis (TB) is as old as the mankind 1-3.
TB is the most common cause of death due to a
single infectious agent worldwide in adults4. In
1993, the World Health Organization (WHO) took
an unprecedented step and declared TB to be a global
emergency4-6. According to the recent estimates, onethird of the human population (about 1.86 billion
people) was infected with Mycobacterium
tuberculosis worldwide in 19977 . TB is principally
a disease of poverty, with 95 per cent of cases and 98
per cent of deaths occurring in developing countries.

Of these, more than half the cases occur in five SouthEast Asian countries7. In 1997, nearly 1.87 million
people died of TB and the global case fatality rate
was 23 per cent. This figure exceeded 50 per cent in
some of the African countries where human
immunodeficiency virus (HIV) is highly prevalent7.
It is estimated that between 2002 and 2020,
approximately 1000 million people will be newly
infected, over 150 million people will get sick, and
36 million will die of TB if proper control measures
are not instituted4.
354

SHARMA & MOHAN: MDR-TB

Though the disease was known since ancient
times, the organism causing TB was described only
a century ago by Robert Koch on 24th March 18823.
Until middle of the 20th century, there was no
definitive treatment available for TB. With the
availability streptomycin, isoniazid and paraaminosalicylic acid (PAS), in the mid 1940s,
predictable, curative treatment for TB became a
reality 2 . The introduction of rifampicin,
pyrazinamide and ethambutol in the subsequent years
ushered in the era of short-course treatment. Further,
the fully supervised sanatorium based treatment of
the earlier days also gave way to the totally
unsupervised domiciliary treatment. Soon, it was
felt that TB could be easily contained and possibly
eradicated. The advent of HIV infection, the acquired
immunodeficiency syndrome (AIDS) pandemic in the
1980s1,8,9, struck a blow to this optimism and there
has been a global resurgence of TB. Strains of M.
tuberculosis resistant to both isoniazid and
rifampicin with or without resistance to other drugs
have been termed multidrug-resistant strains.
Multidrug-resistant tuberculosis (MDR-TB) is among
the most worrisome elements of the pandemic of
antibiotic resistance because TB patients that fail
treatment have a high risk of death10-14.
RATIONALE FOR STRICT DEFINITION
Isoniazid, the most powerful mycobactericidal
drug available, ensures early sputum conversion and
helps in decreasing the transmission of TB.
Rifampicin, by its mycobactericidal and sterilising
activities is crucial for preventing relapses. Thus,
isoniazid and rifampicin are keystone drugs in the
management of TB. While resistance to either
isoniazid or rifampicin may be managed with other
first-line drugs, resistance to both isoniazid and
rifampicin (MDR-TB) demands treatment with
second-line drugs. These drugs have limited
sterilising capacity and are not suitable for shortcourse treatment. Thus, patients with MDR-TB
require prolonged treatment with drugs that are less
effective and more toxic. Therefore, it is necessary
to distinguish MDR-TB from mere drug-resistant
tuberculosis by performing mycobacterial culture and
sensitivity testing because the therapeutic
implications are different.
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It is possible to strictly define a given isolate of
M.tuberculosis as multidrug-resistant only after
performing mycobacterial culture and in vitro
sensitivity testing. Under programme conditions,
these facilities are usually not available and patients
are labelled as “treatment failure”, “re-treatment
failure” and “chronic cases” as per the guidelines
issued by the WHO15. It is likely that several of these
patients may be excreting multidrug-resistant
organisms. Keeping these facts in mind, the term
MDR-TB has been used in this review in the strict
sense of the definition referring to isolates resistant
to both isoniazid and rifampicin with or without
resistance to other drugs.
TERMINOLOGY OF DRUG RESISTANCE
Primary resistance is that which has not resulted
from the treatment of the patient with the drug
concerned. It includes resistance in wild strains
which have never come into contact with the drug
(natural resistance) and the resistance occurring as
a result of exposure of the strain to the drug but in
another patient. Initial resistance is the resistance
in patients who give a history of never having
received chemotherapy in the past. It includes
primary resistance and resistance to previous
treatment concealed by the patient or of which the
patient was unaware16,17.
The term “acquired resistance” has often been
used with the implication that resistance has
developed due to exposure of the strain to
antituberculosis drugs and the consequent selecting
out of resistant mutant bacilli. However, some of
the drug-resistant isolates in previously treated
patients may actually represent primary resistance
among patients who remain uncured 18,19. In the strict
sense, the term “acquired resistance” can be used to
refer to strains proven to have drug resistance in a
reliable laboratory which were subsequently isolated
from a patient in whom initial susceptibility testing
was done to document the presence of a drug
susceptible strain earlier 18,19 . If initial drug
susceptibility testing has not been done, the term
“resistance among previously treated patients” would
be a more appropriate term than “acquired drug
resistance” 18,19. Susceptible strains are those that have
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not been exposed to the main antituberculosis drugs
and respond to these drugs in a uniform manner.
Resistant strains differ from the sensitive strains in
their capacity to grow in the presence of higher
concentration of a drug. Wild strains are those that
have never been exposed to antituberculosis drugs.
Naturally resistant strains are wild strains resistant
to a drug without having been in contact with it. It
is species specific and has been used as a taxonomic
marker 16,17.
EPIDEMIOLOGY
World
Though studies published from the developing
world suggested that drug resistance was a potential
problem20,21, it was the emergence of MDR-TB in
USA in the 1990s which attracted the attention22,23.
The global extent of the problem of drug-resistant
tuberculosis is evident in the report by the WHOInternational Union Against Tuberculosis and Lung
Disease (IUATLD) Global Project on Antituberculosis Drug Resistance Surveillance between
1994 and 1997 which described the prevalence of
resistance to four first-line antituberculosis drugs in
35 countries 24 . In this study 24 , resistance to
antituberculosis drugs was found in all 35 countries
surveyed suggesting that it is a global problem. The
prevalence of acquired resistance to any drug ranged
from 5.3 per cent in New Zealand to 100 per cent
in Ivanovo Oblast, Russian Federation, with a median
value of 36 per cent. Resistance to all four drugs
among previously treated patients was reported in a
median of 4.4 per cent of the cases (range 0-17%).
The median prevalence of acquired MDR-TB was 13
per cent, with a range of 0 per cent (Kenya) to 54.4
per cent (Latvia). There are several “hot spots” around
the world where MDR-TB prevalence is high and
could threaten control programmes 24. These include
Estonia, Latvia and two Russian oblasts (territories)
in Europe; Argentina and the Dominican Republic
in the Americas; and Côte d’Ivoire in Africa.
This survey did not include temporal changes in
the prevalence of resistance. Further, in some
countries with high burden of TB, such as China,
India, and Russia, surveys were conducted only in

one administrative unit if, any and this was not
representative of the national scenario. Therefore
WHO-IUATLD survey24 was extended to define this
problem further25. Between 1996 and 1999, patients
in 58 geographic sites were surveyed25. For newly
diagnosed patients, the frequency of resistance to at
least one antituberculosis drug ranged from 1.7 per
cent in Uruguay to 36.9 per cent in Estonia (median,
10.7%). The median prevalence of MDR-TB among
new cases of tuberculosis was only 1.0 per cent, but
the prevalence was much higher in Estonia (14.1%),
Henan Province in China (10.8%), Latvia (9%), the
Russian oblasts of Ivanovo (9%) and Tomsk (6.5%),
Iran (5%), and Zhejiang Province in China (4.5%).
A significant decrease in multidrug resistance was
observed in France and the United States. In Estonia,
the prevalence in all cases increased from 11.7 per
cent in 1994 to 18.1 per cent in 1998 25. Results of
resistance surveys from 64 countries, together with
data predictive of resistance rates from 72 others
suggest that an estimated 273,000 new cases of MDRTB occurred worldwide in 2000 and constituted 3.2
per cent of all new TB cases 26.
India
Reliable data on the epidemiology of MDR-TB
are lacking from India1. Though the problem of drug
resistance was observed in the early studies from
India20,21, resistance to both isoniazid and rifampicin
has been a recent phenomenon. It is felt that the
phenomenon of MDR-TB is on the rise and is bound
to reach much more menacing proportions 27-44.
In India, prevalence of primary MDR-TB in newly
diagnosed cases has been observed to be 3.4 per cent
or less (Table I). Data meticulously collected at the
Tuberculosis Research Centre (TRC), Chennai over
the last three decades suggest that rifampicin
resistance started appearing in the early 1990s and
MDR-TB levels in newly diagnosed patients has been
one per cent or less36.
Prevalence of MDR-TB among previously treated
patients has been observed to be higher. In a study
conducted at a referral tuberculosis hospital in
Amargadh, Gujarat 28 , multidrug resistance in
previously treated cases was observed to increase
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Table I. Prevalence of multidrug resistant M. tuberculosis isolates among new cases in India
Place

Study period

No. of isolates tested

Resistance to isoniazid and
rifampicin with or without
resistance to other drugs (%)

Gujarat 28

1983-86

570

0

North Arcot district29

1985-89

2779

1.6

Pondicherry region29

1985-91

2127

0.7

Bangalore 30

1980s

436

1.1

Bangalore 31

1985-86

588

1.4

Kolar 31

1987-89

292

3.4

Jaipur 33

1988-91

1009

0.8

Tamil Nadu state 35

1997

384

3.4

Composite North Arcot district*43

1999

282

2.8

Composite Raichur district†43

1999

278

2.5

*North Arcot district in Tamil Nadu state has now been split into two smaller districts. Composite North Arcot district refers to
these two smaller districts Vellore and Tiruvannamalai
† Raichur district in Karnataka has now been split into two smaller districts. Composite Raichur district refers to these two
smaller districts Raichur and Koppal
Superscript numerals indicate reference nos.

from 25.2 per cent in 1983 (n=305) to 33.8 per cent
in 1986 (n=260). In the North Arcot district, between
1988-89, six per cent of the 3357 patients initiated
on antituberculosis treatment were found to have
MDR-TB29. More recently, in a study from Gujarat
44
, the patterns of drug resistance were studied among
previously treated tuberculosis patients who remained
symptomatic or smear-positive despite receiving
antituberculosis drugs under the DOTS programme
for a minimum period of five months. Of the 1472
patients studied, 804 (54.6%) were treatment failure
cases and 668 (45.4%) were relapse cases; 822
patients (373 failure and 449 relapse) were culturepositive. Of these 822 patients, 482 (58.6%, 261
failure and 221 relapse) were resistant to one or more
drugs. Resistance to rifampicin and isoniazid with
or without resistance to other drugs was seen in 289
of the 822 patients (35.2%). However, caution has to
be exercised in interpreting the prevalence figures
published in studies with a small sample size because
of inherent methodological concerns.

The global epidemic of HIV infection/AIDS
Neville et al45 described the emergence of drugresistant TB as the third epidemic. It is generally
accepted that patients with HIV infection/AIDS are at a
greater risk of developing TB8,18,22,23,46. In persons with
HIV infection/AIDS, factors such as increased
vulnerability, increased opportunity to acquire TB (due
to over crowding, exposure to patients with MDR-TB,
increased hospital visits), and malabsorption of
antituberculosis drugs resulting in suboptimal therapeutic
blood levels inspite of strict adherence to treatment
regimen have all been postulated as the possible causes
for increased risk of acquiring MDR-TB. Data from
published literature also support this view18,22,23,47,48.
BIOLOGIC AND MOLECULAR BASIS OF
DRUG RESISTANCE
Spontaneous chromosomally borne mutations
occurring in M. tuberculosis at a predictable rate is
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Table II. Antituberculosis drugs and the gene(s) involved in their resistance

Drug

Gene(s) involved in drug resistance

Isoniazid

Enoyl acp reductase (inhA)
Catalase-peroxidase (katG)
Alkyl hydroperoxide reductase (ahpC)
Oxidative stress regulator (oxyR)
RNA polymerase subunit B (rpoB)
Pyrazinamidase (pncA)
Ribosomal protein subunit 12 (rpsL)
16s ribosomal RNA (rrs)
Aminoglycoside phosphotransferase gene (strA)
Arabinosyl transferase (emb A,B and C)
DNA gyrase (gyr A and B)

Rifampicin
Pyrazinamide
Streptomycin

Ethambutol
Fluoroquinolones

thought to confer resistance to antituberculosis
drugs49-53. A characteristic feature of these mutations
is that they are unlinked. Thus, resistance to a drug
is usually not associated with resistance to an
unrelated drug. A tuberculosis cavity usually
contains 10 7 to 10 9 bacilli. If mutations causing
resistance to isoniazid occur in about 1 in 10 6
replications of bacteria, and the mutations causing
resistance to rifampicin occur in about 1 in10 8
replications, the probability of spontaneous
mutations causing resistance to both isoniazid and
rifampicin would be 106 x 108 = 1 in 1014. Given
that this number of bacilli cannot be found even in
patients with extensive cavitatory pulmonary
tuberculosis, the chance of spontaneous dual
resistance to rifampicin and isoniazid developing is
practically remote49-53. Thus, the fact that mutations
are unlinked forms the scientific basis of
antituberculosis chemotherapy. The primary
mechanism of multiple drug resistance in tuberculosis
is due to perturbations in the individual drug target
genes51,52. Table II lists the molecular mechanisms
of drug resistance as they are understood today49-53.
Scanty information is available regarding the
molecular basis of drug resistance in India. In studies
published from India54,55, in addition to the previously
reported mutations, several novel mutations were
also observed in the rpoB (rifampicin), katG and the
ribosomal binding site of inhA (isoniazid), gyrA and
gyrB (ofloxacin), and rpsL and rrs (streptomycin).
Mani et al 56 analysed the mutations in 44 drug-

resistant and six drug-sensitive M. tuberculosis
clinical isolates from various parts of India in the
81-bp rifampicin resistance-determining region
(RRDR) of the rpoB gene by DNA sequencing. Fifty
three mutations of 18 different kinds, 17 point
mutations and one deletion, were observed in 43 of
44 resistant isolates. Three novel mutations and three
new alleles within the RRDR, along with two novel
mutations outside the RRDR, were reported by these
workers 56. These observations suggest that while
certain mutations are widely present, pointing to the
magnitude of the polymorphisms at these loci, others
are not common, suggesting diversity in the
multidrug-resistant M. tuberculosis strains prevalent
in this region. Further, it was observed that
rifampicin resistance was found to be an important
marker for checking multi-drug resistance in clinical
isolates of M. tuberculosis54.
DIAGNOSIS OF MDR-TB
Conventional methods
Traditionally, Lowenstein-Jensen (LJ) culture has
been used for drug sensitivity testing using (i)
absolute concentration method; (ii) the resistance
ratio method; and (iii) the proportions method16,17.
With the conventional methods, 6-8 wk time is
required before sensitivity results are known.
In absolute concentration method, the minimal
inhibitory concentration (MIC) of the drug is
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determined by inoculating the control media and drug
containing media with a carefully controlled
inoculum of M. tuberculosis. Media containing
several sequential two-fold dilutions of each drug are
used. Resistance is indicated by the lowest
concentration of the drug which will inhibit growth
(defined as 20 colonies or more at the end of four
weeks)16,17. In resistance ratio method, MIC of the
isolate is expressed as a multiple of the MIC of a
standard susceptible strain, determined concurrently,
in order to avoid intra- and inter-laboratory
variations. These two methods require stringent
control of the inoculum size and hence are not optimal
for direct sensitivity testing from concentrated
clinical specimens. In the proportions method, the
ratio of the number of colonies growing on drug
containing medium to the number of colonies
growing on drug free medium indicates the
proportion of drug resistant bacilli present in the
bacterial population. Below a certain proportion
called critical proportion, a strain is classified as
susceptible, and above that as resistant16,17.
Modern methods
Radiometric methods have been developed
for rapid drug-susceptibility testing of
M. tuberculosis 57-59. In the BACTEC-460 (BectonDickinson) radiometric method, 7H12 medium
containing palmitic acid labelled with radioactive
carbon ( 14 C-palmitic acid) is inoculated. As the
mycobacteria metabolise these fatty acids,
radioactive carbon dioxide (14CO2) is released which
is measured as a marker of bacterial growth. The
proportions method has been modified by
incorporating the BACTEC technique in place of the
conventional Lowenstein-Jensen culture. With this
modification, sensitivity results will be available
within 10 days57,58.
The mycobacteria growth indicator tube (MGIT)
system (Becton-Dickinson) is a rapid, nonradioactive method for detection and susceptibility
testing of M. tuberculosis 59,60. The MGIT system
relies on an oxygen-sensitive fluorescent compound
contained in a silicone plug at the bottom of the tube
which contains the medium to detect mycobacterial
growth. The medium is inoculated with a sample
containing mycobacteria and with subsequent
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growth mycobacteria utilise the oxygen and the
compound fluoresces. The fluorescence thus
produced is detected by using a ultraviolet
transilluminator. Studies carried out both with
cultures and direct clinical samples showed
comparable results with the BACTEC and the
proportions method60.
Restriction fragment length polymorphism
(RFLP) patterns used to categorise isolates of M.
tuberculosis and to compare them, has facilitated
the elucidation of molecular epidemiology of TB61.
In this technique, DNA is extracted from the cultured
bacilli. A restriction endonuclease such as PvuII
cleaves the element at base pair 461. Subsequent steps
involve separation of DNA fragments by
electrophoresis on an agarose gel, transfer of the
DNA to a membrane (Southern blotting), followed
by hybridisation and detection with a labelled DNA
probe. The DNA from each mycobacterial isolate is
depicted as a series of bands on an X-ray film to
create the fingerprint. A banding pattern reflecting
the number and position of copies of IS6110 (a 1361
base pair insertion sequence) within the
chromosomes is obtained and this depends on the
number of insertion sequences and the distance
between them. As the DNA fingerprints of M.
tuberculosis have been observed not to change during
the development of drug resistance, RFLP analysis
has also been used to track the spread of drugresistant strains 61 . Recently, Goulding et al 62
determined the value of fluorescent amplifiedfragment length polymorphism (FAFLP) analysis for
genetic analysis of M. tuberculosis and suggested that
FAFLP can be used in conjunction with IS6110 RFLP
typing to further understand the molecular
epidemiology of M. tuberculosis.
Ligase chain reaction (LCR) involves the use
of an enzyme DNA ligase which functions to link
two strands of DNA together to continue as a double
strand. This can occur only when the ends are
complementary and match exactly, and this method
facilitates the detection of a mismatch of even one
nucleotide63-65. Luciferase reporter assay is a novel
reporter gene assay system for the rapid
determination of drug resistance66-68. It is based on
the gene coding for luciferase, an enzyme identified
as the light producing system of fireflies. In the
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presence of adenosine triphosphate (ATP), it interacts
with luciferin and emits light. The luciferase gene is
placed into a mycobacteriophage. Once this
mycobacteriophage attaches to M.tuberculosis, the
phage DNA is injected into it and the viral genes
are expressed. If M. tuberculosis is infected with
luciferase reporter phage and these organisms are
placed in contact with antituberculosis drugs,
susceptibility can be tested by correlating the
generation of light with conventional methods of
testing. This technique has the potential to identify
most strains within 48 h66-68.
FASTPlaqueTB-RIF, a rapid bacteriophage-based
test, to identify rifampicin susceptibility in clinical
strains of M.tuberculosis after growth in the
BACTEC-460 semi-automated liquid culture system
has also shown potential to rapidly aid in the
diagnosis of MDR-TB69,70.
Polymerase chain reaction (PCR) based
sequencing has often been employed to understand
the genetic mechanisms of drug resistance in
mycobacteria71. This technique allows for detection
of both previously recognised and unrecognised
mutations. The PCR-based methods are not readily
applicable for routine identification of drug resistance
mutations because several sequencing reactions need
to be performed for each isolate. However, for targets
such as rpoB, where mutations associated with
rifampicin resistance are concentrated in a very short
segment of the gene, PCR-based sequencing is a
useful technique71.

of mutations that are associated with resistance to
antituberculosis drugs 72,73. However, most of the
modern diagnostic methods are confined to research
laboratories and are several years away from being
available for use in the field setting.
Role of multidrug transporters
Multidrug transporters comprise four families of
transmembrane efflux proteins that actively pump out
a broad range of structurally unrelated compounds
from the interior of the cell, using either proton
motive force or ATP supplied energy 74 . These
proteins are expressed by all organisms ranging from
prokaryotes to higher eukaryotes, including human
cells. They mediate both intrinsic and acquired
resistance to various drugs of a multitude of
organisms such as Pseudomonas sp., Candida sp.,
Plasmodium sp. and cancer cells74. P-glycoprotein is
a human analogue of these multidrug transporters and
is expressed on immune effector cells 75. It has been
observed that infection of experimental cell lines by
M. tuberculosis results in increased expression of Pglycoprotein and decreased accumulation of isoniazid
inside the cells76. Apart from the up regulation of
host cell P-glycoprotein, M. tuberculosis per se
expresses at least three multidrug transporter proteins
Tap, Lfr A and Mmr77-79. The potential contribution
of these multidrug transporter proteins in the
causation of MDR-TB merits further evaluation.
These transmembrane efflux proteins also appear to
be novel targets for drug therapy in future.
POTENTIAL CAUSES OF DRUG RESISTANCE

The Line Probe assay (LiPA; Inno-Genetics NV,
Zwijndrecht, Belgium) has been used for rapid
detection of rifampicin resistance 71. LiPA technique
is based on the reverse hybridisation method, and
consists of PCR amplification of a segment of the
rpoB gene followed by denaturation and hybridisation
of the biotinylated PCR amplicons to capture probes
bound to a nitrocellulose strip and detection of the
bound amplicons producing a colour reaction. The
interpretation of the banding pattern on the strip
allows the identification of M. tuberculosis complex
and detection of rpoB mutations. DNA microarray
technology used for mycobacterial species
identification has also been used for rapid detection

Various factors have been implicated in the
causation of MDR-TB80. These are discussed below:
Genetic factors
Though there is some evidence to postulate
host genetic predisposition as the basis for the
development of MDR-TB, it has not been
conclusive81-84. In a recent study from India83, patients
with HLA-DRB1*13 and -DRB1*14 were found to
have two-fold increased risk of developing MDR-TB.
Park et al84 found that susceptibility to MDR-TB in
Korean patients was strongly associated with HLA-
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DRB1*08032-DQB1*0601 haplotypes. The exact
role of these factors is not known. It is likely that
these loci or the alleles linked with them play a
permissive role in conferring increasing susceptibility
to the development of MDR-TB.
Factors related to previous antituberculosis
treatment
Incomplete and inadequate treatment: Review of
published literature strongly suggests that the most
powerful predictor of the presence of MDR-TB is
a history of treatment of tuberculosis. TB patients
in India get treated with DOTS regimens not only
through the Revised National Tuberculosis Control
Programme (RNTCP), but also receive treatment
from private medical practitioners. Irregular,
incomplete, inadequate treatment is the commonest
mean of acquiring drug resistant organisms.
Mahmoudi and Iseman85 observed that among the
35 patients with MDR-TB patients, errors in
management decisions occurred in 28 patients, at an
average of 3.93 errors per patient 85 . The most
common errors were the addition of a single drug to
a failing regimen, failure to identify preexisting or
acquired drug resistance, initiation of an inadequate
primary regimen, failure to identify and address
noncompliance and inappropriate isoniazid
preventive therapy. Moreover, the group in which
management errors occurred had more extensive
acquired drug resistance compared to the group where
there were no errors 85.
Use of single drug to treat TB is another common
predisposing cause in the Indian setting. This could
have occurred because of ignorance, use of penicillin/
streptomycin combinations; use of rifampicin for
other diseases, and economic constraints.
Furthermore, there is a problem of using unreliable
combinations with an appreciable failure rate such
as thiacetazone/isoniazid as initial treatment. Another
common error in prescription practice is the “addition
syndrome”. If another drug is added to the existing
regimen when the patient appears to deteriorate
clinically and if resistance had developed to the drugs
in use, adding another drug effectively amounts to
monotherapy with the drug. There is also a risk of
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use of unreliable drugs with poor bioavailability
(e.g., rifampicin, isoniazid, pyrazinamide
combinations). Use of antituberculosis drugs by
unqualified persons or alternative medicine
practitioners in bizarre regimens for inadequate
periods is an important problem in our country. Free
availability of antituberculosis drugs over the counter
may contribute to this.
Inadequate treatment compliance: The change- over
from fully supervised sanatorium treatment to
unsupervised domiciliary treatment has affected
compliance significantly. Poor compliance with
treatment is also an important factor in the
development of acquired drug resistance. In a study
conducted in south India37, it was observed that only
43 per cent of the patients receiving short-course
treatment (n=2306) and 35 per cent of those receiving
standard chemotherapy (n=1051) completed 80 per
cent or more of their treatment37.
Noncompliance with prescribed treatment is often
underestimated by the physician and is difficult to
predict. The drug defaulter, just like placebo reactor
is not a consistent or readily identified person86. In
the west, demographic factors such as age, sex,
marital status, education level and socio-economic
status have not been found to correlate with the degree
of compliance. On the other hand, certain factors such
as psychiatric illness, alcoholism, drug addiction and
homelessness do predict noncompliance 86,87. This
may not be entirely true in the Indian context and the
relevance of these factors in the Indian scenario merits
further study.
Considering the changing epidemiological
scenario DOTS is presently being advocated by the
WHO to be the only effective way to control
tuberculosis 4,88,89 . However, DOTS has not been
adopted universally and the control programmes in
several parts of the world are chaotic80.
Santha et al90 studied the risk factors associated
with default, failure and death among TB patients
treated in a newly implemented DOTS programme
in south India. In this study, 676 patients were
registered during the one year study period. In
multivariate analysis, higher default rates were
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associated with irregular treatment [adjusted odds
ratio (AOR) 4.3; 95 per cent confidence intervals
[(95% CI) 2.5-7.4], male sex (AOR 3.4; 95%CI 1.58.2), history of previous treatment (AOR 2.8; 95%
CI 1.6-4.9), alcoholism (AOR 2.2; 95%CI 1.3-3.6),
and diagnosis by community survey (AOR 2.1;
95%CI 1.2-3.6). Patients with MDR-TB were more
likely to fail treatment (33 vs. 3%; P<0.001). More
than half of the patients receiving category II
treatment who remained sputum-positive after three
or four months of treatment had MDR-TB, and a large
proportion of these patients failed treatment. Higher
death rates were independently associated with weight
less than 35 kg (AOR 3.8; 95% CI 1.9-7.8) and history
of previous treatment (AOR 3.3; 95% CI 1.5-7.0)90.
Johnson et al91, in a study of 109 culture-positive
pulmonary tuberculosis patients found a high
incidence of drug resistance in previous treatment
defaulters while only four of the 27 new incident cases
had MDR-TB. The various reasons for default
included travel to different places, symptom relief,
adverse drug reactions and inability to afford
treatment 91.
Lack of laboratory diagnostic facilities
Good, reliable laboratory support is seldom
available in developing nations. Unfortunately, these
are the areas where MDR-TB is a major health
hazard. When facilities for culture and sensitivity
testing are not available, therapeutic decisions are
most often made by algorithms or inferences from
previous treatment. Guidelines such as those
published by the WHO are often resorted to choose
the treatment regimen15.
For patients categorised as treatment failure the
WHO re-treatment regimen consists of three drugs
(isoniazid, rifampicin, and ethambutol) for a period
of eight months, supplemented by pyrazinamide
during the first three months and streptomycin during
the first two months15. If mycobacterial culture and
in vitro sensitivity testing are not routinely performed,
it is not possible to establish whether these patients
are excreting multidrug-resistant bacilli. If this WHO
re-treatment regimen is administered to treatment
failure patients who actually have MDR-TB

(resistance to rifampicin and isoniazid with or
without resistance to other antituberculosis drugs),
it is evident that during the last five months the patient
will be receiving isoniazid, rifampicin and ethambutol
only and this would amount to “monotherapy” with
ethambutol. Thus, “programmatic approach” to the
management of “treatment failure” patients may fail
in some settings as is evident from the following
reports92,93. The programme of tuberculosis control
using first-line therapy and DOTS was assessed in
467 patients with sputum-positive tuberculosis in a
prison setting in Baku, Azerbaijan92. Drug resistance
data on admission were available for 131 patients
and 55 per cent of patients had strains of M.
tuberculosis resistant to two or more drugs. Mortality
during treatment was 11 per cent, and 13 per cent of
patients defaulted. Overall, treatment was successful
in 54 per cent of patients, and in 71 per cent of
those completing treatment. One hundred and four
patients completed a full treatment regimen and
remained sputum-positive. Resistance to two or more
drugs, a positive sputum result at the end of initial
treatment, cavitary disease, and poor compliance were
independently associated with treatment failure. The
authors concluded that the effectiveness of a DOTS
programme with first-line therapy fell short of the
85 per cent target set by WHO. First-line therapy may
not be sufficient in settings with a high degree of
resistance to antibiotics92.
Similar observations were made in another study
with results of treatment with first-line drugs for
patients enrolled in the WHO and the IUATLD’s
global project on drug-resistance surveillance 93 .
Patients with tuberculosis in the Dominican Republic,
Hong Kong Special Administrative Region (People’s
Republic of China), Italy, Ivanovo Oblast (Russian
Federation), the Republic of Korea, and Peru were
studied in this retrospective cohort study. Of the 6402
culture-positive cases evaluated, 5526 (86%) were
new cases and 876 (14%) were re-treatment cases. A
total of 1148 (20.8%) new and 390 (44.5%) retreatment cases were drug resistant, including 184
and 169 cases of MDR-TB, respectively. Of the new
cases, 4585 (83%) were treated successfully, 138
(2%) died, and 151 (3%) experienced short-course
chemotherapy failure. Overall, treatment failure and
mortality were higher among new MDR-TB cases
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than among new susceptible cases. Even in
settings using 100 per cent direct observation,
cases with multidrug resistance had a significantly
higher failure rate than those who were susceptible
[10 vs 0.7%; relative risk (RR), 16.9; 95% CI, 6.642.7; P<.001]. The data suggest that standard
short-course chemotherapy, based on first-line
drugs, is an inadequate treatment for some patients
with drug-resistant TB 93 . Although the DOTS
strategy is the basis of good TB control, the
strategy should be modified in some settings to
identify drug-resistant cases sooner, and to make
use of second-line drugs in appropriate treatment
regimens 94-98 .
PREDICTORS FOR THE DEVELOPMENT OF
MDR-TB
Certain factors have been documented to be
associated with the development of MDR-TB. In
an analysis to identify determinants of drugresistant TB, population-based representative data
on new and previously treated patients with TB
collected within an international drug resistance
surveillance network were studied 99. Of the 9,615
patients, 85.5 per cent were new cases and 14.5
per cent were previously treated cases. Compared
with new cases, patients who received treatment
in the past were more likely to have resistance to
antituberculosis drugs. An approximately linear
increase was observed in the likelihood of having
MDR-TB as the total time of prior antituberculosis
treatment measured in months increased.
Multivariate analysis revealed that prior
antituberculosis treatment but not HIV positivity,
was associated with MDR-TB 99. In a study from
Saudi
A r a b i a 100,
previous
history
of
antituberculosis treatment and young age were
found to be risk factors associated with the
development of MDR-TB. In a study from New
D elhi 8 3 , t h e p r e s e n c e o f p a s t h i s t o r y o f
tuberculosis, poor compliance to treatment, low
socioeconomic status and body mass index (BMI,
kg/m2) <18 kg/m2 were independent contributors to
the risk of developing MDR-TB. In most of the
published studies, previous history of tuberculosis
and past history of antituberculosis treatment have
been implicated in the causation of MDR-TB 83,99-103.
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In the early reports of outbreaks of MDR-TB in
HIV co-infected patients in hospitals and prisons, the
mortality rate was very high ranging form 72 to 89
per cent 104-108. However, subsequent studies have
documented decreased mortality and improvement
in clinical outcome for HIV-seropositive patients with
MDR-TB who were started on at least two drugs with
in vitro susceptibility against the MDR-TB
isolate 96,109,110. Even in HIV seronegative patients,
treatment of MDR-TB has been difficult and may
only give response rates of the order of 50 per cent
with a high mortality rate with persistent positive
cultures 95-97,111,112.
In resource-poor nations, the treatment of MDRTB has been considered to be very expensive and
available only at referral centres. In a recently
published study113, results of community-based outpatient treatment of MDR-TB were reported form
Peru. While the results of susceptibility testing were
pending, the patients were treated empirically under
direct observation with regimens containing at least
five drugs to which the strains were likely to be
susceptible. The definitive regimens, determined on
the basis of the results of drug susceptibility,
contained a minimum of five drugs and lasted for at
least 18 months. Of the 66 patients who completed
four or more months of therapy, 55 (83%) were
probably cured (defined as at least 12 months of
consecutive negative cultures during therapy). Five
of these 66 patients (8%) died while receiving
treatment. Only one patient continued to have positive
cultures after six months of treatment. Low
haematocrit [hazard ratio (HR) 4.09; 95% CI, 1.35
to 12.36] and a low BMI (kg/m2) (HR, 3.23; 95% CI,
0.90 to 11.53) were found to be the predictors of the
time to treatment failure or death. These observations
suggest that community-based out-patient treatment
of MDR-TB has the potential to yield high cure rates
even in resource-poor settings113.
Sparse data are available from published literature
regarding the treatment of patients with MDR-TB
from India. In a study from New Delhi, additional
administration of oral ofloxacin was found to be
effective and safe for the treatment of MDR-TB 10.
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In an uncontrolled study from Manipal, Karnataka 114,
pefloxacin, with its low cost and high safety profile
was considered to be a useful companion drug in
selected cases. A prospective uncontrolled study from
New Delhi 115 reported that sparfloxacin, in
combination with kanamycin (for the initial 3 to 4
months) and ethionamide treatment was useful in
achieving sputum conversion, clinical and
radiological improvement in nine patients with
pulmonary tuberculosis who had received adequate
antituberculosis treatment with first-line drugs,
including supervised category II treatment regimen
as per WHO guidelines for five months, and were
still sputum smear positive. In a study from Vellore,
Tamil Nadu 116 , combination therapy containing
ofloxacin was useful in achieving sputum conversion
in 26 of 49 (53%) patients and culture conversion
occurred in 16 of 26 (61.5%) patients. Clinical and
radiological response was noted in 31 (56%) and 13
(32.5%) out of 40 patients respectively.
Prognostic markers
Park et al 96 reported that extra-pulmonary
involvement was a risk factor for shorter survival,
while a cavitary lesion on initial chest film and
institution of appropriate treatment were positive
predictors of survival in patients with MDR-TB. In a
recently published study from the United
Kingdom112, overall median survival time was 1379
days (95% CI 1336 to 2515). Median survival time
was 858 days (95% CI 530 to 2515) in
immunocompromised individuals and 1554 (95% CI
1336 to 2066) days in immunocompetent persons.
Median survival in patients treated with three drugs
to which the bacterium was susceptible on in vitro
testing was 2066 days (95% CI 1336 to 2515),
whereas, in those not so treated survival was 599 days
(95% CI 190 to 969). Immunocompromised status,
failure to culture the bacterium in 30 days or to apply
appropriate treatment with three drugs to which the
organism is susceptible, and age were significant
factors in mortality. An immunocompromised patient
was nearly nine times more likely to die, while
application of appropriate treatment reduced the risk.
Increasing age was associated with increasing risk
of death (risk ratio 2.079; 95% CI 1.269 to 3.402)
suggesting that, for every 10 yr increase in age the

risk almost doubled112. In a study from France117, in
patients with MDR-TB, HIV-coinfection, treatment
with less than two active drugs, and knowledge
regarding the multidrug-resistant status at the time
of diagnosis were found to be associated with a poor
outcome. In study from Turkey 118, older age and
history of previous treatment with a larger number
of drugs were found to be associated with a poor
outcome.
Guidelines for the management of patients with
MDR-TB
When MDR-TB is suspected on the basis of
history or epidemiological information, the patient’s
sputum must be subjected to culture and
antituberculosis drug sensitivity testing and the WHO
re-treatment regimen 15 or the empirical regimens
employing second-line reserve drugs (Tables III and
IV) suggested by the American Thoracic Society,
Centers for Disease Control and Prevention and the
Infectious Diseases Society of America (ATS/CDC/
IDSA)119 must be initiated pending sputum culture
report. Further therapy is guided by the culture and
sensitivity report. These guidelines clearly mention
that a single drug should never be added to a failing
regimen. Furthermore, when initiating treatment, at
least three previously unused drugs must be employed
to which there is in vitro susceptibility15,119.
When susceptibility testing reports are available
and there is resistance to isoniazid and rifampicin
(with or without resistance to streptomycin) during
the initial phase, a combination of ethionamide,
fluoroquinolone, another bacteriostatic drug such as
ethambutol, pyrazinamide and aminoglycoside
(kanamycin, amikacin, or capreomycin) are used for
three months or until sputum conversion. During the
continuation phase, ethionamide, fluoroquinolone,
another bacteriostatic drug (ethambutol) should be
used for at least 18 months after smear
conversion15,119(Table IV). If there is resistance to
isoniazid, rifampicin and ethambutol (with or without
resistance to streptomycin) during the initial phase,
a combination of ethionamide, fluoroquinolone and
another bacteriostatic drug such as cycloserine or
PAS, pyrazinamide, and aminoglycoside (kanamycin,
amikacin, or capreomycin) are used for three months
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Table III. Daily dosage and toxicity status of second-line antituberculosis drugs
Drug

Daily dosage
dose (range)

Toxicity

Aminoglycosides
Streptomycin
Kanamycin
Amikacin
Capreomycin

15
15
15
15

Medium
Medium
Medium
Medium

Thioamides
Ethionamide
Prothionamide

10-20 mg/kg (500-750 mg)
10-20 mg/kg (500-750 mg)

Medium
Medium

Pyrazinamide
Ofloxacin
Levofloxacin
Ethambutol
Cycloserine
Para-aminosalicylic acid

20-30 mg/kg (1200-1600 mg)
7.5-15 mg/kg (600- 800 mg)
500-1000 mg
15-20 mg/kg (1000-1200 mg)
10-20 mg/kg (500-750 mg)
10-12 g

Low
Low
Low
Low
High
Low

mg/kg
mg/kg
mg/kg
mg/kg

(750-1000 mg)
(750-1000 mg)
(750-1000 mg)
(750-1000 mg)

Source: Refs. 15, 119

or until sputum conversion. During the continuation
phase, ethionamide, ofloxacin, another bacteriostatic
drug (cycloserine or PAS) should be used for at least
18 months after smear conversion 15,119.
The recently published ATS/CDC/IDSA 119
guidelines suggest that among the fluoroquinolones,
levofloxacin is most suited for the treatment of MDRTB given its good safety profile with long-term use.
These observations need to be confirmed in
prospective studies with a large sample size.
When administering antituberculosis drugs by the
parenteral route, proper precautions must be taken.
This is particularly relevant in countries like India
where, disposable syringes are not always available
for giving the injections and the use of improperly
sterilized needles would be a health hazard especially
in patients with HIV infection and AIDS.
Second-line drugs are very difficult to obtain in
small towns and rural areas in India. Therefore,
reliable supply of drugs is a difficult problem.
Moreover, there is a wide variation in the price range
between different pharmaceutical brands. Reliable
pharmacokinetic data regarding bioavailability of
most of these formulations are not available and there
is no assurance that the most expensive brand names
have the best bioavailability profile. Even

considering the cheapest brand names available, the
cost of drug treatment alone is much beyond the
means of the average Indian patient. Therefore, longterm compliance is not very good. All these factors
constitute significant therapeutic challenges for the
clinicians treating MDR-TB in the field setting.
Population migration due to poverty to seek better
job opportunities, natural disasters, wars, political
instability and regional conflicts also create mobile
populations. These factors make treatment of MDRTB difficult120,121.
DOTS-plus strategy
DOTS is a key ingredient in the tuberculosis
control strategy. In populations where MDR-TB is
endemic, the outcome of the standard short-course
regimen remains uncertain. Unacceptable failure rates
have been reported and resistance to additional agents
may be induced80. As a consequence, there have been
calls for well-functioning DOTS programmes to
provide additional services in areas with high rates
of MDR-TB. These “DOTS-plus for MDR-TB
programmes” 80,94,121 may need to modify all five
elements of the DOTS strategy: (i) the treatment may
need to be individualized rather than standardised;
(ii) laboratory services may need to provide facilities
for on-site culture and antibiotic susceptibility
testing; (iii) reliable supplies of a wide range of
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Table IV. Suggested treatment for patients with MDR-TB

Resistance pattern

Initial phase
Drugs

Resistance to
isoniazid and
rifampicin with
or without
resistance to
streptomycin

Resistance to
isoniazid,
rifampicin and
ethmbutol with
or without
resistance to
streptomycin

Continuation phase

Minimum duration
(months)

Aminoglycoside

3

Ofloxacin or
levofloxacin

Drugs

Ofloxacin or
levofloxacin

Minimum duration
(months)
18-24

Ethambutol
Ethionamide

Pyrazinamide
Ethambutol
Ethionamide
Aminoglycoside
Ofloxacin or
levofloxacin

3

Ofloxacin or
levofloxacin,

18-24

Ethionamide
Cycloserine

Pyrazinamide
Ethionamide
Cycloserine

During the ontinuation phase antituberculosis drugs are administered for a period of at least 18 months after sputum conversion
Source: Refs. 15,119

expensive second-line agents; (iv) operational studies
would be required to determine the indications; and
(v) financial and technical support from international
organizations and Western governments would be
needed in addition to that obtained from local
governments. WHO has established a Working Group
on DOTS-Plus for MDR-TB, to develop policy
guidelines for the management of MDR-TB and to
develop protocols for pilot projects intended to assess
the feasibility of MDR-TB management under
programme conditions. The WHO has also
established a unique partnership known as the Green
Light Committee (GLC) in an attempt to promote
access to and rational use of second-line
antituberculosis drugs for the treatment of MDRTB123-125. If DOTS-plus programmes are established,
they may prove beneficial not only for patients with
MDR-TB but for all patients with tuberculosis.
Monitoring response to treatment
Patients receiving treatment for MDR-TB should
be closely followed up. Clinical (e.g., fever, cough,
sputum production, weight gain), radiological (e.g.,

chest radiograph) , laboratory (erythrocyte
sedimentation rate) and microbiological (e.g., sputum
smear and culture) parameters should be frequently
reviewed to assess the response to treatment. In
addition, considerable attention must be focussed on
monitoring the adverse drug reactions which often
develop with the second-line antituberculosis drugs.
A detailed description of these adverse drug reactions
is beyond the scope of this review. Majority of the
patients who respond to treatment begin to show
favourable signs of improvement by about four to
six weeks following initiation of treatment. Failure
to show positive trend may alert the clinician to resort
to other measures outlined below.
Newer antituberculosis drugs
Currently available second-line drugs used to treat
MDR-TB (Table III) are four to ten times more likely
to fail than standard therapy for drug-susceptible
tuberculosis94-98. After the introduction of rifampicin,
no worthwhile antituberculosis drug with new
mechanism(s) of action has been developed in over
thirty years. Moreover, no new drugs that might be
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effective in treatment of MDR-TB are currently
undergoing clinical trials. It appears that effective
new drugs for tuberculosis are at least a decade
away98. Recently, a series of compounds containing
a nitroimidazopyran nucleus that possess
antituberculosis activity have been described122. After
activation by a mechanism dependent on M.
tuberculosis F420 cofactor, nitroimidazopyrans
inhibited the synthesis of protein and cell wall lipid.
In contrast to current antituberculosis drugs,
nitroimidazopyrans exhibited bactericidal activity
against both replicating and static bacilli. Lead
compound PA-824 showed potent bactericidal
activity against multidrug-resistant M. tuberculosis
and promising oral activity in animal infection
models. It is being hoped that these
nitroimidazopyrans offer the practical qualities of a
small molecule with the potential for the treatment
of tuberculosis122.
Surgery
Various surgical procedures performed for patients
with MDR-TB have ranged from segmental resection
to pleuro-pneumonectomy 126-130 . Based on the
experience reported in the literature about surgery
for MDR-TB, it can be concluded that the operation
can be performed with a low mortality (<3%).
However, the complication rates are high with
bronchopleural fistula (BPF) and empyema being
the major complications. Sputum positivity at the
time of surgery, previous chest irradiation, prior
pulmonary resection and extensive lung destruction
with polymicrobial parenchymal contamination are
the major factors affecting morbidity and mortality.
Over 90 per cent of the patients achieve sputumnegative status post-operatively. Although operation
related mortality is less than three per cent, deaths
due to all causes occur in about 14 per cent patients.
Even this compares favourably with over 22 per cent
mortality due to TB in a similar group of patients
treated medically126. More liberal use of muscle flaps
to reinforce the bronchial stump and fill the residual
space has helped significantly in reducing the rates
of BPF, air leaks and residual space problems. These
must be used in patients with positive sputum, when
residual post-lobectomy space is anticipated, when
BPF already exists pre-operatively or when extensive
polymicrobial contamination is present.
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Thus, resectional surgery is currently
recommended for MDR-TB patients whose prognosis
with medical treatment is poor. Indications for
surgery in patients with MDR-TB include: (i)
persistence of culture-positive MDR-TB despite
extended drug retreatment; and/or (ii) extensive
patterns of drug resistance that are associated with
treatment failure or additional resistance; and/or
(iii) local cavitary, necrotic/destructive disease in a
lobe or region of the lung that was amenable to
resection without producing respiratory insufficiency
and/or severe pulmonary hypertension. It should be
performed after minimum of three months of
intensive chemotherapeutic regimen, achieving
sputum-negative status, if possible. The operative
risks are acceptable and the long-term survival is
much improved than that with continued medical
treatment alone. However, for this to be achieved,
the chemotherapeutic regimen needs to continue for
prolonged periods after surgery also, probably for
well over a year, otherwise recrudescence of the
disease with poor survival is a real possibility.
Nutritional enhancement
Tuberculosis is a wasting disease. The degree of
cachexia is most profound when MDR-TB occurs in
patients with HIV-infection/AIDS 131 . While the
mechanisms involved in weight loss are not well
known, current evidence points to tumour necrosis
factor-α (TNF-α) to be the cytokine responsible for
this phenomenon. TNF-α, in addition to inducing
immunopathological effects such as tissue necrosis
and fever, is also thought to induce the catabolic
response132. Further, several second-line drugs used
to treat MDR-TB such as PAS, fluoroquinolones
cause significant anorexia, nausea, vomiting and
diarrhoea interfering with food intake, further
compromising the cachectic state. Therefore,
nutritional support is a key factor in the care of
patients with MDR-TB, especially those undergoing
major lung surgery. Though definitive evidence is
not yet available, it is generally believed that
malnourished patients are at a greater risk of
developing post-operative complications 126.
Nutritional assessment and regular monitoring of
the nutritional state by a dietician are essential for
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the successful management of MDR-TB patients and
should be an essential part of such programmes.
When the routine measures are not able to improve
the nutritional status and induce weight gain,
nasogastric feeding may be employed to supplement
the diet. When the patients are very sick and have
severe nutritional deficit, feeding gastrostomy/
jejunostomy may have to be performed.
Immunotherapy
Ever since the early attempts by Robert Koch,
several workers have attempted to modify the immune
system of patients with tuberculosis to facilitate
cure133,134. The measure employed in the earlier days
included heliotherapy, dietary supplementation
including milk and cod-liver oil. It is likely that these
interventions acted through 1,25 (OH)2 D3, which is
now recognised to have significant effects on Tlymphocyte and macrophage function. Agents with
potential for immunotherapy are detailed below.
Mycobacterium vaccae vaccination: Transiently
favourable results were observed when
immunoenhancement using M. vaccae vaccination
was used to treat drug-resistant tuberculosis patients
who failed chemotherapy133,134. It was postulated that
M.vaccae redirected the host’s cellular response from
a Th-2 dominant to a Th-1 dominant pathway leading
to less tissue destruction and more effective inhibition
of mycobacterial replication133. However, subsequent
reports from randomised controlled trials have not
confirmed these observations 135.
Cytokine therapy: With further understanding of the
molecular pathogenetic mechanisms of tuberculosis,
several attempts have been made to try cytokines in
the treatment of MDR-TB. Recent data, however,
suggest that interferon-γ (IFN-γ ) and interferon-α
(IFN-α) may improve disease evolution in subjects
affected with pulmonary tuberculosis caused by
multidrug-resistant (IFN-γ ) and sensitive (IFN-α)
strains. The mechanisms involved are not known,
even though it has been reported that IFN-gammasecreting CD4+ Th cells may possess antituberculosis
effects. In addition, IFN-a can induce IFN-γ secretion
by CD4+ Th cells, and both types of IFN may
stimulate macrophage activities133.

Aerosolised IFN-γ (500 µg, thrice weekly) has been
found to produce transient, but clinically encouraging
responses in patients with MDR-TB in an open-label
trial136. The observed benefits included unsustained
sputum smear conversion to negative, delayed growth
of cultures and shrinkage of cavities. Granulocytemacrophage colony-stimulating factor (GM-CSF) has
been used simultaneously with IFN-γ in the successful
treatment of a patient with refractory central nervous
system MDR-TB137.
Giosue et al138, studied the usefulness of aerosolised
IFN-α in the treatment of MDR-TB. In this study, seven
patients who were non-responders to a second-line
antituberculosis treatment after six months of directly
observed treatment were given aerosolised IFN-α (3
MU, three times a week) for two months as adjunctive
therapy. A transient decrease in the colony number per
culture was observed. Preliminary data suggest that
aerosolized IFN-α may be a promising adjunctive
therapy for patients with MDR-TB. Optimal doses and
schedules, however, require further studies.
Interleukin-2 (IL-2) has been used in the treatment
of lepromatous leprosy and is believed to act by
enhancing IFN-γ production. By the same analogy, IL2 may be useful in the treatment of MDR-TB. Johnson
et al139 reported the usefulness of low-dose recombinant
human interleukin 2 (rhuIL-2) adjunctive
immunotherapy in MDR-TB patients. In this study
MDR-TB patients on best available antituberculosis
chemotherapy also received rhuIL-2 for 30 consecutive
days (daily therapy), or for five days followed by a nineday rest, for three cycles (pulse therapy). Placebo control
patients received diluent. The cumulative total dose of
rhuIL-2 given to each patient in either rhuIL-2 treatment
group was the same. Patient immunologic,
microbiologic, and radiologic responses were compared.
The three treatment schedules induced different results.
Immuneactivation was documented in patients receiving
daily rhuIL-2 therapy. Numbers of CD25+ and CD56+
cells in the peripheral blood were increased in these
patients, but not in patients receiving pulse rhuIL-2 or
placebo. In addition, 62 per cent patients receiving daily
rhuIL-2 demonstrated reduced or cleared sputum
bacterial load while only 28 per cent pulse rhuIL-2
treated and 25 per cent controls showed bacillary
clearance. Chest radiographs of 58 per cent patients
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receiving daily rhuIL-2 indicated significant
improvement over six weeks. Only 22 per cent pulse
rhuIL-2-treated patients and 42 per cent placebo controls
showed radiologic improvement. The authors concluded
that daily low dose rhuIL-2 adjunctive treatment
stimulates immuneactivation and may enhance the
antimicrobial response in MDR-TB.
Other Agents
Several agents have evoked interest as potential
adjunctive treatment for patients with MDR-TB. Though
very little information is available regarding their clinical
usefulness, they are described here considering their
therapeutic potential. Thalidomide 48,140 and
pentoxifylline141,142 have been shown to combat the
excessive effects from TNF-α. These may be useful in
limiting the wasting associated with MDR-TB. Other
agents which have occasionally been considered include,
levamisole 143,144 , transfer factor 145 , inhibitors of
transforming growth factor-β (TGF-β)146, interleukin12 (IL-12)133, interferon-α (IFN-α) and imiquimod an
oral agent which stimulates the production of
IFN-α147. Though there have been anecdotal reports of
their usefulness, further studies are required to clarify
their role.
Prevention of nosocomial transmission of MDRTB
As MDR-TB poses a significant risk to health care
workers, doctors and other patients, the CDC in
Atlanta have made recommendations to try to prevent
such nosocomial transmission148. These include
isolation in a single room with negative pressure
relative to the outside with six air exchanges per
hour, the room to be exhausted to the outside;
consideration of ultraviolet lamps or particulate filters
to supplement ventilation; use of disposable
particulate respirators for persons entering the
room and during cough inducing procedures.
Preventive chemotherapy for contacts to MDRTB cases and treatment of latent multidrugresistant tuberculosis infection
For contacts thought to be infected with
M. tuberculosis resistant to both isoniazid and
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rifampicin, no satisfactory chemoprophylaxis is
available. There is no consensus regarding the choice
of the drug(s) and the duration of treatment. The
CDC has put forth guidelines for the management of
persons
exposed
to
multidrug-resistant
tuberculosis149. The guidelines recommended that the
likelihood that (i) the contact is newly infected;
(ii) the infecting strain is multidrug-resistant; and
(iii) the contact will develop active tuberculosis
should be considered. The CDC recommendations 149
also stress the importance of obtaining drug
susceptibility results from the isolate of the presumed
source case and the use of more than one drug, since
the efficacy with drugs other than isoniazid has not
been demonstrated in large trials. Patients with risk
factors for progression to active disease warrant
treatment, although immunocompetent individuals
may be observed closely without therapy for at least
six months. The two suggested regimens for MDRTB preventive therapy are149: (i) pyrazinamide (25
to 30 mg/kg daily) plus ethambutol (15 to 25 mg/kg
daily), or (ii) pyrazinamide (25 to 30 mg/kg daily)
plus a quinolone with antituberculosis activity (e.g.,
levofloxacin or ofloxacin). The recommended
duration of therapy is 12 months for those with
underlying immunosuppression and at least six
months for all others. All patients should be closely
followed for at least two years, and a low threshold
for referral to a centre with experience in managing
MDR-TB should be maintained.
It has been observed that prophylaxis with
pyrazinamide and levofloxacin in solid organ transplant
recipients possibly exposed to MDR-TB was associated
with limited tolerability due to the high frequency of
adverse events150. Very little is known regarding the
usefulness of pyrazinamide and levofloxacin in the
treatment of multidrug-resistant latent tuberculosis
infection. In a study from Canada151, this combination
was found to be poorly tolerated regimen as several
patients developed severe adverse drug reactions. These
issues merit further studies.
In conclusion, treatment of MDR-TB is a
challenge which should be undertaken by experienced
clinicians at centres equipped with reliable laboratory
service for mycobacterial culture and in vitro
sensitivity testing. Judicious use of second-line drugs,
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supervised individualised treatment, focussed
clinical, radiological and bacteriological follow-up,
judicious use of surgery at the appropriate juncture
are key factors in the successful management of these
patients. In certain areas, currently available
programme approach may not be adequate and
innovative approaches such as DOTS-plus may have
to be employed to effectively control MDR-TB.
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The current global concern in the treatment of tuberculosis (TB) is the emergence of resistance
to the two most potent drugs viz., isoniazid and rifampicin. The level of initial drug resistance
is an epidemiological indicator to assess the success of the TB control programme. Though
drug resistance in TB has frequently been reported from India, most of the available information
is localized, sketchy or incomplete. A review of the few authentic reports indicates that there is
no clear evidence of an increase in the prevalence of initial resistance over the years. However,
a much higher prevalence of acquired resistance has been reported from several regions, though
based on smaller numbers of patients. A strong TB control programme and continuous
surveillance studies employing standardized methodology and rigorous quality control
measures will serve as useful parameters in the evaluation of current treatment policies as well
as the management of multidrug resistant (MDR) TB cases.
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accelerated this situation and it is believed that, as of
now, about 3.5 million people in India are infected
with HIV2. There is a grave concern in India regarding
the increase in HIV-associated TB and the emergence
of MDR-TB in both magnitude and severity of TB
epidemic.

Despite all the advances made in the treatment
and management, tuberculosis (TB) still remains as
one of the main public health problems, particularly
in the developing countries. India accounts for nearly
30 per cent of the global TB burden1.
Although the phenomenon of drug resistance in
Mycobacterium tuberculosis was observed as early as
50 yr ago, the current threat is due to the emergence of
strains resistant to the two most potent anti-TB drugs
viz., isoniazid (H) and rifampicin (R) (multidrug
resistant-tuberculosis, MDR-TB). The response of
patients with MDR-TB to treatment is poor and the
mortality rate is usually high. Since these patients need
to be treated with expensive and toxic second line drugs,
and may require hospitalization to manage their toxic
reactions and other complications, they require a sizeable
proportion of health care resources.

Definition of drug resistance
Drug resistance in mycobacteria is defined as a
decrease in sensitivity to a sufficient degree to be
reasonably certain that the strain concerned is
different from a sample of wild strains of human type
that have never come in contact with the drugs3.
Types of drug resistance
Drug resistance in TB may be broadly classified
as primary or acquired. When drug resistance is
demonstrated in a patient who has never received antiTB treatment previously, it is termed primary

Further, an alarming increase in infection due to
the human immunodeficiency virus (HIV) has
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resistance. Acquired resistance is that which occurs
as a result of specific previous treatment. The level
of primary resistance in the community is considered
to reflect the efficacy of control measures in the past,
while the level of acquired resistance is a measure of
on-going TB control measures. However, the World
Health Organization (WHO) and the International
Union Against Tuberculosis and Lung Diseases
(IUATLD), in the light of discussions in several
international fora, have replaced the term primary
resistance by the term “drug resistance among new
cases” and acquired resistance by the term “drug
resistance among previously treated cases” 4.

it is 10-6. Therefore, the probability for resistance to
both isoniazid and rifampicin to develop is 10 -14,
which is much larger than the number of organisms
present in a medium sized cavity in a patient with
open pulmonary TB.
Although for several years, drug resistant strains
of M. tuberculosis were considered to be less
infectious than the drug susceptible ones, recent
studies have demonstrated that the drug resistant
mutants are equally infectious and can cause severe
disease in an individual exposed to the same5.
Detection of drug resistance

Causes of drug resistance
The emergence of drug resistance in
M.tuberculosis has been associated with a variety of
management, health provider and patient-related
factors. These include (i) deficient or deteriorating
TB control programmes resulting in inadequate
administration of effective treatment; (ii) poor case
holding, administration of sub-standard drugs,
inadequate or irregular drug supply and lack of
supervision; (iii) ignorance of health care workers in
epidemiology, treatment and control; (iv) improper
prescription of regimens; (v) interruption of
chemotherapy due to side effects; (vi) non-adherence
of patients to the prescribed drug therapy; (vii)
availability of anti-TB drugs across the counter,
without prescription; (viii) massive bacillary load;
(ix) illiteracy and low socio-economic status of the
patients; (x) the epidemic of HIV infection; (xi)
laboratory delays in identification and susceptibility
testing of M. tuberculosis isolates; (xii) use of nonstandardized laboratory techniques, poor quality drug
powders and lack of quality control measures; and
(xiii) use of anti-TB drugs for indications other than
tuberculosis.
Mechanism and transmission of drug resistance
Drug resistance in M. tuberculosis occurs by
random, single step, spontaneous mutation at a low
but predictable frequency, in large bacterial
populations. The probability of incidence of drug
resistant mutants is 10 -8 for rifampicin, while for
isoniazid and some of the other commonly used drugs

The conventional methods of culture,
identification and drug susceptibility testing of the
isolated organism require a minimum of 10-12 wk.
Although most widely used, the long waiting period
in obtaining the results by these methods may delay
the initiation of proper treatment, resulting in the
patient transmitting drug-resistant infection in the
community. The use of direct sensitivity tests,
especially to isoniazid and rifampicin has resulted in
a saving of at least 4 wk in obtaining the resistance
status6, 7. However, this method is not very useful in
smear-negative and paucibacillary specimens.
Several newer methods including molecular
diagnostics have resulted in cutting down the time
interval between collection of the specimen and the
receipt of results to 2-3 wk or even less. However,
these methods require considerable technical
expertise and impose financial constraints in a routine
laboratory set up in the developing nations.
WHO/IUATLD
Resistance

Global

Project

on

Drug

Due to difficulties in collecting comparable data
from different countries/regions and in order to assist
National Tuberculosis Programmes (NTPs) in
establishing policies for drug resistance surveillance
and programme monitoring, the WHO and IUATLD
proposed, in 1994, a global tuberculosis surveillance
programme 8 . The objectives of this programme
included (i) to collect data on the global extent and
severity of anti-TB drug resistance in a standardized
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Table I. Global antituberculosis drug resistance situation
Drug

Range (%) of drug resistance during the period
1994-1997

1996-1999

1999-2002

Initial

Acquired

Initial

Acquired

Initial

Acquired

Isoniazid

1.5-31.7

5.3-69.7

0.0-28.1

0.0-81.3

0.0-42.6

0.0-71.0

Streptomycin

0.3-28.0

0.0-82.6

0.3-32.4

0.0-52.4

0.0-51.5

0.0-73.1

Rifampicin

0.0-16.8

0.0-57.9

0.0-15.8

0.0-50.0

0.0-15.6

0.0-61.4

Ethambutol

0.0-9.9

0.0-29.6

0.0-11.1

0.0-32.1

0.0-24.8

0.0-54.2

MDR
(range)

0.0-14.4

0.0-58.0

0.0-14.1

0.0-48.2

0.0-14.2

0.0-58.3

MDR, multi drug resistance
Source: Ref. 9

manner at country/regional level; (ii) to monitor drug
resistance levels in countries identified as a priority
for assistance; and (iii) proper bacteriological
methodology in national laboratories through an
international system of proficiency testing.
Guidelines for the performance of anti-TB drug
resistance surveillance were developed including
standard definitions and procedures for
implementation 8.

more strains were resistant to INH than to any other
drug (range 0-42%). In general, INH and SM
resistance was more prevalent than RMP or EMB
resistance. In previously treated cases, the proportion
of strains resistant to three or four drugs was
significantly greater than among new cases. This
relationship was found globally as well as regionally
and suggested amlification of resistance. It also
appeared that INH and SM monoresistance are the
main gateways to acquisition of additional resistance.

The global drug resistance scenario
During the period 1994-2002, a total of 109
surveillance projects on anti-TB drug resistance in
90 countries were completed. This included 43 per
cent of all the countries in the world covering
approximately 42 per cent of the world’s population
and 34 per cent of the reported TB cases 9. However,
the Global Project had the highest coverage in the
Americas (95%) and the Western Pacific Region
(49%), while the lowest coverage was observed in
South-East Asia (11%). The median prevalence of
MDR-TB in new cases of tuberculosis was 1.1 per
cent (range 0-14.2%). Among previously treated cases
median prevalence of resistance to any drug was 33.4
per cent (range 0-93.8%). The median prevalence of
MDR-TB among treated cases was 7.0 per cent,
ranging from 0 per cent in eight geographical settings
to a maximum of 58.3 per cent in Oman 9.
Analysis of almost 90,000 strains from countries
between 1994 and 2002 confirmed that, globally,

The main findings of the Global Tuberculosis
Programme are summarized in Table I.
Drug resistance studies in India
Although drug resistance in tuberculosis has been
reported frequently during the last four decades, the
available information from India is localized,
inaccurate or incomplete10. In order to formulate a
national treatment policy, reliable and periodic
updates on the prevalence of drug resistance for the
entire country is needed, which would serve as an
indication of the transmission of drug resistant
organisms as well as the efficacy of the NTP. In view
of the large size of the country and several other
administrative as well as financial constraints,
surveys of drug resistance at a national level are
logistically difficult to undertake. Most of the
published reports on drug resistance in India, with
the exception of studies reported from the
Tuberculosis Research Centre (TRC) in
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Chennai11-17, the National Tuberculosis Institute (NIT)
in Bangalore18,19 and a few others10, are deficient in
several aspects, such as lack of standardized
methodology, improper elicitation of previous
treatment history, sample selection, non-uniformity
in bacteriological procedures, sub-standard drug
powders used for susceptibility testing and lack of
quality assurance studies10.
Initial drug resistance in India
The Indian Council of Medical Research (ICMR)
undertook drug resistance studies during 1965-67 in
nine urban areas of the country 13,14. However, this
exercise was not a surveillance study and did not use
strict sampling techniques, the centres being selected
more for logistic considerations than for
epidemiological reasons. Sputum specimens collected
from all patients attending chest clinics were tested
for drug susceptibility to streptomycin, isoniazid, para
amino salicyctic acid (PAS) and thioacetazone. The
first study was on patients who had denied any history
of previous treatment, while in the second study,
patients with and without previous chemotherapy
were included. The results showed that in the first
study resistance to isoniazid ranged from 11-20 per
cent, to streptomycin from 8-20 per cent and to both
drugs from 4-11 per cent. The second study showed
resistance to isoniazid to range from 15-69 per cent,
to streptomycin from 12-63 per cent and to both drugs
from 5-58 per cent. Further, the level of drug
resistance was proportional to the duration of previous
treatment.
A decade later, a study at the Government Chest
Institute and Chest Clinic of Government Stanley
Hospital (GCI-SH), Chennai 20 yielded results similar
to those in earlier ICMR surveys, indicating that the
prevalence of initial drug resistance had not risen
during the span of ten years. However, both the above
studies were undertaken in the pre-rifampicin era and
are not of relevance in the present setting.
During the 1980s, though the levels of initial drug
resistance to isoniazid and streptomycin in 11 reports
(Table II) were similar to those in the earlier studies,
rifampicin resistance was observed in all the centres
studied except Gujarat 15, 17-19, 21-23. The level of MDR-

TB in all the centres (except Wardha) was observed
to be less than 5 per cent. The reason for the
emergence of rifampicin resistance during this period
may be the introduction of short course chemotherapy
(SCC) regimens containing rifampicin. Further, a
higher level of initial drug resistance to isoniazid
(32.9%) was observed among the rural population in
Kolar19 compared to the urban patients, contradicting
a Korean study24, where a much higher level of initial
resistance was seen among urban patients, attributed
to easy access to the antituberculosis drugs. There
was also an increase in the proportion of initial drug
resistance to rifampicin (4.4%) encountered in this
rural population in Karnataka.
In the early 1990s, a retrospective study done at
New Delhi showed a high level of initial drug
resistance to isoniazid (18.5%) and a low level of
resistance to rifampicin25.
Data on the prevalence of drug resistance from
the Army Hospital, Pune showed a very low level of
initial resistance to isoniazid and the authors have
explained that this lower level of drug resistance in
this population could be due to the minimal chance
of indiscriminate exposure of anti-TB agents prior
to reporting to the hospital 26. However, it should be
emphasized that several of these reports, except those
from the TRC, NTI and the Armed Forces Group,
may have inherent limitations due to flaws in
methodology and hence need to be interpreted with
caution.
TRC studies on prevalence of primary drug
resistance
(i) Controlled clinical studies: Drug resistance data
from controlled clinical trials on SCC with
rifampicin-containing regimens conducted at the
TRC, Chennai involving almost 3500 patients over
the last 3 decades is shown in the Figure. For
isoniazid, the resistant rate ranged from 10-16 per
cent and for streptomycin from 8-13 per cent.
Resistance to rifampicin started appearing in 1990s
and still remains at around 1 per cent. Resistance to
both isoniazid and rifampicin (MDR) is 1 per cent or
less. These figures could be considered to represent
an accurate picture of true primary resistance in view
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Table II. Summary of studies on initial drug resistance among M.tuberculosis isolates in India
Location

Period

9 Centres-ICMR I 13
9 Centres-ICMR II
GCI-SH, Chennai

14

20

18

No. of
isolates

Any resistance (%) to
S

H

R

SH

HR

ND

6.5

ND

NA

ND

1964-65

1838

14.7

12.5

1965-67

851

13.8

15.5

1976

254

14.2

15.4

ND

4.7

ND

1980’s

436

5.7

17.4

3.0

3.9

1.1

21

1982-89

323

14.9

21.4

8.0

8.0

5.3

Gujarat 22

1983-86

570

7.4

13.8

0.0

4.2

0.0

Bangalore 19

1985-86

588

4.8

17.3

2.9

3.0

1.4

North Arcot 15

1985-89

2779

11.6

21.3

1.7

8.0

1.6

15

1985-91

1841

8.1

10.8

1.0

3.7

0.8

1987-89

292

5.1

32.9

4.4

4.1

3.4

1988-89

244

11.4

19.3

3.3

6.6

3.3

North Arcot*

1989-90

241

12.9

2.5

1.7

North Arcot*

1989-98

747

19.0

11.8

4.4

23

1989-91

1009

7.6

10.1

3.0

1.7

0.9

New Delhi25

1990-91

324

ND

18.5

0.6

ND

0.6

Military Hosp, Pune 26

1992-93

473

8.2

3.2

4.0

2.1

1.0

Tamil Nadu state 11

1997

384

6.8

15.4

4.4

4.4

3.4

1999

282

12.4

23.4

2.8

8.5

2.8

1999

278

7.2

18.7

2.5

4.0

2.5

Wardha**

2000

197

7.6

15.0

0.5

3.0

0.5

Jabalpur**

2002

273

7.0

16.5

1.8

2.6

1.1

Bangalore
Wardha

Pondicherry
Kolar

19

Raichur

Jaipur

15

North Arcot
Raichur

12

12

*Tuberculosis Research Centre, unpublished data
**Tuberculosis Research Centre, interim findings, unpublished data
S, streptomycin; H, isoniazid; R, rifamicin; ND, not done

of the detailed and repeated questioning methods used
for eliciting history of previous treatment from the
patients.
(ii) DRS studies: As part of the WHO/IUATLD
Global DRS programme, the Tuberculosis Research
Centre, Chennai, undertook studies during 1997-99
in Tamil Nadu State11 as well as the districts of North
Arcot and Raichur 12. These studies revealed initial
resistance to rifampicin to range from 2.5-4.4 per cent
while the prevalence of MDR-TB was around 3 per
cent. The results of another study in the Wardha

district of Maharashtra revealed resistance to
isoniazid, rifampicin and to both drugs to be 15.2,
0.5 and 0.5 per cent respectively (TRC, unpublished
data). Interim results of a recently concluded study
in the Jabalpur district of Madhya Pradesh showed
initial resistance to isoniazid, rifampicin and to both
drugs to be 16.1, 1.8 and 1.1 per cent, respectively
(TRC, unpublished data). Since 1999, TRC has
carried out several operational research studies in the
model DOTS area in Tiruvallore district of Tamil
Nadu, including measurement of drug resistance
among patients living in the trial area. Interim data

382

INDIAN J MED RES, OCTOBER 2004

Fig. Prevalence of primary drug resistance TRC studies* - (1974-2001). After the introduction of rifampicin in Controlled Clinical
Trials at Tuberculosis Research Centre (TRC). MDR, multidrug resistance (R,H); RIF, rifampicin; STREP, streptomycin; INH,
isoniazid.

Acquired drug resistance in India

In the course of a study conducted by the TRC in
North Arcot district to compare the efficacy of SCC
with conventional (non-SCC) chemotherapy, it was
found that frequency of acquired drug resistance was
67 per cent to isoniazid, 26 per cent to streptomycin
and 12 per cent to rifampicin; in addition, 11 per cent
of the strains tested were resistant to both isoniazid
and rifampicin16. A New Delhi study25 in the 1990s
also showed a higher level of acquired resistance to
isoniazid and rifampicin which is almost similar to
that of the Gujarat report22. A study conducted by
the Institute of Thoracic Medicine, Chennai in four
District Tuberculosis Centres of Tamil Nadu, showed
that acquired resistance was 63 per cent, out of which
23.5 per cent was resistance to single drug and 39.5
per cent to more than one drug. Resistance to
isoniazid and rifampicin (MDR-TB) was reported in
20.3 per cent27.

The rates of acquired resistance are invariably
higher than those of initial resistance, though data on
acquired resistance are limited. The findings of studies
on acquired resistance are shown in Table III. The
longitudinal trend of drug resistance noted by Trivedi
and Desai22 during the 1980s in Gujarat showed that
in chronically ill, treatment failure or relapsed patients,
resistance to rifampicin increased from 2.8 per cent in
1980 to 37.3 per cent in 1986 and to isoniazid from
34.5 to 55.8 per cent. From this study it was presumed
that high level of rifampicin resistance was almost
entirely acquired. During this period MDR-TB was of
the order of 30 per cent.

Studies undertaken by the TRC, Chennai during
1997-2000 in the entire state of Tamil Nadu11, North
Arcot and Raichur districts12 as well as in Wardha
and Jabalpur (unpublished) revealed the incidence of
MDR-TB to vary from 25-100 per cent. However,
these data are based on very small numbers of
patients. Since these studies were not designed to
obtain a true picture of acquired resistance in these
areas, the results presented should be interpreted with
caution. However, DRS data obtained from 440
patients from the model DOTS area in Tiruvallore
district of Tamil Nadu (1999-2003) revealed the
incidence of MDR TB to be 11.8 per cent

(1999-2003) revealed resistance to isoniazid and
MDR to be 11.8 and 1.6 per cent respectively (TRC
unpublished). Likewise, a study on drug resistance
carried out on HIV/TB patients (2000-02) revealed
resistance to isoniazid and MDR to be 13 and 4.3 per
cent respectively (TRC, unpublished).
Studies on DRS have also been undertaken by the
National Tuberculosis Institute (NTI) in the districts
of Mysore (2001), Hoogly (2003), Mayurghanj
(2003) and Naogaon (2003) and also in Bangalore
city where MDR TB levels amongst patients with no
history of previous treatment were observed to be
1.2, 3.0, 0.7, 7.2 and 2.2 per cent respectively (NTI,
unpublished).
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Table III. Summary of studies on acquired drug resistance among M. tuberculosis isolates in India
Location

Period

No. of
isolates

Any resistance (%) to
H

R

HR

Gujarat 22

1980-86

1574

47.7

28.3

—

22

1983-86

1259

81.1

33.0

30.2

1982-89

302

47.0

12.6

9.6

1988-89

560

67.0

12.0

10.9

1988-89

111

52.3

17.1

17.1

New Delhi25

1990-91

81

60.5

33.3

33.3

Tamil Nadu (4 districts) 27

1996

162

—

—

20.3

Tamil Nadu State11

1997

16

(50.0)

(25.0)

(25.0)

Gujarat

Wardha

21

North Arcot
Raichur

16

17

12

1999

16

(81.0)

(69.0)

(69.0)

12

1999

11

(100.0)

(100.0)

(100.0)

Wardha*

2000

9

(78.0)

(78.0)

(78.0)

Jabalpur*

2002

31

87.1

80.6

80.6

North Arcot
Raichur

Brackets indicate that the percentage is based on isolates less than 25
*TRC, unpublished interim findings
H, isoniazid; R, rifampicin
Superscript numerals indicate reference nos.

(TRC, unpublished) and in the HIV, TB study, MDR
TB was 5.9 per cent, based on 37 patients (2000-02,
unpublished).
A recently concluded study, with International
Clinical Epidemiology Network (INCLEN) funding,
in eight different settings in India (two in
Maharashtra, three in Tamil Nadu and one each in
Uttar Pradesh, Kerala and Delhi) is expected to yield
considerable data on the magnitude of drug-resistant
tuberculosis in the country.

drugs28. On the contrary, the outcome of treatment
of patients infected with organisms resistant to
rifampicin and isoniazid (MDR) have a high rate of
treatment failure. Studies at the TRC had reported
that 35 of 38 patients with MDR failed to respond
with conventional regimens29. Patients infected with
MDR strains require longer duration of therapy and
may die of tuberculosis or continue to have active
tuberculosis despite optimal therapy. In about 170
patients with MDR-TB over a 12-year period (198697) at the TRC, Chennai, only one third had a
favourable outcome and another one-third had died30.

Management of multi-drug resistant tuberculosis
The emergence of drug resistant strains is known
to reduce the efficacy of treatment. Strains resistant
to isoniazid and/or streptomycin neither pose a major
problem nor affect the result of treatment in a big
way provided proper regimens are used. The currently
available short-course regimens of six months
duration cure 94-97 per cent of patients with
resistance to streptomycin, isoniazid or to both

A retrospective analysis reported from South
Korea on patients with MDR-TB treated with at least
four drugs to which they had not been exposed to
before, or to which they were known to be susceptible,
82.5 per cent of patients followed up responded to
treatment and there were no subsequent relapses or
TB-related deaths, when followed up for 17 months31.
A recent study from the developed countries reported
that the cure rates for patients with MDR-TB
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increased from 56 per cent in 1973-1983 to
84 per cent in 1983-2000, with the improvement
attributed to the use of fluoroquinolones and
surgery32. Recent studies at the TRC, Chennai have
shown promising results with the use of added
ofloxacin in the regimens in treating MDR-TB. While
interim reports appear promising, a long-term follow
up is needed to draw valid conclusions (TRC,
unpublished observations). The fluoroquinolones
have been shown to have marked anti-mycobacterial
activity and are being increasingly used in the
treatment of MDR-TB. However, this class of drugs
is also widely used for a variety of respiratory and
other infections. Caution has to be exercised as
indiscriminate use will lead to the development of
resistance to this class of drugs also.
The value of some of the older drugs in the
treatment of MDR-TB has to be re-emphasized.
Many of the younger patients of today have never
received PAS or thioacetazone in the past and these
drugs can be used with success. In the recent past,
there have been a few reports of the value of βlactam antibiotics used along with β-lactamase
inhibitors 33 , rifabutin 34 and recombinant human
interleukin-2 35 in the management of MDR-TB.
However, these studies are all based on small
numbers of patients and need to be evaluated
further in well designed controlled clinical trials.
Conclusions
In view of the results presented above, there is
no clear evidence of an increase in the prevalence
of initial drug resistance in India over the years.
However, relatively high prevalence of acquired
resistance has been reported from Gujarat, New
Delhi, Raichur and North Arcot districts. When
compared to the global prevalence of drug
resistance, initial drug resistance is found to be
marginally less while that of acquired resistance
is much higher in India in specialized settings. The
magnitude of drug resistance problem to a large
extent is due to acquired resistance. The
prevalence of MDR-TB also is found to be at a
low level in most of the regions of India. However,
these studies need to be repeated in different
regions and in diverse settings to reconfirm this

belief. TRC, Chennai and NTI, Bangalore have been
working closely with central TB division and
finalized recently a protocol for carrying out drug
resistance surveillance (DRS) at the state level. The
central TB division has been providing assistance to
investigators in carrying out DRS at their respective
places. As a follow-up, DRS protocols have been
finalized for two large Indian states, namely, Gujarat
and Maharashtha and the results are expected to be
known in 2005. Similar efforts are underway for two
other states, namely, Andhra Pradesh and Orissa with
funds provided by the WHO Global Fund for AIDS,
tuberculosis and malaria (GFATM).
A strong tuberculosis programme that can reduce
the incidence of drug resistance in the community
and particularly directly observed therapy (DOTS)
which is cost effective, will prove to be effective in
treatment completion and in turn prove to be effective
against generation of resistant strains. Newer drugs
for tuberculosis are unlikely to come up in the near
future and hence the key to success remains in
adequate case finding, prompt and correct diagnosis
and effective treatment of infective patients including
careful introduction of second-line drugs to which
the patient is susceptible.
Apart from a strong tuberculosis control
programme, there is also need for better and more
rapid diagnostic methods, a continuous or periodic
survey of drug resistance, with an emphasis on
internal quality control and external quality
assessment, which will provide information on the
type of chemotherapy to be used for the treatment of
patients and also serve as a useful parameter in the
evaluation of current and past chemotherapy
programmes.
References
1. World Health Organization. WHO report on the
tuberculosis epidemic. WHO/TB/97.223. Geneva: WHO;
1997.
2. Joshi PL. HIV/AIDS in India. Ranbaxy Science Foundation
Round Table Conference Series 2000; 6 : 27-32.
3. Mitchison, DA. Drug resistance in mycobacteria. Br Med
Bull 1984; 40 : 84-90.

PARAMASIVAN & VENKATARAMAN : MDR-TB IN INDIA
4. WHO/IUATLD. Global Project on Anti-tuberculosis Drug
Resistance Surveillance. Anti-tuberculosis drug resistance
in the world. Report No.2. WHO/CDS/TB/2000.278.
5. Snider DE Jr, Kelley GD, Cauthen GM, Thompson NJ,
Kilburn JO. Infection and disease among contacts of
tuberculosis cases with drug resistant and drug susceptible
bacilli. Am Rev Respir Dis 1985; 132 : 125-32.
6. Devaki V, Mohan K, Gangadharam PRJ. Direct sensitivity
test for isoniazid. Indian J Med Res 1969; 57 : 1006-10.
7. Mathew S, Paramasivan CN, Rehman F, Bolambal R,
Rajaram K, Prabhakar R. A direct rifampicin sensitivity
test for tubercle bacilli. Indian J Med Res 1995; 102 :
99-103.
8. World Health Organization. WHO/IUATLD Global
Working Group on Antituberculosis Drug Resistance
Surveillance. Guidelines for surveillance of drug resistance
in tuberculosis. Geneva. WHO/TB/96.216. 1997
9. World Health Organization. The WHO/IUATLD. Global
Project on Antituberculosis Drug Resistance Surveillance:
Antituberculosis drug resistance in the world. Report No.3.
Geneva: Switzerland; 2004. WHO/CDS/TB/2004.
10. Paramasivan CN. An overview of drug resistant
tuberculosis in India. Indian J Tuberc 1998; 45 : 73-81.
11. Paramasivan CN, Bhaskaran K, Venkataraman P,
Chandrasekaran V, Narayanan PR. Surveillance of
drug resistance in tuberculosis in the state of Tamil Nadu.
Indian J Tuberc 2000; 47 : 27-33.
12. Paramasivan CN, Venkataraman P, Chandrasekaran V,
Bhat S, Narayanan PR. Surveillance of drug resistance
tuberculosis in two districts of south India. Int J Tuberc
Lung Dis 2002; 6 : 479-84.
13. Indian Council of Medical Research. Prevalence of drug
resistance in patients with pulmonary tuberculosis
presenting for the first time with symptoms at chest clinics
in India. I: Findings in urban clinics among patients giving
no history of previous chemotherapy. Indian J Med Res
1968; 56 : 1617-30.
14. Indian Council of Medical Research. Prevalence of drug
resistance in patients with pulmonary tuberculosis
presenting for the first time with symptoms at chest clinics
in India. II. Findings in urban clinics among all patients,
with or without history of previous chemotherapy. Indian
J Med Res 1969; 57 : 823-35.
15. Paramasivan CN, Chandrasekaran V, Santha T, Sudarsanam
NM, Prabhakar R. Bacteriological investigations for short
course chemotherapy under the tuberculosis programme in
two districts of India. Tubercle Lung Dis 1993; 74 : 23-7.

385

16. Datta M, Radhamani MP, Selvaraj R, Paramasivan CN,
Gopalan BN, Sudendra CR, et al. Critical assessment of
smear-positive pulmonary tuberculosis patients after
chemotherapy under the district tuberculosis programme.
Tubercle Lung Dis 1993; 74 : 180-6.
17. Gopi PG, Vallishayee RS, Appegowda BN, Paramasivam
CN, Ranganatha S, Venkataramu KV, et al. A tuberculosis
prevalence survey based on symptoms questioning and
sputum examination. Indian J Tuberc 1997; 44 : 171-80.
18. Chandrasekaran S, Chauhan MM, Rajalakshmi R,
Chaudhuri K, Mahadev B. Initial drug resistance to antituberculosis drugs in patients attending an urban district
tuberculosis centre. Indian J Tuberc 1990; 37 : 215-6.
19. Chandrasekaran S, Jagota P, Chaudhuri K. Initial drug
resistance to anti-tuberculosis drugs in urban and rural
district tuberculosis programme. Indian J Tuberc 1992; 39
: 171-5.
20. Krishnaswamy KV, Rahim MA. Primary drug resistance
in pulmonary tuberculosis. Indian J Chest Dis 1976; 28 :
233-7.
21. Narang P, Nayyar S, Mendiratta DK, Tyagi NK,
Jajoo UN. Smear and culture positive cases of tuberculosis
found among symptomatics surveyed in Wardha district.
Indian J Tuberc 1992; 39 : 159-63.
22. Trivedi SS, Desai SC. Primary antituberculosis drug
resistance and acquired rifampicin resistance in Gujarat,
India. Tubercle 1988; 69 : 37-42.
23. Gupta PR, Singhal B, Sharma TN, Gupta RB. Prevalence
of initial drug resistance in tuberculosis patients attending
a chest hospital. Indian J Med Res 1993; 97 : 102-3.
24. Kim SJ, Hong YP. Drug resistance of Mycobacterium
tuberculosis in Korea. Tuberc Lung Dis 1992; 73 : 219-24.
25. Jain NK, Chopra KK, Prasad G. Initial and acquired
isoniazid and rifampicin resistance to Mycobacterium
tuberculosis and its implication for treatment. Indian J
Tuberc 1992; 39 : 121-4.
26. Jena J, Panda BN, Nema SK, Ohri VC, Pahwa RS. Drug
resistance pattern of Mycobacterium tuberculosis in a chest
diseases hospital of armed forces. Lung India 1995; 13 :
56-9.
27. Vasanthakumari R, Jagannath K. Multidrug resistant
tuberculosis - A Tamil Nadu study. Lung India 1997; 15 :
178-80.
28. Mitchison DA, Nunn AJ. Influence of initial drug resistance
on the response to short course chemotherapy of pulmonary
tuberculosis. Am Rev Respir Dis 1986; 133 : 423-30.

386

INDIAN J MED RES, OCTOBER 2004

29. Mathew R, Santha T, Parthasarathy R, Rajaram K,
Paramasivan CN, Janardhanam B, et al. Response of
patients with initially drug-resistant organisms to treatment
with short-course chemotherapy. Indian J Tuberc 1993;
40 : 119.

33. Iwanaga T, Yokota K, Kishikawa R, Ikeda T, Tsurutani H,
Hirose T, et al. The combination of amoxicillinclavulanic acid and ofloxacin in the treatment of multidrugresistant Mycobacterium tuberculosis. Kekkaku 1997; 72 :
9-13.

30. Jawahar MS. Multi-drug resistant tuberculosis. ICMR Bull
1999; 29 : 105-14.

34. Lee CN, Lin TP, Chang MF, Jimenez MV, Dolfi L,
Olliaro P, et al. Rifabutin as salvage therapy for cases of
chronic multi-drug resistant pulmonary tuberculosis in
Taiwan. J Chemother 1996; 8 : 137-43.

31. Park SK, Kim CT, Song SD. Outcome of chemotherapy in 107
patients with pulmonary tuberculosis resistant to isoniazid and
rifampicin. Int J Tuberc Lung Dis 1998; 2 : 877-84.
32. Iseman MD. Treatment of multidrug resistant
tuberculosis in well-resourced countries. The 32 nd IUATLD
World Conference on Lung Health (Paris), 1-4 November 2001.

35. Johnson BJ, Bekker LG, Rickman R, Brown S,
Ress S, et al. rhulL-2 adjunctive therapy in
resistant tuberculosis: a comparison of two
regimens and placebo. Tuberc Lung Dis 1997;
203.

Reprint requests: Dr C.N. Paramasivan, Deputy Director (Senior Grade), Tuberculosis Research Centre (ICMR),
Chetput, Chennai 600031, India
e-mail: cnparamasivan@gnail.com

Losser M,
multidrug
treatment
78 : 195-

Review Article
Indian J Med Res 120, October 2004, pp 387-397

Some current concepts on childhood tuberculosis
S.K. Kabra, Rakesh Lodha & V. Seth
Department of Pediatrics, All India Institute of Medical Sciences, New Delhi, India
Received January 3, 2003
As children acquire infection with Mycobacterium tuberculosis from adults in their environment,
the epidemiology of childhood tuberculosis (TB) follows that in adults. While global burden of
childhood tuberculosis is unclear, in developing countries the annual risk of tuberculosis infection
in children is 2- 5 per cent. Nearly 8-20 per cent of the deaths caused by tuberculosis occur in
children. It has been suggested that BCG vaccination is responsible for decrease in the occurrence
of disseminated and severe disease. Localized forms of illness, e.g., intrathoracic lymphadenopathy,
and localized CNS disease have been reported to occur with greater frequency in vaccinated
children. Human immunodeficiency virus (HIV) infected children are at an increased risk of
tuberculosis, particularly disseminated disease. Diagnosis of TB in children presents special problems
as the sputum is generally not available for examination. Diagnostic algorithms include scoring system
utilizing clinical parameters and results of investigations. Various diagnostic techniques such as improved
culture techniques, serodiagnosis, and nucleic acid amplification have been developed and evaluated to
improve diagnosis of childhood tuberculosis. Serodiagnosis is an attractive investigation but till date
none of the tests showed desirable sensitivity and specificity. Tests based on nucleic acid amplification
are a promising development. Relatively less experience in children, need for technical expertise and
high cost are the limiting factors for their use in childhood tuberculosis.
Short-course chemotherapy for childhood tuberculosis is well established. Treatment with
intermittent regimens is comparable to daily regimens. Directly observed treatment strategy
(DOTS) has also shown encouraging results. Pattern of drug resistance among children with TB
tends to reflect those found among adults in the same population. The rates of drug resistance
to any drug vary from 20 to 80 per cent in different geographic regions.

Key words Childhood tuberculosis - DOTS - epidemiology -

polymerase chain reaction - serodiagnosis

Tuberculosis still is one of the deadliest diseases
in the world killing nearly 2 million people every
year. More than ninety per cent of all tuberculosis
cases occur in the developing countries, where limited
resources are available for optimal treatment.
Tuberculosis continues to be an important cause of
morbidity and mortality for children worldwide.

childhood tuberculosis follows that in adults. Because
of the difficulty of confirming the diagnosis, the
global burden of childhood tuberculosis in the world
is unclear. Another important reason is that children
do not make a significant contribution to the spread
of tuberculosis. Several estimates make use of an
arbitrary calculation assigning 10 per cent of the
tuberculosis burden to children. Available data
linking the incidence of tuberculosis to the proportion
of the tuberculosis case load represented by children
suggest an exponential rise in the proportion of the
tuberculosis case load caused by children as the

Epidemiology
Since most children acquire the organism from
adults in their surroundings, the epidemiology of
387
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tuberculosis incidence rises so that children may
constitute nearly 40 per cent of the case load in certain
high incidence communities1.
Tuberculosis infection and disease among children
are much more prevalent in developing countries,
where resources for control are scarce2. It is estimated
that in developing countries the annual risk of
tuberculosis infection in children is 2- 5 per cent.
The estimated lifetime risk of developing tuberculosis
disease for a young child infected with
Mycobacterium tuberculosis as indicated by positive
tuberculin test is about 10 per cent 3 . About
5 per cent of those infected are likely to develop
disease in the first year after infection and the
remaining 5 per cent during their lifetime. These rates
increase about six-fold in HIV infected individuals.
Nearly 8-20 per cent of the deaths caused by TB occur
in children4. The age of the child at acquisition of
TB infection has a great effect on the occurrence of
tuberculosis disease. Approximately 40 per cent of
infected children less than 1 yr of age if left untreated
develop radiologically significant lymphadenopathy
or segmental lesions compared with 24 per cent of
children between 1-10 yr and 16 per cent of children
11-15 yr of age5.
Clinical manifestations
Widespread coverage with BCG vaccine has
possibly led to modification in the pattern of clinical
manifestations. It has been suggested that BCG
vaccination is responsible for decrease in the
occurrence of disseminated and severe disease.
Localized forms of illness, e.g., intrathoracic
lymphadenopathy, and localized CNS disease have
been reported to occur with greater frequency6 but
these need confirmation from large epidemiological
studies.
A recent study from Spain 7 reported an increase
in number of children with single hilar adenopathy
(32% for the period 1978-1987 to 43.4% for the
period 1988-1997) in comparison with those with
parenchymal involvement or a mixed pattern (62%
vs 45%). The authors also reported a non-significant
trend towards a lower rate of tubercular meningitis
in the last decade7.

Indian experience from a tertiary care referral
centre in north India suggests an increase in the
proportion of cases of extra-pulmonary TB over the
last 3 decades. The increase was predominantly due
to increase in lymph node TB. The severe form of
tubercular meningitis decreased over the last three
decades8.
HIV and tuberculosis
It has been reported that HIV infection is probably
one of the most important factors for the resurgence
of TB in adults as well as in children. In 1990, 4.2
per cent of tuberculosis cases worldwide occurred in
HIV-infected individuals and estimates for the year
2000 were around 14 per cent 9. Adults with HIV
infection are more likely to develop tuberculosis from
latent infection, and those who encounter M.
tuberculosis after HIV related immune suppression
have a more rapid progression to disease10.
The impact of the HIV epidemic on paediatric TB
has been reported in several studies. A prospective
cohort study of children with TB diagnosed in Addis
Ababa from December 1995 to January 1997 in which
HIV-positive children were compared with HIVnegative children, reported that HIV-positive children
were younger, more underweight and had a 6-fold
higher mortality than HIV-negative children11. The
tuberculin skin test was less sensitive and chest
radiography was less specific in HIV-infected
patients. Adherence to treatment was high (96%), and
the cure rate was 58 per cent for HIV-positive and 89
per cent for HIV-negative paediatric TB patients. The
study concluded that HIV-positive children are at risk
of diagnostic error as well as delayed diagnosis of
TB. Clinical manifestations were more severe and
progression to death was more rapid in HIV-positive
children than in HIV-negative children. Weight for
age may be used to identify children at high risk of a
fatal outcome11.
In a retrospective study of 118 culture proven
tuberculosis patients in Durban, South Africa; 57
(48%) children were detected to be HIV-1 infected,
44 (37%) non-HIV-1-infected, and in 17 (14%) HIV1 status was not determined 12. In contrast to previous
studies, this study has shown that TB-HIV
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coinfection in children is common (48% of all culture
proven cases), the presentation of tuberculosis may
be acute (43%), and supportive tests are individually
useful in confirming the diagnosis in a-third of cases.
All culture for M. tuberculosis were positive by
8 wk. Clubbing and age over 2 yr were the most
reliable indicators of underlying HIV-1 disease in a
child with tuberculosis, while clinical features,
radiology and supportive tests were found to be
similar between HIV-infected and non infected TB
cases. Hospital-related mortality was higher (17.5%)
in HIV-1-infected children compared to that in noninfected group (11.4%). The changing pattern of
presentation of childhood tuberculosis and the high
prevalence of TB in HIV endemic areas have made
it imperative to maintain a high index of suspicion,
with culture evaluation being an important part of
clinical practice12. There are not many studies from
India on proportion of children co-infected with HIV
and TB. In a small study from Mumbai13, 18 per cent
of children with disseminated tuberculosis (N=50)
were HIV seropositive. Reported co-infection of HIV
and TB in various Indian studies was 16-68 per cent 1416
. Since follow up data of HIV infected children are
not available, it is very difficult to estimate annual
infection rate of tuberculosis in HIV positive patients.
Diagnosis
The diagnosis of tuberculosis in childhood
continues to be surrounded by considerable
uncertainty. It is very difficult to obtain sputum from
children. Gastric aspirate is used as an alternative to
sputum for identification of acid-fast bacilli (AFB).
The sensitivity of smears for identification of M.
tuberculosis is low (in the range of 25-30%) but
specificity is very high (in the range of 90-99%) 17-18.
The yield of mycobacteria is high when the samples
are repeated, in extensive pulmonary disease and in
infants, where it is up to 70 per cent19.
Although an elevated erythrocyte sedimentation
rate (ESR) may be expected in children with
tuberculosis, a recent study found that one-third of
children with TB had a normal ESR at the time of
diagnosis, suggesting little value in using ESR as a
diagnostic test for childhood tuberculosis20.
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Bronchoalveolar lavage: It has been documented that
gastric aspirate (GA) is superior to bronchoalveolar
lavage (BAL) fluid for the yield of AFB in childhood
tuberculosis 21,22. A recent study 23 on 58 children
comparing GA and BAL showed that in 10 (17.2%)
children M. tuberculosis was grown from gastric
lavage whereas 12 children had their BAL positive
for this bacteria. Overall, mycobacterial isolation was
possible in 20 patients (34.4%) as two children had
grown M. tuberculosis in GA as well as BAL.
Addition of BAL to the diagnostic work up increased
the mycobacteriological yield from 17.2 per cent with
gastric lavage alone to 34.4 per cent when BAL was
also performed. Results of this study suggest that
there is no difference in mycobacterial isolation rates
from gastric lavage and BAL when studied in
isolation. However, when both GA and BAL are used,
these procedures complement each other to increase
the diagnostic yield23.
Gastric lavage for isolation of M. tuberculosis is
a well accepted method. Use of BAL in diagnosis of
tuberculosis in children needs further evaluation. It
is suggested that one should try to obtain gastric
aspirate for diagnosis of tuberculosis in children as
far as possible. Bronchoscopy may be considered
when diagnosis is doubtful or a possibility of resistant
tuberculosis is considered.
Culture of Mycobacterium tuberculosis: LowensteinJensen (LJ) medium is the most widely used medium
for determination of characteristic features of colonial
morphology, growth rate and pigment production.
Though the culture technique is simple, 7-10 wk of
incubation may be necessary for detection of
organisms. Microscopic examination of thin layer
culture plate may lead to detection of microcolonies
of M. tuberculosis as early as after 7 days. However,
recovery of M. tuberculosis from this is less efficient
and labour intensive24. The yield of culture of gastric
aspirate varies from 30-50 per cent in children with
TB25,26. The cultures were positive in 37 per cent of
children with pulmonary tuberculosis when gastric
aspirates were obtained from ambulatory patients
while the same was 48 per cent in patients admitted
in the hospital25. The yield was 39 per cent in children
with pulmonary TB, it was 0 per cent in children
when only hilar adenopathy was observed on X-ray
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film of chest 26. Higher yield (up to 70%) has been
reported in infants and children with extensive
disease19. It has been suggested that poor yield due
to contamination with anerobic spore bearers can be
reduced by using vancomycin in the culture media27.
Excessively long period required for isolation of
M. tuberculosis by conventional culture techniques
has led to the development of other techniques for
culture such as BACTEC radiometric assay, Septicheck AFB system, and mycobacterial growth
indicator tube system (MGIT).
The BACTEC system improves the yield of
positive cultures from clinical specimen while the time
taken to detect M. tuberculosis is 9-14 days28. The
capability of performing rapid mycobacterial drug
sensitivity is an additional advantage of the BACTEC
system29. The limitations of BACTEC system include
high cost of instruments, inability to observe colony
morphology and detect mixed cultures, overgrowth by
contaminants, need for disposal of radioactive material
and extensive use of needles. Most of the studies used
sputum in BACTEC system; the experience with other
body fluids including gastric lavage fluid is limited.
In a study using gastric aspirate in BACTEC, there
was not even a single case positive in primary
pulmonary complex (PPC)30.
Septi-check AFB system requires about 3 wk
incubation. In a study carried out in adults Septicheck system was found to be more sensitive than
conventional culture on LJ media/7H11 broth and
BACTEC in percentage of isolates recovered 31 .
Though, paediatric studies are not available, this
system may be useful in children as well.
MGIT uses a fluorescent compound embedded in
silicone on the bottom of the tube containing modified
7H11 broth with antibiotic mixture and growth
supplements for mycobacteria. As this fluorescent
compound is sensitive to oxygen, depletion of the
latter by growth of mycobacteria, unmasks the
fluorescence, which can be detected by observing the
tube under long wave ultraviolet light. Available
literature suggests that this method is as sensitive as
the BACTEC system32. The use of this technique is
limited to research laboratories.

Polymerase chain reaction (PCR): PCR is the most
commonly used technique of nucleic acid
amplification, for diagnosis of tuberculosis. The PCR
may be used to (i) diagnose tuberculosis rapidly by
identifying DNA from M. tuberculosis in clinical
samples that are negative by microscopic
examination; (ii) determine rapidly whether acid-fast
organisms identified by microscopic examination in
clinical specimens are M. tuberculosis or atypical
mycobacteria; and (iii) identify the presence of
genetic modifications known to be associated with
resistance of some antimycobacterial agents.
In children, results of PCR have been compared
with clinical diagnosis and not culture. The most
commonly used target for detection of M. tuberculosis
is the insertion sequence IS6110. The sensitivity
ranges from 4-80 per cent and the specificity 80-100
per cent 30, 33-35 (Table I).
A blinded study comparing results obtained on
specially prepared standardized samples by 7 different
laboratories, demonstrated significant differences in
the results obtained 36 . This demonstrates the
variability in the pick-up rates in different
laboratories. In addition, the clinical laboratories may
not obtain results similar to those in research
laboratories. PCR gives rapid results and has a greater
sensitivity compared with traditional microbiological
methods. This makes PCR a suitable technique in
childhood TB, especially when diagnosis is difficult
or needed urgently. However, the possibility of false
positive results must be considered, especially when
the clinical symptoms and history of exposure of the
child make the diagnosis improbable. The
commercially available PCR test lacks sensitivity and
specificity; thus it would be necessary to develop
better commercial easy-to-use PCR kits that provide
better yield37.
Serodiagnosis: In absence of good diagnostic method
for childhood TB, a lot of interest has been generated
in serodiagnosis. ELISA has been used in children
to detect antibodies to various purified or complex
antigens of M. tuberculosis. Despite a large number
of studies 38-42 published, serology has found little
place in the routine diagnosis of tuberculosis in
children, even though it is rapid and does not require
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Table I. Utility of PCR in diagnosis of tuberculosis in children ( in gastric aspirate)
Subjects

Fragment

Standard

Sensitivity (%)

40 (31- PPC, 9-PPD)30

IS6110

Clinicoradiologic
diagnosis

PPC 38.6
PPD 44

80

35 Pulmonary TB33

IS6110

Clinical diagnosis

40

100

53 suspected TB
(24 active disease)
11 exposure &
mantoux +ve
11 suspected TB
7 exposure –ve,
Mantoux +ve
15 Controls 34

IS6110

Clinical diagnosis

Active disease 83.3
Infection without disease 38.9

100

27 suspected TB35

Amplicor

Clinicoradiologic
diagnosis

4.1 (There was discordance
between culture & PCR results)

Specificity (%)

—

PPC, Pulmonary primary complex;
PPD, Progressive primary disease;
Superscript numerals indicate reference numbers

specimen from the site of disease. Sensitivity and
specificity depend on the antigen used, gold standard
for the diagnosis, and the type of tubercular infection.
Though most of these tests have high specificity, the
sensitivity is poor38-42 (Table II). In addition, these
tests may be influenced by factors such as age, prior
BCG vaccination and exposure to environmental
mycobacteria. At present, serodiagnosis does not
have any role in diagnosis of childhood pulmonary
tuberculosis.

More weightage is given to laboratory test i.e., AFB
detection, tubercles in biopsy, suggestive radiology
and tuberculin test >10mm induration. These scoring
systems need validation in individual countries before
being used for screening children for tuberculosis.
One of the suggested guidelines for diagnosis of
pulmonary TB in children in developing countries is
shown in Table III 46. This is based on clinical history
and contact with adult tuberculosis patients with
results of radiographs and tuberculin test.

Srivastava et al43 measured antigen and antibody
in circulating immune complexes (CIC) in 52 children
with pulmonary and extra-pulmonary TB. CICantigen was present in 92.3 per cent and CIC antibody
in 88.96 per cent of children. Of the CIC antigen and
antibody were present in all 20 confirmed cases.

Methods to diagnose latent tuberculosis infection

Current recommendations of diagnostic methods
To overcome the problem of diagnosis of TB in
children, combination of clinical features, history of
exposure to adult patient with TB, result of tuberculin
test and radiological finding have been evaluated.
Various scoring systems have been developed after
giving different weightage to these variables 44-45.

Till date, tuberculin skin test was the only method
to diagnose latent tuberculosis infection. Recently, a
new test QuantiFERON ® -TB test (QFT) was
approved by the Food and Drug Administration
(FDA) as an aid for detecting latent M. tuberculosis
infection 47. This is an in vitro diagnostic aid that
measures a component of cell-mediated immune
reactivity to M. tuberculosis, and is based on the
quantification of interferon-gamma (IFN-γ)
released from sensitized lymphocytes in whole
blood incubated overnight with purified protein
derivative (PPD) from M. tuberculosis and control
antigens 47.
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Table II. Serodiagnosis in childhood TB

Subjects

Antigen used

Antibody

Sensitivity (%)

Specificity (%)

14 culture positive
17 probable TB,
16 infected, but healthy,
198 Healthy controls38

A 60

IgG

Culture positive TB- 71
Probable TB-65

98

58 definite pulmonary
TB, 161 controls39

A 60

IgG, IgA, IgM

IgM IgG IgA IgM+A
Def. Pulm 55.2 32.7 36.2 72.4
TB

IgM 92.6
IgG 95.7
IgA 96.3
IgM+A 92

122 children with
clinical diagnosis of
TB, 187 controls40

Polymerised
old tuberculin
(OT), PPD,
30 kD antigen

IgG

OT 40.3
PPD 50
30 kD 36.1

OT 96.3
PPD 96.8
30 kD 97.3

35 asymptomatic
primary TB (ATB),
29 symptomatic
TB (STB),
23 past TB
81 controls 41

A 60

IgG, IgM

74 active TB,
49 healthy contact
children, and 149
suffering from nonmycobacterial
diseases 42

16 kDa
antigen

ATB
STB
Past TB

IgG, IgM and
IgA by enzymeimmunoassay

IgG
6
14
26

Active IgG
TB 34

IgM IgG or M
23
26
17
31
35
48

IgM
19

IgA
3

A+G
43

IgG 95
IgM 95
IgG & IgM
99

95

ATB, asymptomatic tuberculosis; STB, symptomatic TB; OT, old tuberculin; PPD, progressive primary disease
Superscript numerals represent reference numbers
Table III. Suggested guidelines for the diagnosis of
pulmonary tuberculosis in children
Suspected tuberculosis:
Any child with history of contact with a confirmed case of
pulmonary TB, who is not gaining normal health after
measles, pertussis
has loss of weight, cough and wheeze not responding to
antibiotic therapy for respiratory disease
has painless swelling in superficial group of lymph nodes
Probable tuberculosis:
A suspected case and any of the following
positive Mantoux test (induration > 10mm)
suggestive radiological finding
suggestive histological appearance in biopsy
favourable response to antituberculosis therapy
Confirmed tuberculosis:
detection of tubercle bacilli by microscopy or culture
identification of tubercle bacilli as Mycobacterium by
culture characteristics.
Source: Ref. 46

Radiology
Primary tuberculosis is the commonest form
encountered in children. Chest radiography remains
the initial imaging technique and the radiographic
features are hilar or mediastinal lymphadenopathy,
with or without opacities in the unilateral lung.
Occasionally, the chest radiograph may be normal
and lymphadenopathy may be detected on computed
tomography (CT), which is not evident
radiographically. In addition, CT features such as low
attenuation lymph nodes with peripheral
enhancement, lymph node calcification, branching
centrilobular nodules and miliary nodules are helpful
in suggesting the diagnosis in cases where the
radiograph is normal or equivocal. Other features such
as segmental or lobar consolidation and atelectasis
are non-specific 48. In a study by Kim et al 49, CT
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[including high-resolution (HR) CT] revealed
lymphadenopathy, which was not demonstrated in 21
per cent of radiographs, and parenchymal
abnormalities, not seen on 35 per cent of radiographs.
HRCT is more sensitive than chest radiography for
the detection of military TB. The HRCT findings are
wide-spread multiple small (< 2 mm diameter)
nodules50. The nodules may be so numerous that they
coalesce to form larger nodules greater than 2 mm in
diameter or even consolidation with air
bronchograms. Thickening of the interlobular septa
may also be a feature. Mediastinal and hilar
lymphadenopathy may also be present. Cavitation is
reported to be rare on chest radiography in children
with TB. However, children with both HIV and TB
may have atypical radiographic features and
cavitation has been reported51-52. CT may show areas
of cavitation that are not apparent on chest
radiography, which may raise the possibility of a
previously unsuspected underlying immune disorder.
Role of high-resolution and colour Doppler
ultrasonography (US) in diagnosis of cervical
lymphadenopathy has been reported 53 . Central
irregular hyperechogenic areas, blurred margins and
central necrosis were most frequent in bacterial,
tuberculous and cat scratch disease. Though
individual sonographic signs were not specific, the
categorization and combination of findings might be
highly suggestive of diagnosis of the underlying
disease presenting with cervical lymphadenopathy53.
TB of the spine is the most common site of osseous
involvement and has a higher prevalence in
developing nations with an increasing incidence in
developed nations. There are few reports of TB
spondylitis in paediatric population that include
magnetic resonance imaging (MRI) findings 54,55. In
a retrospective review of patients’ records and MRI
scans, by three readers using a consensus method, of
53 patients below 13 yr of age, MRI showed
contiguous involvement of two or more vertebral
bodies in 85 per cent54. An intraspinal or paraspinal
soft tissue mass or abscess was present in 98 per cent.
Subligamentous extension was noted in 64 per cent
patients. Ring enhancement of the soft tissue mass
was shown in 65 per cent patient after gadolinium54.
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Contrast enhanced MRI is emerging as a very
useful technique for diagnosing CNS tuberculosis,
as it demonstrates the localized lesions, meningeal
enhancement and the brain stem lesions 55.
Drug resistant tuberculosis
Pattern of drug resistance among children with TB
tends to reflect that found among adults in the same
population. A 4-yr prospective study in the Western
Cape province of South Africa evaluated 149 child
contacts of 80 adult multi drug resistant (MDR)
pulmonary TB cases55. Culture for M. tuberculosis
was obtained from both the adult source cases as well
as the child contacts. Isolates were compared by drug
susceptibility pattern and restriction fragment length
polymorphism (RFLP) analysis. Six adult-child pairs
with cultures positive for M. tuberculosis were
identified. Drug susceptibility pattern and RFLP
analysis were identical for five adult-child pairs. One
child, with no other known source case, had a strain
different from that of the identified source case, but
the MDR M. tuberculosis strain with which he was
infected was prevalent in the community he resided.
This study confirms that most of the childhood
contacts of adults with MDR TB are likely to be
infected by these MDR source cases despite their
exposure to other drug-susceptible adults with TB in
some instances. Child contacts of adults with MDR
TB should be treated according to the drug
susceptibility patterns M. tuberculosis strains of the
likely source cases unless their own strain’s
susceptibility testing indicates otherwise. Contact
tracing remains of fundamental importance in
identifying children at risk56.
In Western Cape province of South Africa, initial
isoniazid (INH) resistance and MDR among adults
was 3.9 and 1.1 per cent, respectively, during 19921993. In a report of 306 of 338 children with cultures
positive of M. tuberculosis the incidence of INH
resistance was 5.6 per cent and MDR 1 per cent in
children aged <5 yr. Clinical features were similar
in children with drug-susceptible and drugresistantTB57. In India (Delhi region), the prevalence
of resistance to any drug was 32.4 per cent, while
that of multidrug resistance was 13.3 per cent during
1994-199758.
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Treatment
During the last few years dramatic changes have
occurred in the therapeutic approaches to childhood
TB as a result of large number of treatment trials for
children and increased concern about the development
of resistance to antituberculosis drugs. Short- course
chemotherapy, with the treatment duration as short
as 6 months, has become the standard practice.
Intermittent regimens have been documented to be
as effective as daily regimen in the paediatric
population59-62.
Directly observed therapy short-course (DOTS)
has been successfully used in adults but there are no
studies in children. An observational trial evaluated
directly observed therapy 6-month regimen for
pulmonary, pleural and lymph node tuberculosis in
children with the use of 2 wk of daily isoniazid,
rifampicin and pyrazinamide therapy; followed by
6 wk of twice weekly isoniazid, rifampicin and
pyrazinamide therapy; and 16 wk of twice weekly
isoniazid and rifampicin 63 . Of the 175 children
evaluated (159 pulmonary/thoracic node, 4 pleural,
12 cervical lymph node), 81 per cent completed
treatment in 6 months. Of the 33 patients who
received extended treatment, 3 did so because of
physician’s choice, 17 had an inadequate response
to initial therapy, 2 had significant adverse reactions
to drugs, and 16 had poor adherence to the DOT.
Only 37 per cent of patients had complete resolution
of disease at the end of treatment, but all continued
to improve after therapy was stopped. There was only
one patient who relapsed after 4 yr. This regimen
showed results comparable with those of 6-month
regimens with longer durations of daily therapy.
Determining treatment response in paediatric TB is
difficult because of slow resolution of chest
radiographic abnormalities. DOT is an important
aspect of treatment but does not solve all problems
with treatment adherence63.
The major problem in inclusion of children in
DOTS is difficulty in demonstration of AFB and
classification of different clinical manifestations
according to categories described for adults. There
have been efforts to develop classification of different
types of childhood TB in to 3 categories similar to
those for adults. A classification was developed and
evaluated in the tuberculosis clinic of a tertiary care

hospital64. In this study on 459 children with TB, 365
(80%) children completed the treatment. Of these,
302 (82.7%) were cured with the primary regimen
assigned to them in the beginning, 54 (14.8%)
required extension of treatment for 3 months and 9
(2.5%) patients required change in the treatment
regimen. The authors concluded that it is feasible to
classify and manage various types of tuberculosis in
children in different categories similar to WHO
guidelines for adult tuberculosis 64 . Recently a
consensus statement jointly prepared by Indian
Academy of Pediatrics and Revised National
Tuberculosis Control Program (RNTCP) has also
proposed a classification of different types of
tuberculosis in children into three categories65.
Pharmacological
studies
of
various
antituberculosis drugs in children have led to
determination of optimal doses of these drugs. The
dose of isoniazid has decreased from 20 mg/kg/day
in 1970s to 5 mg/kg/day today66. Safety of ethambutol
has been objectively documented in young children67.
Search for newer, safe and effective drugs continues
in the fight against TB.
Tuberculosis control
Tuberculosis is among the top ten causes of global
mortality and affects low-income countries in
particular. In a recently published review 68 it is
concluded that treatment of smear-positive TB using
the WHO, DOTS strategy has by far the highest
impact. While BCG immunization reduces childhood
tuberculosis mortality, its impact on tuberculosis
transmission is probably minimal. Under specific
conditions, an additional impact on mortality and
transmission can be expected through treatment of
smear-negative cases, intensification of case finding
for smear-positive tuberculosis, and preventive
therapy among individuals with dual (TB-HIV)
infection. Of these interventions, DOTS is the most
cost-effective at around US$ 5-40 per disabilityadjusted life year (DALY) gained68. The cost for BCG
immunization is likely to be under US$ 50 per DALY
gained. Treatment of smear-negative patients has a
cost per DALY gained of up to US$ 100 in low
income countries, and up to US$ 400 in middleincome settings. Other interventions, such as
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preventive therapy for HIV-positive individuals,
appear to be less cost-effective 68.

4.

Munoz FM, Starke JR. Tuberculosis in children. In:
Tuberculosis : A comprehensive international approach,
2nd ed. NewYork: Marcell Dekker Inc; 2000 p. 553-95.

Chemoprophylaxis: Treatment of infected children
with isoniazid alone or a combination of isoniazid
and rifampicin can reduce the risk of developing
disease 69. The same is true for chemoprophylaxis
administration to paediatric contacts of adult
tuberculosis patients.

5.

Miller FM, Seale RME. Tuberculosis in children, Bostan,
Little Brown & Co; 1963.

6.

Udani PM. BCG vaccination in India and tuberculosis in
children: newer facets. Indian J Pediatr 1994; 61 : 45162.

7.

Sanchez-Albisua I, Baquero-Artigao F, Del Castillo F,
Borque C, Garcia-Miguel MJ, Vidal ML. Twenty years of
pulmonary tuberculosis in children: what has changed.
Pediatr Infect Dis J 2002; 21 : 49-53.

8.

Kabra SK, Lodha R, Seth V. Tuberculosis in children, what
has changed in last 20 years. Indian J Pediatr 2002; 69
(Suppl) : S5-10.

9.

Raviglione MC, Snider DE Jr, Kochi A. Global
epidemiology of tuberculosis. Morbidity and mortality
of a worldwide epidemic. JAMA 1995; 273 : 220-6.

Chemoprophylaxis for MDR TB: In a report from
South Africa70, all children <5 yr old in contact with
adults with MDR TB were evaluated. The child was
treated by prescribing at least two drugs to which the
contact adult’s strain was susceptible. The remaining
children were classified as infected or noninfected
and received chemoprophylaxis according to the
index cases’strain susceptibility or were followed up
and treated when indicated. All children were
followed up for 30 months. Of the total 125 children
with median age 27.5 months, 119 were followed up.
Fourteen had disease, 61 were infected only, and 44
were not infected. By 30-month follow up, 29
developed disease and 64 were infected only. This
study confirms the transmission of MDR TB to
childhood contacts. Appropriate chemoprophylaxis,
based on the sensitivity results from the adult patients,
may prevent disease in these children.
To conclude tuberculosis in children is an
important cause of morbidity and mortality. The
clinical symptoms and signs are non specific and lab
diagnosis is limited because of paucibacillary nature
of illness. There are some suggestions that the clinical
manifestations are changing. Short course
chemotherapy is the mainstay of treatment.
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After treptomycin, which heralded the era of antibacterial chemotherapy for tuberculosis (TB),
many important advances have made available treatment regimens that are almost 100 per cent
curative. Randomised clinical trials by the Tuberculosis Research Centre, in Chennai and British
Medical Research Council in East Africa and in the Far East have helped to establish many of the
principles of antituberculosis chemotherapy. With successes have also come fresh challenges.
Mycobacterium tuberculosis becomes rapidly resistant to the drugs used against it and in the last
decade, the HIV epidemic has had an adverse impact on the global epidemiology of tuberculosis,
with many countries in Sub-Saharan Africa experiencing a 2-3 fold increase in their TB burden.
While the currently recommended treatment regimens are very effective, they have failed to control
the burden of TB in the developing countries due to less than satisfactory implementation of the
control programmes. Faced with the dual threat of multidrug resistant TB and the HIV/facilitated
increase in TB, the WHO has instituted a Global TB Control Programme based on the directly
observed treatment shortcourse (DOTS) strategy. Much of the principles of this strategy have
come out of research in India. As part of this strategy, the Government of India is implementing
a Revised National Tuberculosis Control Programme (RNTCP). Under the RNTCP standardized
treatment regimens are prescribed for different treatment categories. Already more than 80 per
cent of the population is covered by this Programme and full coverage is slated for 2005.
Meanwhile, fresh research is ongoing to shorten treatment duration, a measure that should
greatly aid TB control.

Key words Adverse reaction - chemotherapy - multidrug resistance - short course - tuberculosis - RNTCP - DOTS

The treatment of tuberculosis (TB) has witnessed
many important changes over the years. With the
advent
of
effective
antimycobacterial
chemotherapeutic agents in the early 1950s, the two
main biological obstacles to successful treatment of
TB were the high rate of failure during treatment and
the high risk of relapse after treatment. The former
was due to the selection of drug resistant mutants of
Mycobacterium tuberculosis during the initial stages
of treatment when the bacterial populations in the
lesions were large. Relapse was due to the regrowth

of viable organisms that had persisted in the latent
state. To overcome these obstacles it was necessary
to give the patients a three-drug combination initially
and secondly to continue the treatment for 18 to 24
months with two drugs.
With the introduction of rifampicin the outlook
for treatment of TB changed dramatically. It was no
longer necessary to give streptomycin daily for three
months initially to prevent failure. The relapse rate
also came down steadily even though the duration of
398
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treatment was considerably shorter. This was possible
because complete, or almost complete sterilization
of the lesions became feasible with the introduction
of rifampicin and pyrazinamide.
Principles of treatment of tuberculosis
To understand the principles of the treatment of
TB it is necessary to study its evolution over the
years. For a disease that has been in existence since
antiquity and has left its imprint on the history of
mankind, specific treatment aimed at the causative
agent became available for the first time only in 1944
with the discovery of streptomycin by Selman
Waksman 1,2. Before that time empirical measures
such as blood letting, horse riding, sea voyages,
graded exercise, absolute bed rest, calcium, injections
of extracts of gold or other heavy metals, artificial
pneumothorax or peritoneum, thoracoplasty, and
various other exotic remedies were practiced, usually
in the setting of a sanatorium, and without much
success3. Soon after the discovery of streptomycin,
para aminosalicylic acid (PAS) in 1949, and isoniazid
in 1952 became available, heralding the era of
effective antituberculosis chemotherapy. The main
objective of treatment of TB in the early years of
chemotherapy was to prevent the emergence of drug
resistance. This required treatment for a prolonged
duration of 18 to 24 months. The discovery of
rifampicin in the late 1960s and the rediscovery of
the antimycobacterial activity of pyrazinamide soon
after, were major breakthroughs in the treatment of
TB that made it feasible to shorten the duration of
treatment considerably. Randomised clinical trials
carried out by the British Medical Research Councils
(BMRC) in East Africa and Hong Kong and the
Tuberculosis Research Centre (TRC) of the Indian
Council of Medical Research in Chennai, India,
served to establish many of the principles of the
chemotherapy of TB4,5. The stage for these important
developments was set by the landmark clinical trial
by the TRC, Chennai (then called the Tuberculosis
Chemotherapy Centre) in the late 1950s showing that
TB could be treated effectively on an outpatient basis
and did not require admission in a sanatorium6. This
study not only established the bacteriological efficacy
of the treatment regimen in curing the patient, but
also showed that the close contacts of those patients
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treated at home were not at a greater risk of
developing TB compared to the contacts of those
treated in the sanatorium 7. The global impact of the
findings of this study is now well recognized and
domiciliary treatment for TB became the therapeutic
policy for developing countries8.
The first reports of effective short-course treatment
for TB came from East Africa9,10. In a randomized
clinical trial the efficacy of four 6-month regimens
(streptomycin and isoniazid, streptomycin, isoniazid
and rifampicin, streptomycin, isoniazid and
pyrazinamide, streptomycin, isoniazid and
thioacetazone) was compared with a standard 18month regimen of isoniazid and thioacetazone for the
treatment of patients with pulmonary TB. It was
found that the 3-drug combination of streptomycin,
isoniazid and rifampicin resulted in sputum
conversion in all the patients at the end of treatment
and a relapse rate of only 3 per cent. This study was
the forerunner of several other studies on short-course
chemotherapy in East Africa and other countries
including India, which helped to identify the specific
role of each drug in the multi-drug treatment regimen,
its role in the particular phase of treatment, to
establish dosage levels, to identify drugs suitable for
intermittent drug dosing, delineate ideal treatment
durations and document adverse reactions of
individual drugs and regimens5.
In addition to findings from clinical trials,
evidence from animal experiments at the Pasteur
Institute in Paris11, from in vivo and in vitro laboratory
work by Dickinson and Mitchison in London12 and
from studies in East Africa on early bactericidal
activity13 have provided valuable data on the activity
of antituberculosis drugs. On the basis of these
findings, Mitchison suggested the existence of four
types of bacterial populations in a patient with TB,
according to their anatomical locations and degree
of metabolic activity14. The first is a population of
actively growing bacilli present in liquefied caseous
material of the tuberculous lesion and the lining of
the walls of pulmonary cavities. This is by far the
largest fraction of the total bacterial population and
contributes to the entire bulk of the bacilli excreted
in the sputum. These bacilli are killed by isoniazid,
and to a lesser extent by rifampicin and streptomycin.
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The second population consists of slow-growing
bacilli situated within macrophages in an acid milieu;
pyrazinamide is the only drug that acts on this
population, and probably rifampicin, to a lesser
extent. The third population consists of small number
of bacilli present extracellularly in solid caseous
lesions and exhibit brief spurts of growth; rifampicin
is the only drug that acts rapidly and kills these bacilli
during their brief periods of activity. Besides these
three populations of bacilli there probably exists a
fourth population of dormant bacilli that is beyond
the reach of any drug. All these populations of bacilli
exist in the lesions and therefore it is necessary to
give at least 3 drugs, isoniazid, rifampicin and
pyrazinmide, and possibly streptomycin as well to
cover the spectrum of all the bacillary populations,
to ensure sterilization of the lesions.
Drug combinations in short course chemotherapy
Short-course chemotherapy has been the standard
of care for treating TB for the last 30 years. The choice
of the individual drugs in the treatment regimen in
short-course chemotherapy is crucial. Bactericidal and
sterilizing activities of the individual drugs have to be
considered. Evidence of bactericidal activity can be
obtained from laboratory studies on the effects of the
drugs on cultures of tubercle bacilli in vitro, efficacy
of the drugs in experimental TB in laboratory animals
and the speed of sputum conversion in patients
undergoing treatment and the magnitude of the fall in
the bacterial content of sputum within a short period
of initiation of treatment15. The sterilizing activity of
the drugs is assessed from the proportion of patients
who have bacteriological relapse after stopping
treatment. The bactericidal activity of antituberculosis
drugs as assessed in in vitro and animal experiments
is shown in Table I.
Current short-course regimens use an initial
intensive phase (usually 2 months) of multiple drugs
to rapidly reduce the number of organisms present;
this is followed by a longer continuation phase of
fewer drugs that have the ability to kill (sterilize) the
more slowly growing organisms. From studies done
in human treatment trials, the rate of killing appears
to be fastest during the initial several days of
treatment13. Thus, the first phase of antituberculosis

Table I. Bactericidal activity of first line antituberculosis drugs
in in vitro studies and in animal experiments
Drug

Bactericidal activity
In vitro

Isoniazid

2+

In mouse In guinea pig
2+

2+

Rifampicin

2+

2+

2+

Streptomycin

3+

1+**

2+

Pyrazinamide

2+*

2+**

0**

*pH 5.2-5.6
** Drugs given in dosage considerably higher than that used
in man
0, no activity
1+, 2+, 3+ (indicate increasing degrees of bacterial activity)
Source: Ref. 15

treatment focuses on rapid killing of organisms and
is referred to as the phase of bactericidal activity.
The measure of bactericidal activity of a treatment
regimen is the proportion of patients who become
sputum culture negative after two months of
treatment. Fig. 1 summarises the bactericidal activity
of different antituberculosis drugs assessed by the
proportion of patients who become sputum culture
negative after two months of treatment, in patients
with bacteriologically positive pulmonary TB treated
in clinical trials in Madras16, East Africa17 and Hong
Kong 18. Isoniazid alone produced sputum culture
conversion in 44 per cent of patients, reflecting its
high bactericidal potential. The addition of a
bacteriostatic drug thioacetazone, or PAS or
ethambutol to isoniazid did not result in any
significant increase in culture negativity. Even the
addition of a bactericidal drug streptomycin to
isoniazid only resulted in a marginal increase to
49 per cent. In contrast, the addition of pyrazinamide
or rifampicin contributes significantly to the
bactericidal activity and are therefore suitable for
short-course chemotherapy.
In contrast, it takes a much longer time to kill the
more slowly growing organisms or persistors, and the
goal of this phase of treatment is to kill all the
remaining viable bacilli or reach a point of
sterilization; thus, the second phase of treatment is
referred to as the phase of sterilizing activity. The
measure of the sterilizing activity of a regimen is
reflected by the relapse rate after successful treatment.
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Fig.1. Bactericidal activity of different antituberculosis drugs assessed by the proportion of patients who become sputum culture
negative after two months of treatment, in patients with bacteriologically positive pulmonary tuberculosis treated in clinical trials
in Madras, East Africa and Hong Kong.
H, isoniazid; T, thioacetazone; P, para-aminosalicylic acid (PAS); E, ethambutol; S, streptomycin; Z, pyrazinamide; R, rifampicin
Source: Refs.16-18.

Of these two phases, it is the sterilizing activity
of a regimen that is more important because it
determines the duration of treatment; the better the
sterilizing activity of a regimen, shorter the duration
of treatment. In contrast, the early bactericidal activity
of an antituberculosis regimen is less important
overall except it probably provides an indication of
how long a patient remains infectious. Fig.2
illustrates the sterilizing activities of different drug
combinations in clinical trials for the treatment of
patients with bacteriologically positive pulmonary TB

in East Africa10,19 and Hong Kong18,20. The addition
of thioacetazone to streptomycin-isoniazid
combination did not contribute to the sterilizing
activity with the relapse rate continuing to be high,
viz., 22 per cent. Pyrazinamide, on the other hand
made a significant contribution and reduced the
relapse rate from 29 to 8 per cent. It is also seen that
the sterilizing activity of ethambutol is inferior to
that of pyrazinamide. The low rate of relapses with
the 6-month isoniazid-rifampicin and the 6-month
isoniazid-rifampicin-streptomycin regimens are
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Fig.2. Relapse rates of different drug combinations in clinical trials for the treatment of patients with bacteriologically positive
pulmonary tuberculosis East Africa and Hong Kong.
S, streptomycin; H, isoniazid; T, thioacetazone; Z, pyrazinamide; R, rifampicin; E, ethambutol; tw, indicates treatment given
twice-weekly
Numbers preceding drug regimens indicates number of months of treatment
Source: Refs.10, 18-20.

reflective of the substantial and significant
contribution of rifampicin in achieving sterilisation.
Intermittent treatment regimens
The efficacy of intermittent treatment (i.e.,
treatment given twice or thrice-weekly rather than
daily) was established fairly early in the history of
the chemotherapy of TB. Intermittent treatment is
based on the lag effects exhibited by cultures of M.
tuberculosis after being exposed to pulses of
bactericidal antituberculosis drugs such as isoniazid
and rifampicin, but not to a bacteriostatic drug such
as thioacetazone, and in experimental tuberculosis
in guinea pigs21-23. A randomized clinical trial by the
TRC, Chennai, showed that streptomycin plus
isoniazid twice a week for 12 months was as effective
in providing a bacteriological cure as PAS and
isoniazid given daily for 12 months in patients with
sputum positive pulmonary TB 24,25. A BMRC study

in Hong Kong showed that streptomycin, isoniazid
and pyrzinamide given for 9 months either daily, or
thrice-weekly or twice-weekly were all equally
efficacious26. Subsequently another study from the
same site showed that 6 months of a thrice-weekly,
4-drug regimen was very effective so long as
isoniazid, rifampicin and pyrazinamide were included
in the regimen; substituting ethambutol for
pyrazinamide however increased the relapse rate to
an unacceptably high level27 (Table II).
A large randomized clinical trial in Chennai by
the TRC28 compared either thrice-weekly or twiceweekly 4-drug regimens (isoniazid, rifampicin,
pyrazinamide and streptomycin) for the first two
months followed by either twice-weekly or onceweekly 3-drug or 2-drug combinations for the next 4
months. The second month sputum culture negativity
ranged from 86 to 89 per cent and the relapse rates
were 3 per cent for the thrice-weekly initial phase
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Table II. Rates of relapse after treatment in patients treated with daily and intermittent regimens in Hong Kong
Study

Regimen

Patients

% relapse

Hong Kong Chest
Service/BMRC 26

9 SHZ
9 SHZ thrice-weekly
9 SHZ twice-weekly

65
65
49

5*
6*
6*

Hong Kong Chest
Service/BMRC 27

6
6
6
6
6

161
150
150
160
161

1**
1**
1**
8**
2**

HRZE
HRSZE thrice-weekly
HRSZ thrice-weekly
HRSE thrice-weekly
HRZE thrice-weekly

BMRC, British Medical Research Councils
Superscript numerals represent reference numbers
Number preceding regimens indicates months of treatment
S, streptomycin; H, isoniazid; Z, pyrazinamide; R, rifampicin; E, ethambutol
* relapse rates at 30 months
** relapse rates at 12 months after

regimens and 6 per cent for the twice-weekly initial
phase regimens, respectively.
The advantages of intermittent treatment are
significant. While the efficacy is equal to that of daily
treatment, intermittent regimens are less expensive,
have fewer adverse drug reactions and most
importantly, intermittent treatment facilitates directly
observed therapy. Poor adherence to treatment by
patients has been, and still is, the biggest bugbear
for control of TB, as many patients discontinue
treatment before completing the full course. So, the
establishment of intermittent treatment was a major
breakthrough in TB treatment.
Tuberculosis control
The treatment of patients with active TB is the
cornerstone of any TB control programme. The
World Health Organisation’s (WHO) Global
Tuberculosis Programme emphasises the
importance of standardised treatment administered
under direct observation as one of the important
components of its global strategy to control TB.
The ‘directly observed treatment short course’
(DOTS) strategy, is today recognised as the only
means by which effective TB control could be

achieved. From the public health perspective the
highest priority in a TB control programme is the
identification and treatment of the infectious TB
patient, i.e., those patients with sputum smearpositive pulmonary TB. In settings of resource
constraints it is necessary for rational resource
allocation to prioritise TB treatment categories
according to the cost-effectiveness of treatment of
each category. The WHO has ranked TB patients
from category I (highest priority) to category IV
(lowest priority) and the treatment regimen for
each category is shown in Table III 29 . Disease
categorisation is based on the severity of the
disease judged by the patient’s sputum smear
status and or clinical condition and radiological
extent of the disease, the site of the disease
(pulmonary or extra-pulmonary) and whether or
not the patient had received prior treatment for
TB. Significant modifications in the WHO
guidelines of 2003 29 from the previous guidelines
of 1997 30 are (i) TB patients with concomitant HIV
infection are included in category I; and (ii) the
treatment for category III patients is the same as
that for category I patients, i.e., a 4-drug intensive
phase followed by a 2-drug continuation phase.
Member countries have the liberty to choose the
regimens most appropriate for them.
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Table III. WHO recommended treatment regimens for different disease categories

Disease
Category

I

II

III

IV

Tuberculosis patient definition

Treatment regimen
Initial phase
(daily or three
times weekly)

Continuation
phase
(daily or three
times weekly)

2 HRZE*

4 HR or
6 HE daily

Previously treated sputum
smear-positive pulmonary
tuberculosis
- relapse
- treatment after interruption
- treatment failure

2 HRZES/
1 HRZE

5 HRE

New smear-negative
pulmonary tuberculosis
Extra-pulmonary tuberculosis

2 HRZE

New smear-positive
New smear-negative with
extensive parenchymal
involvement
New severe extra-pulmonary
tuberculosis or severe
concomitant HIV infection

Chronic and MDR
tuberculosis

4 HR or
6 HE daily

Specially designed
standardized or
individualized regimens

H, isoniazid; R, rifampicin; Z, pyrazinamide; E, ethambutol; S, streptomycin
* Streptomycin may be used instead of ethambutol. In meningeal TB ethambutol should be replaced by streptomycin.
MDR – multidrug resistant
Number preceding regimens indicates months of treatment
Source: Ref. 29

Revised National Tuberculosis
Programme (RNTCP)

Control

India has had a National Tuberculosis Control
Programme functioning from the early 1960s. This
programme was based on the research findings of the
TRC and the National Tuberculosis Institute (NTI)
in Bangalore. Though the programme was based on
sound epidemiological and scientific principles, a
comprehensive review of the programme in 1992

identified that it suffered from managerial weakness,
inadequate funding, over-reliance on X-ray for
diagnosis, non-standard treatment regimens, low rates
of treatment completion and lack of systematic
information on treatment outcomes31. Faced with
these facts the Government of India has implemented
a Revised National Tuberculosis Control Programme
(RNTCP). This programme builds on the substantial
infrastructure established by the previous programme.
The RNTCP is based on the WHO’s DOTS strategy
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Table IV : Recommended treatment regimens for different disease categories under Revised National Tuberculosis Control
Programme of India
Disease
category

I

II

III

Tuberculosis patient definition

Treatment regimen

New smear-positive
New smear-negative with
extensive parenchymal
involvement
New severe extra-pulmonary
tuberculosis
Previously treated sputum
smear-positive pulmonary
tuberculosis
- relapse
- treatment after interruption
- treatment failure
New smear-negative
pulmonary tuberculosis
Extra-pulmonary tuberculosis

Initial phase

Continuation phase

2 HRZE
thrice-weekly

4 HR
thrice-weekly

2 HRZES/
1 HRZE
thrice-weekly

5 HRE
thrice-weekly

2 HRZ
thrice-weekly

4 HR
thrice-weekly

H, isoniazid; R, rifampicin; Z, pyrazinamide; E, ethambutol; S, streptomycin
Drug dosages in mg.:
Thrice-weekly
Isoniazid
600
Rifampicin*
450
Ethambutol
1200
Pyrazinamide
1500
Streptomycin
750
* Rifampicin dosage 600 mg. For patients weighing 60 kg., or more
Source: Ref. 32

and consists of the following components: (i)
diagnosis of pulmonary TB to be made primarily by
sputum microscopy; (ii) treatment to be given under
direct observation, at least during the intensive phase;
(iii) regular drug supply to be ensured; (iv) the
patient’s progress to cure to be monitored by followup sputum tests; and (v) ensuring administrative and
political commitment. Treatment is given thriceweekly both during the intensive phase and the
continuation phase32 (Table IV). Category I patients
are those with newly diagnosed smear-positive
pulmonary TB, or newly diagnosed smear-negative
pulmonary TB who are clinically seriously ill or with
extensive parenchymal lesions on the chest X-ray,
or those with severe forms of extra-pulmonary TB.
Category II patients are those with sputum smear-

positive pulmonary TB who have been treated for
TB in the past, and who have now presented with a
relapse, or treatment failure or have attended after a
period of interrupted treatment. Category III patients
consist of newly diagnosed sputum smear-negative
pulmonary TB and those with non-serious forms of
extra-pulmonary TB, viz., TB of the lymphnodes, skin
or unilateral pleural effusion.
Category I patients receive a 6-month regimen
consisting of isoniazid, rifampicin, pyrazinamide and
ethambutol thrice-weekly for two months followed
by isoniazid and rifampicin thrice-weekly for four
months (2HRZE thrice-weekly/4HR thrice-weekly).
The patient’s response to treatment is monitored with
sputum smear examinations at 2 and 4 months and at
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the end of treatment. If the second month sputum
smear is positive the intensive phase is extended for
one more month.
Category II patients receive an 8-month regimen
consisting of isoniazid, rifampicin, pyrazinamide and
ethambutol thrice-weekly for three months with
streptomycin for the first two months, followed by
isoniazid, rifampicin and ethambutol thrice-weekly
for five months (2SHRZE thrice-weekly/1HRZE
thrice-weekly/5HRE thrice-weekly). As for category
I patients, sputum smear examination is done at the
end of the intensive phase, and if it is positive, the
intensive phase is extended by one more month.
Category III patients receive a 6-month regimen
similar to the category I regimen, but without
ethambutol in the intensive phase (2HRZ thriceweekly/4HR thrice-weekly).
During the intensive phase of treatment every dose
is administered under direct observation, while during
the continuation phase patients are asked to attend
the treatment clinic once a week, when one dose of
treatment is given under direct observation and the
other two doses given to the patient for selfadministration. A unique feature of the RNTCP is
that all the medicines come in blister packs and each
patient is allotted a box of medicines that contains
drugs for the full duration of treatment, at treatment
initiation. The drug box however will not be handed
over to the patient, but maintained in the treatment
clinic, and medicines from the box can be given only
to the allocated patient. This helps instill confidence
in the patient that he will never arrive at the treatment
centre and find that there are no medicines. Patients
who fail on category II regimen, some of whom are
likely to have multidrug resistance (MDR) should
be managed in specialised referral institutes.
How short is short-course chemotherapy?
In the last few years the fluoroquinolone group of
drugs have added a new dimension to the
chemotherapy of TB. Quinolones have considerable
in vitro activity against M. tuberculosis and other
mycobacteria33, and they have been used as part of
regimens to treat patients with MDR TB (TB caused

by M.tuberculosis that is resistant to isoniazid and
rifampicin with or without resistance to other antiTB drugs). There is limited data on the use of
fluoroquinolones in the treatment of patients with
drug-susceptible TB. A randomized trial first shed
light on the role of ciprofloxacin in the treatment of
drug- susceptible pulmonary TB 34. A regimen of
isoniazid and rifampicin for 6 months plus
ciprofloxacin for the first 4 months was compared
with isoniazid and rifampicin for 6 months plus
pyrazinamide for the first 4 months plus ethambutol
for the first 2 months in HIV seropositive and
negative pulmonary TB patients. The relapse rate 6
months after treatment was unacceptably high with
the ciprofloxacin-containing regimen, indicating that
ciprofloxacin added nothing to the sterilizing activity
of isoniazid and rifampicin. However, a recent
landmark clinical trial from the TRC, Chennai studied
the role of ofloxacin in shortening the duration of
treatment for TB35.
One of the long-term goals for the control TB
has been to shorten the duration of treatment while
ensuring high rates of cure and low rates of relapse.
Shorter treatment regimens would ease drug
administration for both patients and providers. An
effective, fully oral regimen of 3 or 4 months’
duration would have significant practical
advantages for TB control. In a previous
randomized clinical trial by the TRC, Chennai, a
3-month regimen of daily streptomycin, isoniazid,
rifampicin, and pyrazinamide resulted in a nearly
100 per cent favourable outcome at the end of
treatment; yet 20 per cent of the patients relapsed
in the subsequent 21 months 36 . Based on that
experience, as well as the results of in vitro studies
demonstrating the bactericidal activity of
ofloxacin 37 , the TRC conducted a randomized
clinical trial to assess the efficacy of 3-, 4-, and
5-month regimens using ofloxacin instead of
ethambutol in the intensive phase for the treatment
of patients with bacteriologically confirmed
pulmonary TB 35. The results in patients followed
up for 24 months after treatment showed that
among patients with drug-susceptible bacilli
treated with the 4- and 5-month regimens with a
3-month intensive phase of isoniazid, rifampicin,
pyrazinamide and ofloxacin daily followed by
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Fig.3. Results in bacteriologically positive pulmonary tuberculosis patients treated with ofloxacin-containing regimens of 3,4
and 5 months in Chennai, South India.
Regimens:
30HRZ: ofloxacin, isoniazid, rifampicin and pyrazinamide daily for 3 months
30HRZ/1HRtw: oflaxacin, isoniazid, rifampicin and pyrazinamide daily for 3 months followed by isoniazid and rifampicin
twice-weekly for 1 month
30HRZ/2HRtw: oflaxacin, isoniazid, rifampicin and pyrazinamide daily for 3 months followed by isoniazid and rifampicin
twice-weekly for 2 month
20HRZ/2HRtw: oflaxacin, isoniazid, rifampicin and pyrazinamide daily for 2 months followed by isoniazid and rifampicin
twice-weekly for 2 month
Replapse rates are for 24 months after completing treatment.
Source: Ref. 35.

isoniazid and rifampicin twice-weekly for one or
two months, only 4 and 2 per cent relapsed,
respectively. The sputum culture conversion after
2 months of treatment was 92-97 per cent. (Fig.3).
This study showed that it is feasible to shorten
the duration of treatment for smear-positive
pulmonary TB from the currently recommended 6
months to 4 months. With newer fluoroquinolones
such as moxifloxacin and gatifloxacin that exhibit
even more potent antimycobacterial activity, both
bactericidal 38 , and sterilizing 39,40 , it should be
possible in the near future to further reduce the
duration of treatment for TB. Clinical trials using

moxifloxacin or gatifloxacin along with first line
antituberculosis drugs are being planned at TRC.
Extra-pulmonary tuberculosis
Extra-pulmonary TB accounts for 10-15 per cent
of all cases of TB. In general it is more difficult to
diagnose than pulmonary disease, and often requires
invasive procedures to obtain diagnostic specimens
for histological or bacteriological confirmation.
Because this form of TB is not considered to be of
public health importance as the patients are not
infectious and do not transmit the disease to others,
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Table V. Recommended drug dosage of antituberculosis drugs for childhood tuberculosis

Drug

Isoniazid
Rifampicin
Pyrazinamide
Streptomycin
Ethambutol
Thioacetazone

Recommended dosage (dose range) in mg/kg body weight
Daily

Thrice-weekly

5
(4-6)
10
(8-12)
25
(20-30)
15
(12-18)
15
(15-20)
2.5

10
(8-12)
10
(8-12)
35
(30-40)
15
(12-18)
30
(20-35)
Not applicable

Source: Ref. 29

most guidelines for treatment intended for use in lowincome countries have not addressed the treatment of
this entity in any great detail.
However, the TRC, Chennai has conducted clinical
trials in tuberculous lymphadenitis 41,42, tuberculous
meningitis 43 , spinal TB 44,45 , abdominal TB 46 ,
tuberculoma of the brain 47 and cutaneous TB
(manuscript in preparation). A BMRC study
investigated the efficacy of a 6-month regimen with
or without prednisolone for treating patients with
tuberculous pericarditis, in Transkei, South Africa48.
The evidence from all these trials indicate that extrapulmonary TB can be effectively treated with shortcourse chemotherapy, often with fewer drugs than in
the case of pulmonary TB. Except for meningitis, all
other forms of extra-pulmonary TB can be
successfully treated with 6-month regimens. The
RNTCP recommends category III regimen for
lymphnode TB, cutaneous TB and unilateral pleural
effusion, and category I regimen for more severe forms
of extra-pulmonary TB. Patients with tuberculous
meningitis should be treated for at least nine months.
Corticosteroids should be used concurrently, at least
in the initial stages of treatment for meningitis,
pericarditis and large pleural effusions.
Tuberculosis in children
The DOTS strategy is applicable to all patients
with TB, including children. The recommended

regimens for the treatment of childhood tuberculosis
are the same as for adults. The dosage of drugs is
shown in Table V. However, there are important
differences between children and adults that may affect
drug choice and dosage, which need to be borne in
mind. Recommended dosage is based on research in
adults and yet metabolism of drugs varies with age.
The effectiveness of an ethambutol-isoniazid
continuation phase has never been studied in children,
whereas rifampicin-isoniazid has proved efficacy. In
children with tuberculous meningitis streptomycin
should be used instead of ethambutol because
ethambutol does not cross the blood-brain barrier.
Corticosteroids should also be used. Given the choice,
ethambutol should be avoided in young children, as it
will not be possible to monitor visual problems, if they
arise.
Child contacts of patients with infectious
tuberculosis
Children who are close household contacts of
sputum smear-positive pulmonary TB patients
should be screened for TB. Those with a diagnosis
of TB should be treated. Those who are well and
aged five years or less should receive isoniazid
prophylaxis (5 mg/kg daily) for three months. A
tuberculin test should be done then, if available. If
the test is negative BCG vaccination should be
given; if the tuberculin test is positive, isoniazid
prophylaxis should be continued for three more
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Table VI. Regimens recommended by WHO for treatment of multidrug resistant tuberculosis (MDR TB)
Drug susceptibility profile
of essential drugs:

Initial phase
(6 months)

Continuation phase
(12-18 months)

Not available

Kanamycin*
Ethionamide
Quinolone**
Pyrazinamide/ Ethambutol

Ethionamide
Quinolone
Pyrazinamide/ Ethambutol

Resistant to Isoniazid and
rifampicin

Streptomycin^
Ethionamide
Quinolone
Pyrazinamide/ Ethambutol

Ethionamide
Quinolone
Pyrazinamide/ Ethambutol

Resistant to all essential
drugs

1 injectable + 1 quinolone
+ 2 of these 3 drugs: PAS,
Ethionamide, Cycloserine

1 quinolone + 2 of these 3
drugs: PAS, Ethionamide,
Cycloserine

Individually tailored regimen
according to susceptibility pattern

Individually tailored regimen
according to susceptibility pattern

Drug susceptibility profile
of reserve drugs available

* Amikacin or capreomycin can also be used. However, since there is cross-resistance between kanamycin and amikacin, if either
drug was used previously, or if resistance to them is suspected, capreomycin is the preferred choice.
** Ofloxacin or ciprofloxacin
^ If resistance to streptomycin is confirmed, replace with kanamycin, amikacin or capreomycin
Source: Ref. 29

months. If tuberculin test is not available, isoniazid
prophylaxis should be continued for six months.
Children who are well and above five years should
be clinically followed up 49.
Multi-drug resistant tuberculosis (MDR TB)
The WHO declared TB as a global emergency in
1993. One of the reasons for this unprecedented
declaration was an epidemic of MDR TB in the USA
in the late 1980s and early 1990s, predominantly in
HIV infected individuals housed in prisons and shelters
for the homeless, conditions that facilitated rapid
transmission of infection. Mortality was in the order
of 80 per cent and the mean duration from diagnosis
to death was 4-16 wk50,51. Alarmed by this, the WHO
conducted a worldwide survey on drug resistance that
suggested that there were hotspots of MDR TB52. In
India initial resistance to rifampicin and isoniazid
ranged from 0.5 to 5.3 per cent53.
The importance of MDR TB lies in its poor
response to available therapeutic regimens. In HIVnegative patients with MDR TB, only 56-88 per cent
show a consistent response to treatment and the risk

of failure is 80 times higher than in those with drugsusceptible strains 54. In a study on immunocompetent
MDR TB patients, the mortality directly attributable
to TB was 22 per cent55 while the mortality in HIV
infected patients has been reported to range from 7590 per cent56.
The management of MDR TB is a challenging
problem. Treatment is less effective, more toxic and
much more expensive compared to the treatment of
patients with drug susceptible TB. Certain guidelines
have to be borne in mind when confronted with
suspected drug resistance. The first and foremost of
these is to obtain from the patient an exhaustive and
meticulous history of previous treatment for TB.
Details such as the names of drugs, the dosage, when
taken, for what duration and with what regularity are
all important. All available prescriptions have to be
scrutinised. Patients often do not know what drugs
they had been prescribed. So indirect questions might
be necessary, such as did the patient take any capsules
which made the urine red, any medicines that caused
joint pains etc.57. The treatment regimen should include
at least four drugs that the patient is known to be
susceptible to, or has not previously received,
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Table VII. Symptom-based approach to side effects of antituberculosis drugs:

Side-effects

Drugs(s) probably responsible

Management

Minor:
Anorexia, nausea,
abdominal pain

Pyrazinamide,
Rifampicin

Continue anti-tuberculosis drugs
Check drug doses
Antacids, anti-emetics
Give drugs with small meals or
last thing at night

Itching, no rash

Pyrazinamide
Rifampicin
Isoniazid
Streptomycin

Antihistamines

Joint pains

Pyrazinamide

Aspirin

Burning sensation in feet

Isoniazid

Pyridoxine 100 mg

Major:
Giddiness or deafness

Streptomycin

Stop responsible drug(s)
Stop streptomycin; use
ethambutol

Jaundice, hepatitis

Pyrazinamide,
Rifampicin,
Isoniazid

Stop pyrazinamide, rifampicin,
isoniazid;
use streptomycin, ethambutol

Visual impairment

Ethambutol

Stop ethambutol

Pruritis, skin rash

Thioacetazone
Pyrazinamide
Rifampicin
Isoniazid
Streptomycin

Stop responsible drug

Shock, purpura,
acute renal failure

Rifampicin

Stop rifampicin; never use
again

‘Flu syndrome’

Rifampicin

Stop rifampicin

Seizures

Isoniazid

Stop isoniazid

Source: Ref. 29

including an injectable agent and a fluoroquinolone
in the initial phase, and at least three of the most active
and best tolerated drugs in the continuation phase.
Treatment should be given daily and directly observed.
An initial phase of at least six months should be
followed by a continuation phase of 12-18 months.
Treatment should be continued till the sputum cultures
remain negative for at least 12 months. Table VI lists
the regimens recommended by the WHO for treatment
of MDR TB29.

While drug susceptibility testing may not be
available in many resource-limited settings, all efforts
should be made to obtain a reliable drug susceptibility
profile of the patient’s infecting organisms. It is wise
to bear in mind that even in developed countries, there
is much variation in results from different laboratories
which perform drug susceptibility tests for M.
tuberculosis. Out of more than 80 strains of M.
tuberculosis typed as resistant to streptomycin,
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isoniazid or PAS at the peripheral laboratory, only
27-49 per cent of the strains were confirmed to be
resistant when retested at the reference laboratory58.
Incorrect susceptibility test results can lead to
unnecessary changes of regimen, decreasing the
chances of cure. Judicial clinical judgment often
obviates the need for drug susceptibility testing. If
drug susceptibility testing is considered essential, it
should be done in a laboratory with established
credentials.
An important dictum in the management of
tuberculosis is never to substitute a single drug in a
regimen that appears to be failing. Doing so may
lead to the sequential development of resistance to
the drug that is being introduced. Always two or more
new drugs should be added to an existing regimen.
Since most drugs used in the treatment of MDR TB
have adverse effects, toxicity has to be carefully
monitored. Sometimes drugs may need to be
withdrawn either temporarily or permanently and
alternate drugs substituted. Often adverse reactions
can be managed with symptomatic treatment. The
patient needs constant encouragement and motivation
to cope with adverse reactions to drugs and to
complete the full course of treatment. Ideally this
should be done in hospital and so it is a good policy
to hospitalise patients, at least initially, to facilitate
close monitoring, both for toxicity and for treatment
compliance.
The value of the older drugs in the treatment of
MDR TB today has to be emphasised. Many young
patients with MDR TB have not received PAS or
thioacetazone in the past and these can be used with
success in such patients. So also the value of high
dose isoniazid (600 mg), in patients with documented
isoniazid resistance. In our experience at TRC,
Chennai, patients with MDR TB who have remained
sputum positive for years together when treated with
other drugs have converted to sputum negativity when
switched on to 600 mg of isoniazid and PAS as a last
resort.
The duration of therapy for MDR TB has not been
clearly established. The duration that has been
recommended in the USA is 18-24 months at least, or
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for 24 months after sputum culture converts to
negative59. At the TRC, Chennai, MDR TB patients
are treated for a minimum period of 18 months and
for at least 12 months after sputum cultures become
consistently negative.
Role of Surgery
In carefully selected patients surgery may have an
important role to play in the management of MDR
TB. A number of studies have demonstrated the value
of resectional surgery in patients with predominantly
unilateral disease, with adequate respiratory reserve
and in whom chemotherapy alone had failed60,61.
Adverse reactions to anti-tuberculosis treatment
The currently recommended antituberculosis
regimens are usually well tolerated. However some
patients may experience problems, usually due to the
bulk of the drugs, a single day’s dose consisting of 67 tablets. The patients have to be informed about the
orange discolouration of the urine due to rifampicin,
as this usually alarms patients if they are not told.
They have to be reassured that this is not something
unexpected or harmful.
Drug related adverse effects may be minor or
major 29 (Table VII). In general, a patient who has
minor adverse effects should be encouraged to continue
the treatment with symptomatic measures such as
antacids, antihistamines, antiemetics or analgesics, as
indicated. If major adverse reactions occur, the
regimen, or the offending drug, if identified, must be
stopped. Further management depends on the nature
of the adverse reaction, and may have to be done in a
hospital.
Hepatic dysfunction:
Transient elevation of transaminase levels is
relatively common during the course of
antituberculosis treatment and does not warrant
interruption of treatment. Drug-induced hepatitis
accompanied by clinical jaundice necessitates
withholding of all drugs and institution of supportive
treatment. Once liver function returns to normal,
antituberculosis drugs may be reintroduced. If
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jaundice recurs, rifampicin, isoniazid and
pyrazinamide should be withdrawn and the patient
treated with streptomycin and ethambutol. During the
course of jaundice, if antituberculosis treatment is
considered essential, streptomycin and ethambutol
should be used.
Renal impairment: Rifampicin induced renal
impairment or failure is rare and is more common
when rifampicin is given intermittently62. It is believed
to be immune-mediated. Rifampicin should be stopped
immediately and measures to support renal function,
including heamodialysis, should be instituted. After
renal function returns to normal tuberculosis treatment
can be continued without rifampicin. Renal
impairment may also occur with streptomycin. In the
presence of pre-existing renal impairment rifampicin,
isoniazid and pyrazinamide can be given in normal
dosages. In the presence of severe renal failure dosage
of isoniazid should be reduced to 200 mg with
pyridoxine to avoid peripheral neuropathy.
Streptomycin and ethambutol are the two main drugs
that are cleared by the renal route. Extra care should
be exercised if these drugs are to be used in the
presence of renal impairment. Treatment should be
planned in consultation with the nephrologist.
Acute thrombocytopaenia and ‘shock syndrome’:
These are rare but life-threatening reactions that may
be caused by rifampicin. Rifampicin should be
immediately withdrawn from the treatment regimen
and supportive measures instituted. Rifampicin should
never be re-administered to such patients.
Flu syndrome: This is an immune mediated adverse
reaction attributed to rifampicin, usually when the
drug is administered in an intermittent rhythm and
rarely during daily therapy. It is characterized by fever
with or without chills, myalgia, headache and
prostration, which characteristically come on after a
defined time interval following rifampicin intake. It
can be managed with antipyretics, but if the symptoms
are severe, rifampicin should be withdrawn from the
treatment regimen.

Treatment of TB in special situations
Pregnancy: All first line antituberculosis drugs, except
streptomycin can be used in pregnancy. Pyridoxine is
sometimes recommended for pregnant women
receiving isoniazid. A pregnant woman should be
advised that successful treatment of TB with the
recommended regimens is important for successful
outcome of pregnancy. Women patients should be
advised to avoid pregnancy while on antituberculosis
treatment. Rifampicin interacts with oral contraceptive
medicines resulting in reduced protection against
pregnancy. A woman on oral contraceptives can
choose between two options while on treatment with
a rifampicin-containing regimen; she can either take
an oral contraceptive with a higher dose of oestrogen
(50: g) or adopt another form of contraception till TB
treatment is completed29.
Breast feeding women with TB should receive a full
course of antituberculosis treatment. All antituberculosis
drugs are compatible with breast feeding. The only
precaution that the mother should practice is not to cough
onto her baby. The baby should receive prophylactic
isoniazid for at least 3 months beyond the time the
mother is considered to be non-infectious. BCG
vaccination of the newborn should be postponed until
the end of isoniazid prophylaxis29.
Liver disorders: Isoniazid, rifampicin and
pyrazinamide are all potentially hepatotoxic. Of the
three, rifampicin is least likely to cause hepatocellular
damage. Patients with the following conditions can
receive the usual short-course chemotherapy regimens
provided there is no clinical evidence of chronic liver
disease - hepatitis virus carriage, past history of acute
hepatitis, excessive alcohol consumption. However,
in such patients hepatotoxic reactions to
antituberculosis therapy may be more common and
should therefore be anticipated. Patients with
established hepatic disease should not receive
pyrazinamide. Isoniazid plus rifampicin plus one or
two non-hepatotoxic drugs such as streptomycin and
ethambutol can be used for a total duration of 8
months. Alternate regimens are nine months of
rifampicin and ethambutol, or 12 months of
ethambutol and isoniazid with streptomycin for the
first two months29.
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If a patient with TB develops concurrent acute
hepatitis unrelated to TB or its treatment, and this
may be very difficult to distinguish, sometimes it
may be possible to defer TB treatment until the
acute hepatitis has resolved. In other cases, when
it is necessary to treat TB during acute hepatitis,
the combination of ethambutol and streptomycin
is the safest option. After the hepatitis resolves,
the patient can then receive a continuation phase
of six months of isoniazid and rifampicin. If the
hepatitis has not resolved, ethambutol and
streptomycin should be continued for 12 months29.
Renal impairment: Isoniazid, rifampicin and
pyrazinamide are either eliminated almost entirely
by biliary excretion or metabolized into non-toxic
compounds. These drugs can therefore be given
in normal dosages to patients with renal
impairment or failure. Patients with severe renal
failure should receive pyridoxine with isoniazid
to prevent peripheral neuropathy 29.
Streptomycin and ethambutol are excreted by
the kidneys. These drugs can be given in reduced
doses if facilities are available for monitoring renal
function. Thioacetazone is partially excreted in the
urine; however, since the margin between a
therapeutic dose and a toxic dose is too narrow,
patients with renal failure should not receive this
drug. The safest regimen for patients with renal
failure is 6 months of isoniazid plus rifampicin
with pyrazinamide for the first 2 months 29.
Tuberculosis with concomitant HIV infection: The
HIV epidemic has had an adverse impact on the
global epidemiology of TB with many parts of subSaharan Africa and the Far East bearing the
brunt 63. TB case rates have increased many times
in some countries solely attributed to HIV. It is
estimated that there were 3.82-4.58 million HIV
infected individuals in India as of December 200264,
with a majority of them also infected with TB and
thus being at greater risk of breaking down with
TB disease. The prevalence of HIV seropositivity
in TB patients varies widely across the country6567
. Current evidence suggests that anti-TB drug
resistance in HIV-TB patients is not yet a matter
of concern and the currently recommended 6-month
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treatment for TB is expected to be as effective for
HIV infected TB patients as for HIV negative
ones 67. However, this has not been established in a
clinical trial. Such a clinical trial is now in progress
in TRC, Chennai and the interim results should be
available in the near future. While TB patients with
concomitant HIV infection may respond as well to
standard antituberculosis treatment as those who
are immunocompetent, deaths during treatment,
partly due to HIV itself and partly due to other
HIV related diseases, are more frequent in HIV
infected patients, particularly in the advanced
stages of immunodeficiency. It is also likely that
relapses will be more in HIV-TB patients compared
to TB patients without HIV. Answers to these
questions are likely to become available from the
TRC clinical trial. Thioacetazone is
contraindicated in those who are HIV infected.
Highly active antiretroviral therapy (HAART)
is now recognized as the optimum treatment for
those in the later stages of HIV infection 68 .
Although HAART is now standard of care in the
industrialised countries, very few HIV-infected
people have access to HAART in places where the
burden of HIV is greatest (sub-Saharan Africa and
Asia). While HIV infection is now the biggest risk
factor for TB infection progressing to disease, TB
has also been shown to facilitate HIV replication
and dissemination through the dysregulation of
host cytokines, chemokines and their receptors 69.
Thus the combination of antiretroviral treatment
along with antituberculosis treatment can be
expected to improve the outcome of patients with
TB and HIV. While considering treatment
regimens for such patients it has to be remembered
that rifampicin cannot be used along with protease
inhibitors. In treating patients with HIV related TB,
the priority is to treat TB, especially smear-positive
pulmonary TB. Possible options for antiretroviral
therapy in TB patients include the following 29.
( i) D e f e r a n t i r e t r o v i r a l t r e a t m e n t t i l l T B
treatment is completed; (ii) Defer antiretroviral
treatment until the end of the initial phase of
treatment for TB and use ethambutol and isoniazid
in the continuation phase; (iii) Treat TB with a
rifampicin-containing regimen and use efavirenz
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plus two nucleoside reverse transcriptase inhibitors
(NRTI); and (iv) Treat TB with a rifampicincontaining regimen and use two NRTIs; then change
to a maximally suppressive HAART regimen on
completion of TB treatment.
Diabetes mellitus: Diabetes mellitus is a wellrecognized risk factor for TB. Preliminary results
from a clinical trial by the TRC, Chennai suggests
that the category 1 regimen of RNTCP (2EHRZ
thrice weekly/4HR thrice weekly) is sufficiently
effective for treating newly diagnosed smearpositive pulmonary TB patients with concomitant
Type 2 diabetes mellitus, provided good glycemic
control is achieved (unpublished observation).
The present class of antituberculosis drugs was
introduced more than 30 yr ago. With the global
threat of TB in alliance with the HIV epidemic and
the spectre of multidrug resistant disease, there is
now a desperate need for new drugs to treat TB.
Medicines are needed which can both withstand the
test of resistance and ensure shorter treatment.
New methods such as combinatorial chemistry and
research breakthroughs such as the genome
sequencing of M. tuberculosis 70 have opened up
new avenues for the pursuit of novel compounds.
Possible drug targets could be gene products
involved in mycobacterial metabolism, persistence,
transcription, cell wall synthesis and virulence71.
Even with these initiatives it may be many years
before new drugs become available. The Global
Alliance for TB Drug Development plans to have
a new drug in production only by 2010 72. In the
interim, the window of opportunity offered by the
discovery of the antituberculosis activity of the
fluoroquinolones and the success of ofloxacin in a
clinical trial in patients has to be exploited.
Randomised clinical trials are being planned with
the newer generation fluoroquinolones such as
moxifloxacin and gatifloxacin to shorten treatment
duration.
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Diagnosis of tuberculosis is mainly based on clinical features, histopathology, demonstration of
acid fast bacilli (AFB) and isolation of Mycobacterium tuberculosis from the clinical specimens.
These techniques have limitations of speed, sensitivity and specificity. During the last two decades
several rapid techniques for detection of early growth (5-14 days as compared to 2-8 wk with
conventional methods) have been described which can help in obtaining the culture and sensitivity
reports relatively early. Prominent among such methods are BACTEC, mycobacterial growth
indicator tuber (MGIT), Septi-chek, MB/ BacT systems. This growth can be established by
rapid methods based on lipid analysis and specific gene probes, PCR-RFLP methods and
ribosomal RNA sequencing. Advances in knowledge about genetic structure of tubercle bacillus
helped develop gene probes and gene amplification methods for identification and detection of
tubercle bacillus, from culture or directly in clinical specimens and molecular detection of
drug resistance. While the gene probes can help in rapid identification of isolates, gene
amplification methods (PCR as well as isothermal) developed for diagnosis of tuberculosis are
demonstrably highly sensitive specially in culture negative specimens from different
paucibacillary forms of disease. With these molecular methods drug resistant mutants for drugs
like rifampicin can be detected with reasonable certainty within hours. These gene probes,
gene amplification methods and in situ approaches offer unparalleled capability to enhance the
diagnosis of tuberculosis in near future.
Key words Gene probes - Mycobacterium tuberculosis - PCR - rapid culture - tuberculosis

Early confirmation of the diagnosis of tuberculosis
is a challenging problem specially in case of
paucibacillary and extra-pulmonary forms.
Conventional methods available for diagnosis
namely, tuberculin test, radiological examination and
other imaging methods and sputum smear microscopy
have their own limitations. Histopathology is
characteristic but there could be problems to get
representative specimen, and non specific features.
Immunology is often not conclusive as antibodies and
delayed type hypersensitivity response persist for a
long time after the subsidence of sub-clinical or
clinical disease. Sputum smear microscopy requires
10,000 to 1,00,000 organisms/ml and acid fast bacilli
(AFB) could be any pathogenic or saprophytic

mycobacteria. Smear microscopy can be made much
more convenient by using various fluorochrome dyes
such as auramine and rhodamine1.
Accurate identification of Mycobacterium
tuberculosis through culture is presently the yardstick
for diagnosis, but the time required and frequent
negative results in paucibacillary specimens are
important limitations. During the last two decades,
several methods for achieving early growth of
M.tuberculosis have been developed 2. Some of the
important methods are:
(i) BACTEC system: This assay system developed by
Becton Dickinson, is based on generation of
418

KATOCH : RAPID DIAGNOSTIC METHODS FOR TB

radioactive carbon dioxide from substrate palmitic
acid3. This method has been extensively used all over
the world and growth can be detected in 5-10 days in
this system. Inclusion of NAP (beta nitro alpha
acetylamine beta hydroxy propiophenone) helps in
distinguishing M.tuberculosis (inhibited) from other
mycobacteria. This system has been widely used for
drug susceptibility testing and is currently used as a
comparative standard4.
(ii) MGIT (Mycobacteria growth indicator tube): This
method has also been developed by Becton Dickinson
and growth is detected by a non-radioactive detection
system using fluorochromes for detection and drug
screening4,5. This system helps in early detection (712 days) of mycobacterial growth 4 and has been
reported to be useful for drug susceptibility testing5
but the experience is limited.
(iii) MB/BacT: This system (Organon Technika) is
adapted from strategy of colorimetric detection
earlier tried for detection of bacterial growth in blood
cultures. This has been reported to be useful for drug
susceptibility testing of M.tuberculosis6.
(iv) Septi-Chek: This is a biphasic medium system
(Roche) consisting of an enriched selective broth and
a slide with nonselective Middlebrook agar on one
side and with two sections on other side- one with
NAP and egg containing agar, second with chocolate
agar for detection of contamination This system has
also been found to be quite useful for rapid detection
of growth of mycobacteria 7.
(v) Reporter phages: Mycobacterial specific phages
and reporter genes like luciferase have been
successfully used for detection of growth and for
assessing the drug susceptibility to anti-TB drugs8-10.
Indication of viability could be either emission of
light from organism due to activation of luciferase
gene or production of a plaque on an indicator strain
of mycobacteria9,10. Results can be obtained in 48 h
and such systems are commercially also available
(Biotec/Medispan).
(vi) Other methods: E-test has been reported to be
useful for drug susceptibility testing in
M.tuberculosis 11 . Flow cytometry has also been
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observed to be a rapid method for drug susceptibility
testing but it is technology-intensive12.
Rapid identification of mycobacterial isolates
Another important step towards early diagnosis
is rapid identification of mycobacterial isolates from
conventional cultures or rapid methods like BACTEC
and others. Traditionally biochemical tests are used
for identification of mycobacteria 1 . These are,
however, time consuming and sometimes ambiguous
results are obtained. To overcome these limitations
chemical methods based on lipid profiles 13 ,
hybridization with specific gene probes 14-20 ,
Polymerase chain reaction- restriction fragment
length polymorphism (PCR-RFLP) methods such as
gene for hsp 65 kDa protein 21, katG 22, and rRNA
genes23-25 and sequencing of 16S rRNA26 have been
described.
(i) Analysis of lipid profiles: Mycobacteria have
characteristic lipid profiles. These lipid profiles can
be analysed by HPLC or HP-TLC 13 and quick
identification of mycobacterial isolates can be done.
This strategy has been successfully used in several
laboratories.
(ii) DNA probes: Based on information about specific
gene sequences well defined oligonucleotide probes
for identification of various clinically relevant
mycobacteria have been developed14-20 and are readily
available. These include probes for identification of
M. tuberculosis, M. avium and several other
mycobacteria. These probes are being used in several
countries for rapid confirmation of the identity of
mycobacterial isolates. When used along with newer
methods of detection of the early growth (such as
BACTEC, Septi-Chek, MGIT) these are of great help
in rapidly confirming the diagnosis as identity of
isolate can be established within 1 to 2 days with
gene probes as compared to much longer time
required with classical biochemical tests.
(iii) Ribosomal rRNA based probes: In recent years,
ribosomal RNA gene region has been extensively
explored for designing systems for ribosomal DNA
fingerprinting and for development of probes/as well
as gene amplification assays for various of
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mycobacterial species including M. tuberculosis, M.
leprae and M. avium etc. 2,14,15. These probes target
rRNA, ribosomal DNA, spacer and flanking
sequences. Commercially available rRNA based
probes have been reported to be useful for quick
identification of mycobacterial isolates 14 . These
probes were earlier radiolabeled but have now been
developed into chemiluminescent techniques 16 .
rRNA targeting probes are 10-100 fold more sensitive
than DNA targeting 17 and may be used to confirm
the diagnosis directly in the clinical specimens in a
good proportion of cases; the lowest detection limit
is around 100 organisms (Table I). At present these
are useful mainly for rapid identification of
mycobacterial isolates.
(iv) Gene amplification methods for identification:
Techniques may also be used for confirmation of the
identity of isolates but the problem of carry over from
the original inoculum needs to be kept in mind.
Different strategies to identify the isolates from
cultures and also directly from the clinical specimens
have been described. These include amplification of
specific gene regions followed by hybridization with
species specific probes 6,7 , sequencing and RFLP
analysis such as hsp 65 kDa gene 21, katG22 and rRNA
genes (23-25, a CJIL system under publication) have
been described. These PCR-RFLP assays help in
quick identification of pathogenic mycobacteria
including M. tuberculosis from the culture isolates
as well as directly from the clinical specimens. While
PCR-sequencing approach can be applied by
reference laboratories26 the hybridization and RFLP

approaches are easily practicable in clinical
mycobacteriology laboratories.
(v) Gene amplification methods for direct
detection of M.tuberculosis sequences from
clinical specimens: Gene amplification techniques
have made a major impact on the diagnosis of
mycobacterial diseases. These methods may be
classified as those based on polymerase chain reaction
(PCR) and others based on isothermal amplification
reactions 2,27-49. Gene amplification techniques are
highly sensitive and under optimum conditions may
detect 1-10 organisms27,28 (Table I). If systems are
adequately standardized, evaluated and precautions
for avoiding the contamination are taken, these assays
can play a very useful role in early confirmation of
diagnosis in paucibacillary extra-pulmonary forms of
tuberculosis.
PCR methods
A variety of PCR methods have been developed
for detection of specific sequences of M. tuberculosis
and other mycobacteria 2. These PCR assays may
target either DNA or rRNA/and these could be based
on conventional DNA based PCR, nested PCR and
RT-PCR. Targets include insertion and repetitive
elements, various protein encoding genes, ribosomal
rRNA etc. Developments in this area have been very
rapid and a large number of PCR assays targeting
different gene stretches of M. tuberculosis have been
described30-42. Indian laboratories have been active
in development of PCR methods for detection of

Table I. Comparative sensitivity of DNA, rRNA targeting probes and gene amplification assays for Mycobacterium tuberculosis
Technique

Sensitivity

Application

DNA targeting probe 14,15,17

10,000-00,000 copies

Identification of isolates

rRNA targeting probe2,14,15,17

100-1000 copies

Identification of probes; also limited
application on clinical specimens

Gene amplification assays 27-29

1-10 copies

Direct application on clinical specimens;
also used to identify isolates by
PCR-RFLP/sequencing

Superscript numerals denote reference numbers
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M. tuberculosis. Different Indian investigators have
used separate gene targets like MPB 6433, repetitive
sequences36,50, GC repeats37, devR 38, 38kD39, TRC
440, IS 108141 and a system patented by Central Drug
Research Institute (CDRI), Lucknow. Some of these
assays (30,33 CDRI) have been repeatedly found to be
reproducible, highly sensitive and specific in double
blind evaluations. IS-1081 based system41 has been
further modified and a new nested PCR target of this
gene has been developed at Centre for DNA
Fingerprinting and Diagnostics (CDFD), Hyderabad.
These assays have been reported to be quite promising
in confirming the diagnosis of different forms of
tuberculosis. A PCR assay system for tuberculosis
which is commercially available42 has been found
reported to be reproducible, sensitive as well as
specific44. These methods can also be adapted for in
situ application for confirmation of histological
diagnosis.
Real time PCR has been investigated for rapid and
specific detection of M. tuberculosis in the clinical
specimens44. This strategy can be used for confirming
the diagnosis and also monitoring the progress.
Isothermal amplification techniques: These
techniques represent a major step forward in the
application of gene amplification technology without
thermal cycler. The important methods are:
(i) Strand displacement amplification (SDA): A SDA
system for M. tuberculosis has been described and
found promising46. It is an isothermal in vitro nucleic
acid amplification technique which is based upon the
ability of HincII to nick the unmodified strand of
hemiphosphorothiote form of its recognition site and
the ability of exonuclease deficient klenow to extend
3’ end at the nick and displace the downstream DNA
strand. Exponential amplification results from
coupling sense and antisense reactions.
(ii) Gene probe amplified Mycobacterium
tuberculosis direct test: This assay employs
the isothermal amplification of M. tuberculosis
complex rRNA followed by detection of amplicon
with acridinium ester-labelled DNA probe 29,47,48 .
Reports about the application of this system are
encouraging 29,48.
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(iii) Q-beta (QB) replicase based gene amplification:
This approach involves production of RNA in the
amplification reaction using QB replicase as the
enzyme and reaction at fixed temperature (for
example 37°C). Using a suitable combination of
capture and detector probes, sensitivity up to one
colony forming unit has been reported for M.
tuberculosis49. Further, the inhibitors of PCR were
observed to have no effect on this assay.
Experience of application of gene amplification
assay in clinical situations
There is a growing experience of use of gene
amplification assays for detection of M. tuberculosis
specific sequences directly from the clinical
specimens. Some of the important experiences are
summarized below:
(i) Pulmonary cases: Pulmonary tuberculosis constitutes
the major form of tuberculosis in clinical practice. The
organisms are demonstrable in multibacillary forms by
acid fast staining and also by culture. While these
methods are simple, these have the problem of
sensitivity as well as specificity and are also time
consuming. Various PCR methods have been tried for
confirmation of diagnosis from sputum 50,51 ,
bronchoalveolar lavage etc. Gastric lavage specimens
are considered to be particularly useful for isolation of
M.tuberculosis52 and also PCR in childhood cases of
pulmonary tuberculosis in which it was difficult to
obtain sputum specimens 53 . In general different
amplification methods (PCR as well as isothermal) have
been found to be positive in 95-100 per cent of smear/
culture positive specimens whereas the positivity ranges
from 40-60 per cent in smear negative paucibacillary
pulmonary disease29,30-32,35,36,42,47-51.
(ii) Neurotuberculosis: PCR has been extensively
tried for the detection of M. tuberculosis specific
sequences in the CSF as well as biopsy specimens in
cases of tubercular meningitis and tuberculoma of
brain. As compared to 5-20 per cent positivity with
demonstration of AFB and mycobacterial cultures,
PCR has been found to be positive in 50-70 per cent
of specimens from cases having cardinal features as
well as biochemical/cytological evidence of
neurotuberculosis 33,40,54.
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Table II. Comparative data of sensitivity of various PCR and isothermal gene amplification methods in M. tuberculosis

PCR/ isothermal

Specimen

PCR-repetitive 50

Sputum

100

88

PCR-Roche amplicor 42

Sputum

79.4

99.6

PCR-amplicor 43

Sputum

88.9

98

Sputum

88.9

93.9

Pleural fluid

73.3

93.1
80

PCR- 36 kD

44

PCR-GCRS 37
40

Sensitivity%

Specificity%

CSF

81

PCR- TRC-4 40

CSF

91

76

PCR- MPB 6433

CSF

75

100

Isothermal-AMTD 48

Sputum

91

98.5

Isothermal- AMTD 29

Non-respiratory specimens

93.1

97.7

Respiratory specimens

86.6

96.4

PCR- IS 6110

Isothermal- AMTD

29

Superscript numerals denote reference numbers
36 kD, GCRS, IS6110, TRC-4, MPB-64 etc denote the name of genes/ sequences of M.tuberculosis against which these assays are
targeted.
AMTD, Amplified Mycobacterium tuberculosis direct test

(iii) Pleural effusion: The diagnosis of pleural
involvement in tuberculosis is made by appropriate
pleural biopsy and examination of pleural fluid, it is
time consuming and direct detection of M.
tuberculosis is rare. PCR can help in confirming the
diagnosis in more than 60 per cent of specimens
which are negative for mycobacterial culture37.
(iv) Ocular tuberculosis: Like various other extra
pulmonary forms, the demonstration of mycobacteria
is difficult in cases with ocular tuberculosis and in
cases of chronic iridocyclitis the establishment of
aetiology is a challenging task. PCR has been shown
to confirm the diagnosis in 50-70 per cent cases of
ocular tuberculosis using aqueous/vitreous fluid as
specimens 55.
(v) Cutaneous tuberculosis: The tuberculosis
manifests as more than a dozen of clinical forms in
skin. While the characteristic histology and
demonstration of organism is used to confirm the
diagnosis in some cases, there could be problems.
PCR has been used extensively to confirm the
diagnosis of cutaneous tuberculosis from unfixed
biopsies56,57 as well as paraffin embedded section 58.
In cases of skin tuberculosis, the positivity in the
range of 50-60 per cent has been observed as
compared to very low positivity by culture.

(vi) Lymph glands: The tuberculosis of cervical as
well as other lymph glands is one of the important
forms of childhood tuberculosis. Different lymph
glands may be involved even in adults. PCR has been
used to confirm the diagnosis in case of
lymphadenopathy. The positivity rates varying from
40-90 per cent have been reported by PCR in case of
tubercular lymphadenitis59-62.
(vii) Bone, kidney, genital tuberculosis: Tuberculosis
involves different bones, joints, genitourinary tract
and almost all organs of human body. The bacillary
load in these specimens is usually low. PCR has
been found to be useful in confirming the diagnosis
in a substantial number of cases of tuberculosis of
female genital tract63-65. PCR has been found to
be useful in confirming the clinical diagnosis of
bone tuberculosis66.
Sensitivity and specificity of diagnostic methods
In general, gene amplification methods have been
found to be highly sensitive and specific for diagnosis
of tuberculosis directly from clinical specimens.
Depending upon the bacteriological status and copy
number of target sequence, sensitivity has ranged
from 70-100 per cent whereas specificity between 80100 per cent has been reported by different

KATOCH : RAPID DIAGNOSTIC METHODS FOR TB

investigators (Table II). While figures may vary from
series to series, overall trends are similar and
promising.
False positive and false negative results
There has been a genuine concern of false
positivity due to contamination occurring in clinics
and laboratories. The problem of false positivity can
be substantially reduced by proper laboratory design,
strict discipline about collection and processing of
the specimens, handling of reagents and use of certain
blocking reagents. Further the application of in situ
PCR approach removes the doubts about
contamination and will be very useful to the
pathologists for arriving at a confirmed diagnosis.
In case of false negative results several strategies can
be used to improve the sensitivity. While there are
individual problems of appropriate sample collection,
extraction and assay, very small number of organisms
and inhibitors in paucibacillary specimens are
specially important. It has been observed that by
using immunomagnetic beads 67 and capture
resins 68 , the sensitivity of PCR assays can be
significantly improved.
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Indian strains and correlation up to 60 per cent has
been observed in some of these studies due to
unknown mutations; some mutations also being
present in strains with low degree of rifampicin
resistance 72. In India, these mutations have been
scanned in M. tuberculosis isolates from different
types of tuberculosis and from different geographical
locations. In case of rifampicin, mutations (known
as well as novel) have been found to be associated
with resistance in more than 95 per cent of
the isolates the multidrug resistance69,73,74. However,
the mechanism in case of INH, quinolones,
streptomycin etc., are not well understood and no
mutations in the known target loci in 30-50 per cent
of isolates resistant to these drugs have been found73.
Other mechanism like efflux pumps may be
responsible69. Based on new information probes for
direct detection of rifampicin resistance are being
developed. These methods can thus reduce the time
period for detection of drug resistance and can be
helpful to clinicians as well as epidemiologists
interested in the surveillance of drug resistance in
tuberculosis.
Application of gene amplification methods difficulty in comparing with gold standard

PCR for detection of drug resistance
It is well known that conventional methods for
drug susceptibility testing for tuberculosis are time
consuming. Except for phage based methods other
rapid methods also need about 7-10 days to obtain a
result. Because of these limitations molecular
methods have become attractive alternatives for
detection of drug resistance in tuberculosis. Over the
last one decade different target loci associated with
susceptibility/resistance to rifampicin, isoniazid
(INH), ethambutol, pyrazinamide and other antitubercular drugs have been structurally and
functionally analysed 69. These mutations can be
identified by PCR amplification of target loci and
subsequent analysis by PCR-SSCP (Single strand
conformation polymorphism), probe hybridization,
sequencing etc. Some of approaches like PCR
amplification followed by hybridization are easy to
apply. One such assay is commercially available 70.
While this assay has been found to be reproducible
and promising71, it is not applicable to a number of

Cultivation of M.tuberculosis, though not foolproof, is considered the Gold standard for the
diagnosis of tuberculosis. However, this Gold
standard lacks sensitivity and is negative in specimens
from majority of paucibacillary cases. This poses
great dilemma for comparing gene amplification
methods which are vastly more sensitive but have
danger of false positivity due to contamination. While
in situ PCR is specific for other gene amplification
assays, other evidences should be carefully
interpreted and should be correlated with other
clinical, histological, cytological, biochemical,
imaging and therapeutic parameters.
Due to various limitations of false negativity and
danger of false positivity, no clear guidelines for
application of gene amplification methods are
available. American Thoracic Society75 recommended
to use PCR as additional evidence in specimens
smear positive for AFB. For smear negative cases
cautious approach of using gene amplification as one
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of the evidences would be preferable76, which should
be repeated in cases of doubt. As the advantages are
many, the use of these methods with appropriate
quality assurance should be encouraged.

resistance. Wider experience of the clinical
application would be required for optimizing and if
necessary, improving these methods to achieve the
highest sensitivity and specificity.

Molecular methods : Indian perspective
Indian institutions cover a big range of technical
expertise and financial affordability. Use of probes
for rapid identification of growth is attractive option.
For a laboratory with good load and which is using
rapid methods for early growth detection, this should
not add to cost significantly. If 10-25 isolates/
growths are checked for identity simultaneously,
additional cost for each isolate, using a nonradioactive detection system like digoxigenin (DIG),
should not be more than 150-200 rupees. Scientific
and technical personnel from Mycobacteriology
laboratories handling extra-pulmonary specimens,
specimens from non-responders and research
specimens can easily be trained to use these methods.
Similarly for a PCR system using primers, which are
not patented, cost should be in similar range as the
prices of primers and reagents have considerably been
reduced during the last 4-5 yr. These estimates will
vary from laboratory to laboratory and will need to
be worked out. Considering the advantages of
rapidity, sensitivity and specificity, the cost is not
much and should not be a deterrent in the adoption
of molecular methods for diagnosis of tuberculosis.
Serological methods continue to be attractive
choice because of ease of their application in the field
and smaller laboratory settings. While the problem
of false positive results of antibody detection with
ill defined preparations is a problem in endemic
countries 77, the antigen detection methods will be
more specific 78. Combination of defined antigenic
preparations like antigen 577, novel PPE antigens79,
excretory-secretory proteins 80 etc., may lead to
methods with desired sensitivity and specificity.
To conclude, the newer methods for detection of
growth of M.tuberculosis along with gene probe and
gene amplification technologies have provided
excellent tools for rapid identification of isolates,
direct detection of mycobacterial pathogens from
clinical specimens and finally detection of drug
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Standard abbreviations to be used in IJMR
The abbreviations should be used in the text, tables and illustrations without a full stop.
Molar (mole/litre)

M*

counts per minute

cpm

milli molar (m mole/litre)

mM

Curie

Ci

Micromolar (mole/litre)

µM

rad

rad

mole (quantity of substance)

mol

Roentgen

R

normal

N

gravity

g

metre

m

ortho

o

centimetre

cm

meta

m

para

p

2

square centimetre

cm

millimeter

mm

intramuscular

im

micrometre

µm

intraperitoneal

ip

nanometre

nm

intravenous

iv

picometre

pm

subcutaneous

sc

mg/100 ml

mg/dl

oral

po

A

lethal dose-50

LD50

litre

l

Ampere

A

millilitre

ml

milli Ampere

mA

microlitre

µl

Watt

W

gram

g

anti meridiem (before noon)

am

milligram

mg

post meridiem (after noon)

pm

kilogram

kg

volume

vol

hour(s)

h

volume ratio

vol/vol

minute(s)

min

(volume per volume)

second(s)

sec

weight

wt

week(s)

wk

weight per volume

wt/vol

year(s)

yr

weight ratio

wt/wt

revolution per minute

rpm

(weight per weight)

Angstrom

o

* Should not be used as an abbrevation for mole
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