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HISTORY
Tuberculosis is a disease of antiquity that has long been a major public health challenge in the
world, particularly in the developing countries. The oldest example of spinal tuberculosis in the
form of fossil bones dates back to about 8000 BC. The disease is an ancient human disease that
has afflicted mankind for at least the last 5000 years as evidenced in the form of tuberculosis of
bone found in the mummified remains unearthed in Mesopotamia, Egypt and Central Asia. The
concept of 'phthisis' or consumption was conceptualized by the Greek physician Hippocrates around
460-370 BC. He has described phthisis as the most common disease of the period and that usually
culminated in death. In Indian literature, evidence from passages from 1500 BC reveals that
consumption was attributed to excessive fatigue, worries, hunger, pregnancy and chest wounds.
Evidence for Mycobacterium tuberculosis infections dates back to around 1000 BC at a time
when an increasing number of people began concentrating in urban communities throughout Egypt,
Macedonia and India. No one seemed to be immune to this disease and by the 18th century, the
death rate in the UK due to this disease alone was about 1 percent of the population per annum.
This led to designate consumption or tuberculosis as the "Captain of all these men of death" and
the "White Plague". Subsequently the incidence of the disease rose steadily for more than two
centuries, but then it inexplicably went into a long, slow decline. Subsequent epidemiology of the
disease varies according to the country, in some the decline was maintained, while in some others
the rise continued with a plateau and then a decline till about a decade ago when it showed another
rising trend because of the HIV infection. Major achievement of recognizing the true nature of the
organism was made by Robert Koch, a microscopist. He produced irrefutable evidence in 1882
that a specific microbe is the fundamental cause of tuberculosis. Another landmark discovery in
1895 was that of X-rays by Wilhelm Conard von Rontgen, which helped in the diagnosis and
monitoring the progress of tuberculosis. The scientific research of tuberculosis in the 19th century
was more concerned with the description, pathogenesis and diagnosis of the disease. Around the
middle of 19th century, idea about management came into being when the concept of sanatorium
treatment started. In the 1930s, due to discouraging results sanatorium treatment was gradually
supplemented by collapse therapy through pneumothorax technique and thoracoplasty procedures.
Tuberculosis vaccination through BCG immunization was first carried out in Paris in 1921, which
suffered a major setback in 1930 when 240 children were inadvertently vaccinated with virulent
bacilli and 73 of them died. Nevertheless, by 1945, BCG vaccination was again in use after its
usefulness was realized. Modern drug treatment started in 1943 when streptomycin was discovered
from the actinomycete, Streptomyces griseus, which was used for the first time on 20th November
1944 in a young woman. A rapid succession of antituberculosis drugs appeared in the following
years with the discovery of many more anti-TB drugs like PAS (1949), isoniazid (1952), pyrazinamide
(1954), cycloserine (1955), ethambutol (1962) and rifampicin (1963). From the use of monotherapy
evolved the concept of combination therapy, domiciliary treatment and the current concept of
short-course chemotherapy and DOTS.

GLOBAL BURDEN OF TUBERCULOSIS
According to the recently published short update to the March 2009 report of the Global Tuberculosis
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Control, in 2008, there were an estimated 9.4 (range, 8.9-9.9 million) million incident cases (equivalent
to 139 cases per 100 000 population) of TB globally. This is an increase from the 9.3 million TB
cases estimated to have occurred in 2007, as slow reductions in incidence rates per capita continue
to be outweighed by increases in population. Provisional analyses indicate that women account for
an estimated 3.6 million cases (range, 3.4-3.8 million). Most of the estimated number of cases in
2008 occurred in Asia (55%) and Africa (30%), with small proportions of cases in the Eastern
Mediterranean Region (7%), the European Region (5%) and the Region of the Americas (3%).
The 22 high-burden countries (HBCs, defined as the countries that rank first to 22nd in terms of
absolute numbers of cases and which have received particular attention at the global level since
2000) account for 80% of all estimated cases worldwide. The five countries that rank first to fifth
in terms of total numbers of incident cases in 2008 are India (1.6-2.4 million), China (1.0-1.6
million), South Africa (0.38-0.57 million), Nigeria (0.37-0.55 million) and Indonesia (0.34-0.52 million).
India and China alone account for an estimated 35% of TB cases worldwide.
Of the 9.4 million incident cases in 2008, an estimated 1.2-1.6 million (13-16%) were HIV-positive,
with a best estimate of 1.4 million (15%). Of these HIV-positive cases, 78% were in the African
Region and 13% were in the South-East Asia Region.
There were an estimated 11.1 million (range, 9.6-13.3 million) prevalent cases of TB in 2008
equivalent to 164 cases per 100 000 population. In that year, an estimated 1.3 million (range, 1.11.7 million) deaths, including 0.5 million (range, 0.45-0.62 million) deaths among women, occurred
among HIV-negative incident cases of TB. This is equivalent to 20 deaths per 100 000 population.
There were an estimated 0.5 million deaths among incident TB cases who were HIV-positive;
these deaths are classified as HIV deaths in the 10th revision of the International Statistical
Classification of Diseases (ICD-10). The number of TB deaths per 100 000 population among
HIV-negative people plus the estimated TB deaths among HIV-positive people equates to a best
estimate of 28 deaths per 100 000 population.

Estimate new TB
cases (all forms) per
100 000 population

0-24
25-49
50-99
100-299
> 300
No estimate
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India has the highest burden of TB in the world, accounting for 21% of the global incidence and 2/
3rd of the cases in south East Asia. In the year 2008, the incidence of tuberculosis was reported to
be 1.982 million (1.586-2.379 million) with prevalence of 2.186 million (1.044 - 3.739 million) with
mortality due to TB being 2, 76, 512. The percentage of HIV positivity in that year was 6.7% with
a range of 5.5 - 7.9%. Figures 1 to 3 show the distribution of Tuberculosis in the world and India.

THE ORGANISM
The tubercle bacillus was first discovered by Robert Koch in 1882, and is known as Mycobacterium
tuberculosis. The generic name Mycobacterium or the "fungus bacterium' was given because of
the mould-like pellicle formed by the organism in liquid media. The bacillus is a member of the
Mycobacteriaceae family. It is both acid- and alcohol-fast, obligate aerobe, non-spore-forming and
nonmotile bacillus, which grows and metabolizes rather slowly, and is resistant to a variety of
deleterious influences. It grows best at 37°C. They are facultative intracellular parasites, that is,
they can grow within or outside of the cells. They are usually slightly curved rods with parallel
sides and rounded ends, ranging in size from 0.3 to 0.6 × 1-4 micrometers, straight or slightly
curved, occurring singly or in occasional strands. They stain uniformly or irregularly; often showing
banded or beaded forms. Electron microscopy shows that mycobacteria possess a relatively thick
cell wall, about 20 nm across. The mycobacterial cell wall contains up to 60 percent lipids as
against some 20 percent for the lipid rich cell wall of Gram-negative organisms. The genus is
distinguished by characteristic antigenic patterns and mycolic acid structures. The G + C content
of DNA are 66 to 72 mol percent. The lipids render the surface of Mycobacterium tuberculosis
hydrophobic. Of the many fatty acids, cord factor (trehalose 6, 6'-dimycolate), cardiolipin, Mycolic
acid, Wax D and sulphatides are important for its pathogenetic characteristics. The organism also
contains carbohydrates and protein components, and they will be discussed subsequently.
Mycobacterium tuberculosis is not a member of the normal bacterial flora of the animal or
human body. Mycobacteria vary enormously in their metabolic activities, nutritional requirements,
and rate of growth. The basic requirements of mycobacterial growth in vitro are carbon, nitrogen,
oxygen, phosphorous, sulphur, iron, magnesium, sodium, potassium, and various other trace elements.
Many identification tests based on metabolic activities include niacin production and arylsulphatase,
phosphatase, catalase, and reductase activity. The organism is susceptible to heat, which is taken
advantage of in the process of pasteurization. They have higher resistance to acids, alkalis and
chemical disinfectants. Mycobacteria are destroyed by disinfectants like phenol, hypochlorite or
glutaraldehyde solution. Ethylene oxide and formaldehyde are suitable for sterilization of fiberoptic bronchoscopes except that the gases have poor penetration to kill bacilli embedded in sputum.
The organisms are rapidly killed by acetone, propanol and 70 percent ethanol, which are useful for
disinfection of skin, clinical thermometers, and bench tops. Formaldehyde is suitable for disinfection
of safety cabinets. Mycobacteria are resistant to drying and survive for weeks or months on
inanimate objects. Of the many Mycobacteria, only Mycobacterium tuberculosis, Mycobacterium
bovis and Mycobacterium africanum are recognized as tubercle bacilli. These all are a subspecies
of a single species. These along with Mycobacterium microti are closely related and are considered
as variants of one species and are known as the M. tuberculosis group. Mycobacterium
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tuberculosis is infective to man, other primates and too many other mammals. It produces
progressive disease in guinea pigs.
The mycobacteria have the most complex cell wall amongst all the bacteria. A particular
characteristic is the high lipid content (60% of the cell wall weight). The cell wall has several
layers. The innermost is a layer of peptidoglycan (murein) which gives the cell its shape and
rigidity. This is a net-like micromolecule formed by long polysaccharide chains cross-linked by
tetrapeptide chains. The murein layer is largely responsible for the powerful adjuvant activity of
mycobacteria. The other components are arabinogalactan, mycolic acid, superficial lipids and
mycosides. The principal feature of the cell wall is the dense palisade of characteristic long chain
fatty acids-the mycolic acids. Wax D, is a complex chloroform soluble molecule composed of a
mycolic acid linked through a small arabinogalactan to a fragment of murein. Units of Wax D may
arise by autolysis or may be building blocks from which the cell wall is constructed. Lipids of
mycobacteria are unique to the genus. Many of them are long-chain fatty acids modified by the
presence of unsaturated bonds. Some of them are the mycolic acid, mycoserosic acid, phthienoic
acid, and tuberculostearic acid. The mycolic acids are long-chain lipids having an alkyl chain
attached to the CH2 group. They contain between 60 to 90 carbon atoms. The size of these lipids
is an important criterion of the genera. Two important classes of lipids contain the disaccharide
trehalose: sulpholipids and trehalose dimycolates, also known as "cord factors". Sulpholipids are
strongly acidic compounds consisting of mycoserosic acid covalently linked to trehalose sulphate.
Although several different sulpholipids are synthesized by M. tuberculosis, the most abundant are
sulpholipid I. It was earlier thought that sulpholipid is a major determinant of virulence of the
organism. However, it seems unlikely. Cord factor, 6,6'-dimycoloyl-a, a'-D-trehalose, consists of
two mycolic acids linked to trehalose. The name was given with the erroneous belief that it is
responsible for the characteristic 'serpentine cords' of M. tuberculosis. It was also erroneously
believed that this factor is related to virulence. However, it has a toxic action, the relevance of
which to pathogenesis is not clear. Mycosides are a heterogeneous group of biologically important
species- or strain-specific cell surface lipids. They determine the agglutination serotype, colonial
morphology, and in some cases, virulence. They also serve as bacteriophage receptor sites. They
are of two major classes: the peptidoglycolipids (mycoserosic acid, sugars, amino acids) and the
phenolic glycolipids (lack amino acids). The peptidoglycolipids are also known as mycoside C. A
minority of glycosides lack sugars which include the attenuated indicator lipid, characteristic of the
guineapig- attenuated South Indian variant of M.tuberculosis.
The mycobacterial antigens are broadly classified as (a) cytoplasmic (soluble) or cell wall lipidbound (insoluble); (b) according to their chemical structure (carbohydrate or protein); or (c) by
their distribution within the genus. Up to 15 to 90 lines of soluble antigens can be demonstrable
depending on the method of testing applied. These soluble antigens are divisible into 4 major
groups: Group I or those common to all mycobacteria (also found in nocardia, Corynebacterium
and Listeria); Group II occurring in slowly growing species; Group III occurring in rapidly growing
species and Group IV are those unique to each individual species. Immunoelectrophoresis of
culture filtrates of M.tuberculosis demonstrates 11 arcs of precipitation, which are numbered for
reference purposes. Antigens 1,2 and 3 are arabinomannans, arabinogalactans and glucans
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respectively that are distributed throughout the genus. Antigens 6,7 and 8 are widely distributed
proteins while antigen 5 is a protein of molecular weight 28,500 to 35,000 and is specific for
M. tuberculosis. Study of genomes of mycobacterial chromosomes revealed that they have
molecular weights of (2.5-5.55) and M. tuberculosis being at the lower end of the spectrum.
Genome libraries have been produced for the organism. Mutations occur naturally at a low frequency
to various anti-tuberculous drugs and are inducible at a much higher frequency by UV light, gammaradiation and chemical mutagens. The mutation rates of M. tuberculosis to the commonly used
anti-tuberculous drugs vary and the spontaneous mutation rates are as follows:
Drugs Mutation rate
Rifampin
2.3 × 10-10
Isoniazid
2.6 × 10-8
Ethambutol 1.0 × 10-7
Streptomycin 3.0 × 10-9
Several different repetitive elements are known to be present in the M. tuberculosis genome and
the most widely studied of these is IS6110, which is specific for the M. tuberculosis complex and
has been used extensively as a genetic target in the identification and epidemiological mapping of
M. tuberculosis. Almost all isolates of M. tuberculosis contain from 1 to 20 randomly integrated
copies of IS6110, and this diversity in genome location has allowed its application to restriction
fragment length polymorphism (RFLP)-based DNA fingerprinting of M. tuberculosis isolates, a
tool proved useful and popular in studies of molecular epidemiology of tuberculosis.
Mycobacteriophages that lyse the mycobacteria are usually hexagonal or less frequently oval
headed with long noncontractile tails. Phage typing of M.tuberculosis shows 4 types designated
as A, B, C, and I. Most strains are of type A, I or B; and type C is very rare. Phage-type A is the
most common type and is distributed worldwide. Type B mainly occurs in Europe, the Middle East,
and North America. Both are virulent to the guinea pig, but type B contains only small amounts of
sulpholipids compared to type A. Most, but not all, phage-type I are of the guinea-pig-attenuated
South Indian variant of M. tuberculosis. Factors determining the virulence of tubercle bacilli are
poorly understood. The power of the bacillus is not so much due to the toxins it excretes as to its
resistance towards the bacteriolytic influences of the animal cells and fluids. Even, if the
mycobacteria synthesize toxic substances like sulpholipids and cord factors, it is very doubtful
whether they play a major role in determining virulence. Mycobacteria are intracellular parasites
and their ability to survive inside macrophages is an important determinant of the virulence. The
mechanisms for such survival are poorly understood. M.tuberculosis inhibits the fusion of lysosomes
with the phagosomes through the production of inhibiting substances like polyglutamic acid, ammonia,
cyclic AMP, and the sulpholipids. Possibly this fusion inhibition plays some protective role, although
it is not very certain. This also may cause inhibition of bacillary replication, thereby inducing the
state of dormancy. Resistance to intracellular killing mechanisms, in particular the generation of
H2O2 is likely to be of some relevance. The success of the organism as a pathogen is dependent to
a large extent on its ability to adapt to a wide range of conditions both within and outside the human
host. Transcription regulatory proteins, such as sigma factors (sig F), are likely to play a significant
role in their adaptive responses to various environmental conditions like their survival intracellularly
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within the macrophages, extracellularly in caseous tissues or liquefied cavities, and outside the
human host in aerosols and in the soil. Transcription in bacteria is carried out by a four subunit
RNA polymerase holoenzyme with the structure abbs. The subunit is required for promoter specific
DNA binding while the other unit, known as the core, carries out the polymerase reaction. A total
of 11 intact sigma factor genes are recognized in M. tuberculosis. Being regulatory transcription
factors, bacterial sigma factors have been postulated to participate in adaptive responses necessary
for virulence. The sig F is perhaps responsible for the stationary phase and mycobacterial
persistence.

GENOMIC STRUCTURE OF M TUBERCULOSIS
A major milestone in tuberculosis research occurred in June 1998 with the report of the genomic
sequence of Mycobacterium tuberculosis H37Rv109A, 109B. The complete determination of the
4411529 base pairs of the M.tuberculosis genome opens avenues for new scientific opportunities
in basic science and clinical research on tuberculosis. The complete genome sequence of the best
characterized strain of Mycobacterium tuberculosis, H37Rv, has been determined and analyzed in
order to improve the understanding of the biology of this slow growing pathogen and to help the
conception of new prophylactic and therapeutic interventions. The genome comprises 4,411,529
base pairs, contains around 4,000 genes, and has a very high guanine + cytosine content that is
reflected in the biased amino acid content of the proteins. M. tuberculosis differs radically from
Fig.4. Circular map of the chromosome of M. tuberculosis H37Rv. The outer circle shows the scale in Mb, with 0 representing
the origin of replication. The first ring from the exterior denotes the positions of stable RNA genes (tRNAs are blue, others are
pink) and the direct repeat region (pink cube); the second ring inwards shows the coding sequence by strand (clockwise,
dark green; anticlockwise, light green); the third ring depicts repetitive DNA (insertion sequences, orange; 13E12 REP family,
dark pink; prophage, blue); the fourth ring shows the positions of the PPE family members (green); the fifth ring shows the
PE family members (purple, excluding PGRS); and the sixth ring shows the positions of the PGRSsequences (dark red). The
histogram (centre) represents G + C content, with <65% G + C in yellow, and >65% G + C in red. The figure was generated
with software from DNASTAR. Cole ST et al. Nature, 1998;393: 537-544
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other bacteria in that a very large portion of its coding capacity is devoted to the production of
enzymes involved in lipolysis, and to two new families of glycine-rich proteins with a repetitive
structure that may represent a source of antigenic variation. A large number of phenotypic differences
have been reported from different geographical regions. The tuberculosis strains isolated from
south Indian patients exhibit certain phenotypic characteristics like low virulence in guinea-pigs,
resistance to isoniazid, thiophene-2-carboxylic acid hydrazide (TCH) and paraamino salicylic acid
(PAS), and enhanced susceptibility to H2O2. Besides this, a large percentage of the isolates harbor
only a single copy of IS 6110 which makes these strains distinct. The analysis of 1215 tuberculosis
patient isolates from south India revealed that 85.2% belonged to the ancestral lineage of
M. tuberculosis. Comparative whole-genome hybridization identified six new genomic regions
within this lineage that were variably deleted.

DIAGNOSIS
Although the diagnosis of tuberculosis consist of clinical, radiological and other contributory
diagnostic methods like tuberculin skin test and Interferon gamma Release Assays, the definite
diagnosis of tuberculosis is the demonstration of tubercle bacilli either by smear examination or
growth of bacilli on culture of biological fluid/specimens.
However, only up to 50 percent of pulmonary and 25 percent of extrapulmonary tuberculosis are
diagnosed by smear examination. Traditional culture methods take 6 weeks to demonstrate
Mycobacterium tuberculosis and the method cannot be employed everywhere except in few
centers. Therefore alternative methods are developed recently to diagnose tuberculosis. Diagnosis
of tuberculosis can be divided into direct methods and indirect methods. Direct methods include
the detection of either the bacilli or their DNA and indirect methods include tests like demonstration
of antigens, antibodies or other biological products in various specimens. Histological examination
of diseased tissue like biopsy or fine needle aspiration cytology of biopsy specimens like lymph
node, pleura, transbronchial biopsy specimen of lung tissue, etc. which reveals characteristic
granulomatous lesions with necrosis are fairly specific of tuberculosis even if the bacilli are not
demonstrated in the specimen.
Direct sputum smear microscopy is the easiest and cheapest method of diagnosing pulmonary
tuberculosis. Because the identification of organism is critical to get a confirmed diagnosis of
tuberculosis, it is important that careful attention be given to the collection and handling of specimens.
Success in isolating mycobacteria from clinical material depends on the manner in which specimens
are handled after their collection.
A series of at least three single specimens on different days should be collected from sputumproducing patients (the recent RNTCP guidelines require two samples). The Ziehl-Neelsen method
is usually used to detect AFB in the smear.
It is estimated that the lowest concentration of organisms that can be detected by microscopic
examination is 104 /ml of sputum. This will also depend on the number of fields examined. The
quantity of sputum delivered by a wire loop with an internal diameter of 3 mm is about 0.01 ml and
the area covered by the smear is about 200 sq mm. An oil immersion objective covers an area of
0.02 sq mm per single viewing. Thus, 10,000 such fields are required to be examined to screen the
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whole smear, which is not practicable. Approximately 100 such fields are examined per smear,
which covers about 1 percent of the entire smear. To find one acid-fast bacillus (AFB) per field, it
would require 106 /ml of sputum. Estimated number of AFB in sputum specimen and probable
number of AFB in smear are as follows:

Hence, if there are 5,000 bacilli per ml, there is only a 50 percent chance of finding a bacillus even
after screening 100 fields. Typical mycobacteria, as seen under ZN stain are shown is figure 5
For quantitation in smears, the method recommended by the National Tuberculosis Association of
America is shown in Table below:

The other staining methods used to demonstrate mycobacteria are the cold staining method of
Kinyoun and the fluorochrome dye method. The cold stain method is the same as that of ZiehlNeelsen method except that carbolfuchsin is not steamed. In the fluorescent technique, auraminerhodamine dye is used and the smear is examined under a fluorescent microscope. The method is
very quick and more samples can be screened than that is possible with the other method. However,
the initial establishment and subsequent maintenance are costly and there is danger of ultravioletlight injury to the eyes. The main advantage of the method is that a low power objective is used
which allows a larger area to be scanned. Each technician will be able to read 100 to 200 smears
per day as against 30 to 40 per day by the ZN method. Specificity and sensitivity are the same.
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The recent advent of LED-Fluorescent microscopes have taken care of some of these problems.

CULTURE OF MYCOBACTERIA
All clinical specimens suspected of containing mycobacteria should be inoculated after appropriate
digestion and decontamination, if required, onto culture media. The culture is much more sensitive
than microscopy, being able to detect as few as 10 bacteria/ml of digested, concentrated material.
Moreover, culture provides precise species identification. Mycobacterial culture is more sensitive
and specific for the diagnosis of tuberculosis than the AFB smear. Although determining the set
parameters is somewhat difficult, sensitivity of 'sputum culture’ is approximately 81 percent in
pulmonary tuberculosis, with a higher sensitivity of 96 percent in cavitary form of the disease.
False positive cultures are mainly because of laboratory contamination, nevertheless, the specificity
of culture positivity is as high as 98.5 percent.
Numerous culture media are available. Most of them fall into the two general categories:
(i)

Egg-potato-base media

(ii) Agar-base media.
The most popular egg-based media are the Lowenstein-Jensen (LJ) buffered egg-potato medium
and American Trudeau Society egg yolk-potato flour medium. Among the agar-based media,
Middlebrook 7H-10, Middlebrook 7H-11, and Dubos oleic-albumin agar are important. Incubation
of inoculated media in an atmosphere of 5 to 10 percent carbon dioxide enhances both the number
of positive isolations and the actual number of cultivable colonies. The culture media can also be
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divided into solid and liquid media. Various solid media are LJ medium, LJ with Na Pyruvate, LJ
without asparagine, Synthetic Middlebrook's 7H10, 7H11 oleic acid Albumin agar, selective 7H10
medium, Tarshi's fresh blood agar medium, and ogawa medium. Liquid media are usually used in
the cultivation of mycobacteria when the specimens contain very small number of bacilli since
positive cultures could be more often obtained in these media with a larger inoculum. These liquid
media include Kirchner-Herman medium, Dubo's medium, Sula's medium, Youman and Karlson's
medium, Proskauer and Beck medium, and 7H9 synthetic medium.
Use of coconut water as a useful adjunct to the growth of mycobacteria has been reported from
south India. Whatever procedure is used, the total time required is usually 3 to 6 weeks and one
has to wait till at least 6 weeks to report a negative culture. Mycobacterial growth observed on
culture media should be quantified as follows (American Thoracic Society, 1990):

DRUG SUSCEPTIBILITY TESTING
The performance and interpretation of drug susceptibility tests for M. tuberculosis may be helpful
to the clinician in choosing the most effective anti-tuberculous agents and in the appraisal of the
patient's response to chemotherapy. This is more useful in detecting the drug resistant cases
particularly MDR and XDR TB.

NEWER TECHNOLOGIES
Because of the long generation time of the mycobacteria and the multiplicity of time consuming
differential tests and due to difficulties in the diagnosis of cases of paucibacillary tuberculosis,
efforts are continued to devise newer methods for diagnosing tuberculosis. The application of
many of these technologies is still in its infancy, but there are several that should make a dramatic
impact on the speed and precision of clinical mycobacteriology in the coming years. They are:

(a) Radiometric Methods
This method is used widely to detect early growth of mycobacteria in culture and the common one
used is the BACTEC system. The conventional method of isolating M.tuberculosis in LJ medium
takes between 4 to 8 weeks. Once isolated, species identification and drug susceptibility testing
can take another 4 to 8 weeks and during sub culturing the isolates could be lost or get contaminated.
On the other hand, radiometric method (BACTEC) of isolation of tubercle bacilli offers an advantage
to the time constraint. The method employs a 14C-label substrate medium that is almost specific
for mycobacteria and the detection of 14C-label carbon dioxide in the medium confirms the presence
of mycobacteria. In this technique, the BACTEC TB medium containing polyoxyethylene stearate
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(POES), a growth promoting substance, and 4 percent CO2 growth promoting environment are
used. Mycobacteria utilize a 14C isotope-label substrate (fatty acid) present in the medium and
release 14CO2 into the atmosphere above the medium. This 14CO2 is detected quantitatively by
counting the radioactivity with the BACTEC 460. The rate and amount of 14CO2 produced is
directly proportional to the rate and amount of growth occurring in the medium. Since the radiometric
technique can detect very small quantities of 14CO2, detection of mycobacterial growth can be
detected at a very early stage. The quantity of 14CO2 is expressed on a scale from 0 to 999
designated as Growth Index. Several studies have demonstrated the high sensitivity and time
saving offered by the BACTEC technique. Mycobacteria could be isolated from most smear
positive specimens within 6 days. The average detection time ranges from 3 to 15 days in the
smear negative specimens. Drug susceptibility test results can be available within 7 days. With
subsequent modifications, the BACTEC method has provided more rapid growth (average 9 days),
specific identification of M.tuberculosis (5 days) and rapid drug susceptibility testing (6 days).
Pulmonary specimens such as sputum, bronchoalveolar lavage fluid, and extrapulmonary specimens
such as body fluids and biopsy and surgical specimens can be processed by BACTEC mycobacterial
isolation. Although radiometric technique cannot completely replace the classic mycobacteriologic
methods, and may underestimate drug resistance, this is a valuable new tool. However, this being
a radiometric method the system is being phased out and recently, a fluorescent based MGIT
system is in use and is gradually replacing the conventional radiometric BACTEC system. Other
rapid culture methods like biphasic broth agar system and slide culture methods although seem
very good in principle, they need good standardization.

RAPID METHODS OF DETECTION OF TUBERCULOSIS
Various rapid diagnostics methods can be divided as:
A.

B.

Culture based methods
•

Conventional

•

Nonconventional

•

Automated

Molecular methods
•

Conventional

•

Automated

The following are considered as Conventional methods:
1.

MABA - Microscopic Alamar Blue assay

2.

Micro plate tetrazolium reduction assay

3.

Nitrate reductase assay

4.

Microscopic observation drug susceptibility assay (MODS)

5.

Micro colony detection.
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These methods are rapid, easy, simple and economical and the sensitivity and specificity is almost
equal to LJ medium and they detect drug resistance simultaneously.
However, the disadvantages of these methods are that they are not well standardized.
The nonconventional methods include Pha B Assay and the Luciferase reporter phage assay.
They are not yet being used for routine practice and are not well standardized.
The modern culture methods (automated) include the following:
•

BACTEC 460TB(B&D)- Radiometric detection

•

BACTEC MGIT 960 (B&D) - Fluorometric technology

•

MB/BACT(biomeriux)- Colorimetric technology

A.

The BACTEC 460 TB radiometric detection (discussed earlier) is being phased out gradually
because of the issue of radioactive substance.

B.

MGIT 960 system is an in vitro diagnostic instrument for rapid detection of Mycobacteria in
clinical specimens other than blood. MGIT stands for Mycobacteria Growth Indicator Tube
and 960 indicates the total number of culture tubes it can hold at any given time. This system
is simple, efficient, fully automated and safe to use and occupies small laboratory space. It
reduces the delay in obtaining results. MGIT reduces the time to results in days rather than
weeks. For Drug Sensitivity Testing (DST), the time is reduced to 10 days compared to 8
weeks with solid media. With this the sensitivity is increased and the method is more sensitive
and increases the case detection by 10 percent over solid media. It has the capacity to incubate
up to 960 tubes at the same time. However, the liquid culture is more complex to perform
because there is an increase in contamination, cross contamination can happen, it needs rapid
method to identify M tuberculosis complex in all positive cultures before the diagnosis can be
confirmed and the system is more expensive than solid media. Further, Liquid culture produces
aerosol during manipulation and can be dangerous for staff. TB bio-safety measures are often
neglected and all manipulations should be done in Bio Safety Cabinets. The laboratory should
be equipped with air conditioner system and the MGIT 960 requires constant electricity.
Therefore, back up electrical power is necessary to maintain constant incubator temperature.
While in the BACTEC, contamination rate is 5 to 7 percent and average time to detection is
15 days, the contamination rate with MGIT is around 10 percent.

The rapid diagnosis of MDR- and XDR-TB is based on mycobacterial culture and drug susceptibility
testing (DST) on liquid or solid media, with results available in weeks to months. However,
mycobacterial culture and DST capacity is severely limited, especially in resource poor countries.
In response to the growing problem of MDR-TB and the threat of an epidemic of virtually incurable
XDR-TB, the World Health Organization (WHO) and the Stop TB Partnership have issued a call
for significant expansion of mycobacterial culture and drug susceptibility testing capacity. The
Stop TB Partnership's Global Plan to Stop TB 2006-2015 is being revised to include a provision of
universal access to diagnose and treat all patients with MDR-TB by 2015. These plans call for
accelerated access to rapid testing for rifampin resistance to improve case detection in all patients
with suspected MDR- and XDR-TB. Although rapid molecular methods are available for detecting

Tuberculosis

17

drug-resistant TB, there have been questions surrounding the feasibility of their implementation in
high-burden settings in the developing world. To address this concern and to respond to the urgent
need for improved MDR- and XDR-TB diagnosis, the Foundation for Innovative New Diagnostics
(FIND) has accelerated large-scale demonstration projects of the Genotype MTBDR plus assay,
a polymerase chain reaction (PCR) amplification and reverse hybridization assay for detecting
RIF and INH resistance. The assay detects mutations in the rpoB gene for RIF resistance, the
katG gene for high-level INH resistance, and the inhA gene for low-level INH resistance directly
from smear-positive sputum. Results are available within 1 day. Many molecular methods have
been evaluated in the public health setting to make a quick and early diagnosis based on the above
principles. These include HAINE test, and other line probe assays. Many such commercially
available molecular line-probe assays for rapid detection of rifampicin and isoniazid resistance
have been tested world over. Recently such an assay (MTBDRplus) was evaluated directly on
consecutive smear-positive sputum specimens from patients at increased risk of multidrug-resistant
(MDR) TB in a busy routine diagnostic laboratory in Cape Town, South Africa. Results were
compared with conventional liquid culture and drug susceptibility testing on solid medium. Overall,
97 percent of smear-positive specimens gave interpretable results within 1 to 2 days using the
molecular assay. Sensitivity, specificity, and positive and negative predictive values were 98.9,
99.4, 97.9, and 99.7 percent, respectively, for detection of rifampicin resistance; 94.2, 99.7, 99.1,
and 97.9 percent, respectively, for detection of isoniazid resistance; and 98.8, 100, 100, and 99.7%,
respectively, for detection of multi drug resistance compared with conventional results. The assay
also performed well on specimens that were contaminated on conventional culture and on smearnegative, culture-positive specimen. Another study evaluated the efficacy of such assays in such
settings and the GenoType® MTBDRplus assay (HAIN Lifescience) and multiplex allele-specific
PCR assays were carried out. The GenoType® MTBDR plus assay was carried out for the
detection of rifampicin and isoniazid resistance in 223 M. tuberculosis isolates of known phenotypic
drug sensitivity by another group of researchers. The presence of KatG S315T and inhA C-1ST
mutations that confer isoniazid resistance was determined using multiplex allele-specific PCR
assays. The relationship between isolate lineage and resistance determinant was investigated by
spoligotyping and mycobacterial interspersed repetitive unit-variable number tandem repeat analysis.
The GenoType® MTBDRplus assay detected multidrug-resistant, isoniazid-monoresistant and
rifampicin-monoresistant isolates with sensitivities of 91.5 percent, 56.1 percent and 70 percent,
respectively. Multiplex allele-specific PCR detected isoniazid resistance in 91.5 percent of the
MDR isolates and 53.7 percent of the isoniazid-monoresistant isolates. The W-Beijing lineage was
overrepresented in the MDR subgroup of strains (odds ratio, 3.29; 95 percent confidence interval,
1.76-6.16). The authors concluded that a proportion of isoniazid resistance, particularly in isoniazidmonoresistant isolates of lineage X3, is due to resistance determinants other than KatG S315T and
inhA C-15T. The fact that these isolates will be indicated as drug susceptible highlights the need
for determining local patterns of resistance mutations to provide users with information regarding
the capabilities of rapid genotypic assays. Currently, two line probe assays exist, the INNOLiPA
®Rif.TB assay (lnnogenetics, Ghent, Belgium) and the GenoType® MTBDR assay (Hain Life
Science GmbH, Nehren, Germany). While LiPA studies have been reviewed, the accuracy of
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GenoType assays has not been systematically reviewed. Ling et al carried out a systematic
review and used meta-analysis methods appropriate for diagnostic accuracy. After the literature
searches, 14 comparisons for rifampicin and 15 comparisons for isoniazid were identified in 10
articles that used GenoType MTBDR assays. Accuracy results were summarized in forest plots
and pooled using bivariate random-effects regression. The pooled sensitivity (98.1 %, 95%
confidence interval (Cl) 95.9- 99.1) and specificity (98.7%, 95% Cl 97.3-99.4) estimates for
rifampicin resistance were very high and consistent across all subgroups, assay versions and
specimen types. The accuracy for isoniazid was variable, with lower sensitivity (84.3%, 95% Cl
76.6-89.8) and more inconsistent than specificity (99.5%, 95% CI 97.5-99.9). GenoType MDTBR
assays demonstrate excellent accuracy for rifampicin resistance, even when used on clinical
specimens. While specificity is excellent for isoniazid, sensitivity estimates were modest and variable.
Together with data from demonstration projects, the meta-analysis provides evidence for policy
making and clinical practice.

DRUG RESISTANCE IN TUBERCULOSIS
Drug resistance in tuberculosis, particularly MDR (Multi-drug resistance) and XDR (Extensively
drug resistant) forms of the disease, is a serious problem and is an important emerging medical
emergency in the world today, more so for the developing nations. MDR tuberculosis is defined as
resistance to at least Rifampicin and Isoniazid with or without resistance to other antitubercular
drugs. XDR tuberculosis is a form of MDR tuberculosis in which resistance is recorded to one of
the fluoroquinolones and one of the three second line injectables (capreomycin, kanamycin, amikacin).
These forms of TB do not respond to the standard six month treatment with first-line anti-TB
drugs and can take two years or more to treat with drugs that are less potent, more toxic and much
more expensive.
The new report in 2010 on anti-tuberculosis drug resistance by the World Health Organization
(WHO) updates "Anti-tuberculosis drug resistance in the world: Report No. 4" published by WHO
in 2008. It summarizes the latest data and provides latest estimates of the global epidemic of
multidrug and extensively drug-resistant tuberculosis (M/XDR-TB). For the first time, this report
includes an assessment of the progress countries are making to diagnose and treat MDR-TB
cases.
In 2008, an estimated 390 000-510 000 cases of MDR-TB emerged globally (best estimate, 440
000 cases). Among all incident TB cases globally, 3.6% (95% confidence interval (CI): 3.0-4.4)
are estimated to have MDR-TB. These estimates, which lie in the same range as the previous
ones, are based on more data and a revised methodology. Almost 50% of MDR-TB cases worldwide
are estimated to occur in China and India. In 2008, MDR-TB caused an estimated 150 000 deaths.
Since 1994, 114 countries have reported surveillance data on MDR-TB: 42 perform continuous
surveillance of anti-TB drug resistance based on routine testing of all TB patients; 72 rely on
periodic surveys of representative samples of TB patients. This report provides updated information
from 35 of these 114 countries. The highest proportions of MDR-TB ever documented in a subnational area are presented. The Russian Federation, which was able to provide high-quality
continuous surveillance data from 12 of its oblasts and republics, reported 23.8-28.3% MDR-TB
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among new TB cases in three of its oblasts in the northwest part of the country. Other Russian
oblasts were found to have proportions of MDR-TB as low as 5.4% among new TB cases.
Tajikistan, in its first ever survey, found proportions of 16.5% MDR-TB among new TB cases and
61.6% MDR-TB among previously treated TB patients in Dushanbe city and Rudaki district, the
highest proportion ever reported among previously treated TB patients. To date, 12 countries have
reported nationwide or sub-national proportions of MDR-TB of 6% or more among new TB
cases. Five of these countries also report MDR-TB proportions of 50% or more among previously
treated cases. All of these settings are located in the eastern part of Europe or in Central Asia.
China has reported the results of its first ever nationwide drug resistance survey, with documented
proportions of MDR-TB of 5.7% among new cases and 25.6% among those previously treated.
This survey confirms previous estimates that about 100 000 MDR-TB cases are emerging in
China annually. Time trend data on the proportion of MDR-TB among TB patients are available
from 37 countries. While these data do not permit projections to be made of global trends in drug
resistance, they reveal important changes in some settings. The proportion of MDR-TB among
new TB cases appears to be in decline after peaking in the two Russian oblasts of Tomsk (in 2004)
and Orel (in 2006). This likely reflects the success of TB control efforts and further indicates that
the burden of MDR-TB can be curbed even in settings where it presents a serious problem.
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Similar declines have been documented in Hong Kong Special Administrative Region (China),
Estonia, Latvia, Lithuania and the United States of America.
Despite the expansion of HIV testing and treatment globally, only 11 countries and 3 territories
were able to provide continuous drug surveillance data stratified by HIV status for this report.
Given the large proportion of missing data, it has not been possible to conclude whether an overall
association between MDR-TB and HIV epidemics exists. However, TB patients living with HIV
in four Eastern European countries - Estonia, Latvia, Lithuania and the Republic of Moldova appear to be more at risk of harbouring MDR-TB strains. This finding concurs with the results
contained in "Anti-tuberculosis drug resistance in the world: Report No. 4" of the survey conducted
in another Eastern European country, Ukraine. Preliminary results of a survey conducted in
Mozambique in 2007 have also documented a significant association; if confirmed; such a finding
could have significant implications for control of the dual TB and HIV epidemics in Sub-Saharan
Africa.
Extensively drug-resistant TB (XDR-TB) is a form of TB caused by bacteria that are resistant
to isoniazid and rifampicin (i.e. MDR-TB) as well as any fluoroquinolone and any of the secondline anti-TB injectable drugs (amikacin, kanamycin or capreomycin) as mentioned above.
In early 2005, physicians at a rural hospital in KwaZulu-Natal, a province of South Africa, were
concerned by a high rate of rapid death among patients infected with the human immunodeficiency
virus (HIV) who also had tuberculosis. A study revealed the presence not only of multidrugresistant (MDR) tuberculosis but also what came to be called extensively drug-resistant (XDR)
tuberculosis. XDR tuberculosis is caused by a strain of Mycobacterium tuberculosis resistant to
isoniazid and rifampin (which defines MDR tuberculosis) in addition to any fluoroquinolone and at
least one of the three following injectable drugs: capreomycin, kanamycin, and amikacin. Of 53
patients with XDR tuberculosis, 55% claimed they had never been treated (implying that they had
primary infection with an XDR strain of M. tuberculosis); two thirds had recently been hospitalized;
and all 44 who underwent testing were HIV-positive. All but one of the patients died of tuberculosis,
with a median survival period of only 16 days from the time the first sputum specimen was collected.
Genotyping analysis revealed that 85% of the 46 isolates tested belonged to the KwaZulu-Natal
(KZN) family of tuberculosis strains, which had been recognized in the province for a decade.
These alarming findings attracted much attention at the International AIDS Society conference in
Toronto in August 2006. But this was not the first time that XDR tuberculosis had been identified.
A March 2006 report by the Centers for Disease Control and Prevention and the World Health
Organization (WHO) documented the presence of XDR tuberculosis in at least 17 countries.
Though not representative, the data showed that 10% of MDR tuberculosis isolates were in fact
XDR tuberculosis. More representative data from the United States, the Republic of Korea, and
Latvia showed that 4%, 15%, and 19%, respectively, of MDR tuberculosis isolates were XDR
strains.
This 2010 report by WHO includes data on testing for XDR-TB from 46 countries that have
reported continuous surveillance or representative surveys of second-line drug resistance among
MDR-TB cases. Combining data from these countries, 5.4% of MDR-TB cases were found to
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have XDR-TB. Eight countries reported XDR-TB in more than 10% of MDR-TB cases; six of
these countries were located in Eastern Europe and Central Asia. By March 2010, a cumulative
total of 58 countries have confirmed at least one case of XDR-TB. Accordingly to this estimate,
there are thought to be 25,000 cases of XDR-TB emerging every year.
Drug Resistant TB stems from poor general TB control and the consequent development of
multidrug-resistant TB (MDR-TB); it is associated with high mortality rates. HIV-infected patients
are particularly vulnerable. Since many countries do not have laboratory capacity to diagnose
drug-resistant TB, information on its distribution and magnitude is incomplete. Treatment is difficult,
and appropriate second-line drugs are not universally available, raising concern that epidemics of
MDR-TB and XDRTB may jeopardize TB control efforts, as well as antiretroviral treatment
programmes.
MDR/XDR tuberculosis are by and large man made problems. Some of the important causes
include deficient or deteriorating TB control programs resulting in inadequate administration of
effective treatment, poor case holding, administration of sub-standard drugs, inadequate or irregular
drug supply and lack of supervision, ignorance of health care workers in epidemiology, treatment
and control, improper prescription of regimens, interruption of chemotherapy (side effects, cost,
ignorance), non-adherence of patients to the prescribed drug therapy, availability of anti-TB drugs
across the counter without prescription, massive bacillary load, illiteracy and low socio-economic
status, epidemic of HIV infection, laboratory delays, use of non standardized laboratory techniques,
and use of anti-TB drugs for indications other than tuberculosis. Most of the MDR TB cases have
emerged outside the revised National Tuberculosis Control Programmes. It must be realized that
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even a small percentage of cases, say 1% MDR-TB amongst new cases in high burden developing
countries equates to a large number in terms of absolute figures. Thus, the focus of activities
should be on the prevention of the development of MDR-TB cases by bringing maximum number
of cases under the preview of control programme of the country. Although most of the countries
have successful TB control programme in terms of case detection and treatment success rates,
these need to be maintained and sustained. The magnitude of the problem of drug resistance like
MDR and XDR, although may not be a threat as yet, it is definitely a challenge. Drug marketing
survey in India has shown that in 2006, 94 million dollars worth anti-tuberculosis drugs were sold in
the country. 75% of this total was bought and used outside the revised national tuberculosis control
programme of the country, mainly in the private sector. The regimens used and management of
TB cases outside the programme are often not best practices. Supervision is not at all ensured
neither it is proper. Many patients do not complete treatment, leading to the potential creation of
MDR-TB. Further, in the same country (India), about 8.4 million US dollars worth of second line
anti-tuberculosis drugs were sold and bought and virtually this entire total was outside of the
programme and administered without any provision of supervision and monitoring. As of today, in
most of the developing countries, the vast majority of MDR-TB cases are being treated outside
the programme under poor management practices. Some of the frequent causes associated with
selection of resistance in the community and generation of MDR TB are shown below:
Non-implementation
of DOTS and DOTS
expansion strategy

Inadequate supply or Patients: inadequate Others
poor quality of drugs drug intake

Poorly organized or
funded National TB
Programmes

History of frequent
shortage of drug
supplies in the country

Inadequate adherence Dominant
to treatment
private sector

Guidelines inadequate
or lacking

Poor quality anti-TB
drugs

Adverse effects and
malabsorption

Poor infection
control in health
centers and
hospitals

Poor training

Wrong dose or
combination

Social barriers

High prevalence
of highly virulent
MDR strains of
M.tuberculosis

Lack of treatment
monitoring

Lack of finances
(free treatment not
available)

HIV infections in
some regions

Non standardized
treatment

Substance
dependency disorders
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DRUG RESISTANT TUBERCULOSIS IN INDIA
Drug Resistance has been reported from different parts of the country and is not unusual. India
has the highest MDR TB burden in the world. Drug resistance surveys (DRS) done in Gujarat
(56m) and Maharashtra (120m) in (2005-06) revealed that <3% new TB cases and 14-17% in
previously treated cases of tuberculosis are MDR cases. As per WHO estimates 131,000 MDR
cases emerged in India in 2007. As per programme estimates there are 52000 detectable cases
annually.
XDR-TB has been reported in India though the data is limited and non-representative. Various
reports are shown below. However, only the report of Gujarat field study can be taken as authentic
because as of today only TRC, Chennai and LRS Institute, New Delhi are accredited to test for
sensitivity of second line anti TB drugs. It seems that we have not many XDR cases, however,
because of a large number of MDR TB cases the absolute number will be quite substantial.
Study

Setting

No. of
MDR
cases

No. of
HIV +ve

Prevalence
of XDRTB (%)

Reference

Mondal and
Jain, 2007

Tertiary care
centre, Lucknow

68

Not
Reported

5(7.4)

Emerg Infect
Dis, 2007

Jain et al, 2007

Tertiary care
centre, Mumbai

326

Not
reported

36 (11)

ATS, abstract,
2007

Singh et al,
2007

Tertiary care
center, New Delhi

12

All HIV
-infected

4 (33,3)

AIDS, 2007

Thomas et al,
2007

Field trial, Chennai

66

Not
reported

1(1.5)

IJT, 2007

Sharma et al,
2009

AIIMS, New Delhi,
tertiary care hospital

211

All HIVnegative

5(2.4)

IJMR, 2009

Ramchandran
et al, 2009

Gujarat, Field study

216

Not
reported

7(3.1)
IJTLD, 2009
All
previously
treated cases

TREATMENT OF TUBERCULOSIS
The treatment of tuberculosis has undergone dramatic changes since the time of discovery of
tubercle bacilli a century ago. In the earlier days, fresh air, good nutrition, cod liver oil, collapse
therapy, artificial pneumothorax and avulsion therapy were the main stay of treatment. After the
discovery of antitubercular drugs in the early forties and fifties, physicians started relying more on
chemotherapy. In the mid-seventies, extensive clinical trials have shown that the duration of treatment
can be reduced to six months! Before different chemotherapeutic schedules are discussed, various
antitubercular drugs will be described briefly. Development of various antibiotics for use against
microbial diseases started with the discovery of sulfonamides in the 1930's. Since then until now,
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many antimicrobial agents have been discovered and many of them have been now established as
antimycobacterial agents.
Previously, the antitubercular drugs were classified as first-line and second-line drugs. However,
with better understanding of their mechanism of action, and their changing role in short-course
chemotherapy, it is better to classify them as bactericidal and bacteriostatic drugs. The bactericidal
drugs include, isoniazid (INH), rifamycin (rifampicin), pyrazinamide and streptomycin. The
bacteriostatic drugs are: ethambutol, thiacetazone, para-aminosalicylic acid (PAS), ethionamide,
cycloserine and prothionamide. Recently, agents effective against mycobacteria are divided into
two categories.
Drug (established or investigational) for the therapy of mycobacterial infections

Broad-spectrum agents
Rifamycins
Streptomycin
Cycloserine
Fluoroquinolones
Macrolides

Narrow-spectrum (Anti-mycobacterial) agents
Isoniazid
Ethambutol
Pyrazinamide
Para-aminosalicylic acid
Thiacetazone
Capreomycin
Ethionamide
Clofazimine
Dapsone
Isoxyl/thiocarlide
Broad-spectrum agents have antibacterial activity against mycobacteria as well as against other
bacterial species; and Narrow-spectrum agents are those whose activity is primarily restricted to
mycobacteria, or even to individual mycobacterial species.
Grading of activities of various anti tuberculosis drugs is shown in the table below:
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A number of National and International guidelines for the treatment of pulmonary tuberculosis are
available. They are:
•

World Health Organisation (2003). Treatment of Tuberculosis: Guidelines for National
Programmes. http://whq libdoc. who.int/hq/2003/WHO_CDS_TB_2003.313_eng. pdf.

•

Tuberculosis Coalition for Technical Assistance (The Hague) (2006). International Standards
for Tuberculosis Care. http://www.who.int/tb/publications/2006/ istc/ en/ index.html.

•

National Institute for Health and Clinical Excellence (UK) (2006). Tuberculosis: Clinical
diagnosis and management of tuberculosis, and measures for its prevention and control. http:/
/www.nice.org.uk/page.aspx?o=296605.

•

American Thoracic Society, Center for Disease Control, Infectious Diseases Society of America
(2003). Treatment of Tuberculosis. http://www. cdc.gov/mmwr/PDF/rr/rr5211.pdf.

•

Centers for Disease Control and Prevention (2000)."Targeted Tuberculin Testing and Treatment
of Latent Tuberculosis Infection". American Thoracic Society. PMID 10764341. http://
www.cdc.gov/mmwr/PDF/rr/rr4906.pdf.

•

The Revised National Tuberculosis Control Programme (RNTCP) developed by the Central
TB Division, Directorate General of Health Services, Govt. of India. www.tbcindia.org.

The committee on treatment of the International Union Against Tuberculosis and Lung Diseases,
at its meeting in Singapore in November 1986 has made specific recommendations on antituberculosis regimens and drug dosages to be used in the treatment of adults and children with
active pulmonary or extra-pulmonary tuberculosis requiring chemotherapy, which is given in Table
below:
Recommendation of IUATLD regimens of chemotherapy is shown below:
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The committee has also recommended the use of drugs in various other situations like the presence
of complicating diseases, the treatment of drug resistant cases, and management of patients who
develop toxic reactions to a drug, but otherwise treatment should be continued. These will be
discussed in brief. The dosages of the drugs are given in the Table below.

The dosages are appropriate for all forms of tuberculosis including meningitis and miliary tuberculosis
and for children as well as adults. In the past, a higher dose was used for children, especially for
isoniazid, which should be avoided which otherwise leads to needless adverse effects. The World
Health Organization has published guidelines for the treatment of tuberculosis for national programs
from time to time. In order to standardize short-course chemotherapy in national tuberculosis
programs, case definitions are required. The main purposes of these case definitions are for the
proper patient registration and case notification, to evaluate the trend in the proportions of new
smear-positive cases and smear-positive relapse and other treatment cases, to allocate cases to
standardized treatment categories, and for cohort analysis. There are four determinants of case
definition - the site of tuberculosis, severity of the disease, bacteriology and the history of previous
treatment. The current guidelines of WHO in 2009 (Treatment of Tuberculosis Guidelines, Fourth
Edition, WHO/HTM/TB/2009.420) have many issues addressed. The following recommendations
are made: (The treatment of TB cases are now based on two categories of cases - new and
previously treated patients).
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A) Standard Regimen And Dosing Frequency For New TB Patients (WHO)
Intensive phase

Continuation phase

2 months of HRZEa

4 months of HR

2 months of HRZE

4 months of HRE

Comments
Applies only in countries with high levels of
isoniazid resistance in new TB patients, and
where isoniazid drug susceptibility testing in new
patients is not done (or results are unavailable)
before the continuation phase begins

WHO no longer recommends omission of ethambutol during the intensive phase of treatment
for patients with non-cavitary, smear-negative pulmonary TB or extra-pulmonary disease who
are known to be HIV-negative.
Dosing frequency

Comments

Intensive phase

Continuation phase

Daily

Daily

Optimal

Daily

3 times per week

Acceptable alternative for any new TB
patient receiving directly observed therapy

3 times per week

3 times per week

Acceptable alternative provided that the patient is
receiving directly observed therapy and is not living
with HIV or living in an HIV-prevalent setting

Note: Daily (rather than three times weekly) intensive-phase dosing may help to prevent acquired
drug resistance in TB patients starting treatment with isoniazid resistance
•

For smear-positive pulmonary TB patients treated with first-line drugs, sputum smear microscopy
may be performed at completion of the intensive phase of treatment.

•

In new patients, if the specimen obtained at the end of the intensive phase (month 2) is smearpositive, sputum smear microscopy should be obtained at the end of the third month

•

In new patients, if the specimen obtained at the end of month 3 is smear-positive, sputum culture
and drug susceptibility testing (DST) should be performed

•

In previously treated patients, if the specimen obtained at the end of the intensive phase (month
3) is smear-positive, sputum culture and drug susceptibility testing (DST) should be performed

•

In patients treated with the regimen containing rifampicin throughout treatment, if a positive
sputum smear is found at completion of the intensive phase, the extension of the intensive phase
is not recommended
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B) Standard Regimen and Dosing Frequency for Previously Treated Patients

a.

The assumption that failure patients have a high likelihood of MDR (and relapse or defaulting
patients a medium likelihood) may need to be modified according to the level of resistance in
these patient registration groups.

b.

And other patients in groups with high levels of MDR. One example is patients who develop
active TB after known contact with a patient with documented MDR -TB patients who are
relapsing or returning after defaulting from their second or subsequent course of treatment
probably also have a high likelihood of MDR.

c.

Regimen may be modified once DST results are available (up to 2-3 months after the start of
treatment).

Notes:
1.

A country's standard MDR regimen is based on country-specific DST data from similar groups
of patients.

2.

In the country's standard regimens, the 8-month retreatment regimen should not be "augmented"
by a fluoroquinolone or an injectable second-line drug; this practice jeopardizes second-line
drugs that are critical treatment options for MDR patients. Second-line drugs should be used
only for regimens and only if quality-assured drugs can be provided by DOT for the whole
course of therapy. In addition, there must be laboratory capacity for cultures to monitor treatment
response, as well as a system for detecting and treating adverse reactions before embarking
on MDR -TB treatment.

Specimens for culture and drug susceptibility testing (DST) should be obtained from all
previously treated TB patients at or before the start of treatment. DST should be performed
for at least isoniazid and rifampicin
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In settings where rapid molecular-based DST is available, the results should guide the choice
of regimen
In settings where rapid molecular-based DST results are not routinely available to guide the
management of individual patients, empiric treatment should be started as follows:
TB patients returning after defaulting or relapsing from their first treatment course may
receive the retreatment regimen containing first-line drugs 2HRZES/1HRZE/5HRE if countryspecific data show low or medium levels of MDR in these patients or if such data are not
available. When DST results become available, regimens should be adjusted appropriately.
In settings where DST results are not yet routinely available to guide the management of
individual patients, the empirical regimens will continue throughout the course of treatment.
If DST results become available, regimens should be adjusted appropriately.
NTPs should obtain and use their country-specific drug resistance data on failure, relapse and default
patient groups to determine the levels of MDR. Country-specific drug resistance data should include
data stratified by type of regimen given for the patient's first course of TB treatment (i.e. 2 vs 6
months of rifampicin).

Revised National Tuberculosis Control Programme (RNTCP) of India.
The diagnostic algorithm for Adult and Pediatrics tuberculosis under the programme is as follows:
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RECOMMENDED TREATMENT REGIMEN BY RNTCP
The objectives of tuberculosis treatment are:
•

To decrease mortality and morbidity by ensuring cure, minimizing relapses and preventing
development of drug resistance

•

To decrease infections and break the chain of transmission of infection

•

To achieve the above whilst minimizing side effects due to drugs.

These objectives are achieved in RNTCP through intermittent (thrice weekly) treatment regimens
given under direct observation for both pulmonary and extra-pulmonary tuberculosis patients.
Treatment regimens for tuberculosis have emerged as a result of controlled clinical trials in India
and other parts of the world. It has been proven that thrice-a-week (intermittent) treatment is as
effective as daily treatment and produces lesser side effects.
The cases are categorized into three for purpose of data completion. However, the treatment
regimen for category I & III are the same. RNTCP provides standardized anti-TB treatment for
these categories. Once the patient has been diagnosed as having TB, may be pulmonary or extrapulmonary, the Medical Officer is responsible for deciding the treatment regimen under one of the
three categories depending on:
•

Sputum smear results

•

The history of previous anti-TB treatment

•

Disease classification (pulmonary/extra-pulmonary)

•

Severity of illness.

DEFINITION OF TYPES OF CASES
New
A TB patient who has never had treatment for tuberculosis or has taken antituberculosis drugs for
less than one month.

Relapse
A TB patient who was declared cured or treated completely by a physician, but who reports back
to the health service and is now found to be sputum smear-positive.

Transferred in
A TB patient is received for treatment in a Tuberculosis Unit, after starting treatment in another
unit where s/he has been registered.

Treatment after Default
A TB patient who received anti-tuberculosis treatment for one month or more from any source
and returns to treatment after having defaulted, i.e. not taken anti-TB drugs consecutively for two
months or more, and is found to be sputum smear-positive.
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Failure
Any TB patient who is smear-positive at 5 months or more after starting treatment.
Failure also includes a patient who was treated with Category III regimen but who becomes
smear-positive during treatment.

Chronic
A TB patient who remains smear-positive after completing a re-treatment regimen.
Others
TB patients who do not fit into the above mentioned types. Reasons for putting a patient in this
type must be specified.

Seriousness of Illness
The severity of the illness depends on the bacillary load, the extent and the anatomical site of the
disease. The involvement of an anatomical site helps in classifying if the disease is severe, depending
on whether it is life threatening or has high risk of developing subsequent severe handicap or both.
The following forms of extra-pulmonary TB and smear-negative pulmonary TB are classified as
'seriously ill'.

Treatment Regimen
Category of
treatment

Type of patient

Regimen*

Category I

New sputum smear-positive
Seriously ill** new sputum smear-negative
Seriously ill** new extra-pulmonary

2H3R3Z3E3 + 4H3R3

Category II

Sputum smear-positive Relapse
Sputum smear-positive Failure
Sputum smear-positive Treatment
after Default
Others***

2H3R3Z3E3S3 +
1H3R3Z3E3 + 5H3R3E3

Category III

New sputum smear-negative,
not seriously ill

As per Category I
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*The number before the letters refers to the number of months of treatment. The subscript after
the letters refers to the number of doses per week. The dosage strengths are as follows: H:
Isoniazid (600 mg), R: Rifampicin (450 mg), Z: Pyrazinamide (1500 mg), E: Ethambutol (1200 mg),
S: Streptomycin (750 mg). Patients who weigh 60 kg or more receive additional rifampicin 150 mg.
Patients who are more than 50 years old receive streptomycin 500 mg. Patients who weigh less
than 30 kg, receive drugs as per body weight. Patients in Categories I and II who have a positive
sputum smear at the end of the initial intensive phase receive an additional month of intensive
phase treatment.
**Seriously ill also includes, any patient, pulmonary or extra-pulmonary who is HIV positive and
declares his serostatus to the categorizing/treating medical officer. For the purpose of categorization,
HIV testing should not be done.
***In rare and exceptional cases, patients who are sputum smear-negative or who have
extra-pulmonary disease can have Relapse or Failure. This diagnosis in all such cases
should always be made by an MO and should be supported by culture or histological evidence
of current, active TB. In these cases, the patient should be categorized as 'Others' and given
Category II treatment.
The symptom based approach for managing side effects of anti TB drugs is shown below:

Tuberculosis

Side Effects of Anti-TB Drugs and Their Management
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Management of MDR TB under RNTCP
Traditionally, DOTS-Plus refers to DOTS programmes that add components for MDR-TB diagnosis,
management and treatment. These guidelines promote full integration of DOTS and DOTS-Plus
activities under the RNTCP, so that patients with MDR-TB are both correctly identified and
properly managed under the recommendations set out in this document.
MDR-TB Suspect under the programme can be any of the following:
•

Any TB patient who fails an RNTCP Category I or III treatment regimen;

•

Any RNTCP Category II patient who is sputum smear positive at the end of the fourth month
of treatment or later; or

•

Close contacts of MDR-TB patients who are found to have smear positive pulmonary TB
(PTB) disease.

The diagnostic flow is depicted as follows:

Tuberculosis

IRL – Intermediate Reference Laboratory
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The sputum culture and drug sensitivity is done in one of the intermediate reference laboratories or
National Reference Laboratories. All MDR-TB cases will be offered referral for HIV counseling
and testing at the nearest centre.
The anti TB drugs used to treat MDR TB cases are grouped according to efficacy experience of
use and drug class. These groups of drugs are:

*Isoniazed and Rifampicin are not used for treating MDR-TB
RNTCP uses a Standardised Treatment Regimen (Cat IV) for the treatment of MDR-TB cases
(and those with rifampicin resistance) under the programme. Cat IV regimen comprises of 6
drugs- kanamycin, ofloxacin (levofloxacin)†, ethionamide, pyrazinamide, ethambutol and cycloserine
during 6-9 months of the Intensive Phase and 4 drugs- ofloxacin (levofloxacin), ethionamide,
ethambutol and cycloserine during the 18 months of the Continuation Phase. p-aminosalicylic acid
(PAS) is included in the regimen as a substitute drug if any bactericidal drug (K, Ofl, Z and Eto) or
2 bacteriostatic (E and Cs) drugs are not tolerated.

RNTCP CATEGORY IV REGIMEN: 6 (9) Km Ofx (Lvx) Eto Cs Z E / 18 Ofx (Lvx) E
to Cs E.
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The doses according to the weight band are as follows:
The treatment is given in two phases, the Intensive phase (IP) and the Continuation phase (CP).
IP should be given for at least six months. After 6 months of treatment, the patient will be reviewed
and the treatment changed to CP if the 4th month culture result is negative. If the 4th month
culture result remains positive, the treatment is extended by 1 month. Extension of IP beyond 1
month will be decided on the results of sputum culture of 5th and 6th months. If the result of the
4th month culture is still awaited after 6 months of treatment, the IP is extended until the result is
available, with further treatment being decided according to the culture result. The IP can be
extended up to a maximum of 3 months after which the patient will be initiated on the CP irrespective
of the culture result. The recommended duration for CP is 18 months.
The Common adverse reactions to the drugs used are shown below:
Drugs

Adverse reaction

Aminoglycosides - Kanamycin •
•
•
•
Quinolones - Ofloxacin
•

Ethambutol
Pyrazinamide

Ethionamide

•
•
•
•
•
•
•
•
•
•
•
•
•

Ototoxicity
Nephrotoxicity
Vertigo
Electrolyte imbalance
Gastro intestinal symptoms: diarrhoea, vomiting and
abdominal pain
Central nervous system (CNS): dizziness and convulsions
Phototoxicity and photosensitivity
Tendinopathy and tendinitis
Nephrotoxicity
Skin rash
Cardiotoxicity
Arthralgia
Visual disturbance

Arthralgia
Hyperuricaemia
Hepatitis
Pruritis with or without rash
Gastro-intestinal: epigastric discomfort, anorexia, nausea,
metallic taste, vomiting, excessive salivation and
sulfurous belching
• Psychiatric: hallucination and depression
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• Hepatitis
• Hypothyroidism and goitre with prolonged administration
• Gynaecomastia, menstrual disturbances, impotence,
acne, headache, and peripheral neuropathy
Cycloserine

• CNS: dizziness, slurred speech, convulsions, headache,
tremor, and insomnia
• Psychiatric: confusion, depression, altered behaviour,
and suicidal tendency
• Hypersensitivity reaction

PAS

• Gastro-intestinal: anorexia, nausea, vomiting, and
abdominal discomfort
• Skin rash
• Hepatic dysfunction
• Hypokalemia
• Hypothyroidism and goitre with prolonged administration
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