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INTRODUCTION AND REVIEW
OF LITERATURE



Chapter 1.

1. INTRODUCTION & REVIEW OF LITERATURE

In 1882, Robert Koch said, “If the number of victims which a disease claims is the
measure of its significance, then all diseases, particularly the most dreaded infectious

diseases such as bubonic plague, Asiatic cholera, etc. must rank far behind

tuberculosis” (1).

The above statement though, a century old, is of relevance even today.
Tuberculosis, one of the oldest recorded human afflictions, is still one of the
biggest killers among the infectious diseases, despite the worldwide use of a

live attenuated vaccine and several antibiotics.

11. HISTORY

Tuberculosis can be present in various forms including one that attacks bone
and causes skeletal deformities. Hard tissues like bone can be preserved for
thousands of years allowing the almost certain identification of individuals
with bone TB. The frequency of unearthed skeletons with apparent tubercular
deformities in ancient Egypt, Italy, Denmark and countries in the Middle East

indicate that TB was found throughout the world even 4000 years ago.

In recorded history, Assyrian clay tables describe patients coughing blood in
the seventh century B.C., and Hippocrates has written of patients with

consumption (Greek term: phthisis), i.e. wasting away associated with pain,



coughing frequently with blood in sputum. Tuberculosis was referred to by
the writers of Hindu Upanishads (1500 BC) as both the king of diseases
(rogaraj) and the disease of kings (rajayakshma). Throughout the centuries
doctors and scientists have described TB in its many forms and sought to
understand the origins of the disease, in order to use this information for
better diagnosis, prevention and cure. Hippocrates thought the disease was
largely inherited while Aristotle stressed its contagious nature. This opposing
view of origin reemerged in the second half of 17t century when
Mediterranean countries still maintained that TB was contagious. Conversely
doctors in the Northern European countries favored constitutional or

hereditary causes of this disease.

In 1865, Jean-Antonie Villemin reported that he had been able to demonstrate
tuberculous lesions in rabbits by injecting them with tuberculous tissue from
a cadaver. This report was immediately assailed by the French medical
establishment, notably Herman Pidoux who maintained that there had to be
more modern and social solutions to the problem of TB, which he felt arose in
the poorer classes from external causes like malnutrition, poor sanitation and
overwork. The report by Robert Koch 17 years later, which conclusively
showed that TB was indeed caused by a bacterium, discredited many of

Pidoux’s arguments.



Starting with Edward Trudeau’s work in the late 19 and the early 20*
centuries, the apparent dichotomy in explaining the etiology of tuberculosis
was resolved. In a classic experiment, he showed that TB could be induced in
rabbits with a purified culture of virulent M.tuberculosis but that the
environmental conditions in which the animals were maintained greatly
influenced the course of the disease (2). This simple experiment gave scientific
validity to the treatment of TB (fresh air and ample food) that was the basis of
TB sanitarium movement started by Trudeau in his Saranac Lake TB

treatment center that opened in 1884.

Thus “TB is caused by a bacterium but environmental factors play a major
role” was rearticulated by Dubos 50 years ago (3). To Dubos, purely medical
solutions alone would not work to cure and prevent TB. Unfortunately events
of the last half of the 20th century have shown how prescient he was. Neither
has the widespread use of BCG lowered the incidence of TB (4) nor has the
use of antibiotics eliminated the disease. Clearly, new vaccines, better
diagnostic methods, new drugs, social awareness and political commitment

are needed for TB control.

1.2. EPIDEMIOLOGY |
Europe with its population explosion and the growth of large urban centers
became the epicenter for many TB epidemics starting in the 16t and 17t

century. The disease peaked in the first half of the 19t century, but morbidity
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and mortality rates due to TB steadily dropped during the 20t century in the
developed world aided by better public health practices, widespread use of
BCG vaccine as well as the development of antibiotics in the 1950s. This
downward trend ended and the numbers of new cases started increasing in
the mid 1980s. The major causes of this were homelessness, poverty and HIV.
Only by massive expenditures of funds and human resources has this

miniepidemic of TB cases been reversed in Europe and US (5).

However, the underdeveloped world is still suffering from TB as shown by
following statistics. There were an estimated 8-9 million new cases of
tuberculosis in 2000; fewer than half of which were reported. Most cases (5-6
million) were in people aged 15-49 years. The incidence of TB ranges from less
than 10 per 100,000 in North America to 100-300 per 100,000 in Asia and
Western Russia to over 300 per 100,000 in Southern and Central Africa but the
most populous countries of Asia have the largest number of cases: India,
China, Indonesia, Bangladesh and Pakistan together account for more than
half the global burden. There is one death from TB every 15 seconds i.e. over 2
million die of TB every year. Without treatment, around 60% of people with
the disease will die (6). Essentially all these cases are in the Third World
countries (6), reflecting poverty, lack of healthy liviﬁg conditions, inadequate

medical care (7) and emergence of MDR-TB (8).



1.3.MYCOBACTERIOLOGY

1.3.1. Pathogens in the genus Mycobacterium - - -~

The genera Mycobacterium is grouped into the family Mycobacteriaceae within
the order Actinomycetales based upon staining properties, lack of spore
formation, lack of motility, presence of long chain mycolic acids and catalase

production.

Mycobacterium tuberculosis complex

All the members of this group are known to be obligate pathogens and do not
replicate outside the animal or human host. They are slow growing, showing
little or no growth below 30°C and above 399C. It includes M.tuberculosis,
M.bovis, M.microti and M.africanum. Tuberculosis caused by mycobacterial
species in the tuberculosis complex have been viewed as “typical
mycobacteria” while other species of mycobacteria (except M.leprae and

saprophytic species) have been viewed as atypical mycobacteria (Table 1.1).

Atypical Mycobacteria

In addition to the Muycobacterium tuberculosis group, other species of
mycobacteria may cause human disease. Commonly‘ referred to as
opportunist, non-tuberculous, atypical, mycobacteria other than tuberculosis
(MOTT), these organisms are ubiquitous in the environment. They are free
living bacteria found in soil, animal dung, salt and fresh water and attached
to algae and grass. They are potentially pathogenic to many animals,

including cattle and pigs as well as fish and reptiles. In humans, infection



usually develops with pre-existing chronic lung disease or in
immunocompromised state but rarely may also occur without any
predisposing factors. The infection is most likely to be acquired from the
environment, but the source and the portal of entry differs between
individuals. As shown in Table 1.1, the major environmental mycobacteria
that may cause human disease are classified into four Runyon groups based
on pigmentation and rate of growth (9).

Group I- Photochromogens

Group II- Scotochromogens

Group III- Nonchromogens

Group IV- Rapid growers

Saprophytic species
Certain saprophytic species including M.gordonae, M.gastri, M.flavescens have

been occasionally isolated from sputum and other clinical specimens.



Table 1.1: Mycobacteria associated with human disease

Group and species

Disease caused

Nonpigmented when grown in
dark; yellow pigment formed
when grown in the light; slow-

Strict Pathogens
L Typical Mycobacteria
e  M.tuberculosis Pulmonary disease
e  M.africanum Pulmonary disease
e  M.bovis Pulmonary disease
1L M.leprae Predilection for skin, nerves, etc.
: Atypical Mycobacteria
L Photochromogens

when grown in the dark or
light; slow growing.

e M.scrofulaceum

growing
® M. kansasii Causing a tuberculosis like disease
¢ M.marinum Skin papules and ulcers; contracted
from swimming, in fresh and salt
water;
I Scotochromogens
Red-orange pigment formed

Causing cervical adenitis in young
children

May be pigmented or non-
pigmented

o M.szulgai Pulmonary disease, adenitis, bursitis.

III.  Nonchromogens
Nonpigmented in the dark or
light; slow growing ,

e  M.avium/M.intracellulare | Tuberculosis like disease; resistant to

anti-tuberculosis drugs

e M.malmoense Causes pulmonary disease

IV.. Rapid growers

M.gordonae

- o M fortuitum Causes tuberculosis like disease
e M.chelonei Has been isolated from patients with
chronic respiratory disease.
Saprophytic species
e M flavescens Local tissue defects, causes general
o M.smegmatis iImmunosuppression




1.3.2. Properties and Morphology of the Tubercle Bacilli

M.tuberculosis is an obligate parasite, is nonmotile, noncapsulated, with a
large cell wall containing high molecular weight mycolic acids. The
mycobacterial cell envelope is not only different from all bacteria but is also
thicker and uniquely lipophilic (described in details in Chapter 1.11.3). It is
from this external barrier that arises the principal characteristics of the
organism such as acid fastness, aggregation of cells and resistance to many

bactericidal agents.

Tubercle bacilli are difficult to stain with usual staining methods. But when
stained with the classic carbol fuchsin or Ziehl-Neelson method, it resists
decolorization with strong mineral acids and alcohol, hence the term “acid-
alcohol fast”. It appears as curved or straight, small, red or pink rods, 2-4pum

long and 0.2-0.5um wide when observed under the microscope.

In aging cultures or in clinical specimens from patients on chemotherapy,
tubercle bacilli are frequently not solidly stained, an appearance probably
related to loss of viability. Acid-alcohol fastness of M.tuberculosis, which is not
constant at all stages in the growth cycle, may disappear when the organism
is submitted to the action of isoniazid, a thioamide, or even high

concentrations of penicillin.
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1.3.3. Nutrition and Growth

M.tuberculosis has a slow rate of growth, the generation time of the cells in
best conditions of culture being 17-18 hours while the first appearance of
grossly visible colonies takes 3-5 weeks. The slow growth is largely due to
thick lipoidal cell wall, which may retard the passage of nutrients into the

cells. M.tuberculosis lacks pigment, produces niacin and reduces nitrates.

M .tuberculosis is a strict aerobe equipped with catalase, peroxidase and
superoxide dismutase, whose growth rate is highly dependent on oxygen
tension. Mycobacteria can also switch to micro aerophilic growth resulting in
a slower rate of catabolism. When oxygen tension is high, as in the
tuberculosis cavity of the lung, M.tuberculosis multiplies freely; when it is
much lower, as in the caseous foci of the lung, M.tuberculosis multiplies slowly

or not at all (10).

Enriched media like Lowenstein media is required for primary isolation after
which growth occurs in simpler synthetic media like Long’s liquid medium.
M.tuberculosis can oxidize an extremely wide range of compounds. The
preferred carbon sources for growth of M.tuberculosis are glycerol, pyruvate or
glucose. Citrate used as a ferric ammonium citrate is usually part of the
culture medium and provides a source of iron for the organism. Asparagine is
usually the preferred source of nitrogen for the bacilli however even

glutamine; aspartic acid or even ammonium salts can substitute for
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asparagine. M.tuberculosis requires four major inorganic elements for growth:
potassium, magnesium, sulfur, phosphorous and trace elements such as iron,

zinc and probably manganese.

1.3.4. Genetics of M.tuberculosis

Cole et al (1998) determined and analyzed the complete genome sequence of
Mycobacterium tuberculosis HsRv (109). The genome comprises 4,411,529 base
pairs with a G+C content of 65.6%. It consists of fifty genes coding for
functional RNA and 3924 open reading frames encoding proteins. By using
database, precise functions were attributed to 40% of the predicted proteins,
they found information for 44% while no functions could be assigned to
remaining 16% of the proteins. From the genome sequence, it was clear that
the tubercle bacilli has the potential to synthesize all essential amino acids,
vitamins and enzyme cofactors, to metabolize a variety of carbohydrates,
hydrocarbons, alcohols, ketones and carboxylic acids. In addition to many
functions involved in lipid metabolism, enzymes necessary for glycolysis,
pentose phosphate pathway, TCA, glyoxylate cycle, and components of
oxidative electron transport chain and of anaerobic phosphorylative electron
transport chain are all present. Hydrolytic or drug modifying enzymes such

as B-lactamases and aminoglycoside acetyl transferases are also present.

The genome is also rich in repetitive DNA sequences particularly insertion

sequences (11). IS6110 and 151081, both  transposons, are insertion sequences
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around 1300bp that are inserted into chromosomal DNA. IS56110 first
identified in M.tuberculosis was then shown to be extensively present in
M.tuberculosis complex. Because of its similarity in sequence, IS6110 is
groﬁped into IS3 family, which is found in enterobacteria. Between 0-20
copies of IS6110 are found in almost all the strains of M.tuberculosis complex,

and is not known to be present in other organisms. Around 5 copies of 151081

are also shown to be present in M.tuberculosis complex.

A repetitive sequence is a short DNA sequence of up to 40bp repeatedly
located in the chromosomal DNA. Many such sequences are present in the

MTB complex chromosome. This includes PGRS, DR and MIRU sequences.

The PGRS element appears to be the most abundant repetitive sequence in
MTB. It occurs multiple times and has significant polymorphism. This
sequence is characterized by high GC content and has been successfully used
as a secondary marker to discriminate between MTB isolates with a low

number of IS6110 copies.

The DR is composed of multiple numbers of a 36bp sequence that are
interspersed by unique spacers 35-41 in length. One DR and adjacent spacer
sequence together is called direct variable repeat (DVR). Gronen et al (1993)

have developed a reverse blot technique, termed spoligotyping, to determine
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the presence or absence of DVR polymorphisms, a technique that can be used

to differentiate different strains of mycobacteria (12).

MIRUs (40-100bps) consist of repetitive elements found in tandem repeats
scattered throughout the genome of MTB complex. Variations in nucleotide
sequence and copy number of the tandem repeats have been identified. The
five exact tandem repeats, known as variable number of tandem repeats

(VNTRs) used previously as a genotyping tool, are also part of MIRUs.

14. PATHOPHYSIOLOGY OF TUBERCULOSIS

The pathogenesis of tuberculosis can be considered as a series of battles
between the host and the tubercle bacillus. When inhaled, only fine particles
containing 1 to 3 tubercle bacilli are capable of starting the infection because
they remain suspended in the air stream that enters the alveolar spaces (13).
The heavier particles that get impinged on the mucosal surfaces of both the
nasopharynx and bronchial tree are moved up the bronchial tree by cilia and
éxpelled. Tubercle bacilli may vary in virulence both genotypically and
phenotyéically. Pulmonary infection begins only after a strongly endowed
bacillus is ingested by a weakly endowed alveolar macrophage, initiating a
cascade of events that results in either successful containment of the infection

or progression to active disease (primary progressive tuberculosis).
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Tuberculosis progresses in 5 stages (14, 15,16, 17, 18):

Stage 1 of Pulmonary tuberculosis: Its Onset

The 15t stage of tuberculosis begins after the bacillus is inhaled into the
alveolus. The alveolar macrophage (AM) ingests the inhaled bacilli and often
destroys it. This destruction depends on the inherent microbicidal power of
the AM and the genetic and phenotypic virulence of the ingested bacillus.
Most AMs are activated cells. They have been activated non-specifically by

many stimulants, including the ingestion of a variety of inhaled particles.

Stage 2 of Tuberculosis: Symbiosis

If the original AM fails to destroy or inhibit the inhaled particle, the bacilli
multiply until that macrophage bursts. The early exudate contains
chemotactic factors that attract circulating monocytes, lymphocytes and
neutrophils, which further ingest the multiplying bacilli. Granulomatous focal
lesions, composed of macrophage-derived epithelioid giant cells and
lymphocytes, begin to form. Generally, the process of granuloma formation
serves as an effective means for containing pathogens, preventing their
continued growth and dissemination. Its success depends on both the number
of macrophages at the site of infection and on the number of organisms
present. A host’s initial resistance to M.tuberculosis infection is directly
proportional to granulomatous response. In time, macrophages from the
circulation become completely responsible for the fate of the early lesion. In

such a lesion, the alveolar macrophages rarely participate, because they
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remain peripheral rather far from the bacilli, which are almost always located
centrally (19). A symbiotic relation develops in which neither the
macrophages nor the bacilli injure each other. The new macrophages have not
yet been activated so, they cannot inhibit or destroy the bacilli and the bacilli

cannot injure the macrophages because the host has not yet developed tissue

damaging DTH. NK cells defense occurs early during the second stage and

continues thereafter, but the broadly specific immunologic T-cell defense

occurs soon after the second stage.

Stage 3 of Tuberculosis: Early stages of caseous necrosis and DTH

The third stage of the disease takes place 2 to 3 weeks after infection when the
early specific immune response occurs. This response is primaril}.r tissue
damaging DTH. It kills macrophages that have allowed the tubercle bacillus
to grow logarithmically in their cytoplasm, thereby producing the first stages
of necrosis. The favorable intracellular environment for bacillary growth is
eliminated and replaced by extracellular environment of solid caseum in
which the bacilli cannot grow. Caseous necrosis as stated earlier is a DTH
reaction produced by T cells, especially Cytotoxic CD8 cells (20, 21, 22)
Clotting factors, anoxia, cyfokines (23, 24), reactive oxygen and nitrogen
intermediate from macrophages, (25, 26) Ag-Ab complexes, complement
products and toxic products released from the bacilli all contribute in the
formation of necrosis. Bacilli cannot multiply because of anoxic conditions,

reduced pH and the presence of inhibitory fatty acids. Thus, the host locally
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destroys its own tissues to control the uninhibited growth of bacilli which
otherwise would be lethal to host (27). Only after such control is established
can CMI prevent the progression of the disease. Later in the course of the
disease, DTH may indeed be more harmful than beneficiary causing lung

cavitation.

Stage 4 of Tuberculosis: Interplay of CMI and Tissue damaging DTH

During the fourth stage, the disease may become clinically apparent; atleast
by radiograph or it may be arrested with little visible evidence remaining
except for a positive tuberculin skin test. The fate of the caseous tuberculous
lesion is mainly controlled by CMI. In resistant host, the caseous center of the
lesion is surrounded by microbicidal macrophages developed by strong CMI
(28). The bacilli that escape caseous center are therefore ingested and
destroyed by the highly activated macrophages. Eventually the tubercle is
walled off, the caseous center inspissates, and the disease is arrested,
frequently for a lifetime. Unless, there is a subsequent defect in CMI, the
infection generally remains contained and active disease may never occur.
The few bacilli that enter the lymphatics or the bloodstream are rapidly
destroyed at their site of lodgement by accelerated tubercle formation (a rapid

CMI response producing many locally activated macrophages).

In susceptible hosts the caseous center is surrounded by poorly activated

macrophages, and hence they permit the escaping bacilli to grow



intracellularly (14). These macrophages are again killed by DTH and the
caseous center enlarges. Thus throughout the fourth stage, due to
development of weak CM], the hosts uses DTH to stop intracellular growth of
tubercle bacilli in poorly activated macrophages and this process leads to

further necrosis.

Stage 5 of Tuberculosis: Liquefaction and cavity formation

This stage follows if the bacilli evade the host defenses whereby liquefaction
of the caseous center is followed by cavity formation (29). In the caseum,
which is an excellent growth media, the bacilli grow uncontrollably and enter
the bronchial tree followed by spread to other parts of the body and to the
environment. Lung cavities are responsible for both; transmission of the
bacilli as well as drug resistance. Macrophages do not survive in liquefied or
solid caseous material, a reason why activated macrophages are completely
ineffective at this stage. However, appropriate antimicrobial therapy can

markedly reduce the number of bacilli and in time arrest the disease.

1.5. IMMUNOLOGY OF TUBERCULOSIS

1.5.1. Cell Types involved in the Immunological Reaction in Tuberculosis
1) Lymphocytes: their subgroups and their functions

Lymphocytes provide the immunologic specificity for the host's CMI and
DTH. In tuberculosis, T cells appear to have two functions: 1) killing poorly
activated macrophages in which the bacilli are multiplying and 2) producing

cytokines that activate macrophages so that these macrophages can now kill
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ingested bacilli. The bulk of experimental and clinical data suggest dominant
role for CD4+ T cells in immune defenses against tuberculosis while CD8+
cells constitute the major cytolytic T cell defenses. B cells increase the
production of IFN-y by NK cells and via antibody-dependent, cell mediated

cytotoxicity (ADCC), confer specificity to the killing of bacilli laden

macrophages by NK cells (30).

CD4+ T cells can be divided into two subsets on the basis of cytokines they
produce. i.e. Thl and Th2 (31). The Th1 subset produces IL-12, which causes
T-cell proliferation, as well as IFN-y (which downregulates the Th2 response)
and TNF-a both of which activate macrophages. The Th2 subset produces IL-
4, IL-5, IL-6, IL-9, IL-10 and IL-13, all of which promote antibody producﬁon
by B cells. Th2 cytokines namely: IL-4, IL-10 and IL-13 downregulate Thl
response. IL-12 is to date, the major cytokine that specifically expands the Thl
population and upregulates its functions. IL-12 plays an important part in
producing the CMI and DTH responses that control the pathogenesis of
tuberculosis. Cytokines provide two-way signaling system between T cells
and macrophages that apparently control the differentiation of both cell types
into their various sub-types (32). CD4+ cells is also known to contribute to the
i.mmune defenses through direct cytolysis of macrophages and non-
phagocytic cells infected with M.tuberculosis having low antimycobacterial

potential, releasing bacilli to be engulfed by activated macrophages. Cytolytic
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CD4+ T cells may also play a scavenger role by lysing dead macrophages,

which are then metabolized by surrounding mononuclear cells (33).

Cytotoxic T-lymphocytes: CD8+ cells

CTLs are produced in thymus and most of CTLs are CD8 cells. CTLs
recognize peptide antigens in context of MHC. CTLs require activation by
exogenous antigens and cytokines to develop their full cytotoxicity. Most
exhibit a Thl cytokine profile (34). NK cells and CTLs kill the target cells by
perforin dependent and perforin independent lytic pathways (35). In the later
it involves apoptosis produced by cross-linking target cell Fas molecules with
Fas ligands on NK or CTLs. CD4+ and CD8+ cells play complementary roles
in the immune response to M.tuberculosis. CD4+ T cells may produce
cytokines that activate macrophages to kill most mycobacteria and produce
sufficient IL-2 to activate CD8+ T cells, which in turn lyse mycobacterium-

infected cells.

/8 T-lymphocytes:

Most T cells have specific antigen o/ receptors. However, a subset of T cells
exist with antigen y/8 receptors. These lymphocytes are more prominent in
organs directly exposed td the antigens from the outside environment, such as
lung, intestine and skin. y/3 T-lymphocytes produce IL-2 and IFN-y and they
can lyse antigen pulsed target cells (36). Their cytotoxic effects on non-

activated macrophages containing tubercle bacilli probably play an important
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role in limiting the symbiotic stage of tuberculosis. y/8 T-cells do not require
antigen processing or the presentation of antigenic peptides in a class I or
class II MHC-restricted fashion (36). They also recognize non-protein
antigens. By means of their cytokines, they influence and help regulate
macrophages, NK cells, the Thl and Th2 responses of a/p T-lymphocytes,
and the IgE and IgG production of B-lymphocytes. Both NK cells and /5 cells
are important in host defense during early stages of tuberculosis, whereas
a/P T cells are important in the later, more immunologically specific stages
(37). Finally y/8 T-lymphocytes seem to play a role in the prevénﬁon of
clinical tuberculosis in healthy tuberculin-positive personnel who are in

constant touch with patients with tubercle bacilli in their sputum (37).

2) Natural killer cells:

NK cells make upto 10% to 15% of the blood mononuclear cell population.
They proliferate in response to both monocyte and T cell derived cytokines
(38). NK are defined as Cytotoxic cells that have the morphology of large
granular lymphocytes but do not express surface CD3 or many other T-cell
receptors. They are effective against cells that have no MHC class 1 expression
(39). Macrophages containing intracellular microorganisms produce TNF-c,
IL-12, IFN-a./ B, IL-15 and IL-18 (40) that activate NK cells (41). NK cells then
produce IFN-y that 1) activate macrophages non-specifically early during the
infection and 2) favor a Thl specific response over a Th2 immune response

(42). NK cells also directly lyse cells in which tubercle bacilli are multiplying.



i

20

NK cells are probably a major force in antigen-independent host resistance

that occurs early during infection before specific immunity develops.

3) Macrophages:

Non-activated macrophages /monocyte allow tubercle bacilli to multiply
within them while highly activated macrophages destroy or inhibit tubercle
bacilli. Activated macrophages produce reactive oxygen and nitrogen
intermediates, lysosomal enzymes, and other factors that kill and digest
tubercle bacilli. Macrophages produce both IL-12 a major Thl activator, and
IL-10, a major Th1 inhibitor. They produce IL-12 especially in the presence of
M.tuberculosis and hence IL-12 plays an important role in producing the CMI

and DTH that control the pathogenesis of tuberculosis.

4) Role of antibodies

The introduction of foreign antigen into an animal by natural infection or
inoculation elicits a number of reactions in the immune system, one of which
is production of antibodies. This requires the cooperation of B and T
lymphocytes and the macrophages by which the B cells proliferate into

antibody secreting plasma cells. Whole mycobacteria having complex

antigenic structure and consisting of many different antigenic determinants,

elicit a polyclonal response resulting in a large population of different
antibodies. In progressive mycobacterial diseases the titre of antibodies tend
to increase as the cellular immune response begins to diminish (43).

Antibodies against mycobacterial antigens have been demonstrated in IgG,
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IgM and IgA classes however, these specific immunoglobulins seem to play

little or no role in the immunity of tuberculosis (44).

For several years, the detection of antibodies to mycobacterial ahtigens in
circulation have been used as serodiagnostic test for the detection of active
tubercular disease, as there were statistical differences found in antibody
levels in patients with active disease and healthy controls. However, a large
overlap is always evident as antibody levels are high in normal individuals
residing in endemic areas, in BCG vaccinated individuals, in those exposed to
environmental mycobacteria and in those who have been treated with
antitubercular drugs (45,46,47). Nevertheless, with advances made in science
and technology and with the availability of purified antigens, detection of

antibodies in tuberculosis can prove to be a useful diagnostic tool.

1.5.2. The Immunological Reaction in Tuberculosis.

A)  Binding and uptake of M.tuberculosis

M.tuberculosis is thought to enter the macrophage via specific binding to
several distinct cell surface molecules. M.tuberculosis can bind directly via
complement receptors i.e. CR1, CR3 and CR4 and the macrophage mannose
receptor (MMRc) (Fig 1.1). IFN-y has been shown to down-regulate MMRc
expression while concomitantly increasing the capacity of the cells to kill

microorganisms (48), in contrast IL-4 is a potent enhancer of MMRc
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expression. Protein A, CD14 ligand are also involved in uptake of

nonopsonized M.tuberculosis (49, 50).

B) Intracellular fate of M.tuberculosis

Following attachment and subsequent phagocytosis of the bacilli, sustained
intracellular bacterial growth depends on the ability to avoid destruction by
lysosomal enzymes, ROI and RNI. M.tuberculosis appears to have the ability to
disrupt the normal functioning of phagosomes, preventing them from
developing into acidic hydrolase-rich compartments. Several laboratories
have reported a failure of mycobacterium containing vesicles to fuse with
endosomal vesicles (51). Production of significant amount of ammonia and
ammonium chloride by the bacilli diminishes the potency of the
intralysosomal enzymes via alkalinization (52). Also presence of sulphatides
and lipoarabinomannan in the cell wall inhibits phagosome-lysosome fusion
(53). Moreover, containment of viable M.tuberculosis within these specialized
vesicles may reduce the capacity of mycobacterial antigens to be processed,

and/or get transported to the cell surface (54).

. C)  Microbicidal Action of Macrophages

Killing of ingested M.tuberculosis would most likely take place within
macrophage phagolysosomes. Toxic constituents found within the acidic
vesicle include lysosomal hydrolases, ROI such as H20O2 and Oz ", and RNI

such as NO and NO: ~ . In macrophages, NO and other RNI are derived from
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L-arginine via an enzymatic pathway controlled by an inducible nitric oxide
synthase (55). TNF and IFN-y are potent activators of iNOS, while IL-4 and IL-
10 suppress it (56,57). Growth inhibition of mycobacteria by cytokine-
stimulated murine macrophages strongly correlates with the generation of
RNI (58). ROI alone may be insufficient to 'destroy M.tuberculosis, but ROI

combined with RNI can significantly enhance mycobacterial killing (59).

Several mycobacterial products including LAM can scavenge ROI or inhibit
the respiratory burst that generates them (60). Another mechanism by which
the bacilli could evade the toxicity of ROI is to avoid binding the macrophage
cell surface components such as Fc receptors that would provoke an oxidative
burst; instead, it binds via complement receptors known not to trigger ROI

production (61).

The capacities of resident alveolar macrophages and recruited monocytes to
destroy mycobacteria differ significantly and progressively throughout the
course of an infection. Initial infection by M.tuberculosis rapidly leads to the
activation of alveolar macrophages, the induction of cytokines, which serve to
limit the‘ growth of the ingested organisms and the recruitment of additional
leukocytes from the peripheral circulation. Enhancement of macrophage
microbicidal function can be exerted by T cells, especially CD4* aff* T cells
that secrete IFN-y and IL-2 (62). IFN alone cannot activate macrophages

sufficiently to inhibit M.tuberculosis replication, although combined exposure
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to IFN-y and TNF was reported to be sufficient for effective killing. While
activated alveolar macrophages may kill M.tuberculosis effecﬁvely, immature
monocytes recruited from the periphery are thought to be less effective. The
local production of IFN-y and TNF by leukocytes is critical for the
differentiation and activation of these recruited monocytes. | Other
macrophage-derived cytokines that may activate human cells to kill
mycobacteria include GM-CSF and IL-12 (63, 64). In contrast, IL-1 and IL-6
have been reported to increase intracellular mycobacterial growth (Fig 1.1).

Fig 1.1: Macrophage responses to M.tuberculosis.

{leukocyte recruitment]

e 1L-10

IL-1 -

iL-6 1n-12 NO
chemokines, TGFf§ TGF IFN-Y

{alveoiar macrophage

<> live Mtb > live MiD

bound to
<@ killed Mib CRY, 3,4,

MMRAc, or
CD14

D)  Presentation of M.tuberculosis antigens by macrophages
The main APCs for T cells are the dendritic cells located in the marginal zones
of lymph nodes while dendritic cells in the lymphoid follicles are the major

APCs for B cells (65). Macrophages serve as important antigen-presenting
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cells in the host response to M.tuberculosis. Mycobacterial antigens expressed
in association with MHC class II or class I molecules can be recognized by
CD4* and CD8"* o TCR* T cells respectively. MHC independent recognition
of M.tuberculosis antigens may be characteristic of the response of y5 TCR* T
cells. Viable M.tuberculosis bacilli induce the replication of human peripheral
blood T cells in a manner that favors the expansion of y8 T cells (66). In
contrast, PPD from M.tuberculosis predominantly induces a CD4* af T cell
response with no or little increase in y5 T cells. y§ T cells have been shown to
recognize nonpeptide ligandé. CD1b restricted presentation of both mycolic

acids and LAM to CD4- CD8- o T cell clones has recently been demonstrated.

E) Interactions between T cells and macrophages

As shown in Fig 1.2, collaboration between macrophages and T cells is
essential for eradication of M.tuberculosis via antigen-specific DTH responses.
Initially, activated macrophages present mycobacterial antigens to T cells in
association with MHC class I or class I proteins or with nonpolymorphic
MHC:-like proteins (CD1). Macrophage derived cytokines play critical roles as
costimulatory molecules for antigen-specific T cells. Subsequently, cytokines
produced by activated T cells further modulate macrophage function,
although th(;_ net result may be either to inhibit or to augment intracellular
M.tuberculosis growth. The presence of both antigen specific T cells and
activated macrophages within the granuloma provides long-term surveillance

and containment of infected macrophages. IL-12 may be important in
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favoring the development of the DTH response by enhancing production of
IFN-y, facilitating the development of Thl cells and augmenting the
cytotoxicity of antigen-specific T cells and natural killer cells. In contrast Th2
responses may contribute to the immunosuppression often observed in
advanced disease. This is particularly apparent in the context of TB patients
coinfected with HIV who have diminished Thl-type responses compared
with HIV-seronegative patients. Macrophages are likely to contribute further
to these responses through the production of the immunosuppressive
cytokines IL-10 and TGF-B1. Thus the cytokine network controls a complex
set of responses that may be growth modulatory to M.tuberculosis,
proinflammatory, or immunosuppressive.

Fig 1.2: Interactions between lymphocytes and M.tuberculosis

infected macrophages.
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1.6. IMMUNOGENETICS OF TB

In 1949, Haldane suggested that infectious diseases had been the main agent
of natural selection for atleast 5000 years and were responsible for the
maintenance of the majofity of humén protein polymorphisms (67).
Epidemiological data derived from twin studies clearly indicate that the
susceptibility to TB has genetic determinants (68). Genes for HLA system
have been extensively studied for association with susceptibility or resistance
to mycobacteria. Studies of association between HLA and TB generally have
resulted in variable conclusions. However, HLA-DR2 was shown to be
associated with increased risk of progression to advanced pulmonary disease
while HLA-DRB1* 1501 allele was associated with advanced disease and
failure to respond to drug therapy whereas HLA-DRB1*1502 allele was
shown to be associated with decreased risk (69). Recent interest also has
focused on the role of polymorphisms in cytokine promoters (e.g. TNF-a)) and

cytokine receptors (e.g IFN-y) in susceptibility to mycobacterial disease (70).

The active metabolite of Vitamin D: (1,25Ds) activates monocytes, stimulates
CMI and suppresses immunoglobulin synthesis. These effects are exerted by
interaction with the vitamin D receptor (VDR), which is present on monocytes
and on activated B and T lymphocytes. Experimental findings have led to the
hypothesis that polymorphism in the gene for VDR may be involved in

genetic susceptibility to tuberculosis (71, 72). These findings raise the
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possibility that vitamin D supplementation may modify the immunity to

tuberculosis.

Mannose binding lectin: MBL is a calcium dependent serum lectin which acts
as an opsonin to promote phagocytosis and which can activate complement
via the classical pathway. Three co-dominant single-base substitutions results
in reduced serum MBL concentrations and individuals with two mutant
alleles have extremely low circulating MBL levels. In a study conducted in
Gambia, it was found that the MBL allele with a variant codon was relatively
under represented among tuberculosis cases as compared to healthy donors
(73). This result will require confirmation in other populations, but it would
be fascinating if MBL deficiency, which is frequently described as world’s
commonest immune deficiency, has been selected for by heterozygote

resistance to tuberculosis.

Among inbred strains of mice resistance to infection with M.bovis BCG is
controlled by gene designated as Nrampl (74). The human homologue of
Nramp1 designated NRAMP]I has been cloned and mapped to chromosome
2q35 (75). In a population study, four polymorphisms in the NRAMP1 gene
were found to be associated with tuberculosis (76). This demonstrates that
NRAMP1 is an important gene in individual variability in susceptibility to

tuberculosis.
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Association between genetic polymorphisms and tuberculosis susceptibility
differ according to ethnic origin but the extent to which genetic
polymorphisms contribute to the global tuberculosis burden is unclear
because of the great difficulty of separating lifelong environmental influences

from génetic predisposition.

1.7. CLINICAL MANIFESTATIONS
~1.7.1. Primary Progressive Pulmonary TB

The initial infection with the tubercle bacilli is known as primary infection
and affects the middle or lower lung zones with the involvement of the
draining lymph nodes. This forms the primary or Ghon’s complex, while all
other lesions are post primary. The clinical manifestations vary depending on
the age of the patient occurring more often in children than in adults. In
approximately 10% of the patients, the initial infection with M.fuberculosis is
maﬁifested by pleural effusion. Local progression of the initial pneumonia
with or without caseation and cavity formation may occur called progressive

primary tuberculosis.

1.7.2. Post-Primary Pulmonary Tuberculosis

There are two routes to a repeat episode of TB (post primary pulmonary TB):
either by inhalation of additional M.tuberculosis organisms or by reactivation
of a dormant primary lesion. The existence of post-primary TB means that an

infection can proceed inspite of existing immunity.
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In reinfection TB, a hypersensitivity reaction is the characteristic response
accompanied by tissue necrosis and caseation. In an attempt to seal off the
necrotic site, lymphocytes and other cells converge upon the site and direct
formation of a wall of fibrous tissue. Some lymphatic spread may occur, but
in this case the hilar lymph nodes are not implicated. Most often caseated
granulomas heal over a period of time, shrinking as they become fibrotic and
then calcified. However if healing is impaired, the growing lesions may erode
adjacent bronchi, resulting in the formation of cavities. M.tuberculosis
organisms multiply freely in these cavities leading to huge numbers of bacilli.
An open cavitated lesion can leak infectious material directly into the
bronchus, resulting in the continuous discharge of bacilli into the sputum.
Leaked bacilli can also be inhaled into other portions of the host’s lungs,
resulting in tuberculous bronchopneumonia. If the growing granulomatous
lesion erodes the wall of a vein, organisms can spread in the circulating blood,

resulting in miliary disease (77).

M .tuberculosis can persist for decades in a dormant state inside a granuloma,
particularly in the apical regions of the lung. Although the effective host
immune response can initially contain M.tuberculosis infection, several factors
can trigger subsequent development of active disease from reactivation of
remote infection. HIV is the greatest single risk factor for progression to active
disease in adults. Other medical conditions that can also compromise the

immune system and predispose to development of active disease include
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poorly controlled diabetes mellitus, renal failure, underlying malignant
disease, chemotherapy, malnutrition, deficiency of vitamin A or D (78),
defects in the production of IFN-y or TNF-a (79) etc. Reactivation of these
latent organisms can also lead to post-primary disease, even in persons who
successfully fought their initial battle against TB. The -mechanisms, which
govern dormancy and reactivation, within either the organism or the host, are
not yet understood. The host typically mounts an inflammatory response to

reactivation TB, with the lesion appearing circumscribed and necrotic.

1.7.3. Pulmonary and Extrapulmonary tuberculosis

The most common clinical manifestation of tuberculosis is pulmonary disease.
Extrapulmonary tuberculosis accounts for about 20% of disease in HIV-
seronegative people but is more common in HIV-seropositive individuals
(80). Among people not infected with HIV, extrapulmonary disease,
particularly lymphatic tuberculosis, is particular common in women and

young children (81).

Pleural tuberculosis occurs as a result of either pulmonary progressive
' M.tuberculosis infection or reactivation of latent infection. A chest radiograph
generally reveals a unilateral pleural effusion. Unlike other clinical
manifestations of tuberculosis, pleural disease probably represents an
increased, rather than diminished, immune response. Infact, primary

serofibrinous pleural effusion resolves without treatment in upto 90% of
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cases; however, if untreated, nearly two-thirds of patients will subsequently

have relapses with tuberculosis at other organ sites (82).

The most serious clinical manifestation of tuberculosis is involvement of the
CNS. Such involvement can include inflammation of the meninges, as well as
space occupying lesions (tuberculomas) of the brain. The clinical
manifestations are due to the presence of M.tuberculosis as well as the
inflammatory host immune response. Children under 5 years of age and HIV-
infected individuals are at increased risk of tuberculous meningitis (83),
which can present clinically as chronic meningitis, with headache, fever, and
changed mental status. Neurological manifestations can include cranial nerve
palsies and motor, sensory and cerebellar defects. According to the location of
the tuberculomas; seizures can also occur. Meningitis is fatal in almost all
cases without chemotherapy, and prompt identification and treatment are

essential to prevent serious neurological sequelae.

Tuberculosis can affect any bone or joint, but the spine (i.e. Pott's disease) is
the most common bony structure involved. In the spine, the most common
location is the thoracic section. Vertebral body involvement can be followed

by disease of an adjacent intervertebral disc.

Genitourinary tuberculosis is uncommon and is difficult to distinguish from

other infections of the genitourinary tract. In men, manifestations include
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those of prostatitis or prostate enlargement, epididymitis and orchitis, but
disease can also be present as a painless scrotal mass. Urine analysis may

show red or white blood cells, or both, with a negative urine culture for

bacteria (sterile pyruvia).

Disseminated tuberculosis is defined as involvement of many organs
simultaneously and can occur as a result of primary progressive disease or
reactivation of latent infection. Mortality in disseminated tuberculosis is high
despite chemotherapy and may be related to delays in diagnosis and other

commonly present medical conditions (81).

1.7.4. Tuberculosis and AIDS

The Global Programme on AIDS estimated that 16 million adults and 1
million children were infected with HIV by mid-1994, with nearly 90% of
infections occurring in the developing world. The interaction between TB and
HIV infection was investigated initially because of the high incidence of TB
and HIV co-infection in sub-Saharan Africa and other parts of the developing
world, which together accounted for 95% of new TB cases and 98% of TB

deaths (84).

1.7.4.1.Clinical TB disease in AIDS patients.
Patients infected with MTB and HIV are more likely to progress rapidly to

clinical TB (85), with an annual risk of 8% compared to a lifetime risk of 10%
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for HIV seronegative subjects (86). TB results primarily from reactivation of
endogenous infection, usually many years after primary infection. In
developing world TB precedes HIV infection, and reinfection occurs against a
high background of endemic disease. Pulmonary disease is the most common
presentation in HIV seronegative patients but in HIV infected individuals,
focal and disseminated extrapulmonary disease is more common. In
immunosuppressed patients, clinical disease may be present with atypical

clinical and radiological features including fewer lung cavities.

1.7.4.2.Immunology of TB and HIV coinfection.

CD4+ cells have an important role in inducing cytotoxicity, leading to lysis of
infected monocytes and to panoply of cytokines released. Two subsets of T-
helper CD4+ lymphocytes, TH1 and TH2, co—ordinate the overall response
and inhibit the presence of the other subset. TH1 cells secrete IFN-y and other
cytokines responsible for macrophage activation in response to mycobacterial
antigens, whilst TH2 cells produce IL4, 5 and 10 that stimulate B cells and
antibody production. As HIV disease progresses, the number of TH1 cells
declines, correlating with a reduction in macrophage activity against
mycobacterial antigens, the loss of Langhans giant cells, epitheliod
macrophages and loss of granuloma formation, fesulting in a shift from a

paucibacillary to a multibacillary state (87, 88).
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Conversely, HIV replication may be enhanced by the multiplication of MTB in

monocytes or macrophages through the up-regulation of transcription, or

. increased release of TNF-a and B2-microglobulin (89, 90, 91). The levels of

HIV-1 p24 antigen in culture supernates of monocytes taken from patients
with active pulmonary TB who were infected subsequently with HIV-1 were
significantly higher than for culture supernates of monocytes from non-
tuberculous individuals (92). Enhanced susceptibility to HIV infection or
reproduction may be a direct result of monocyte activation by exposure to

MTB.

1.7.5. MDRTB

The epidemic of AIDS and TB are complicated by a third epidemic of MDR-
TB. This has been defined as a case of tuberculosis caused by a strain of
M.tuberculosis that is resistant to two or more antituberculosis drugs. Factors
that contribute to increased incidence of MDR-TB include the AIDS
pandemic, deterioration of public health infrastructure and non-compliance
by tuberculosis patients, which is associated with homelessness, poverty,
alcoholism and drug users. In persons with HIV and MDR-TB the outcome is
dismal as the combination of decreased immunity and the loss of most
effective antituberculosis drugs make effective treatment difficult and lengti\y

leading to prolonged periods of infectivity and high mortality rate.
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1.8. PROPHYLAXIS

Two prophylactic measures are available. Inmunization, or Bacille Calmette-
Guerin (BCG) vaccination must be considered for the uninfected when there
is a high risk of becoming infected. Preventive therapy or chemoprophylaxis

is directed at those already infected, especially when the risk of infection is

slight or where the risk of disease, given infection, is high.

1.8.1. BCG vaccination

In 1908, Calmille Guerin and Albert Calmette initiated their attempts to
produce an antituberculosis vaccine from a virulent bovine strain. Thirteen
years and 230 subcultures later, an attenuated bacillus unable to form

progressive TB in various animal models was developed.

Vaccination against tuberculosis currently consists of the intracutaneous
inoculation of BCG. Adequately controlled trials on its usefulness and efficacy
were reported only after millions had been vaccinated. Unfortunately the
results of these trials do not agree. In the 20 years after vaccination, the British
Medical Research Council found 77% less tuberculosis among the vaccinated
children than the unvaccinated controls (93), and the trials by US Public
Health Service showed a 29% reduction attributable to BCG in Puerto Rico
(94). During a 15-year period after vaccination, a large and well-conducted
trial in South India showed a 12% reduction among vaccinated persons below

15 years of age (95) but a 21% increase among older vaccinated persons.
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Although large variation has been found, the major conclusion drawn from
these trials is that BCG protects against childhood manifestations of TB
(military or meningeal) whereas the efficacy in preventing pulmonary TB is

very limited (96, 97).

Several explanations have been suggested for the variation in the results of
above-mentioned trials. From a review of multiple studies, it seems likely that
discrepant results of the various trials are largely due to differences in the
potency of the strains (98, 99). This might be because after the first
vaccination, lots of BCG was distributed worldwide and propagated in
various laboratories resulting in both phenotypic and genotypic differences
not only compared to the original parent strain but also between various
daughter strains (100, 101). Recent data indicate that a large number of
mutations have taken place during the long invitro propagation of this strain
(102, 103). It is known that these mutations have resulted in the deletion of
open reading frames encoding several important T-cell antigens such as the

immunodominant molecules ESAT-6 and CFP-10 (104).

The hypothesis that has gai;ied most widespread acceptance attributes this
variation to higher levels of exposure to environmental mycobacteria in the
areas where the vaccine affords no protection (105). The precise nature of this
interference is not known, however, based on animal experiments, it has been

suggested that the protection provided by environmental mycobacteria partly



masks the effect of a subsequent BCG vaccination or that environmental
mycobacteria have a direct influence and skew the immune response towards

a Th2 direction (105, 106).

It has been known that susceptibility to tuberculosis is determined in part by
genetic factors (68, 107, 108) and thus it has been reasoned that there might be

genetic differences in response to BCG vaccination.

Studies by Lurie et al 1964 (14) and Sutherland et al 1979 (110) provide
evidence that BCG imparts greater protection against disease than against
primary infection with the tubercle bacilli. It produces localized ulcerations
that are limited in extent and duration. However, drainage from these

ulcerations contains viable organisms, an important consideration for

immunosuppressed patients.

One of the most important disadvantages of vaccination is the production of
sensitivity to tuberculin. In areas with a high risk of infection, most persons
become tuberculin reactors in the course of time and the premature
production of tuberculin sensitivity by vaccination is rarely of any
consequence, however, in areas with a low risk of infection, interference with

the diagnostic value of the tuberculin test constitutes an added

contraindication to BCG vaccination.
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Exploiting the benefits of new vaccine technology, a number of novel

methods for improving or substituting the existing BCG vaccine have

appeared over the last Syears. Development in vaccines for tuberculosis has

been summarized below:

Table 1.2: Summary of new Tuberculosis vaccine development (111)

Vaccine types Examples Results

M. vaccae No activity (m)
Avirulent/

M. microti Marginal activity (m, gp)
Saprophytes

M. smegmatis No activity (m)

As protective as wild type but

M. tuberculosis may not persist long enough to
Auxotrophs

BCG generate adequate memory

(m).

Recombinant BCG Good as BCG (m)

Culture filtrates | Good activity (m, gp)

Individual Marginal activity (m, gp)
Subunit

proteins

Protein mixtures | Good activity (m, gp)

Ag 85 Promising results in short and
DNA vaccines

Hsp 60 long term assays (m, gp).
gp: guinea pig, m: mouse
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It is obvious that vaccination must be accompanied by other means of
controlling tuberculosis viz., diagnosis, effective treatment and raising living

and educational standards of the society.

1.9. TREATMENT

In a patient with tuberculosis disease, there are three poPgIaﬁons of MTB
organisms that need to be considered (112). The first population is the actively
growing extracellular organisms. Huge numbers of organisms can grow
extracellularly in pulmonary cavities, and it is in this population that drug
resistance develops readily. The second population consists of slow growing
or intermittently growing organisms that are inside macrophages. There are
fewer of these organisms, but the intracellular environment is acidic and
many drugs are not active in these conditions. The third population is made
up of slow growing organisms that grow in caseous material. The
environment is neutral in pH, but the penetration of drugs into this area may

be compromised by a poor blood supply.

1.9.1. Standard First line Drugs, its mechanism and regimen

Five standard drugs used in the treatment of tuberculosis are Isoniazid (INH),
Rifampicin, Ethambutol, Pyrazinamide and Streptomycin. The mechanism of
‘action of INH is to inhibit a cell wall biosynthetic pathway, probably mycolic
acid biosynthesis (113). Therefore, it is only bactericidal for actively growing

extracellular organisms. Rifampicin (RIF) is the only drug that is bactericidal



against all three populations of bacteria. RIF inhibits the DNA-dependent
ribonudleic acid (RNA) polymerase of MTB (114) and is able to interfere with
RNA synthesis even when the organism has minimal metabolic activity.
Pyrazinamide (PZA) is bactericidal only to intracellular organisms in an acidic
environment (115). It is uniquely effective in eliminatingr potential persisters
and is used during the first two months of chemotherapy to reduce the total
length of therapy. Ethambutol (EMB) is only bacteriostatic (116) and although
its mechanism of action is not completely understood, metabolic labeling
experiments suggest it inhibits glucose incorporation into cell wall
components of MTB (117). Streptomycin disrupts bacterial protein synthesis

but is bactericidal against only actively growing extracellular organisms.

Almost all recommended treatment regimens have two phases on the basis of
extensive evidence from controlled clinical trials. There is an initial intensive
phase designed to kill actively growing and semi dormant bacilli followed by
continuation phase. The continuation phase eliminates most residual bacilli
and reduces the number of failures and relapses (118, 119). For each patient,
the i'ecommended regimen depends on the treatment category, which is based
on severity of disease and history of previous treatment. The short course or 6
month régimen is preferred for the treatment of tuberculosis. This regimen
consists initially of a 2-month period of treatment with INH, RIF and PZA

followed by a 4-month period with INH, RIF and EMB or SM. Intermittent

drug regimens can also be given.
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In Extrapulmonary tuberculosis treatment is same as pulmonary tuberculosis
except that it may constitute of longer courses of therapy.. Special regimens
should be charted out for pregnant and breast-feeding women, for patients
with prior liver disease or renal failure and for HIV-infected patients (118,
120, 121, 122). In order to prevent relapse and drug resistance, clinicians must
prescribe an adequate regimen and ensure that patients adhere to therapy.
Widespread drug resistance is the result of over 40 years of effective

antibiotics that have been ineffectively administered.

1.9.2. Development of drug resistance

Primary drug resistance involves transmission of an already resistant strain
from a source case patient to a secondary case patient who has never
previously received treatment for tuberculosis. Secondary or acquired resistance
refers to the on-treatment emergence of resistant disease in a patient with an
initial susceptible isolate. This typically occurs as a result of inadequate drug
therapy, which may arise from patient noncompliance, from incorrectly

selected medications, or from suboptimal drug dosing.

On developing drug resistance, a patient’s drug susceptibility pattern is
studied and second-line drugs. are then included in the treatment schedule.
Common second line drugs are Rifabutin, Ethionamide, Cycloserine, PAS,
Clofazamine, Aminoglycosides (other than Streptomycin) and Quinolones.

Rifabutin inhibits DNA-dependent RNA polymerase, Ethionamide and PAS
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inhibit cell wall synthesis, Cycloserine inhibits folic acid pathway whereas
Clofazamine binds to mycobacterial DNA. Aminoglycosides like Kanamycin,
Amikacin, Capreomycin and Viomycin are bactericidal and they disrupt
bacterial protein synthesis while Quinolones like Ciprofloxacin, Ofloxacin,
and | Levofloxacin disrupt the bacterial chromosome by inhibiting the

supercoiling action of DNA gyrase.

1.9.3. DOTS

Tuberculosis is one of India’s most serious health problems. Despite a long
and distinguished tradition of TB research in India and the existence of a
national programme since 1962, tuberculosis is a common cause of morbidity
and mortality. DOTS known also as Revised National Tuberculosis Control
Programme in India, was introduced in 1993. DOTS is a systematic strategy
which has five components: 1) Political and administrative commitment, 2)
Good quality diagnosis, 3) An uninterrupted supply of short-course
chemotherapy drugs, 4) Standardized intermittent drug regimens
administered under direct supervision and 5) Systematic monitoring and
evaluation thus preventing the drug default problem, which is a major cause
of MDR-TB. The RNTCP will be implemented in a phased manner in a
population of nearly 300 mimon in the next few years. DOTS should be
considered for all patients because there is no way to predict which patients
will adhere to treatment (123). Many factors may influence patient

compliance, including the patient’s social characteristics, personality,
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understanding of illness and understanding of the treatment, the patient-
practitioner relationship and the practitioner’s attitudes (124). When DOTS is
not possible, pills containing a combination of tuberculosis medicines can be
ﬁsed to prevent a patient from taking a single drug and thus help prevent the

development of drug resistance. e.g. Rifamate, Rifater.

1.94. Preventive therapy

Preventive therapy usually consists of the oral administration of isoniazid.
The generally accepted regimen for preventive treatment is 5-10mg of
isoniazid per kilogram of body weight, not exceeding a total dose of
300mg/day, given orally in a single daily dose for 6-12 months. In the U.S.
Public Health service trials among household contacts and Alaskan villagers,
the optimal duration of treatment appeared to be 9 to 10 months (125). A
committee convened by the American Thoracic Society recommended that
certain screening procedures be carried out before starting prevention therapy
(126). The presence of active tuberculosis should be ruled out so also people
who have already undergone an adequate chemotherapy course and those
with previous side effects to isoniazid or acute liver disease should be
excluded. Preventive therapy is recommended to people with known or
suspected infection with HIV, to close contacts of persons with infectious
tuberculosis or to those with increased tuberculosis risk. If patients have been
infected with multi-drug resistant tubercle bacilli then multidrug preventive

therapy should be considered. This should consist of atleast two anti-
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tuberculosis drugs depending on the resistance pattern of the organisms.

Possible regimen would include a regimen of two drugs selected from

Ethambutol, Pyrazinamide or a Quinolones prescribed for 12 months at

standard dosages.

1.9.5.

Development of new drugs and drug targets:

Enzymes involved in synthesis of the complex cell wall components
represent attractive potential drug targets.

Presence of porin like molecule in cell wall of M.chelonae (127) and
detailed analysis of the uptake mechanisms required for transport of
nutrients across the cell wall has given new insights to design drugs.
E.g. transporters specific for essential nutrients have themselves
become targets for novel inhibitors.

Concept of using a pro-drug, which is subsequently converted to active
form within the bacteria, may represént a useful mechanism for
achieving efficient drug uptake.

Designing reagents that would interfere with development of
generalized stress resistance and disrupt synthesis of stress proteins

that help survival of some organisms during therapy.

1.10. DIAGNOSIS

Diagnosis, with respect to Mycobacterium tuberculosis, may be viewed as

having two general components; the diagnosis of tuberculous infection with
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or without concomitant disease and the diagnosis of the disease due to the
organism (ie.) tuberculosis. The diagnosis of tuberculous infection has
traditionally been accomplished by means of tuberculin skin testing, while on
the other hand, the diagnosis of tuberculosis has used a variety of clinical and

microbiological methods.

1.10.1. Traditional Diagnostic Techniques

A)  Confirmatory Direct Tests

i) Microscopy

Direct microscopy of sputum is the norm for diagnosis of tuberculosis in
developing countries today. The thick impervious lipid cell wall of
mycobacteria prevents easy staining. However, prolonged exposure to heat
and surface active agents allow penetration of stains but once stained these
bacilli resist decoloration even when exposed to concentrated acids or
alcohols and hence are termed as acid fast bacilli. The acid fastness property is
due to the ability to form acid alcohol stable complexes with certain aryl
methane dyes like carbol fuchsin and fluorescent dyes like Auramine and/or

Rhodamine (128).

AFB staining technique has the advantage of being relatively rapid and
inexpensive to perform. Since the risk of transmission of tuberculosis is
related to the number of bacilli in sputum specimen, microscopic examination
of smears for the presence of AFB is often the first test to be performed by

mycobacteriological laboratories (129).
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Despite their advantages, AFB staining is limited. Microscopic examination
with either Ziehl-Neelson or fluorochrome stained smears is insensitive,
detecting acid-fast bacilli only when there are more than 10 organisms/ml of
sputum. Further it does not provide information concerning the identification

or viability of the organism.

ii) Culture and Biochemical identification

Culture remains the “gold standard” for diagnosis of tuberculosis. Growing
cultures permits speciation and drug susceptibility testing. Most commonly
used mycobacterial culture media include egg-based (Lowenstein Jensen),
agar-based (Middlebrook 7H10 and Middlebrook 7H11) and liquid based

media (Sautons, Longs, Kirchners, Youmans, Dubos etc).

A number of inspissated egg-based solid media including Lowenstein Jensen
and Petragnani have been used for primary isolation of tubercle bacilli from
clinical specimens. They tend to yield a higher proportion of positives from
direct clinical specimens than do semi synthetic agar media (130). The egg
media are very rich and contain phospholipids and proteins that tend to bind
to and/or neutralize toxic products in clinical specimens. However, this
definitive diagnosis of M.tuberculosis from clinical samples is hampered by the
slow growth of the tubercle bacilli. Traditionally, the identification of

M.tuberculosis has relied on acid-fastness, niacin production, nitrate reduction

and inactivation of catalase at 68°C.
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B) Indirect Tests

i) Tuberculin Skin testing: Mantoux test

Tuberculin testing is used to diagnose tuberculous infection in contrast with
tuberculous disease. Its reactivity separates the infected person from the
exposed without infection. The implication of a positive tuberculin test result

is infection with tubercle bacilli.

Infection with Mycobacterium tuberculosis results in sensitivity to antigens
derived from that organism. Tuberculin is composed primarily of
tuberculoprotein obtained from cultures of the tubercle bacillus. When the
material is iniected intracutaneously, a classic delayed type hypersensitivity
reaction occurs in the infected patient. The initial process of sensitization
following infection takes about 6-8 weeks with sensitized T-lymphocytes
developing in regional lymph nodes and entering the circulation.
Restimulation of these lymphocytes by intracutaneous injection of tuberculin
results in the indurated skin reaction. The induration is due to cellular
infiltration mediated by the sensitized lymphocytes. The reaction is maximal
at 48-72 hours and then slowly fades. Almost all infected patients yield a

positive reaction.

This test is performed by injecting 0.lml of PPD tuberculin (5TU)
intracutaneously into the skin of the volar or dorsal area of the forearm. The

test is read in 48-72 hours. The presence of induration is determined by touch
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and the diameter of the duration is measured transversely. Currently, a
reaction of greater than 5mm to 5TU PPD with the Mantoux test after 48
hours is considered positive for those with HIV infection, for those with chest
films consistent with old nonactive tuberculosis and for those with recent,
close .contact with infectious tuberculosis cases. A reaction of greater than
10mm is positive in drug users, residents of long tem facilities like prisons,
nursing homes, mental institutions, children under 4 yrs of age, and those
with conditions in which risk of tuberculosis is high like diabetes mellitus,
silicosis and immunosuppressive therapy. In all others a reaction greater than

15mm is considered positive (131).

The tuberculin reaction produced by BCG vaccine cannot be distinguished
from that of due to M.tuberculosis infection. While interpreting induration in
vaccinated individuals, ‘the age at which vaccination is been given is
important (132). However, a negative reaction does not rule out tuberculous
infection. Problems with unresponsiveness and anergy have been appreciated
for many years. It can be due to chronic renal failure, malnutrition, bacterial

or viral infection, HIV infection etc (133, 134).

ii) Imaging Procedures: Chest Radiographs

Because the majority of tuberculosis patients will have a pulmonary
component to their disease, chest X-ray films and to a lesser degree, newer

imaging procedures such as computed tomography of the chest have played
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an important role in differential diagnosis and determining extent of
tuberculosis. Despite the fact that no chest radiographic pattern is unique to
tuberculosis and that an abnormality does not prove the presence of active
disease, certain configurations like hilar and mediastinal adenopathy,
fibronodular changes involving the apical or posterior segments of the upper
lobes and/or superior segments of lower lobes, cavitation etc have
traditionally been viewed as highly suggestive of tuberculosis. Nevertheless,
in pre HIV era, as many as one third of newly diagnosed pulmonary
tuberculosis patients were found to have atypical findings on chest
radiograph (135, 136). The occurrence of tuberculosis among HIV co-infected
persons has produced an even larger proportion of patients with unusual

chest radiographic findings (137).

ili)  Fluid and Secretion Analysis

Tuberculosis, particularly extrapulmonary disease, frequently produce
aberrations in body fluids and hence, analysis of these fluids may be helpful
in the diagnosis. Hematological changes of a wide variety have been reported
in association with TB. Thus cytopenias, monocytosis, lymphocytosis, have all
been attributed to tuberculosis (138, 139). Abnormalities of serum calcium
have also been observed and its occurrence has been attributed to enhanced
vitamin D metabolism by activated macrophages and monocytes. Pleural,
peritoneal, cerebrospinal and joint fluid abnormalities associated with

tuberculosis share several characteristics e.g. protein elevation, reduction in
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glucose, domination of polymorphonuclaer cells and lymphocytes over the

first few days of involvement (140).

1.10.2. New Technologies

A variety of new methods and technologies have been applied in recent years
to the diagnosis of tuberculosis. The impetus for their application has
generally been a desire to make more rapid diagnosis.

A)  Direct tests

i) Improved AFB detection

This technique involves an immunomagnetic separation strategy for
capturing and concentrating mycobacteria from processed specimens (141). In
this procedure, magnetic polystyrene microspheres coated with antibody to
the mycobacteria are added to a sample; the beads and bound organisms are

recovered using a magnet and captured cells detected by microscopic

examination.

Murtagh and colleagues showed that magnetic beads coated with a rabbit IgG
polyclonal antibody to LAM; could capture organisms from dilute
suspensions of mycobacteria (approx 100/ml) and concentrate the organisms
sufficiently to be detected by fluorescence microscopy. This sensiﬁvity

represents a 2-3-log improvement over the detection limit of the standard AFB

smear (141).
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ii) Radiometric assays and other rapid culture methods

Because the growth rate of M.tuberculosis on egg/agar media is slow, there
has been a great interest in developing techniques that could identify tubercle
bacilli more rapidly. The BACTEC 460 TB uses liquid Middlebrook 7H12
medium containing 14C labeled palmitic acid for the radiometric detection of
growth (142). The sediment from the processed samples is inoculated into
BACTEC 12B bottle and when the organism grows, ¥CO is released into the
headspace of the bottle and detected by the sensor in the system. Such
systems can indicate the presence of growing mycobacteria weeks before
conventional systems. One advantage for this system is that deoxyribonucleic
acid identification and antibiotic susceptibility testing can be performed from

this system.

A similar system of detecting mycobacterial growth using 14C labeled acetate
source in a biphasic vial assembly forms the basic principle of
Radiorespirometry. In this method, radioactivity detected in a Liquid
Scintillation Counter from accumulated 4CO; respired from metabolically
active bacteria and absorbed on an alkaline absorbent paper is taken as index
of growth. (143,144). However, one major drawback for such rapid
radiometric systems is disposable of radioactive waste, which makes it

impracticable for use as a routine procedure in all diagnostic laboratories.
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The ESP Myco System consists of a bottle containing a modification of
Middlebrook 7H9 broth with growth factors and cellulose sponge, which is
thought to increase the surface area. It measures the change in oxygen
consumption. The MB/BacT Alert uses bottles containing modified
Middlebrook 7H9medium with growth factors and a sensor at the base of
each bottle, which detects CO; production via a colorimetric detection system.
The MGIT tube system contains a 7H9-based medium with enrichment,
antibiotics, and an oxygen-labile fluorescent indicator at the bottom of each
tube. As mycobacteria grow and use oxygen, the indicator compound is
exited and the resulting fluorescence can be visually examined with an
ultraviolet source. An automated version Bactec 960 which also uses a

fluorescent indicator is under evaluation.

ili)  Molecular methods for detection and identification of M. tu.berculosis
Because of the slow-growing nature of M.tuberculosis, prompt detection and
identification has been a challenge for clinical microbiological laboratories.
Extensive studies have shown that nucleic acid amplification methods are
promising and may be a good solution to the problem. These methods include
signal and target amplification systems. Ribosomal RNA or different parts of
genomic DNA are selected as targets. Although many in house developed
assays reported by academic scientists show promise, commercial tests have

also demonstrated good performance. These commercial systems have less
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carryover contamination, are more amenable to quantification, and provide

1

high specificity (145).

iiia) Signal amplification methods
Is a procedure that amplifies the detection signal to an easily measured level.
These methods include branched DNA signal amplification (146), QB signal

amplification (147) and reporter phage systems (148).

iiib) Target amplification methods.

Another strategy that increases the sensitivity of an assay is the amplification
of a characteristic component of an organism to a detectable level, which
includes PCR amplification of DNA and isothermal gene amplification of
RNA (149, 150), Strand displacement amplification (151) and Ligase chain

reaction (152).

For the PCR, oligonucleotide primers are used to direct the amplification of
target nucleic acid sequences via repeated rounds of denaturation, primer
annealing and primer extension. The specificity of this amplification lies in the
choice of primers. Various PCR assays targeting different template sequences
have been developed. Some of the most commonly used target sequences are
156110 (153), 16S rDNA gene (154), 65kDa protein gene (155) and MPB64 gene

(155).
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In commercially available Amplicor PCR assay, mycobacterial DNA is
amplified with genus specific primers formulated on the basis of the 16sTRNA
gene. After amplification, the amplicons are denatured and added to a
microtiter plate containing a bound M.tuberculosis complex specific
oligonucleotide probe. Further an avidin-horseradish peroxidase conjugate is
added which binds to the bound labeled amp]icons. and forms a color

complex after reacting with substrate (156, 157)

In isothermal amplification (also known as transcription mediated
amplification) of rRNA, the initial RNA strand is degraded, and ¢cDNA
duplex is formed which is then transcribed by DNA directed RNA
polymerase to produce more rRNA molecules. The new transcripts are
templates for reverse transcription and further amplification. The specificity
of the assay primarily depends on the specificity of the oligonucleotide probes
used in the hybridization assay. A TMA based kit for the detection of
M.tuberculosis in sputum specimens has been developed. : Mycobacterium
Tuberculosis Direct Test by Gen-Probe. This test combines the amplification
of ribosomal RNA with a detection method that involves an acridium-ester-
labeled DNA probe specific for M.tuberculosis in a homogenous solution

hybridization assay (150).

It should be mentioned that although these nucleic acid amplification

methods provide rapid results, mycobacterial cultures are still required. They
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not only support the growth of the organisms from all the specimen sources
but also are essential for organism identification as well as antimicrobial
susceptibility testing. The greatest problem facing the diagnostic application
of PCR is the false positives due to contaminating nucleic acids or amplicon
build up (155). Another drawback is false negatives due to interference.
Further, a survey that evaluated the reliability and performance of nucleic
acid amplification for the detection of M.tuberculosis internationally showed
that among the 30 laboratories in 18 countries using different tests (including
both in house and commercial kits) only five laboratories were able to identify
correctly the presence or absence of mycobacterial nucleic acid in all 20
samples distributed (158). These results demonstrate the variation of tests

from laboratory to laboratory and the need for a good laboratory practice.

In general, amplified tests currently are not stand-alone tests. They must be
used in conjunction with conventional cultures. When specimen volume is an
issue, conventional cultures are performed over amplified tests. Currently the

cost of these tests is excessive and must be considered when their use is

contemplated.

iilic) Molecular Based techniques in species identification
PCR-based sequencing consists of PCR amplification of mycobacterial DNA

with genus specific primers and sequencing of the amplicons. The organism is
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identified by comparison of the nucleotide sequence with the reference

sequences (159).

A still developing technology that appears promising for clinical laboratory
involves use of oligonucleotide arrays or DNA chips. High-density
oligonucleotide arrays offer the possibility of rapid examination of large
amounts of DNA sequences with a single hybridization step. This technique is
based on hybridization of fluorescently labeled PCR amplicons generated
from bacterial colonies to a DNA array containing nucleotide probes. The

bound amplicons emit a fluorescent signal that is detected with the scanner

(160).

It is now possible to identify chromosomal DNA or ribosomal RNA from
mycobacteria growing in culture. These tests involve the use of
complementary DNA or RNA probes that are highly specific for nucleic acid
within certain species of mycobacteria. At present, these commercially
available probes (Accuprobe, Gen-Probe Inc., San Diego, CA) can identify
M.tuberculosis complex, M. kansasii, M. avium intracellulare and M. gordonae.
After lysis of cells, the cDNA or cRNA will hybridize with nucleic acid
sequences producing a radioisotoi)ic or other signal depending on system in
use. Nonetheless, to obtain adequate mycobacterial nucleic acid, perhaps 10°
to 106 bacilli must be present and application has generally been limited to the

probing of growing cultures. This test has been successfully used with Bactec
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12B medium (161) and therefore, more and more clinical laboratories are
using the nucleic acid probes alone or in combination with other identification

methods (162).

iv)  Chromatographic Identification

The gas-liquid chromatography (GLC) procedure provides a rapid
preliminary and sometimes definitive identification of cultures (163).
Mycobacterial cell wall lipids are extracted using an ether-hexane extraction
technique requiring only one loopful (0.001 ml calibrated) of organism. The
extracts are analyzed using gas chromatography. The procedure is simple and
results are available in as little as 2 hours. GLC coupled with mass
spectrometer has been used to detect minute amounts of indolic-type
compounds in CSF from patients with tuberculous meningitis, thereby
distinguishing them from patients with other forms of lymphocytic meningeal

disease (164).

Many laboratories currently advocate HPLC for rapid identification of
cultures (165). The long chained fatty acids, mycolic acids obtained from
extraction are species specific and yield different peaks when separated by
HPLC. The number, heights and position of the peéks are used for
identification of mycobacteria. HPLC is particularly useful because it can
definitely identify any of more than 50 species in less than 4 hours (this does

not include the time required to produce a pure culture). Thus, not only is this
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HPLC testing a rapid procedure but it can also replace an entire battery of
biochemical tests. However, HPLC require presence of around 107 to 108
tubercle bacilli, hence growing cultures several weeks in age must be

available for its use.

B) Indirect tests

i) Adenosine deaminase

ADA, a pure degrading enzyme, is necessary for the maturation and
differentiation of a variety of cells, including monocytes, macrophages and T
lymphocytes. Measurement of ADA activity in CSF has been reported as a
useful test in the diagnosis of TBM even in patients with AIDS (166, 167).
Another study however showed considerable overlap with levels obtained in

the nontuberculous and tuberculous patients (168).

ii) Serological testing

The earliest demonstration of circulating antibody to mycobacterial antigens
in tuberculosis patients was probably the study of Arloing published in 1898
(169). With the help of many classical techniques like agglutination of
sensitized erythrocytes and other carrier particles, complement fixation,
precipitation, immunofluorescence and radioimmunoassay (45), antibodies
were repeatedly demonstrated in tuberculosis patients however no
satisfactory technique for serodiagnosis emerged. Following the first use of
ELISA for the serodiagnosis of tuberculosis by Nassau et al (1976) and the

general availability of conjugated second antibodies specific for individual



immunoglobulin isotypes, rapid advances in understanding of humoral
immune responses in tuberculosis and in the development of serodiagnostic

techniques occurred (170).

Daniel and Debanne (1987) have summarized many studies reporting
sensitivity and specificity of serological assays (171). The reported sensitivity
of these assays ranges from 60-80%. In general higher sensitivity have been
reported by studies of populations from less well-developed countries
endemic for tuberculosis. Reported specificities have also varied widely,
probably reflecting many different mycobacterial antigens used as well as the
type of control populations studied. A study by Ziess and colleagues (1984)
combined ELISA and flurochrome stain and attained a sensitivity of 86%.
When both tests were negative, there was a 97% predictive value that
tuberculosis was not present (172). It should be noted that while studies have
applied serodiagnosis to the diagnosis of pulmonary tuberculosis, its
application to extrapulmonary tuberculosis has also been promising.
Preliminary studies in AIDS patients have suggested that the serological
response in HIV/TB coinfected patients is complex with an initial high
antibody titer following infection with M.tuberculosis followed by declining
titer as tuberculosis progresses. This raises the possibility that serological

assay in that setting might be most useful as an adjunct in identifying

tuberculous infection.
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Various types of serological assays have been studied by researchers all over

the world and which have been summarized below:

a) Immunoassays for Mycobacterial Antigens

Several groups have studied detection of mycobacterial antigen. Sada et al
(1983) described the detection of M.tuberculosis antigen in CSF using direct
ELISA (173). Subséquenﬂy a variety of techniques including a competitive
inhibition ELISA, a latex agglutination test, a double antibody sandwich
ELISA and an inhibition ELISA have been used (174, 175, 176). Krambovitis et
al (1986) assayed sera of pulmonary and extrapulmonary tuberculosis for
plasma membrane antigens and obtained a sensitivity of 45% (177). Double
antibody sandwich ELISA for the detection of 43kDa antigen demonstrated
100% sensitivity for CSF, pleural fluid and ascitic fluid and the specificities
were 96% to 97% (178). On application of inhibition ELISA for the detection of
antigen 5, it was observed timat 80% of the patients with tuberculous
meningitis had a significant concentration of antigen 5 in their CSF and the
specificity was 100% (179). Using co-agglutination test to detect:the presence
of ﬁpoarabinoinannan, 85% positivity was seen in the sera of cases of
tuberculosis with AIDS whereas 90% positivity was seen in cases of TB

without AIDS; the specificity of the test was 93% (180).

b) Spectrum of antibodies
Levels of immunoglobulin G antibody detectable by ELISA or other

immunoassay are usually an indicator of active tuberculous disease. Studies
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with many antigens using many techniques have found that few control
_ subjects have measurable IgG antibody levels (171). Studies have also shown
that asymptomatic primary infection (181) and minimal pulmonary disease
(182) are usually not sufficient to induce a significant antibody response.
During the course of treatment, antibody levels rise for the first 1-2months,
falling thereafter but remaining detectable for 1 to several years (183). Patients
with remote healed tuberculosis do not have readily detected IgG antibody to

mycobacterial antigens.

IgM responses are directed chiefly at nonspecific polysaccharide antigens.
They develop early but never reach high titer, and their level does not
correlate well with the presence or absence of active disease (171). Many
healthy persons probably develop low levels of IgM antibody in response th
contact with environmental mycobacteria. IgA antibody has been recognized
at low levels in the serum of patients with active tuberculosis but not in

control subjects (171).

<) Immunoassays to detect antibodies in serum/fluids

It is possible to devise simple serodiagnostic tests using any of the several
antigens, but that the choice of antigen is a major determinant of diagnostic
test specificity and predictive accuracy. The early attempts to diagnose TB by
ELISA by way of estimation of antibodies in the serum were based on the use

of crude antigens e.g. PPD, mycobacterial culture filtrates or sonicates (171,
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172, 184) and invariably, there was an unacceptably high overlap between the
results of tests on proven cases of tuberculosis and healthy control subjects.
This overlap was even more evident in comparisons of antibody levels
between patients with smear negative tuberculosis and patients suffering
from'othér diseases likely to be confused clinically with TB. As the tubercle
bacillus contains both shared and species-specific antigens, attempts were

made successfully to purify and extract the latter by various physiochemical

techniques (185).

The following purified antigens have been tested in various serological trials
for estimating specific antibodies of IgM, IgA and IgG classes in the serum of
patients of pulmonary and extrapulmonary tuberculosis viz, glycolipids from
Mycobacterium bovis BCG (186), antigen 6 from Mycobacterium tuberculosis
(187), antigen 5 from Mycobacterium tuberculosis (188), purified
lipoarabinomannan from Mycobacterium tuberculosis (189), a plasma
membrane antigen from Mycobacterium tuberculosis (190), and a 38kDa protein
antigen from Mycobacterium tuberculosis (191). The antibodies of IgA and IgG

subclasses were found to be much more specific than the IgM type.(191).

In a number of studies, both in India and abroad, specific antibodies (IgG
type) against Mycobacterial antigens (crude, semipurified and purified) have
been demonstrated in CSF of patients suffering from tubercular meningitis

using Radioimmunoassay, Western blot and ELISA techniques with



reasonably good results as mentioned below. Studies have shown antibodies
against soluble mycobacterial extract (174), against lipoarabinomannan,
38kDa, 19kDa, 14kDa (192), and against antigen 5 (193). As is evident, the
tests were found to be 100% specific for diagnosing tubercular meningitis
except where the crude mycobacterial extract was used as the antigen, thereby
demonstrating use of purified antigens in the ELISA test. A reasonably high

sensitivity was also obtained.

Studies regarding estimation of antimycobacterial antibodies in other body
fluids are limited. In an Indian study, using RIA and Mycobacterium
tuberculosis sonicate as the antigen for the estimation of antimycobacterial
antibody levels in the pleural and ascitic fluids, a specificity of 100% and a

reasonable sensitivity of 63.4% was obtained (194).

Though ELISA is very simple, cost effective and rapid test, the genetic
makeup of the population that undoubtedly plays an important role in the
antibody response and the geographic location, which determines the extent

of exposure of the population to cross-reacting organisms, can interfere with

the sensitivity and specificity of the test.
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1.11. MYCOBACTERIAL ANTIGENS

1.11.1. Identification of Mycobacterial Antigens

The search for improved diagnostic reagents, such as more species-specific
skin test antigens and serological markers, has been a driving force in many of
the efforts devoted to the fractionation and identification of mycobacterial

antigens.

Florence Seibert's first major attempt to purify isolated antigens from
mycobacteria by chemical fractionation using precipitation with alcohol and
acetic acid resulted in 4 proteins (A, B, C and D) and 2 polysaccharides (I and
II) (195). In attempts to isolate mycobacterial antigens various physico-
chemical methods like ion-exchange, molecular exclusion, density gradient
ultracentrifugation, immunodiffusion, isoelectric = focusing, crossed
immunoelectrophoresis, zonal electrophoresis, affinity chromatography and

HPLC were used (195, 196, 197, 198, 199).

Monoclonal antibodies have made it possible to identify single antigenic
determinants, which have further helped in the characterization and
purification of the complex mycobacterial antigens. Several monoclonal
antibodies have been developed for M.tubérculosis and M.leprae. Cloning
relevant genes from mycobacteria in recombinant DNA expression vectors
and its overexpression for antigen purification allows detailed investigation of

the proteins. The use of monoclonal antibodies and recombinant DNA



technology has resulted in the identification of several protein antigens of
M.tuberculosis. While it seems likely that monoclonal antibodies defined
proteins are immunodominant for murine B cells, it is not clear that same
pattern of immunodominance will be reflected in human T cell response to
mycobacteria. A relevant parameter to screen is the ability of a protein to
induce invitro proliferation of T lymphocytes from diseased or vaccinated

humans or animals and to study the release of specific cytokines.

1.11.2. Mycobacterial Protein Antigens

Indeed when compared to other pathogens, mycobacteria have an
extraordinarily large panoply of antigens. This may be related to the fact that
these bacteria are rich in adjuvants, so that many minor protein constituents
are presented to host cells under circumstances that favor antigenicity. The
protein profiles of the mycobacterial sonicate or culture filtrate will
expectedly vary in composition according to the conditions in the culture
vessel. The details of the metabolic conditions within an activated

macrophage and what consequence these may have on the phenotypic

appearance of M.tuberculosis is not known.

Proteins discussed below are divided into groups in accordance to their
subcellular location. They may be cytoplasmic, cell membrane or cell wall
associated, or secreted to the surrounding medium. Given below is an

introduction to some of the major groups of mycobacterial protein antigens.
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A)  Cytoplasmic proteins

i) Enzymes involved in Amino Acid and Protein Biosynthesis.

A renewed interest in the metabolic pathways of mycobacteria has arisen in
recent years. The idea of improving the existing BCG vaccine by genetic
manipulation has prompted a demand for selectable cloning markers, which
do not imply the biohazard problems of antibiotic resistance genes.
Inactivation of genes involved in the synthesis of amino acids may prove to be
a suitable way to obtain attenuated vaccine strain. The search for new drug
targets and the fact that the enzymes of the cytosol may be as antigenic as any

other protein are the reasons to be interested in vital metabolic pathways.

The aroA gene from M.tuberculosis involved in the synthesis of aromatic amino
acids, the lysA gene from M.tuberculosis that encodes the diaminopimelic acid
decarboxylase and catalyzes the conversion of diaminopimelic acid to lysine
and L-alanine dehydrogenase catalyzing the reversible conversion of
pyruvate to L-alanine in a NAD/NADH-dependent were cloned, expressed
and studied (200, 201). Studies prove that the enzymes are not of
immunological importance but might be of interest to researchers as a way to

attenuate virulent mycobacteria and might also help in synthesizing new

antimycobacterial drugs.

ii)  Stress proteins
Among many stress proteins, 65kDa antigen of M.tuberculosis and other

mycobacteria has been extensively studied and found to be a heat shock
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protein with substantial homology with other well-known heat shock
proteins, including the E.coli GroEL protein. Heat shock proteins are widely
distributed in nature and highly conserved with substantial structural
similarity crossing taxonomic lines. Named because they are produced in
increased quantity by cells growing under stressful culture conditions such as
high. temperature, they are thought to have important functions in
maintaining cell integrity and are produced by bacteria under conditions that

are less than optimal.

The gene for the 65kDa antigen has been cloned and its structure is well
known (202). This protein may exist in polymeric form in mycobacteria. The
65kDa contains many helical structures and hydrophobic regions,
characteristics typical of highly antigenic proteins. Studies with monoclonal
antibodies have demonstrated that this protein has multiple epitopes, many
of which are widely shared among mycobacteria, some of which appear to be
species specific. Some epitopes appear to be shared with epitopes of
mammalian proteins; these have been implicated in adjuvant arthritis and
nﬁght be related to human autoimmune diseases (203). This association has
reduced interest in these antigens from the vaccine point of view. However,
the study of this group of proteins in relation to pathogenesis and in

improving our understanding of the physiology of mycobacteria has been and

still is of great importance.



B) Proteins secreted across the Cell boundary

Proteins synthesized in the cytoplagm may be destined to function outside the
cytoplasmic membrane either in association with the cytoplasmic membrane
or cell wall or exported all the way to the surrounding medium.
Mycobacteria secrete a number of secreted proteins to the surrounding
medium (204) and these proteins are extremely potent in generating a cellular
immune response in mice infected with live M.tuberculosis (204). T
lymphocytes directed toward these proteins may be responsible for the initial
recognition of the infected macrophage leading to efficient control of the
infection at a very early stage (205). The emergence of 35S-labeled proteins in
the culture medium at very early times studied by SDS-PAGE (206) as well as
studied by the formula of localization index (207) has helped in identifying

many secreted proteins.

i) Proteins associated with cell membrane or cell wall.

Lipoproteins are generally associated with cell surfaces in a way that the lipid
moieties of these proteins are integrated into the cell surface and the protein
part is exposed on the exterior, thereby allowing the proteins to carry out
functions like binding of certain nutrients, etc. The 38kDa and 19kDa are two

of the major mycobacterial lipoproteins.

Daniel and Anderson (1978) used immunoabsorbent affinity chromatography

to isolate an antigen referred to as antigen 5 (197). Anderson and Hansen
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(1989) also purified and characterized 38kDa designating it antigen b (208).
Haslov and colleagues (1990) demonstrated that protein b and the proteins
purified by Daniel and Anderson were identical (209). Anderson and
coworkers (1990) later proposed that this protein is necessary for phosphate
metabolism of the organism (210). It has a signal sequence, which allows the
protein to be transported across the cytoplasmic membrane. With Daniel and
others, the immunobiology of this protein was studied extensively and it was
found to be restricted to M.tuberculosis and M.bovis (211). This antigen elicited
" T and B lymphocyte responses in sensitized guinea pigs and infected humané

(212, 213).

Another lipoprotein of importance is the 19kDa antigen, which also has been
shown to be involved in phosphate metabolism. This protein seems to be
structurally much more conserved within mycobacterial species as judged by

the cross-reactivity of the monoclonal antibodies (214).

i)  Proteins exported to the exterior.

Superoxide dismutase released by the bacteria is an example of an enzyme
that serves a very distinct function, i.e. paralyzing a host defense mechanism
by inactivating the toxic superoxide radicals generated by the activated
macrophage (215). SOD is an example of a protein exported to the
surrounding medium by a mechanism that is not dependent on a consensus

signal sequence.



One of the prominent bands observed among the secreted proteins is a double
band of molecular weights 30/31kDa (216, 217). Wiker and colleagues have
used elegant crossed immunoelectrophoretic techniques to show close
immunologic relationships between three antigens designated by them as
85A, 85B and 85C (216, 217, 218). Although the proteins of 85 complex do
possess true signal sequeﬁces that are cleaved off before release of the
proteins to the exterior, a fraction of the proteins remains attached, atleast
temporarily, to the bacterial surface. This fraction is believed to be of
importance for the adhesion of the bacteria to and subsequent infection of
eukaryotic cells. This antigen is present in all mycobacteria that have been
tested and there is substantial evidence that the molecule contains both

species specific and shared epitopes (199).

The best known of these antigens is 85B, which has been previously described
as alpha antigen (219), antigen a; (220), antigen 6 (221), and MPB-59/MPT-59
(216, 217). With a molecular weight of 30kDa, this antigen is the predominant
antigen in culture medium and is secreted by growing mycobacteria (216,
217). Measuring IgG antibody to the 30kDa antigen provides the basis for a
good serodiagnostic test for active tuberculosis (222). It is of considerable
interes.t that T lymphocytes of healthy M.tuberculosis-infected individuals
react strongly to this antigen whereas those of patients with active
tuberculosis do not (223). This might suggest that decreased T-lymphocyte

responsiveness to the 30kDa antigen is a feature of the immuneregulation in
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active tuberculosis, or it might mean that individuals who do not mount T-

lymphocyte responses are predisposed to the development of disease.

Other members of the 85 complex of antigens are less well studied. The 85 A
component, also known as antigen P32 is also a fibronectin-binding, secreted
protein. It has a molecular weight of 31-32kDa. This antigen evokes antibodies

in patients with tuberculosis (224).

1.11.3. Mycobacterial Polysaccharide Antigens

1.11.3.1. Mycobacterial Cell Wall

Within actinomycete line, mycobacteria belong to one branch, often called
Corynebacterium-Mycobacterium-Nocardia branch. These bacteria produce cell
walls of a unique structure, sometimes called chemotype IV cell wall,
containing meso-diaminopimelic acid as the diamino acid in the
peptidoglycan. An important feature of the chemotype IV cell walls is the
presence of unique polysaccharide, arabinogalactan (AG), which is
substituted by characteristic long chain fatty acids, mycolic acids. In addition,
large variety of lipids and glycolipids and possibly proteins are also known to
be associated with the peptidoglycan-arabinogalactan skeleton (as shown in

Figure 1.3).
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Fig 1.3: Schematic representation of cell wall of M.tuberculosis
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1.11.3.2. Ultrastructural features

The cell wall is composed of an inner layer of moderate electron density, a
wider electron transparent layer and an outer electron opaque layer of
variable appearance and thickness. The inner layer probably contains
peptidoglycan; its moderate electron density is consistent with known
staining properties of diaminopimelic acid, which contains carboxyl groups
that bind metal ions (225) while the electron transparent layer appears to be
the hydrophobic domain of the cell wall, which is dominated by the mycolate
residues covalently bound to arabinogalactan. The transparency is caused by
the failure of the water-soluble stains to penetrate into these hydrocarbon rich
regions together with a lack of reactive chemical groups that might bind to
commonly used electron microscopical stains. The outermost electron-opaque
layer of the wall varies in thickness, electron density and appearance, which is
attributable to differences among species. The dye ruthenium red allowed this
layer to be consistently visualized suggesting presence of negatively charged
head group of lipids (225). In some species, the additional carbohydrate
material like LAM, other heteropolysaccharides or proteins may also

contribute to the binding of stains.

1.11.3.3. Cell Envelope Components

A) Plasma Membrane

i) Phosphatidylinositolmannoside

The location of phosphatidylinositolmannoside (PIMs) is still an issue of

debate. Some of the papers mention this being part of the plasma membrane
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while some other authors believe it to be a part of the cell wall. The
phospholipids in mycobacterial envelopes are almost invariably derivatives of
phosphatidic acid. The most common are phosphatidylglycerol,
diphosphatidylglycerol, and phosphotidylinositol and its mannosides. The
PIMs are restricted to the bacteria of the actinomycete line. They are major
plasma membrane components and also form the lipid base of
lipoarabinomannan (LAM) and lipomannan (LM). The early use of H-NMR
clearly established that the glycerol phosphate moiety was attached to the L-1
position of the myo-inositol ring and that the mannose residues were
glycosidically linked to the 2 and 6 positions (Fig 1.5 and Fig 1.6). The
structures of each of the higher homologs, PIM3, PIMs, PIMs and PIMs, have
been established. They contain a single a-D-mannopyranosyl group at the 2nd
position, and a mannose oligosaccharide at the 6th position. The PIMs notably

PIM: and PIMs contain acyl functions other than those of the diacylglycerols.

ii) - Other components
Other components associated with the plasma membrane include carotenoids,

menaquinones, etc that are involved in electron transport.

B) The Cell Wall Skeleton:
The covalently linked skeleton of cell wall may be described as a
peptidoglycan to which are linked polysaccharide side chains esterified at

- their distal ends with mycolic acids, that is mycolyl-AG-peptidoglycan
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complex, 40% of which corresponds to lipids in the form of mycolic acids
(226). All the components of the cell wall including Peptidoglycan,

Arabinogalactan, Mycolic acids, Lipoarabinomannan and Extractable lipids

are described below:

i) Peptidoglycan

Peptidoglycan consists of a polymer of N-acetylglucosamine (NAG) and N-
acetylmuramic acid (NAM). The type of peptidoglycan that is commonly
found in bacteria contains peptide side chains consisting of L-alanyl-D-
isoglutaminyl-meso-diaminopimelyl-D-alanine, in which the diaminopimelic
acids are amidated. The mycobacterial peptidoglycan differs in two ways
from the common type, in that the muramic acid is n-glycolylated and the
cross-links include bonds between diaminopimelic acid and D-alanine and
between two residues of diaminopimelic acid (Fig 1.4).

Fig 1.4: Structure of peptidoglycan in Mycobacteria
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ii) Arabinogalactan

D-arabino-D -galactan serves as the backbone of the mycobacterial cell wall of
mycobacteria and other actinomycetes and corynebacteria. It was also
demonstrated early that arabinogalactan (AG) is attached to the
peptidoglycan through a phosphodiester link and mycolic acids in turn are
attached to the arabinogalactan (226). Arabinogalactan readily elicits
antibodies in immunized experimental animals but this polysaccharide
induces and elicits no or few cellular responses (226). Arabinogalactan
together with the underlying peptides phosphodiesterified to it is a water-
soluble adjuvant capable of potentiating a wide variety of immune responses

(227). At the same time, it has major immunosuppressive properties (228).

iii) Mycolic acids

Mycolic acids are high molecular weight a-alkyl, B-hydroxy fatty acids,
present mostly as bound esters of AG, where they appear primarily as
tetramycolylpentaarabinosyl clusters but also in extractable lipids, mainly as

trehalose 6,6'dimycolate (cord factor).

iv) Lipoarabinomannan

Phosphorylated lipoarabinomannan was extensively studied by Hunter,
Brennan and their colleagues and was shown to be antigenic (229). Hunter et
al (1986) isolated a highly purified LAM by using anion exchange and gel

filtration chromatography (230). On analyzing fractions by SDS-PAGE, LAM
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yielded a broad, diffuse band with a mass of 30-40kDa. The broadness of the
band on PAGE is perhaps due to the presence of microheterogeneity within
the molecule. Studies have shown that LAM contains glycerol, inositol and
phosphate in addition to arabinose, mannose, lactate, succinate, palmitate and

tuberculostearate.

Circulating antibodies to lipoarabinomannan are easily demonstrated in
experimentally immunized animals (231) and are found in the majority of
patients with active tuberculosis (189). However delayed type
hypersensitivity reactions are not induced or evoked by this compound.
Many attributes of lipoarabinomannan may be important to the
immunopathogenesis of tuberculosis and other mycobacterial diseases,
perhaps functioning as a virulence factor (60, 232) {discussed in details in

Chapter 1.12).

v) Extractable Lipids
Lipooligosaccharides, Phenolic glycolipids, glycopeptidolipids, Waxes,
Acylated trehaloses, sulfolipids, and some special proteins also form a part of

the cell wall of the mycobacteria.

1.12. LIPOARABINOMANNAN AND RELATED LIPOGLYCANS
Lipoarabinomannan (LAM) as well as its related precursors, lipomannan
(LM) and phosphatidyl-myo-inositol mannosides (PIMs), are found

interspersed in the mycobacterial cell wall. PIMs, LM and LAM are major
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lipoglycans that are non-covalently attached to the plasma membrane
through their phosphatidyl-myo-inositol anchor and extend to the exterior of
the cell wall (233, 234). These complex molecules are believed to play
important roles in the physiology of the bacterium as well as in the

modulation of the host response during infection.

1.12.1. Structure of mycobacterial LAM and its related precursors:

The PIMs and their multiglycosylated counterparts, LM and LAM are
complex lipoglycans that are found ubiquitously in the envelopes of all
mycobacterial species. They all share a conserved mannosyl-phosphatidyl-
myo-inositol (MPI) that is presumably used to insert these structures into the
plasma membrane, suggesting that they are metabolically related (233). In
addition to the MPI, LAM possesses a mannan core with a branched arabinan
polymer and in some cases; cap motifs decorate the termini of the branched
arabinan (234). As shown in Fig 1.5 and Fig 1.6, the mannan core consists of a
al,6-linked Manp backbone, which is substituted at C-2 by single Manp units
in numerous species including M.tuberculosis, M.leprae, M.kansasii and
M.smegmatis and at C-3 by single Manp units in M.chelonae (235). The size and
the degree of branching of the mannan core are species dependent. The
arabinan polymer 6f LAM consists of a linear a(1-—5)-linked arabinofuranosyl
backbone punctuated with branched hexa-arabinofuranosides and linear

tetra-arabinofuranosides (236, 237).
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Fig 1.5: Schematic visualization of the structural relationship of PIM, LM

and LAM.

B -
I- Manat ..y Manai . 6Manal BManc! L.y SManal —» GManal

1

S B B e




81

Fig 1.6: Structure of Man-LAM from M.tuberculosis and structural
relationship between PIM, LM and LAM. Also biogenesis of PIM, LM and

LAM has been diagrammatically represented below
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LAM can be classified into three major structural families according to the
capping motifs present on the non-reducing termini of the arabinosyl side
chains. The arabinan termini in the pathogenic strains M.tuberculosis, M.leprae,
M.kansasii and M.avium are modified with caps consisting of a single Manp, a
dimannoside or a tri-mannoside, with dimannosides predominating (238, 239)
resulting in molecules designated ManLAM (Fig 1.6). ManLAM contains
about 50 Manp and 60 Araf units. In the fast-growing non-pathogenic species
e.g. M.smegmatis, branches of the terminal arabinan are terminated by inositol
phosphate caps, characterizing the PILAM family (240). A third family,
designated AraLAM, recently identified in M.chelonae, comprises a LAM
molecule devoid of both the manno-oligosaccharide and inositol phosphate

caps (235).

Two possible situations have been hypothesized: 1) LAM is anchored in the
plasma membrane by MPI and protrudes through the thickness of the wall so
that its terminal arabinose or mannose capped arabinose units are accessible
to the outside (241) 2) LAM is incorporated by its PI anchor into the outer
leaflet of a proposed outer membrane analogue in mycobacteria (242). Both
these hypothesis are consistent with external presentation of terminal
arabinose or mannose caps. The relatively strong conditions needed to release

LAM from mycobacteria seem to favor first hypothesis but there is no strong

evidence to support either hypothesis.
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1.12.2. Biogenesis of PIMs, LM and LAM (Ref Fig 1.6)

A)  Biogenesis of Phosphatidylinositolmannoside (PIM)

PIM biosynthesis is initiated by two distinct mannosyltransferases that uses
GDP-Manp as the sugar donor. The first step involves the transfer of a
mannose residue from GDP-Manp to the 2-position of the myo-inositol ring of
phosphatidyl-myo-inositol (PI) to form phosphatidyl-myo-inositol
mc;nomannoside (PIM1). This reaction is catalysed by the a-
mannosyltransferase PimA (243). Interestingly pimA is the fourth gene in an
operon of five genes that are potentially involved in PIM biosynthesis (243).
The first gene in this cluster encodes a protein of unknown function, while the
second encodes PgsAl, the PI synthase that catalyses the condensation of
inositol and the di-glyceride of CDP-diacylglycerol (244). The third gene
Rv2611c of this operon encodes a protein with high similarity to bacterial
acyltransferases. This protein has been shown to be responsible for the
acylation of the 6-position of the Manp residue linked to the position 2 of the
'myo-inositol in PIM; and PIM,, with the mono-mannosylated lipid acceptor
being the primary substrate of the enzyme (245). The last gene -Rv2609c,
encodes a putative GDP-Manp hydrolase that awaits further characterization.
The second mannosylation step catalysed by PimB allows the transfer of
another Manp residue to the 6-position of the myo-inositol ring of PIM;
leading to PIM>. A third Manp unit is finally introduced on the growing
molecule to form PIM; in a reaction carried out by the product of the pimC

gene identified in M.tuberculosis as CDC1551 (246, 247). The mannose unit at
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the position 6 of PIM3 is than further elongated with mannose residues to

generate PIMys.

B) Biogenesis of Lipomannan (LM)

Besra et al (1997) established that PIMs are extended with additional Manp
residues from the alkali-stable C3s5/Cso polyprenyl monophosphomannose
donor to form linear LMs, containing only o(1—6) Manp residues (248).
Cs5/Cs0-P-Manp is synthesized from GDP-Manp and polyprenols by the
polyprenol monophosphomannose (ppm) synthase, encoded by ppml gene
(249). In M.tuberculosis and other mycobacteria analyzed till date, mature LM
consists of linear LM bearing single o(l1—2)-linked Manp residues.
Nevertheless, one exception is the LM of M.chelonae, which has o(1-3)-linked
Manp residues (235). None of the specific genes encoding these branching

mannosyltransferases has been identified.

C)  Biogenesis of arabinan domain of LAM

The mature LM is then subsequently glycosylated with arabinan to form
LAM. Two forms of arabinans are found in mycobacterial cell wall: one is part
of the heteropolysaccharide arabinogalactan (AG) and other is part of LAM.
The two forms of D-arabinan differ; mycolic acids esterify arabinan in AG,
thus constituting the basis of the lipid barrier of mycobacteria. In contrast, in
M.tuberculosis LAM, the arabinan moiety is further capped with mannose

residues responsible for some of its biological functions. Therefore arabinan
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represents a valid target for the generation of anti-mycobacterial drugs
because blocking of its biosynthesis would lead to dual disruption of both the

mycolyl-AG-peptidoglycan cell wall complex and LAM.

As mentioned above the arabinan domains consist of a lineaf a(1—-5)-Araf
backbone substituted by two kinds of arrangements, linear tetra-
arabinofuranosides (Aras) and hexa-arabinofuranosides (Aras). In both cases,
the non-reducing end is characterized by the disaccharide unit B-D-Araf-
(1-2)- a-D-Araf-(1—> ) (233, 250). The only Araf sugar donor identified so far

is the C3s/Cso polyprenyl monophosphoarabinose (251).

D) Biogenesis of Mannose cap

LAM is modified further by either manno-oligosaccharides or
phosphoinositol caps, according to the species, resulting in ManLAM or
PILAM respectively. As mannose capping is a major structural entity engaged
in receptor binding and subsequent immunopathogenesis, inhibition of this
motif may directly affect the biological functions associated with ManLAM.
Genes participating in the synthesis of these caps have not been reported and

the identification of mannosyltransferases involved in this reaction remains a

challengé.



1.11.3. Immunomodulation by PILAM/AraLAM/ManLAM
PILAM/AraLAM/ ManLAM as well as LM and PIM exhibit a wide spectrum
of immunomodulatory functions.

A) Inflammation inducing activity

The virulence of a particular Mycobacterium tuberculosis strain is generally
inversely related to its capacity to elicit production of proinflammatory
cytokines in infected hosts. PIMs and PILAM but neither ManLAM nor
AraLLAM consistently induces the secretion of proinflammaory cytokines IL-8
and TNF-a (235, 252, 253). PILAM, but not ManLAM or AralLAM significantly
induces IL-12 expression and apoptosis (254). These results support the
hypothesis that the phosphoinositol caps of PILAM are potent

proinflammatory constituents.

LMs of mycobacteria in general are also strong proinflammatory factors (254)
and as LAM and LM are part of the cell wall, one could argue that it is
important for virulent bacteria to minimize the amount of LM present in the
cell wall in order to reduce host’s proinflammatory response. Consequently
one might expect a direct correlation between virulence and a high LAM/LM
ratio. The arabinan domain of LAM inhibits the proinflammatory activity of
LM on macrophages by masking mannan core. Consistently, gradual
chemical reduction in the amount of arabinan domain of M.kansasii ManLAM
correlated with increased proinflammatory cytokine expression of the

truncated LAM molecules, thus revealing the proinflammatory activity of the
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LM core (253). As a consequence enzymes modifying the LM core by addition
of arabinose residues should be important targets for the creation of

attenuated strains for vaccine and for the discovery of new drugs.

B) Inhibition of cellular responses

The first demonstration of the capacity of LAM to inhibit a host response
involved in defense against bacterial infection was conducted by Sibley et al
(1988), who reported the inhibition of the interferon-y response of
macrophages by ManLAM (255). Subsequently live M.tuberculosis infection
was shown to inhibit IFN-y signalling as demonstrated by the reduction in the
IFN-y mediated cell-surface expression of MHC class II after infection of

macrophages with M.tuberculosis (256, 257).

Furthermore, ManLAM from M.tuberculosis inhibited the M.tuberculosis
infection induced apoptosis of macrophages and the secretion of IL-12
induced by LPS in dendritic cells and macrophages (258, 259). The activity of
ManLAM reflects the capacity of whole bacterium to inhibit infection induced
apoptosis and IL-12 secretion of macrophages (260, 261). ManLAM has the
capacity to avoid the triggering of several macrophage early response genes at
mRNA (c-fos, JE, KC) and protein levels (TNF-a) that may be involved in cell
anti-microbial activities (262). TNF-o, one of the most important early
response genes is one of the key cytokines in the induction of macrophage

RNI production. By avoiding macrophage activation, ManLAM may act as a
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virulence factor that allows the organism to evade cytokine-mediated

mechanisms of elimination.

One of the hallmarks of the host-pathogen interaction between macrophages
and M.tuberculosis is the ability of the bacilli to inhibit the fusion of
phagosomes and lysosomes (263). Latex beads coated with ManLAM inhibit
phagosome-lysosome fusion (53) suggesting that ManLAM is an important
mediator of the inhibition of phagosome maturation in the context of infection
with live bacteria. Thus mannose caps on ManLAM may mediate efficient
binding and entry and regulate the initial events of phagocytosis as well as

survival within the host macrophages.

C)  Receptors involved in inhibition and activation processes.

Toll-like receptors are important initiators of the innate immune response that
are specific for pathogen associated molecular patterns such as peptidoglycan,
flagellin etc. Interaction of agonists with TLR-2 induces IL-12 secretion and
cell apoptosis (264). PILAMs and LM but not ManLAM have been shown to
interact with TLR-2 (254, 265). Binding of ManLAM to DC-SIGN on dendritic
cells induces secretion of IL-10, a known inhibitor of IL-12 secretion (266).
Thus DC-SIGN appears as a major mediator of IL-12 ixﬂtibition by ManLAM
on dendritic cells. Macrophage mannose receptor and CD14 are important
LAM receptors on macrophages involved in activating macrophages and

inducing T cell chemotaxis (267).



D) Intracellular mediators of inhibition

Very little is known about the intracellular effectors that have been triggered
by ManLAM binding to the receptors. However it has been proposed that
M.tuberculosis mediated inhibition of the increase in cytosolic Ca?*, (which is
usually associated with phagocytosis of bacteria), is a central mediator of the
inhibition of three major macrophage responses to infection: phagosome
maturation, macrophage apoptosis and IFN-y signalling (53, 258, 268, 269, 270,

271).

Man-LAM coated beads have shown a similar inhibition of macrophage
responses. Man-LAM but not PIMs coated beads have been shown to inhibit
the recruitment of intracellular markers syntaxin 6 and cathepsin D, which are
part of the vesicular fusion complex that mediates the fusion of phagosomes
with late endosomes and subsequently with lysosomes (53). Regulation of
programmed cell death via calcium fluxes has been reviewed recently and
one report provides evidence of a possible link between the activity of
ManLAM in inhibiting infection-induced apoptosis and its capacity to inhibit
Ca?* accumulation in macrophgges (258). In addition to inhibition of the
cellular (Ca?*) response, ManLAM directly activates Bad/AKT signalling
pathway and thus promotes cell survival (272). It also increases the activity of

Src homology 2-contaning tyrosine phosphatase 1, which inhibits IFN-

signalling.
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E) T-cell recognition by LAM

Uptake of LAM by monocyte-derived macrophages (MDMs) via the

" macrophage mannose receptor (MMRc) transports LAM to the late

endosomes, lysosomes and the compartment for MHC class II antigen loading

' (273). MDMs were shown to preferentially phagocytose Man-LAM coated

microspheres when compared with Ara-LAM coated microspheres (274).
Another study (275) also implicates role of the MMRc in the LAM dependent
uptake of virulent M.tuberculosis strains. Once in the acidic environment of the
late endosome, LAM binds to CD1b and gets transported to the surface.
CD1b/LAM complexes can be recognized by antigen specific T lymphocytes
bearing either the af or y3 T cell receptor (276). This function may serve to
attract lymphocytes to the site of infection and/or suppress lymphocyte

activation.
B cells can also present LAM to T cells via CDlc. This B cell specific antigen
presentation pathway may recruit lymphocyte help, which leads to

production of anti-LAM antibodies (277).

F) Other important functions

It has been shown that ManL.AM significantly induces TGFB production in
macrophages (278). TGFB is a potent antagonist of macrophage and

lymphocyte activation and it also contributes to Th2 type of immune response

(279).
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LAM has been designated a possible virulence factor of mycobacteria by
virtue of its ability to effectively inhibit effector functions of macrophages by
scavenging potentially cytotoxic oxygen free radicals (60) and inhibition of

Protein kinase C activity (60).

The biologica} properties of LAM are dependent on the complete native
structure of LAM. Upon treatment of LAM with mild alkali to remove acyl
functions, the capacity of the molecule to induce cytokine production and the
suppression of antigen-induced proliferation are removed. This confirms that
the phosphotidylinositol anchor along with its acyl groups is also crucial to
some of the biological functions of LAM (252). Due to the presence of
repeating D-arabinofuranose residues it has a direct B cell stimulatory
capacity. Mycobacterial LAM stimulates a humoral immune response of 1gG2

subclass (280).

Fine structural differences among LAMs from different sources can be
discri;ninating and important when considering their biological functions and
potency inAeliciting host immune responses. The seemingly heterogeneous
nature may perhaps conceal a well-evolved adaptation enabling the
intracellular pathogen to fine-tune a perfect balance against the host defense

system for its survival and propagation.
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As discussed in above sections, various diagnostic tests have their own merits
and demerits. Considering the known facts that smear results are relatively
insensitive, culture results involve a lengthy time duration to get reported as
positive while PCR, Bactec and Radiorespirometry techniques are costly and
require excellent skills, it was decided to evaluate the efficacy of
immunodominant Man-LAM based ELISA kit in serodiagnosis of active TB,

in order to find a cheap and a reliable diagnostic solution to TB.



AIMS AND OBJECTIVES
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Chapter 2.

2. AIMS and OBJECTIVES

A fast, reliable and inexpensive method to diagnose TB is a prerequisite to
hasten the identification of patients and contribute to the success of DOTS
programme in India. A serologic test could comply with these requisites. In
recent years with the development of ELISA and availability of reagents and
techniques to purify antigens, it's been possible to increase the sensitivity and

specificity of a serological test.

Lipoarabinomannan is a lipopolysaccharide, which constitutes one of the
dominant antigens of the mycobacterial cell wall. Presence of repetitions of D-
arabinofuranose residuals in the structure of LAM molecule induces strong

and extremely pure immune reactions.

Therefore, the chief goal of this study was to prospectively evaluate under
field conditions the programmatic use and accuracy of Lipoarabinomannan
based ELISA kit in serodiagnosis of tuberculosis and to compare the efficacy
of this kit with other available methods like Smear, Culture,

Radiorespirometry and PCR. In short the objectives of this study were:

e To purify Lipoarabinomannan (Man-LAM) from mycobacterial (Std

virulent M.tuberculosis strain: H37Rv) cell wall.
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» To develop an ELISA for the detection of anti-LAM antibodies using

purified Lipoarabinomannan antigen.

® To demonstrate the suitability of Lipoarabinomannan ELISA kit for the

detection of antibody in clinical specimens.

® To compare the results obtained from Lipoarabinomannan ELISA kit
with other techniques like
L Smear examination of clinical samples by Acid Fast Staining
1L Isolation and identification of M.tuberculosis by Culture &
Biochemical testing
HI.  Radiorespirometry and

IV.  PCR (in-house PCR for IS6110 gene target).

(In this project Man-LAM {i.e. LAM molecule capped with mannose residues}
was purified from M.tuberculosis standard strain Hj/Rv, however for
convenijence and easy understanding Man-LAM would be referred to as

lipoarabinomannan or as LAM in all the following sections).



MATERIALS AND METHODS
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3. MATERIALS AND METHODS

3.1. SPECIMENS

A total of 120 patients were included in this study. Of these, 100 were
radiologically and clinically diagnosed pulmonary tuberculosis patients from
Group of T.B Hospital, Sewree. The rest 20 (comprising of 12 males and 8

females) were patients clinically suspected of tuberculous meningitis from

K.E.M Hospital, Parel.

3.1.1. The Criteria of Patient Selection
For pulmonary tuberculosis, patients fulfilling the following criteria were
included in the study:

A. Clinical: Cough, night sweats, fever, headache, vomiting, etc.

B. Radiological: X-ray positive

For tubercular meningitis, patients fulfilling the following criteria were
included in the study:

A. Clinical: Fever, headache, neck stiffness, vomiting, etc

B. CSF: Pleocytosis with more than 20cells/mm3 predominantly

lymphocytes. Proteins raised above 80mg% and hypoglycorrhachia.

C. Abnormal CT scan findings.
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3.1.2. Controls

Sera from a group of 50 healthy individuals, comprising of students,
technicians constantly involved in tuberculosis research work, patients
suffering from upper respiratory tract problems or allergy were included in
this study. Of these 50 controls, 5 were cured of tuberculosis 3-5 years back
and at the time of serum collection had no clinical/radiological symptoms of
tuberculosis, 15 were suffering from upper respiratory problems, 2 had one of
their family members treated for tuberculosis before, 3 had undergone
surgeries in last two years and 5 were addicted to alcohol and smoking.
Control CSF samples were collected from 20 patients i.e. confirmed cases of

viral meningitis, epilepsy and pyogenic meningitis.

3.1.3. Data collection and recording
Detailed history such as age, sex, clinical symptoms, addictions, family

history, education/ socioeconomic status, etc from all the patients and controls

were recorded. Informed consent was obtained from all the study subjects.

3.14. Ethical Committee Approval

The study design was approved by Haffkine Institute’s Ethical Committee.

3.1.5. Sample Collection
A)  Collection of sputum samples
All the patients suffering from pulmonary tuberculosis and all of the sera

controls were instructed to expel a deep productive cough. Early morning
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sputum samples were collected and then transported to the laboratory and
processed further to detect and isolate the causative mycobacteria. These
samples were used for Smear, Culture, Biochemical Identification, Drug

Susceptibility, Polymerase Chain Reaction and Radiorespirometry.

B)  Collection of blood samples

Blood (4ml) was collected by aseptic vein puncture from all the pulmonary
tuberculosis patients as well as controls and transferred to a sterile test tube.
The blood was allowed to clot at room temperature and serum was separated.
It was stored in sterile plastic vials at -20°C for subsequent testing by an in-
house ELISA for the detection of antibodies against lipoarabinomannan.

These samples were also used for specific detection of anti-HIV antibodies.

C) Collection of CSF samples

The cerebrospinal fluid was collected from the patients by lumbar puncture
and was obtained in screw-capped, sterile, glass containers and transported to
the laboratory. These samples were also subjected to Smear, Culture,
Biochemical Identification, Drug Susceptibility, Polymerase Chain Reaction
and Radiorespirometry. CSF fluids were also tested for the presence of anti-

lipoarabinomannan antibodies.



3.2. CONCENTRATION OF SPUTUM/CSF SAMPLES

All the sputum samples were homogenized and decontaminated using
NaOH-NALC method (281). The Sputum samples were mixed with double
the quantity of homogenizing and decontaminating agent (Appendix A.1)
with constant shaking and later incubated at 370C for 20min. The samples
were then centrifuged at 3000 rpm for 20min and the supernatant was
discarded. Subsequently, they were given three washes with Phosphate
Buffered Saline (PBS) (Appendix A.2), and the sediment obtained after third

centrifugation was used for further analysis.

CSF samples were concentrated by centrifugation at 3000xg for 15-20min. The
supernatant was discarded and the deposit was used for the various
examinations as mentioned above. In case, a pellicle was present in the fluid,
it was teased into pieces with the help of a sterile nichrome loop after

centrifugation.

3.3. DIRECT SMEAR EXAMINATION

All clinical samples (controls as well as test samples) were examined for the
presence of acid-fast bacilli after staining the smears by Ziehl-Neelson
technique (282). A smear was prepared from the caseous or purulent part of
the specimen using a 5Smm internal diameter 24 SWG nichrome wire loop. The
smear was then air-dried, heat fixed, submerged with Ziehl-Neelson Carbol

fuchsin (ZNCF: Appendix A.3) stain and steamed gently for 7-10min. Care



was taken to avoid boiling or evaporation of stain by replenishing it
whenever needed. Smear was then washed under tap water and was later
decolorized using acid alcohol until no more stain appeared in washing.
Following this step, the smear was thoroughly rinsed with water and counter
stained with 1% methylene blue for 1-2min. The slide was again rinsed, air-
dried, examined under oil immersion lens by scanning nearly 300 fields and
average number of AFB was calculated. Smear was then graded depending on

the average number of AFB per field (283)

No of organisms Report W

None in 100 or more fields No AFB found

1-9 per 100 fields 1+
1-9 per 10 fields 2+
1-9 per field 3+
10 or more per field 4+

34. CONVENTIONAL CULTURE METHOD

A loopful of each deposit was inoculated in duplicate onto a Lowenstein
Jensen medium slant (Appendix A.4) and was evenly spread with the help of
a nichrome loop. The slants were then incubated at 37°C for a period of 8
weeks with the caps screwed tightly to prevent drying of the slant due to
evaporation of water of condensation, as moisture is requisite for the growth

of tubercle bacilli. The slants were examined once every week for growth of
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Mycobacteria over the 8-week period. Smears were prepared from the growth

and stained by ZN technique to confirm the presence of AFB (283).

3.5. IDENTIFICATION TESTS

The cultures of mycobacteria obtained on L] medium were identified to the
species level with tests based on their biochemical properties. They were also
characterized on the basis of pigment production in dark as well as after
exposure to light and colony characteristics. The identification tests were
carried out as per the CDC directives. The method for performance and
interpretation of key tests for identification of the mycobacterial strains (284,

285, 286) are detailed below

3.5.1. Niacin test

Principle: Niacin is a precursor in the biosynthesis of co-enzyme,
Nicotinamide Adenine Dinucleotide Phosphate. A blocked enzymatic
pathway prevents M.tuberculosis, M.simige, and occasional strains of
M.marinum and M.bovis from utilizing niacin to niacin ribonucleotide, and
thereby leads to accumulation of niacin as a water soluble byproduct in the
culture medium. Niacin, which is a pyridine compound, is detected by its
reaction with cyanogen brorrﬁde in the presence of primary aromatic amine

like aniline to produce yellow colored Schiff’s base.
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Procedure: One ml of sterile distilled water was added to a culture slant and
allowed to remain in contact with the medium for 15min. In case the growth
on the medium was completely confluent, the surface was punctured.
Thereafter, 0.5ml of the liquid extract from the culture slant was removed and
placed in a screw-capped, clean test tube. Subsequently, an equal volume of
4% aniline was added to it followed by an equal volume of 10% cyanogen
bromide (Appendix A.5) and observed for a color change. The test was
reported as positive in the case of development of yellow coloration and as

negative if it remained colorless.

3.5.2. Reduction of Nitrate

Principle: Mycobacteria produce an enzyme nitroreductase, which reduces
nitrate to nitrite, which is subsequently broken down to ammonia. The
presence of nitrite in the medium is detected by its diazotization following the
addition of sulphanilamide and subsequent coupling with n-naphthyl
ethylene diamine dihydrochloride to form a red coloured complex. If nitrite
has been reduced further the re;cﬁon remains colourless. This reduction is
detected by the addition of zinc powder, which develops no colour, whereas
true negative test is indicated by the development of red colour, due to
immediate reduction 6f nitrate to nitrite catalysed by zinc. Clinically
significant mycobacteria like M.tuberculosis and M.kansasii are positive for

nitrate test.
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Procedure: A loopful of actively growing culture was emulsified in a tube
containing 2ml of 0.01 M sodium nitrate in M/45 phosphate buffered solution
(Appendix A.6), and incubated at 37°C for 2hrs. Later one drop of dilute
Hydrochloric acid was added followed by 2 drops each of 0.2% sulfanilamide
solution and 0.1% n-napthyl ethylene diamine dihydrochloride and the tube
was observed for colour change. A positive test showed red color while a
negative test remained colorless. Development of red colour on addition of

zinc dust confirmed negative result.

3.5.3. Growth on p-nitro benzoic acid
Principle: p-nitro benzoic acid is an aromatic compound that has the property
to specifically inhibit the growth of M.tuberculosis and M.bovis, thus aid in

differentiating typical from the atypical mycobacteria.

Procedure: A loopful of the cell suspension was inoculated onto the LJ
medium slopes containing 500pg/ml p-nitro benzoic acid (Appendix A.7) and
incubated at 37°C. Slopes were observed fc;r growth daily for 1 week and
weekly thereafter upto 4 weeks. Presence or absence of growth on the slopes

was recorded.
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3.54. Catalase
Principle: M.tuberculosis, M.bovis, M.gastri and some strains of M.avium
complex lose catalase activity when suspended in pH 7.0 buffer and heated to

680C. This test is performed for all non-chromogenic slow growers.

Procedure: Colonies from L] slant were added to a test tube containing 0.5ml
of phosphate buffer (pH 7.0) and the tube was then placed at 68°C for 20min.
After cooling the tubes to room temperature, 0.5 ml of Tween-Peroxide
mixture was added. A positive reaction was determined by formation of

bubbles on the surface of the liquid.

3.6. DRUG SUSCEPTIBILITY STUDY (287)

The mycobacterial isolates were tested for their susceptibility to the first line
anti-TB drugs namely Isoniazid, Rifampicin, Streptomycin, Pyrazinamide and
Ethambutol by Proportion method. The Proportion method consists in
calculating the proportion of resistant bacilli present in a strain. The ratio of
the number of colonies obtained on the drug-containing medium to the
number of colonies obtained on the drug free medium indicates the
proportion of resistant bacilli present in the strain. Below critical proportion
of resistance (given below), the strain is classified as sensitive; above- as

resistant.
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3.6.1. Culture medium

Lowenstein Jensen medium slopes used were 17mm x 170mm and contained
7ml of medium. The drugs dissolved in distilled water were incorporated in
the medium before coagulating. The control medium without drugs was
prepared at the same time as the drug-containing medium. After the drug
was added to the medium and after the medium was distributed in the
slopes, the medium was coagulated at 80°C for 1hr. The slopes were left at

room temperature for 24hrs and then stored at 4°C.

3.6.2. Concentrations of the drug employed

Isoniazid 0.2pg/ml
Streptomycin 4pg/mi
Rifampicin 40pg/ml
Pyrazinamide 100pg/ ml
Ethambutol 2pg/ml

3.6.3. Inoculum

With a spatula, a representative sample of 5-10mg was taken from the
primary culture and placed in a spherical, flat bottomed flask containing 30
glass beads 3mm in diameter. The flask was shaken for 20-30sec; 5 ml of
distilled water was added slowly until continuous shaking. The opacity of the

bacterial suspension was then adjusted by the addition of distilled water to
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that of a standard suspension containing 1mg/ml of tubercle bacilli. For

further processing and or inoculation, a calibrated loop was used.

3.64. Loop

The loop had an intemal diameter of 3mm; so that it delivered 0.01ml. The
two bacterial dilutions prepared were 10-2mg/ml and 10“mg/ml; so that two
inocula had 10#mg and 10%mg of bacilli for each slope. The dilution 10-
mg/ml was produced by discharging two loopful of the bacteria
standardized at 1mg/ml into a small tube containing 2ml of distilled water.
Two slopes of the medium without drug and 2 slopes of medium with drug
were inoculated with a loopful of each dilution. The inoculated slopes were
plugged with cottonwool; no rubber caps were placed on them. The slopes
were placed in a stand at a very slight angle from the horizontal and placed in
the incubator at 37°C. When the liquid part of the inoculum had evaporated

the slopes were covered with rubber caps and left in the incubator at 37°C.

3.6.5. Reading of tests

The results were read for the first time on the 28t day. The average number of
colonies obtained for the 2 control slopes indicated the number of culturable
particles contained in the inoculum. The average number of colonies obtained
for the drug containing slopes indicated the number of resistant bacilli
contained in the inoculum. The ratio between the second figure and the first

indicated the proportion of resistant bacilli existing in the strain. Below a
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certain proportion (the critical proportion) the strain was classified as
sensitive; above as resistant. The proportions were reported in terms of
percentages. If, according to the criteria indicated below, the result of the
reading made on the 28t day was resistant, no further reading of the test for
that drug was required; the strain was classified as resistant. If the result at
the 28th day was sensitive, a second reading was made on the 42nd day: this

provided the definitive result.

3.6.6. Criteria of resistance

For the calculation of the proportion of resistant bacilli, the highest count
obtained on the drug free and on the drug containing medium was,
regardless of whether this count is obtained on the 28t day, on the 42n day or

with 28th day with one medium and on the 42nd day with the other.

-Any strain showing a proportion of resistant bacilli equal or superior to that

indicated below is classified as resistant to the corresponding drug:

Drug concentration | Critical proportion
pg/ml) for resistance
Isoniazid 0.2pg/ml 1
Streptomycin 4pg/ml 10
Rifampicin 40pg/ml 1
Pyrazinamide | 100pg/ml 10
Ethambutol 2pg/ml 10
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3.7. THE RADIORESPIROMETRY TECHNIQUE
A biphasic vial system as described by Shah et al (144) was used for early
radiometric detection of M.tuberculosis. This method is based on quantitation

of 14CO; released by bacteria during metabolism of 14C-U-acetate.

3.7.1. Description of the Biphasic Scintillation Vial System

The Outer Vial: A screw capped, plastic scintillation vial of approximately
20ml capacity served as the outer scintillation chamber. A Whatman No.40
filter paper strip of size 4cmx4cm impregnated with a mixture containing 12
parts of scintillation cocktail and 1 part of 2N methanolic NaOH was placed
within the outer vial so as to form a closely fitting, hollow cylinder lining the

inner circumference of the vial.

The Inner Vial: A small glass tube of 12mm diameter x 30mm length with two
side holes near its open end for gas phase communication between the inner

and outer vials served as the inner growth chamber.

Assembly: The inner vial was placed inside the outer vial such that the outer
circumference of the inner vial was covered by the scintillation fluor

impregnated filter paper.
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3.7.2. 1C-Labeled Substrate

Sodium-acetate-1-2-14C (49.3 mCi/mM from Bhabha Atomic Research Center,
Isotope Group-Board of Radiation Isotope Technology, Mumbai) was
incorporated into the nutrient media as the radiolabeled substrate for the

microorganisms to utilize.

3.7.3. The Scintillator
A scintillation cocktail containing 10gm 2,5-diphenyloxazole (PPO) and 0.125

gm 1-4-bis-2-(5-phenyloxazole)-benzene (POPOP) was used.

3.74. Nutrient Media
1.8ml of glycerol free Lowenstein Jensen medium was added to inner vials
and the vials were inspissated at 80°C for 60min in an upright position for

three days.

3.7.5. Methodology

The inner vials were layered with 100pl of 1uCi of sodium-acetate-1-2-14C and
100ul of redigested clinical sample. For positive control, a suspension of the
standard of M.tuberculosis HyRv was inoculated into the vials while for
negative céntrol; vials were inoculated with heat-killed M.tuberculosis H37Rv,
sputum collected from sera controls as well as CSF collected from non-TBM
patients. Following inoculation, all the inner viais were incubated at 37°C for

72hrs to allow primary growth of organisms to take place. At the end of 72hrs
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vials were transferred into the outer vial-filter paper assembly and an initial
base-line reading was taken on a beta scintillation counter. Thereonwards, the
entire assembly was incubated at 370C and readings were taken every
alternate day in a Packard Liquid Scintillation counter for a period of four

weeks.

3.7.6. Reporting of results
A specimen was scored as positive if the counts per minute (cpm) recorded in

a scintillation counter for a sample was above mean cpm counts of the blanks

+3SD (M+3SD).

38. THE POLYMERASE CHAIN REACTION:

In addition to the samples from clinically suspected patients of tuberculosis,
the test was also carried out with multiple positive and negative controls. The
negative controls included 5 sterile distilled water samples, sputum collected
from 50 sera controls and 20 CSF specimens from non-TBM patients. A
positive control comprising of Standard strain of M.tuberculosis H7Rv was

processed with every batch of samples.

3.8.1. Extraction of DNA
DNA extraction was carried out as per the method described by Soolingen et
al (288). A 100ul aliquot of sputum/CSF/control specimens was heated at

80°C for 60min. Lysozyme (50pl of 10mg/ml) was added to the tubes and



110

kept at 37°C for 1hr, followed by treatment with 75ul of SDS-Proteinase K mix
(70ul of 10% SDS and 5ul of 10mg/ml Proteinase K) at 65°C for 10min.
Subsequently, 100l of 5M NaCl and 100pl of 10% CTAB in 4.1% NaCl
solution were added to the tubes, tubes were vortexed and further incubated
for another 10min at 650C. Following this, 750pul of 24:1
Chloroform/isoamylalcohol mixture was added, tubes were vortexed again
and centrifuged at 12000g for 5min. The supernatant was carefully transferred
to a fresh tube and DNA precipitated with 0.6vol of isopropanol for 30min at
-20°C. DNA was pelleted (12000g at 25°C for 15min), washed in 70%v/v
ethanol in water, air-dried and redissolved in Tris-EDTA buffer (10mm Tris
pH8.0, Imm EDTA). The DNA solution was then quantified and stored at -

200C till further use.

3.8.2. Primers

Primers flanking a 123bp fragment of the 1S6110 locus: a highly repetitive
insertion sequence of the M. tuberculosis{ genome was obtained from Bangalore
Genei, India.

(Forward Primer: 5’CCT GCG AGC GTA GGC GTC GG3' and Reverse

Primer: 5'CTC GTC CAG CGC CGC TTC GG 3').

3.8.3. PCR mix
A PCR reaction mixture was prepared as a master mix and then dispensed

into different vials in order to ensure uniformity in composition. PCR was
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carried out in a 25ul reaction mixture containing 1.5mM MgCl,, 50mM KC],
10mM Tris HCI (pH 9.0), 0.01% gelatin, 200pM of each of the dNTPs, 0.5uM of
each primer, 1unit of Taq polymerase (Bangalore Genei, India) and 5pl of the
extracted DNA. The mixture was overlaid with 50p1 of mineral oil to prevent

evaporation.

3.84. Amplification of DNA

Amplificéﬁon protocol constituted of an initial denaturation step of 95°C for
5min followed by 40 cycles of 1min at 95°C, 1min at 67°C, 1min at 72°C. At the
end an extension of 5min at 720C was also included. During each
amplification cycle, a negative control containing all the ingredients except

the template DNA was included and a positive control was also included.

3.8.5. Detection and analysis of the amplified products
Ten microliter of the PCR product was resolved electrophoretically on 2%
Agarose gel and the molecular size of the amplicon i.e. 123bp was estimated

in comparison with the molecular size reference marker (Sigma, USA).

3.8.6. Precautions

The DNA extraction procedure was carried out in a separate room with
minimum air circulation. The reaction mixtures were prepared in a vertical
laminar flow hood equipped with ultraviolet lights, away from the place

where the actual amplification was carried out. Also all the above operations
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were physically separated from the place where analysis of the PCR product

was carried out.

3.9. ELISA TO DETECT ANTIBODIES AGAINST HIV

SD HIV1/2 ELISA microplate 3.0 precoated with recombinant HIV 1/2
antigens (namely gp4l, p24 and gp36 antigens) and marketed by PMC
Medical, India was used for the qualitative detection of antibodies against

HIV 1/2 as per the instructions provided by the manufacturer.

3.10. PURIFICATION OF LIPOARABINOMANNAN

Purification of LAM antigen from M.tuberculosis Hs7Rv was carried out as per
the method described by Severn et al (289). In order to improve the
availability and purity of lipoarabinomannan for use in biological studies,
extraction procedure based on Triton X-114 followed by gel filtration
chromatography was used as it was shown to be a better technique in terms
of speed than solvent partitioning techniques and in terms of yield and purity

than aqueous phenol extraction method (289).

3.10.1. Cell Preparation

M.tuberculosis Hy;Rv was grown for eight weeks on Youman’'s medium
(Appendix A.8) and killed by heating to 100°C for 3hrs. Cells were washed
twice with Tris buffered saline (TBS) 0.05 M, pH 7.5 (Appendix A.9),

recovered by centrifugation (10,000g, 30min) and lyophilized.
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Lyophilized cells (2g) suspended in TBS (20ml) were cooled to 4°C and
sonicated in a Sonicator using a microtip at 80% power for bursts of 5min. The
sonications were repeated with alternating cooling in an ice bath for a total
sonication time of 15min and the solution of disrupted cells was made up to a
volume of 40ml with TBS. After the addition of 10mM MgCl,, the disrupted
cells were digested With RNase and DNase (1 pg/ml) at 37°C for 60min and

then at 60°C for additiohal 60min.

3.10.2. Isolation procedure

Triton X-114 was added to the lysed cells to a concentration of 8% (v/v) and
after cooling on ice, the solution was stirred at 49C for 16hrs. The cellular
debris was removed by centrifugation (10,000g, 4°C, 30min) and the
supernatant was incubated at 370C to induce phase separation. The phases
were recovered after centrifugation (4000g, 30°C, 20min) and the upper
aqueous layer was mixed with the cellular debris and re-extracted as above.
The detergent phases were combined and the lipoglycan was precipitated by
the addition of cold ethanol (- 20°C, 95%, five times the volume of detergent

phase) and collected by centrifugation (10,000g, 30min).

3.10.3. Partial purification by Ultracentrifugation
The crude lipoglycan obtained as above (3.10.2) was dissolved in water (10-
20mg/ml) by stirring overnight and ultracentrifuged at 35,000g for 16hrs. The

pellet was collected, dissolved in a minimal amount of water and treated with
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Proteinase K (1mg/ml) for 2hrs at 60°C. The solution was ultracentrifuged

twice more, reconstituted in water and lyophilized.

3.10.4. Purification of LAM by Gel filtration chromatography.

3.10.4.1.Calibration of Sephacryl S-200 column

Sephacryl 5-200 was washed in water followed by two more washes in Tris
deoxycholate buffer {10mM Tris-Cl pH 8.0, 10mM EDTA, 0.2M Na(l, 0.25%
deoxycholate, 0.02% NaN3, pH 8.0} (TDB). After removing the excess buffer,
70% slurry of Sephacryl S-200 in TDB was prepared. With continuous stirring,
the gel was packed in a glass column (100 x1.5cm) at room temperature. All
the protein standards and sample runs were also performed at room

temperature.

Six protein standards namely, Blue dextran, Albumin, Alcohol
dehydrogenase, Carbonic Anhydrase, Amylase and Cytochrome C were
passed through the column and eluted with TDB in order to calibrate the
column. After each protein run, the column was washed with the same buffer
for a day. Elution volume (Ve) of all the protein standards and void volume
(Vo) of the column was calculated. A graph of log molecular weight against
Ve/Vo of the standards was plotted to determine molecular weight of the

unknown sample.
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3.10.4.2.Purification of LAM from crude lipoglycan extract by gel filtration

chromatography

Lyophilized sample obtained after ultracentrifugation was prepared for
column chromatography by resuspension in TDB to a concentration of
10mg/ml. The sample was applied to Sephacryl S-200 column (100 x 1.5cm)
and eluted using the same buffer. The fractions were collected and analyzed

colorimetrically for presence of arabinose (290) and by SDS-PAGE (291).

3.10.4.3.Colorimetric method for determination of sugars
Phenol in the presence of Sulphuric acid was used for quantitative
colorimetric microdetermination of sugars, as this method is known to be

simple, rapid, sensitive and stable (290).

Briefly, two milliliter of sugar solution containing 10ug to 70pg of
arabinose/ mannose was pipetted into a colorimetric tube and 1050ul of 4%
phenol was added. Then 5ml of concentrated Sulphuric acid was added
rapidly, the tubes were allowed to stand for 10min, and then they were
shaken and placed for 10 to 20min in a water bath at 25 to 30°C before
readings were taken. The absorbance of the characteristic yellow-orange color
was measured at 480nm for arabinose and at 490nm for mannose. Blanks were
prepared by substituting distilled water for the sugar solution. The amount of
arabinose/mannose present in the eluted fractions was then determined by

reference to a standard curve previously constructed for the respective sugars.
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3.10.4.4.SDS-PAGE
Crude Lipoglycan extract obtained after ultracentrifugation, column eluents
and concentrated LAM, LM and PIM were analyzed in a discontinuous SDS-

polyacrylamide gel system using Tris-glycine buffer (291).

The glass plates, spacers and comb required for SDS-PAGE assembly were
rinsed with Milli-Q water and wiped with methanol. The glass plates with
spacers in between were placed together in an upright position on a stand
tightly held by screws. A 12% acrylamide resolving gel solution was filled
into the plate assembly and the gel solution was then overlaid with a few
drops of water-saturated n-butanol to keep the gel surface flat and the

interface sharp during polymerisation.

12% Resolving Gel
Water 9.9ml
Acryl-Bisacryl mix (29:1) 12ml
Tris Buffer (1.5M,pH 8.8) 7.5ml
10%APS 0.3ml
10%SDS 0.3ml
Temed 12ul

After polymerisation of the resolving gel, the butanol was poured off and the

top of the gel was rinsed with Milli-Q water and drained thoroughly.
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Subsequently, the 4% Acrylamide stacking gel solution was overlaid on the

N

resolving gel, the comb was inserted and the gel was left to polymerise.

4% Stacking Gel
Water 7.2ml
Acryl-Bisacryl mix (29:1) 1.35ml
Tris Buffer (1.5M,pH 8.8) 1.25ml
10% APS 0.1ml
* 10% SDS 0.1ml
Temed 10ul

For electrophoresis, the plate assembly was placed into the buffer tank and
subsequently the tank was filled with the chilled running buffer {25mM Tris,
190mM glycine (8.3), 0.1% SDS}. Meanwhile, 20ul of the column eluents along
4 with 20pl sample buffer (62mM Tris, 10% SDS, 1%mercaptoethanol, 20%
glycerol, 0.2% Bromophenol Blue) were mixed and heated to 100°C for 5min.
The comb was removed carefully from the plate assembly, the wells were
rinsed with running buffer and the samples were loaded into the wells.
Molecular weight marker for silver staining (Bangalore Genei, India) was
used as a calibration standard. The gel was run at 200V until the dye front
was approximately 1 cm from the bottom of the gel. The apparatus was

dismantled and the glass plates were prised apart very gently.
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3.10.4.5.Modified Silver Staining

The lipoglycan bands were visualized by modified silver staining technique
based on neutral silver nitrate solution and alkaline developer as described by
Kittleberger et al (292). This method is known to be more sensitive and less
prone to formation of non-specific background staining than the routinely
used ammoniacal silver nitrate and acidic developer-based method. Inclusion
of Farmer’s reducer helped in enhancing contrast and reducing background

staining further. Silver staining was carried out in steps as given below:

»  Fixationfixative: 30% ethanol, 10% acetic acid overnight
e  Oxidation 0.7% periodic acid in fixative 10min

e Wash3X dd water 30min

e  Staining0.1% silver nitrate 30min

e Wash1X dd water 10sec

e Developer 3% sodium carbonate,

0.02% formaldehyde 20min
e Stop 1% acetic acid 5min
e Wash3X dd water 10min

e Reduction 0.3% sodium thiosulphate,
0.15% potassium ferricyanide
0.05% sodium carbonate 10-30sec

° Wash 3X dd water 10min



Recycling

Staining0.1% silver nitrate

Wash 1X

Developer

Stop
Wash 3X

Reduction

Wash 2X

Store

dd water
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0.02% formaldehyde

1% acetic acid

dd water

0.3% sodium thiosulphate,
0.15% potassium ferricyanide
0.05% sodium carbonate

dd water

7% acetic acid

3.10.4.6.Concentration of purified LAM samples
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30min

10sec

10min
5min

10min

10-30sec

10 min

The appropriate LAM, LM and PIM fractions were pooled, desalted by

ultrafiltration in a centriplus concentrator using a 3000 mol weight cut-off

membrane, resuspended in water and lyophilized.

3.11. DEVELOPMENT AND STANDARDIZATION OF ELISA FOR LAM

ANTIGEN

Different concentrations of LAM preparation (0.1pg/100pul - 8ug/100ul) was

coated onto polyvinyl ELISA plates (Dynatech, UK) along with different

concentrations of blocking agents [i.e. BSA {1%-3%} and lysine {.01%-.03%}],
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various dilutions of sera/CSF (1:20 -1:200) and anti-human IgG, IgM and IgA
HRP conjugate (1:1000 - 1:20,000) by checker-board method to determine the
optimum concentrations of the reagents for ELISA. Optimum concentrations

thus determined were used for further analysis.

3.12. IN-HOUSE ELISA FOR DETECTING ANTI-

LIPOARABINOMANNAN ANTIBODIES IN SERA /CSF SAMPLES
All the sera samples collected from pulmonary tuberculosis patients, CSF
samples collected from suspected cases of tuberculous meningitis and control
sera/CSF samples were tested for anti-LAM IgG, anti-LAM IgM and anti-

LAM IgA antibodies.

Polyvinyl Microtiter plate (Dynatech, UK) was coated with 100ul of LAM
antigen at the concentration of 5ug/ml in Carbonate-bicarbonate buffer (pH
9.6) and incubated overnight at 370C. All appropriate blanks like conjugate
blank and Antigen Blank were also run at the same time. The following day,
after five washes with phosphate buffered saline containing 2% Tween-20
(PBS-T), the plate was blocked with 0.01% lysine in carbonate buffer for 2hrs
at 37°C. Subsequently, the plate was washed 5 times with PBS-T and 100p1 of
test/control sera diluted 1:100 in PBS containing 1% Tween (dilution buffer)
were added to the plate and incubated at 37°C for 2hrs. For CSF, 100ul of
test/control samples diluted 1:20 in dilution buffer were added to the plate

and incubated at 370C for 2hrs. At the end of 2hrs, the plate was washed five
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times with PBS-T and iﬁcubate& with 100ul of anti-human IgG, IgM or IgA
HRP conjugate (Sigma, USA) diluted 1:5000 in dilution buffer for 1hr at 370C.
Following this, the plate was washed five times more, 100ul of substrate
(Sigma Fast OPD and Sigma Fast H2O2 tablets dissolved in distilled water)
was added and the plate was left at r60m temperature in the dark for
approximately 15min. Eventually the reaction was stopped by adding 50ul of
2NH2S04 and the absorbance was measured at 490nm using an ELISA plate

reader (Dynatech MR5000, UK).

3.13. STATISCAL ANALYSIS

All the data obtained was analyzed on computer using SPSS/PC package.



RESULTS
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Chapter 4.
4. RESULTS

The present study included a total of 120 patients, who were divided into two
groups. Group A consisted of 100 clinically and radiologically diagnosed
patients of pulmonary tuberculosis, while Group B consisted of 20 clinically
suspected cases of tuberculous meningitis (TBM). In addition to these, two

control groups were also included in the study.

41. AGE/SEX DISTRIBﬂTION & OTHER CHARACTERISTICS

4.1.1 Age/Sex distribution in pulmonary tuberculosis cases (Group A)

Of the total 100 patients in Group A, 66 (66%) were males and 34 (34%) were
females. Of 66 male patients, 57.6% belonged to the age group of 21-40 years.
Similarly, of 34 females, 61.7% were within the third and the fourth decade of

life (Table 4.1).

Table 4.1: Distribution of Age/Sex in Group A

Age groups | 1-20yrs | 21-40 yrs 41-60yrs | >60yrs | Total

Males 6 (9.09) 38 (57.6) 18 (27.2) 4 (6.06) 66 (66)

Females 8(23.5) 21 (61.7) 5(14.7) - 34 (34)
Total 14 (14) 59 (59) 23 (23) 4(4) 100

Figures in parenthesis indicate percentages
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4.1.2. Age/Sex distribution in Tuberculous Meningitis cases (Group B)
In the case of Group B, of the 20 patients studied, 12 (60%) were males and 8

(40%) were females. Majority of the total patients i.e. 65% were children below

the age of 10 yrs (Table 4.2).

Table 4.2: Distribution of Age/Sex in Group B

Age Groups 1-10 yrs 11-20 yrs Total

Males 8 (66.6) 4 (33.3) 12 (60)

Females 5 (62.5) 3 (37.5) 8 (40)
Total 13 (65) 7 (35) 20

Figures in parenthesis indicate percentages
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4.1.3. Age/Sex distribution in Controls

As shown in Table 4.3, of the 50 serum controls, 35 (70%) were males and 15
(30%) were females, while CSF controls included 15 (75%) males and 5
females (25%). In the case of the serum controls, 64% of the total were from

the 21-40 year age group, while majority of the total CSF controls were (80%)

in the age group of 1-20yrs.

Table 4.3: Distribution of Age/Sex in Controls

1-20yrs | 21-40 yrs | 41-60 yrs Total
50 sera controls | Males 3 (8.5) 20(57.1) | 12(34.2) | 35(70)
Females | 1(6.6) 12 (80) 2(13.3) 15 (30)

Total 4 (8) 32 (64) 14 (28) 50
20 CSF Controls | Males 12 (80) 3 (20) - 15 (75)
Females 4 (80) 1 (20) - 5 (25)

Total 16 (80) 4 (20) - 20

Figures in parenthesis indicate percentages
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4.1.4. Demographic characteristics of Group A, Group B and Controls

The demographic characteristics of all the groups are listed in Table 4.4. As
seen, 35% of the patients in Group A were illiterate, with 45% Qf the total
population being unemployed. Twenty-seven% patients known to indulge in
smoking, of which 15% were also alcoholics and 2% chewed pan. Eight % in
Group A had at least one of their family members (father/ mother/husband)
being treated for tuberculosis in the past. In Group B, since all of the patients
were within the age of 1-20 yrs, 50% of them were still studying. Only 15% of

the total TBM population in Group B was unemployed.

Among the 50 serum controls, literacy rate was seen to be higher than in
Group A, while none of the cases in this group were unemployed. This group
comprised of 2 (4%) subjects with a family history of anti-tuberculosis
treatment, 3 (6%) patients who had undergone invasive surgeries, 1 (2%) case
of malaria and 5 (10%) patients who were cured of tuberculosis 3-5 years
before the time of sample collection. It also comprised of 15 (30%) patients
who suffered from upper respiratory diseases like pneumonia, allergy, etc. at
the time of sample collection. Of the 20 CSF controls, 3 (15%) were married
and 12 (60%) were students. All the sputum samples collected from sera
controls and CSF samples collected from CSF controls were tested for Smear,
Conventional Culture, Radiorespirometry and PCR in order to rule out

tuberculosis.
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Table 4.4: Demographic characteristics of Group A, Group B and Controls

Characteristics Group A | Group B Sera CSF
Controls | controls

Total 100 20 50 20

Marital Status

Married 32 (32) - 12 (24) 3 (15)

Education Status

Illiterate 35 (35) 6 (30) - _

Primary Education 21 (21) 7 (35) - -

Secondary Education 19 (19) 3 (15) 7 (14) 12 (60)

Matriculation 15(15) | 4(20) 8 (16) 4 (20)

Graduation and above 10 (10) - 35 (70) 4 (20)

Employment

Unemployed 45 (45) 3(15) - -

Students 5 (5) 10 (50) 21 (42) 12 (60)

Addictions

Alcohol 15 (15) - 2(4) -

Smoking/Tobacco 27 (27) - 2(4) -

Pan 2(2) - - -

Family contact

Family members treated 8 (8) - 2(4) 2(10)

for tuberculosis before

Past aliments

Surgeries - - 3 (6) -

Malaria - - 1(2) -

Tuberculosis (3-5 yrs back) - - 5 (10) -

Current ailments - - -

Non-tuberculosis upper 15 (30)

respiratory diseases

Viral/pyogenic meningitis . . . 20 (100)

Figures in parenthesis indicate percentages
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42. MICROBIOLOGICAL RESULTS

Comparative results of conventional methods and newer techniques for the
diagnosis of tuberculosis.

Smear, Culture, Radiorespirometry, PCR and ELISA results in Group A and

in Group B are explained in Table 4.5.

Table 4.5: Cumulative results of Smear, Culture, Radiorespirometry, PCR
and ELISA in pulmonary tuberculosis (Group A) and tuberculous

meningitis (Group B).

Number of samples (%) positive by

Radioreso- +ve by either
Group | Smear | Culture | o ™ ﬂ;’ PCR | ELISA (IgG/
IgM/IgA)
A (n=100) | 36 (36) | 48 (48) 39(39) | 48 (48) 90 (90)
B(n=20) | 2(10) 5 (25) 4(20) | 12(60) 9 (45)

Figures in parenthesis indicate percentages

As illustrated in Table 4.5, of the 100 pulmonary tuberculosis cases in Group
A, 36% were positive by Smear, 48% by Culture, 39% by Radiorespirometry,
48% by PCR and 90% of the samples were positive by ELISA (samples tested
positive for either IgG, IgM and/or IgA antibodies), while of the 20
tuberculous meningitis cases in Group B, 10% tested positive by Smear, 25%

by Culture, 20% by Radiorespirometry, 60% by PCR and 45% by ELISA.



128

Diagrammatic representation of the number of samples positive by Smear,
Culture, Radiorespirometry, PCR and either one of the ELISAs in Group A

(Fig 4.1) and in Group B (Fig 4.2) is shown below.

Fig 4.1: Bar diagram showing comparative results of Smear, Culture,
Radiorespirometry, PCR and ELISA in the pulmonary tuberculosis group

(Group A)
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Fig 4.2: Bar diagram showing comparative results of Smear, Culture,

Radiorespirometry, PCR and ELISA in the tuberculous meningitis group

(Group B).
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All the overlapping results of various diagnostic tests are shown in details in

subsequent sections.
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43. CONVENTIONAL DIAGNOSTIC METHODS

As illustrated in Table 4.6, in the case of Group A, 36% cases were positive by
smear, while 48% were positive by culture. Of the 36 smear positive samples,
32 (88.8%) were positive by culture, while 16 (25%) of the 64 smear negative
samples were positive by culture. Of the 20 patients in Group B, 2 (10%)
samples were smear positive and 5 (25%) were culture positive, while 15

samples (75%) were smear and culture negative.

Table 4.6: Comparative analysis of smear and culture

Analysis of Smear and Culture in PTB (Group A)
Culture positive | Culture negative Total
Smear positive 32 (88.8) 4 (11.1) 36 (36)
Smear negative 16 (25) 48 (75) 64 (64)
Total 48 (48) 52 (52) 100
Analysis of Smear and Culture in TBM (Group B)
Culture positive | Culture negative Total
Smear positive 2(100) - 2(10)
Smear negative 3 (16.6) 15(83.3) 18 (90)
Total 5 (25) 15 (75) 20

Figures in parenthesis indicate percentages

All the mycobacterial isolates were identified as Mycobacterium tuberculosis by
using biochemical identification tests like niacin test, nitrate test, catalase test,

pigmentation and growth on PNB medium.



44. RADIORESPIROMETRY

44.1. Optimization of Radiorespirometry

Serial dilutions (107, 102, 103, 10¢ and 10°) of standard Mycobacterium
tuberculosis strain Ha7Rv mycobacterial cells (Hs7Rv) as well as various blanks
comprising of heat-killed std. strain and sputum samples & CSF samples
(collected from controls and processed for Radiorespirometry as mentioned in
materials and methods), were inoculated into the vials containing LJ media
supplemented with 14C Na-acetate as carbon source. The growth index was
determined by monitoring 4CO; respired by the bacteria in a Liquid

Scintillation Counter every alternate day for a period of 4 weeks.

As seen in Fig 4.3, a mycobacterial inoculum of 105 concentration accumulated
20,000 counts per minute (CPM) on the 5th day, while 10¢ and 103 inoculum
dilutions accumulated the same number of counts by the 13th and the 14th day,
respectively. It was also observed that once a maximum accumulation of
counts was achieved, the counts would dip e.g. in the case of an inoculum
concentration of 10° beyond day 7, the counts per minute started decreasing
and were seen to be minimal on day 21. Various blanks included in the study

(as mentioned above) accumulated non-significant counts.
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Fig 4.3: Counts per minute accumulated for various inoculum sizes of

standard Mycobacterium tuberculosis strain i.e.HsyRv
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4.4.2. Results of Radiorespirometry
Samples were grouped on the basis of their smear and culture status and

radiorespirometry results were compared with each group.
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Table 4.7: Comparative results of Radiorespirometry with respect to smear

and conventional culture for pulmonary tuberculosis (Group A) samples

RADIORESPIROMETRY | TOTAL
POSITIVE
SMEAR Smear positive 19 (52.7) 39 (39)
n= 36
Smear negative 20 (31.2)
n= 64
CULTURE | Culture positive 25 (52.0) 39 (39)
n=48
Culture negative 14 (26.9)
n= 52

Figures in parenthesis indicate percentages

As illustrated in Table 4.7, of the 100 sputum samples collected from the

Group A subjects, 39 (39%) tested positive by radiorespiometry. These

included 19 cases that were also positive by smear and 25 cases that were also

positive by conventional culture. In addition to these, 20 samples that were

negative by smear and 14 samples that were negative by conventional culture

were found to be positive by radiorespirometry.

Table 4.8: Comparative results of Radiorespirometry with respect to smear

and conventional culture for tuberculous meningitis (Group B) samples

RADIORESPIROMETRY | TOTAL
POSITIVE
SMEAR Smear positive 2 (100) 4 (20)
n=2
Smear negative 2(11.1)
n=18
CULTURE | Culture positive 4 (80) 4 (20)
n=5
Culture negative -
n=15

Figures in parenthesis indicate percentages
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As explained in Table 4.8, in the case of the CSF samples collected from Group

B, 4 (20%) were positive by radiorespirometry. These included 2 samples that

also tested positive by smear and 4 samples that tested positive by

conventional culture.

A comparative analysis of the detection time, in the case of the 25 Group A

samples that were positive by both radiorespirometry and the conventional

culture methods, showed that growth in 22 of the 25 sputum samples was

detected earlier by radiorespirometry (Fig 4.4).

Fig 4.4: Comparison in detection time of 25 samples positive by both

Radiorespirometry and conventional culture method (Group A).
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A similar pattern was observed in the case of all the 4 samples in Group B that
were positive by radiorespirometry as well as conventional culture, wherein

growth was detected earlier by radiorespirometry than by the conventional

method (Fig 4.5).

Fig 4.5: Comparison in detection time of 4 CSF samples in Group B positive

by both Radiorespirometry and Culture.

60 Radiorespirometry = M culture
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The difference in the detection times of radiorespirometry and conventional
culture in the case of both Group A and Group B samples was found to be

significant using paired t-test (p< 0.01).
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45. POLYMERASE CHAIN REACTION

45.1. Optimization of PCR

DNA was extracted from sputum samples and CSF fluids collected from
clinically positive tuberculosis patients as well as from healthy controls and
diseased controls (patients suffering from pneumonia, cough and non-TBM
patients, etc.). To obtain optimal sensitivity in a diagnostic PCR, the reaction
was carried out for 40 cycles. The PCR reaction for all the specimens was
performed under stringent conditions, using a higher annealing temperature
(67°C) in order to minimize the occurrence of primer-dimer and to eliminate

non-specific reactions.

Fig 4.6 illustrates representative results of amplification analysis of 156110
gene fragment at 65%C annealing temperature. Fig 4.7 illustrates
representative results of amplification analysis of 156110 gene fragment at
67°C annealing temperature. A specific band of 123bp (indicated by

arrowhead) represents a positive reaction.
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Fig 4.6: Representative results of amplification analysis of 156110 gene in
Std Mycobacterium tuberculosis strain and clinical samples (PCR reaction

carried out at 65°C annealing temperature.)

Lane 1: Std molecular weight marker (Sigma), Lane 2: Std Mycobacterium
tuberculosis strain: Hz7Rv = +ve control, Lane 3: Negative buffer control, Lane
4: Sputum sample showing 123bp PCR product, Lanes 5 & 6: Sputum
samples showing a non-specific reaction and a primer -dimer along with
123bp PCR product, Lane 7: CSF sample showing 123bp product, Lane 8:
Sputum sample of a healthy individual showing no 123bp product (negative

control).
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Fig 4.7: Representative results of amplification analysis of 156110 gene in
Std Mycobacterium tuberculosis strain and clinical specimens at 67°C

annealing temperature

123

Std molecular weight marker (Sigma), Lane 1: Std Mycobacterial tuberculosis
strain: HzyRv = +ve control, Lanes 2 &3: Sputum samples showing 123bp PCR
product (no primer -dimer), Lane 4: CSF sample showing 123bp PCR product

(no primer - dimer).
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45.2. Results of PCR
Patients were grouped on the basis of their smear, Culture and

Radiorespirometry results and PCR was then compared with each group.

Table 4.9: Comparative results of PCR with respect to smear, conventional

culture and Radiorespirometry for Group A samples

NO OF SAMPLES TOTAL
POSITIVE BY PCR
SMEAR Smear positive 20 (55.5) 48 (48)
n= 36
Smear negative 28 (43.7)
n= 64
CULTURE Culture positive 27 (56.2) 48 (48)
n=48
Culture negative 21 (40.3)
n= 52
RADIO Radiorespirometry 23 (58.9) 48 (48)
RESPIRO +ve n=39
METRY Radiorespirometry 25 (40.9)
-ve n=61

Figures in parenthesis indicate percentages

As observed in Table 4.9, of the 100 sputum samples collected from the Group
A patients, a total of 48 tested positive by the 1S6110-derived PCR. These
included 20 samples that were positive by smear, 27 that were positive by
conventional culture and 23 samples that were positive by radiorespirometry.
Moreover, 28 (43.7%) of the 64 smear negative samples, 21 (40.3%) of the 52
culture negative samples and 25 (40.9%) of the 61 radiorespirometry negative

samples were also found to be positive by PCR.
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Table 4.10: Comparative results of PCR with respect to smear, conventional

culture and Radiorespirometry for Group B samples

NO OF SAMPLES TOTAL
POSITIVE BY PCR
SMEAR Smear positive 2 (100) 12 (60)
n=2
Smear negative 10 (65.5)
n=18
CULTURE Culture positive 5 (100) 12 (60)
n=5
Culture negative 7 (46.6)
n=15
RADIO Radiorespirometry 4 (100) 12 (60)
RESPIRO +ven=4
METRY | Radiorespirometry 8 (50.0)
-ve n=16

Figures in parenthesis indicate percentages

As illustrated in Table 4.10, in the case of Group B, of the 20 CSF samples, 12

were found to be positive by PCR, of which 2 were smear positive, 5 were

culture positive samples and 4 were radiorespirometry positive. In addition,

10 (55.5%) of the 18 smear negative samples, 7 (46.6%) of the 15 culture

negative samples and 8 (50%) of the 16 radiorespirometry negative samples

were also found to be positive by PCR.

None of the control sputum/CSF samples showed a 123bp PCR product on

agarose gel electrophoresis, thus giving a specificity of 100% in both the

groups.
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4.6. DRUG SUSCEPTIBILITY PATTERN
Drug susceptibility testing by the proportion method was carried out for all of
the 48 Group A and 4 Group B mycobacterial isolates that were obtained by

the conventional culture method.

Of the 48 Group A clinical isolates, 30 (62.5 %) were found to be resistant to
one or more first-line anti-TB drug. Resistance to Rifampicin (23/48 i.e. 47.9%)
was seen to be most common, followed by Streptomycin (21/48 i.e. 43.7%),
Isoniazid (20/48 i.e. 41.6%) and Ethambutol (10/48 i.e. 20.8%). On the other
hand, all the 4 Group B mycobacterial isolates were found to be sensitive to all

the first-line anti-TB drugs.

4.7. SEROPREVALENCE OF HIV

Serum samples collected from the entire Group A as well group B subjects
were screened for the presence of anti-HIV antibodies using an SD HIV1/2
ELISA kit (PMC Medical, India). Ten (10%) of 100 Group A subjects tested
positive for anti-HIV antibodies, while none of the Group B subjects were

found to be positive for the same.
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4.8. DETECTION OF ANTI-LAM ANTIBODIES

4.8.1. Purification Of Lipoarabinomannan Antigen

4.8.1.1. Isolation and partial purification of LAM

Isolation and partial purification was carried out as per the method described

by Severn et al (289).

4.8.1.2.Calibration of Sephacryl S-200 column.

Six protein standards namely, Blue dextran, Albumin, Alcohol dehydrogenase
& Carbonic Anhydrase, Amylase & Cytochrome C were passed through the
Sephacryl S-200 column either alone or in combination as recommended by
the manufacturer (Sigma, USA) and eluted with Tris deoxycholate buffer. The
void volume of the column (Vo) and the elution volume (Ve) of the proteins

were calculated (Fig 4.8 -Fig 4.12).

Fig 4.8: Calibration of Sephacryl S-200 column using

Blue dextran

‘ Void volume = Ve of blue dextran
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Fig 4.9: Calibration of Sephacryl S-200 column using

Albumin

OD 280nm
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Fig 4.10: Calibration of Sephacryl S-200 column using

Alcohol dehydorgenase and Carbonic anhydrase
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Ve of alcohol dehydrogenase and
carbonic anhydrase
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Fig 4.11: Calibration of Sephacryl S-200 column using

Amylase and Cytochrome C

Ve of amylase and cytochrome ¢
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Fig 4.12: Calibration of Sephacryl S-200 column

Ve of Blue dextran, Albumin, Alcohol dehydrogenase,
Carbonic Anhydrase, Amylase and Cytochrome C
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4.8.1.3.Purification of LAM from crude lipoglycan extract by gel filtration

A) Analysis of the fractions by colorimetric determination of sugars

The resolution of the lipoglycan species into their various classes was
performed by running crude lipoglycan sample obtained after
ultracentrifugation on a Sephacryl 5-200 column using a disaggregating buffer
containing deoxycholate. The collected fractions were analyzed for the
presence of sugar. The neutral sugar assay exhibited three major peaks, which
denoted lipoarabinomannan (first peak), lipomannan (second peak) and

phosphotidylinositol (third peak) respectively (Fig 4.13).

Fig 4.13: Analysis of fractions by colorimetric determination of sugars
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B) Analysis of fractions By SDS-PAGE

The three molecules within the crude lipoglycan extract were further
characterized by SDS-PAGE. Three broad bands were visible in the silver
stained gel, corresponding to lipoarabinomannan (having the lowest
electrophoretic mobility), lipomannan and phosphatidylinositolmannan
(located in the gel running front). 'As shown in Fig 4.14, the diffuse nature of
the bands was indicative of the molecular heterogeneity in the population of

these compounds.
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Fig 4.14: SDS-PAGE analysis of fractions

97.4 kDa
"+ 66.0 kDa
43.0 kDa

Lane 1: Crude lipoglycan extract (C) containing all three components
namely  lipoarabinomannan  (LAM), lipomannan (LM) and
phosphatidylinositolmannoside (PIM), Lanes 2 & 3: Fractions containing
LAM, Lanes 4 & 5: Fractions containing LM, Lanes 6 & 7: Fractions containing

PIM, Lane 8: Molecular weight marker for Silver Staining.
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4.8.1.4.Determination of molecular weight of lipoarabinomannan by
SDS/PAGE and Gel Filtration Chromatography
As shown in Fig 4.14, LAM appears as a diffuse band extending from 30-

40kDa on a SDS-PAGE gel.

Molecular weight can also be determined by running protein standards on
Sephacryl 5-200, before running crude lipoglycan sample. On calculating
elution volumes (Ve) of all standard proteins, void volume (Vo) of the column
and drawing a graph of log molecular weight of the standards against Ve/Vo
it was observed that the equation of the graph in Figure 4.15 was y = -2.08x +

7.503.

Fig 4.15: Determination of molecular weight
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LAM being the most bulkier lipopolysaccharide of the three closely related
antigens (ie. LAM, LM and PIM), it gets eluted out of the column first
followed by LM and PIM. The first antigen as determined colorimetrically
was eluted in 46t fraction, 47t fraction and 48t fraction (later also confirmed
by SDS-PAGE). On calculating Ve/Vo for all the three fractions and on
substituting x value in the equation as Ve/Vo, log molecular weight (y) of the
antigen was calculated. Molecular weight of the antigen was then back

calculated from value y and it was confirmed that the molecular weight of the

antigen is 30-40kDa.

4.8.1.5.Yield of LAM antigen
Two grams of heat-killed and lyophilized M.tuberculosis cells gave 30mg of
lyophilized crude lipoglycan antigen. The yield of LAM antigen isolated from

15mg of crude lipoglycan antigen by Sephacryl S-200 was 1.0mg/ml.

4.8.2. Development and Standardization of ELISA for LAM antigen

Lysine (0.01%) in carbonate buffer (pH 9.6) was found to show a better
blocking effect (was able to mask non-specific reactions) than different
concentrations of Bovine Serum Albumin {1%-3%} in PBS (pH 7.4) and
different concentrations of Bovine 'Serum Albumin {1%-3%} in carbonate
buffer (pH 9.6). A 100ul volume of 5ug/ml LAM antigen, known positive sera
and control sera, diluted 1:100 in dilution buffer and known positive CSF

samples and control CSF sample diluted 1:20 with dilution buffer along with
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a 1:5000 dilution of anti-human IgG, IgM and IgA HRP conjugate gave best
results as determined by a checkerboard analysis. These optimal

concentrations were used for further testing of the clinical samples.

4.8.3. Clinical evaluation of LAM ELISA kit

ELISA was carried out as per the protocol in Materials and Methods.

4.8.3.1.Antibody response to LAM antigen in controls and patients

Antibody response to LAM antigen in control group and patients was
studied. In order to determine the level at which the test would have optimal
sensitivity and specificity, statistical analysis at different cut-off levels such as

Mean + 2SD and Mean + 3SD was calculatéd.

Table 4.11: Sensitivity and specificity at two different cut-off levels

Cut off at Sensitivity in Group A Specificity in sera controls
n=100 n=50

ELISA | ELISA | ELISA | ELISA | ELISA | ELISA

for IgG | forIgM | forIgA | forIgG | for IgM | for IgA

Mean+25D | 97% 62% 99% 96% 96% 96%

Mean + 35D 90% 46% 89% 98% 98% 98%

On the basis of clinical and radiological evidence, patients were included in
this study. As shown in Table 4.11, on selecting Mean + 25D as the cut off
limit of negativity, 97% of the 100 patients in Group A tested positive for anti-

LAM IgG antibodies while 62% and 99% of them tested positive for anti-LAM



IgM and anti-LAM IgA antibodies respectively (on comparison with clinical

diagnosis).

At Mean + 25D, except for 2 of the 30 controls comprising of students and
technicians involved in tuberculosis research, others showed low absorbance.
All of the 15 patients suffering from pneumonia, allergy and upper
respiratory tract problems and 5 patients cured of tuberculosis 3-5 years back
and having no clinical complaints (negative for Smear, Culture, PCR,
Radiorespirometry) also showed lower absorbance for IgG, IgM and IgA

antibodies against lipoarabinomannan by ELISA giving a specificity of 96%.

On selecting Mean + 3SD as the cut off limit of negativity, though the
sensitivity (on comparison with clinical diagnosis) in Group A decreased
marginally for all the three ELISA systems, only 1 student control gave a
higher reading than the cut off limit of negativity giving a specificity of 98%

(Table 4.11).

Table 4.12: Sensitivity and specificity at two different cut-off levels for CSF

Cut off at Sensitivity in Group B Specificity in CSF controls
n=20 n=20

ELISA | ELISA | ELISA | ELISA | ELISA | ELISA

forIgG | forIgM | forIgA | forIgG | forIgM | for IgA

Mean+ 25D | 45% 20% 25% 90% 90% 90%

Mean +3SD | 45% 20% 25% 90% 90% 90%
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As seen in Table 4.12, at both the cut -off limits for 20 CSF specimens in
Group B, 45% of the patients tested positive for anti-LAM IgG antibodies
while 20% and 25% of them tested positive for anti-LAM IgM and anti-LAM
IgA antibodies respectively (on comparison with clinical diagnosis). Two of
20 CSF controls showed higher absorbance giving a specificity of 90% at both

the cut off limits of negativity.

In a country like India where TB is endemic, to minimize the possibility of
false positive results Aue to the presence of environmental mycobacteria and
BCG-vaccination, all the further analysis (as explained in details in following
sections) was carried out by selecting a higher cut off limit of negativity i.e.
Mean + 3SD, whereby samples in Group A having an absorbance above 0.258
were considered positive for IgG and values above 0.145 and 0.131 were
considered positive for IgM and IgA antibodies respectively. Similarly,
samples in Group B showing an absorbance above 0.176 were considered
positive for IgG and values above 0.122 and 0.109 were considered positive

for IgM and IgA antibodies respectively.

4.8.3.2.Results of LAM based ELISA kit and its comparison with other
diagnostic methods.
Patients were grouped according to their smear, culture, radiorespirometry

and PCR status and antibody response against LAM antigen (at Mean + 3SD:
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M+ 35D) was compared with each group for Group A (Table 4.13) and Group

B (Table 4.14).

Table 4.13: Antibody response to LAM and its comparison with all the other

diagnostic tests in pulmonary tuberculosis (Group A).

Groups for P.TB (n = 100) Total No of samples positive (%) for
antibodies against LAM (M+3SD)
ELISA ELISA ELISA
for IgG | for IgM for IgA
Smear positive 36 34(944) | 17(47.2) | 33(91.6)
Smear negative 64 56 (87.5) | 29(45.3) | 56 (87.5)
Culture positive 48 44 (91.6) | 23(47.9) | 43(89.5)
Culture negative 52 46 (88.4) | 23(44.2) | 46(884)
Radiorespirometry positive 39 36 (92.3) | 18(46.1) 36 (92.3)
Radiorespirometry negative 61 54 (88.5) | 28(45.9) 53 (86.8)
PCR positive 48 45(93.7) | 19(395) | 44 (91.6)
PCR negative 52 45 (86.5) | 27(51.9) | 45(86.5)
Clinically positive 100 90 (90) 46 (46) 89 (89)

Figures in parenthesis indicate percentages

As illustrated in Table 4.13, in the case of Group A, of the 36 smear positive

samples, 34 (94.4%) tested positive for IgG, 33 (91.6%) for IgA and 17 (47.2%)

for IgM antibodies, while of the 48 culture positive samples, 44 (91.6%) tested

positive for IgG, 43 (89.5%) for IgA antibodies and 23 (47.9%) tested positive

for IgM antibodies. Also, of the 39 radiorespirometry positive samples, 36
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(92.3%) were positive for both IgG and IgA antibodies while 18 (46.1%) were
positive for IgM antibodies. Similarly, of the 48 PCR positive samples, 45
(93.7%) tested positive for IgG, 44 (91.6%) tested positive for IgA antibodies
and 19 (39.5%) tested positive for IgM antibodies. Statistical analysis of the
Group A results, showed no significant difference in -the efficiency of the
ELISA for detecting antibodies in smear positive and smear negative cases (p
> 0.05), culture positive and culture negative cases (p > 0.05),
radiorespirometry positive and radiorespirometry negative cases (p > 0.05) as

well as in PCR positive and PCR negative cases (p > 0.05).

Table 4.14: Antibody response to LAM and its comparison with all the other

diagnostic tests in tuberculous meningitis (Group B).

Groups for CSF Total | No of samples positive (%) for
no | antibodies against LAM (M+3SD)
ELISA ELISA ELISA
for IgG for IgM | forlIgA
Smear positive 2 2 (100) 2 (100) 2(100)
Smear negative 18 7 (38.8) 2(11.1) 3 (16.6)
Culture positive 5 5 (100) 4 (80) 5 (100)
Culture negative 15 4 (26.6) - -
Radiorespirometry positive 4 4 (100) 4 (100) 4 (100)
Radiorespirometry negative 16 5(31.2) - 1(6.2)
PCR positive 12 9(75) 4 (33.3) 5 (41.6)
PCR negative 8 - - -
Clinically positive 20 9 (45) 4 (20) 5(25)

Figures in parenthesis indicate percentages
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As explained in Table 4.14, in the case of Group B, on comparing the smear,
culture, radiorespirometry and PCR results with those of the antibody
responses against the LAM antigen, it was observed that all of the smear
positive and radiorespirometry positive samples, also tested positive for anti
LAM IgG, IgM and IgA antibodies. Of the 5 conventional culture positive
samples, 4 (80%) tested positive for IgM, while 5 (100%) tested positive for
IgG and IgA antibodies. However, of the 12 PCR positive CSF samples, only 9
(75%) tested positive for anti-LAM IgG, while 4 (33.3%) and 5 (41.6%) of them

tested positive for anti-LAM IgM and IgA, respectively.

Table 4.15: Antibody response to LAM antigen in special clinical cases

Total Number of samples (%) positive for
antibodies against LAM (M +3SD)
ELISA ELISA ELISA
for IgG for IgM for IgA
HIV 10 7 (70) 4 (40) 7 (70)
One/more  Drug 30 28 (93.3) 12 (40) 28 (93.3)
resistant

Figures in parenthesis indicate percentages

As seen in Table 4.15, antibody detection to LAM antigen have been
compared in special clinical cases like 1) patients positive for -antibodies
against HIV and also clinically and radiologically positive for tuberculosis
and 2) clinical isolates collected from patients either resistant to one or more
first-line drugs for tuberculosis. Of the 10 patients positive for antibodies

against HIV, 7 (70%) also tested positive for anti-LAM-IgG and anti-LAM IgA
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antibodies, while only 4 (40%) tested positive for anti LAM-IgM. Also, of the
30 patients resistant to one or more first-line anti TB drugs, 28 (93.3%) tested
positive for anti-LAM IgG and anti-LAM IgA, while only 12 (40%) tested

positive for anti-LAM IgM antibodies.

Table 4.16: Antibody response to LAM antigen in pulmonary tuberculosis

cases grouped on the basis of treatment status (Group A).

Treatment | Total | Number of samples (%) positive for
antibodies against LAM (M +3SD)
ELISA ELISA ELISA
for 1gG for IgM for IgA
Group I Fresh 13 11 (84.6) 8 (61.5) 10 (76.9)
Group I Relapse 18 16 (88.8) 6(33.3) 16 (88.8)
GroupIII | 2-6months | 17 15 (88.2) 8 (47.0) 15 (88.2)
Group IV 6months- 23 21 (91.3) 11 (47.8) 21 (91.3)
lyear
Group V Above 29 27 (93.1) 13 (44.8) 27 (93.1)
1 year

Figures in parenthesis indicate percentages

As seen in Table 4.16, pulmonary tuberculosis cases have been grouped
depending on the duration of treatment received as, Group I representing
fresh cases, Group II representing relapse cases (patients reported to have
been cured 7-25 yrs back) and not on treatment at the time of sputum and
blood collection, Group III representing those that had received less than 6
months of treatment, Group IV representing patients under treatment for 6

months to a year and Group V representing patients treated for more than 1
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year. As illustrated in the Table 4.16, percentage of positivity for the presence
of IgG antibodies and IgA antibodies increased as the treatment lengthened.
Though, the trend observed showed an increase in positivity rate, the increase
seen was not statistically significant (p > 0.05). The detection rate for anti-
lipoarabinomannan IgM antibodies was the least (33.3%) in relapse cases and

the highest in fresh cases (61.5%).

Table 4.17: Antibody response to LAM antigen in tuberculous meningitis

cases grouped on the basis of length of treatment (Group B).

Treatment Total | Number of samples (%) positive for
antibodies against LAM (M+3SD)
ELISA ELISA ELISA
for IgG forIgM | forlIgA
Group I Fresh 9 4 (44.4) 2(22.2) 2(22.2)
Group II | On treatment 11 5 (45.4) 2(18.1) 3(27.2)

Figures in parenthesis indicate percentages

As seen in Table 4.17, tuberculous meningitis patients have been grouped
depending on the treatment status of the patients; as Group I representing
fresh cases without initiation of anti-TB treatment and Group II representing
patients on treatment. In this case, the percentage of patients mounting IgG,
IgM and IgA antibodies was similar with no significant difference (p > 0.05)

among the fresh and treated cases.
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Table 4.18: Antibody response to LAM antigen in pulmonary tuberculosis

patients grouped on the basis of sex distribution (Group A).

Total number Number of samples positive (%) for
antibodies against LAM (M+3SD)
ELISA ELISA ELISA
for IgG for IgM for IgA
Males 66 63 (95.4) 32 (48.4) 62 (93.9)
Females 34 27 (79.4) 14 (41.1) 27 (79.4)

Figures in parenthesis indicate percentages

As illustrated in Table 4.18, the difference in the percentage of males and
females that tested positive for IgG as well as IgA antibodies against
lipoarabinomannan was significant in the case of Group A (p < 0.05). On the
other hand, the IgM response observed in both the sexes was not statistically
different (p > 0.05) and was found to be lower than the respective IgG and

IgA responses.

Table 4.19: Antibody response to LAM antigen in pulmonary tuberculosis

patients grouped on the basis of age distribution in males (Group A).

Age groups Total Number of samples positive (%) for
for males antibodies against LAM (M+3SD)
ELISA ELISA - ELISA
for IgG for IgM for IgA
1yr-20yrs 6 5 (83.3) 3 (50) 4 (66.6)
21yrs-40yrs 38 37 (97.3) 21 (55.2) 37(97.3)
41yrs-60yrs 18 18 (100) 7 (38.8) 18 (100)
Above 60yrs 4 3 (75) 1(25) 3 (75)

Figures in parenthesis indicate percentages
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When the age-wise analysis of the male population in Group A was carried
out (Table 4.19), it was observed that anti-LAM IgG and anti-LAM IgA
responses in the patients between the age group of 41 - 60 years was 100%,
followed by the patients in the age group of 21- 40 years (97.3%). However, in
the case of the IgM antibody response, patients in the age group between 21-

40 years gave the maximal response i.e. 55.2%.

Table 4.20: Antibody response to LAM antigen in pulmonary tuberculosis

patients grouped on the basis of age distribution in females (Group A).

Age groups Total | Number of samples positive (%) for antibodies
for females against LAM (M+3SD)
ELISA ELISA ELISA
for 1gG for IgM for IgA
1yr-20yrs 8 5 (62.5) 6 (75) 5 (62.5)
21yrs-40yrs 21 18 (85.7) 7(33.3) 18 (85.7)
41yrs-60yrs 5 4 (80) 1 (20) 4 (80)

Figures in parenthesis indicate percentages

Among the 34 female patients in Group A (Table 4.20), the age group of 21-40
years showed the maximal anti-LAM IgG and anti-LAM IgA antibody
responses i.e. 85.7%, while patients in the age group of 1-20 years showed the

maximal anti-LAM IgM response i.e. 75%.



160

Table 4.21: Antibody response to LAM antigen in tuberculous meningitis

patients grouped on the basis of sex distribution (Group B).

Total Number of samples positive (%) for
antibodies against LAM (M+3SD)
ELISA ELISA ELISA
for 1gG for IgM for IgA
Males 12 6 (50) 3 (25) 4 (33.3)
Females 8 3(37.5) 1(12.5) 1(12.5)

Figures in parenthesis indicate percentages

As illustrated in Table 4.21, the trend observed among the tuberculous
meningitis cases was similar to that seen earlier in the case of pulmonary
tuberculosis cases, wherein the percentage of males that tested positive for
anti- LAM IgG, anti-LAM IgM and anti-LAM IgA responses were higher than

the percentage of females.

Table 4.22: Antibody response to LAM antigen in tuberculous meningitis

patients grouped on the basis of age distribution in males (Group B).

Age groups Total Number of samples positive (%) for
for males antibodies against LAM (M+3SD)
ELISA ELISA ELISA
for 1gG for IgM for IgA
1yr-10yrs 8 3 (37.5) 2(25) 2(25)
11yrs-20yrs 4 3(75) 1(25) 2 (50)

Figures in parenthesis indicate percentages
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Table 4.23: Antibody response to LAM antigen in tuberculous meningitis

patients grouped on the basis of age distribution in females (Group B).

Age groups Total Number of samples positive (%) for
for females antibodies against LAM (M+3SD)
ELISA ELISA ELISA
for 1gG for IgM for IgA
1yr-10yrs 5 1 (20) - -
11yrs-20yrs 3 2 (66.6) 1(33.3) 1(33.3)

Figures in parenthesis indicate percentages

On analysis of age dependent humoral response against lipoarabinomannan
in males (Table 4.22) and females (Table 4.23) in Group B, it was observed that
the percentage of patients in the age group of 11-20 years (in males as well as
females) mounted a better IgG, IgM and IgA response than the percentage of

patients in the age group of 1-10 years.
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Chapter 5.
5. DISCUSSION

The genus Mycobacterium consists of the members of the Mycobacterium
tuberculosis complex and more than 80 species of non-tuberculous
mycobacteria, including pathogenic, opportunistic and non-pathogenic
species. The most important species of this genus is M.tuberculosis, the

causative agent of tuberculosis.

Tuberculosis continues to i)e as it has been for centuries, one of the most
prevalent infectious diseases of humans and is the leading cause of mortality
from a single infectious disease worldwide (293). Death from tuberculosis
comprises 25% of all the avoidable deaths in developing countries. In India,
out of a total population of over 1 billion, each year about 2 million develop
active disease and up to half a million die of TB (294). It implies that every
minute, a death occurs due to tuberculosis in our country. It also imposes a
cost burden on our economy in terms of current and future output losses

because of premature deaths and ill health (295).
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