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2.1 Epidemiology : 

Human existence since the mutation of M. tuberculosis is too short for 

· completion of even one full epidemic cycle. So instead of a single world wide 

epidemic; there have been many concurrent epidemics of tuberculosis (TB) of 

varying duration. An inhibited TB epidemic generally reaches its peak in a new 

host population within 50-75 years after onset and then shows a steady but much 

slower decline as the more resistant survivors reproduce. The rate of natural 

decline in incidence is· generally I to 2 percent per year. 

TB first become an epidemic disease in the crowded condition of the 

industrial revolution. As shown in figure (Fig. I) Grigg constructed a theoretical 

plot ofT1B; N:prtality and morbidity peaks. After about 300 years each epidemic 

has run its course although the incidence never falls to zero (ER Grigg, 1958). 
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· Fig. LA theoretical plot of tuberculosis morbidity and mortality after the disease is 
introduced into a population having no previous experience with it. 

Events such as the discovery of tubercle bacillus as the etiologic agent, the 

use of tuberculin skin testing, the development of the chest radiograph, the 

sanatorium concept movement, the wide spread use ofBacille Calmette Guerin 

(BCG) vaccination, the two world wars and the advent of effective chemotherapy 
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have minimaLimpact ori -tlie.shape ortlie curve. A guide to determine the stage 

of the epidemic the-disease-take a heavy toll among children and young adults. 

As the-epidemic matures, the at-risk groups shift gradually to older persons. In 

most Western countries before the HIV epidemic, TB had become mainly a disease 

of older people. 

The total number of case recorded in South East Asian Region (SEAR) in 

1993 was 1,623,980 with a prevalence rate of 89.8 per 100,000 for the region as 

. a whole. In 1992, the total number of cases recorded was 2, 116,006. Over the 

years, there has been a resurgence of TB is posing a mounting threat in the region. 

The table (1) presents the tuberculosis scenario in the region. 

Table 1. Tuberculosis in SEAR, 1993 

Country 

Bangladesh 

Bhutan 

DPRKorea 

India 

Indonesia 

Maldives 

Myanmar 

Nepal 

Srilanka 

Thailand 

Source : WHO/SEARO, 1993 

No. of cases recorded 

54001 

4259 

1412970 

62966 

175 

20207 

13161 

6573 

49668 

Prevalence rate 

(per 100,000) 

44.2 

266.9 

156.7 

32.4 

74.8 

47.2 

62.4 

36.7 

87.3 
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The acquired lmmunodefi~iency syndrome (AIDS) epidemic has been added 

a new dimension to the problem of TB. Using TB notification data and HIV 

seroprevalence information with estimates of future· trends, the WHO has 

projected the morbidity and mortality of TB world wide and the relationship to 

HIV ·infection. ·An overall increase in total TB cases from 7.54 million in 1990 

·to 8.77 million, 10.22 million, and 11.87 million in 1995,"2000 and 2005 . . . 

respectively, is predicted. This presents an increase of 57.6% over 15 years 

' ·(Fig 2). WHO also estimated that total TB deaths will increase by 38.7% from 

1990 to 2000 but .those TB deaths related to HIV will rise by 33.1 %. The 

p'ercentage of HIV attributable TB deaths was estimated to increase from 4.6% 

in 1990 to 14.2% in 2000 (WHO, Tuberculosis Programme, 1992). 
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Fig. 2 WHO projected percentage increases in T.B. cases compared with 1990. 
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2.2 Historical;;Ba-ckgmund _c--~-

2.2.1 Pulmonary Thberculosis-

Tuberculosis is an ancient disease traced in neolithic and paleolithic 

era (Bartels, 1907). The disease which termed 'Leaping' in Ghina is similar to 

TB. Rikveda described the disease as 'Yokshma'. Sushtuta in Sushruta Samhita 

found difficulty in curing the disease. 

In ancient Rome Celsus made a hall mark in diagnosis and treatment of the 

disease. It is a matter of interest that even in recent times another Roman doctor 

Carlo-Formalina came forward with the idea of collapse therapy in the form of 

'Artificial Pneumo-thorax'. 

In 7-8th century AD an Arab physician described the disease in great detail. 

The sanatorium conception appeared in the 19th century. Gideon Harvely and 

Richard Morton are the two names specialised in pthisiology at that time. During 

19th century Rene Theophile Hyacinthe Laennec ( 1781-1826) truely laid the 

foundation of our present day knowledge. 

In 1882 another major breakthrough occurred when Robert Koch reported 

the isolation and culture of tubercle bacillus and successful reproduction of the 

disease in animals by these isolates. 

In 1947 streptomycin, an effective antitubercular drug established. In 1953 

Isoniazid established which is a higher order drug than former and TB became 

medically curable in most cases. 

2.2.2 Pleural Effusion 

Pleural effusion is a clinical diagnosis which does not denote any 

hints as to its etiology and prognosis. The disease entity of pleural effusion is 

known from ancient times as has been aptly mentioned in several historical 

medical literatures in India and abroad. In our country though Ayurveda did not 
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directly mentioned about this disease yet while described the effectiveness of a 

drug named 'Kalyansundara Rasha'. It was said .to be effective in 'URASTOA' 

(Urak means chest and Toa- water). Famous 'Kabirajans' DN Sengupta and UN 

Sengupta later ~n compiled in one of the 'Sangrahans'. 

The disease was mentioned in ancient Egyptian text book of medicine 'Ebers 

Papyrus' (1553-1650 BC). Hippocrates (460-355 BC) also knew this condition 

and called them 'peripneumonia'. This term is in vogue for over 2000 years. 

Thomas Sydenham (1624-1689) regarded 'peripneumonia' the same as 

pleurisy except that it effected lungs more extensively. 

The different notes on precaution was first discovered by Leopold 

Aunbruggar (1722-1809) in 1761 but its clinical importal).ce was unaccepted for 

nearly 50 years. 

Rene Theophill Hyacinthe Laennec (1781-1826) first by his epoch making 

discovery of stethoscope gave our modern conception of pneumonia, pleurisy, 

PTB and other different lung infection. 

It was Joseph Skoda in 183 9 who added another useful diagnostic point in 

his work on percussion and auscultation, in the form of 'Skodial Resonance' was 

described in relation to lobar pneumonia and over air containing upper lobe 

above a lower consolidated one or above the fluid level of effusion. 

Bowditch, WHI (1808-1892) is the first man to tap pleural effusion by 

means of a pump '(invented by Eyman) and trochar and cannula in 1852 

(Castiglioni). 
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· 2.3 Influencing;;fa:ctors-

2.3.1 Age and Sex 

Infants and young children of both sexes are prone to develop 

tuberculosis. Though in industrialised countries tuberculosis is mainly an older 

man disease (Home, 1996), but in developing countries the vast majority of cases 

occur between the ages of 15-59 years, the most economically productive 

individuals in society. 

2.3.2$ocio-economic condition 

The association between unprivileged section of the society and 

. tuberculosis is well known. (Spe~ce et a/, 1993). Poor housing conditions and 

overcrowding have been reported to faster the development of tuberculosis. 

Nutritional Status 

Poor nutritional status is believed to be liable for tuberculosis 

(WHO, Tuberculosis Programme, 1992). But exactly how and which dietary 

elements (proteins, vitamins, micronutrients) favours the development of the 

disease is not very clear. Recently, experimental studies have led credit to an 

important contributory role of protein undernutrition (Me Murray and Bartow, 

1992). 

Living Accommodation 

Air borne transmission of M. tuberculosis from infectious 

patients to susceptible hosts is obviously enhanced by unhygienic and crowded 

living conditions (Barry, et a/, 1986) 

Occupation 

Workers with silicosis (Snider, 1978) and medical professionals 

and laboratory of microbiology personnel (Sugiat, eta/, 1990) have a increased 

rate of tuberculosis. 

2.3.3 Cigarette Smoking 

Studies have shown that cigarette smokers are more prone to 

tuberculosis than nonsmokers (Horne, 1996). 



12 

2.3.4 Other Diseases 

Patients taking immunosuppressive drugs reported to have an 

increased likelihood of developing clinical tuberculosis. Patients suffering from 

diabetes mellitus, hypothyroidism and also the patients underwent gastrectomy 

are at increased risk of tuberculosis, although the mechanism underlying their 

susceptibility are unknown (Murray et a/, 1990). It has been suggested that 

emotional factors may contribute to the development of clinical tuberculosis 

apart from AIDS. 
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2.4 Immune Responsiveness 

2.4.1 Pulmonary Tuberculosis 

PTB is first an infectious disease, however, PTB is also· an 

· immunological disease which makes its pathogenesis so complicated. Without 

this immune response by the host, human PTB might have been a more easily 

controllable disease. So it is about fourty years that the scientists are trying to 

find out the path of regulation of human immune response in tuberculosis. 

Antibody Level 

The levels oflgG, IgA and IgE in PTB patients are increased. 

The patients bearing B lS and B 14 antigens tend to show significantly low levels 

of IgG which suggest a possible genetic influence on the expression of 

immunoglobulin levels (Paphia et a!, 19S5). The levels of IgG antibodies to 

PPD are also indicative of favourable and unfavourable processes of pulmonary 

· tuberculosis. In addition to IgG and IgE, IgM is also increased in patients as well 

as household contacts (Ellner eta!, 1996). Very recently it has also been suggested 

that elevated level of anti-IgG antibodies in PTB patient show a relation of it 

with infection/exposure to M tuberculosis (Mehra et a!, 1996). 

T cells 

T cell mediated DTH response is responsible for the 

pathogenesis of PTB. In case of the PPD stimulated activation ofT cells, not 

only the specifically PPD sensitized T cells but also a large number of non

specific T cells are recruited and involved in the proliferation (Tsuyuguchi et al, 

19S2). Recently it is reported that combination of interleukin 2 (IL-20), tumor 

necrosis factor alpha (TNFa.) and IL-6 activated naive (CD 45RA+) and memory 

(CD 45RO+) resting CD4+ T cells to proliferate (Unutmaz et al, 1994). It is 

confirmed by getting CD4 and CDS cells from TB patients (Ellner eta!, 1996). 

Later it is revealed that PPD induced proliferating lymphocytes belonged to CD4+ 

and not CDS+ lymphocytes (Shiratsuchi eta!, 1984) The existence of suppressor 

macrophages in peripheral blood mononuclear cells from tuberculous patients 

with low tuberculin response was also found (Ellner, 1978). 
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2.4.2 Pleural Effusion 

The traditional explanation for the development of tuberculous 

effusion is that a small sub pleural focus of M tuberculosis ruptures into the 

pleural space, setting up an interac~ion between the live bacilli and sensitized 

CD4+ T iymphocytes. The clinical syndrome is a reflection of an in situ delayed 

. type reaction in which plasma protein exude into the pleural space and CD4+ 

helper. T cells accumulate, proliferate and produce and release inflammatory 

mediators (Ellner et al, 1988). 

0 
A remarkable increase in percentage of autologous.erythrocyte rpetting T 

cells was also demonstrated in pleural fluid after stimulation in vitro with PPD 

(Tsuyuguchi et al, 1982). Several studies demonstrated that the T lymphocytes 

found in the pleural fluid of patients with tuberculous effusion are specifically 

related to PPD of M tuberculosis and produce interferon when cultured with 

PPD (Fujiwara eta/, 1982). This is in contrast to peripheral blood lymphocyte 

f"{t~ the san\.e patient that hyporesponsive when cultured in the presence ofPPD. 

· It is suggested that in pleurisy patients PPD reactive T cells in peripheral blood 

did not decrease in activity but were depressed by suppressor cells (Fujiwara et 

a/, 1982). Indeed the occasional observation of cutaneous anergy to intradermal 

infection ofPPD in'patient with tuberculous pleural effusion has been explained 

by the preferential sequestration of antigen-specific T cells in the pleural space 

(or by the presence of suppressor cells in the blood) (Ellner et al, 198S). 

Enumeration of lymphocyte subsets in tuberculous pleural effusion has revealed 

a range of CD4+ T cells with ratios as high as 65% and CD 8+ T cells with a ratio 

upto 19% (Shimokata et a/, 1986). 

IFNy production was attributed to CD4+ T cells in one study (Shimokata 

eta/, 1986). Subsequent studies confirmed high levels of IFNy in tuberculous 

effusion, but did not find a correlation with the distribution of lymphocyte subsets . 

(Ribera, E. et. a/, 1988) and did not find statistically significant higher CD4/ 

CDS ratio in tuberculous effusion (Gugman et a/, 1989). 

More recently, memory T cells (CD4+, CDw29+T) from tuberculous 
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effusion were shown to produce_IFNy specifically in -response to PPD of M 

tuberculosis (Shimokata et al, 1986) but not when stimulated by an irrelevant 

antigen. Additionally, IFNy levels are markedly elevated in the pleural fluid, 

suggesting local production of the lymphokine (Ribera et a!, 1990). 

PPD stimulated release ofiL-1 is higher in pleural TB (Kurasawa, T. et al, 

1990). 

Elevated NK cell activity is found in tuberculous effusion with increased 

number ofiL-2 receptor b~ing expressed on CD 16+ cells in the effusion. Thus it 

was believed that IL-2Rs played an important role in activation ofNK cells (Ota 

et al, 1990). High NK cell activity was also confirmed in tuberculous pleural 

effusion by Okubo e-ta!, in 1988. 

Cytotoxic T cells are thought to be important in the eradication of M 

tuberculosis infected macrophages and generation of PPD specific cytotoxic T 

cells at the site of pathology (Lorgot eta!, 1992). 

That tuberculous pleurisis represents a resistant response manifested by 

mild disease is supported by the demonstration of expansion of the y-15-+ T cell 

' population which produces IFNy, granulocyte-macrophage colony-stimulating 

factor, IL-3 and TNFa, cytokines that stimulate macrophages and may enhance 

mycobacterial elimination (Barnes, 1992). 

Transforming growth factor p (TGF-P) plays an immunosupressive role in 

inflammatory response and may be responsible for regression of granulomatous 

inflammation in tuberculous pleurisy (Maeda eta!, 1993). 

Determination of anti mycobacterial antibody in tuberculous pleural effusion 

. has been shown to have potential diagnostic utility. However, passive diffusion 

of antibody into pleural space, and occasional phase positive results due to 

malignant limit'the utility ofsuch tests (Levy et a!, 1990). 
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-z-:s1:ft;A System 

The Major Histocompatibility Complex (MHC) is a large cluster of closely 

linked genes on a chromosome, responsible for encoding characteristic cell 

surface glycoproteins and provides a strong barrier to allotransplantation. The 

cell surface glycoproteins defined by the MHC are referred to as major 

histocompatibility antigens; they differ between member of a species and are 

thus called alloantigens. 

Around 1937, the MHC coded antigenic system was first described in mouse 

· (now known as H2 complex) by Gorer in England, after its existence-has been 

predicted by Haldane. The term 'Major Histocompatibility Complex' was first 

introduced by Snell and his collaborators in 1948 to distinguish between gene(s) 

responsible for acute (quick) rejection ·of allogenic tissues and tumor grafts, from 

those which are associated with chronic (slower) rejection of allogenic tissue 

grafts and usually do not cause rejection of tumor grafts. 

The history of HLA system in man is equivalent to the H2 complex in 

mouse began with the description of an antigen MAC (totally HLA A2 + A28) 

by Dauset'in 1958. HLA alleles were initially recognised by the human 

alloantibodies that appear following multiple blood transfusion in which the 

recipient lacks the antigen present on the donor's leukocytes; in pregnencies where 

the mother differs in HLA with the father; multiparous woman having the_same _ 

husband; volunteers immunised with a skin graft and a booster injection ofbuffy 

coat cells from donors differing from the recipient only by one antigen. The 

definition of the antigens determined by the different loci of the HLA complex 

was initially made by the leukoagglutination test with these antisera; currently 

they are defined by a microlymphocytotoxicity test where lysis of specific antigen 

bearing leukocytes in a small number in presence of the antiserum and 

complement is examined. 

The pioneering work of an international group of investigators like Dausset, 

Bodmer, Batchelor, Ceppellini, Payne, Terasaki, Amos, Kissmeyer-Nielsen, Van 

Rood, Walford formulated the basic genetic model of the HLA system. One of 
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the turning_point in the history 'of HLA system-was in tlitn5eginning of 1964 -

when productive international collaboration in the form-of International 

Histocompatibility Workshops (IHWS) was started. Presently_l2.such Workshops 

have already been completed. 

The HLA defining gene complex present on the short arm ·of chromosome 

number 6 in the 6p 21.3 band (Lamm et al, 1985). It is encoded by genes that 

span a region about 4000 kb or 4 x I 06 nucleotides (Hardy, 1986). A large number 

of genes with variable expressions and functi()ns arranged in the form of three 

regions: Class I (36 genes), Class II (27 genes) and Class III (39 genes) (Campbell 

and Trousdale, 1993) (Fig. 3). 

-2.5.1 HLA Class I Loci: 

This loci are analogous to the K and D loci of the momie H2 and 

specify antigens that are present on almost all cells and are responsible for eliciting 

strong allograft reactions. Although 20- 30 genes liave been defined in the class 

I region, HLA-A, -B and -C are the only products which are expressed, rest all 

being pseudo genes. Other human Class I genes with less defined gene products 

have been identified like HLA-E, -F,-G, -H, and -J (Fig. 4). Table 2 gives a 

recent listing of the recognized class I alleles as defined by serology. The Class 

I antigens consist of peptide chain of 44,000 dalton and is non-covalently linked 

to a 11,500 dalton ~2-microglobulin molecule encoded by a gene in chromosome 

· 15 (Ploegh et al, 1981). Class I heavy chain is folded into 3 globular domains, 

each of which contains stretches of about 90 amino acids al, a2 and a3. The 

amino acid sequence differences causing rich polymorphism of HLA Class I 

molecules are found in 7 variable regions in a 1 and a2 domains corresponding 

9-12,40-45,62-83, 94-97, 105-116, 137-163 and 174-194 (Lopez de Casro et 

al, 1985). The two a helix and 8 anti parallel~ pleated strands a! and a2 domain 

interact to form antigen binding groove (Bjorkman et a!, 1987) The a3 domain 

non covalently associated with ~2 miroglobulin and constitute 8 antiparallel ~ 

strands which supports the a I and a2 domains as a platform. Alleles at A locus 

are usually indicated by numbers like HLA-Al, -A2, -A3. The distribution of 

HLA antigen is distinctive for certain racial groups and can serve as anthropologic 

· markers · in the study of migration pattern and disease. It can be mentioned here 

that since chromosomes are paired, each individuals have six serologically defined 
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Fig. 3. Schematic presentation of human chromosome 6 (bottom) with Giemsa light and 
dark band shown in white and black, respectively. The chromosome segment in the 6p 21.3 
band co~responding to the MHC is shown enlarged in the middle. The extent of class I, class 
II and class III region is marked, the genes are represented by bars. The HLA antigens (class 
I and Class II encoded from MHC genes are shown in top. 
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Fig. 4. Molecular map of the MHC class I region. Apart from three classical class I genes 
HLA-A, HLA-B, HLA-C, several new loci designated as HLA-E, -F, -G are also shown. 
HLA-X have been newly described. The hollow bars represent pseudogenes. 
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. Table 2. Serological specificities ofHLA-A, -B-and--C alleles. 

HLA-A HLA-B HL:A-B HLA-C 

Al B5 B21 CWl 
A2 B51 B49 CW2 
A3 B52 BW50 CW3 

A9 B7 BW22 CW9 
A23 B8 BW54 CWlO 
A24 B12 BW55 CW4 

AlO B44 BW56 CW5 
A25 B45 B27 CW6 
A26 B13 B35 CW7 
AW34 B14 B37 CW8 
AW66 BW64 B40 CWll 

'All BW65 BW60 
AW19 B15 BW61 

A29 BW62 BW41 
A30 BW63 BW42 
A31 BW75 BW46 
A32 BW76 BW47 
AW33 BW77 BW48 
AW74 BW53 

A28 B16 BW59 
BW67 

AW68 B38 BW70 
AW69 B39 BW71 

B17 BW72 
AW36 BW57 BW73 

·AW43 BW58 
B18 BW4 

BW6 

Specificities listed on the left hand side of each column represent the broad 
specificities. The narrower specificities or 'splits' are shown on the right hand side of 
the column eg A9 (broad specificity) has two 'splits'; A23 and A24. 
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Usually there is a tight linkage of the multiple alleles that are inherited together 

. from one generation to the next. However, sometime in about 0.8% of children 

undergo recombination which corresponds to about l/200 garnets, allele at HLA 

-A and -B undergo recombination which is even much rarer between HLA -A, -

B and -C loci. 

2.5.2 HLA -D (Class II) Loci : 

The HLA-D region is centromeric to Class I loci. There are at least 6 

sub regions DR, DQ, DP, DO, DN and DM of the class II molecule. Each molecule 

is ·made up of a 34,000 dalton a. chain and a 29,000 dalton ~ chain. There are 

different types of genes for a particular chain. The molecular map of HLA class 

II region is shown in Fig 5. List ofHLA -D region specificities have been shown 

·in Table 3. 

DR sub-region contains 9 DRB genes (DRB I -9) and only one invariant A 

gene. DRB2, DRB6, DRB7, DRB8 and DRB9 are pseudogenes without a first 

exon (Rollini et al, 1987). DRB 1 is the most polymorphic that contains the most 

classical DR alleles. DRB3 and DRB4 are products of separate loci that code for 

DR52 and DR53 specificities respectively (Gorski et al, ·1987). DRBS encodes 

HLA-DR2 associated with allelic subtypes. DRB2 is in association with DR52 

group haplotypes. DRB6 is found with DR! and DRIO haplotypes. It is also 

found on all DRS group haplotypes. DRB7 and DRB8 are found in association 

with DR53-group haplotypes. DRB9 probably on all haplotypes. 

DQ subregion contains five genes, DQAl, DQA2, DQBl, DQB2 and DQB3 

of which DQA2, DQB2 and DQB3 are not known to be expressed because no 

protein or mRNA product has been defined in them. In contrast both DQAl and 

DQB 1 are functional and polymorphic. 

Three new subregion DO, DM and DN have been named recently lying 

between the DQ and DP loci. The extent of polymorphism in these two loci is 

not too well known yet. 

Two A and two B sets of genes for DP subregion exists and extensive 

polymorphism confined only to DPB 1 and DPAl displays limited polymorphism. 
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Table-3. Serological specificities 'of HLA-DR,DQ-an1l~DP-allele·~s.--

Serological specificities 

DR1 

DR2 

DR17 (3) 

DR18 (3) 

DR4 

DR11 (5) 

DR12 (5) 

DR13 (6) 

DR14 (6) 

DR7 

DRS 

DR9 

DR10 

DR51 

DR52 

DR53 

DQ5 (1) 

DQ6 (1) 

DQ2 

DQ7 (3) 

DQ8(3) 

DQ9 (3) 

DQ4 

DPw1 

DPw2 

DPw3 

DPw4 

DPw5 

DPw6 

T cell defined-specifities 

Dw 1, Dw20 

Dw2, Dw 12 

Dw3 

Dw'RSH' 

Dw4 

Dw5 

Dw'DB6' 

Dw 18, Dw 19, Dw 'HAG' 

Dw9,Dw16 

Dw 17, Dw 'DB1' 

Dw 8.1, Dw 8.2,.Dw 8.3 

Dw23 

Dw 21, Dw 22, Dw 2, Dw 12 

Dw 24, Dw 25, Dw 26 

Dw 4, Dw 10, Dw 13, 

Dw 14, Dw 15, Dw 17, Dw23 

Dw1,Dw21,Dw9 

Dw 12, Dw 8, Dw 2, 

Dw 18, Dw 'FS', Dw 19 

Dw3,Dw7 

Dw4, Dw 5, Dw 8, Dw 13 

Dw4, w 10, w 13, w14 

Dw23, w 11 

Dw 15, Dw 8, Dw 'RSH' 
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All three sets of Clas~ II molecules are expressed on B lymphocytes and 

· activated T lymphocytes, where 60-90% monocytes do not express DQ antigens 

-but all of them are DP and DP positive. 

2.5,3 HLA Class III Loci 

.At least 39 genes are encoded within a 100 kb segment between the 

HLA-B and HLA-DR region. This includes complement genes C4, C2 and Bf 

(Fig. 6). The order of complement genes in HLAIII region is uncertain. No 

crossovers have been found between the C2, Bf and C4 loci. The two genes for 

the tumor necrosis factor (TNF a:, ~) lie between HLA-B and the complement 

genes. Apart from these there are also G7a (valyl t RNA synthatase) and Cyp 

21B (steroid 21-hydroxylase) genes which are not associated with the TNF genes, 

BAT2 (G2) and BAT3 (G3) have been describes. 

Klein (1987) has argued that the central region of the MHC has no structural 

or functional correlation with the Class I or Class II regions and hence it should 

not be considered as a part of the MHC. However, interestingly certain haplotypes 

containing fixed alleles of Class I and Class II region carry specific central region 

alleles i.e. extended haplotypes or supratypes. 

2.5.4. HLA Polymorphism 

An important feature of the HLA system that sets it apart from other 

genetic complex systems is the extraordinary high polymorphism that exists in 

it. It provides an exception inter-individual variable HLA antigen profile. The 

high degree of polymorphism in HLA appears to have resulted from 

r-ecombination and exchange of genetic material between alleles of the same 

locus and also from point mutations and other genetic events. Theoretically several 

million genotypic combinations (approximately 150 billion or even more) are 

possible in the HLA system. According to Klein (1987) such a polymorphism is 

not' only advantageous for an individual, but even more for the survival of the 

species surrounded by many different and often changing pathogens. Thus the 

polymorphism is probably essential for efficient functioning of the system. 
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Fig. 5. Molecular map of the MHC class II region. The number ofDRB genes vary 
within the haplotypes. The hollow bars represent pseudogenes . 
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Fig. 6. Molecular map of the MHC class ill region. Pseudo genes are indicated by 
open boxes, expressed genes by black boxes. Number of C4 and CYP21 genes vary. 
between haplotypes. 
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2;5,5-HbA-and-Linlmge Disequilibrium 

Certain combinations of alleles in different HLA loci occur in much 

higher frequencies than expected. For example, the haplotypes ofHLA-Al and 

HLA-B8 are expected to have frequency equal to the product of their gene 

frequencies i.e. 0.15 x 0.1 = 0.015. However, in reality, the haplotype AI, B8 is 

observed to be 0.079, which is significantly more than the expected frequency. 

Certain other haplotypes like this are A2, B12; A3,B; A29, B12, All, Bw35; 

Dr3, B8 etc. This unusual and preferential association between alleles of different 

loci is called linkage disequilibrium and is expressed in terms of delta. 

The reasons for linkage disequilibrium are not yet known. This may be due 

to the evolutionary·selection for some species or due to the reproductive isolation 

of population with different proportions in their gene pool. As the recombination 

frequency is very low (0.8%) once a linkage disequilibrium is established it will 

take a large number of generations to approach equilibrium. This phenomenon 

suggest that these combination of genes represent preserved ancient or ancestral 

haplotypes. 

2.5.6 Biological Significance of MHC 

The first indication that MHC could play a key role in the regulation 

of immune response came from the studies ofBeneceraffand co-workers (1967) 

. in guineapigs using haptane derivatives of Poly L-lysine. Me. Devitt et al, (1972) 

mapped the actual position of Ir gene within the murine MHC in a series of 

experiments using H2 recombinants. The term immune response (Ir) gene was 

introduced by Beneceraff and Me Devitt (1972). Later, Rosenthal and Shevac 

(1973) using a group of a-glutamic acid plus lysine (GL) and L-glutamic acid 

plus L-tyrosine (GT) demonstrated that the immune response in the guineapig is 

under Ir gene control. Recently studies concerning immune responsiveness to 

streptococcal cell wall antigen demonstrated that Ir genes were actually linked 

to HLA (Sasazuki et al, 1980). 

Doherty and Zinkernagel (1974) further implied that cytotoxic killing of 

· virus infected isogenic cells is possible when cytotoxic T cells (CTCS) and the 

target cell expressed the same H2 haplotype. These studies revealed that cytotoxic 
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T cells could recognise a virus infected target cell only in the,context of-class I 

molecules, a phenomenon called 'MHC restriction'. 1'he initiation ·of-cellular 

. and humoral responses requires successful interaction between T lymphocytes· 

and antigen presenting cells (Feldman et al, 1979). While class I MHC molecules 

are i~portant for the presentation for foreign peptide to CTL and suppressor T 

cells, helper T cells recognised the antigen only in association with class II 

molecules (Meurer et al, 1984). The fact that class II histocompatibility molecules 

themselves act as immune response factors by binding and presenting the 

processed antigens to T cells led to the demonstration of association of disease 

with HLA linked genes. 

2.5.7 HLA and Disease Association 

Thi~ concept was originally suggested by Arnie! in 1967 (Arnie!, 1967) 

. for Hodgkin's disease. He demonstrated a HLA association between an antigen 

4C (now B5 + B35 + B 18 + B 15) and Hodgkin's disease. It opened a new vista in 

HLA studies. The search for such association increased in an exponential number. 

Table 4 gives some of the most significant association between HLA antigens 

and diseases. 

2.6 Genetics of PTB 

There are several lines of evidence indicating the existence of host genetic 

factor(s) regulating disease susceptibility or resistance to the disease. Different 

races have different susceptibility/resistance to the disease. 

PTB has been reported to occur more commonly in twins even when living 

apart (Kallmann et al, 1943). In house hold contacts tuberculosis is more likely 

to occur in siblings than in husband to wife and vice versa latter is in much 

physical contact (Emerson, 1960). 

Trobridge in 1956 showed that negative persons are more susceptible to 

tuberculosis than Rh+, though others have failed to confirm the observation 

(Lewis and Woods,' 1961; Kothari, 1959; Shenoy and Daftary, 1962). 
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Table 4. Some significant HLA and disease association 

Disease- Race Studies Patients Control RR 
N No %+ (%+) 

· Rheumatoid Arthritis 
B27 c 17 861 16 9 2.0 
DR4 c 17 1127 68 25 3.8 
BW54 0 3 221 24 11 2.5 
DR4 0 5 348 66 39 2.8 
DR4 N 3 109 40 10 5.4 

Juvenile Rheumatoid Arthritis 
B27 c 15 1146 25 9 3.9 
DRS c 5 422 34 15 3.33 
Ankolysing Spondilitis 
B27 c 40 2130 89 9 69.1 
B27 0 7 21 I 85 IS 207.9 
B27 N 2 33 58 4 54.4 
Acute Anterior Uvetis / 

. B27 c 10 520 47 10 8.2 
Reiter's Disease 
B27 c 25 906 80 9 37.1 
Juvenile Diabitis Mellitus 
B8 c 39 4322 40 21 2.5 
B15 c 36 4052 22 14 2.1 
DR3 c 13 1174 46 22 3.3 
DR4 c 12 1051 51 25 3.6 
BW54 0 8 453 39 11 5.6 
DR3 0 4 139 38 14 4.8 
DR4- 0 4 139 49 25 2.6 
B8 N 6 337 19 11 2.4 
B15 N 5 299 6 5 2.22 
DR3 N 3 135 57 28 3.2 
DR4 N 3 135 46 11 6.7 
Graves Disease 
B8 c 18 1445 43 23 2.5 
DR3 c 4 333 56 25 3.7 
B35 0 3 162 42 14 4.4 
Celiac Disease 
B8 c 16 696 68 22 7.6 
DR3 c 5 194 79 22 11.6 
DR7 c 4 137 60 15 7.7 
Nacrolepsy 
DR2 c 2 45 100 22 129.8 
DR2 0 1 92 100 34 358.1 
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Disease -R-ace- Studies Patients €ontrol RR--. 
N No %+ (%+) 

Psoriasis Vulgaris 
B13 c 36 2579 19 5 4.1 
B17 c 35 2515 19 7 5.3 
B37 c 15 804 7 2 3.9 
CW6 c 7 353 56 15 7.5 
DR7 c 5 296 48 23 3.2 
B13 0 5 336 24 8 3.3 
B17 0 4 224 12 9 1.9 
B37 0 3 206 20 2 8.4 
CW6 0 4 262 27 4 8.5 
DR7 0 2 148 10 1 7.6 
Pemphigus Valguris 
A26 CJ 5 117 60 20 4.8 
B38 CJ 5 117 59. 21 4.6 
DR4 CJ 3 62 91 32 14:6 
Darmatitis Herpetiformis 
B8 c 14 498 75 22 9.8 
DR3 c 4 126 82 20 17.3 
Behcet's Disease 
B5 c 6 150 31 12 3.8 
B5 0 6 199 68 33 4.5 
Idiopathic Hemochromatosis 
A3 c 11 493 72 28 6.7 
B7 c 11 493 48 26 2.9 
B14 c 10 481 19 6 2.7 
Sjogren's Syndrome 
B8 c 6 184 50 24 3.3 
DW3 c 4 105 64 24 5.7 
Systemic Lupus Erythen;tatosus 
B8 c 17 855 40 20 2.7 
DR3 c 9 316 42 21 2.6 
Goodpasture's Syndrome 
DR2 c 2 25 88 27 13.8 
Multiple Sclerosis 
IF c 38 4964 37 24 1.8 
DR2 c 13 1051 51 27 2.7 
Myasthenia Gravis 
B8 c 12 747 44 19 3.3 

N =NwnberofStudies C = Caucasian %+ = PercenrPositive 
No. =Number of Patients 0= Oriental RR = Relative Risk 

N=Negro 
J =Jewish 
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Chinese with blood group '0' have been found to be more resistant to PTB 

than thosewith.other blood group. '0' and 'AB' has also been reported in Danish 

patients (Viskum, 1975). 

There are many reports in PTB where immune response of the host to the 

bacillus is responsible for clinical expression of the disease. 

Antigens of MHC complex, HLA in man, play a critical role in mounting 

immune response against infectious organisms (Beneceraff, 1981 ). 

2. 7 HLA and PTB 

It is now widely accepted that the HLA genes and its products (the HLA 

antigens) controls various vitally important functions of the immune system and 

plays a significant role in the genetic susceptibility to disease. HLA typing has 

had a significant clinical impact on the diagnosis and it was noted that several 

diseases were associated with HLA. Several studies have been under taken in 

different ethnic population to determine whether there is an association between 

susceptibility/resistance to tuberculosis and HLA antigens (Table 5). 

One of the first reports of an association between the HLA antigens and 

tuberculosis was that by Selby eta/ in 1978 who showed that tuberculosis patients 

in Canada had a increased frequency ofHLA-B8 antigen. Before that in 1973 I. 

Rosenthal et. al, in European Caucasian population and Takata et a/ in 1978 in 

Japanese population conducted association and family studies but find no 

significant association. Al-Arif et a! in 1979 revealed a positive association 

between tuberculosis and HLA- Bl5 inN. American black population whereas 

Cox eta/ in 1982 reported a lack of association between the phenotype frequencies 

. of Class I antigens (HLA -A, -B, -C) and tuberculous disease in a population of 

Mexican-Americans. Nonetheless, stronger and more consistent associations were 

found with Class II antigens particularly with HLA-DR2 and later in 1988 he. 

reported that HLA-DR3 was significantly decreased in patients 
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to HLA DR2 or for-recognition by T cell receptor. He also suggested-that-€l.ass 

· I molecule (HLA -AI 0, -B8) may·present antigen to CDS+ cytotoxic or suppressor 

T cells and this might contribute to the risk of developing tuberculosis following 

infection: the Class II molecule (DR2) may present antigen to CD4+ helper or 

delayed hypersensitivity T cells with cytolytic functions and this might be 

instrumental in the developing of smear positive tuberculosis. In support of this 

Bothamley et al in 1989 showed that in Indonesian population there is a significant 

association between smear positive PTB and HLA-DR2 and -DQI while DQw3 

was more strongly associated with health. Furthermore, the presence of DR2 

was also associated with a high antibody titre to selected antigens of M. 

tuberculosis. In 1988 Chandanayingyong et al studied the HLA antigenic profile 

of the tuberculosis patients and he found an increase of HLA Bw46 and DR4 

· and a decrease ofHLA B 12. In 1989 Nikolalian et al suggested that the-presence 

of antigen D R2 was a certain risk factor as to development of tuberculosis and 

its presence in tuberculous patients could indicate unfavourable outcome of the 

disease. In 1980s different studies on the various major groups and caste of 

Tamilnadu have shown appreciable differences in their HLA allelic and haplotype 

frequencies. Khomenko et al in 1990 also worked on six ethnic groups of the 

USSR and confirmed the idea that patients with tuberculosis has a increased 

frequency of :OR2 and reduced frequency of DR3 in all groups and variably 

increased AI in Armenian, BS in Moldavian and Russian, B7 in Russian, B12 in 

Armenian and Yzbekh, B35 in Armenian and Kazakh, Bl4 in Kazakh, Cw4 in 

Armenian and decreased A2 and A3 in Kazakh and A3in Turkman, AIO and 

Cw9 in Moldavian, B79 in Turkman, Cwl in Kazakh. Recently in 1996 Pospelov 

et al also confirmed the association of DR2 and DR53 with PTB in Terminian 

population. 
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Table 5. Association between-HbA-Giass.J-antigens-and-1'-ulmonary-T-uber~-ulosis 

Year Population HLA P values Reference 
< 

1973 Europian Caucasoids NA Rosenthal et al, 1973 

1976 Korean 1'B12 Lee and Ko, 1976 

1978 Japanese NA Takata et. al, 1978 
Canada tB8 0.01 Selby et. al, 1978 

1979 North American BlacM'B 15 0.0006 Al Arif et. al, 1978 

1982 Mexican American NA Cox et al, 1982 

1983 North Chinese .J.A19 0.0021 
· 1'B15 0;0001 Jiang et. al, 1983 

1'B27 0.01 
1'B35 

1985 Egyptians 1'A2 Hafaz et. al, 1985 
4'B5 

North American ol-B5 0.046 
Blacks 1-DR5 0.028 Hwang et.al, 1985 

.t.DR6 0.0095 
North Indians IDR2 NS Singh et. al, 1983a 

IDR6 0.05 

1986 North Chinese 1'A29 0.01 
tB47 0.01 
fDR2 
.!-DRS 

North Indians tB12 
tB44 
'I'DR2 Mehra et. al, 1986b 

South Chinese 1'B44 O.Ql 
'T'All 0.025 
1'im 0.025 
-L-Cw3 0.05 
1"DR2 

South Indians 1'B49 0.01 
1DR2 

1987 South Indian NA Paphia et. al, 1987 

1988 Mexican American +J)R3 O.Ql Cox et. al, 1988 
Hongkong Chinese 10R8 0.028 Hawkins et. al, 1988 
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Year Population ·..HLA P values Reference 
< 

Thai +Bw46 
..t.B12 Chandanayingyong et 
tDR4 a!, 1988 

1989 Indonesians fDR2 0.01 Bothamley et al, 1989 

1990 Armenian tAl 0.001 
tB12 O.Dl 
tB35 0.01 
tCw4 0.001 
tDR2 0.01 
.j.DR3 0.001 

Kazakh 4A2 0.05 
.j.A3 0.001 
tB14 0.01 
'f'B35 0.05 
..JiCwl 0.05 
tDR2 0.,001 

Mo1davian .j,AlO 0.05 
'I' B5. 0.01 Khomenko et. al, 1990 
,t.Cw9 O.Dl 

Russians tB5 0.05 
tB7 0.01 
tDR2 0.001 
.j.DR3 0.05 

Turkman -T'A3 0.05 
J.B79 0.05 
1'DR2 0.01 
~DR3 0.05 

·Yzbekh 1'B12 0.05 
'f'DR2 0.05 

1991 South Indian .l.A24 0.05 
.J,B52 0.05 
.!.B57 0.01 
.j, B61 0.001 
tA!O 0.0001 Bralunajothi et a/,1991 
.j.A19 0.025 
1'B8 0.001 
1'B14 0.05 
1'B17 0.025 
tDR2 0.001 

1996 Turinian 1'DR2. 0.01 Pospelov et al, 1996 
'f'DR53 0.001 

'tincrease; olrdecrease and. NA = No association 


