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Three Infectious Diseases 

Leprosy : M. leprae infection
• Elimination of Leprosy as a public health problem globally was achieved in 2005 (<1 per 10,000). 

Latest goal released by NLEP, Govt of India is to eliminate leprosy at all levels by 2027 

• Disease still common in India, Brazil and Indonesia. The 2025 Prevalence rate in India is 0.57 per 

10,000 population. In Mar 2021, 79,898 pts were under MDT therapy across India. 

• Despite COVID-19 disruption of health services, 65,147 new cases were identified. Rate of 

visible deformities was 1.1 per million population. 

Tuberculosis : M.Tb infection
• An estimated global total of 10.7 million cases of TB in 2024, equivalent to 134 per 100,000 population, 

an increase of 4.5% from 2020 (10.1 million) : SE Asia (largest burden of 25% globally, of which India 

alone contributes 45%), Africa (23%), Western Pacific (18%), Americas (2.9%), Europe (2.2%). 

• India’s TB incidence for 2022 is 199 per 100,000 population, down 18% from 237, baseline year 2015. 

The TB mortality also showed a similar decline: 28 per 100,000 in 2015 to 23 in 2022.

AIDS: HIV-1 infection
• An estimated 39 million (33.1-45.7 million) people are living globally with HIV at the end of 2022

• 1.3 million acquired HIV in 2022 and this number has reduced by 38% since 2010, Deaths have 

reduced by 51% in the same period. 69% fewer deaths in 2022 from the peak in 2004.

• Most pts are able to maintain suppressed viral loads because of the very effective anti-viral therapy 



Host Genetic 
Factors Control 

Immune Response 
to infectious 

diseases

Cytokine Gene Polymorphism 
and 

Chemokines
e.g. IL-1, IL-6, 

CXCR-6 variantsInterferons
e.g. IFNAR1 and IFNAR2 variants

Toll Like Receptors
e.g. TLR7 variants

Human MHC
Human Leukocyte Antigens

HLA Alleles  
A*11:01, B*15:03, B*46:01, DRB!:!5:01

Important Genetic Factors that Influence Host Immunity 

to mycobacterial and viral infections  

• Ag presentation

• MHC is the ‘Master 

     Regulator’  

The immune system 

remains redundant if

the foreign peptide is not 

presented to it formally by

the HLA molecule 

The Multifactorial etiology of Infectious Diseases
Variability of the pathogen 

Phenotype of the host

Genetic variability of the host  



My story     Started with studies to understand Immunology of Leprosy 
                      10-12M cases of Leprosy worldwide, of which 5-7M in India alone

Early 70s at AIIMS

“Immunology of Leprosy in the 

Experimental Mouse Model”

• Thymectomy

• Total body irradiation

• Bone marrow reconstitution

• M. leprae inoculation

1972: Baruj Benacerraf discovers Ir genes

1973: Derrick Brewerton showed strong association of HLA-B27 gene with  AS

                      

1974: Could there be a similar association with Leprosy? 

          GMLF in Wardha : disease highly prevalent, every village, every home had a case 

A few landmark discoveries of the time 

Derrick Brewerton

1924-2021
Baruj Benacerraf

Nobel Prize 



HLA bug hits me – early 70’s

1974 – Our good old Monocular  

microscope

My passion – my first publications in the area of HLA



HLA in Infections – became our focus

The Journal of Infectious Diseases 1996;173:669-76

The Journal of Infectious Diseases 1983;148(4):676



Am J Respir Crit Care Med 2002;165:1-4

HLA in Infections – became our focus

The Journal of Infectious Diseases 2004;189:805-11

Vol. 39 | No. 4 | April 2007

Int J Immunogen 2007;34

Vaccine 2008;26:2966-80



How HLA diversity determines 

disease susceptibility ?  

Hypothesis 

“Susceptibility  to a disease is determined by the overall binding 
capability of an HLA molecule with peptides”

Number of epitopes bound and avidity of binding

‘efficient’ versus ‘inefficient’ presenters  

Lower overall foreign peptide 

binding & presenting capability of 

the HLA molecule

greater susceptibility

Infectious diseaseAutoimmune disease

Greater overall self antigen derived 

peptide binding & presenting 

capability of HLA molecule

greater susceptibility

MHC Class II

AIIMS / NKM

 Peptide presenting MHC Motif



Every HLA allele presents a different peptide

HLA polymorphism has been shown to affect transcription or protein function 

HLA Class II Molecule : Pockets 1, 4, 6, 7, 9 



1999: A Landmark Study in Leprosy  



DRB1 85 86 89 90 13 26 70 71 74 78 28 47 61 67 71 9 57 11 13

*0101 V G F T F L Q R A Y E Y W L R W D L F

*15011 V V F T R F Q A A Y D F W I A W D P R

*15021 V G F T R F Q A A Y D F W I A W D P R

*1602 V G F T R F D R A Y D Y W L R W D P R

*0301 V V F T S Y Q K R Y D F W L K E D S S

*0302 V G F T S F Q K R Y E Y W L K E D S S

*0401 V G F T H F Q K A Y D Y W L K E D V H

*0402 V V F T H F D E A Y D Y W I E E D V H

*0403 V V F T H F Q R E Y D Y W L R E D V H

*0404 V V F T H F Q R A Y D Y W L R E D V H

*0405 V G F T H F Q R A Y D Y W L R E S V H

*0406 V V F T H F Q R E Y D Y W L R E D V H

*0407 V G F T H F Q R E Y D Y W L R E D V H

*1101 V G F T S F D R A Y D F W F R E D S S

*1102 V V F T S F D E A Y D F W I E E D S S

*1104 V V F T S F D R A Y D F W F R E D S S

*1201 A V F T G L D R A Y E F W I R E V S G

*1202 A V G L D R A Y E F W F R E V S G

*1301 V V F T S F D E A Y D F W I E E D S S

*1302 V G F T S F D E A Y D F W I E E D S S

*1404 V V F T G F R R E Y D Y W L R E A S G

*1410 V V F T H F R R E Y D Y W L R E A V H

*0701 V G F T Y F D R Q V E Y W I R W V G Y

*0801 V G F T G F D R L Y D Y W F R E S S G

*0803 V G F T G F D R L Y D Y W I R E S S G

*0804 V V F T G F D R L Y D Y W F R E D S G

*0901 V G F T F Y R R E V H Y W F R K V D F

*1001 V G F T F L R R A Y E Y W L R E D V F

Amino acid residues in the DRb chains
Pocket 1 Pocket 4 Pocket 7 Pocket 9 Pocket 6

Polymorphic amino acid residues in the 

peptide binding pockets of HLA-DRB1 alleles 



V/G dimorphism at 86 of DRB1*15/16 alleles 
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Severity of disease

Valine Severe form

Glycine Mild form

‘Pocket 1’

‘Pocket 4’

Disease Susceptibility

Pos/Neu Leprosy

Neg/Neu  PTB 

MHC peptide binding Motif

Mycobacterial Infections : net charge residues

Zerva,Cizman,Mehra,… Monos  et al  J Exp Med 1996

                     Alcais,… Mehra,… Schuur et al Nature Genetics, 2007

                                  J infec dis, 1979,1980,1983, 1996, 2004, 2006

In: The HLA system in 

Biology & Medicine

eds: Mehra NK, 2010



Two stage model of genetic influence on human immunity in leprosy: 

Stage 1:  genes influence development of leprosy per se

Stage 2:  genes influence host immune response 

In: The HLA system in 

Biology & Medicine

eds: Mehra NK, 2010

Alcais,… Mehra,… Schuur et al 

Nature Genetics, 2007



TLR Expression Studies 

This data indicates that there is a significant reduction of innate 

immunity after the M. tb infection 

Which further Hampers the anti-tuberculosis adaptive immunity

Immunity

Susceptibility to Tb 

infection

Healthy 

Person

PTb patient

Cells with good 

TLR expression

Post PTb 

infection

Cells with poor 

TLR expression

M.Tb

 suppresses 

immunity 

• Family of pattern recognition receptors that form a
    critical first line of defense in innate immunity system
• They detect conserved molecular patterns associated 
    with pathogens (PAMPs) or cellular damage  



In: The HLA system in 

Biology & Medicine

eds: Mehra NK, 2010



HIV: Why Study Immunogenetic Basis ?

Therapeutic Vaccines Preventive Vaccines

Immunogenetic and 
Immunoprotective Correlates 

???

Elite Controllers

HIV infection & inter-individual variability

>1
0

 y
rs

RPs LTNPs EUs

Sharma G, Kaur G, Mehra N 2011 IJMR

Genetic variability influences susceptibility to HIV-1 infection, rate of 
disease  progression, response to ART & may be IR to vaccination   ?



Host Genetic Variation and  HIV Disease

Kaur G, Mehra NK Tissue Antigens 2009



The MHC has the greatest genome-wide 

effect on control of viral load
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>60 associated SNPs in MHC

with genome-wide significance

(p<5x10-8)



Gene Gene variant Chrm Association Refs
HIV Entry - Coreceptors

CCR5 32 3p21 Resistance to infection, delay AIDS Liu et al. 1996

CCR5 C20S 3p21 Prevent HIV infection in the presence of D32 Arenzana et al. 2006

CCR5 A29S 3p21 Controversial “
CCR5 R60S 3p21 Controversial “
CCR5 C101X 3p21 Prevent HIV infection in the presence of D32 “

CCR5 G106R, C178R, C269F 3p21 HIV resistance /Delay AIDS “
CCR5 P1 [Promoter haplotypes] 3p21 Accelerate AIDS “
CCR5 59029AA 3p21 Accelerate AIDS “
CCR5 HHC Promoter haplogroup 3p21 Accelerate AIDS in Japanese Kageyama et al. 2001
CCR5 HHE Promoter haplogroup 3p21 Accelerate AIDS in Caucasians Ming et al. 2005
CCR2 64I 3p21 Delay AIDS in some cohorts Smith et al. 1997
CX3CR1 I249/M280 3p21 Accelerate AIDS Arenzana et al. 2006
DC-SIGN Promoter variant 19p13 Parenteral infection Lama et al. 2007

Coreceptor  ligands
MIP-1  (CCL3L1) Gene copy number 17q12 Increase susceptibility to infection Gonzalez et al. 2005

MIP-1 (CCL4L1) L2 17q12 Increase susceptibility to infection Colobran et al. 2005

RANTES (CCL5) -403A , -28G (promoter) 17q12 Delay AIDS McDermott et al. 2000
RANTES (CCL5) In 1.1C (intronic) 17q12 Accelerate AIDS Heeney et al. 2006
SDF-1(CXCL12) 3’A 10q11 Delay AIDS Winkler et al. 1998
MCP1/MCP3/Eotaxin H7 haplotype 17q11 Decrease susceptibility to infection Lama et al. 2007

Post  HIV Entry 
TRIM 5 Haplotype 9 11p15 Increase HIV transmission Lama et al. 2007
TRIM 5 136Q,43Y 11p15 Protection against HIV infection “
APOBEC3G 186R, C40693T 22q13 Accelerate AIDS, Increase HIV transmission “

TSG101 -183C 11p15 Accelerated CD4 T cell decline “

Acquired / Innate immunity 
HLA B*27 6p21 Delay AIDS Stephens 2005

B*18 6p21 Rapid progression “
B*57 6p21 Delay AIDS “
B*35Px 6p21 Accelerate AIDS “

KIR3DS1 3DS1 + HLA-Bw4-80Ile 19q13; 6p21 Delay AIDS Goudieri et al. 2005
3DL1 + HLA-B*57 19q13; 6p21 Delay AIDS Lopez et al. 2005

Cytokine genes
Th1([-IFN) +874T allele 12q14 Delay the onset Kang et al. 2006
Th2 (IL10 ) IL10-5′-592A 1q31 Accelerate disease progression Konekov et al. 2002
Th2 (IL4) -590T 5q31 Accelerate disease progression  Tang et al. 2002

HIV/AIDS: Cumulative Polygenic Effect

Sharma G, Kaur G, Mehra N 2011 IJMR



Sharma G, Kaur G, Mehra N 2011 IJMR

Trinity of HLA-B alleles in HIV-1 infection

PROTECTION PREDISPOSITION

B*570:1 AbacavirSpondyloarthritis

Gradual Decline…?

Virus
(escape mutants)

Immune landscape

HLA
(selective sweep)



Polymorphism in theCCR5 Gene Promoter
and HIV-1 Infection in North Indians

Gurvinder Kaur, P. Singh, C.C. Rapthap, N. Kumar,
M. Vajpayee, S.K. Sharma, A. Wanchu, and
N.K. Mehra

ABSTRACT: Theclinical courseand outcomeof human
immunodeficiency virus–1 (HIV-1) infection are highly
variable among individuals. CCR5 is the primary core-
ceptor that mediatesentry of HIV-1 (R5) into permissive
host cells. In this study, five SNPs (59029G/A,
59353T/C, 59356C/T, 59402A/G, and 59653C/T) in the
promoter region and a deletion of 32 bp ( 32) in the
CCR5 gene were evaluated in 180 chronically HIV-1–
infected North Indians. Thestudy showed the following:
(1) the protective CCR5 32 allele was absent; (2) the
frequency of CCR5*59402A allele in the HIV-infected
people (66.4%) was higher than in healthy subjects
(57.1%, p 0.027) and in the CDC stage C patients
(76%) versusstagesA and B patients together (60%; p
0.002); (3) homozygousCCR5*59402 AA genotypewas
significantly increased in the seropositive subjects
(46.1%) compared with healthy control subjects (30.2%;

p 0.008) and in the CDC stage C patients (59.2%)
compared with stage A and B subjects (37.6%, p
0.007); and (4) an increased frequency of homozygous
ACCAChaplotypewaspresent in theseropositivestageC
patients (32.4%) versus 15.6% in patients in stages A
plus B (p 0.013). These observations suggest an asso-
ciation of CCR5*59402A with increased likelihood of
acquisition of HIV-1 and development of AIDS in the
Asian Indian population. Further studies are required to
confirm thesefindingsand understand theeffect of CCR5
polymorphisms on the outcome of HIV-1 infection.
Human Immunology 68, 454–461 (2007). © American
Society for Histocompatibility and Immunogenetics,
2007. Published by Elsevier Inc.

KEYWORDS: Chemokine receptors; polymorphism;
HIV-1; CCR5; AIDS

ABBREVIATIONS
AIDS acquired immunodeficiency syndrome
CDC Centers for DiseaseControl and Prevention

HIV-1 human immunodeficiency virus–1
SNP single nucleotide polymorphism

INTRODUCTION

Individuals infected with human immunodeficiency vi-
rus–1 (HIV-1) show extreme heterogeneity in immune
responsiveness, leading to variable degrees of suscepti-
bility and rates of progression to acquired immunodefi-
ciency syndrome (AIDS). This variability is governed to
alargeextent by multiplehost genetic factors including

chemokinereceptors, their ligands, MHCmolecules, cy-
tokines and their receptors [1–5].
Chemokine receptor CCR5 acts as amajor corecep-

tor for entry of M-tropic, non syncytium inducing
HIV-1 virions (R5 isolates) that generally initiate in-
fection. The receptor is expressed on the surface of
monocytes/ macrophages, dendritic cells, microglial
cellsand activated T cells. A number of polymorphisms
exist in theCCR5 gene that havebeen associated with
resistance to HIV-1 infection and with rapid or slow
rate of progression to AIDS [5–10]. TheCCR5 32 is
a naturally occurring knockout deletion variant that
introduces apremature stop codon and results in trun-
cation of theprotein synthesized. Thetruncated CCR5
protein is not expressed on the cell surface, leading to
effectively restricted HIV-1 cell entry in homozygous
people [11–14] and delayed AIDSprogression in het-

From theDepartments of Transplant Immunology and Immunogenetics
(G.K., P.S., C.C.R., N.K., J.K.M.), Microbiology (M.V.), and Medicine
(S.K.), All India Institute of Medical Sciences, New Delhi, India; and
Department of Internal Medicine(A.W.), Post GraduateInstituteof Med-
ical Education and Research, Chandigarh, India.
Address reprint requests to: Prof. N.K. Mehra, Head, Department of

Transplant Immunology and Immunogenetics, All India Instituteof Medical
Sciences, Ansari Nagar, NewDelhi-110029, India; Tel: (91 11) 265 88
588; Fax: (91 11) 265 88 663; E-mail narin98@hotmail.com.
Received May 2, 2006; revised January 3, 2007; accepted January 9,

2007.

Human Immunology 68, 454–461 (2007)
© American Society for Histocompatibility and Immunogenetics, 2007 0198-8859/07/$–see front matter
Published by Elsevier Inc. doi:10.1016/j.humimm.2007.01.016

HIV virology, diversity and clades

 The HIV virion has a diameter of about 100 nm, 

enveloped by host cell derived lipid bilayer acquired 

during budding from host cell. Briefly, its genome 

consists of two identical copies of single stranded RNA 

molecules, is about 9 kilo bases in length, contains 
9 open reading frames and is characterized by the 

presence of structural genes gag, pol and env and a 

complex combination of other regulatory/accessory 
genes. The gag gene encodes the structural proteins of 

the core (p24, p7 and p6) and matrix (p17) and the env 

gene encodes the viral envelope glycoproteins gp120 
and gp41, which recognize and bind to host cell surface 

Review Article

Genetic correlates influ

e

ncing immunopathogenesis of HIV  infection

Gaurav Sharma, Gurvinder Kaur & Narinder Mehra

Department of Transplant Immunology & Immunogenetics, All India Institute of Medical Sciences,  

New Delhi, India

Received October 4, 2011

Variability to HIV infection, its progression as well as responsiveness to antiretroviral therapy (ART) 

is observed among individuals including viraemia controllers or exposed uninfected, rapid versus 

slow progressors and ART responders compared to non responders. This differential responsiveness/

vulnerability to HIV-1 is governed by multiple host genetic factors that include HLA, cytokines, 

chemokines, their receptors and others. This review highlights the influe nce of these genetic factors on 

HIV/AIDS outcome; however, in India, the information in this area is very limited and most of these 

genetic studies have been conducted in Caucasian and South African populations. Considering, the 

population specific differences in the frequencies of protective or susceptibility favouring alleles and 

their influe nce on the disease outcome, it is of utmost importance to strengthen ongoing efforts towards 

defin

i

ng largely unknown genetic propensity in Indian population, particularly by recruitment of large 

cohorts of well categorized exposed uninfected individuals, rapid, long term non progressors and elite 

viraemic controllers.  Multi-parametric analysis of these potentially interactive immunogenetic variables 

in these cohorts may help to define  potential targets for diagnostics and therapy in a population specific 

manner. 

Key words Chemokines - cytokines - clades - exposed uninfected individuals - genetic correlates - genetic variants - HIV  - HIV/AIDS - 

HLA - immunopathogenesis - rapid & slow progressors - viraemia controllers 

receptors. The pol gene encodes for enzymes involved 

in viral replication including the reverse transcriptase 
that converts viral RNA into DNA, the integrase that 

facilitates incorporation of the viral DNA into host 

chromosomal DNA (the provirus) and the protease that 
cleaves large Gag and Pol protein precursors into their 

components. The accessory or regulatory genes of HIV 
(tat, rev, vif, vpr, nef etc.) modulate virus replication 1.

 Virologically, HIV is an extraordinarily 
variable virus that lacks proofreading mechanisms 

accompanied by high error rate (0.2-2 mutations 

per genome per cycle)2, high replication rate, an 
apparent high tolerance and selection for change. 

749
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Genomic architecture of HIV-1 infection: Current status & challenges

Gurvinder Kaur1, Gaurav Sharma1, Neeraj Kumar1, Mrinali H. Kaul1, Rhea A. Bansal1*, Madhu Vajpayee2,  

Naveet Wig3, Surender K. Sharma3 & Narinder K. Mehra1 

Departments of 1Transplant Immunology & Immunogenetics, 2Microbiology & 3Medicine,  

All India Institute of Medical Sciences, New Delhi, India 

Received August 2, 2013

Studies on host genomics have revealed the existence of identifiab le HIV-1 specific protective factors 

among infected individuals who remain naturally resistant viraemia controllers with little or no evidence 

of virus replication. These factors are broadly grouped into those that are immune associated (MH C, 

chemokines, cytokines, CTLs and others), linked to viral entry (chemokine co-receptors and ligands), 

act as post-entry restriction elements (TRIM5a, APOBEC3) and those associated with viral replication 

(cytokines and others). These features have been identified  through multiple experimental approaches 

ranging from candidate gene approaches, genome wide association studies (G WAS), expression 

analysis in conjunction with functional assays in humans to primate based models. Several studies have 

highlighted the individual and population level gross differences both in the viral clade sequences as well 

as host determined genetic associations. This review collates current information on studies involving 

major histocompatibility complex (MH C) as well as non MH C genes in the context of HIV-1 infection 

and AIDS involving varied ethnic groups. Special focus of the review is on the genetic studies carried out 

on the Indian population. Further challenges with regard to therapeutic interventions based on current 

knowledge have been discussed along with discussion on documented cases of stem cell therapy and very 

early highly active antiretroviral therapy (H AART) interventions. 

Key words AIDS - chemokine - elite controllers - genes - HIV -1 - HLA - restriction - viraemia

Introduction

 The human immunodefici ency virus (HIV-1) 

infection induces a wide range of immune responses 

in humans and depending on the level of immune 
resistance elicited, the host may or may not develop 

acquired immunodefici ency syndrome (AIDS). Only 

*Visiting student to the Department of Transplant Immunology & Immu nogenetics from University of London, UK.

a few can resist virus spontaneously and contain its 

replication to undetectable levels without any therapy 

and these are classifie

d

 as ‘elite controllers’. However, 

most individuals tend to progress at either slow or 

fast rates (classifie

d

 as ‘slow’ or ‘fast progressors’, 

respectively), if not treated with antiretroviral therapy 

(ART) to AIDS. 

Review Article

Indian J Med Res 138, November 2013, pp 663-681
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CONCLUSIONS

• Communicable diseases continue to pose a challenge for the health care system

• How does host immunity variation influence communicable disease expression? 
                The answer lies at the intersection of immunogenetics, infectious disease
                           and population biology with HLA being the master regulator 
                                    and most powerful immunogenetic determinant 

• The same pathogen can cause wildly different outcomes across individuals 
                       – from asymptomatic carriage to severe disease or death – 
                          largely because host immunity variation shapes the battlefield

• Immune variables include: 
                       Favorable HLA, TLR hypofunction, strong Th1 bias, 
           excessive inflammatory response, Regulatory T-cell (Treg) abundance
       

• Understanding the MHC peptide binding motif could help in developing 

         screening tools to monitor susceptibility /progression, predicting population 
      specific genetic propensity and finally vaccine responsiveness in clinical trials 

• The information could enable clinicians adapt treatment modalities 
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