
HumanHuman GeneticsGeneticsof of 
InfectiousInfectious DiseasesDiseases



Human genetics in infectious diseases ?Human genetics in infectious diseases ?

Experimental Experimental 
modelsmodels

Genetic Genetic 
epidemiologyepidemiology

Epidemiological Epidemiological 
observationsobservations

MendelianMendelian
geneticsgenetics

Proof ofProof of
conceptconcept

ConceptConcept



VIRULENCEVIRULENCE
FACTORSFACTORS

MICROBEMICROBE INFECTIONINFECTION CLINICALCLINICAL
PHENOTYPESPHENOTYPES

EXPOSUREEXPOSURE
FACTORSFACTORS

NONNON--GENETICGENETIC
FACTORSFACTORS

GENETICGENETIC
FACTORSFACTORS

MICROBEMICROBE

HOSTHOST

Epidemiological observations Epidemiological observations ®®®®®®®® interinter --individual variabilityindividual variability



PhenotypePhenotype RareRare
(rare and severe forms)(rare and severe forms)

CommonCommon
(TB, Leprosy)(TB, Leprosy)

CausalityCausality monogenicmonogenic complexcomplex

ToolsTools Mendelian GeneticsMendelian Genetics Genetic EpidemiologyGenetic Epidemiology

SampleSample SmallSmall LargeLarge

Methods of investigation in humansMethods of investigation in humans

Rare mutation
Strong effect

Common polymorphism
Modest effect



HYPOTHESIS-DRIVEN APPROACH

MENDELIAN AND COMPLEX GENETICS

ASSOCIATION STUDIES
Case-Control/Family-based

VARIANT
DETECTION

FUNCTIONAL STUDIES

‘COMMON’
POLYMORPHISMS

‘RARE’
MUTATIONS

GENOME-WIDE APPROACH

ASSOCIATION 
STUDIES

DIFFERENTIAL 
EXPRESSION

CANDIDATE
GENES

ANIMAL MODELS HUMAN DATA LINKAGE 
STUDIES



Herpes simplex encephalitis (HSE): 
a devastating viral disease of mysterious pathogenesis

HSV-1 infects the majority of the 
population

HSE affects about 1/250 000
person-years

HSE patients are normally resistant
to other infections

Since acyclovir, most patients survive
but frequent sequelae



• Among a total of 85 French patients/kindreds
high rate of consanguineous families (14%)
5 severe herpetic infections in 1st degree relatives

• Numerous other consanguineous families abroad

A genetic epidemiological survey
of childhood HSV-1 encephalitis

��� � Investigation of type I IFNs production in HSE patients



Two children born to consanguineous families
Impaired production of IFN- aaaa, -bbbb, and –� , and
no response to TLR3, TLR7, TLR8, TLR9 in PBMC
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Two other patients with impaired IFNs production 

upon stimulation by TLR3 ligand, Poly(I:C)

0

(µg/ml)
Poly(I:C)

0

20

30

60
C
P1
P2

12h 24h

70

10

40

50

1 5 25 0 1 5 25

UNC-93B -/-

0

400

800

1200

IF
N

- ll ll
(p

g/
m

l)

200

600

1000

IF
N

- bb bb
(I

U
/m

l)



P2.1

P2.1
-m

ock
   

P2.1
-T

LR3   

P2.1-
TLR3 

P554S
   

IF
N

-
�1

(p
g/

m
l)

0
200

400

600

800

1,000

1,200

1,400
NS
Poly(I:C)

P2.
1-

TLR3 
  

P2.
1

P2.
1-

m
oc

k 
  

P2.
1-

TLR3 

P55
4S

  
H 2

O

TLR3

GAPDH

(µg/ml)
poly(I:C)

12h 24h
IF

N
-�

1
(p

g/
m

l)

C-mock
C-TLR3 P554S

0

20

40

60

80

100

120

0       1      5      25             0      1       5     25

P2.1 fibroblastic cells 
(TLR3 -/-) Fibroblasts (WT)

A missense heterozygousTLR3 mutation
that is null and dominant-negative
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HSE in TLR3- and UNC-93B-deficient patients results from
impaired detection of HSV-1 dsRNA intermediates in the CNS

This results in poor IFN-aaaa, -bbbb, and/or -lll l production, enhanced
viral growth, and enhanced cell death

Whether neurons, oligodendrocytes, astrocytes, or
microglial cells are involved is not known

��� � Medical implications: IFN- aaaa treatment in addition to acyclovir

��� � Immunological/genetic implications…

Summary for HSE



The genus The genus MycobacteriumMycobacterium

‘Virulent’ ‘Weakly virulent’

M. tuberculosiscomplex > 80 species (e.g. M. avium,

M. leprae M. marinum, M. fortuitum…)

Human transmission Environmental transmission

(airborne) (water, soil, air…)

M. ulcerans(Buruli ulcer) BCG vaccine

Aquatic bug transmission? Injection transmission



Mendelian predisposition to mycobacterial infectionsMendelian predisposition to mycobacterial infections

•• DisseminatedDisseminatedinfectionsinfections by environmental mycobacteria or BCGby environmental mycobacteria or BCG

•• No known primary immunodeficiencyNo known primary immunodeficiency

•• Very rare (10Very rare (10--55 –– 1010--66) but often familial (consanguinity++)) but often familial (consanguinity++)

•• Mendelian transmission (7 genes Mendelian transmission (7 genes identifiedidentified so far by the lab)so far by the lab)

(MSMD)(MSMD)



Macrophage/Dendritic Cell T Lymphocyte

Mycobacteria
IL12Rbbbb1

IL12Rbbbb2

IFN ggggR1

IL-12 p35

p40

IFN-gggg
IFN ggggR2STAT1

NEMO CD40 CD40L

gp91phox

®® SpecificSpecificantimycobacterialantimycobacterialpathwaypathwayin in naturanatura(IL12/(IL12/IFNIFN--gg ))

®® MedicalMedical implications (IFNimplications (IFN--gg treatmenttreatment))

®®®® FromFrom BCG/EM to BCG/EM to M. M. tuberculosistuberculosis

MSMD: 7 genes, 14 genetic diseases MSMD: 7 genes, 14 genetic diseases 



IL12RIL12R --bbbbbbbb1 deficiency and tuberculosis1 deficiency and tuberculosis

Abdominal TBMSMD Severe  TB
IL12RB1 mutation: 1721+2T® GIL12RB1 mutation: R213W

Complete IL12RIL12R--bb1 deficiency1 deficiency : No cellular responses to IL-12

® Mendelian tuberculosis



The proportion of The proportion of MendelianMendelianTB in disseminated TB in disseminated 
forms of children could be far from negligibleforms of children could be far from negligible



PhenotypePhenotype RareRare
(disseminated forms)(disseminated forms)

CommonCommon
(Leprosy)(Leprosy)

CausalityCausality monogenicmonogenic complexcomplex

ToolsTools Mendelian GeneticsMendelian Genetics Genetic EpidemiologyGenetic Epidemiology

SampleSample SmallSmall LargeLarge
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Strong effect

Common polymorphism
Modest effect



FromFrom Gentilini & Gentilini & DufloDuflo, Médecine Tropicale, Flammarion Médecine, Médecine Tropicale, Flammarion Médecine--SciencesSciences

ClinicalClinical thresholdthreshold

LEPROSY: Response to LEPROSY: Response to M. M. lepraeleprae

>90%>90%



TuberculoïdTuberculoïd
skin and nervesskin and nerves

bacillary index bacillary index ––

cellular immunity ++cellular immunity ++

LepromatousLepromatous
disseminateddisseminated

bacillary index ++bacillary index ++

cellular immunity cellular immunity --

BorderlineBorderline

Leprosy Leprosy –– clinical featuresclinical features
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«« Leprosy has been eliminated at the global level »Leprosy has been eliminated at the global level »

Leprosy Leprosy –– epidemiologyepidemiology
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Leprosy Leprosy –– epidemiologyepidemiology

Prevalence : registered cases (millions) Prevalence : registered cases (millions) 

Elimination < 10/100 000Elimination < 10/100 000

WHO (2001) WHO (2001) 

«« Leprosy has been eliminated at the global level »Leprosy has been eliminated at the global level »



D.R. D.R. 
CongoCongo

MozambiqueMozambique

TanzaniaTanzania

BrazilBrazil

IndonesiaIndonesia

PhilippinesPhilippines

MalaysiaMalaysia

Countries with increasing incidenceCountries with increasing incidence



Transmission ? Transmission ? 

Incidence = prevalenceIncidence = prevalence New approaches neededNew approaches needed

Reappearance of historical casesReappearance of historical cases

Leprosy : eliminated … or neglected?Leprosy : eliminated … or neglected?



LeprosyLeprosy ®®®®®®®® HumanHuman GeneticsGenetics

InfectionInfection Leprosy Leprosy per seper se

MultibacillaryMultibacillary

PaucibacillaryPaucibacillary

M. lepraeM. leprae

10p1310p13

HLA class IIHLA class II

No No in vitroin vitro cultivationcultivation

No experimental model No experimental model !!
NRAMP1NRAMP1
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MB

PB

Leprosy subtypeLeprosy subtype

# sibs# sibs 2 3 4 5

# families# families 63 15 6 2

86 multiplex families 86 multiplex families 

LeprosyLeprosy –– linkage linkage analysisanalysis

Nat Genet, 2003, 33:412Nat Genet, 2003, 33:412
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leprosyleprosy patientpatient

TDT on 194 TDT on 194 VietnameseVietnamesetriostrios

FamilyFamily--basedbasedassociation association studystudy

MB
PB

LeprosyLeprosy subtypesubtype

307 informative SNPs307 informative SNPs

Nat Genet, 2007, 39:517Nat Genet, 2007, 39:517
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LTALTA --293293
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Exact Exact replicationreplication in the in the samesamepopulationpopulation

leprosyleprosy patientpatient

154 154 newnewVietnameseVietnamesetriostrios

MB

PB

LeprosyLeprosy subtypesubtype

Six LTA SNPs Six LTA SNPs 
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CaseCase--control control replicationreplication in in NorthernNorthern IndiaIndia

364 cases 364 cases –– 371 371 controlscontrols

SimilarSimilar ethnicityethnicity

PB

MB

LeprosyLeprosy subtypessubtypes

Six LTA SNPsSix LTA SNPs



IndiansIndians

0.020.020.0070.0070.0010.001PP

1.631.63nsns1.741.74nsns1.971.97nsnsOROR

VietnameseVietnamese

+368+368+252+252+80+80+10+10--293293--294294

PP
OROR

BinBin

BinBin

nsns 1.601.60
0.010.01

1.581.58
0.030.03

nsns nsnsnsns



LTA+80 A LTA+80 A alleleallele effecteffect on on leprosyleprosy susceptibilitysusceptibility
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11stst VietnameseVietnamesetrios trios p=0.007p=0.007

22ndnd VietnameseVietnamesetrios trios p=0.003p=0.003

IndianIndian samplesamplep=0.01p=0.01



209 cases 209 cases –– 192 192 controlscontrols

EuropeanEuropeanancestryancestry

PBMB

LeprosyLeprosy subtypessubtypes

Six LTA SNPsSix LTA SNPs

CaseCase--contolcontol replicationreplication in in BrazilBrazil



LTA+80 A LTA+80 A alleleallele effecteffect on on leprosyleprosy susceptibilitysusceptibility
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11stst VietnameseVietnamesetrios trios p=0.007p=0.007

22ndnd VietnameseVietnamesetrios trios p=0.003p=0.003

IndianIndian samplesamplep=0.01p=0.01

BrazilianBrazilian samplesamplensns



11stst VietnameseVietnamese

22ndnd VietnameseVietnamese

IndianIndian samplesample

BrazilianBrazilian samplesample
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LTA+80 (A)LTA+80 (A)

ABF1ABF1--dependent diminution dependent diminution 
of LTA productionof LTA production

Knight et al. Knight et al. Nat GenetNat Genet, 2004, 2004

LTA in LTA in experimentalexperimentalmodelsmodels
Roach et al. Roach et al. J Exp MedJ Exp Med, 2001, 2001

StrongStrongbiologicalbiologicalplausibilityplausibility

ConcludingConcluding remarksremarks on on leprosyleprosy

Critical in infection by intracellular pathogensCritical in infection by intracellular pathogens

Strong association of Strong association of LTALTA+80 A allele with early onset leprosy+80 A allele with early onset leprosy

In combined sample of Vietnamese trios < 16 years:In combined sample of Vietnamese trios < 16 years:

OR for  OR for  LTALTA+80 A+80 AA/AC vs CC subjects = 5.6 (2.5-12.5), p<10-6

The effect of LTA is totally independent of HLA DRB1 allelesThe effect of LTA is totally independent of HLA DRB1 alleles

Other genes in the 6p21 region (especially in adults): HLA DR…Other genes in the 6p21 region (especially in adults): HLA DR…
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®®®® Mendelian mutations with causal role demonstrated
- direct clinical and therapeutic implications (disseminated TB of children)
- information on immunological pathways (® candidate genes)

®®®® Intermediate major gene effects
- in specific populations, phenotypes, age class (LTA and leprosy) …
- implications ~ Mendelian

®®®® Common polymorphisms with moderate effect
- molecular basis difficult to validate (same pathway, interest of GWA)
- may have strong attributable risk at the population level

Genetic predisposition to mycobacterial infections 
®®®® continuous spectrum

Genetic dissection needs to combine different strategies



MendelianMendelian

Major Major genegene

AgeAge

PolygenicPolygenic

80%80%

GeneticGeneticcasescases

PrimaryPrimary infection infection ReinfectionReinfection//reactivationreactivation

GeneticGeneticspectrumspectrum dependsdependson on ageage
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