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Single-gene disorders of immunity 



Aims 

• To introduce the concept of human genetics of infectious 
diseases 
 

• To introduce the concept of primary immunodeficiency 
 

• To explain how single gene variants are important 
contributors to life threatening childhood infections 
 

• To understand pathogenesis in immunological and 
genetic terms 
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Historical Advances 
  

Alcais et al (2009) JCI 

Microbial theory of infectious disease 
Pasteur (1865-1870) 
 Microbes cause disease in silkworms 

Koch (1884) Koch’s postulates 
1. The microorganism must be found in in all suffering from the disease, but not in healthy. 
2. The microorganism must be isolated from a diseased organism and grown in pure culture. 
3. The cultured microorganism should cause disease when introduced into a healthy organism. 
4. The microorganism must be re-isolated from the inoculated, diseased experimental host. 
 

Genetic theory of infectious disease 
Nicolle (1911-1917) Clinical variability of infected population 
 Described coexistence of symptomatic and asymptomatic infections in 
  human populations 

Bruton (1950s) X linked agammaglobulinemia 
 XLA, lack of mature B cells 

Allison (1950s) Protective role of sickle cell trait in malaria 
 



Genetic theory of infectious disease 



Immune response 



Immunodeficiencies 

Primary Immunodeficiency  
Inherited or genetic disorders that affect the immune system 

a number of rare diseases (that) feature a heightened 
susceptibility to infections from childhood onward 
 

e.g.  severe congenital neutropenia (ELANE, HAX1, WAS) 
        X-linked agammaglobulinemia (XLA) 
       severe combined immunodeficiency (ADA, RAG1, RAG2) 

        

 
Secondary/Acquired Immunodeficiency 
Compromised immune system due to environmental 
 factors  
e.g. HIV, burns, medication 



The human model  
a genetic dissection of immunity to infection in nature 

 

Alcais et al (2010) Ann NYAS 

Predisposition to infectious diseases segregates in either a Mendelian 
 or polygenic pattern of inheritance. 



Single gene inborn errors of immunity 

Alcais et al (2009) JCI 

Classic PIDs:  
One gene, multiple infections 
Severe congenital neutropenia 
XLA 
SCID 

Non-Classic PIDs:  
One gene, single infection 
 



Innate Immunity: TLRs 

Casanova et al (2011) Annu Rev Immunol. 



Single-gene inborn errors of  
TLR and IL1-R immunity 

Casanova et al (2011) Annu Rev Immunol. 



Invasive pneumococcal diseases (IPD) 

Frequency: 10/100 000 / year  
Mortality rate: 1.7/100 000 / year 
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Most children colonized by S. pneumoniae  

IPD is caused by S. pneumoniae resulting in 
pneumonia, septicemia or meningitis 
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AR IRAK-4 deficiency 

Picard et al (2010) Medicine 
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AR MyD88 deficiency  

Picard et al (2010) Medicine 
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Whole blood phenotype 
IRAK4-/- and MYD88-/- 

Picard et al (2003) Science 



Cellular phenotype 

Ku et al (2007) JEM 
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IRAK-4/MyD88 deficiencies:  
Clinical manifestations (60 patients) 
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S. pneumoniae = 52.2% of 
invasive bacterial infections 
(Meningitis, sepsis, arthritis, 
osteomyelitis, deep abscess) 

 

S. aureus = 45.5% of non 
invasive bacterial infections 
(Cellulitis, omphalitis, sinusitis, ENT 
infections, pneumonia) 
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IRAK-4/MyD88 deficiencies:  
Severe, narrow and transient phenotype 

  Early clinical phenotype : first invasive infection occurred < 2 years 
  Transient clinical phenotype : no severe invasive infections > 14 years                                                          



MyD88 and IRAK-4 patients :  
• same clinical and cellular phenotype 
•  Susceptibility to invasive pyogenic bacteria but improves with age 
• Deficient IL-1β and TLR signalling (except for TLR3, partially for TLR4) 

 
The TIR signalling pathway:  

• Crucial role in resistance to invasive infections by pyogenic bacteria 
• Redundant role in resistance to other common microorganisms 

   (viruses, mycobacteria, fungi) 

 

Children with invasive pneumococcal disease must be screened for 
defects in the TIR signalling pathway 

IRAK-4/MyD88 deficiencies and IPD 



Human versus Mouse MyD88 deficiency 

MyD88-dependent TLR and IL-1R immunity is vital in both mice and 
humans, but its role in the course of naturally occurring infections in humans 
seems to be much more restricted Von Bernuth et al (2012) Eur J Imm 



Single-gene inborn errors of  
TLR and IL1-R immunity 

Casanova et al (2011) Annu Rev Immunol. 



Herpes Simplex Virus (HSV) 

Alpha Herpetoviridae family 
Envelopped virus with ds DNA genome 
Binds to cell surface via surface glycoproteins 
Causes lytic or latent infection 
1960s: HSV-1 & HSV-2 



Herpes Simplex Encephalitis (HSE) 
 

HSE patients carry a genetic predisposition to HSE 
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Antiviral Immunity 

Sancho-Shimizu et al. 2011 Curr Opin Vir 1(6): 487-96, 
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AR UNC93B deficiency 



Single-gene inborn errors of  
TLR and IL1-R immunity 

Casanova et al (2011) Annu Rev Immunol. 



TLR3 deficiency 

0/1508 controls tested 



UNC93B-/- vs TLR3+/- Deficiencies 
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TRIF deficiency 
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TRIF deficiency 
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Sancho-Shimizu et al. 2011 JCI. 
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Viral Infection 
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HSV-1 Infection 
SV40 Fibroblasts 

Cellular Mortality Cytokine 

Viral Replication 

Susceptible to HSV1 due to lack of IFN production 



Retroviral transfection R141X  
P1 SV40 Fibroblasts 

WT TRIF complements P1’s cells 
R141X is a null allele 

HSV1 Replication PolyI:C 



AR UNC93B 
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TLR3-IFN deficiencies and HSE 
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Narrow defects in antiviral IFNs 
 (UNC93B, TLR3, TRAF3 and TRIF)   

Single viral infection HSE 

Incomplete penetrance 

The host has evolved towards maximizing 
detection of HSV-1 in the CNS where 

infections are potentially lethal.  



Conclusions 
Inborn errors of immunity underlying infectious diseases 

Alcais et al (2010) Ann NYAS 

Life threatening infectious disease in childhood, due 
to primary infection, result from individually rare 
singe-gene variations of variable clinical penetrance 

• conventional PIDs  
(one gene, multiple infections) 
• Nonconventional or ‘novel’ PIDs 
(one gene,  one infection) 

 

Secondary or reactivation infections in 
adults is more complex 
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