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Total deaths > 6 million

Epidemiological factors associated with fatal COVID-19

COVID-19 death hazard ratios
(study on 17 million individuals) 

Williamson et al., Nature, 2020

COVID-19 medianof the infection fatality rate by age
and sex(log-linear scale)

hΩ5ǊƛǎŎƻƭƭet al., Nature, 2020



Life -threateningAsymptomatic / mild

SARS-CoV-2

>400 participating centers worldwide
>40 sequencing hubs

Could some inborn errors of immunity underlie life-threatening COVID-19?

>13,000 patients recruited



The 17 type 1 IFNs (13 IFN- ,h IFN- ,̟ IFN-ʲΣ IFN- ,ʁ IFN- )ˁ  
all bind to the IFNAR1/2 receptors

Genetic defectsin the pathway
cause severeviral infections
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Type I IFNs



Impaired type I IFN immunity in patients with life-threatening COVID-19 pneumonia
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Inborn errors of type I IFN immunity
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AR IFNAR1 deficiency in adults with critical COVID-19, 

TLR7y/ - in >1% of men < 60 yrswith critical C-19

>10% of children with COVID-19 pneumonia have AR IEIs

Could other type I IFN deficiencies also underlie life-threatening COVID-19?

Zhang et al., Science, 2020
Asanoet al., Science Immunol, 2021

Zhang et al., JEM, 2022
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Auto-immune phenocopies of inborn errors of cytokine immunity

Reviewed in Puel & al., JEM, 2022

Mycobacterial disease

Auto-Antibodies (Abs) to IFN-g (2003-)
Inborn errors of IFN-g(IFNG, IFNGR1, IFNGR2) (1996-)

Mucocutaneous candidiasis

Auto-Abs to IL-17Aand IL-17F (2010-)
Inborn errors of IL-17 (IL17F, IL17RA, IL17RC) (2011-)

Staphylococcal disease

Auto-Abs to IL-6 (2008-)
Inborn errors of IL-6 (IL6R) (2019-)

Anti-cytokine auto-Abs are usually genetically driven: 
Ý AIREdeficiency (APS-1): auto-Abs to IL-17A/F

Ý HLA-DRB1*16:02 and DRB1*15:02: auto-Abs to IFN-g

Could auto-Abs to type I IFNs underlie life-threatening COVID-19?



Auto-antibodies neutralizing type I IFNs in >10% of patients 
with life-threatening COVID-19

- Auto-Abs can block the protective effect of type I IFNs

- Auto-Abs found before infection in all cases tested
- Most patients with auto-Abs are men
- Most are > 65 years of age

Replicated world-wide

Bastard et al., Science, 2020


