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INTER-INDIVIDUAL VARIAB&&.‘fTY IN THE COURSE OF INFECTIOUS DISEASES
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INBO@;&O%RRORS OF TYPE I IFNSs
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17 TvyPE I IFNs (13 IFN-q, IQE\?\I B, IFN-g, IFN-k, IFN-w), ALL BINDING TO THE IFNAR1/IFNAR2

INBORN ERRORS OF TYPE IO@.FN RESPONSE PATHWAY: SEVERE VIRAL
ILLNESSES, INCLUDIN@@IEIVE ATTENUATED VIRAL VACCINE DISEASES
(E G MMR YFV) &QQ)“ IFNAR1 IF?NARZ IL- 10R%FE?FNLR1

S
AR IFNAR1 DEFIC CY: SEVERE REACTION TO MMR, YFV VAcCINES, HSE,

LIFE-TH REATENIN,go OVID-19

Type | IFN Type Il IFN

AR IFNARZQ]S‘EFICIENCY SEVERE REACTION TO MMR, AND YFV VACCINES

AR TYK@?DEFICIENCY. VARIOUS “MILD” VIRAL DISEASES, HSV

@
AR %&RTIAL JAK1 DEFICIENCY: MILD VIRAL INFECTIONS

,@ﬁ STAT1 DEFICIENCY: VARIOUS VIRAL LIFE-THREATENING DISEASES, [ exore
&HSVl/CMV/EBV/IAV/VZV &

AR STAT2 DEFICIENCY: SEVERE REACTIONS TO MMR, SEVERE VIRAL @I%EASE
RECURRENT HSV/VZV/CMV/IAV INFECTIONS ,\oo

AR IRF9 DEFICIENCY: SEVERE IAV PNEUMONIA, BILIARY PERFORATION éeé%TER MMR
CouLD INBORN OF TYPE I IFN IMMUNITY UNDERLI%‘LIFE-THREATENING COVID-19?

Ao\i" Meyts I et al. Eur J Immunol 2021

Lazear & al., Immun/ty 2019




INBORN ERR0R§®Q€3°F TYPE I IFN IMMUNITY UNDERLIE
LIFE-THREATENING COVID-19 PNEUMONIA
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@ o @@@@@ WM. @@ 3.5% carried rare variants of the TLR3- and

WR’RR”RQ@*’R'RM’R’R IRF7-dependent IFN-I pathway

— r::::; gcg;r:oﬂ(b&f type | IFN immunity \\Q & S\@
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@;\g f unexplained critical COVID-19 an@?nonla
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| and impaired TLR7- depeﬁgﬁent IFN-I induction
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Respiratory epithelial cells
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Ao\\’% Zhang et al., Science, 2020; Asano et al., Sci Immunol, 2021



Aum:ﬁs AGAINST TYPE I IFNS
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IN SOME PATIENTS TREATED WIT.\@J‘GIFN-OLZb OR IFN-
&O

IN A SMALL MINORITY OF WGMEN WITH SLE
IN NEARLY ALL PATIENTS@\,.WITH THYMOMA
IN NEARLY ALL PATI@\?rS WITH APS-1 (AIRE)

IN SEVERAL PAT@E‘NTS WITH IPEX (FOXP3)
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HIGH TITERS OF AN;g@—&i'YPE I IFN NEUTRALIZING AUTO-ABS
IN >10% QAS\"’PATIENTS WITH SEVERE COVID-19
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Multiplex
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Anti-type | IFN auto-Abs
N total positive p-value
N %
Life-threatening COVID-19 987 101 10.2
Asymp?omatic or mild 663 0 0 p<1016
infected
Healthy controls 1224 4 0.3 p <1016

95 of 101 patients with Auto-antibodies (94%) were men

51 of 101 (50%) were > 65 years of age
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THE ANTI-IFN-I AU@;@}C)—'ABS BLOCK THE PROTECTIVE EFFECT
OoF JFN-a AGAINST SARS-COV2
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Healthy controls
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auto-Abs
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—o— Anti-IFN-a2 mAb

(4

Q
ANTI-IFN-I AuTO-ABS CAN BLOCK TYPE I IFN FUNCT{@ZN, IN VIVO AND IN VITRO
INCLUDING IN THE UPPER RESPIRATORY TRACT
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N4 BASTARD P ET AL. SCIENCE 2020 (LOPEZ J ET AL. J ExP MED 2021)




ANTI-TYPE I IFN AuTO-ABS NI%@TRALIZING 100 pGg/ML oOF IFN-a AND/OR IFN-w

IN ALMOST 20% ,\Q“F SEVERE/CRITICAL COVID-19 PATIENTS
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ANTI-TYPE I IFN AUTO-ABS (;)Q«ﬁZAJOR RISK FACTORS OF CRITICAL COVID-19
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N
‘%:go Proportion of
Q)@Q’ critical patients
& with auto-Abs  P-value
¥ : 67

Anti-IFN-a and anti-IFN- w a,é"to Abs (10 ng/mL)— : ° : 5.6% 7.8x107

Anti-IFN-a and/or anti- IFI\Le,w auto-Abs (10 ng/mL)- ——i 9.8% <1013
Anti- IFI&J@&qauto Abs only (10 ng/mL)- S 3.4% 1.8.x10°

Antg\gﬂ@N -w auto-Abs only (10 ng/mL)- .—.—. 5 0.8% 0.057
Anti-IFN-a aﬂﬁ anti-IFN-w auto-Abs (100 pg/mL)- : ® : 7.1% & <1073
; . a8 §

Anti-IFN-a %ﬁd/or anti-IFN-w auto-Abs (100 pg/mL)- o 13.6% f\\f\‘ <1071

(\ . —
@Q‘rb Anti-IFN-o auto-Abs only (100 pg/mL)— C e 2. 92,6Q’ 2.8x107°

38 : o _
%00\@ Anti-IFN-w auto-Abs only (100 pg/mL)- - , S 54 3.9x107%

© : O -
o Anti-IFN-B auto-Abs (10 ng/mL) - o e ,@*@ 1.3% 1.7 x 1073

v : ® o
Anti-IFN-B auto-Abs only (10 ng/mL) — ——— Q@b\\’ 0.96% 0.043
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ANTI-TYPE I IFN AuTO-ABS AQ@COUNT FOR 20% OF CRITICAL COVID-19 AFTER
80YO MD OF THE TOTAL FATAL CASES
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AUTO-ABS NEUTRALIZING IFN-a2 AND/OR IFN-®w INCREASE WITH AGE NCRITICAL COVID-19 PATIENTS
HiIGH PREVALENCE OF NEUTRALIZING AUTO-ABS AGAINST TYPE I IFNs IQ@?HE ELDERLY WITH CRITICAL COVID-19
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\)6 BASTARD P ET AL. SCI IMMUNOL 2021
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ANTI-TYPE I IFN AuTO-ABS SHARPLY INCREASE IN THE GENERAL POPULATION >70YO
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ANTge"I\‘ yPE I IFN AUTO-ABS

Autoantibodies against type | IFNs in patients with
life-threatening COVID-19

Paul Bastard2*+1, Lindsey B. Rosen®+, Qian Zhang®1, Eleftherios Michailidis®t, Hans-Heinrich Hoffmann®1,

Yu Zhang*+, Karim Dorgham®t, Quentin Philippot*2t, Jérémie Rosain2f, Vivien Béziat'%3t,

Jérémy Manry'?, Elana Shaw?, Liis Haljasmagi’, Part Peterson’, Lazaro Lorenzo™Z, Lucy Bizien'?,

Sophie Trouillet-Assant®®, Kerry Dobbs*, Adriana Almeida de Jesus®, Alexandre Belotl’::jz. Anne Kallaste®,
John S. Tsang”®”, Raphaela Goldbach-Mansky®, Kai Kisand’, Michail S. Lionakis®, Anne Puef?,

Shen-Ying Zhang‘z':’. Steven M. Holland*9), Guy Gorochov®72q, Emmanuelle Jouanguyl‘mﬂ.

Charles M. Rice®Y, Aurélie Cobat'%q, Luigi D. Notarangelo®q], Laurent Abel’?>],

Helen C. Su*#, Jean-Laurent Casanova%34273+ & SCIENCE 2020
,-O)Q
Autoantibodies neutralizing type | IFNs are present

in ~4% of uninfected individuals over 70 years old
and account for ~20% of COVID-19 deaths

Paul Bastard'?3*, Adrian Gervais'?!, Tom Le Voyer'?!, Jérémie Rosain'?!, Quentin Philippot'?t,
Jérémy Manry"%, Eleftherios Michailidis*?, Hans-Heinrich Hoffmann®, Shohei Eto®5,

Marina Gan:ia—Prat"§ Lucy Bizien"5, Alba Parra- Mamnez"§ Rui Yang?S, Liis Haljasmagi’s,
Mélanie Migaud'?%, Karita Sarekannu 78, Julia Maslovskaja’®, Nicolas de Prost®®,

P

Peter K. Gregersen’", Lorenzo Pi¢monti’*', Carlos Rodriguez-Gallego'**'>*",
Luigi D. Notarangelo®**, Helen C. Su>*'%% Kai Kisand’*, Satoshi Okada®*, Anne Puel23*,
Emmanuelle Jouanguy'?3#, Charles M. Rice**, Pierre Tiberghien'*?%, Qian Zhang'%3*,

Aurélie Cobat'?3#*, Laurent Abel'*3**, Jean-Laurent Casanova'23105%+
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Prer;)'(,isting autoantibodies to type I IFNs underlie
critical COVID-19 pneumonia in patients with APS-1

Paul Bastard**@®, Elizaveta Orlova’®, Leila Sozaeva'®, Romain Lévy*2°@, Alyssa James®®, Monica M. Schmitt®®, Sebastian Ochoa®®,

Maria Kareva*®, Yulia Rodina’®, Adrian Gervais**@®, Tom Le Voyer?®, Jérémie Rosain**®, Quentin Philippot**®, Anna-Lena Neehus**®,

Elana Shaw®®, Mélanie Migaud'®, Lucy Bizien'®, Olov Ekwall®*@®, Stefan Berg®®, Guglielmo Beccuti*®, Lucia Ghizzoni'*@®, Gérard Thiriez"'®,
Arthur Pavot2@, Cécile Goujard*@®, Marie-Louise Frémond>@®, Edwin Carter'>®, Anya Rothenbuhler'*@®, Agnés Linglart'@®, Brigite Mignot’®,
Aurélie Comte’@, Nathalie Cheikh**@®, Olivier Hermine?*°®, Lars Breivik®@, Eystein S. Husebye?®*2@®, Sébastien Humbert”®,

Pierre Rohrlich*@®, Alain Coaquette?*®, Fanny Vuoto?*@®, Karine Faure?®, Nizar Mahlaoui®>”@®, Primoz Kotnik?>2@, Tadej Battelino?*@,
Katarina Trebusak Podkrajsek?***@, Kai Kisand*°@, Elise M.N. Ferré®®, Thomas DiMaggio®®, Lindsey B. Rosen®®, Peter D. Burbelo™®,

Martin McIntyre®@, Nelli Y. Kann’®, Anna Shcherbina’®, Maria Pavlova®>@®, Anna Kolodkina*®, Steven M. Holland®®, Shen-Ying Zhang"*°®,
Yanick ). Crow*5@, Luigi D. Notarangelo®®, Helen C. Su’®, Laurent Abel23@, Mark S. Anderson®*®, Emmanuelle Jouanguy*23®,

Bénédicte Neven>°@, Anne Puel2*@, Jean-Laurent Casanova*23*@®, and Michail S. Lionakis*@

J Exp MED 2021

Auto-antibodies to type I IFNs can underlie adverse
reactions to yellow fever live attenuated vaccine

Paul Bastard*3@®, Eleftherios Michailidis**@®, Hans-Heinrich Hoffmann®*@®, Marwa Chbihi*2*®, Tom Le Voyer*?@®, Jérémie Rosain?@®,

Quentin Philippot*?®, Yoann Seeleuthner'®, Adrian Gervais*?®, Marie Materna*?@®, Patricia Mouta Nunes de Oliveira®®,

Maria de Lourdes S. Maia®®, Ana Paula Dinis Ano Bom®®, Tamiris Azamor®®, Deborah Araijo da Concei¢do°®, Ekaterini Goudouris’®,

Akira Homma®@®, Giinther Slesak®®, Johannes Schafer*®, Bali Pulendran®°@®, Joseph D. Miller®"'@®, Ralph Huits"@®, Rui Yang’®,

Lindsey B. Rosen3®, Lucy Bizien*2@®, Lazaro Lorenzo2@®, Maya Chrabieh!2@®, Lucia V. Erazol®, Flore Rozenberg!*@®, Mohamed Maxime Jeljeli>®,
Vivien Béziat*2*@®, Steven M. Holland*®, Aurélie Cobat**®, Luigi D. Notarangelo®, Helen C. Su*@®, Rafi Ahmed®®, Anne Puel*>*®,
Shen-Ying Zhang*>*@, Laurent Abel***@, Stephen ). Seligman*'¢**@, Qian Zhang***®, Margaret R. MacDonald****@®,

Emmanuelle Jouanguy*23***@®, Charles M. Rice****®, and Jean-Laurent Casanoval>>7***@

3 Exp Mep 202¥

ee’

00

4

D)

L)

D)

*

*

D)

*

D)

~15% OF PATIENTS WITH LIFE-
THREATENING COVID-19 HAVE AUTO-
ABs TO TYPE I IFNs, 20% ELDERLY,
20% oF DEATHS

PREVALENCE INCREASES WITH AGE IN
THE GENERAL POPULATION, >4% AFTER
70 YO

NEUTRALIZE TYPE I IFNS In vIVO, IN
VITRO, AND BLOCK TYP%@‘IFN
PROTECTIVE EFFECT A@QAINST SARS-
CoV-2 >

\\"J@
I CLINICAL IM%é‘ICATIONS (SCREENING;
IFN- B/PLAS&&‘%\ EXCHANGE, VACCINATION,
OR MAB grfERAPY)

EXCLQ@@TON FROM DONATING
COMALESCENT PLASMA OR FOR ONGOING
@INICAL TRIALS, OR AT LEAST THEY
SHOULD BE TESTED BEFORE PLASMA
DONATIONS ARE ACCEPTED

&U'

CRrRuUCIAL ROLE OF TYPE I IFNs IN PROTECTIVEOIMMUNITY AGAINST SARS-CoV-2
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ANTI-CYTOKINE AUTO-ABS: AUTOLWUNE PHENOCOPIES OF INBORN ERRORS OF IMMUNITY

%
S

49
&
ANTI-CYTOKINE AUTO-A%ﬁ BLOCK THE TARGET CYTOKINE BIOLOGICAL FUNCTION
RN

> A UNIQUE INFlgfrOIous PHENOTYPE, MIMICKING THAT OF PATIENTS WITH GERMLINE MUTATIONS
OF THE GENES ENCODING THE CORRESPONDING CYTOKINES/RECEPTORS/SIGNALING MOLECULES
\s\(\
%’f’oq
M@ﬁ ((\)BACTERIAL DISEASE
& AUTO-ANTIBODIES (ABS) TO IFN-y (2003-) @
%QPQ’ INBORN ERRORS OF IFN-y (IFNG, IFNGR1, IFNGR?2) (1996-) .\Q@‘
P )
<<«®°°’ MUCOCUTANEOUS CANDIDIASIS &@\@@
& AUTO-ABS To IL-17A AND IL-17F (20105
L,\©°J INBORN ERRORS OF IL-17 (IL17F, IL17RA, IL17RC) (29&61\-)
( ‘\O
P STAPHYLOCOCCAL DISEASE O@@
\\
AuTo-ABS TO IL-6 \Q}"’Q (2008-)
INBORN ERRORS OF IL-6 (IL6R) <« (2019-)
&

N Ku CL et al. Hum Genet 2020
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Life-thre\g@‘ening COVID-19 pneumonia

Critical neumonia — ARDS (Chest CT)

Prevalence is low, and most infected individuals are asymptomatic %(eﬁ]HdIy symptomatic

N
How do we explain such interindividual varjghility ?
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