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SARS-CoV-2: ANATOMIA VIRAL
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Expressao ACE2 nos diversos orgaos e sistemas
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Imunidade Inata ao Corona Virus

I A
e

7 N\ @ SARS-CoV-1
CoVs capping }_( \
K

machinery ot TLR7 —_ “: Type | IFN
COVs NSP15 e
‘ %3 fsTLRS
SARS-CoV-1 N Y
MERS-CoV NSdaj— TC MDA Tiﬁéa,
MERS-CoV NS4b PKR

o IFNAR2| [

\ cGAS | p Akt
SARS-CoV-1 M /

Gy — SARS-CoV-1 |

MERS-CoV ORF4b Vo BTIN

* o [ SARS-CoV-1—
, SARS-CoV-1PLP, (e = f
\ N, ORF3b, ORF6? o f

SARS-COV-1—i| ___

|

| ORF6

9 / ' lnterferon”':’
S Type | IFN L ‘
URED [~ Type tiiFN © | £ ‘ | ;g’g‘:éa‘ed :

Vabret et al. Immunity, 2020



Ativacao linhagem mielocitica pelo SARS-Cov2

ﬁ’ Increased LoL-2
« TLR/IRLR engagement $increased 4% Replenishment O P
» Complement activation TNF-a ,
* Delayed IFN response IL-6 IL-8
* Pyroptosis IL-16 Degranulation,
* Antibody dependent IL-18 f NETosis, IL-1b
enhancement NUO GranquAcytes
. * Wound-healing response | al®

SARS
mfected.cell Lysis (ADCC)?

o IFN IL-1/
IL-18

Type | IFN
Type Il IFN

e0 o o |8 » | HLA-E? CDg4/
o o : |
> © f NKG2A v, ° 9/10/1
eo ‘.
IL-6 ¥ > S
TNF‘O R - w2020 Mount Sinal

Health Svstem

Vabret et al. Immunity, 2020



Monogenic causes of COVID-19

SUSCEPTIBILITY or
Spread of SARS-CoV2 Heterogeneity of outcome
infection among infected individuals
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Inter-individual clinical variability
In the course of SARS-CoV-2 infection

Severe infections

Three epidemiological risk factors:
(<1%)

1. Age. The older the worse.
2. Sex. Being a man is bad.
3. Co-morbidities ?

Yet there remains huge inter-individual clinical variability
in each demographic category.

Sick, centenarian men have handled the virus
asymptomatically while young healthy women died.

Symptomatic
infections (10%) Asymptomatic One key question: what is the cause of lethal COVID-19 ?
Infections (90%)
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Table 1. Monogenic defects underlying narrow susceptibility to human viral diseases

Outcome Pathogen [condition) Gene
Susceptibility Influenza virus (severe pneumonia) IRF7
IRFS
TLR3
Rhinovirus (severe pneumonia) IFIH1
Herpes simplex virus 1 {encephalitis) UNC33B1
TLR3
TRIF
TRAF3
TBK1
IRF3
SNORAZIL
Herpes simplex virus 1, influenza virus, norovirus DBR1
(brainstem encephalitis)
Beta-papillomavirus (skin warts and cancer) ThMCE
TnMCE
CiB1
Epstein-Barr virus (hemophagocytosis, lympho- SH2D1A
proliferation, lymphoma, hypogammaglobulinemia) XIAP
ITK
MAGT1
cD27
cD7o
Varicella-zoster virus (disseminated disease) POLR3A
POLR3C
Human herpes virus-8 (Kaposi sarcoma) TNFRSF4
Cytomegalovirus (disseminated disease) NOS52
Hepatitis A virus (fulminant hepatitis) IL18BF
Live-attenuated measles or yellow fever vaccine IFNAR1
(disseminated disease) IFNARZ2
5TAT2
IRFS
Resistance Human immunodeficiency virus CCRS
Morovirus FUT2
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Lethal influenza pneumonia: 13 candidate genes
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Enrichment for pLOF variants in critical COVID-19
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PCA-adjusted burden test pLOF variants MAF < 0.001:
9/659 patients (5 loci), 1/534 controls (OR 8.3, p = 0.01)




23 patients (3.5%) with epLOF mutations (8 genes)

Table 1. Disease-causing variants identified in patients with life-threatening COVID-19.

Gene Inheritance Genetic form Genotype Gender Age (year) Ancestry/Residence Outcome
TLR3 AD Known p.Ser33ofs/wT M1 40 Spain Survived
TLR3 AD Known p.Pro5545er/WT M 68 Italy Survived
TLR3 AD Known p.Trp769%/WT M 77 Italy Survived
TLR3 AD Known p.Met870Val/WT M 56 Colombia/Spain Survived
UNC93B1 AD New p.Glu9e™* /WT M 48 Venezuela/Spain Survived
TICAM1 AD Known p.Thralle/WT M 49 Italy Survived
TICAM1 AD Known p.5er60Cys/WT F 61 Vietnam/France Survived
TICAM1 AD Known p.GIn392Lys/WT F 71 Italy Deceased
TBK1 AD Known p.Phe24Ser/WT F 46 Venezuela/Spain Survived
TBK1 AD Known p.Arg308*/WT M 17 Turkey Survived
IRF3 AD Known p.Gludgdel/WT F 23 Bolivia/Spain Survived
IRF3 AD Known p.Asnl46Lys/WT F 60 Italy Survived
IRF7 AR Known p.Pro364fs/p.Pro364fs F 49 Italy/Belgium Survived
IRF7 AR Known p.Met371Val/p.Aspl17Asn M 50 Turkey Survived
IRF7 AD New p.Arg7fs/WT M 60 Italy Survived
IRF7 AD New p.GIn185*/WT M 44 France Survived
IRF7 AD New p.Pro246fs/WT M 41 Spain Survived
IRF7 AD New p.Arg369GIn/WT M 69 Italy Survived
IRF7 AD New p.Phe95Ser/WT M 37 Turkey Survived
IFNAR1 AR Known p.Trp73Cys/Trp73Cys M 38 Turkey Survived
IFNAR1 AR Known p.Serd422Arg/Serd22Arg M 26 Pakistan/Saudi Arabia Deceased
IFNAR1 AD New p.Pro335del/WT F 23 China/Italy Survived
New p.Glul4ofs/WT F 54 Belgium Survived

IFNARZ2

AD
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Impaired intrinsic immunity to SARS-CoV-2
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Inborn errors of type | IFNs
Zhang Q. et al. Science Sept 24
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Auto-immune phenocopies of inborn errors of cytokines

Auto-Antibodies (Abs) to IFN-y (2003-) Mycobacterial disease

Inborn errors of IFN-y (IFNG, IFNGR1, IFNGR2) (1996-)

Auto-Abs to IL-17A and IL-17F (2010-) Mucocutaneous candidiasis
Inborn errors of IL-17 (IL17F, IL17RA, IL17RC) (2011-)

Auto-Abs to IL-6 (2008-) Staphylococcal disease

Inborn errors of IL-6 (/L6R) (2019-)

These adaptive auto-immune attacks on intrinsic, innate, and/or adaptive immunity
are themselves genetically driven (e.g. Auto-Abs to IL-17 in patients with AIRE deficiency)



Auto-Abs to type | IFNs in critical COVID-19 ?

Inborn errors of type | IFN (IFNAR1, IFNAR2) (2015-) Viral vaccine disease (MMR, YFV)
Herpes simplex virus encephalitis
Critical COVID-19

How about auto-Abs to type | IFNs ?

They are found:

In nearly all patients with APS-1 (A/RE) Clinically silent
In a minority of patients treated with IFN-a.2b or IFN-3

In a small minority of women with SLE

In one patient with severe varicella (lon Gresser, 1985) Unusual viral illnesses
In a few patients with various viral infections (RAG1, RAG2)

And we found three APS-1 patients ... ... wWith critical COVID-19



Auto-Abs to type | IFNs in >10% of patients
with life-threatening COVID-19
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Auto-Abs to ‘systemic’ type | IFNs
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Neutralizing auto-Abs in vivo and in vitro
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Impaired type | IFN immunity in critical COVID-19
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-~ Auto-Abs to type | IFNs

Bastard P. et al. Science Sept 24
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Possiveis implicacdes terapéuticas

* Corticoide - ok

* Antibioticos — ok

* Terapia com plasma convalescente ??
* Plasmaferese ?

* Reposicao Interferon ? Alfa ?? Beta ?
* Reposicao imunoglobulinas ?

* Terapia anti-CD20 ?

E as vacinas .... Qual o futuro ? .....
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