GC
|

A TA
C AT CAC CG
GCA TC CC T1CTC T
GCCTC TG_GATA GTG_ GT
GCTACTTA AG CTTC CG GATGA
CGTC TGCGACCT G G TAGA CAC
AAGC ATA CTTA TA TGTCGC CT
TTGTG GCCACG GT A ATATA
TGCATAC TTATACCGTCTGC GC
TCCAGAA TTAA TT crT
GTTCAAGCG TACA GAC
A  CTA_ CTCATTITG TGA ATCT
TGCGTTGTATACCACGA AT CGA
CTGA CGCAGAAGA  ACATCA T CA
TTGCTGTCG ATCCGC GT

TGCAGCTAGA ACCT G
ATGCT TTGACG
T CGTTA G
G TCGTC TC
A ATT TA
CA
G

TA
s Spyr korona eftir, hvgr ti ert?
€. ch¢ Hevur tin ilegusamanseting tydning fyri
o sjukugongdina hja COVID-19?
SO
"Eeres Noomi Oddmarsdéttir Gregersen, PhD
Cc Visindavgka 2020
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TA



COVID-19 tann 6. november 2020

e 219 tjodir avirkadar...higartil
e 47 millidnir smittad

e 2 millénir deyd

* Ymiskt, hvussu korona avirkar

e Alt fra ongi sjukueydkenni til livshaettislig

sjukueydkenni >y
J V4 %, i‘

€3 S &

* Kann ilegusamansetingin hava tydning? a0
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COVID-19 Host Genetics Initiative
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of the SARS-CoV-2 virus pandemic

The COVID-19 Host Genetics Initiative'
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The Role of Host Genetic Factors in Coronavirus
Susceptibility: Review of Animal and Systematic

Review of Human Literature
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Introduction

The COVID-19 pandemic is a global crisis creating severe
disruptions across the cconomy and health system. Insights
into how to better understand and treat COVID-19 are
desperately needed.

Early stdies have focused on the clinical characteristics
[1-3], epidemiology [1, 4, 5], and genomic characterization
[6-8] of SARS-CoV-2 infection. These studics have also

work
affect diffesent species. We reviewed the litersture
studies, We ideatiliéd 1,832 articles of potential rebevar
il of specific genes of lock aside from one meta-analysi
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Introduction

The 0ngoing severe acute respiratory syndiome corona
virus 2 (SARS-CoV.2) pandemic raises many scientific
and clinical questions. One set of questions involves sus
ceptibility and outcomes related 1o SARS-CoV-2 infec
tion (COVIDA9). Hypotheses suggested to explain
observed differences include host sex, age, comorbic
ities, and genetic factors.’ As with many complex
diseases, the reality for mest individuals most likely in.
volves & combination of genetic—including viral and
o8t genetics —and Aon-genetic variables. Large, inter
national studies and collaborations bave formed to
investigate host genetic factors related o COVIDA19.
These investigations include analyses of existing public
and private datasets, as well as the establishment of
new cohorts (.8,
Initiative” and “23andMe/23andMe Research Blog” en
tries In the Web Resou
Relative o other coronavinuses, SARS-CoV-2 has unigue
biolegical peaperties and related linical impact, but data
regarding other coronaviruses may be relevant. Previous
studies have been disparate in terms of the virus and
species studied, as well as the aims and methods. This
Inas resulted in 4 rich body of litesature that Is difficult 1o
efficiently leverage for SARS-CoV-2-related work.

w of Florida College of Vi e, FL 42611
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highlighted the value and importance of transparent data
sharing across countries, which have enabled the live track-
ing of the disease widespread worldwide [9, 10]. The role of
host genetics in impacting susceptibility and severity of
COVID-19 has been less studied. Previous work has sup-
ported the role of human leukocyte antigen (HLA) in sus-
ceptibility [11] and severity [12] for several viral infections.
Moreover, a synonymeous variant in the IFN-induced trans-
membrane protein-3 gene has been repared to cause severe
clinical outcomes in patients infected with HTN9 and HIN1
influenza viruses [13, 14], although results did not reach
established P value thresholds (P <5 x 107%). In addition,
candidate variant studies have suggested host factors that are
critical for severe disease in other coronavirus infections,
such as infections due to the related SARS-CoV [15].
Given the importance and urgency of exploring the role
of the host genome in conjunction with COVID-19 clinical
and genomic variability, and the recognition that this can
only be achieved with the combined effort of the scientific
community, we launched the ‘COVID-19 Host Genetics
Initiative’. This initiative brings together the human
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five invohved human host genetic
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Genetic variants of the human host

Coeckio

influencing the coronavirus-associatg
phenotypes (SARS, MERS and COVID
rapid systematic review and field sy

345

Emilic Di Maria"*"®, Andrea Latini’, Paola Borgiani® and Giuseppe Noveli

Abstract

The COMD-19 pandemic has strengthened the interest in the biological mechanism:
interplay between infectious agents and the human host. The spectrum of phenotyd
CoV-2 infection, ranging from the absence of symptoms to severe systemic complic:
what extent the variable response to coronaviruses (CoVs) is influenced by the varia]
background.

To explore the current knowledge about this question, we designed a systematic res
scientific literature published from Jan. 2003 to June 2020, to indude studies on the
caused by SARS-CoV-1, MERS-CoV and SARS-CoV-2 (namely SARS, MERS and COVID-]
eligible if human genetic variants were tested as predictors of dinical phenotypes.
An ad hoc protocol for the rapid review process was designed according to the PRIS
at the PROSPERO database (ID: CRD42020180850). The systematic workflow provided
abstraction (28 on SARS, 1 on MERS, 3 on COVID-19) reporting data on 26 discovery
considered the definite clinical diagnosis as the primary outcome, variably coupled v
was the most frequendy analysed). Ten studies analysed HLA haplotypes {1 in patien)
provide consistent signals of association with disease-associated phenotypes. Out of |
igated candidate genes (2 as associated with COVID-15), the top-ranked genes|
ECAM (L-SIGN), MBL, MxA (n E, (D209, FCER2, OAS-1, TLR4, TNF-a (n
MxA were found as possibly implicated in CoV-associated phenotypes in at least tw
for each predictor was insufficient to conduct meta-analyses.

Studies collecting large cohorts from different ancestries are needed to further eluci
variants in determining the response to CoVs infection. figorous design and robust
warranted.

Keywords: COVID-19, Coronavirus, Genomic biomarker, Human host, Genetic suscery
Genotype, Polymorphism
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‘The initiative should not inhibit any work being dene
within any individual studies (or between pairs of
studies).
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of potential relevance (Figure 1 and Table S1). ATte? Tl
review, 105 were included in our qualitative synthesis; 75
of these involved study of human host genetic factors
relatedto coronavirus (Table 1), Thinty-six of the 75 human
studies involved analysis of specific genes of loci (one was &
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A Global Effort to Define the Human Genetics
of Protective Immunity to SARS-CoV-2 Infection

Jean-Laurent Gasanoua’ 45, Halan G. Su¥, and the GOVID Human Genetic Effort
'St Giles Laborstory of Human Genetics of Infectious Diseases, Aockefaller Branch, The focksteller Unversity, Mew York, NY, USA

“Haward Hughes Medical Institute, New York, NY, USA

*Laboratory of Human Genatics of Infectous Diseases, Necker Branch, INSEFIM, Necker Hosptal for Sick Children, Paris, France

*Universiy of Paris, Imagne Institute, Parls, France

“Pediatric Hematology and Imrv'unnlng\f Uret, Necker Hospital for Sick Ghidren, AP-

“Lal Chnical

Natianal Insttutes of Health, Bethesda, MD, UISA

“Cormespondence: casanova@rocketale:
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SARS-CoV-2 infection displays immense inter-individual clinical variability, ranging from silent infection to le-
thal disease. The role of human genetics in determining clinical response to the virus remains unclear. Studies

of outliers—individuals

disease.

There are seven known human-iropic co-
ronaviruses (CoV), three of which nave
caused severs epicemics. These three
ANA viruses —SARS-GoV-1 (discovered
in 2002}, MERS-CoV {2012), and SARS-
Cov-2 (2010)—are much more vinlent
than the other four (HCoV-229€, HCoY-
NLES, HCoV-0C43, HCoW-HKU). which
cause common coids and anly rare cases
of severs disease, including preumonia
In 2002, SARS-CoV-1 caused an
epidemic limited to China. In 2012,
MERS-CoV caused an epidemic that
began in Saudi Arabia, subsequently
spreading primarily in the Middle East
before comtainment. SARS-CoV-2 was
first detectad in China in 201, but has
since become @ devastating ongoing
global pandemic. Most SARS-CoV-2 in-
fections are asymptomatic or benign,
but SARS-CoV-Z infectious disease
2019 {COVID-19) can cause e-threat-
ening disease, which typically begins
with preumania. Severe COMD-19 oc-
curs much more frequently in patients
over the age of 50 years and/or with co-
morbid canditions such as pulmonary,
cardiovascular, and metabalic disorders
(Figure 1) Life-threatening disease prob-
abiy strikes less than 1 in 1,000 infected
individuals below the age of 50 without
underlying conditions but mors than 1 in
10 infected patients over the age of 80
years with muliple comarbicities. The

1194 Gell 187, June 11,

despite viral expi

identification of advanced age and co-
morbidities as major risk factors is clini-
cally importart and suggests that the
decline of the body weakens immunity,
which may be difficult to translate it
molecular, celar, and  immunclog-
ical tarms.

Hawever, there is alse a more perplex-
ing, but perhaps less difficult, problem.
Why are previously healtny children, ado-
lescents, young, or midgle-aged aduts
being admitted to intensive care for respi-
ratory faikre, encepnalitis, or Kawasaki
disease, cue to COVID-197 Why would &
40-yeer-old man wha completed & mara-
thon in October 2018 find himsalf intu-
bated nd ventisted for COVID-19 respi-
ratery faiure in April 20207 The GOVID
Human Genetic Effort (nttps://www
cavidhge.com/) proposes that previously
healthy, young patients with severs
GOVID-19 carry causal genetic variants.
This hypothesis is not yet supported by
specific genetic epidemiological studies
of COVID-18, but it follows a long line of
classical genetic studies since 1905,
relating to diverse infections in plants
and animals, including humans {Casa-
nova and Abal, 2020). Three types of hu-
man genetic epidemiclogical studies
merit specific comment. Twin studies
have shoun that concordance rates for
some infectious diseases, such as tuber-
culosis, are much higher for manozygatic

2020 & 202D Elsevier Inc.

-HP?, Paris, France
Division of Intramural Aesearch, National Institute of Allergy and Infectious Disaases,

and healthy young patients with life-
threatening disease—present a unigue opportunity to reveal human genetic determinants of infection and

Cell

than dizygotic twins. Adoption studies
have shown tnat early death

type of infection is paradoxically corre-
Ieted with eary degth from infection of
the biological but not the foster parents.
Finally, susceptibiity to various infectious
diseases has been shown, particularly by
segregation studies, 1o be heritable and 1o
reflect the impact of a major gene.

Since 1950, genefic and molecular
studies have provided an immunological
basis for inherited predispositions to in-
fectious diseases. Patient and famiy-
based studies led to the discovery of
awrosomal recessive neuropenia and X-
linked recesswe  agammaglobulinemiz
These two seminal inborm errors of immu-
nity appeared 1o be Mendslian, and the
pathophysiological mechanism of sach
was eluidated, providing proof of pringi-
plefor genetic predisposition to human in-
fectious diseases. These and many other
inborn ermors of immunity are individuslly
rare and underlie muliple, recurrent. znd
often unusual infections in indivicual pa-
tients. Since 1985, moleculzr genetics
studies haue confirmed these disorders
1o be Mendeiian (monogenic with com-
piete clinical panetrance)

These studies launched a painstaking
mission to decipher the genetic basis of
suscaptibiliy to infections in humans,
from the individual to whole-population
levals. This genstic patient-by-patient,
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The Severe Covid-19 GWAS Group*
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Article | Published: 30 September 2020

The major geneticrisk factor for severe COVID-19 is
inherited from Neanderthals

Hugo Zeberg 1 & Svante Padbo

Nature (2020) | Cite this article
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Hvat vita vit longu nd um COVID-197?

Nose

CovID-19
Tongue/ N
$Oral mucosa /

Likskapur millum SARS-CoV og COVID-19 (Lu et al. 2020)

ACE2 er hurdin inn i kyknuna

Reseptorur i yvirflatanum a ymsum kyknum

Receptor

Tal av reseptorum kann hava avirkan a sjukugongdina

ACE2 er eitt mgguligt target fyri eina vaccinu

ACE2 thérapeutic

@
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Hvat vita vit longu nd um COVID-197

e Blodflokkur hevur avirkan

o Bléoflokkur A:

*  @ktur vandi fyri smittu
* @ktur vandi fyri andaleidstrupulleikum

* Blodflokkur O:
*  Minni vandi fyri smittu
* Minni vandi fyri andaleidistrupulleikum

_Kelda: NIAID
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Hvat gera vit i Fgroyum?

* Kanna um avisar ilegur hava samband vid ymisk sjukueydkenni

* Kanna um avisar ilegur kunnu verja ein ella gkja um vandan fyri smittuni

AlvarsligBjukutekin OngiBjukutekin
e[Midalaldurin@r@BOGr * Midalaldurin@r@3Gr
* 14%@Enenn@DgB6%EKvinnur * 36%E&vinnuri g4 %Emennk
* 43%@eilaBnkiEnnad * 64%Heila®nki@nnad
* 57%havabhpgtiblodtryst@®llaBstma * 21%havabhpgt@|odtryst
» 86%akalheilivag@lagliga * 29%@akalheilivagiagliga
* Ongin@oykir *36%Foykja@iagliga
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Blodroynd til DNA




legulesing

DNA hja ti einstaka

J fragmentering
P / b
P el
NESAY

d  sekventering

Seta saman

CATACACGTAGCTATACG

GCTATCAGGCTAGGTTA|
J genomid hja ti einstaka

GCTATCAGGCTAGGTTACAGTGCATGCATACACGTAGCTATACG
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F@royar i mun til Europa

e COVID-19 sjuklingarnir bdlka seg veel saman

MDS Component 2
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ACE2 i fgroyska COVID-19-bolkinum

Serliga triggjar ilegubroytingar hava tydning fyri, hvussu hart
COVID-19 rakar

Tvaer av teimum eru i feroysku royndunum

llegubroytingarnar eru bert funnar hja teimum vid alvarsligum

sjukuteknum

Kanning av fleiri einstaklingum fer at stadfesta, um ACE2 hevur

avirkan a sjukugongdina ella/og smittuvandan

European Journal of Human Genetics (2020) 28:1602-1614 ESHG
https://doi.org/10.1038/541431-020-0691-z

ARTICLE

ACE2 gene variants may underlie interindividual variability and
susceptibility to COVID-19 in the Italian population

Elisa Benetti' - Rossella Tita? - Ottavia Spiga® + Andrea Ciolfi(* - Giovanni Birolo® - Alessandro Bruselles® -
Gabriella Doddato’ - Annarita Giliberti’ - Caterina Marconi©®® - Francesco Musacchia® - Tommaso Pippucci'® -
Annalaura Torella" - Alfonso Trezza® - Floriana Valentino’ - Margherita Baldassarri’ - Alfredo Brusco 2 +
Rosanna Asselta'>'® - Mirella Bruttini” - Simone Furini' - Marco Seri®'° - Vincenzo Nigro®'" - Giuseppe Matullo
Marco Tartaglia®* - Francesca Mari®” - GEN-COVID Multicenter Study - Alessandra Renieri %’ - Anna Maria Pinto?
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Leu176Leu Phe603Phe
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Kromosom 3 i fgroyska COVID-19-bo

* Kanna “vandamiklar” ilegubroytingar 8 kromosom 3 g

* Hypotesa: Tey, sum eru verri fyri, hava fleiri “vandamiklar”

ilegubroytingar

Midal®alEvZvandamiklum"@legubroytingum@Eromosom®:
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« [ midal hava tey, sum véru verri fyri, IKKI fleiri “vandamiklar”

ilegubroytingar
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Ellinghaus et al. 2020
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ABO blodflokkar i fgroyska COVID-19-bolkinum
* Genetiskan marker fyri bl6dflokk O (rs8176719)
* “Frameshift” ilegubroyting ABO blood group

A-antigen B-antigen

Minst til, at blooflokkur A: -
* @ktan vanda fyri smittu ‘ .

» @ktan vanda fyri andaleidstrupuleikum

), Plasm(aAgg’fg))odies PIasn}Zre:tnifi/Sodies
° U rslit: Type AB Type 0
Bl6dflokkurHOVID-19@06lkinumEn=21) /;n‘;gsn‘: No antigens
AIvaringEjukutekin OngiBjukutekin
o SH71%) 857%) e T
AR|la@B 2{29%) 6{43%)

Vit kunnu ikki stadfesta, at bléddflokkur hevur avirkan @ smittuvandan ella sjukugongdina
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Naesta stig

* flegulesa gll tey smittadu, sum vilja luttaka

e Kanna ilegur saman vid gdrum faktorum

* Aldur, kyn, sjuku, andevni, royking osv.

Vit fara nokk ikki at finna eina ilegu, sum greidir alt
* Men ileguupplysingar fara at hjalpa til vid vidgerd

* [leguupplysingar fara hjalpa til vié vadameting

Large DNA molecule

\/

,L fragmentation

<

J sequenced

CATACACGTAGCTATACG

GCTATCAGGCTAGGTTA
4

GCTATCAGGCTAGGTTACAGTGCATGCATACACGTAGCTATACG
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