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Abstract

Human genetic studies of critical COVID-19 pneumonia have revealed the essential role of type
| interferon-dependent innate immunity to SARS-CoV-2 infection. Conversely, an association
between the HLA-B*15:01 allele and asymptomatic SARS-CoV-2 infection in unvaccinated
individuals was recently reported, suggesting a contribution of pre-existing T cell-dependent
adaptive immunity. We report a lack of association of classical HLA alleles, including
HLA-B*15:01, with pre-omicron asymptomatic SARS-CoV-2 infection in unvaccinated
participants in a prospective population-based study in the US (191 asymptomatic vs. 945
symptomatic COVID-19 cases). Moreover, we found no such association in the international
COVID Human Genetic Effort cohort (206 asymptomatic vs. 574 mild or moderate COVID-19
cases and 1,625 severe or critical COVID-19 cases). Finally, in the Human Challenge
Characterisation study, the three HLA-B*15:01 individuals infected with SARS-CoV-2 developed
symptoms. As with other acute primary infections, no classical HLA alleles favoring an
asymptomatic course of SARS-CoV-2 infection were identified. These findings suggest that
memory T-cell immunity to seasonal coronaviruses does not strongly influence the outcome of

SARS-CoV-2 infection in unvaccinated individuals.
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Introduction

Primary infection with SARS-CoV-2 underlies a broad spectrum of clinical manifestations in
unvaccinated individuals, ranging from silent infection to lethal COVID-19 pneumonia. Rare and
common human genetic variants have been associated with hypoxemic COVID-19 pneumonia
5. Inborn errors of TLR3- and/or TLR7-dependent type | IFN immunity in respiratory epithelial
cells and plasmacytoid dendritic cells underlie critical COVID-19 pneumonia in 1-5% of cases
68 Moreover, autoantibodies neutralizing type | interferon (IFN) underlie at least another 15%
of cases ' further highlighting the key role of type | IFNs in protective immunity to
SARS-CoV-2 infection in the respiratory tract. Inborn errors of the OAS-RNase L pathway
underlie MIS-C in about 1% of cases '?, but the other manifestations of SARS-CoV-2 infection
remain unexplained (COVID toes, long COVID etc.). In the large sample study from the
COVID-19 Host Genetics Initiative, only one human leukocyte antigen (HLA) class Il allele,
HLA-DRB1*04:01, has been found to confer a small decrease in the risk of critical COVID-19
(OR = 0.8) 2. By contrast, we have documented a stronger association between HLA-A*03:01
and side effects following inoculation with the Pfizer-BioNTech COVID-19 mRNA vaccine ',

which was subsequently replicated ™.

In this context, in July 2023, an association was reported between the HLA-B*15:01 allele and
asymptomatic SARS-CoV-2 infection in unvaccinated individuals '°. The OR was 2.40 (95%CI:
1.54-3.64) for heterozygotes, reaching 8.58 (95%CI: 1.74-34.43) in homozygotes. Silent
SARS-CoV-2 infection had not hitherto been explicitly studied as a phenotype in large genetic
studies. This study further showed that T-cells from HLA-B*15:01 individuals who had not been
infected with SARS-CoV-2 recognized a SARS-CoV-2 T-cell epitope by cross-reactivity due to
prior exposure to one of two common cold coronaviruses: OC43-CoV or HKU1-CoV'.
Moreover, more than 100 immunogenic SARS-CoV-2 peptides are highly similar to peptides
from at least one human coronavirus (hCoV) presented by a wide range of classical HLA
molecules '®. We, therefore, tested the hypothesis of an association between HLA alleles and
asymptomatic SARS-CoV-2 infection in two large independent cohorts. We aimed: (i) to test the
association with HLA-B*15:01 and (ii) to identify additional HLA alleles potentially associated
with asymptomatic COVID-19.
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Material and methods

Cohorts and phenotype information

I tiv hort

Participants in the US prospective cohort came from two studies: the Helix DNA Discovery
Project and the Healthy Nevada Project. All the enrolled participants provided written informed
consent for participation and were recruited through protocols conforming to local ethics
requirements. The Helix DNA Discovery Project was reviewed and approved by the Western
Institutional Review Board. For the Healthy Nevada Project (HNP), the University of Nevada,
Reno Institutional Review Board approved the study (project 956068-12). The procedures
followed were in accordance with ethical standards, and appropriate informed consent was
obtained. We performed an online survey that we sent a few times in 2021. The survey takes
about 15 minutes to complete and has been published in the past '*. We received responses
from 8,125 unique Helix DNA Discovery Project participants and 9,315 unique Healthy Nevada
Project participants. The participants in this cohort were 18 to 89+ years old, 65% were female,
and 85% were of European genetic ancestry. The respondents indicated whether they had been
infected and whether they had been vaccinated, as well as information on exposure, reasons for
testing, and comorbidities. They rated the severity and duration of their symptoms and disease.
They answered questions about 24 specific symptoms known to occur after SARS-CoV-2
infection.

CHGE cohort

Since the beginning of the pandemic, the COVID Human Genetic Effort (CHGE) has enrolled
more than 10,000 individuals with SARS-CoV-2 infection and broad clinical manifestations from
all over the world. All the enrolled participants provided written informed consent for participation
and were recruited through protocols conforming to local ethics requirements. For patients
enrolled in the French COVID cohort (ClinicalTrials.gov NCT04262921), ethics approval was
obtained from the Comité de Protection des Personnes lle De France VI (ID RCB,
2020-A00256-33) or the Ethics Committee of Erasme Hospital (P2020/203). For participants
enrolled in the COV-Contact study (ClinicalTrials.gov NCT04259892), ethics approval was
obtained from the CPP IDF VI (ID RCB, 2020-A00280-39). For patients enrolled in the ltalian
cohort, ethics approval was obtained from the University of Milano-Bicocca School of Medicine,
San Gerardo Hospital, Monza—Ethics Committee of the National Institute of Infectious Diseases
Lazzaro Spallanzani (84/2020) (ltaly), and the Comitato Etico Provinciale (NP 4000-Studio
CORONAlab). STORM-Health care workers were enrolled in the STudio OsseRvazionale sullo
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screening dei lavoratori ospedalieri per COVID-19 (STORM-HCW) study, with approval from the
local institutional review board (IRB) obtained on June 18, 2020. Patients and relatives from San
Raffaele Hospital (Milan) were enrolled in COVID-BioB/Gene-COVID protocols and, for
additional studies, TIGET-06, with the approval of the local ethics committee. Patients and
relatives from Rome were enrolled in Protocol no. 50/20 (Tor Vergata University Hospital).
Informed consent was obtained from each patient. For the patients enrolled in the COVIDeF
Study Group (ClinicalTrials.gov NCT04352348), ethics approval was obtained from the Comité
de Protection des Personnes lle de France Xl (ID RCB, 2020-A00754-35). For patients enrolled
in Spain, the study was approved by the Committee for Ethical Research of the Infanta Leonor
University Hospital, code 008-20; the Committee for Ethical Research of the 12 de Octubre
University Hospital, code 16/368; the Bellvitge University Hospital, code PR127/20; the
University Hospital of Gran Canaria Dr. Negrin, code 2020-200-1 COVID-19; and the Vall
d’Hebron University Hospital, code PR(AMI)388/2016. Anonymized samples were sequenced at
the National Institute of Allergy and Infectious Diseases (NIAID) through the Uniformed Services
University of the Health Sciences (USUHS)/the American Genome Center (TAGC) under
nonhuman subject research conditions; no additional IRB consent was required at the National
Institutes of Health (NIH). For patients enrolled in the Swedish COVID cohort, ethics approval
was obtained from the Swedish Ethical Review Agency (2020-01911 05).

The physicians classified the patients as follows: i) Critical cases were defined as patients with
pneumonia requiring high-flow oxygen (>6 L/min) and/or requiring admission to the intensive
care unit; ii) Severe cases were defined as patients with pneumonia requiring low-flow oxygen
(<6 L/min); iii) Moderate cases were defined as patients with ambulatory pneumonia; iv) Mild
cases were defined as pauci-symptomatic patients, with the presence of mild, self-healing
symptoms such as cough, fever, body aches, anosmia; and v) Asymptomatic cases were
defined as infected individuals with no symptoms. The presence of infection was assessed on
the basis of a positive PCR test and/or serological test and/or the presence of typical symptoms
such as anosmia or ageusia after exposure to a confirmed COVID-19 case.

SARS-CoV-2 Human Challenge Characterisation Study

34 participants seronegative to spike protein were challenged with D614G-containing pre-Alpha
SARS-CoV-2, of whom 33 consented for genetic analysis. Additional details on the study design
and participants were previously published '’. Ethics approval was obtained from the UK Health
Research Authority Ad Hoc Specialist Ethics Committee (reference: 20/UK/0002). Written

informed consent was obtained from participants before screening and enroliment.
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Sequencing

US prospective cohort
DNA samples were sequenced and analyzed at Helix with the Exome+® assay as previously

described 8. Genotype processing was performed in Hail ™®.

CHGE cohort

Whole-exome (WES) or whole-genome sequencing (WGS) was performed at several
sequencing centers, including the Genomics Core Facility of the Imagine Institute (Paris,
France), the Yale Center for Genome Analysis (USA), Macrogen (USA), Psomagen (USA), the
New-York Genome Center (NY, USA), TAGC (USUHS, Bethesda, USA), MNM Bioscience
(Poland), Invitae (San Francisco, USA), the Genomic Sequencing Platform Seqoia (France), the
Centre National de Recherche en Génomique Humaine (CNRGH, Evry, France), the Genomics
Division-ITER of the Canarian Health System sequencing hub (Canary Islands, Spain), and the
AlJalila Genomics Center (Dubai). Libraries for WES were generated with the Twist and Twist
Plus Human Core Exome Kit, the xGen Exome Research Panel from Integrated DNA
Technologies (IDT; xGen V1 and V2), Agilent SureSelect (Human All Exon V6 and V7) panels,
the SeqCap EZ MedExome Kit from Roche, the Nextera Flex for Enrichment-Exome kit, the
lllumina TruSeq Exome panel and WES custom target enrichment probes. Massively parallel
sequencing was performed on HiSeq 4000, HiSeq 2500, NextSeq 550 or NovaSeq 6000
systems (lllumina).

For principal component analysis (PCA), common variants from the gnomAD v2.1 Exome
dataset were jointly genotyped with GATK GenotypeGVCFs. PCA was performed with PLINK
v1.9 software on a pruned set of ~14,600 SNPs not in linkage disequilibrium (maximum r2 value
for linkage disequilibrium of 0.4 between pairs of SNPs), with a minor allele frequency
(MAF)>1%, a call rate>99%, and P value for departure from Hardy—Weinberg
equilibrium > 10e-5, as previously described 2°. The ancestral origin of the patients was further
inferred from the PCA, as previously described %.

SARS-CoV-2 Human Challenge Characterisation Study

Whole-genome sequencing was performed on lllumina NovaSeq (Novogene Ltd., IK), yielding

150bp paired-end reads. The average depth of coverage was >50x with a minimum of 31x.
PCA and global ancestry inference were performed using Hail according to the protocol

described by the gnomAD project 2'.
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HLA calls / imputation

US prospective cohort
HLA types for A, B, C, DPB1, DQA1, DQB1, and DRB1 were imputed with HIBAG using the

default recommendations %2, Individual genotypes were imputed with the model for the most
appropriate genetic ancestry for each individual. Probabilities greater than 0.5 were used for
genotype calling.

CHGE cohort

Classical class | and class Il HLA alleles were typed from the raw WES or WGS reads with
HLA*LA software [10], which uses a linear projection method to align reads to a population
reference graph and enables high HLA typing accuracy from WES or WGS data.

SARS-CoV-2 Human Challenge Characterisation Study

HLA alleles were typed from raw WGS reads with HLA*LA software at G group resolution. Only
HLA calls with a posterior probability of 100% and a minimum coverage of 20x were retained in

the analysis. At the B locus, all individual calls fulfilled these filtering criteria at 2-field resolution.

These tools have been validated for their accuracy to call HLA alleles at 2-field resolution,
particularly in populations of European ancestry. For example, the HIBAG HLA calls made at
Helix for 7 genes in 7 European ancestry Coriell samples showed 99% concordance with the
known HLA calls for these individuals. Differences caused by HLA allele calling should mostly

be limited to rare HLA types and populations with poor imputation references.

HLA-WAS

We used Regenie 2 for the genetic analysis. In brief, this method builds a whole-genome
regression model based on common variants to account for the effects of relatedness and
population stratification; it also accounts for situations in which there is an extreme case-control
imbalance likely to lead to test statistic inflation with other analysis methods. We used the
approximate Firth p value when the logistic regression p value was below 0.01. The covariates
included were age group, sex and the first five principal components.

For the US prospective cohort, a representative set of 184,445 coding and noncoding
LD-pruned, high-quality common variants were identified for the construction of PCs and the
whole-genome regression model, as previously described '®. PCs were calculated within the
European group. For CHGE, the set of ~14,600 SNPs used for PCA within the European group

was used for the whole-genome regression model.
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Meta-analysis

Results were combined by inverse variance-weighted fixed-effects meta-analysis with METAL .
Effect was provided as the BETA value and the STDERR was provided as the SE.

Power calculation

We estimated the power required to detect an effect similar to that reported by Augusto,
Murdolo & Chatzileontiadou et al. with the Genetic Association Study (GAS) Power Calculator,
which uses a method derived from the CaTS power calculator for two-stage association studies
% The parameters used were: HLA-B*15:01 frequency: 0.05; prevalence of asymptomatic
infection: 0.1; Dominant inheritance model; p-value threshold = 0.05; numbers of cases and

controls according to the third definition in both cohorts.

Serology

Plasma IgG titres were determined using MesoScale Discovery Coronavirus panel 2 plates on a
SQ120 instrument. Binding titres given as arbitrary units per milliliter (AU/ml) based on a

kit-provided human plasma standard curve.

Results

US prospective cohort description

We first conducted an HLA-wide association study (HLA-WAS) in a prospective
population-based US cohort (Figure 1). Participants were either part of the Helix DNA Discovery
Project or the Healthy Nevada project, and were recruited before the start of the COVID-19
pandemic. All participants underwent Exome+® sequencing, which targets the exome and a few
hundred thousand non-exonic common SNPs, providing a backbone for imputation of the most
common SNPs in the genome. HLA alleles were called for seven genes (HLA -A, -B, -C, -DPB1,
-DQA1, -DQB1, and -DRB1) with HIBAG %2. The 17,434 adults who responded to at least one of
the COVID-19 infection and vaccination surveys sent in 2021 included 1,680 participants
reporting SARS-CoV-2 infection while unvaccinated. A continuous spectrum of symptoms,
duration of illness was reported following SARS-CoV-2 infection (Figure S1). The most common
symptoms were muscle and body aches, and a cough (Figure S1A). No symptoms at all were

reported by 5.1% of individuals (n=86), whereas 5.3% of the infected participants required
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hospitalization with or without oxygen therapy (n=58) or were admitted to the intensive care unit
(n=31) (Figure S1B).

Figure 1
A
US Prospective cohort CHGE cohort
17,434 participants from the US Physicians from >40 countries
responded to survey referred patients
0 symptoms: 86 Resistors: 357
only 1 symptom & only 1 day (‘Max 1 day’): 111 MIS-C: 879
all symptoms lasted < 2 days (‘Max 2 days’): 286
Asymptomatic: 311
symptomatic: 1,247
(incl. 89 hospitalized or ICU) Mild + Moderate: 1,231
Severe: 855
unknown symptoms / other: 147 Critical: 3,596
HLA calls: 7 genes HLA calls: 7 genes
European European
genetic ancestry genetic ancestry
0 symptoms: n = 59 Asymptomatic: 206
Max 1 day: n=73
Max 2 days: n =191 Mild + Moderate: 574
Severe + Critical: 1,625
Symptomatic: n= 945 All symptomatic: 2,199
B
HLA-WAS Meta-analysis
US Prospective cohort CHGE cohort
0 symptoms  vs. Symptomatic Asymptomatic  vs. Severe + Critical M1
. . Mild + Moderate +
Max 1 day Vs. Symptomatic Asymptomatic vs. Severe + Critical M2
Max 2 days vs. Symptomatic Asymptomatic vs.  Mild + Moderate M3

Figure 1: Study design.
A: Description of the two cohorts and definitions of asymptomatic and symptomatic cases.
B: List of HLA-wide association studies and meta-analyses performed.

HLA-wide association in the US prospective cohort

We tested the hypothesis that HLA alleles play an important role in the early response to
SARS-CoV-2 by considering three case definitions for the asymptomatic cases (Figure 1A):
1) ‘0 symptoms’ was a stringent definition of asymptomatic as a total absence of symptoms

(n=86); 2) ‘Max 1 day’ was a definition of asymptomatic in which the presence of one symptom

10
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for no more than one day was tolerated (n=111). This definition was used to increase the power
for detection of an association by enlarging the ‘asymptomatic’ group whilst still identifying
individuals who cleared the virus quickly and efficiently; 3) ‘Max 2 days’ was a definition as close
as possible to that used by Augusto, Murdolo & Chatzileontiadou et al., considering participants
to be asymptomatic if none of their symptoms lasted three days or more, and if the reason for
testing was unrelated to symptoms (n=286) '. We used only one definition for controls
(individuals with symptoms lasting at least three days). The control group included all individuals
admitted to the ICU or the hospital and anyone reporting symptoms of at least three days’
duration with some impact on their daily routine (n=1,247). For the HLA-WAS, we restricted the
analysis to individuals with a genetically inferred European ancestry (Figure $1C-D), leading to
a total of 59 to 191 asymptomatic cases and of 945 symptomatic controls (Figure 1A). Age and
sex distribution are shown in Table S1. The association test was performed with Regenie #
under a dominant inheritance model, with age, sex and the first five principal components as
covariates (see Supplemental methods). The risk of detecting false positive associations was
decreased by limiting the analysis to the 105 HLA alleles with an allele frequency of at least 1%
in this cohort. No statistically significant associations (at a corrected threshold of p<0.00047)
were found with any of the three phenotype definitions (Table 1, Tables S2-4). The top-ranked
HLA allele was DRB1*16:01, which was depleted in asymptomatic individuals, with the
strongest effect being observed in the ‘Max 2 days’ group of asymptomatic patients (OR
[95%CI] = 0.06 [0 —1.5], p=0.004, Table 1).

Table 1: Top-rank lleles in the HLA-WAS on th I iv h
Allele OR [95% CI? p value AF® Asymptomatic definition®
DRB1*16:01 0.06 [0.002-1.5] 0.004 0.012 Max 2 days
A*32:01 2.19[1.3-3.8] 0.008 0.035 Max 2 days
B*07:02 1.58 [1.1-2.3] 0.016 0.13 Max 2 days
C*07:02 1.53 [1.1-2.2] 0.020 0.14 Max 2 days
DQB1*06:02 1.52[1.1-2.2] 0.025 0.14 Max 2 days
DQB1*05:02 0.29[0.1-1.1] 0.037 0.015 Max 2 days

& Odds ratio (OR) of being asymptomatic, i.e. OR>1 indicates that the allele is more frequent in
asymptomatic individuals. Cl: confidence interval.

® Allele frequency (AF) is based on the frequency of the allele in the US prospective cohort ‘Max 2 days’
analysis because this analysis included the largest numbers of cases and controls.

¢ For each allele, the top-ranked result across the three asymptomatic definitions in the US prospective
cohort is given.
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HLA-wide association in the CHGE cohort

We next studied patients recruited by the physicians of the international CHGE consortium.
These physicians classified participants with SARS-CoV-2 infections according to acute disease
severity: asymptomatic, mild, moderate, severe, or critical (Figure S2A). Whole-exome or
whole-genome sequencing data were available for 7,229 participants and HLA alleles were
typed with HLA*LA . In this HLA-WAS, we compared the patients classified as ‘asymptomatic’
by the clinicians (n=311) with those in three sets of symptomatic controls: 1) the patients with
the most extreme symptoms requiring hospitalization and oxygen supplementation (i.e. those
with a severe or critical form of the disease, n=4,451); 2) all symptomatic patients, whatever
their acute disease severity (i.e. mild, moderate, severe or critical, n=5,682); and
3) symptomatic patients not requiring oxygen supplementation (i.e. mild and moderate patients
only, n=1,231); this last group of symptomatic patients is the most similar to the symptomatic
patients groups of the US prospective cohort and the study by Augusto, Murdolo &
Chatzileontiadou et al. (Figure 1). We restricted the analysis to individuals of European genetic
ancestry and the final study population comprised 206 asymptomatic cases, 1,625 patients with
severe or critical disease and 574 patients with mild or moderate disease (Figure S2B-C). Age
and sex distribution are shown in Table S1. Analyses were also performed under a dominant
inheritance model with age group, sex and the first five principal components as covariates. This
analysis was performed with Regenie and was limited to the 117 HLA alleles with an allele
frequency of at least 1% in this cohort. No statistically significant association (at a corrected
threshold of p<0.00043) was identified in the HLA-WAS, regardless of the definition of
symptomatic patients used (Tables S$5-S7). The top-ranked HLA allele found to be enriched in
asymptomatic individuals was HLA-B*40:02, for which the strongest effect was observed in
comparison with the group of symptomatic patients with severe or critical disease (OR [95%CI]
=3.4[1.5-7.7], p=0.005, Table 2).

Table 2: Top-ranked alleles in the HLA-WAS on the CHGE European cohort.

Allele OR [95% CI? p value AF® Controls used®
B*40:02 3.42[1.5-7.7] 0.005 0.016 Severe + Critical
DPB1*01:01 0.28[0.1-0.8] 0.007 0.042 Severe + Critical
A*23:01 2.5[1.2-5.0] 0.010 0.023 Mild + Moderate
B*49:01 2.26 [1.2-4.3] 0.014 0.031 Mild + Moderate
A*03:01 1.66 [1.1-2.5] 0.019 0.12 Severe + Critical
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DQA1*01:02 1.54 [1.1-2.2] 0.022 0.18 Mild + Moderate
A*30:02 2.46 [1.1-5.6] 0.031 0.019 Mild + Moderate
B*57:01 0.47 [0.2-1.0] 0.047 0.027 Mild + Moderate
A*68:02 3.53[1.0-12.2] 0.047 0.01 Mild + Moderate

DPB1*03:01 0.65 [0.4-1.0] 0.049 0.093 Mild + Moderate

@ Odds ratio (OR) of being asymptomatic, i.e. OR>1 indicates that the allele is more frequent in
asymptomatic individuals. Cl: confidence interval.

® Allele frequency (AF) is based on the frequency of the allele in the CHGE European cohort ‘All’ analysis,
which included the largest numbers of cases and controls.

¢ For each allele, the top-ranked result across three sets of symptomatic patients in the CHGE European
sample is given.

HLA-wide meta-analysis

We then performed three meta-analyses, denoted M1, M2, M3 (Figure 1B), combining the
results from our two independent cohorts with METAL 24. The first used the strictest definitions
for the groups: the HLA-WAS with the ‘0 symptoms’ group of asymptomatic patients in the US
prospective cohort and the HLA-WAS limited to patients with severe and critical disease only in
the CHGE cohort (Table S8). The second meta-analysis combined the HLA-WAS with the ‘Max
1 day’ definition of asymptomatic patients for the US prospective cohort (0 symptoms or 1
symptom for 1 day) with the HLA-WAS with all symptomatic cases from the CHGE (Table S9).
The final meta-analysis used the results for the asymptomatic and symptomatic groups most
closely resembling those of the study by Augusto, Murdolo & Chatzileontiadou et al. (Table
S$10). The meta-analyses detected no statistically significant associations (at a corrected
threshold of p<0.00047) between HLA alleles and asymptomatic SARS-CoV-2 infection (Table
3, Tables S8-10). The top-ranked HLA allele was HLA-B*40:02 (p-value = 0.0008), for which
enrichment was observed in asymptomatic individuals relative to symptomatic individuals in both

cohorts and in the meta-analysis based on the strictest definitions.

Tabl . _Top-rank llel in the meta-anal n rr nding results in th
I ive and CHGE cohorts.
Allele Meta-analysis US Prospective Cohort® CHGE Cohort?
Meta-
analysis | OR [95% CIJ? | p value | OR [95% CI]* | p value | OR [95% CI]? | p value
number
B*40:02 M1 3.51[1.7-7.3] | 0.0008 | 4.05[0.7-24.6] | 0.128 | 3.42[1.5-7.7] | 0.005
DPB1*01:01 M2 0.43[0.3-0.7] | 0.0015 | 0.43[0.2-1.0] | 0.058 | 0.43[0.2-0.8] | 0.010
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DQA1*01:02 M3 1.41[1.1-1.8] | 0.007 1.31[0.9-1.8] 0.119 | 1.54[1.1-2.2] | 0.022

A*23:01 M2 2.22[1.2-4.0] | 0.007 2.14[0.7-6.6] | 0.186 | 2.25[1.1-4.4] | 0.019

DQB1*06:02 M3 1.46[1.1-2.0] | 0.013 1.52[1.1-2.2] | 0.025 | 1.33[0.8-2.2] | 0.276

C*03:03 M1 0.52[0.3-0.9] | 0.015 0.48[0.2-1.2] | 0.132 | 0.54[0.3-1.0] | 0.055
B*49:01 M3 1.96 [1.1-3.4] | 0.019 1.29[0.4-3.9] | 0.657 | 2.26[1.2-4.3] | 0.014
B*07:02 M3 1.42[1.1-1.9] | 0.021 1.58[1.1-2.3] | 0.016 | 1.16[0.7-1.9] | 0.554

DRB1*15:01 M3 1.38 [1.0-1.9] | 0.037 1.42 [1-2.1] 0.075 | 1.32[0.8-2.2] | 0.264

@ Odds ratio (OR) of being asymptomatic, i.e. OR>1 indicates that the allele is more frequent in
asymptomatic individuals. Cl: confidence interval.

® For each allele, ORs and p values obtained in the US prospective and CHGE cohorts with asymptomatic
or controls definitions used in the corresponding meta-analysis are given.

Lack of replication for HLA-B*15:01

An analysis focusing on HLA-B*15:01 did not replicate the association between HLA-B*15:01
and asymptomatic SARS-CoV-2 infection (Figure 2A-C) despite being well powered (>95%) to
detect an effect similar to that reported by Augusto, Murdolo & Chatzileontiadou et al. (OR of
2.40 for enrichment in asymptomatic vs. symptomatic patients, p=5.67x10°) (Figure S3). We
further estimated the frequency of HLA-B*15:01 in various groups of patients of the CHGE
consortium, including children with SARS-CoV-2 infection complicated by multisystem
inflammatory syndrome (classified as MIS-C) and individuals with high levels of exposure who
never tested positive (classified as ‘resistors’) '>?’. This frequency ranged from 2.4% in
asymptomatic individuals to 6.0% in resistors (Figure 2C-D). We also looked at individuals from
non-European genetic ancestries. Similarly, we found no difference in frequency between
asymptomatic and symptomatic individuals (Figure 2E and Table S11). Overall, no enrichment
in the HLA-B*15:01 allele was observed among asymptomatic individuals in our US

population-based prospective cohort, or in the international CHGE cohort.
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Figure 2: HLA-B*15:01 is not enriched in asymptomatic cases.

A: Odds Ratio (OR) and 95% confidence intervals (Cl) for the association of HLA-B*15:01 with
asymptomatic SARS-CoV-2 infection in both cohorts and in the meta-analysis.

B: Allele frequency and 95% confidence intervals in the US prospective cohort subgroups.

C: Allele frequency and 95% Cl in the CHGE European sample.

D: Allele frequency and 95% CI in individuals highly exposed to SARS-CoV-2 who never tested positive
(‘Resistors’, n=291) and children with SARS-CoV-2 infection complicated by multisystem inflammatory
syndrome (‘MIS-C’, n=235) from the European CHGE sample.

E: Allele frequency and 95% CI in Middle Eastern (ME) individuals from the CHGE cohort (Symptomatic,
n=895; Asymptomatic, n=37).

Symptoms and serology for participants with HLA-B*15:01 in the SARS-CoV-2 Human
Challenge Characterisation Study

The mechanism proposed as an explanation for the association between HLA-B*15:01 and
asymptomatic SARS-CoV-2 infection was pre-existing immunity, probably due to prior infection
with OC43-CoV or HKU1-CoV 5. Unfortunately, no serological data were available for the
HLA-B*15:01 carriers in the US prospective and the CHGE cohorts. We tested the hypothesis
that the lack of association in our study was due to an absence of prior infection with OC43-CoV
or HKU1-CoV by examining the data for the SARS-CoV-2 Human Challenge Characterisation
Study (ClinicalTrials.gov identifier NCT04865237; funder, UK Vaccine Taskforce), in which 34
participants seronegative to spike protein were challenged with D614G-containing pre-Alpha

SARS-CoV-2, of whom 33 consented for genetic analysis '". Serological data, history of prior
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infections with other coronaviruses and genetic data were available, together with infection

status and data concerning the recorded symptoms. HLA alleles were called with HLA*LA from

whole-genome sequences obtained from the participants. Three of the 17 infected participants

(positive test result) carried an HLA-B*15:01 allele, as well as three of the 16 who stayed

uninfected. Only one of the 17 infected participants was fully asymptomatic and this participant
did not carry the HLA-B*15:01 allele. The three infected participants with an HLA-B*15:01 allele
were symptomatic (Figure 3), despite evidence of prior exposure to OC43-CoV and HKU1-CoV

(Figure S4). Thus, prior exposure to a coronavirus did not prevent the HLA-B*15:01 carriers

from developing symptoms following SARS-CoV-2 infection.

Figure 3
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Figure 3: HLA-B*15:01
in the SARS-CoV-2
Human Challenge
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Symptoms and HLA-B
genotypes for 18 infected
participants. Daily total
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calculated using
self-reported symptom
diaries three times daily.
Daily total symptom
scores are displayed in
the heatmap, ranging
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heatmap is derived from
figure 2 in Zhou J. et al,
Lancet Microbe (2023).
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Discussion

Our analyses identified no associations between classical HLA alleles and asymptomatic
SARS-CoV-2 infection. In particular, we did not replicate the previously reported association
between HLA-B*15:01 and asymptomatic SARS-CoV-2 infection. Another recent study in a
Spanish cohort found no associations between classical HLA alleles and asymptomatic
SARS-CoV-2 infection 2. One possible explanation for the difference in results regarding
HLA-B*15:01 is that the studies analyzed different groups of individuals living in different
environments. However, the US prospective cohort we analyzed has many features in common
with the cohort analyzed by Augusto, Murdolo & Chatzileontiadou et al.: specifically, the
participants were from the US, with a slight bias towards women, the phenotype was assessed
on the basis of self-reported surveys at multiple time points during the pandemic before summer
2021 (before the SARS-CoV-2 Delta variant became dominant in the US #°). The percentage of
individuals self-reporting asymptomatic infection were similar between the two, as were the
rates of each symptom. Alternatively, the difference in results may reflect differences in the
handling of potential population stratification. Augusto, Murdolo & Chatzileontiadou et al. did not
consider population structure in their study on bone marrow donors, probably because no
genetic information outside of the HLA region was available, whereas we accounted for
population structure by restricting our analysis to those of European ancestry and including the
first five principal components as covariates in our regression model. The highly polymorphic
nature of the HLA region and the differences in allele frequencies between human
sub-populations contribute to a high risk of false-positive results in association analyses. The
frequency of HLA-B*15:01 is known to vary across continents, between continental populations
within the US (Figure S5A) and even between European countries (Figure S5B). Population
stratification may, thus, have played a confounding role in the study by Augusto, Murdolo &

Chatzileontiadou et al.

Overall, the absence of an association between classical HLA alleles and asymptomatic
SARS-CoV-2 infection is consistent with the modest impact of HLA variation on severe or critical
COVID-19 *°. Most genetic and immunological studies of severe or critical COVID-19
pneumonia in unvaccinated individuals have implicated type | IFNs, suggesting that intrinsic and
innate immunity play a more crucial role than adaptive immunity in the early response to
SARS-CoV-2. Pre-existing immunity due to prior infections with common cold coronaviruses

may help to prevent the development of symptoms following SARS-CoV-2 infection, but our
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results suggest that either (i) pre-existing CD4 and CD8 T-cell immunity may not play an
important role, or (ii) pre-existing immunity is not stronger for individuals with a particular HLA
allele than for those with any other HLA allele. This result is also consistent with the absence of
any strong association between HLA alleles and clinical outcomes during the acute phase for
the other primary viral infections studied to date 3'3%. By contrast, HLA alleles have been
associated with multiple clinical or laboratory outcomes during chronic infections, including viral
(e.g., HIV, HBV, HCV), mycobacterial (e.g., leprosy) and protozoan infections *-%. HLA alleles
are also known to be associated with adaptive immune responses to vaccinations 33738 Qur
findings suggest that memory T-cell immunity to seasonal coronaviruses does not strongly

influence the outcome of SARS-CoV-2 infection in unvaccinated individuals.
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Jean-Laurent Casanova?', Giorgio Casari®?, John Christodoulou®, Aurélie Cobat', Roger
Colobran?*, Antonio Condino-Neto?®, Stefan N. Constantinescu®, Megan A. Cooper?, Clifton L.
Dalgard?®, Murkesh Desai®®, Beth A. Drolet*®, Xavier Duval®', Jamila El Baghdadi®’, Philippine
Eloy*, Sara Espinosa-Padilla®, Jacques Fellay*®, Carlos Flores®, José Luis Franco®, Antoine
Froidure®®, Guy Gorochov®, Peter K. Gregersen*’, Bodo Grimbacher*', Filomeen Haerynck*,
David Hagin*}, Rabih Halwani**, Lennart Hammarstrom*, James R. Heath*®, Elena W.Y. Hsieh*’,
Eystein Husebye*®, Kohsuke Imai*®, Yuval Itan®®, Emmanuelle Jouanguy', Elzbieta Kaja®',
Timokratis Karamitros®?, Kai Kisand®®, Cheng-Lung Ku*, Yu-Lung Lau®, Yun Ling®, Carrie L.
Lucas®, Tom Maniatis®, Davood Mansouri®®, Laszlé6 Marodi®®, France Mentré®?, Isabelle
Meyts®!, Joshua D. Milner®?, Kristina Mironska®, Trine H. Mogensen®, Tomohiro Morio®, Lisa
F.P. Ng%, Luigi D. Notarangelo®, Antonio Novelli®, Giuseppe Novelli®, Cliona O'Farrelly™,
Satoshi Okada’!, Keisuke Okamoto’?, Tayfun Ozcelik’®, Qiang Pan-Hammarstrom*, Jean W.
Pape’™, Rebeca Perez de Diego”, Jordi Perez-Tur’®, David S. Perlin”’, Graziano Pesole’®, Anna
M. Planas’™, Carolina Prando®, Aurora Pujol®’, Anne Puel', Lluis Quintana-Murci®,
Sathishkumar Ramaswamy®, Laurent Renia®, Igor Resnick®, Carlos Rodriguez-Gallego®,
Vanessa Sancho-Shimizu®, Anna Sediva®, Mikko R.J. Seppéanen®, Mohammad Shahrooei®’,
Anna Shcherbina®, Ondrej Slaby®', Andrew L. Snow®, Pere Soler-Palacin®, Vassili Soumelis*,
Andras N. Spaan®, Ivan Tancevski®, Stuart G. Tangye®, Ahmad Abou Tayoun®®, Sehime
Gulstin Temel®®, Christian Thorball®®, Pierre Tiberghien'®, Sophie Trouillet-Assant™', Stuart E.
Turvey'®, K M Furkan Uddin'®, Mohammed J. Uddin'®, Diederik van de Beek'®, Donald C.
Vinh'®, Horst von Bernuth'®, Joost Wauters'®, Mayana Zatz'®, Pawel Zawadzki'°, Qian
Zhang', Shen-Ying Zhang'

'Laboratory of Human Genetics of Infectious Diseases, Necker Branch, INSERM U1163, Necker
Hospital for Sick Children, Paris, France; Paris Cité University, Imagine Institute, Paris, France;
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St Giles Laboratory of Human Genetics of Infectious Diseases, Rockefeller Branch, Rockefeller
University, New York, NY, USA, 2San Raffaele Telethon Institute for Gene Therapy, IRCCS
Ospedale San Raffaele, and Vita Salute San Raffaele University, Milan, Italy, *lImmunology
Research Lab, Department of Pediatrics, College of Medicine, King Saud University, Riyadh,
Saudi Arabia, “Dasman Diabetes Institute, Department of Genetics and Bioinformatics, Dasman,
Kuwait, *Laboratory of Genomes & Cell Biology of Disease, INSERM U944, CNRS UMR 7212,
Université de Paris, Institut de Recherche Saint-Louis, Hépital Saint-Louis, Paris, France,
®Diabetes Center, University of California San Francisco, San Francisco, CA, USA, "Laboratory
of Immunobiology, Center for Clinical, Experimental Surgery and Translational Research,
Biomedical Research Foundation of the Academy of Athens, Athens, Greece, ®St Giles
Laboratory of Human Genetics of Infectious Diseases, Rockefeller Branch, The Rockefeller
University, New York, NY, USA; Primary Immunodeficiencies Group, Department of Microbiology
and Parasitology, School of Medicine, University of Antioquia, Medellin, Colombia; School of
Microbiology, University of Antioquia UdeA, Medellin, Colombia, *Department of Dermatology,
School of Medicine and Public Health, University of Wisconsin-Madison, Madison, WI, USA,
“The Genetics Institute, Tel Aviv Sourasky Medical Center and Sackler Faculty of Medicine, Tel
Aviv University, Tel Aviv, Israel, "Pediatric Nephrology, Rheumatology, Dermatology, HFME,
Hospices Civils de Lyon, National Referee Centre RAISE, and INSERM U1111, Université de
Lyon, Lyon, France, 'Department of Pediatrics, BC Children's and St Paul's Hospitals,
University of British Columbia, Vancouver, BC, Canada, "lcahn School of Medicine at Mount
Sinai, New York, NY, USA, "Helix, San Mateo, CA, USA, ®International European University,
Kyiv, Ukraine, '®Neonatal Intensive Care Unit, Fondazione IRCCS Policlinico San Matteo, Pavia,
Italy, ""Clinical Immunology Unit, Department of Pediatric Infectious Disease, CHU Ibn Rushd
and LICIA, Laboratoire d'Immunologie Clinique, Inflammation et Allergie, Faculty of Medicine
and Pharmacy, Hassan Il University, Casablanca, Morocco, '®ScilLifeLab, Department Of
Women’s and Children’s Health, Karolinska Institutet, Stockholm, Sweden, ®Department of
Medicine, Center for Hematology and Regenerative Medicine, Karolinska Institutet, Stockholm,
Sweden, 2°Division of Immunology, Allergy, and Rheumatology, Department of Pediatrics and
the Department of Microbiology, Immunology, and Molecular Genetics, University of California,
Los Angeles, CA, USA, ?'The Rockefeller University & Howard Hughes Medical Institute, New
York, NY, USA; Necker Hospital for Sick Children & INSERM, Paris, France, #Clinical
Genomics, IRCCS San Raffaele Scientific Institute and Vita-Salute San Raffaele University,
Milan, Italy, 2Murdoch Children's Research Institute and Department of Paediatrics, University
of Melbourne, Melbourne, VIC, Australia, 2lmmunology Division, Genetics Department, Hospital
Universitari Vall d'Hebron, Vall d'Hebron Research Institute, Vall d'Hebron Barcelona Hospital
Campus, UAB, Barcelona, Catalonia, Spain, ?*Department of Immunology, Institute of
Biomedical Sciences, University of Sdo Paulo, Sdo Paulo, Brazil, *®de Duve Institute and Ludwig
Cancer Research, Brussels, Belgium, 2Washington University School of Medicine, St Louis,
MO, USA, #Department of Anatomy, Physiology & Genetics, Uniformed Services University of
the Health Sciences, Bethesda, MD, USA, #°Bai Jerbai Wadia Hospital for Children, Mumbai,
India, 3°School of Medicine and Public Health, University of Wisconsin, Madison, WI, USA,
$Université de Paris, IAME UMR-S 1137, INSERM, Paris, France; Inserm CIC 1425, Paris,
France, **Genetics Unit, Military Hospital Mohamed V, Rabat, Morocco, **Hépital Bichat, Paris,
France, **Instituto Nacional de Pediatria (National Institute of Pediatrics), Mexico City, Mexico,
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¥School of Life Sciences, Ecole Polytechnique Fédérale de Lausanne, Lausanne, Switzerland;
Precision Medicine Unit, Lausanne University Hospital and University of Lausanne, Lausanne,
Switzerland, *Research Unit, Hospital Universitario Nuestra Sefiora de Candelaria, Santa Cruz
de Tenerife; CIBER de Enfermedades Respiratorias, Instituto de Salud Carlos Ill, Madrid;
Genomics Division, Instituto Tecnologico y de Energias Renovables (ITER), Santa Cruz de
Tenerife, Spain; Faculty of Health Sciences, University of Fernando Pessoa Canarias, Las
Palmas de Gran Canaria, Spain, *Group of Primary Immunodeficiencies, University of Antioquia
UDEA, Medellin, Colombia, *Pulmonology Department, Cliniques Universitaires Saint-Luc ;
Institut de Recherche Expérimentale et Clinique (IREC), Université Catholique de Louvain,
Brussels, Belgium, *Sorbonne Université, Inserm, Centre d'Immunologie et des Maladies
Infectieuses-Paris (CIMI PARIS), Assistance Publique-Hbpitaux de Paris (AP-HP) Hoépital
Pitié-Salpétriere, Paris, France, “°Feinstein Institute for Medical Research, Northwell Health
USA, Manhasset, NY, USA, “'Center for Chronic Immunodeficiency & Institute for
Immunodeficiency, Medical Center, Faculty of Medicine, University of Freiburg, Freiburg,
Germany, “’Department of Paediatric Immunology and Pulmonology, Centre for Primary
Immunodeficiency Ghent (CPIG), PID Research Laboratory, Jeffrey Modell Diagnosis and
Research Centre, Ghent University Hospital, Ghent, Belgium, “*The Genetics Institute Tel Aviv
Sourasky Medical Center, Tel Aviv, Israel, “Sharjah Institute of Medical Research, College of
Medicine, University of Sharjah, Sharjah, UAE, Prince Naif center for Immunology Research,
King Saud University, Riyadh, SA, “Division of Immunology, Department of Medical
Biochemistry and Biophysics, Karolinska Institutet, Sweden, “Institute for Systems Biology,
Seattle, WA, USA, “’Departments of Pediatrics, Immunology and Microbiology, University of
Colorado, School of Medicine, Aurora, CO, USA, “Department of Medicine, Haukeland
University Hospital, Bergen, Norway, “*Department of Community Pediatrics, Perinatal and
Maternal Medicine, Tokyo Medical and Dental University (TMDU), Tokyo, Japan, *°Institute for
Personalized Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA;
Department of Genetics and Genomic Sciences, Icahn School of Medicine at Mount Sinai, New
York, NY, USA, %'Department of Medical Chemistry and Laboratory Medicine, Poznan University
of Medical Sciences, Poznan, Poland, *’Bioinformatics and Applied Genomics Unit, Hellenic
Pasteur Institute, Athens, Greece, *Molecular Pathology, Department of Biomedicine, Institute
of Biomedicine and Translational Medicine, University of Tartu, Tartu Estonia, **Chang Gung
University, Taoyuan County, Taiwan, **Department of Paediatrics & Adolescent Medicine, The
University of Hong Kong, Hong Kong, China, %Shanghai Public Health Clinical Center, Fudan
University, Shanghai, China, *’Department of Immunobiology, Yale University School of
Medicine, New Haven, CT, USA, *®Zukerman Mind Brain Behavior Institute, Columbia University,
New York, NY, USA, **Department of Clinical Immunology and Infectious Diseases, National
Research Institute of Tuberculosis and Lung Diseases, The Clinical Tuberculosis and
Epidemiology Research Center, National Research Institute of Tuberculosis and Lung Diseases
(NRITLD), Masih Daneshvari Hospital, Shahid Beheshti, University of Medical Sciences, Tehran,
Iran, *°Primary Immunodeficiency Clinical Unit and Laboratory, Department of Dermatology,
Venereology and Dermatooncology, Semmelweis University, Budapest, Hungary, 5'Department
of Pediatrics, University Hospitals Leuven; KU Leuven, Department of Microbiology,
Immunology and Transplantation; Laboratory for Inborn Errors of Immunity, KU Leuven, Leuven,
Belgium, %?Department of Pediatrics, Columbia University Irving Medical Center, New York, NY,
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USA, %University Clinic for Children's Diseases, Department of Pediatric Immunology, Medical
Faculty, University “ StCyril and Methodij” Skopje, North Macedonia, %Department of
Biomedicine, Aarhus University, Aarhus, Denmark, ®Tokyo Medical & Dental University
Hospital, Tokyo, Japan, ®®A*STAR Infectious Disease Labs, Agency for Science, Technology and
Research, Singapore; Lee Kong Chian School of Medicine, Nanyang Technology University,
Singapore, %’National Institute of Allergy and Infectious Diseases, National Institutes of Health,
Bethesda, MD, USA, ®Laboratory of Medical Genetics, IRCCS Bambino Gesu Children’s
Hospital, Rome, ltaly, ®Department of Biomedicine and Prevention, Tor Vergata University of
Rome, Rome, Italy, °Comparative Immunology Group, School of Biochemistry and Immunology,
Trinity Biomedical Sciences Institute, Trinity College Dublin, Ireland, "'"Department of Pediatrics,
Graduate School of Biomedical and Health Sciences, Hiroshima University, Hiroshima, Japan,
"?Tokyo Medical and Dental University, Tokyo, Japan, "*Department of Molecular Biology and
Genetics, Bilkent University, Bilkent - Ankara, Turkey, "“Haitian Study Group for Kaposi's
Sarcoma and Opportunistic Infections (GHESKIO), Port-au-Prince, Haiti, "“Institute of
Biomedical Research of IdiPAZ, University Hospital “La Paz”, Madrid, Spain, ®Institut de
Biomedicina de Valéncia-CSIC, CIBERNED-ISCIII, Unitat Mixta de Neurologia i Genética, IIS La
Fe, Vallencia, Spain, ""Center for Discovery and Innovation, Hackensack Meridian Health,
Nutley, NJ, USA, ®Department of Biosciences, Biotechnology and Environment, University of
Bari A. Moro, Bari, ltaly, lIIBB-CSIC, IDIBAPS, Barcelona, Spain, ®*Faculdades Pequeno
Principe, Instituto de Pesquisa Pelé Pequeno Principe, Curitiba, Brazil, ®'Neurometabolic
Diseases Laboratory, Bellvitge Biomedical Research Institute (IDIBELL), L'Hospitalet de
Llobregat, Barcelona, Spain; Catalan Institution of Research and Advanced Studies (ICREA),
Barcelona, Spain; Center for Biomedical Research on Rare Diseases (CIBERER), ISCIII,
Barcelona, Spain, 82Human Evolutionary Genetics Unit, CNRS U2000, Institut Pasteur, Paris,
France; Human Genomics and Evolution, Collége de France, Paris, France, %Al Jalila
Children's Hospital, Dubai, UAE, ®#University Hospital St Marina, Varna, Bulgaria, ®*Department
of Immunology, University Hospital of Gran Canaria Dr Negrin, Canarian Health System, Las
Palmas de Gran Canaria; Department of Clinical Sciences, University Fernando Pessoa
Canarias, Las Palmas de Gran Canaria, Spain; Department of Medical and Surgical Sciences,
School of Medicine, University of Las Palmas de Gran Canaria, Las Palmas de Gran Canaria,
Spain, ®Department of Paediatric Infectious Diseases and Virology, Imperial College London,
London, UK; Centre for Paediatrics and Child Health, Faculty of Medicine, Imperial College
London, London, UK, ®Department of Immunology, Second Faculty of Medicine Charles
University, V Uvalu, University Hospital in Motol, Prague, Czech Republic, ®Adult
Immunodeficiency Unit, Infectious Diseases, Inflammation Center, University of Helsinki and
Helsinki University Hospital, Helsinki, Finland; Rare Diseases Center and Pediatric Research
Center, Children's Hospital, University of Helsinki and Helsinki University Hospital, Helsinki,
Finland, ®°Dr. Shahrooei Lab, 22 Bahman St., Ashrafi Esfahani Blvd, Tehran, Iran; Clinical and
Diagnostic Immunology lab, Department of Microbiology, Immunology, and Transplantation, KU
Leuven, Leuven, Belgium, *°Department of Immunology, Dmitry Rogachev National Medical
Research Center of Pediatric Hematology, Oncology and Immunology, Moscow, Russia,
“Central European Institute of Technology & Department of Biology, Faculty of Medicine,
Masaryk University, Brno, Czech Republic, *’Department of Pharmacology & Molecular
Therapeutics, Uniformed Services University of the Health Sciences, Bethesda, MD, USA,
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%Pediatric Infectious Diseases and Immunodeficiencies Unit, Hospital Universitari Vall d’'Hebron,
Vall d’Hebron Research Institute, Vall d’Hebron Barcelona Hospital Campus, Universitat
Autonoma de Barcelona (UAB), Barcelona, Catalonia, Spain, **Université de Paris, Institut de
Recherche Saint-Louis, INSERM U976, Hbépital Saint-Louis, Paris, France; AP-HP, Hoépital
Saint-Louis, Laboratoire d'Immunologie, Paris, France, **St Giles Laboratory of Human Genetics
of Infectious Diseases, Rockefeller Branch, The Rockefeller University, New York, NY, USA;
Department of Medical Microbiology, University Medical Center Utrecht, Utrecht University,
Utrecht, Netherlands, **Department of Internal Medicine II, Medical University of Innsbruck,
Innsbruck, Austria, *’Garvan Institute of Medical Research, Darlinghurst, NSW, Australia; St
Vincent's Clinical School, Faculty of Medicine, UNSW Sydney, NSW, Australia, ®Departments of
Medical Genetics & Histology and Embryology, Faculty of Medicine; Department of Translational
Medicine, Health Sciences Institude, Bursa Uludag University, Bursa, Turkey, *Precision
Medicine Unit, Lausanne University Hospital and University of Lausanne, Lausanne,
Switzerland, '®Etablissement Francais Du Sang, La Plaine-Saint Denis, Saint-Denis, France,
9"Hospices Civils de Lyon, Lyon, France; International Center of Research in Infectiology, Lyon
University, INSERM U1111, CNRS UMR 5308, ENS, UCBL, Lyon, France, '©BC Children's
Hospital, The University of British Columbia, Vancouver, Canada, '“Centre for Precision
Therapeutics, Genetics & Genomic Medicine Centre, NeuroGen Children's Healthcare and
Lecturer, Holy Family Red Crescent Medical College Dhaka, Bangladesh, '"College of
Medicine, Mohammed Bin Rashid University of Medicine and Health Sciences, Dubai, UAE;
Cellular Intelligence (Ci) Lab, GenomeArc Inc, Toronto, ON, Canada, '®Department of
Neurology, Amsterdam Neuroscience, Amsterdam University Medical Center, University of
Amsterdam, Amsterdam, The Netherlands, '®Department of Medicine, Division of Infectious
Diseases, McGill University Health Centre, Montréal, Québec, Canada; Infectious Disease
Susceptibility Program, Research Institute, McGill University Health Centre, Montréal, Québec,
Canada, '"""Department of Pediatric Pneumology, Immunology and Intensive Care, Charité
Universitatsmedizin, Berlin University Hospital Center, Berlin, Germany; Labor Berlin GmbH,
Department of Immunology, Berlin, Germany; Berlin Institutes of Health (BIH),
Berlin-Brandenburg Center for Regenerative Therapies, Berlin, Germany, '®Department of
General Internal Medicine, Medical Intensive Care Unit, University Hospitals Leuven, Leuven,
Belgium, '"Biosciences Institute, University of Sdo Paulo, Sdo Paulo, Brazil, ""®"Molecular
Biophysics Division, Faculty of Physics, A Mickiewicz University, Poznan, Poland.

Members of COVID-STORM Clinicians: Giuseppe Foti', Giuseppe Citerio', Ernesto Contro’,
Alberto Pesci?, Maria Grazia Valsecchi®, Marina Cazzaniga*, Giacomo Bellani®.

'Department of Emergency, Anesthesia and Intensive Care, School of Medicine and Surgery,
University of Milano-Bicocca, San Gerardo Hospital, Monza, Italy. 2Department of Pneumology,
School of Medicine and Surgery, University of Milano-Bicocca, San Gerardo Hospital, Monza,
Italy. *Center of Bioinformatics and Biostatistics, School of Medicine and Surgery, University of
Milano-Bicocca, San Gerardo Hospital, Monza, ltaly. “Phase | Research Center, School of
Medicine and Surgery, University of Milano-Bicocca, San Gerardo Hospital, Monza, lItaly.
®Interdepartmental Centre for Medical Sciences (CISMed), University of Trento, Trento, Italy.
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Members of COVID Clinicians: Jorge Abad', Giulia Accordino?, Micol Angelini®, Sergio
Aguilera-Albesa*, Aina Aguilo-Cucurull®, Alessandro Aiuti®, Esra Akyliz Ozkan’, llad Alavi
Darazam?®, Jonathan Antonio Roblero Albisures®, Juan C. Aldave'®, Miquel Alfonso Ramos', Taj
Ali Khan', Anna Aliberti’®, Seyed Alireza Nadji', Gulsum Alkan'®, Suzan A. AlKhater'®, Jerome
Allardet-Servent'’, Luis M. Allende®, Rebeca Alonso-Arias’®, Mohammed S. Alshahrani®®, Laia
Alsina?', Marie-Alexandra Alyanakian®’, Blanca Amador Borrero®, Zahir Amoura®, Arnau
Antoli®®, Romain Arrestier?®, Mélodie Aubart?’, Teresa Auguet®, Iryna Avramenko?®, Gokhan
Aytekin®*, Axelle Azot’', Seiamak Bahram®, Fanny Bajolle®*, Fausto Baldanti**, Aurélie
Baldolli**, Maite Ballester®®, Hagit Baris Feldman®', Benoit Barrou®®, Federica Barzaghi®, Sabrina
Basso®®, Gulsum Iclal Bayhan®, Alexandre Belot*', Liliana Bezrodnik*’, Agurtzane Bilbao*,
Geraldine  Blanchard-Rohner*, Ignacio Blanco®, Adeline Blandiniéres*, Daniel
Blazquez-Gamero*’, Alexandre Bleibtreu®®, Marketa Bloomfield*®, Mireia Bolivar-Prados®,
Anastasiia Bondarenko®', Alessandro Borghesi®, Raphael Borie®?, Elisabeth Botdhlo-Nevers®,
Ahmed A. Bousfiha®*, Aurore Bousquet®®, David Boutolleau®®, Claire Bouvattier’’, Oksana
Boyarchuk®, Juliette Bravais®®, M. Luisa Briones®, Marie-Eve Brunner®', Raffaele Bruno®,
Maria Rita P. Bueno®, Huda Bukhari®, Jacinta Bustamante®, Juan José Caceres Agra®,
Ruggero Capra®, Raphael Carapito®”, Maria Carrabba®, Giorgio Casari®, Carlos Casasnovas®,
Marion Caseris’®, Irene Cassaniti**, Martin Castelle’!, Francesco Castelli’?, Martin Castillo de
Vera”, Mateus V. Castro®, Emilie Catherinot™, Jale Bengi Celik’®, Alessandro Ceschi’®, Martin
Chalumeau’”, Bruno Charbit’®, Cécile Boulanger®, Pére Clavé®, Bonaventura Clotet®, Anna
Codina®', Yves Cohen®’, Roger Colobran®®, Cloé Comarmond®, Alain Combes®, Patrizia
Comoli*®, Angelo G. Corsico?, Taner Coskuner®, Aleksandar Cvetkovski®’, Cyril Cyrus®, David
Dalmau®, Frangois Danion®, David Ross Darley®', Vincent Das®?, Nicolas Dauby®, Stéphane
Dauger®, Paul De Munter®, Loic de Pontual®, Amin Dehban®, Geoffroy Delplancg®, Alexandre
Demoule®, Isabelle Desguerre'®, Antonio Di Sabatino™!, Jean-Luc Diehl'®?, Stephanie
Dobbelaere'®, Elena Dominguez-Garrido', Clément Dubost'®, Olov Ekwall'®, Sefika Elmas
Bozdemir'”, Marwa H. Elnagdy'®, Melike Emiroglu', Akifumi Endo'®, Emine Hafize Erdeniz'°,
Selma Erol Aytekin™', Maria Pilar Etxart Lasa'?, Romain Euvrard'®, Giovanna Fabio®,
Laurence Faivre", Antonin Falck'®, Muriel Fartoukh'®, Morgane Faure'"’, Miguel Fernandez
Arquero™® Ricard Ferrer'”®, Jose Ferreres'®, Carlos Flores'', Bruno Francois'?, Victoria
Fumadd'®, Kitty S. C. Fung'®, Francesca Fusco'®, Alenka Gagro'®, Blanca Garcia Solis'?,
Pierre Gargon®?®, Pascale Gaussem'?®, Zeynep Gayretli'®, Juana Gil-Herrera'’, Laurent
Gilardin™', Audrey Giraud Gatineau'?, Monica Girona-Alarcon'?, Karen Alejandra Cifuentes
Godinez™*, Jean-Christophe Goffard'®, Nacho Gonzales™®, Luis |. Gonzalez-Granado'’,
Rafaela Gonzalez-Montelongo'™®, Antoine Guerder'™®, Belgin Gilhan'?, Victor Daniel
Gumucio™, Leif Gunnar Hanitsch'?, Jan Gunst'*®, Marta Gut', Jérdme Hadjadj'*°, Filomeen
Haerynck'®, Rabih Halwani'¥’, Lennart Hammarstrom'#®, Selda Hancerli'*°, Tetyana Hariyan'®,
Nevin Hatipoglu'', Deniz Heppekcan'®?, Elisa Hernandez-Brito'®, Po-ki Ho'**, Maria Soledad
Holanda-Pefia'®, Juan P. Horcajada'®, Sami Hraiech'’, Linda Humbert', Ivan F. N. Hung'®,
Alejandro D. Iglesias'®, Antonio ifigo-Campos'®, Matthieu Jamme'®', Maria Jesus Arranz®,
Marie-Thérése Jimeno'®, lolanda Jordan'? Saliha Kanik-Yiksek'®®, Yalcin Kara'®, Aydin
Karahan'®®, Adem Karbuz'®®, Kadriye Kart Yasar'®’, Ozgur Kasapcopur'®, Kenichi Kashimada'®®,
Sevgi Keles'", Yasemin Kendir Demirkol'”°, Yasutoshi Kido'!, Can Kizil'”?, Ahmet Osman
Kilig'™, Adam Klocperk', Antonia Koutsoukou'’®, Zbigniew J. Krél'’®, Hatem Ksouri'’?, Paul
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Kuentz'’®, Arthur M. C. Kwan'”®, Yat Wah M. Kwan'®, Janette S. Y. Kwok'', Jean-Christophe
Lagier'®?, David S. Y. Lam', Vicky Lampropoulou'*, Fanny Lanternier'®®, Yu-Lung Lau®, Fleur
Le Bourgeois®, Yee-Sin Leo'’, Rafael Leon Lopez'®®, Daniel Leung'®, Michael Levin'®,
Michael Levy®, Romain Lévy*, Zhi Li’®, Daniele Lilleri**, Edson Jose Adrian Bolanos Lima'®,
Agnes Linglart’!, Eduardo Lopez-Collazo'?, José M. Lorenzo-Salazar'® Céline Louapre',
Catherine Lubetzki'®®, Kwok-Cheung Lung'®, Charles-Edouard Luyt'®®, David C. Lye'®, Cinthia
Magnone'®’, Davood Mansouri'®®, Enrico Marchioni'®®, Carola Marioli?, Majid Marjani?®®, Laura
Marques?®', Jesus Marquez Pereira®®?, Andrea Martin-Nalda?®®, David Martinez Pueyo?*, Javier
Martinez-Picado?®®, Iciar Marzana?*®, Carmen Mata-Martinez?®’, Alexis Mathian?®*, Larissa R. B.
Matos®®, Gail V. Matthews®® Julien Mayaux®*®, Raquel McLaughlin-Garcia®'®, Philippe
Meersseman?", Jean-Louis Mége?'?, Armand Mekontso-Dessap?'®, Isabelle Melki''®, Federica
Meloni**, Jean-Francois Meritet?'*, Paolo Merlani*'®, Ozge Metin Akcan?'®, Isabelle Meyts?"7,
Mehdi Mezidi?'®, Isabelle Migeotte?'®, Maude Millereux?°, Matthieu Million?", Tristan Mirault???,
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Web resources

HLA alleles distribution across populations:
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