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4. Rationale:

The outbreak of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and
corresponding coronavirus disease 2019 (Covid-19) were first reported in December of 2019.
Within seven months, Covid-19 has resulted in over half a million deaths (1) and a cumulative
loss of global GDP in the trillions ($) (2). Initial descriptive reports have shown greater relative
risks of Covid-19 mortality and disease severity among males, the elderly, and in those with
comorbidities including diabetes, hypertension, and underlying respiratory or cardiovascular
disease (3). However, in absolute terms, large numbers of cases have been observed in young or
otherwise healthy individuals resulting in hospitalizations, acute respiratory failure, or death. It is
therefore likely that other factors are involved in Covid-19 pathogenicity—particularly with
respiratory failure. Genetic factors were recently suggested to have a role.

To identify host genetic risk factors that contribute to severe Covid-19 typified by
respiratory failure, a genome-wide association study was conducted in 1610 cases and 2205
controls among Italian and Spanish individuals (4). Two independent gene variants were found
to be associated with greater likelihoods of developing severe Covid-19 with respiratory
failure—rs11385942 (OR: 1.77; 95% CI: 1.48-2.11; p=1.15x10"'%) and rs657152 (OR: 1.32;
95% Cl: 1.20-1.47; p=4.95x107%). Critically, this latter variant was previously shown to be
associated with greater risk of SARS-CoV-1 infection (5) and is related to ABO blood type.
Indeed, a sub-analysis showed that individuals with blood type A were likely to develop Covid-
19-related respiratory failure, while those with blood type O were less susceptible (4). The
mechanism that explains this phenomenon remains unclear but may involve the von Willebrand
factor protein (4). In contrast to the localized rs657152 polymorphism, the rs11385942 variant at
locus 3p21.31 spans a cluster of six genes: SLC6A20, LZTFL1, CCR9, FYCO1, CXCR6, and
XCRL1. The risk allele was associated with lower expression of CXCR6 and greater expressions of
SLC6A20 and LZTFL1. While the mechanisms through which these genes may directly or
indirectly influence respiratory failure development are unclear, CXCR6 or SLC6A20 may be
involved based on their encoded proteins. The investigators called for further studies to
determine the functional consequences of the detected associations—this serves as the basis for
the current proposal.

The identification of these gene loci (4) represents a critical step in advancing our
understanding of severe Covid-19 and an opportunity to elucidate its underlying mechanisms.
Using a protein quantitative trait loci approach, we propose to examine the proteomic signatures
of carriers and non-carriers of variants rs11385942 and rs657152 in a sample of 9,358
Atherosclerosis Risk in Communities study participants. Proteomic outcomes associated with
these variants may provide evidence of the mechanisms that affect susceptibility to Covid-19
respiratory failure. However, it must be acknowledged that blood samples in ARIC were
collected prior to the pandemic, and our approach is predicated on carriers of these variants
showing relevant physiological differences in their respective plasma proteomes in the absence
of infection. We will be unable to evaluate the possibility of a gene-environment interaction
whereby differences in proteomes can only be detected once individuals are infected or



otherwise develop Covid-19. With that stated, genetic variant-proteome associations may
identify targets or pathways through which risk for respiratory failure is increased and provide
information about disease pathogenesis as well as potential pharmacological targets for
treatment.

5. Main Hypothesis/Study Questions:

Main Hypothesis: Variants rs11385942 and rs657152 will be associated with plasma proteomic
targets, which may suggest pathways/mechanisms of COVID-19-related respiratory failure
pathogenesis.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of
interest with specific reference to the time of their collection, summary of data analysis,
and any anticipated methodologic limitations or challenges if present).

Design: cross-sectional. Proteomic data were measured at Visit 3 samples using SOMAscan v
4.0. This approach quantifies 4,871 human proteins through an aptamer-based platform. The
substantial protein coverage of SOMAscan v 4.0 and the over 11,000 ARIC participants with
available data provide the opportunity to characterize proteomic signatures. Visit 3 was selected
for the primary analysis due to the larger sample size, fewer comorbidities, and less extensive
medication use.

Inclusion/exclusion: those with missing or low quality proteomic or gene variant data, missing
covariates, or individuals who identified as other than white or Black will be excluded. These
criteria result in a final sample of 9,358 study participants.

Exposure: gene variants rs11385942 and rs657152

Outcome: natural log2-transformed protein levels will serve as the outcome variable, and ARIC
analytic recommendations for the SomaScan proteomic data will be followed. Non-human
proteins and proteins with unacceptable QC will be removed, e.g. that that have large CVs (>
20%), poor reproducibility between the blind duplicate pairs, or non-specific binding.

Ingenuity Pathway Analysis will be used to assist in interpreting the proteomic findings and
identify potential signaling pathways, molecular networks, upstream regulators, and biological
functions of proteins found to be associated with the variant exposures.

Secondary outcomes: For plasma proteins found to relate to rs11385942 and rs657152, we
propose to conduct secondary analyses to determine whether the identified proteins may be
related to other respiratory and infection outcomes including declining pulmonary function as



determined from tests at visits 1, 2, and 5 as well as pulmonary infections, infection-related
hospitalizations (N=2,701) and mortality (N=523).

Data analysis: the primary analysis will be cross-sectional in design and multiple linear
regression analysis will determine associations between each SNP and protein levels. For each
SNP, the number copy of the risk allele as reported in the GWAS by Ellinghaus et al. (2020) will
be modeled. We will examine associations in Black and white individuals separately and
subsequently conduct a meta-analysis of the two samples. Environmental factors are not
expected to affect observations; however, covariates will include age at visit 3, sex, principal
components of ancestry, estimated glomerular filtration rate to control for kidney function, and
field center. Statistical significance will be determined after Bonferroni correction for the
number of proteins and SNPs tested.

Secondary analyses will be prospective in design and estimate associations between each protein
identified in the primary analysis with: 1) pulmonary function test outcomes; 2) pulmonary
infections; 3) infection-related hospitalizations and mortality. Cox proportional hazards
regression will be conducted with adjustments for age, sex, race, center, smoking status, alcohol
consumption, years of education, hypertension, immunosuppressive drugs, and diabetes as
defined by self-reported physician diagnosis of diabetes; taking an antidiabetic drug; a fasting
glucose >126 mg/dL. Interactions by age category, race and sex will be evaluated by including
cross-product terms in the models. The proportional hazards assumption will be tested.

Limitations: As stated above, Visit 3 samples in ARIC were collected prior to the COVID-
19 pandemic, and our approach relies on the detection of associations between the exposures
and plasma protein outcomes in the absence of infection. We cannot evaluate the possibility
of a gene-environment interaction in which protein expressions only diverge upon SARS-
CoV-2 infection or otherwise development of Covid-19.
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