People with COVID-19 being treated in an intensive care unit in EL Centro, California.

GENE VARIANTS
LINKED T0 COVID RISK

Genetic associations with disease throw up puzzles,
but could also point to treatments. By Ewen Callaway

ince last March, research teams
around the world have scoured the
genomes of more than 100,000
people with COVID-19, hoping to
find genetic clues to who will be
hit hardest by an infection with the
virus SARS-CoV-2. What’s emerged
from this effort is a dozen or so
genetic variants that have a strong statistical
association with a person’s chances of devel-
oping COVID-19 and becoming gravely ill with
the disease, the teams report in a summary
analysis published on 8 July in Nature'.
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“There were actually quite a few very
common genetic variants that were really
important in COVID-19,” says Guillaume
Butler-Laporte, an infectious-disease phy-
sician and genetic epidemiologist at McGill
University in Montreal, Canada. “Idon’t think
we expected to find them so clearly.”

The loosely aligned teams involved in the
analysis include both academic laboratories
and private firms such as the US companies
23andMe and AncestryDNA, and have been
releasing their work steadily over the past
year.Known collectively as the COVID-19 Host
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Genetics Initiative (HGI), they first posted
their summary —an amalgamation of 46 sep-
arate studies covering, at the time of analysis,
almost 50,000 people with COVID-19 —onthe
medRxiv preprint server in March.

The genetic associations they found
increase risk by a relatively small amount,
although some of the rises are comparable to
those for risk factors such as obesity, diabetes
and other underlying health conditions (see
‘Genetic variants that change COVID-19 risk’).

But the findings can shed light on biolog-
ical mechanisms of the disease, and suggest
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which drugs to test, says Kenneth Baillie, an
intensive-care physician and a geneticist at
the University of Edinburgh, UK. In other
research, scientists have also picked out rare
genetic mutations — in contrast to the rela-
tively common variantslisted in the latest HGI
study — that might also explain the root causes
of severe disease.

Not everyoneis convinced that the genetic
work givesimmediate insight. “We’re starting
to get a pretty good genetic map,” says Julian
Knight,ahumangeneticist at the University of
Oxford, UK. “To move that on to where we’'ve
gotgood drugtargets or an understanding of
disease variability, that'sgoing tobe abigstep.”
This, hesays, isatypicalissue for research that
tries to link common variations in genomes
with people’s risk of complex diseases.

And Kari Stefansson, chief executive of
deCODE Geneticsin Reykjavik and amember
of the HGI, doesn’t feel that the work to find
genetic ‘hits’ has been especially fruitful — at
least so far. Still, Stefansson says, “I think it’s
extremely important to follow as many of
these as possible. You may be able to find a
mechanism of majorimportance.”

Although geneticists don’t yet have all the
answers, they’ve moved extremely rapidly to
unpick associations with COVID-19, says Brent
Richards, a geneticist and endocrinologist at
McGill University whois part of the HGI. “The
human-genetics community hasn’t slept much
thisyear,” he says.

Genetic hits for COVID-19

The HGlworked less like a consortium focused
on a single unifying project, and more as a
clearing house for collaborations, supportand
advice. Teams were free to publish their own
studies, while contributing to pooled studies
that combined individual efforts. “It was just
amatter of creating a place that people would
feel comfortable together,and work together,”
says Andrea Ganna, a statistical geneticist who
co-founded the HGl with geneticist Mark Daly;
both are at the University of Helsinki and the
Broad Institute in Cambridge, Massachusetts.

Ganna is a specialist in genome-wide asso-
ciation studies (GWAS) — the bread and but-
ter of genetic epidemiology. These examine
hundreds of thousands of relatively com-
mon single-letter DNA differences across
the genome in large numbers of people, to
see whether any are enriched in people with
aparticular disease or trait. It was inevitable
that people would apply GWAS to COVID-19,
Ganna says.

One genomic variant identified by Baillie’s
team and confirmed in other HGI efforts is
near a family of antiviral genes called OAS
(oligoadenylate synthase). The genes activate
enzymes that chew up viral RNA, and HGI stud-
ies'*show thatavariant that leads to lower cir-
culatinglevels of the OAS1enzymeinthe lungs
increasesrisk ofinfection, hospitalization and

criticalillness. Most coronaviruses counteract
this protection using proteins called PDEs, or
phosphodiesterases, but SARS-CoV-2 doesn’t
make PDEs. “So this might provide an Achilles
heel,” explains Richards, whois aware of phar-
maceutical companies that are pursuing the
target, but declines to reveal details. On the
basis of the genetic association, drugs known
as phosphodiesterase 12 inhibitors are pre-
dicted to boost natural antiviral defences,
Baillie says.

Another variant spotted by Baillie’s team
and confirmed in other COVID-19 GWAS is
near a gene that encodes a portion of a cellu-
lar receptor for molecules called interferons’,
which are well known for boosting people’s
immune responses to viruses. Because of
this antiviral role, one kind of interferon mol-

“Essentially what we’ve
cracked isamechanism
of critical COVID-19
pneumonia.”

eculehad already beentestedintrials, before
the genetic association came to light. It was
one of the first drugs included in the World
Health Organization-sponsored ‘Solidarity’
trial of COVID-19 treatments, but didn’t help
patients. It’s possible that the genetic predic-
tion was wrong, Baillie says, but it could be that
interferon needs to be administered earlier
ininfection, or in a different manner to the
subcutaneous or intravenous injections that
Solidarity trial participants received.

Baillie also says that other genetic associ-
ations are now being used to prioritize treat-
ments. One example is in the widely praised
UK-based RECOVERY trial, which most
famously showed the benefit of a common
steroid for people with severe COVID-19 (ref. 3).
The trial is using genetic data to help select
drugs to test —including arheumatoid arthri-
tis drug called baricitinib and a treatment for
psoriasisand multiple sclerosis called dimethyl
fumarate, says Baillie, whois part of the effort.

Baricitinib inhibits the protein encoded
by a gene, TYK2, that was associated with
life-threatening COVID-19 (ref. 2). The rela-
tionship between TYK2 activity and risk of
severe COVID-19 isn’t clear-cut from the
geneticstudies, “butit did provide abigextra
source of support for the idea”, says Baillie.
Dimethyl fumarate wasincluded largely for its
known role in quelling an inflammatory pro-
cessinvolved in severe COVID-19, but genetic
links provided added support for testing it in
RECOVERY, says Baillie.

GWAS, however, also have a reputation for
delivering head-scratching results. That has
happened with COVID-19, too: the strongest
association between any gene variant and
severe COVID-19liesinapoorly studied region
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of chromosome 3 (ref. 1). “We still don’t quite
know, as a scientific community, why it’s so
important,” says Butler-Laporte. The chromo-
some3regionincludes several genesinvolved
inimmune signalling, lung biology and other
plausible mechanisms. But it’s not clear which
of these genes explains the association with
COVID-19.

People who carry this gene variant are
around twice as likely as others to be hospital-
ized with COVID-19. A study* led by Richards,
Gannaand Tomoko Nakanishi, ageneticistand
respiratory physicianat McGill, found that the
variant raises the odds of people aged 60 or
under becoming critically ill or dying from
COVID-19 as much as and perhaps even more
thanrisk factors including diabetes, obesity
and chronic obstructive pulmonary disease.

Risk scores

Asaresultofsuchassociations, someresearch-
ers are exploring whether the genetic links
turned up in GWAS could be used to predict
anindividual'srisk of alife-threatening SARS-
CoV-2infection. Risk scores, whichamalgam-
ate associations discovered in GWAS, have
been used to measure an individual’s risk of
conditions such as type 2 diabetes, various
cancers and cardiovascular disease.

But it’s not clear whether this approach
could work for COVID-19 — oris even needed,
giventheavailability of vaccines.InJune,afirm
inFitzroy, Australia, called Genetic Technolo-
gieslaunchedaUS$175 test to predict people’s
risk of developing severe COVID-19. Butit also
relies on age, sex and health, all factors that
significantlyimprove the predictive power of
the GWAS associations®.

Chiefscientific officer Richard Allman says
that the firm’s test, which was developed and
validated using datafromthe UK Biobank data-
base, might be most useful for middle-aged
people. Most will have a relatively small risk
of severe COVID-19, but the test could identify
thoserareindividuals with vastly increased (or
dramatically reduced) chances of developing
alife-threatening infection. The firm’s test is
currently available only in the United States,
through acompany called Infinity BiologiXin
Piscataway, New Jersey, and with consultation
fromahealth professional. Still, Genetic Tech-
nologiesisintalks with companiesinterested
inoffering the test toemployees, says Allman,
who says he does not have sales figures.

Nakanishi, Richards and Ganna say that it’s
not clear whether the test has been validated
enough to be reliable, but that that doesn’t
mean such tests couldn’t be useful as another
motivation for higher-risk people to get vac-
cinated. “It might get a few people over the
edge who are worried [about vaccination],”
adds Genetic Technologies biostatistician
Gillian Dite.

Genetic studies of COVID-19 — like those of
most other diseases — have overwhelmingly
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Feature

GENETIC VARIANTS THAT CHANGE COVID-19 RISK

The Host Genetics Initiative has found more than a dozen areas of the genome that are statistically
associated with susceptibilities to SARS-CoV-2 infection or severe illness.

Clinical effect Effectonrisk (%)*  Possible genetic link Chromosome
Susceptibility 4-8 1 Unclear 19
Susceptibility 5-8 1 Unclear 3
Susceptibility 9-121 ABO (determines blood group)
Susceptibility 13-18 SLCBA20 (interacts with ACE2 receptor, which 3
mediates SARS-CoV-2 entry)
Severity 9-18 1 Unclear 17
Severity 13-20 1 IFNAR1/2 (part of cell receptor for interferon, 21
proteins that bolster immune response)
Severity 14-26 1 OAS family (enzymes that digest viral RNA) 12
Severity 17-36 1 FOXP4 (involved in lung diseases) 6
Severity 20-321 DPP9 (enzyme involved in lung disease) 19
Severity 24-52 1 Unclear 8
Severity 28-64 1 Unclear 17
Severity 29-59 1 TYK2 (enzyme involved in interferon signalling) 19
Severity 56-74 1 Unclear 3

*In the HGI summary, risk estimates are for people with one copy of the risk-increasing allele for the variant and were determined
in groups that had varying criteria for inclusion, so might not be directly comparable. Other studies give different estimates.

been based on people with European ances-
try. That’s a problem, says Knight, because of
the global burden of COVID-19 and elevated
rates of disease in minority ethnic groupsin
countries such as the United States and United
Kingdom. “We really need to make the invest-
ment in genetics in those populations.”

Diversifying genetic studies can not only
improve understanding of risk variants
identified in European populations, but also
identify new onesinother groups. AGWAS that
included more than 2,000 people hospitalized
with COVID-19 inJapan®identified many of the
variants flagged by studies of European popula-
tions, aswellasanimmune gene, called DOCK2,
witharoleininterferonproductionthathadn’t
come up in other studies. The DOCK2 variant
thatincreased COVID-19 risk was relatively com-
mon in East Asians, but very rare in people of
European, South Asian and African ancestry.
“This tells us the importance of increasing
diversity in host genetics of COVID-19,” says
study leader Yukinori Okada, a statistical genet-
icistat Osaka University inJapan.

Rare mutations

Someresearchers feel that the GWAS approach,
which has found common variants thatraise an
individual’s risk only by asmallamount, isless
fruitful than spotting much rarer mutations
that might explain why some otherwise healthy
people areinintensive care with COVID-19.
That’sthe view of Jean-Laurent Casanova, a
geneticist at the Rockefeller University in New
York City. He co-leads a consortium called the
COVID Human Genetic Effort, which in Sep-
tember 2020 reported’ spotting mutations
in people with severe COVID-19 that disable
genesinvolvedinapotentantiviral response,
called typelinterferonimmunity. (One of the
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genesinwhich they found mutations, /FNAR2,
which codes for a subunit of an interferon
receptor, has also been flagged by multiple
GWAS.) The mutations identified by Casano-
va’s team were rare, but in a follow-up study?®,
the researchers found that 10% of people
with life-threatening COVID-19 produced
antibodies that inactivate type 1interferons
—mimicking the effects of the gene mutations.
Casanova says his team looked for them only
after they identified the genetic mutations,
underscoring the power of his approach to
point to new lines of research. “Essentially
whatwe’ve cracked is amechanism of critical
COVID-19 pneumonia,” he says.

“It’s explaining some of
the things we’re seeing.
Ilove thataspect ofit.”

Rare mutations with profound conse-
quences are “a great torch to use” to uncover
disease mechanisms, says Akiko Iwasaki, an
immunologist at Yale University in New Haven,
Connecticut, whose teamis studying therole
of ‘autoantibodies’, which attack the body’s
own immune defences, in severe COVID-19.
The effects of common variants identified in
GWAS mightbe subtler, she adds, but the unbi-
ased way in which they are identified means
thatthe hits cangive credence toinsights from
other disciplines, such as immunology. “It’s
explaining some of the things we're seeing,”
she says. “llove that aspect of it.”

Richards is part of a team that is trying to
replicate Casanova’s genetic finding, without
success so far. Heand his colleagues found that
mutations in 13 type-1interferon genes were
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nomore commonin nearly 2,000 people with
COVID-19 than in controls not known to have
beeninfected’, echoing the conclusions of an
analysis led by researchers at the biotechnol-
ogy firm Regeneron in Tarrytown, New York,
who looked at protein-coding genes in more
than halfamillion UK Biobank participants'.
This doesn’t mean that the type 1interferon
pathways are not important, Richards says,
and he agrees that the autoantibody connec-
tion looks promising.

Alessandra Renieri, a geneticist at the Uni-
versity of Siena, Italy, and an early member of
the HGI, says that GWAS findings need to be
integrated withlinks to rare variants and other
forms of genetic diversity if researchers are
to fully understand COVID-19 susceptibility,
and to come up with treatments. Sheis part of
ateam that has applied for permission from
Italian regulators to test therapies based on
genetic findings.

Forinstance, theteam wantstotestanadju-
vant (which awakens the immune system) in
people with rare mutations that disable a
virus-detecting gene called TLR7, whichmight
be connected tosevere COVID-19 (ref.11). It also
wants to test whether the hormone testoster-
one might be able to prevent life-threatening
COVID-19in menwithacommon variationina
genethatencodes areceptor for the hormone,
after finding a link between severe COVID-19
and gene variants associated with reduced
levels of testosterone circulating in the blood™.

The success of such trials should not be
the only metric by which to judge the fruits
ofgeneticstudiesinto COVID-19, say research-
ers. Other biologists are drawing on the
genetic studies to help make sense of their
own experiments on the virus. And puzzling
associations such as the chromosome 3 link
couldreveal important insights that help in
treating COVID-19 — and whatever disease is
caused by the next new coronavirus.

Each new genetic finding is like a piece of a
puzzle, Renierisays. “Several pieces are com-
ing together. I'm sure that the picture will be
much more clear in the very near future.”

Ewen Callaway is a senior reporter for Nature
in Somerset, UK.
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