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and asecond toe that curves towards the first.
Thisarrangementindicates thattheinner side
of the Burtele foot would have been capable
of hand-like grasping’, which is an important
adaptationto moving through trees that apes
share® This fossil reveals a strikingly different
version of bipedalism from the one inferred
for A. afarensis.

Could the site A footprints and the Burtele
footrepresent the same hominin species —one
thatis distinct from A. afarensis? Thiswould be
the simplest explanation. These fossils come
from a similar place and time, and both pro-
vide evidence of a foot that is more ape-like
than is that of A. afarensis. However, differ-
ences between the Burtele foot and the site A
prints appear when the details are examined
closely. Most notably, the first and second toes
in the site A footprints are of similar lengths,
whereas the Burtele foot’s big toeis relatively
short compared with its second toe. It is
unclear whether differences suchas this could
exist among individuals of the same species.
Noliving animal has acombination grasping—
bipedal foot, so we have no reference for the
kind of print such a foot would make.

It seems that two possibilities remain as
probable explanations for the site A prints.
They could have been created by a hominin
species other than A. afarensis (perhaps the
same as that represented by the Burtele foot).
Alternatively, they could have been created by
anA. afarensisindividual walking inan atypical
manner other than that tested in the study by
McNutt and colleagues. Virtual approaches
that simulate the process of footprint crea-
tioninextinct species might help usto decide
between these optionsin the future.

Ifthe footprintsatsites Gand S and those at
site Awere made by different species, then the
Laetoli footprint tuff (rock made of volcanic
ash) captures multiple homininspecies living
inthe same habitatand at the same geological
instant. This level of precision is exceedingly
rareinthe fossil record. It would demonstrate
species coexistence inaway thatimplies com-
petitionforecological resources, and it would
provide anew view of the evolutionary forces
at play during the early periods of human
evolution.

But which hominin species existed along-
side A. afarensis? Thessite Afootprintsand the
Burtele foot provide evidence that another
species was present, but these fossils are float-
ing in a taxonomic limbo because foot bones
and footprints are not conventionally used to
define species. Anumber of species names are
directly attached toskulls, jaws and teeth from
middle Pliocene sites in eastern Africa, but
researchers have questioned whether some
orall of these fossils are distinct enough from
A.afarensistobe considered different species.
Palaeoanthropologists have debated how to
link footprints, foot bones and species names
ever since early hominins were discovered in
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eastern Africa. The state of the current fossil
record ensures that this debate will continue
for yearsto come.
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Genetic cluesto COVID
susceptibility and severity

Samira Asgari & Lionel A. Pousaz

Anindividual’s genetics caninfluence their risk of infection
and the severity of disease symptoms. A large international
study has identified parts of the human genome that can affect
therisk of severe COVID-19. See p.472

For more than a year now, scientists and
clinicians have been trying to understand
why some people develop severe COVID-19
whereas others barely show any symptoms.
Risk factors such as age and underlying med-
ical conditions’, and environmental factors
including socio-economic determinants of
health?, are known to have roles in determin-
ing disease severity. However, variations in
the human genome are a less-investigated
source of variability. On page 472, members
of the COVID-19 Host Genetics Initiative®
(www.covidl9hg.org) reportresults of alarge
human geneticstudy of SARS-CoV-2infection.
Theresearchersidentify 13 locations (or loci)
in the human genome that affect COVID-19
susceptibility and severity.

Scientists already knew that human
genetic variants can influence the severity
of infectious diseases, including infection
with SARS-CoV-2 (refs 4-6). The effects of
genetic factors range from those of rare,
high-impact mutations that can make the
difference between an individual developing
mild symptoms and life-threatening illness’,
to more-common genetic variants that only
moderately affect symptom severity’.

Even so, human genomic studies of infec-
tious diseases remain scarce compared with
those of otherimmune-mediated conditions,
suchasautoimmunedisorders. There are sev-
eralreasons for that. Chiefamong themis that
infectious diseases are typically studied witha
focus onthe disease-causing microorganism,
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rather than the host. Moreover, human genetic
variants usually have relatively small effects
on infection outcomes compared with the
effects of socio-demographic factors such as
age or access to health care®. Identifying these
generally modest effects requires studies of
large, well-characterized groups of people to
produce sufficient statistical power to reveal
therelevant genetic factors. Finally, unlike for
chronicdiseases, the window for characteriz-
ing the severity and outcomes of infectious dis-
easesisoftenlimited toashort period during
whichindividuals are symptomatic.

The authors overcame these challenges by
rapidly setting up alarge, international col-
laboration when the pandemic started. This
collaboration of around 3,000 researchers
and clinicians includes data from 46 studies
involving more than 49,000 individuals with
COVID-19 and 2 million control individuals,
with participants recruited from 6 ancestry
groupsand19 countries. By acting swiftly, the
authors could recruit symptomatic patients,
and, by setting up international collabora-
tions, were abletoinclude enough participants
to overcome statistical-power limitations. In
addition, they tried to account for the role of
socio-demographic factors by collecting data
onsome of the knownrisk factors, suchas age
andsex, andincludingthisinformationin their
statistical analyses.

To obtain comparable results across
all 46 study groups, the authors defined
3 categories of analysis: infection, which



included people with physician-confirmed,
laboratory-confirmed or self-reported
COVID-19; hospitalization, which consisted
ofindividuals withlaboratory-confirmed mod-
erate to severe COVID-19; and critical illness,
patients with laboratory-confirmed infection
who were hospitalized and required respira-
tory supportor died. Toidentify genetic vari-
ants associated with COVID-19 susceptibility
and severity, the authors first compared the
difference in the frequencies of millions of
genetic variants between the peopleinfected
with COVID-19 and the control individuals in
each study. They then combined the results
from all 46 studies to increase the statistical
power of their data.

Through this combined analysis, the
authors identified 13 loci that were associ-
ated with SARS-CoV-2 infection and disease
severity (Fig.1), including 6 loci not reported
in previous human genomics studies of
COVID-19 (refs 4, 5). Four loci affect general
susceptibility to SARS-CoV-2, whereas nine
were associated with disease severity. Two
of the previously unassociated loci were
discovered only when individuals with
East Asian ancestry were included in the
analysis, highlighting the value of includ-
ing diverse populations in human genomics
studies.

To better understand the biology of
COVID-19 and the mechanisms that connect
these loci to disease outcomes, the authors
looked for genes that were in the proximity
of eachlocus (thatis, ‘candidate genes’). They
identified more than40 candidate genes, sev-
eral of which have previously beenimplicated
inimmune function or have known functions
in the lungs, suggesting that variants in the
genomic regions highlighted by the authors’
findings might exert their effect on COVID-19
outcome through the respiratory system.

One such example is the gene TYK2. Vari-
ants of this gene can increase susceptibility
to infections by other viruses, bacteria and
fungi®. In line with this, the authors reported
thatindividuals who carry certain mutationsin
TYK2are atincreased risk of being hospitalized
or developing critical illness from infection
withSARS-CoV-2. Another exampleis the gene
DPP9.The authors found avariantinthis gene
thatincreases therisk of becoming criticallyill
with COVID-19. Notably, the same variant can
increase the risk of a rare pulmonary disease
characterized by scarring of the lung tissue™®.

This study by the COVID-19 Host Genetics
Initiative represents a major milestonein our
understanding of the role of human genetics
insusceptibility to SARS-CoV-2; however, more
work remains to be done. Future experiments
should determine all the genes, signalling
pathways and biological mechanisms that con-
nect the genomic loci identified to COVID-19
outcomes.

Moreover, despite the authors’ efforts to
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Figure1|Identifying regions of the human genome associated with COVID-19 susceptibility and
severity. The COVID-19 Host Genetics Initiative® sought to identify genetic variants that account for the
variability in individuals’ susceptibility to COVID-19, as well as in the severity of the disease. The authors
compared the genomes of 49,562 individuals with COVID-19 (including 13,641 individuals who were
hospitalized with the infection and, of those, 6,179 who were critically ill with the disease) with the genomes
of around 2 million control individuals without known infection. This comparison pointed to 13 locations in
the genome (loci): variants in 4 of these loci are associated with susceptibility to COVID-19, whereas variants

in 9 others are associated with disease severity.

include genetically diverse study groups,
about 80% of the participants are of European
ancestry. Future studies containing a larger
number of individuals from other ancestry
groups are needed to ensure that the results
apply to non-Europeans, and to identify
other loci that might be associated with risk
in people of other ancestries.

Another complex question that could
not be addressed in the authors’ study is
the combined effect of specific variants in
the SARS-CoV-2 genome and variants in the
human genome on disease outcome. Finally,
as the authors mention, they could not fully

“Four geneticloci affect
general susceptibility to
SARS-CoV-2, whereas nine
were associated with disease
severity.”

control for all socio-demographic factors,
such as access to health care. Although such
non-genetic factors are unlikely to explain all
the findings, they could bias some of the asso-
ciations between genetic variants and disease
outcome.

Despite these limitations, the implications
of the study’s results are far-reaching. This
study is important not only for advancing
our understanding of human susceptibility
to COVID-19; it also underlines the value of
global collaborations for clarifying the human
genetic basis of variability in susceptibility to
infectious diseases. Infections remain among
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the top causes of mortality in lower-income
countries, and represent a growing global
threat, owing to climate change, urbanization
and rising population size". Human genomics
can be an effective tool with which to under-
stand the biological mechanisms that underlie
immune responses to specific infections, to
identifyat-riskindividuals and to develop new
drugs and vaccines for existing or emerging
infections.
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