
Study Objective: Morbidity and mortality 

from COVID-19 differs between males 

and females. Given that the X-linked 

ACE2 protein is the main binding partner 

used by SARS-CoV-2 to enter human 

cells, we catalogued naturally-occurring 

ACE2 missense variants; those that 

affected viral binding kinetics might 

qualify as risk factors for severe COVID-

19, if these predictions were 

subsequently supported by real-world 

epidemiological data.

Methods: We searched the gnomAD

database for rare ACE2 coding variants 

found naturally in several human 

populations, made in silico predictions of 

their binding affinity to the SARS-CoV-2 

spike protein, and calculated the 

prevalence among known human 

populations of the subset of rare variants 

predicted to affect viral binding of Spike 

protein to ACE2.
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Missense coding variants in ACE2 are relatively common in humans. 
Because ACE2 is X-linked, they are twice as common among females as 
among males. The subset of ACE2 variants predicted to affect SARS-CoV-2 
binding occur among 0.6% and 1.2% of European males and females, and 
are rarer in other superpopulations. Real-world epidemiological data are 
required to discern whether or not these ACE2 variants affect SARS-CoV-2 
viral susceptibility and COVID-19 pathogenesis. 
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Results: Missense ACE2 alleles predicted to 

affect SARS-CoV-2 binding are found 

among 0.58% and 1.24% of non-Finnish 

European males and females, are rarer in 

other population groups, and are almost 

absent from East Asians in gnomAD. 

Considering ACE2 variants in aggregate, 

irrespective of predicted SARS-CoV-2 

binding, human populations harbour

missense ACE2 variants at frequencies 

ranging from 1.6%-6.8% among females 

and 0.68%-3.0% among males.

Conclusions: The speed of the pandemic, 

the large number of affected cases 

worldwide, and the recent emergence of 

viral spike protein variants such as N50Y 

that appear to enhance ACE2 binding, 

justify efforts to identify all possible risk 

factors for adverse outcomes, including 

efforts to identify susceptibility variants in 

humans.
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Naturally-Occurring Missense ACE2 Variants are Predicted to 
Affect Local Side Chain Interactions. 
The receptor binding domain of the SARS-CoV-2 spike protein 
is shown as an orange ribbon (top). 
ACE2 protein is shown as a blue ribbon (bottom). 
Missense variants modelled by PyMOL including Lys26Arg 
(top right), Ala193Glu (bottom right), Arg219Cys (top left), 
and Pro263Ser (bottom left). 


