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Abstract

It is plausible that variants in the ACE2 and TMPRSS2 genes
might contribute to variation in COVID-19 severity and that
these could explain why some people become very unwell
whereas most do not. Exome sequence data was obtained for
49,953 UK Biobank subjects, of whom 82 had tested positive
for SARS-CoV-2 and could be presumed to have severe dis-
ease. A weighted burden analysis was carried out using
SCOREASSOC to determine whether there were differences
between these cases and the other sequenced subjects in the
overall burden of rare, damaging variants in ACE2 or TMPRSS2.
There were no statistically significant differences in weighted
burden scores between cases and controls for either gene.
There were no individual DNA sequence variants with a mark-
edly different frequency between cases and controls. Wheth-
er there are small effects on severity, or whether there might
be rare variants with major effect sizes, would require studies
in much larger samples. Genetic variants affecting the struc-
ture and function of the ACE2 and TMPRSS2 proteins are not
the main explanation for why some people develop severe
symptoms in response to infection with SARS-CoV-2. This re-
search was conducted using the UK Biobank Resource.
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Introduction

There is wide variation in the severity of symptoms in
patients infected with SARS-CoV-2, and there are reports
in the UK that members of ethnic minorities are more se-
verely affected. An obvious possible explanation for these
findings would be that genetic polymorphisms affecting
the structure or function of key proteins could influence
host susceptibility and/or responses to infection. If these
polymorphisms varied in frequency between different eth-
nic groups, this could contribute to differential outcomes.

Two key proteins involved in SARS-CoV-2 infective
processes are ACE2, which is expressed on the cell surface
and acts as a receptor for the viral S protein, and
TMPRSS2, which cleaves the S protein to allow fusion of
the viral and cellular membranes [1]. Variants in the
genes coding for these proteins might contribute to dif-
ferent responses to infection.

A recent Italian study examining ACE2 sequence vari-
antsin 131 COVID-19 patients and 258 controls reported
that overall there was an excess of variants among con-
trols (p = 0.029) [2]. This result was partially driven by
two common variants, Asn720Asp (rs41303171), which
occurred in 2 cases and 11 controls, and Val749Val
(rs35803318), which occurred in 5 cases and 25 controls.
Another Italian study, using a different sample of 131 cas-
es who tested positive for COVID-19, of whom 98 re-
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quired ventilation, and 1,000 controls found that the cu-
mulative frequency of variants was as expected from pop-
ulation frequencies and there was no association with
severity [3].

Here, we present the results of a study comparing fre-
quencies of variants in ACE2 and TMPRSS2 between cas-
es with severe COVID-19 and controls.

Methods

The COVID-19 results table was downloaded from UK Bio-
bank on April 28, 2020. This contained results for 1,474 subjects
who had undergone testing for SARS-CoV-2 infection between
March 16 and April 14, 2020 [4]. During this period, testing in the
UK was done almost exclusively on patients admitted to hospital
with a clinical diagnosis of probable COVID-19, and thus patients
testing positive can be assumed to have had severe disease because
patients with milder symptoms were generally left at home. Of the
subjects tested, 669 tested positive, meaning that they had at least
one swab which demonstrated the presence of viral RNA at detect-
able levels, and of these 82 were exome sequenced. The proportion
of infected subjects who require hospitalisation rises with age but
is still only 0.18 for those aged 80 or over [5]. Thus, the subjects
who tested positive could be regarded as cases with an unusually
severe response to infection, whereas the subjects who tested neg-
ative or who were not tested could be regarded as unscreened con-
trols, most of whom would not have severe symptoms even if in-
fected. No attempt was made to discriminate between these sub-
jects on other measures of severity, such as use of oxygen or
admission to intensive care.

The exome sequence data consisted of the variant call files for
49,953 subjects who had undergone exome-sequencing and been
genotyped using the GRCh38 assembly with coverage 20x at 94.6%
of sites on average [6]. All variants were annotated using VEP,
PolyPhen, and SIFT [7-9]. To obtain population principal compo-
nents reflecting ancestry, version 1.90 beta of PLINK (https://
www.cog-genomics.org/plink2) was run with the options -- maf
0.1 -- pca header tabs -- make-rel [10-12].

SCOREASSOC was then used to carry out a weighted burden
analysis to test whether, in ACE2 or TMPRSS2, sequence variants
which were rarer and/or predicted to have more severe functional
effects occurred more commonly in cases, that is, subjects who
tested positive for SARS-CoV-2, than all the other sequenced sub-
jects. All available variants in each gene were included in the anal-
yses. As originally described, variants were weighted according to
frequency so that rare variants were accorded 10 times the weight
of common variants [13]. Variants were additionally weighted ac-
cording to their functional annotation using the default weights
provided with the GENEVARASSOC program, which was used to
generate input files for weighted burden analysis by SCOREAS-
SOC [13-15]. For example, a weight of 5 was assigned for a syn-
onymous variant, 10 for a non-synonymous variant, and 20 for a
stop-gained variant. Additionally, 10 was added to the weight if the
PolyPhen annotation was possibly or probably damaging and also
if the SIFT annotation was deleterious, meaning that a non-synon-
ymous variant annotated as both damaging and deleterious would
be assigned an overall weight of 30. ACE2 is located on the X chro-
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mosome and hemizygous males were treated as if they were homo-
zygous for each variant, meaning that variant frequencies would
be expected to be equal in males and females. Weighted burden
testing using GENEVARASSOC and SCOREASSOC was carried
out to see whether the overall burden of rare, functional variants
differed between cases and controls using both ¢ tests and likeli-
hood ratio tests using ridge regression analysis incorporating the
first 20 principal components, as described previously [15].

The two common variants referred to above, rs41303171 and
135803318, had been genotyped in the whole UK Biobank sample, so
their allele counts were compared between the 669 cases who had
tested positive and all the remaining 487,708 subjects using the y? test.

Results

The genotype counts and frequencies of variants are
presented in online supplementary Table 1 (see www.
karger.com/doi/10.1159/000515200), with variant posi-
tions and annotations redacted in order to preserve sub-
ject anonymity. There were 510 valid variants in ACE2
and there was no tendency for the weighted burden scores
to be different between cases (mean [SD] 24.4 [44.1]) and
controls (22.6 [37.8]): t = 0.44, 49,951 df, p = 0.66 and y*
=1.05,1df, p=0.31. There were 658 valid variants in TM-
PRSS2, and although the weighted burden scores were
lower in cases (65.9 [38.5]) than in controls (74.0 [48.9]),
this difference was not statistically significant: t = -1.5,
49,951 df, p =0.13 and X2 =3.62, 1 df, p = 0.06. On visual
inspection of the results there were no individual variants
with markedly different frequencies between cases and
controls. Of course, for both genes there were many rare
variants which were observed in controls but not in cases,
but this is as expected given the disparity in sample sizes.

With respect to the common variants which had been
genotyped in the entire UK Biobank sample, the frequen-
cy of rs35803318 was 0.039 in cases and 0.044 in controls,
and the frequency of rs41303171 was 0.025 in cases and
0.026 in controls. Neither of these differences was statisti-
cally significant.

Discussion

Although the number of severely affected subjects who
were sequenced is very small, it is nevertheless possible to
draw some preliminary conclusions, and given the im-
portance of the topic, it seems reasonable to communi-
cate these findings. In general, the results are negative. It
is not the case that a large proportion of severely affected
subjects have a particular genetic variant in one of these
genes which is relatively rare in the general population.
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Nor is it the case that there is a common variant which
confers strong protection against severe infection. It re-
mains possible that there might be rare variants which
have a major effect on risk in individual subjects, but such
effects would only be detected with larger sample sizes.

The fact that the weighted burden scores were higher in
controls than in cases is consistent with the hypothesis that
rare genetic variants in TMPRSS2 with functional effects
disrupting functioning of the protein might be protective
against severe infection. Although this is biologically plau-
sible, it should be emphasised that the results obtained are
not statistically significant. This could be investigated fur-
ther by carrying out targeted sequencing of this gene in a
sample of a few hundred severely affected subjects.

In conclusion, genetic variants affecting the structure
and function of the ACE2 and TMPRSS?2 proteins are not
the main explanation for why some people develop severe
symptoms in response to infection with SARS-CoV-2.
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