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Abstract
We aim to evaluate the role of single-nucleotide polymorphisms of the angiotensin-converting enzyme 2 in susceptibility
to SARS-CoV-2 infection. We included 28 uninfected but highly exposed healthcare workers and 39 hospitalized patients
with COVID-19. Thirty-five SNPs were rationally selected. Two variants were associated with increased risk of being
susceptible to SARS-CoV-2: the minor A allele in the rs2106806 variant (OR 3.75 [95% CI 1.23–11.43]) and the minor T
allele in the rs6629110 variant (OR 3.39 [95% CI 1.09–10.56]). Evaluating the role of genetic variants in susceptibility
to SARS-CoV-2 infection could help identify more vulnerable individuals and suggest potential drug targets for
COVID-19 patients.
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Background

Considering the great expansion of the Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2),
the presence of highly exposed people who have not
yet acquired the infection is striking. Previous studies
suggest that genetic factors along with other risk fac-
tors can determine an individual’s susceptibility to res-
piratory tract infections; therefore they may contribute
to the very high transmissibility of SARS-CoV-2, as
well as to the susceptibility of each individual to infec-
tion [1]. However, these factors are largely unknown.
The development of new preventive strategies for
COVID-19 would be greatly facilitated by the identifi-
cation of host genetic pathways and DNA polymorph-
isms that modulate the risk of infection [2].

SARS-CoV-2 binds to the angiotensin-converting
enzyme 2 (ACE2) receptor for entry into the host
cells [3]. It has been hypothesized that the ACE2
gene constitutes a genetic risk factor for SARS-CoV-
2 infection [4]. In this regard, variations in the
expression of ACE2 may play a significant role in
determining an individual’s susceptibility to COVID-

19 [1]. Moreover, several single-nucleotide poly-
morphisms (SNPs) of the ACE2 gene previously
reported to be associated with other disorders, such
as hypertension and other cardiovascular diseases,
are thought to influence susceptibility to SARS-CoV-
2 infection [5,6]. This phenomenon has been observed
in other infections, one example being the genetic var-
iants of the dipeptidyl peptidase-4 receptor in the case
of MERS-CoV [7].

Our objective is to evaluate the role of ACE2 SNPs
in the susceptibility to SARS-CoV-2 infection in a
sample of highly exposed healthcare workers and
patients with COVID19.

Methods

Study design and data sources

We classified participants as being susceptible or non-
susceptible to SARS-CoV-2 infection. Susceptible
individuals were hospitalized patients with confirmed
SARS-CoV-2 infection by PCR in nasopharyngeal
swabs, sputum, or lower respiratory tract secretions,
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within the first 7 days from the onset of symptoms.
Non-susceptible participants were healthy healthcare
workers who had been on duty for at least three
months in COVID19 wards or intensive care units
and had had at least three high-risk exposures to
SARS-CoV-2 [8], without having experienced symp-
toms suggestive of SARS-CoV-2 infection, persistently
negative PCR SARS-CoV-2 testing, and absence of
SARS-CoV-2 IgM and IgG in plasma by indirect che-
miluminescence immunoassay (Vircell, Granada,
Spain). The most frequent type of exposures were lar-
gely unprotected exposure to aerosol-generating pro-
cedures or patient secretions, and close contact
without face masks with other confirmed cases of
COVID-19. We excluded subjects unable to provide
informed consent or witnessed oral consent with the
written consent by a representative. The study was car-
ried out at the Ramón y Cajal University Hospital in
Madrid (Spain) and was approved by the local
Research Ethics Committee (ceic.hrc@salud.madri-
d.org, approval number 095/20).

Endpoint

The primary endpoint was the association between the
ACE2 SNPs analyzed and the susceptibility to SARS-
CoV-2 infection.

Genotyping of SNPs in ACE-2 gene

SNPs in ACE-2 were identified based on existing lit-
erature and human genome sequence databases. A
search using the dbSNP database of NCBI yielded
more than 17,000 SNPs for ACE2 gene. In order to
reduce this vast number of SNPs, we performed a lit-
erature search in Pubmed database in May 2020,
including the terms “ACE2, SNP” or “ACE2, poly-
morphism” and achieved 206 and 107 results, respect-
ively. Then articles including information related to
“COVID-19”, “SARS-CoV-2”, “mortality” and “cardi-
ovascular disease”, “diabetes mellitus”, “obesity”, and
“hypertension” were further assessed. Thirty-five
SNPs were identified and rationally selected [9] (Sup-
plemental Table 1). Total DNA was extracted from
peripheral blood using QIAamp DNA Mini Kit (Qia-
gen), quantified using a NanoDrop-1000 (Thermo-
Fisher, Waltham, MA), and diluted to 20 ng/μL
concentration. Genotyping of the selected SNP of

ACE-2 was performed using Sequenom’s MassAR-
RAY platform (San Diego, CA, USA) and the iPLEX®

Gold assay design system at the Spanish National Gen-
otyping Center (CeGen; http://www.cegen.org/).
Samples Na1086, Na11994 and Na11995 from Coriell
Institute (www.coriell.org) were used as positive con-
trols. The primers used in this study are summarized
in Supplemental Table 2.

Statistical analysis

A quality control procedure was performed on each of
the SNPs: genotype call rate and minor allele fre-
quency were calculated and a visual inspection of the
clusterplots was carried out. For each SNP, a logistic
regression analysis was performed to assess the genetic
association with susceptibility. SNPs were coded
under a dominant genetic model, in which both het-
erozygous and rare allele homozygous were combined
and compared without correction for multiple com-
parisons with the genotype homozygous for the
most frequent allele. Gender was included in the
regression model as a covariate. Analysis was per-
formed using the SNPassoc library for R software
and Stata v16.0 (StataCorp LP, College Station, TX).

Results

Study population

We included 67 participants, 39 susceptible and 28
non-susceptible individuals. The sample of susceptible
subjects was representative of a medium-aged popu-
lation (median age 58 [IQR 44–84] years) with a
slightly higher representation of women (56%). Of
them, 59% had a mild infection and 41% had
COVID19 who required hospitalization. Non-suscep-
tible healthcare workers had a median age of 43 (IQR
36–51) years and 78% were women.

SNPs in ACE2 and SARS-CoV-2 susceptibility

Of the total 35 SNPs analyzed (Supplemental Table
1), two showed an association with SARS-CoV-2 sus-
ceptibility. The minor A allele in the rs2106806 variant
(AA or GA vs. GG genotype) was associated with an
increased risk of being susceptible to SARS-CoV-2
infection (OR 3.75 [95% CI 1.23–11.43], p = 0.016).
In the same way, the minor T allele in the rs6629110

Table 1. SNPs from ACE2 gene showing an association with SARS-CoV-2 susceptibility.

SNP Genotype

Susceptible, n (%)

OR (95% CI) p-valueNo Yes

rs2106806 GG 17 (63) 15 (38.5) Ref. Ref.
GA + AA 10 (37) 24 (61.5) 3.75 (1.23–11.43) 0.0156

rs6629110 CC 15 (55.6) 14 (35.9) Ref. Ref.
CT + TT 12 (44.4) 25 (64.1) 3.39 (1.09–10.56) 0.0289

ACE2, angiotensin-converting enzyme 2; CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
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variant (TT or TC vs. CC genotype) was associated
with an increased infection susceptibility (OR 3.39
[95% CI 1.09–10.56], p = 0.029) (Table 1).

Discussion

In this observational work, we aimed to identify SNPs
in the ACE2 gene that could confer increased suscep-
tibility to SARS-CoV-2 infection. Two variants were
associated with a 3- to a 4-fold greater risk of
COVID19: rs6629110 and rs2106806.

Because ACE2 is the target molecule of SARS-CoV-
2 for cell entry, higher levels of ACE2 expression are
expected to lead to higher levels of SARS-CoV-2 vire-
mia. The Genotype-Tissue Expression (GTEx) data-
base revealed that SNP rs6629110 was associated
with greater expression of ACE2 [5], although
researchers were not able to confirm the link between
variants in the ACE2 gene and COVID-19 [10]. The
SNP rs2106806 was among those included in a recent
study aimed at describing a transcription regulatory
network within the ACE2 locus in the context of
SARS-CoV-2 infection, but no correlation was found
[11]. Here, we show that the minor A allele within
rs2106806 increases the risk of critical COVID-19.

The allele frequency of the ACE2 SNP rs6629110 is
much higher in East Asian than in European popu-
lations [5,10] but its importance during SARS-CoV-
2 infection remains unknown. This variant has been
associated with high expression of ACE2 in tissues
such as the tibial artery [10] but, to our knowledge,
an association with increased expression of ACE2 in
lung tissue has not been described so far and there is
no association between the variant and expression of
ACE2 in nasal epithelium. Hence, this is the first
report linking the rs6629110 variant with COVID19
susceptibility. However, it requires external validation
in other studies.

Because the mechanisms protecting low-suscep-
tible individuals to acquire SARS-CoV-2 remain
poorly understood, the main strength of our study
is a novelty. We exploited a striking phenomenon,
i.e. subjects without evidence of having been
infected with SARS-CoV-2 despite repeated high-
risk exposures to explore gene variants associated
with disease susceptibility. Given the multifactorial
nature of high-risk exposures, the extent of
exposure to SARS-CoV-2 cannot be measured
today in clinical studies, which is a limitation of
our study. Because of the definition we used to
classify non-susceptible individuals, we think, how-
ever, that it is very likely that this group had mul-
tiple high-risk exposures. The main limitation is the
rather low number of individuals assessed, which
precluded us to use a genome-wide association
approach. In contrast to GWA studies, which gen-
erate thousands of untargeted variables that demand

a meticulous correction for false discovery rate, we
rationally selected the SNPs to be analyzed. Issues
such as exposure imply that studies of genetic sus-
ceptibility to infectious diseases will have modest
effect sizes and, therefore, that statistical power
will be at a premium [12]. Then the greater
inherent power of a rational selection of candidate
SNPs may make it preferable over GWA. Indeed,
because we rationally selected the SNPs in the
ACE2 to be assessed based on the background lit-
erature, we did not use Bonferroni corrections to
adjust for multiple comparisons, as has been rec-
ommended for targeted analyses [13]. Admittedly,
the fact that the associations would not remain stat-
istically significant after adjustment by false discov-
ery rate demands caution when interpreting the
results. The study should be considered as hypoth-
esis-generating and the findings must be validated
in larger studies.

In summary, we describe two candidate variants
in the ACE2 gene that were predictive of a greater
risk of SARS-CoV-2 infection. Evaluating the role
of genetic variants in susceptibility to SARS-CoV-
2 infection could help identify more vulnerable
individuals and suggest potential drug targets for
COVID-19 patients.

Acknowledgements

We thank all patients and healthcare workers who partici-
pated in the study. This work was supported by Instituto
de Salud Carlos III (COV20/00349, PI18/00154, AC17/
00019), cofinanced by the European Development Regional
Fund “A way to achieve Europe” (ERDF), Merck, Sharp &
Dohme (Investigator Studies Program) and Fondo Supera
COVID-19 (2020-001). The genotyping service was carried
out at CEGEN-PRB3-ISCIII, and was supported by grant
PT17/0019 of the PE I + D+i 2013-2016, funded by ISCIII
and ERDF.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

This work was supported by Instituto de Salud Carlos III:
[grant number AC17/00019,COV20/00349,PI18/00154,
PT17/0019]; Merck, Sharp & Dohme: [Ref IISP 59181].

ORCID

Javier Martínez-Sanz http://orcid.org/0000-0003-2020-
3908
Daniel Jiménez http://orcid.org/0000-0001-5399-4473
Pilar Vizcarra http://orcid.org/0000-0001-8553-6995

EMERGING MICROBES AND INFECTIONS 495

http://orcid.org/0000-0003-2020-3908
http://orcid.org/0000-0003-2020-3908
http://orcid.org/0000-0001-5399-4473
http://orcid.org/0000-0001-8553-6995


References

[1] Choudhary S, Sreenivasulu K, Mitra P, et al. Role of
genetic variants and gene expression in the suscepti-
bility and severity of COVID-19. Ann Lab Med.
2021;41:129–138.

[2] Hou Y, Zhao J, Martin W, et al. New insights into gen-
etic susceptibility of COVID-19: An ACE2 and
TMPRSS2 polymorphism analysis. BMC Med.
2020;8:216.

[3] Yan R, Zhang Y, Li Y, et al. Structural basis for the rec-
ognition of SARS-CoV-2 by full-length human ACE2.
Science. 2020;367:1444–1448.

[4] Benetti E, Tita R, Spiga O, et al. ACE2 gene variants
may underlie interindividual variability and suscepti-
bility to COVID-19 in the Italian population. Eur J
Hum Genet. 2020;28:1602–1614.

[5] Bosso M, Thanaraj TA, Abu-Farha M, et al. The Two
faces of ACE2: The role of ACE2 receptor and its poly-
morphisms in hypertension and COVID-19. Mol Ther
Meth Clin Dev. 2020;18:321–327.

[6] Devaux CA, Rolain JM, Raoult D. ACE2 receptor
polymorphism: susceptibility to SARS-CoV-2, hyper-
tension, multi-organ failure, and COVID-19 disease
outcome. J Microbiol Immunol Infect.
2020;53:425–435.

[7] Kleine-Weber H, Schroeder S, Krüger N, et al.
Polymorphisms in dipeptidyl peptidase 4 reduce host

cell entry of Middle East respiratory syndrome corona-
virus. Emerg Microbes Infect. 2020;9:155–168.

[8] Interim Operational Considerations for Public Health
Management of Healthcare Workers Exposed to or
with Suspected or Confirmed COVID-19: Non-U.S.
Healthcare Settings. 2020. https://www.cdc.gov/
coronavirus/2019-ncov/hcp/non-us-settings/public-
health-management-hcw-exposed.html.

[9] Jordan RE, Adab P, Cheng KK. Covid-19: risk factors
for severe disease and death. Br Med J. 2020;368:
m1198.

[10] Cao Y, Li L, Feng Z, et al. Comparative genetic analysis
of the novel coronavirus (2019-nCoV/SARS-CoV-2)
receptor ACE2 in different populations. Cell Discov.
2020;6:11.

[11] Fadason T, Gokuladhas S, Golovina E, et al. A tran-
scription regulatory network within the ACE2 locus
may promote a pro-viral environment for SARS-
CoV-2 by modulating expression of host factors.
bioRxiv 2020; 2020.04.14.042002.

[12] Amos W, Driscoll E, Hoffman JI. Candidate genes
versus genome-wide associations: which are
better for detecting genetic susceptibility to infec-
tious disease? Proc Biol Sci. 2011;278(1709):1183–
1188.

[13] Perneger TV. What’s wrong with Bonferroni adjust-
ments. Br Med J. 1998;316:1236–1238.

496 J. MARTÍNEZ-SANZ ET AL.

https://www.cdc.gov/coronavirus/2019-ncov/hcp/non-us-settings/public-health-management-hcw-exposed.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/non-us-settings/public-health-management-hcw-exposed.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/non-us-settings/public-health-management-hcw-exposed.html

	Abstract
	Background
	Methods
	Study design and data sources
	Endpoint
	Genotyping of SNPs in ACE-2 gene
	Statistical analysis

	Results
	Study population
	SNPs in ACE2 and SARS-CoV-2 susceptibility

	Discussion
	Acknowledgements
	Disclosure statement
	ORCID
	References

