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Introduction: Severe respiratory syndrome coronavirus 2 (SARS-CoV-2) uses the

androgen receptor (AR), through ACE2 receptor and TMPRSS2, to enter nasal and upper

airways epithelial cells. Genetic analyses revealed that HSD3B1 P1245C polymorphic

variant increases dihydrotestosterone production and upregulation of TMPRSS2 with

respect to P1245A variant, thus possibly influencing SARS-CoV-2 infection. Our aim

was to characterize the HSD3B1 polymorphism status and its potential association with

clinical outcomes in hospitalized patients with COVID-19 in Southern Switzerland.

Materials and Methods: The cohort included 400 patients hospitalized for COVID-19

during the first wave between February and May 2020 in two different hospitals of

Canton Ticino. Genomic DNA was extracted from formalin-fixed paraffin-embedded

tissue blocks, and HSD3B1 gene polymorphism was evaluated by Sanger sequencing.

Statistical associations were verified using different test.

Results: HSD3B1 polymorphic variants were not associated with a single classical

factor related to worse clinical prognosis in hospitalized patients with SARS-CoV-2.

However, in specific subgroups,HSD3B1 variants played a clinical role: intensive care unit

admission was more probable in patients with P1245C diabetes compared with P1245A

individuals without this comorbidity and death was more associated with hypertensive

P1245A>C cases than patients with P1245A diabetes without hypertension.
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Discussion: This is the first study showing that HSD3B1 gene status may influence the

severity of SARS-CoV-2 infection. If confirmed, our results could lead to the introduction

of HSD3B1 gene status analysis in patients infected with SARS-CoV-2 to predict

clinical outcome.

Keywords: SARS-CoV-2, HSD3B1 gene polymorphism, androgen receptor, direct sequencing, Likelihood-ratio

tests

INTRODUCTION

The spectrum of symptomatic infection caused by severe
respiratory syndrome coronavirus 2 (SARS-CoV-2) ranges from
mild or asymptomatic to severe illness with patients developing
serious symptoms (dyspnea, hypoxia) requiring hospitalization
(1). Unfortunately, after hospitalization about 5% of patients
present with a critical illness (respiratory failure, shock, or
multiorgan dysfunction) requiring admission to an intensive
care unit (ICU) (1). Severe outcome after SARS-CoV-2 infection
can arise in otherwise healthy individuals of any age, but
predominantly occurs in adult men with advanced age and
in patients with underlying medical comorbidities, such as
hypertension, obesity, diabetes, cardiovascular disease, chronic
respiratory disease, malignancies, and kidney disease (2–4).

To facilitate risk-stratification and management of
coronavirus 2019 (COVID-19), a better understanding of
the factors associated with severe disease is necessary. In
particular, several studies have focused on the androgen pathway
to explain differences between men and women (5, 6). Indeed,
it has been recognized that SARS-CoV-2 binds to ACE2 to enter
epithelial cells of the upper and lower respiratory tracts (7).
Proteolytic cleavage of the viral SPIKE protein by TMPRSS2
allows the fusion of viral and cellular membranes. TMPRSS2
is a member of the family of type II transmembrane serine
proteases that are implicated in several physiological and
pathological processes, such as cancer and viral infections,
including influenza A viruses, SARS-CoV, and MERS-CoV
coronaviruses (7). TMPRSS2 has been widely studied in relation
to prostate cancer and androgen receptor (AR) pathway because
its expression is positively regulated by androgens through direct
transcriptional regulation by AR (5, 8). Therefore, AR activity is
considered a requirement for the transcription of TMPRSS2 gene
as no other known TMPRSS2 gene promoter has been described
in humans to date (9).

Many clinical parameters have been associated with SARS-
CoV-2 infection severity, but nowadays there are no definitive
genetic data supporting the role of androgen pathway in this
viral infection (2–4). With regard to this point, the androgen
dehydroepiandrosterone (DHEA) pathway may be relevant.
This hormone and its sulfate (DHEA-S) are secreted by the

Abbreviations: AR, androgen receptor; BMI, body mass index; COVID-19,

coronavirus 2019; DHEA, androgen dehydroepiandrosterone; EOC, Ente

Ospedaliero Cantonale; ICU, intensive care unit; P1245A, HSD3B1 homozygous

A (codon 1245); P1245C, HSD3B1 homozygous C (codon 1245); P1245A>C,

HSD3B1 heterozygous A>C (codon 1245); SARS-CoV-2, severe respiratory

syndrome coronavirus 2; WHO, World Health Organization; 3β-HSD1, 3β-

hydroxysteroid dehydrogenase-1.

adrenal gland, and peripherally, DHEA is metabolized by the
enzyme 3β-hydroxysteroid dehydrogenase-1 (3β-HSD1; encoded
by the HSD3B1 gene) into downstream androgens (testosterone
and dihydrotestosterone) (10, 11). There are two common
germline missense encoding alleles ofHSD3B1 gene. The P1245A
allele encodes for an adrenal restrictive enzyme that is rapidly
degraded, thus limiting conversion from DHEA to downstream
androgens leading to a downregulation of TMPRSS2 activity. In
contrast, the P1245C allele encodes for an adrenal permissive
enzyme that is resistant to degradation through ubiquitination
mechanism, thus resulting in increased conversion of DHEA
into more androgens and consequently to an upregulation
of TMPRSS2 (12, 13). Among all the aforementioned clinical
parameters associated with worse outcome in patients with
SARS-CoV-2, the HSD3B1 polymorphism is associated only with
hypertension and aldosterone level. Specifically, P1245A allele
inheritance is associated with worsened outcomes in asthma as
assessed by multiple clinical measures and absolute neutrophil
count (10, 11).

Based on a possible influence of the AR pathway on SARS-
CoV-2 infection severity, our aim was to explore the potential
association between theHSD3B1 gene polymorphism and clinical
outcome in a series of patients who underwent hospitalization
due to COVID-19 in Canton Ticino (Switzerland).

MATERIALS AND METHODS

Study Population
This is an observational retrospective study conducted in
two hospitals in Southern Switzerland that regularly shared
clinical protocols during the pandemic phase (Ente Ospedaliero
Cantonale, EOC; Clinica Luganese Moncucco). The study
included patients hospitalized for SARS-CoV-2 infection during
the first wave from February 29, 2020 to May 22, 2020,
with the last discharge on June 12, 2020. Inclusion criteria
were as follows: age greater than or equal to 18 years, the
presence of positive SARS-CoV-2 PCR, clinical data and also
age and sex details recorded, and availability of archival
tissue samples (any type) collected at any time before SARS-
CoV-2 infection for any clinical reason. Clinico-pathological
characteristics of the SARS-CoV-2 infection and the clinical
outcomes of interest were extracted from the EOC and Clinica
Luganese Moncucco databases. For each case, informative data
(i.e., sex, age, body mass index (BMI), and comorbidities)
and clinical information [symptoms at presentation, days of
hospitalization, ICU admission, death, andWHO (World Health
Organization) scale of COVID-19 clinical improvement] were
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collected. In particular, comorbidities analyzed in our study
were as follows: diabetes, cardiovascular diseases, hypertension,
chronic respiratory disease, and tumor.

This study was approved by the regional ethics committee
(reference number: TI3710, BASEC 2020-01801). For patients
who were alive at study entry, an informed consent was required
to be included in the project. The study was conducted in
accordance with the Declaration of Helsinki.

Characterization of P1245 Polymorphism
in HSD3B1 Gene
The analysis of HSD3B1 gene was performed at the Institute
of Pathology in Locarno (Switzerland). Genomic DNA was
extracted from six 4-µm-thick serial sections of formalin-fixed
paraffin-embedded tissue block, following the QIAGEN protocol
(QIAamp DNA FFPE Tissue Kit 50, QIAGEN, Chatsworth,
CA, USA).

The polymorphism of HSD3B1 gene (codon 1245)
was evaluated by direct sequencing. In total, 50 ng of
genomic DNA was amplified using H2O, 1X PCR buffer
(Applied biosystems, Foster City, CA, USA), 3.0mM
MgCl2 (Applied biosystems), 0.2mM deoxyribonucleotides
triphosphate (dNTPs) (GE Healthcare, Chicago, IL, USA),
2 U/s Taq Gold (Applied Biosystems), and 0.5µM of the
respective HSD3B1 forward and reverse primers (forward:
5′-GTCAAATAGCGTATTCACCTTCTCTTAT-3′; reverse:
5′-GAGGGTGGAGCTTGATGACATCT-3′) (12), in a 23 µl
PCR. PCR was performed applying the following thermal
profile: 1 cycle for 2′ at 50◦C; 1 cycle for 10′at 95◦C; 40
cycles constituted of 15′′ at 95◦C (denaturation), 30′′ at 67◦C
(annealing), 30′′ at 72◦C (extension); 1 cycle for 3′ at 72◦C;
10◦C hold. Samples were subjected to automated sequencing
on SeqStudio Genetic Analyzer (Applied Biosystems), and the
sequences were evaluated by Sequencing Analysis Software
7 (Applied Biosystems). After direct sequencing, the cases
were distinguished, based on HSD3B1 polymorphism, in three
groups: P1245A (homozygous A), P1245C (homozygous C), and
P1245A>C (heterozygous).

Statistical Analyses
Summary statistics for clinical data, comorbidities, age, sex,
BMI, and HSD3B1 polymorphism were calculated on each
variable and for pairs of variables, such as the relative chi-
squared test and the Pearson’s correlation between two variables.
Typical summaries such asmean, standard deviation, and relative
frequencies were also calculated on conditional distributions, for
example, death given sex. Several statistical tests were applied
to find hypotheses deserving further medical investigation.
Statistical hypotheses were tested by Kruskal–Wallis rank sum
test, asymptotic Wilcoxon–Mann–Whitney test, Mood two-
sample test of scale, and asymptotic two-sample Fisher-Pitman
permutation test after obtaining marginal and bivariate summary
statistics for clinical data, comorbidities, age, sex, BMI, and
HSD3B1 polymorphism (14, 15). Generalized linear models were
also fitted to characterize the dependence of a variable of interest
on several other explanatory variables. Likelihood-ratio tests were
performed to assess the contribution of a model term, as the

interaction among two explanatory variables X by W, given all
other terms already included into the model, say X and W; Wald
statistical tests were performed on the null hypothesis that a
parameter associated with a variable is equal to zero (16). All
computations were performed using the R software (17).

RESULTS

Patients’ Characteristics
The study cohort included 400 patients; 234 men (58.50%) and
166 women (41.50%) hospitalized for COVID-19 during the first
wave. The mean age at hospitalization was 70.95 years (range:
29–98 years), and the mean hospitalization duration was 14 days
(Supplementary Table S1).

Considering the whole cohort, 18.04% (72/399)
of patients accessed ICU and 19.75% (79/400) died
(Supplementary Table S1). The mean stay in ICU was 2.68
days, with a minimum of 1 day and a maximum of 67 days; in
particular, 32 cases (32/397, 8.06%) stayed in ICU for at least 10
days (Supplementary Table S1).

The most common symptom associated with SARS-CoV-2
infection was fever (294/398, 73.87%) followed by respiratory
(286/398, 71.86%) and gastrointestinal problems (69/398,
17.34%). Concerning respiratory complications, pneumonia was
diagnosed in 70.93% of patients (283/399).

Comorbidities were reported in 74% of the study population
(296/400) with 45.50% of the cohort presenting more than
one comorbidity (182/400) (Supplementary Table S1). In
particular, the individuals with diabetes were 102 (25.50%),
with cardiovascular diseases 145 (36.25%), hypertension
208 (52%), chronic respiratory disease 80 (21.56%), and
malignancies 61 (15.25%). The BMI value was available for
341 patients and, out of them, 94 cases (27.57%) presented
a value greater than or equal to 30, corresponding to obesity
(Supplementary Table S1). Evaluation of the WHO scale of
clinical improvement was available for 323 cases and 49 (15.17%)
out of these patients presented high values (from 5 to 8) at
presentation (Supplementary Table S1).

Evaluation of HSD3B1 Polymorphism
Molecular characterization of the HSD3B1 gene polymorphism
was evaluable in all the 400 cases included in the study. In
particular, the P1245A polymorphic variant was described in
158 cases (158/400, 39.50%), P1245C in 55 individuals (55/400,
13.75%), and P1245A>C in 187 samples (187/400, 46.75%)
(Supplementary Figure S1 and Supplementary Table S1).
Overall, 345 out of 400 patients had at least an A allele (86.25%),
whereas cases with at least a C allele were 242 out of 400,
corresponding to 60.50% (Supplementary Table S1).

Bivariate Summaries of Marginal
Distributions
All the variables were matched against another one
with bivariate associations applying the chi-squared test
(Supplementary Table S2): here, we report only those that
showed statistical significance or those that are the focus of
our study. Among the 400 patients admitted in hospital for
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SARS-CoV-2 infection, men were more likely to have ICU
admission (p = 0.00038), fever (p = 0.0348), cardiovascular
disease as comorbidity (p = 0.0242), and to be classified on a
high WHO scale grade, ranging from 5 to 8 (p= 0.0349).

In addition, regardless of gender, death was associated with
admission to ICU (p < 1∗10−4) and with the presence of
comorbidities (specifically diabetes, p = 0.03; cardiovascular
disease, p < 1∗10−4; hypertension, p = 0.0179; and malignancy,
p = 0.00315). The occurrence of respiratory symptoms
and pneumonia in patients infected with SARS-CoV-2 were
associated with ICU admission (p = 0.0339 and p = 0.015,
respectively) but these factors, in addition to chronic respiratory
diseases, were not correlated with death. ICU admission was also
linked to diabetes and to highWHO scale grade (with p= 0.0343
and p < 1∗10−4, respectively). The majority of hospitalized
patients with diabetes also suffered from hypertension and had
a BMI ≥ 30 (p < 1∗10−4 and p = 0.00456, respectively).
In addition, cardiovascular diseases were associated with the
presence of hypertension (p < 1∗10−4) and hypertension with
BMI ≥ 30 (p = 0.043). Finally, BMI ≥ 30 was a feature of cases
with higher WHO scale grade (p = 0.00218), and high BMI was
associated with patients presenting more than one comorbidity
(p= 0.0443).

HSD3B1 gene polymorphic status was not associated with
any clinical parameter in bivariate associations in the overall
population (Supplementary Table S3).

Correlations Inside Subgroups of Clinical
Data
The Kruskal–Wallis rank sum test, the asymptotic Wilcoxon–
Mann–Whitney test, the Mood two-sample test of scale, and the
asymptotic two-sample Fisher-Pitman permutation test, applied
after obtainingmarginal and bivariate summary statistics, did not
demonstrate any statistically significant correlation for clinical
data, comorbidities, age, sex, BMI, and HSD3B1 polymorphism
correlations inside subgroups.

Correlations Between Variables With
Respect to ICU Admission
The application of Likelihood-ratio tests and Wald statistical
tests permitted to define that HSD3B1 polymorphism subgroups
status was significantly associated with diabetes concerning
ICU admission. The probability of ICU entrance for P1245C
diabetic individuals was 47.10% whereas for the ones without
this comorbidity was only 5.26%. On the contrary, within
the individuals characterized by homozygous P1245A status,
the probability of ICU admission was 22.50% for patients
with diabetes and 18.63% for cases without this comorbidity
(Figure 1). In addition, in the group of patients with a HSD3B1
heterozygous profile (P1245A>C), the probability corresponded
to 20% for patients with diabetes and 15.60% for patients
without diabetes (Figure 1). Overall, patients with P1245A
and P1245A>C had a similar probability of ICU admission
regardless of the presence of diabetes as comorbidity (1.21-
and 1.28-fold increase, respectively), whereas in the P1245C
group, this probability increased 8.95 times in the presence of

diabetes. Finally, by comparing the different subgroups, the only
statistically significant association was reported between P1245C
in patients with diabetes with respect to patients with P1245A
nondiabetes, which were more prone to have ICU admission
compared with P1245A without this comorbidity (p= 0.00976).

The same result was obtained comparing the patients without
diabetes and at least one A allele (i.e., P1245A or P1245A>C) and
the patients with P1245C and diabetes (p = 0.00707). In these
subgroups, the probability of ICU admission was more than 10
times higher for patients with P1245C diabetes if compared to
patients P1245A nondiabetes (27.53 vs. 2%).

Furthermore, ICU admission was found to be influenced
by sex and polymorphism. More in details, P1245C men
were more prone to have ICU admission compared with
P1245A+P1245A>C women (p= 0.00635).

Correlations Between Variables With
Respect to Death
The data obtained applying Likelihood-ratio tests and Wald
statistical tests indicate that HSD3B1 polymorphism subgroups’
status was significantly associated with hypertension in patients
who died. The probability of decease was 31.25% for hypertensive
P1245A>C cases and only 12.09% for P1245A>C patients
without hypertension. With regard to the P1245A variant, the
probability of death was 18.29% for cases with hypertension
and 21.05% for nonhypertensive cases. In P1245C subgroup,
the probability of death was 20% in hypertensive patients and
only 4% in individuals without hypertension as comorbidity
(Figure 2). Overall, in the group of P1245A patients, there was
no difference in the probability of death concerning the presence
or absence of hypertension. On the contrary, hypertension (if
compared to absence of this comorbidity) conferred a higher
death probability of 2.58 and five times in the group of
P1245A>C and P1245C, respectively (Figure 2). Between these
subgroups, hypertensive P1245A>C patients were significantly
more prone to die than patients characterized by P1245A and
without this comorbidity (p = 0.0142). A similar trend was
observed when hypertensive P1245C patients were compared
with P1245A patients without hypertension (p= 0.0977).

In addition, with respect to the risk of death, there was a
significant association between HSD3B1 polymorphism subtype
and patients’ age. Indeed, we observed a direct correlation
between the linear increase of age and the increased possibility of
death in the group of patients characterized by P1245C genotype,
if compared to patients with other HSD3B1 gene status (P1245A
and P1245A>C) (p= 0.03467).

DISCUSSION

There are well-known parameters leading to worse outcome
in patients infected with SARS-CoV-2, such as older age, male
gender, high BMI, or the presence of at least one comorbidity
among diabetes, cardiovascular diseases, hypertension, chronic
respiratory diseases, and malignancy. However, we must keep in
mind that the disease course is different among patients and its
severity ranges dramatically from asymptomatic to multiorgan
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FIGURE 1 | Probability of ICU entrance subdivided based on the presence of diabetes in the different HSD3B1 polymorphism variants. In each specific polymorphic

variant subgroup, the presence of diabetes increases the probability of ICU entrance. P1245C is the one with higher increment, showing an increase of 8.9 times in

the presence of diabetes. AA, P1245A polymorphic variant; AC, P1245A>C polymorphic variant; CC, P1245C polymorphic variant; CI, confidence interval; Dia_Yes,

the presence of diabetes; Dia_No, the absence of diabetes.

failure, based on individual features (18, 19). This different
trend of COVID-19 outcome led to hypothesize a putative
clinical relevance of patients’ genetic status. Indeed, there is a
growing body of evidence that the individual course of SARS-
CoV-2 infection, in terms of susceptibility, severity, and overall
clinical outcomes, may be influenced by genetic factors (20–22).
Starting from this concept, we decided to investigate the role
of the HSD3B1 gene as a consequence of its involvement in
the AR pathway, the preferred way of SARS-CoV-2 infection in
humans. In addition, this might explain the well-documented
sex differences in the course of the disease (6, 10, 11, 23). In
our cohort, that included hospitalized patients living in Southern

Switzerland, the frequencies of HSD3B1 P1245A, P1245A>C,
and P1245C were similar to the data already published in the
literature regarding the Caucasian population (24, 25). The
representativeness of our study was also substantiated by the
confirmation of the aforementioned parameters linked to worse
outcome after SARS-CoV-2 infection (2–4, 26–28). When we
investigated the role of HSD3B1 polymorphic variants, we did
not observe any correlation in bivariate analysis in the whole
population leading to a lack of association between P1245 and
hospitalization. However, focusing on statistical correlations
in groups of patients with specific clinical characteristics, we
obtained interesting results concerning the influence of HSD3B1
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FIGURE 2 | Probability of death subdivided based on the presence of hypertension in the different HSD3B1 polymorphism variants. In both P1245A>C and P1245C

variants, the presence of hypertension increases the probability of decease; instead, P1245A cases present the opposite trend. P1245C is the one with higher

increment, showing an increase of 5 times in the presence of hypertension. AA, P1245A polymorphic variant; AC, P1245A>C polymorphic variant; CC, P1245C

polymorphic variant; CI, confidence interval; Hyp_Yes, the presence of hypertension; Hyp_No, the absence of hypertension.

in patients infected with SARS-CoV-2. In particular, we focused
on ICU admission and possibility of death, founding that
HSD3B1 synergizes with specific clinical parameters.

With regard to ICU admission, we observed that patients
characterized by P1245A or P1245A>C were more or less
likely to enter ICU, with a small increase for patients with
diabetes. For P1245C, the difference was very marked, with
an increase from 5.26 to 47.1% when patients with diabetes
were compared with those who were not characterized by this
comorbidity. Furthermore, a significant association was reported
when patients with P1245C diabetes were compared to patients
with P1245A nondiabetes. Therefore, our data confirm that

diabetes is a general factor of worse course of SARS-CoV-2
infection, but it seems that HSD3B1 gene status may contribute:
indeed, the increase of probability of ICU admission increases 9-
fold in P1245C patients, showing a synergistic effect of diabetes
and HSD3B1 gene status.

In addition, P1245C men were more predisposed to ICU
entrance compared with P1245A+P1245A>C women. This
notion can further support the explanation of the worst
COVID-19 prognosis demonstrated in men, as described before.

When we looked at probability of death, we observed a similar
association between the C allele of HSD3B1 and hypertension.
Indeed, the probability of death was similar in P1245A, regardless
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of the presence of hypertension. However, when P1245A>C or
P1245C were taken into account, this value showed a 2.5- and
5-fold increase, respectively. Moreover, if compared to patients
with nonhypertensive P1245A, P1245A>C and, borderline,
P1245C (the last finding probably due to size cohort, being the
P1245C less represented) had a significantly higher probability of
death. In addition, also in this case, we can see that the higher
risk of death, that hypertension confers to patients infected with
SARS-CoV-2, seems to be driven by HSD3B1 genetic status.

The last significance defined in the statistical models of our
study is the direct correlation between the linear increase of
age and the increased possibility of death in the group of
patients characterized by P1245C genotype, with respect to
P1245A and P1245A>C. This evidence suggests that P1245C
cases have a higher probability of death as age increases in
comparison to the other subgroups of patients. As a consequence,
in the daily clinical practice, the treatment of older P1245C
individuals may indicate the need of more aggressive treatments
against infection.

The aforementioned findings reinforce the role played by
the AR pathway in SARS-CoV-2 infection, suggesting that a
more active pathway (observed when at least a C allele is
present) directly influences the severity of the course of such
infection. The relationship between AR pathway and diabetes
or hypertension deserves further investigation because, to the
best of our knowledge, the role played by HSD3B1 with these
comorbidities has never been investigated. More importantly,
our data may permit to distinguish, in the group of patients
characterized by a specific comorbidity, a particular subclass with
higher risk of ICU entrance or death through the evaluation
of only a gene polymorphism using a relatively fast and cost-
effective methodology (i.e., direct sequencing).

The main limitation of this study is the size cohort. The
investigation of the correlation between HSD3B1 polymorphic
variants and all the parameters known to be clinically relevant
in SARS-CoV-2 infection would require a significant greater
number of patients, which unfortunately are not available in
our region (Canton Ticino). A possible solution to overcome
this problem could be the enlargement of the study population.
However, this extension could lead to the introduction of new
variables that should be taken in account (e.g., the different
therapies that were not available in the first months of 2020
for the care of SARS-CoV-2 infection) and that may have
an additional influence on the course of disease, masking the
strengthening effect played by genetic variants.

In conclusion, our study suggests that genetic status of patients
may play a role in SARS-CoV-2 infection, indicating theHSD3B1
P1245 polymorphism as a potential newmarker in case of specific
comorbidities, to better predict the course of disease and, as a
consequence, to intensify the therapies based on the patients’
genetic status of the AR pathway. Further validation of these
results in a larger population of patients is needed.
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