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Purpose of review

The COVID-19 pandemic has led to devastating health outcomes across the world. Initially thought to
primarily affect the respiratory system, there is now clear and abundant evidence that COVID-19 can
impact upon the male genitourinary system and overall men’s health. In this review article, we explore the
potential mechanisms by which COVID-19 specifically affects men and we review the literature examining
the adverse effects of the disease on men’s health

Recent findings

Studies suggest that men are at higher risk for severe COVID-19 infection and death. COVID-19 infection
has a negative impact on men’s health including worsening semen parameters, potentially lower
testosterone levels, and an increased risk of erectile dysfunction.

Summary

COVID-19 is a highly pathogenic virus that exerts adverse effects upon the male genitourinary system in
myriad ways. The COVID-19 infection can impact serum testosterone, fertility, sexual function, and mental
health. Fortunately, the COVID-19 vaccine is safe and effective in preventing COVID-19 infection and
many of these sequelae.
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INTRODUCTION

After the first case of COVID-19 was identified in
December 2019, this virulent pathogen spread rap-
idly and globally, resulting in the World Health
Organization declaration of a global pandemic in
March 2020 [1,2]. The COVID-19 pandemic has led
to devastating health outcomes across the world,
infecting almost 250 million people and resulting in
over 5 million deaths [3]. Although COVID-19 was
initially thought to primarily affect the respiratory
system, there is now clear and abundant evidence
that the virus can cause a wide range of pathology
across multiple organ systems including the gastro-
intestinal, cardiovascular, hematological, and ner-
vous systems [4].

Since the onset of the pandemic, a growing body
of evidence has examined the impact of COVID-19
upon the male genitourinary system and overall
men’s health. The mechanisms for these effects have
not been fully elucidated but likely result from both
broad (e.g. inflammatory response) and specific (e.g.
androgen-dependent) pathways. As COVID-19 con-
tinues to infect men worldwide, it is imperative that
we understand the adverse effects of the COVID-19
virus on men’s health and how men may have less
favorable health outcomes when infected. In this
review article, we explore the potential mechanisms
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by which COVID-19 specifically effects men and we
review the literature examining the adverse effects
of the disease on men’s health.
VIRAL PATHOGENICITY OF COVID-19

A brief review of the precise mechanisms by which
COVID-19 infection occurs is essential to under-
stand the effects of COVID-19 on men’s health.
Similar to other coronaviruses, COVID-19 utilizes
a spike (S) protein to mediate host cell entry. The S
protein binds to angiotensin-converting enzyme 2
(ACE2) in human tissue to allow for viral entry via
membrane transfusion [5,6]. In addition to ACE2,
COVID-19 utilizes the host cellular transmembrane
serine protease 2 (TMPRSS2) to be proteolytically
activated [6]. With both ACE2 and TMPRSS2 playing
essential roles in the infectious mechanism of
COVID-19, human tissue naturally expressing both
ealth, Inc. All rights reserved.
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KEY POINTS

� Men with COVID-19 infection are at higher risk for
severe infection and death compared to women.

� COVID-19 infection may negatively impact semen
parameters, testosterone, and erectile function.

� The COVID-19 vaccine is safe and effective in
preventing COVID-19 infection and does not
compromise semen parameters in men.
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proteins are more susceptible to the COVID-19
infection and its resulting effects.

Although ACE2 is concentrated in the lungs,
heart, and kidneys, it is also found in the testis
[7,8]. The ACE2 receptor is present in both testos-
terone-producing Leydig cells and spermatogenesis-
supporting Sertoli cells, possibly rendering these
cells uniquely susceptible to COVID-19 infection.
Because Sertoli cells are also responsible for mainte-
nance of the blood-testis barrier, viral infection of
these cells could impair the immunoprivileged sta-
tus of the testis and enable direct viral damage or
inflammatory damage to germ cells. Even spermato-
gonia themselves have ACE-2 receptors, which may
further potentiate the risk of viral infection to these
germ cells [9].

TMPRSS2 is highly expressed in both the prostate
and testes [9–11]. Alteration and fusion of the
TMPRSS2 gene have been implicated in the patho-
genesis of prostate cancer. Interestingly, the use of
androgen deprivation therapy (ADT) may lead to
downregulation of tissue-based TMPRSS2 expression,
which could have important implications for
COVID-19 infection in these men [12–14]. TMPRSS2
is also expressed within the testis, providing another
potential pathway for COVID-19 mediated testicular
damage.
COVID-19 INFECTION RISK AND SEVERITY
IN MEN VERSUS WOMEN

Early studies demonstrated that while men and
women were equally susceptible to COVID-19 infec-
tion, infected males had significantly greater risk for
severe infection leading to intensive care unit (ICU)
admission and death [15

&

,16]. In a meta-analysis
from Peckham et al. examining 3,111,714 global
cases, males had an almost three-fold increased risk
of ICU treatment (odds ratio [OR] 2.84) and death
(OR 1.39) compared to females [15

&

]. There are
multiple potential explanations for these differen-
ces. Men may have inherent differences in systemic
immune responses of both the innate and adaptive
 Copyright © 2022 Wolters Kluwe
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immune system, rendering them more susceptible
to sequelae of infection [17]. Severity of Covid-19
infection may also relate to underlying cardiovascu-
lar comorbidities, which may be more prevalent in
men [17].

Another potential explanation for sex dimor-
phism in COVID-19 infection involves differential
and androgen-dependent expression of ACE2 and
TMPRSS2, respectively. There are conflicting studies
demonstrating higher ACE2 expression among
women, which may be parodoxically protective, as
a higher concentration of ACE2 receptors decreases
the speed of viral saturation of these receptors [18,19].
In contrast, TMPRSS2 receptor expression is typically
upregulated in men due to its well-established regu-
lation by androgen-dependent promoters [16].

Okwan-Duodu et al. demonstrated that
TMPRSS2 expression was higher in men, with
almost three times as many cells expressing both
ACE2 and TMPRSS [11]. Higher levels of androgens
in men resulting in higher TMPRSS2 expression may
contribute to increased severity and fatality rates of
COVID-19 in men [19–22].
RELATIONSHIP BETWEEN COVID-19 AND
SERUM TESTOSTERONE

Despite the well-documented role of testosterone in
TMPRSS2 regulation, the broader relationship
between serum testosterone and COVID-19 infection
remains unclear. Some studies found that lower levels
of serum testosterone among infected men were
associated with worse outcomes [23,24]. Rastrelli
et al. examined 31 men with COVID-19 pneumonia
requiring respiratory ICU admission and found that
those with lower total testosterone were more likely
to need more intense care or die [23]. More recent
data from Salonia et al. confirmed an association
between low testosterone and higher risk of ICU
admission and mortality among 286 men with symp-
tomatic COVID-19 infection [25]. One potential
explanation for low testosterone as a risk factor for
COVID-19 infection is the inherent association
between testosterone deficiency and comorbid con-
ditions such as obesity and cardiovascular disease,
which are also risk factors for COVID-19 disease
severity [24,26–31]. Alternatively, low testosterone
has been implicated in higher levels of systemic
inflammatory cytokines, and this may lead to an
increased inflammatory response and adverse
sequelae seen in men with low testosterone who
are infected with COVID-19 [32]. Although these
data suggest an association between hypogonadism
and severe COVID-19 infection, these studies are
limited both in size and design, as preinfection tes-
tosterone levels were not assessed.
r Health, Inc. All rights reserved.
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In contrast, based on the observation that
TMPRSS2 is expressed in an androgen-dependent
fashion, multiple studies have examined the
potential protective role of ADT upon COVID-19
infection. An early study from Montopoli et al.
examined 4,532 male patients and found that pros-
tate cancer patients on ADT had lower risk of
COVID-19 infection compared to those not on
ADT (OR 4.05) [14]. However, newer data from
Schmidt et al. queried the Cancer Consortium reg-
istry and found no difference in 30-day mortality
among COVID-19 patients who did and did not
receive ADT [12]. Consistent with these data, two
recent meta-analysis found no protective effect of
ADT against COVID-19 infection or disease severity
[33,34].

Beyond the impact of baseline serum testoster-
one upon COVID-19 pathogenicity, multiple stud-
ies have examined the impact of COVID-19
infection upon serum testosterone and gonadotro-
pin levels. Importantly, there is significant inher-
ent variability in these hormone levels due to a
broad range of factors such as stress, circadian
rhythm, and others that limit studies on this topic.
An early, small study from Ma et al. of 12 patients
with COVID-19 compared to age-matched controls
found higher levels of luteinizing hormone (LH) in
the COVID-19 patients but no difference in serum
testosterone between the groups [35]. In contrast,
Temiz et al. found that COVID-19 patients had
lower LH, follicle stimulating hormone, and testos-
terone levels when compared to controls, but that
these differences dissipated after treatment with an
oral regimen consisting of azithromycin and
hydroxychloroquine [36]. More recently, a larger
study from Salonia et al. found profoundly lower
testosterone levels in men with COVID-19 com-
pared to healthy controls (10.4 vs 2.5 nmol/L,
P<0.001) [25]. The same group examined testos-
terone recovery 7-months after COVID-19 infec-
tion and found that 87.6% of men had increased
serum testosterone compared to their baseline at
the time of infection [37]. Importantly, over half of
men at follow-up still had testosterone levels meet-
ing criteria for testosterone deficiency, indicating a
potential long-term association between COVID-
19 and hypogonadism.

Overall, there is a growing body of literature
exploring the complex relationship between tes-
tosterone and COVID-19 infection. Although
these studies are limited and data regarding
serum testosterone and disease severity are con-
flicting, there does seem to be some impact of
COVID-19 infection upon circulating androgen
and gonadotropin levels that warrants further
investigation.
 Copyright © 2022 Wolters Kluwer H
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COVID-19 AND MALE FERTILITY
There are numerous potential mechanisms by
which COVID-19 could impact spermatogenesis
and male fertility, which have led to a large number
of studies on this topic. Because both ACE2 and
TMPRSS2 are found in spermatogonial stem cells,
Leydig cells, and Sertoli cells, albeit at relatively low
levels, there has been concern about the effect of the
COVID-19 infection on male fertility [9,38]. Dam-
age to the Sertoli-cell mediated blood-testis barrier
could result in a number of downstream consequen-
ces including direct infection of spermatogonia.
Indeed, studies have demonstrated rates of orchitis
as high as 22% in COVID-19 infected men and about
10% of hospitalized COVID-19 infected men were
found to have testicular pain, indicating a local
inflammatory effect of COVID-19 upon the testis
[39,40]. Additionally, high fevers and systemic
inflammation are a frequent symptoms of COVID-
19 infection, and prior studies have shown a high
risk of impaired semen parameters in the setting of
acute febrile illness [41].

Many studies have investigated the presence of
COVID-19 virus in both the semen and testes of
infected men. The overwhelming majority of studies
have found no evidence of virus in the semen of
men with COVID-19 infection with the exception of
Li et al. who utilized RT-PCR testing to identify virus
in 6 (15.8%) men [42–45]. A systematic review
examined 8 studies and found that these 6 men
were the only reported cases out of 160 total semen
samples with detection of COVID-19 RNA [46].
Although further investigation is needed on a large
scale, at this time it seems that COVID-19 is rarely
present in semen and that it is extremely unlikely to
be transmitted via intercourse. However, an autopsy
study from Achua et al. found COIVD-19 virus pres-
ent in testicular tissue of 1 in 6 (16.7%) patients with
fatal COVID-19 infection, indicating potential for a
direct impact of COVID-19 infection upon the testis
[47]. Similarly, Ma et al. compared testicular biopsies
of men with and without COVID-19 infection and
found that infected testicles demonstrated germ cell
degeneration with a histopathological pattern simi-
lar to Sertoli cell only syndrome. Furthermore, testes
of infected men showed increased transcription of
genes implicated in inflammatory-related processes
and a down regulation of genes involved in sper-
matogenesis [48].

Given these findings, it is not surprising that
COVID-19 infection can adversely impact semen
parameters. Holtmann et al. compared 18 men
who had recovered from a COVID-19 infection to
a control group, showing that those men with mod-
erate symptoms had a significant decline in semen
parameters (concentration and motility) compared
ealth, Inc. All rights reserved.
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to both controls and men who displayed mild
COVID-19 symptoms [44]. Gacci et al. found that
approximately 25% of men who recovered from
COVID-19 had oligo-crypto-azoospermia and geni-
tal tract inflammation related to disease severity
[49]. It is important to mention that there were
no baseline semen parameters in the subjects for
either of these studies. More recently, Hamarat et al.
compared semen parameters in men before and after
COVID-19 infection. They collected data on 41 men
and observed a significant decrease in sperm con-
centration, total sperm count, and morphology after
infection (repeat semen analysis was performed at
least 70 days following a positive test COVID-19
infection in 63.4% of the cohort, the remainder of
whom underwent repeat semen analysis prior to
70 days) [50]. Best et al. reported the longest fol-
low-up in a small cohort of 5 men who underwent
repeat analysis 3 months after their index sample.
The median total sperm count was similar in the
3 month follow-up when compared to the initial
analysis (18 million vs 22 million, respectively)
[51]. Overall, these data suggest that semen param-
eters of men with COVID-19 infection may be com-
promised in the short term, though prospective
studies with extended follow-up are needed to deter-
mine the potential long-term impact of COVID-19
on semen parameters.
SEXUAL HEALTH

COVID-19 can adversely impact male sexual health
in a number of ways. Hsieh et al. performed a scop-
ing systematic review of the literature and identified
four potential pathways through which COVID-19
affected male sexual function: biologically, men-
tally, impaired access to care, and health disparities
[52]. Indeed, a recent study from Hernandez et al.
found a significant increase in sales of phosphodi-
esterase-5 inhibitors during the pandemic – whereas
these data could be interpreted to suggest increased
levels of sexual activity during the pandemic, it may
also indicate increasing prevalence of sexual dys-
function. Sansone et al. compared men with (N¼25)
and without (N¼75) history of COVID-19 infection
and found a significantly increased prevalence of
erectile dysfunction (ED) in men with history of
infection (OR 5.66) [53

&

].
There are a few biological mechanisms by which

COVID-19 may cause ED [54]. COVID-19 can cause
injury to endothelial cells resulting in endothelial
dysfunction, which is a hallmark of ED [55,56].
Kresch et al. studied penile tissue from patients
undergoing penile prosthesis surgery and found
extracellular COVID-19 viral particles and endothe-
lial dysfunction in men with a history of COVID-19
 Copyright © 2022 Wolters Kluwe
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infection, supporting the potential role for endothe-
lial dysfunction in COVID-19 mediated ED [57]. As
noted above, the association between COVID-19
and low testosterone is not fully elucidated, but
low testosterone in the setting of COVID-19 can
certainly contribute to impaired erectile function,
libido, and orgasmic function. Additionally, the
relationship between mental health and sexual
function is well described, and there are robust data
suggesting an overall increased burden of mental
health disorders during the pandemic, including an
increase in the use of medications for these condi-
tions such as selective serotonin reuptake inhibitors
(SSRIs) [58–60]. The higher incidence of these diag-
noses, along with the use of medications with
adverse effects upon sexual health, has likely con-
tributed to worsening sexual function for a large
number of men, though future studies are needed to
better characterize sexual function and its relation
to COVID-19 infection.
COVID-19 VACCINE AND MEN’S HEALTH

The United States Food and Drug Administration
(FDA) granted Emergency Use Authorization (EUA)
for the first COVID-19 vaccine on December 11,
2020. With the emergency authorization, a signifi-
cant proportion of Americans were hesitant to get
vaccinated [61]. Diaz et al. used Google Trends to
explore public concerns over vaccine side effects and
found a significant increase in searches targeting
COVID-19 and fertility following the EUA, suggest-
ing that a major cause of vaccine hesitancy was
concern regarding the impact on fertility [62]. For-
tunately, a recent study by Gonzalez et al. evaluated
the semen parameters of 45 men before and
3 months after vaccination. Overall, there was no
decline in sperm concentration or total motile
sperm count following vaccination, and impor-
tantly, no men developed azoospermia [63

&&

]. These
data provide great reassurance regarding the safety
of COVID-19 vaccination with respect to future
fertility. Moreover, as noted above, COVID-19 infec-
tion itself may be associated with impaired fertility;
as such, COVID-19 vaccination helps to preserve
reproductive function through the prevention of
COVID-19 infection. There may be other protective
effects of vaccination on the genitourinary tract. For
example, a large retrospective study of over 10 mil-
lion men demonstrated that vaccinated men were
less likely to develop orchitis and/or epididymitis
compared to unvaccinated men [64]. Although
larger studies are forthcoming, all evidence to date
suggests that the COVID-19 vaccine is a safe and
effective means to prevent COVID-19 infection and
preserve fertility and sexual health (Fig. 1).
r Health, Inc. All rights reserved.
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FIGURE 1. Summary of the adverse impact of COVID-19 on men’s health and the protective impact of COVID-19 vaccination
(SSRI, selective serotonin reuptake inhibitor).
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CONCLUSION

COVID-19 is a highly pathogenic virus that exerts
adverse effects upon the male genitourinary sys-
tem in myriad ways. Although numerous studies
have begun to detail and describe these sequelae in
both the short- and long-term, the full impact of
the COVID-19 pandemic on men’s health has not
yet fully been realized. COVID-19 infection can
impact serum testosterone, fertility, sexual func-
tion, and mental health. Fortunately, the COVID-
19 vaccine is safe and effective in preventing
COVID-19 infection and many of these sequelae.
We look forward to additional prospective, long-
term studies that will further our collective under-
standing of the impact of COVID-19 upon men’s
health and the potential to mitigate these negative
effects.
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