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The pandemic caused by Severe Acute Respiratory Syndrome coronavirus 2 (SARS-
CoV-2) has led to several concerns on male fertility. Nowadays, there are numerous
unanswered questions, for example: is the virus present or not in the seminal fluid of
infected subjects? Could the seminal fluid represent a way of sexual transmission for
the virus? Why do men appear to be more susceptible than women? Several studies
have been carried out to ascertain the presence of SARS—CoV—-2 in the seminal fluid,
with contrasting results; the expression of angiotensin-converting enzyme-2 (ACE2) and
transmembrane serine protease 2 (TMPRSS2) in the testes and in the male genital
tract led to speculation about the possible presence of the virus in the seminal fluid.
However, it was found that ACE2 and TMPRSS2, used by the virus to enter host cells,
are expressed differently in certain testicle cells (stem germ cells, Leydig and Sertoli
cells), yet the testicle cells in which ACE2 and TMPRSS2 molecules are simultaneously
expressed are rare. This fact would suggest that the virus is not able to enter testicular
cells, that it is not present in the seminal fluid and that it cannot infect male germ cells.
However, the direct influence of SARS-CoV-2 on the testes is still to be evaluated,
and recent results are very controversial. SARS-CoV-2 could enter the testicle using
alternative paths and lead to alterations in testicular functionality. Another plausible
consideration is that the COVID-19 disease could also indirectly cause alterations to
testicular activity, since the fever and the cytokinic storm generated by the immune
system can lead to damage of the testicular activity, consequently compromising male
fertility. Although the literature provides controversial evidence, the purpose of this review
is to lend a general overview about the state of the art. Despite the lack of studies,
it would represent a starting point for further investigation about the effect of this
coronavirus on male fertility.

Keywords: SARS-CoV-2, male fertility and reproduction, ACE2 and TMPRSS2, Covid-19 sexual transmission,
SARS-CoV-2 gender susceptibility

INTRODUCTION

Multiple cases of severe pneumonia provoked by a  coronavirus termed Severe Acute Respiratory
Syndrome coronavirus 2 (SARS-CoV-2) were reported in Wuhan, China, in December 2019 (Wu
and McGoogan, 2020). Since then, the virus has spread worldwide to countries including China,
Italy, Spain, Iran, and North and South America, causing an acute-respiratory-distress syndrome

Frontiers in Physiology | www.frontiersin.org

1 November 2020 | Volume 11 | Article 574761


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/journals/physiology#editorial-board
https://www.frontiersin.org/journals/physiology#editorial-board
https://doi.org/10.3389/fphys.2020.574761
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3389/fphys.2020.574761
http://crossmark.crossref.org/dialog/?doi=10.3389/fphys.2020.574761&domain=pdf&date_stamp=2020-11-17
https://www.frontiersin.org/articles/10.3389/fphys.2020.574761/full
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

Navarra et al.

COVID-19 and Male Reproduction

(SARS) named COVID-19 by the World Health Organization
(WHO). On 12 March 2020, COVID-19 was declared a
global pandemic.

In fact, coronaviruses have already been identified in several
hosts such as bats, mice, cats, dogs, bulbuls, camels, and
other mammals. Most of the coronaviruses that affect humans
are associated with fairly mild respiratory symptoms (Drosten
et al., 2003) but SARS-CoV-2 appears to be more aggressive
and contagious than those previously encountered. Symptoms
of SARS-CoV-2 infection include fever, sputum production,
headache, fatigue, and shortness of breath, and some patients
may report gastrointestinal problems and/or anosmia. The
presentation of COVID-19 is very variable, from asymptomatic
cases to mild flu-like symptoms, to severe respiratory illness
(respiratory failure, septic shock, and multiorgan dysfunction)
and death (Huang et al., 2020). Risk factors for severe
illness include age, medical comorbidities such as diabetes,
cardiovascular diseases, respiratory diseases, and cancer. The
very high contagiousness of COVID-19 depends on its
rapid community transmission, high virulence, and sustained
surface viability.

Coronaviruses are a family of large, single-stranded, enveloped
RNA viruses. The RNA-viral genome is contained in a
nucleocapsid, which itself is located within a viral envelope
(Ortega et al, 2020). The envelope is formed by different
proteins such as envelope proteins and membrane proteins.
When analyzed using electron microscopy, the virus shows spike
proteins that produce a recognizable “crown-like” appearance.
These spike proteins are crucial to initiating human infection; the
proteins are composed of two unique subunits that allow viral
host binding. The S1 domain is involved in the attachment to the
host cell membranes, whereas the S2 domain of the spike proteins
is responsible for the fusion of the viral and cell host membranes
(Li, 2016).

ANGIOTENSIN-CONVERTING ENZYME-2
(ACE2) AND TRANSMEMBRANE SERINE
PROTEASE 2 (TMPRSS2) RECEPTORS
IN HUMAN TESTES

To enter human cells, SARS-CoV-2 uses angiotensin-converting
enzyme-2 (ACE2) as a key receptor. ACE2 is located in different
body organs such as kidneys, heart, intestines, liver, lungs, and
testes; therefore, cells which have a high expression of ACE2
could be a potential target of the virus. ACE2 is a transmembranal
zinc metallopeptidase with a high homology to the classic ACE.
ACE isoforms are part of the renin-angiotensin-aldosterone
system (RAAS) that plays a crucial role in the regulation of
blood pressure and fluid balance. ACE converts Angiotensin I
into Angiotensin II (Ang II), whereas ACE2 converts Angiotensin
IT into Angiotensin 1-7. While Ang II could have dangerous
effects on the kidneys, heart, and lungs, the Angiotensin 1-7-
Mas receptor axis plays a healthy role because it has vasodilatory,
anti-inflammatory, and anti-fibrotic actions (Younis et al,
2020); so even when ACE2 antagonizes the activation of the
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FIGURE 1 | ACE2 and TMPRSS?2 viral receptors.

classical renin-angiotensin system modifying angiotensin II, it
still provides some protection against inflammation and fibrosis.

The extracellular domain of ACE2 is a cell surface receptor
for the Spikes glycoproteins (S domain) on the SARS-CoV-2
envelope. In order to enter host cells, SARS-CoV-2 uses ACE2
and host proteases such as a transmembrane serine protease 2
(TMPRSS2) that cleaves and induces a conformational change
to the viral S domain, allowing the fusion of the viral and
host membranes (Hoffmann et al., 2020). In the light of these
considerations, both ACE2 and TMPRSS2 have a crucial role
for virus host entering (Figure 1). TMPRSS2 is more largely
expressed in human tissue than ACE2, whereas single-cell RNA
sequencing (scRNAseq) in human respiratory tissue has shown
a co-expression of ACE2 and TMPRSS2 in lungs, heart, and
kidneys, which would indicate that these cells are strongly
susceptible to viral infection (Ding et al., 2004). Given that clinical
features of COVID-19 appear to be widely determined by the
cells and tissues with co-expression of ACE2 and TMPRSS2 in
their constituent cells, it is fitting to evaluate the activity of the
virus on those male and female reproductive cells in which there
is a co-expression of the two proteins, and if SARS-CoV-2 could
consequently have a negative impact on fertility. The expression
of ACE2 and TMPRSS2 has been shown in testicular cells with
different interpretations (Qi et al., 2020).

In fact, as ACE2 is highly expressed in human testes, it is
relevant to evaluate whether COVID-19 in males, via ACE2,
might damage fertility. ACE2 is expressed in the testes and
epididymis, in particular in Leydig cells, Sertoli cells, and
spermatogonia (Wang and Xu, 2020). Moreover, the testicular
expression of ACE2 is age-related, with a higher expression in
patients aged 20-30, whereas as 60+-year-old patients show a
reduced expression of ACE2, it could mean that young men are at
higher risk of testicular damage by the virus than older patients.
Although ACE2 is the key receptor for the virus, this is not
enough to guarantee its entry into the host cell; the co-presence
of TMPRSS?2 is crucial: KE. Stanley et al. (2020) carried out an

Frontiers in Physiology | www.frontiersin.org

November 2020 | Volume 11 | Article 574761


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/physiology#articles

Navarra et al.

COVID-19 and Male Reproduction

interesting study based on the evaluation of co-expression of the
host virus entry proteins on male reproductive cells.

According to this study, ACE2 is expressed in male myoid
cells, spermatogonial stem cells, and Leydig cells, while TMPRSS2
expression is detected predominantly in elongated spermatides.
Despite the fact that a small proportion of spermatogonial
stem cells express ACE2 and TMPRSS2, finding cells which
co-express both genes is extremely rare, and scRNAseq data
results suggest that spermatozoa may not be susceptible to
virus infection owing to the lack of ACE2 and TMPRSS2 co-
expression. Nevertheless, we have to consider that the virus could
be present in the seminal fluid, since this not only contains
spermatozoa but also round cells (germ stem cells, leukocytes)
co-expressing ACE2 and TMPRSS2. Furthermore, since semen
is also formed by prostatic components, it would be appropriate
to better determine which prostatic cells co-express ACE2 and
TMPRSS2. For instance, it is claimed that TMPRSS2 is widely
expressed in the prostate epithelial cells, including the apical
plasma membrane of the prostate luminal cells and it is also
released into seminal fluid as a component of prostasomes,
organelle-like vesicles (Chen et al., 2010).

In the light of the evidence, it could be legitimate to assume
that the virus via prostatic deriving components and cells
could be conveyed into the seminal fluid; however, it has
been demonstrated that ACE2 is not expressed on prostatic
cells. Table 1 obtained from https://www.proteinatlas.org/
humanproteome/sars-cov-2 shows in which male reproductive
organs SARS-CoV-2 related proteins are simultaneously
expressed, and since, in seminal vesicles, these proteins are
simultaneously expressed, virus could be present in the
seminal fluid, and semen could be one of the pathways of viral
transmission (Gordon et al., 2020; The Human Proteome Atles).

SARS-COV-2 AND REPERCUSSIONS
FOR MALE FERTILITY

SARS-CoV-2 might also indirectly compromise male fertility
due to the fever produced and the infiltration of inflammatory
molecules that damage Leydig cell functions.

Apart from finding co-expression of ACE-2 and TMPRSS2 in
sperm cells, there would seem to be evidence that COVID-19
could indirectly affect male fertility (Figure 2). One of the major
symptoms of the COVID-19 pandemic is a very high fever with
a sudden surge in body temperature; fever can negatively affect
male fertility. Testicular heat stress determines an increasing of
reactive oxygen species, causing oxidative stress and Sperm DNA
fragmentation (Albani et al., 2019).

There is additional emerging evidence which would indicate
that certain COVID-19 patients might be subject to a secondary
cytokine storm syndrome (Loveland et al., 2017; Mehta et al,
2020). This is a hyper-inflammatory syndrome characterized by
sustained fever leading to multi-organ failure caused by fatal
hyper-cytokinemia. If, on the one hand, cytokines act in order
to maintain male reproductive health and testicular function,
on the other, COVID-19 determines a change in the cytokine
profile and this fact may have further implications for male

fertility. Furthermore, immunomodulatory therapies may cause
potential long-term effects on male fertility. In addition, cytokine
microenvironment deviations within the testes may give rise to
adverse tumorigenic effects on the testes (Loveland et al., 2017).

ACE2 is expressed in the testicles, in the Leydig and
Sertoli cells. The principal role in the Leydig cells is related
to the production of testosterone and sex steroid hormones.
Angiotensin 1-7 (obtained thanks to ACE2) could modulate
testosterone secretion (Leal et al., 2009; Reis et al., 2010).

Although the testicular expression of ACE2 could point to the
opinion that the virus might possibly enter into the testicles, not
all literature is concordant.

In fact, Song et al. (2020b) collected 12 semen samples from
surviving COVID-19 patients and testicular biopsies from one
deceased COVID-19 patient, and it was found that SARS-CoV-
2 RNA was detected neither in the semen samples nor in the
testicular tissue biopsy. Nevertheless, it might be possible to
find a condition of infertility in patients who have acquired
the SARS-CoV-2 infection, because this could cause an indirect
inflammatory/immune response in the testicles.

Xu et al. (2006) observed a high concentration of
inflammatory molecules in the testicles of patients infected
by SARS-CoV. The inflammatory cells and molecules could
interfere with the activity of the Leydig cells, thereby impeding
testosterone production, as well as destroying seminiferous
tubule cells. The cytokines produced by inflammatory
cells could provoke an auto-immune response within the
seminiferous tubules. However, in an acute phase, these
alterations may not be evident.

Ma et al. (2020), in a retrospective study on COVID-19
patients, stressed the fact that patients showed a notably higher
serum luteinizing hormone (LH) and prolactin than healthy
men, but no changes in the testosterone serum levels were
detected. Impaired testosterone production in the early stage
might probably determine LH release, which could temporarily
maintain the testosterone level, thus clinical hypogonadism and
consequent infertility might emerge only later.

TAKING THE ABOVE CONSIDERATIONS
INTO ACCOUNT, IS SARS-COV-2 VIABLE
IN SEMEN? COULD SEMINAL FLUID
REPRESENT A PATH FOR THE VIRUS TO
BE SEXUALLY TRANSMITTED?

Considering the COVID-19 global pandemic, it is imperative to
identify all possible routes of transmission of the virus. Even
though there is skepticism about the transmission of SARS-
CoV-2 via seminal fluid, all possibilities have to be considered;
after all, over 25 viruses have been detected in human semen,
and sexual transmission has been confirmed in several viruses
traditionally considered to be non-sexually transmitted. Viruses
able to cause viremia can pass the blood-testes barriers (e.g.,
anti-sperm antibodies) and can survive in the male reproductive
system because the testicular immune response is related to
sperm survival (Li et al, 2012; Salam and Horby, 2017).
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TABLE 1 | The distribution of SARS-CoV-2 related proteins among male reproductive tissues thus clarifying which cells and reproductive tissues are potential targets of

the virus.

SARS-CoV-2 entry
receptors and

Male reproductive tissue:
TESTIS

Male reproductive
tissue:

Male reproductive
tissue:

Male reproductive
Tissue:

associated proteases EPIDIDYMUS SEMINAL VESICLES PROSTATE
ACE2 CELLS IN SEMINIFEROUS DUCTS NOT DETECTED GLANDULAR CELLS NOT DETECTED
High expression Low expression
LEYDIG CELLS
Medium expression
TMPRSS2 NOT DETECTED GLANDULAR CELLS GLANDULAR CELLS GLANDULAR CELLS
Medium expression Low expression Medium expression
CTSB CELLS IN SEMINIFEROUS DUCTS GLANDULAR CELLS GLANDULAR CELLS GLANDULAR CELLS

Is a thiol protease, it is
believed to participate
in intracellular
degradation and
turnover of proteins
CTSL

Is a lysosomal cysteine
proteinase that plays a
major role in
intracellular protein
catabolism

Low expression
LEYDIG CELLS
Medium expression

NOT DETECTED

High expression

GLANDULAR CELLS
Low expression

High expression

GLANDULAR CELLS
Low expression

High expression

GLANDULAR CELLS
Low expression

In the seminal vesicles, SARS-CoV-2-related proteins are in glandular cells; this fact suggests that the virus may be internalized in the seminal vesicle cells. Therefore,
it is reasonable to hypothesize that the virus could be present in the seminal fluid and it could be sexually transmitted. Data source: https://www.proteinatlas.org/
humanproteome/sars-cov-2.

DNA Damage in
Mature Sperm

T

> Oxidative

Stress

Increased Decreased
Reactive Cellular
Oxygen Species Antioxidants
Histopathological Weight Loss
Changes (Irreversible)

:

Germ Cell Changes

FIGURE 2 | Fever negatively affects fertility. Testicular heat stress causes an increasing of reactive oxygen species that damage sperm DNA.

Moreover, human viral infections such as sexually transmitted men demonstrated that 19% of participants experienced scrotal
infection, tuberculosis, and mumps are known to be able to  discomfort similar to that suffered by males with orchitis (Pan
damage the testes. In fact, a recent study of COVID-19 positive et al, 2020). Nevertheless, the presence of SARS-CoV-2 in
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TABLE 2 | The distribution of SARS-CoV-2-related proteins among female reproductive tissues, thus clarifying which cells and reproductive tissues are potential targets

of the virus.

SARS-CoV-2 Female reproductive Female reproductive system: Female reproductive Female reproductive
entry receptors and system: VAGINA tissue: ENDOMETRIUM system:

associated proteases OVARY FALLOPIAN TUBE
ACE2 NOT DETECTED NOT DETECTED NOT DETECTED NOT DETECTED
TMPRSS2 NOT DETECTED NOT DETECTED NOT DETECTED NOT DETECTED
CTSB FOLLICLE CELLS SQUAMOUS EPITHELIAL CELLS ENDOMETRIAL STROMA GLOBULAR CELLS

Is a thiol protease, it is believed
to participate in intracellular
degradation and turnover of
proteins

High expression Low expression

CTSL

Is a lysosomal cysteine
proteinase that plays a major
role in intracellular protein
catabolism

NOT DETECTED

NOT DETECTED

Medium expression High expression

NOT DETECTED NOT DETECTED

It is remarkable that ACE2 and TMPRSS2 are not expressed in the ovary, fallopian tubes, endometrium, and vagina. This evidence suggests that these organs are not

viral targets. Data source: https.//www.proteinatlas.org/humanproteome/sars-cov-2.

semen and sperm needs to be better evaluated. The few studies
about the presence of the virus in the semen have shown
controversial results so far. Two studies concerning COVID-
19-positive patients were unable to detect the presence of the
virus in semen (Pan et al., 2020; Song et al., 2020a). However,
a study of 38 male patients with COVID-19 found that four
of 15 patients in the acute stage of infection, and two of 23
patients in recovery, had detectable SARS-CoV-2 present in their
semen samples. There is no literature about the presence of the
virus in the semen of asymptomatic men; therefore, it would
be advantageous to evaluate the presence of the virus in the
semen samples of males with varying degrees of illness, both with
and without symptoms. Since there is no evidence about SARS-
CoV-2 sexual transmission, it would be reasonable to better
investigate not only about the presence of the virus in semen
but also in vaginal fluid. Qiu et al. (2020) carried out a study
finalized to detect the presence of SARS-CoV-2 in the vaginal
fluid of 10 COVID-19 positive women; as a result, no SARS-
CoV-2 virus was noted. Nevertheless, only postmenopausal
women were evaluated and the vaginal swabs were analyzed
17 days or more after disease onset; this fact makes it difficult
to assess the presence of the virus by reverse transcription-
polymerase chain reaction (RT-PCR). Lower viral spreading to
genital organs and genital secretions may be due to low rate
of viremia for COVID-19. Besides, an analysis concerning the
expression of SARS-CoV-2-related proteins reveals that they are
not present in the female reproductive organs, and this suggests
that the female reproductive organs are not viral targets as
shown in Table 2 obtained from https://www.proteinatlas.org/
humanproteome/sars-cov-2 (Gordon et al.,, 2020; The Human
Proteome Atles).

However, the risk of a viral contamination due to genital
fluids, even with low rate, is not unexpected. Delfino et al.
(2020) have suggested to perform routinely RT-PCR assays for
SARS-CoV-2 detection on three swabs, nasopharyngeal, vaginal,
and rectal, aiming to reduce the risk of sexual transmission.
In fact, it has been demonstrated that despite a negative

nasopharyngeal testing, COVID-19 patients can persistently
result positive on rectal swabs (Yuksel and Ozgor, 2020). In
the light of aforementioned considerations and in view of the
fact that intestinal cells express SARS-CoV-2 viral receptors,
the SARS-CoV-2 transmission, as well as HIV transmission,
could occur via sexual anogenital and orogenital contacts
(Semprini et al., 1992).

GENDER DIFFERENCES IN PATIENTS
WITH COVID-19: WHY DO MEN APPEAR
MORE SUSCEPTIBLE THAN WOMEN?

Recently, many different studies have demonstrated that men
suffer worse clinical outcomes and COVID deaths than women.
A variety of factors may cause disparities in sex-specific disease
outcomes. For instance, sex-specific differences could be related
to steroids and X-linked genes; it is well known that men and
women differ in both innate and adaptive immune responses (Jin
etal., 2020). Sex-specific inflammatory responses provoked by the
unique mode of inheritance of the X chromosome may lead to
the gender differences (Meng et al., 2020). The immune genes
located on the X chromosome would help to generate a lower
inflammatory response, while CD4 + levels are higher in women
with an enhancement of the immune response. Moreover, women
produce higher levels of antibodies which remain in circulation
for a longer period of time, and besides, activation levels of the
immune cells are higher. This fact is related to Toll-like receptor 7
(TLR?7) and to the production of interferon gamma (INFy). TLR7
is higher and biallelic in women, which means that the female
immune response is more enhanced than in men.

TLR?7 is expressed by innate immunity cells; it recognizes viral
RNA, promoting the production of antibodies and inflammatory
cytokines such as IL6. Nevertheless, in women, the production
of IL6 is lower than in men, and it is linked to greater female
longevity (Younis et al., 2020).
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Genetic and hormonal differences may give rise to higher
male susceptibility. Although the etiology of COVID-19 is
probably multifactorial (work/environment factors, gender
defense factors), one of the reasons for this different gender
vulnerability could also be related to the production of androgens.
According to La Vignera et al., androgens sustain the expression
of ACE2; this fact may explain the reasons why men are more
exposed to the virus. In fact, prostate cancer patients undergoing
Androgen Deprivation Therapy (ADT) show a lower expression
of ACE2; therefore, ADT could deter SARS-CoV-2 penetration
(La Vignera et al., 2020). Eventually, available literature suggests
that androgens lead to the generation of an overexpression of
TMPRSS2 too, which is crucial for the virus to be able to infect
(Lamy et al., 2020; La Vignera et al., 2020).

CONCLUSION

The pandemic due to SARS-CoV-2 has generated increasing
concerns about male fertility and reproduction. The evidences
in the literature are very controversial, and further studies are
needed to evaluate if the virus can damage male reproductive
capability. It is argued that testicular cells expressing both
ACE2 and TMPRRS2 are rare, and this fact suggests that
the virus may not harm male gametes. However, SARS-CoV-
2 could indirectly compromise male gametes, testicular cells,
and therefore fertility because the fever and the cytokine storm
associated with COVID-19 induce a sperm DNA fragmentation
and reduce the male reproductive potential. Finally, although the
evidence is controversial, semen could be a viral transmission
way. The seminal fluid is formed by several components that not
only derive from the testicles but also from the prostate; in fact, it
has been suggested that some prostatic cells express TMPRSS2
and release it onto the seminal fluid. This evidence leads to
speculation about the fact that semen could represent a SARS-
CoV-2 transmission way. The Italian Society of Andrology and
Sexual Medicine (STAMS) stresses the need to carry out further
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