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Introduction: Severe Acute Respiratory
Syndrome Coronavirus 2, (SARS-CoV-2)
was first identified by the Chinese Centers for Disease Control
and Prevention on January 8, 2020 and was declared as a
global pandemic on March 11, 2020 by WHO. SARS-CoV-2
uses the Angiotensin-converting enzyme 2 (ACE2) receptor as
an entry route, associated with the transmembrane serine pro-
tease protein (TMPRSS2), which makes the testis and particu-
larly spermatogenesis potentially vulnerable, since this tissue
has high expression of ACE2.

Material and methods: We performed a systematic literature
review by electronic bibliographic databases in Pubmed,
Scopus and ScienceDirect up to August 2020 about the effect
of SARS-CoV-2 on male sexual function and its transmission,
to assess possible repercussions on sex organs and the exis-
tence of a sexual transmission path.

Results: Although SARS-CoV-2 presence has not been found in
testicle samples, it has been demonstrated that it causes histo-
logical changes compatible with orchitis, and sex hormone dis-
turbances. TMPRSS?2 is up-regulated in prostate cancer where
it supports tumor progression, thus these patients may have a
higher risk of SARS-CoV-2 infection. TMPRSS2 inhibitors may
be useful for the treatment or prevention of COVID-19. No
viral material has been found in blood or semen, however it
has been proven to be present in stool and saliva.

Conclusion: The male reproductive system would be highly
vulnerable and susceptible to infection by SARS-CoV-2 given
the expression of the ACE2 receptor in somatic and germ cells.
The seminal fluid would remain free of viral presence in
patients with COVID-19. Regardless, non-genital sex could be
an important source of viral transmission. In assisted repro-
duction techniques all necessary tests must be carried out to
ensure the donor is free of the virus at the time of collection
and handling of the seminal sample.

Summary
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INTRODUCTION

On January 8, 2020, a new coronavirus was identified at
the Chinese Centers for Disease Control and Prevention.

It was named as Severe Acute Respiratory Syndrome
Coronavirus 2, abbreviated as SARS-CoV-2. The disease
that is caused by this virus was denominated Coronavirus
Disease 2019 (COVID-19) and declared as notifiable by

Archivio Italiano di Urologia e Andrologia 2021; 93, 1

WHO (1). Once COVID-19 is installed, its severity and
prognosis depend on multiple factors, including sex
(male), age (over 60 years), and the presence of pre-exist-
ing diseases (diabetes, hypertension, and cardiovascular
diseases) (2).

Coronaviruses (CoV) belong to the coronaviridae family
and are characterized by being positive single-stranded
RNA type, which encodes for topographically positioned
proteins: spicules (S), envelope (E), membrane (M), and
nucleocapsid (N). In pathogenicity, S proteins are essen-
tial to enter the host cell (3).

The biology of the testicle represents an ideal model for
the study and evaluation of pathologies, given that events
of mitosis, meiosis, and cell differentiation occurring in it,
in addition to its endocrine regulation. Also, the testicle is
highly sensitive to variations in body homeostasis.
Particularly in the case of SARS-CoV-2, which uses the
Angiotensin-converting enzyme 2 (ACE2) receptor as an
entry route, associated with the transmembrane serine pro-
tease protein (TMPRSS2), makes the testis and particularly
spermatogenesis potentially vulnerable, since this tissue
has high expression of ACE2 receptor (4, 5).

METHODS

Review of studies and international experience

A systematic review of the literature was performed using
the electronic databases Pubmed, Scopus and Science
Direct to assess the effect of SARS-CoV-2 on male sexual
tract and function, and its possible sexual transmission.
Multiple permutations of the following keywords were
used: “COVID-19, SARS-CoV-2, transmission, testis, sperm,
spermatogenesis, fertility cryopreservation, hormones, testos-
terone, sexual health”. The search was focused in original
articles published between December 2019 and August
2020. There were also included papers that were found
relevant to the research team in previous research.
Editorials, correspondence, case reports were excluded.
The experience in reproductive and testicular biology,
spermatogenesis and seminal analysis of the work team
was also considered in the making of this narrative review.

RESULTS
Across all databases a total of 371 articles were found.
After reviewing the title and abstract of these, 46 papers
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were preliminary selected. The selected papers were crit-
ically read, 20 were found to be the most relevant for the
purpose of this review.

ACE2

The ACE2 system plays an essential role in protecting
cellular homeostasis against viral infection, specifically in
COVID-19 infection and is widely distributed in the
heart, kidney, lung, and testicles (4). ACE2 participates
as an antagonist of the activation of the classic Renin-
Angiotensin  System (RAS), protecting against cellular
damage in hypertension, diabetes and some heart dis-
eases. SARS-CoV-2 is characterized by occupying the
ACE2 cell membrane receptor to enter the cell.

In the lung, SARS-CoV-2 invades pneumocytes and
macrophages using ACE2 receptors (4), although ACE2
normally has a protective effect against tissue damage.
ACE2 is present in non-immune cells, eg, respiratory and
digestive tract epithelia, endothelial cells, cells of the sim-
ple cubic epithelium of the proximal convoluted tubules
of the kidney, and brain neurons, as well as in immune
cells such as monocytes and macrophages (3). In other cell
types the virus enters its host, but with lower affinity.
The expression of ACE2 in adult human testis occurs
predominantly in spermatogonial cells, Sertoli cells of
the tubular compartment and Leydig cells in the intersti-
tial compartment.

These cells are also enriched with intercellular junctions
(Leydig and Sertoli cells) and have low mitochondria con-
centration. The above described indicates that there are
cells in the testicle that can potentially be targeted for
infection with the SARS-CoV-2 virus.

It has been described a high expression of ACE2 in dif-
ferent types of spermatogenesis cells, such as spermato-
gonia, early and late spermatocytes, round spermatids,
and elongated spermatids (2, 4). It has also been
described in somatic endothelial testis cells, Leydig cells,
and monocytes, thus concluding that the human testis is
a potential receptor for SARS-CoV-2 infection.

Testicle
In patients with the diagnosis of testicular cancer, or
being treated for it, medical care should be taken as a

priority in-hospital care, although in general, they are at
low risk for developing a severe COVID-19 infection (6).
Although SARS-CoV-2 is the cause of multiple organic
alterations, Wang et al. (1) states that the male reproduc-
tive system may not be immune to alterations. Dramatic
changes in sex hormones are cited, suggesting a potential
impairment of gonadal function (7). In parallel, it is
mentioned that in the analysis of testicular biopsies (n =
6) of patients who died of SARS, several histopathologi-
cal processes compatible with orchitis of variable inten-
sity, such as apoptosis in the different types of sper-
matogenesis cells (cytos I and cytos II), absence or scarce
sperm in the seminiferous tubules, a thickened per-
itubular compartment, and leukocyte infiltration, specif-
ically citing the basal lamina (8). These findings should
be compared with the normal testis morphology, as seen
in Figure 1. Viral presence was not detected through in
situ hybridization, but abundant IgG precipitates were
detected (8). Finally, it is suggested that something sim-
ilar could happen with COVID-19 (1).

Yang et al. (9) analyzed testicular biopsies (n = 11) of
patients who died from COVID-19. Morphological
changes suggestive of damage to the seminiferous tubules
were reported, such as Sertoli cell swelling, vacuolation,
cytoplasmic rarefaction, and detachment from tubular
basement. Interstitial changes consistent with viral orchitis
were also described, with edema and mild lymphocytic
inflammation, accompanied by a decrease in Leydig cell
number. Although these findings would suggest SARS-
CoV-2 may be the causative agent of testicular tissue dam-
age, the effect of hyperthermia, secondary infection,
hypoxia, and steroidal therapy cannot be excluded. It is
worth mentioning that no evidence of the presence of
SARS-CoV-2 was found in the samples (9).

COVID-19 effect on sex hormones

Ma et al. (7) described that in SARS-CoV-2 infection dra-
matic changes are developed in sex hormones,
Testosterone (T) and Luteinizing Hormone (LH), and in
T/LH ratio. In this study, sex-related hormones were
compared between reproductive-aged men with SARS-
CoV-2 infection and age-matched healthy men (7).

It was found that COVID-19 patients had significantly

Figure 1.

Testicular biopsies.

Histology of the normal human
testis (young and fertile adult
male). Periodic acid-Schiff (PAS),
hematoxylin (H), and Alcian Blue
staining. A. The tubular
compartment includes a simple
columnar epithelium formed by
Sertoli cells with a noticeable

basal lamina of collagen IV, plus cytogenic epithelium forming spermatogenesis. Human spermatogenesis includes six cell stages,
where 4 cycles complete a wave, including processes of mitosis (from dark spermatogonia to spermatocytes I), meiosis (with the
most abundant pachytene stage) and cell differentiation (spermatocytes Il, round and elongated spermatids). Therefore, there are
few tubules in whose lumen sperm are found (< 10%). B. The peritubular compartment that limits the periphery of the seminiferous
tubules is composed of 2-5 very thin layers of elongated cells arranged circularly. These cells have fibromuscular contractile
characteristics. C. The interstitial compartment is the place where Leydig cells are located. Leydig cells are abundant and normally
distributed in clumps. They have a rounded and central nucleus, and a strongly acidophilic cytoplasm. Additionally, c-kit cells,
interstitial cells of Cajal and fibroblasts can be found in the interstitium.
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higher serum LH and significantly decreased T/LH and
FSH/LH ratio. No statistical difference in serum T, E2 or
FSH was detected between both groups (7).
Considering that T levels were similar between both
groups, LH levels were dramatically increased in
COVID-19 group, resulting in decrease in T/LH ratio.
This could suggest that SARS-CoV-2 infection has an
effect on the testes similar to what is seen in early stages
of primary hypogonadism, in which T levels are main-
tained by the stimulated production of LH due to the
impairment of negative feedback (7).

The findings of similar FSH, E2 and T/E2 between both
groups could be interpreted as unaltered suppression of
FSH by inhibin B secreted by Sertoli cells, and conserved
peripheral aromatization of androgens. This suggests
that SARS-CoV-2 infection has an important effect on
Leydig cell function, opposed to what appears to be an
unscathed Sertoli cell function (7).

Prostate

According to the epidemiological information available
on COVID-19, the disease is more prevalent in male
patients, with a higher incidence compared to female
patients. Even more in the elderly, where prostate cancer
is prevalent (2).

Montopoli et al. (10), described an action of SARS CoV-2
through the use of the ACE2 receptor and its interaction
with the virus protein S by the transmembrane protein
TMPRSS2. TMPRSS2 inhibition may work to block or
decrease the severity of SARS-CoV-2 infections.
Interestingly, TMPRSS2 is an androgen-regulated gene that
is up-regulated in prostate cancer where it supports tumor
progression and is involved in a frequent genetic translo-
cation with the ERG gene. Thus, patients with prostate
cancer have a higher risk of SARS-CoV-2 infections com-
pared to patients without cancer. However, prostate can-
cer patients receiving androgen deprivation therapy appear
to be partially protected from SARS-CoV-2 infections.
Dana et al. (11) described that TMPRSS2 is the most
common gene involved in primary prostate cancer, indi-
cating that the administration of TMPRSS2 inhibitors,
which are currently used for prostate cancer, may be use-
ful for the treatment or prevention of COVID-19.
Regulators of the expression of TMPRSS2 protein in the
lung may overlap with the risk factors for prostate cancer
with TMPRSS2-ERG-positive fusion. Explanation of sex-
specific difference in the overall incidence of COVID-19
should consider possible differences in laboratory tests
for SARS-CoV-2 and the presence and activity of
TMPRSS2 - ERG associated with prostate cancer, as well
as strong TMPRSS2 regulation. Androgen levels could
suggest that TMPRSS2 could partially explain the male
prevalence in the COVID-19 pandemic. When studying
mRNA levels, the constitutive expression of TMPRSS2 in
lung tissue does not appear to differ between men and
women. It is tempting to speculate that androgen recep-
tor inhibitory therapies could reduce COVID-19 suscep-
tibility to lung symptoms and mortality (12).

Gastrointestinal transmission

Additionally, Zhang et al. (13) described that ACE2 is
highly expressed in enterocytes, esophageal and colonic
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epithelium, suggesting possible fecal-oral transmission of
SARS-CoV-2. This hypothesis is sustained by the pres-
ence of genetic material of the virus in the faeces during
respiratory disease and a few days after recovery (13).
Detection of SARS-CoV-2 by saliva has become an alter-
native option for viral load sampling for diagnosis and
follow-up in COVID-19 patients, providing a safer and
easier alternative for medical personnel to obtain sam-
ples, in comparison to nasopharyngeal swabbing (14).
Viral strains can be found in saliva up to 29 days after
infection. Therefore COVID-19 can be transmitted by
saliva directly or indirectly, even among patients without
cough or other respiratory symptoms (14). Hence, since
COVID-19 is present and detectable in saliva, this would
indicate that it could potentially be transmitted through
oral sex.

Blood transmission

Chang et al. (15), described that in SARS, in some
patients, depending on the state of the evolution of the
disease, it was possible to find the virus in blood plasma
and lymphocytes, although in very low concentrations.
Transmission of the disease through blood or plasma
transfusion has not yet been described. Something very
similar occurs in cases of MERS and COVID-19.
Additionally, others describe that no cases have been
reported yet and there is no information on the trans-
mission of the virus through blood transfusion therapies.
However, the absence of risk of blood transfusion or its
therapeutic by-products cannot be guaranteed.

It has been recommended and suggested the use of
riboflavin and ultraviolet light, allowing to reduce the
viral titers that could be present in whole blood to be
used for transfusions. Blood products with pathogen
reduction may be a safer option for critically ill patients
with COVID-19, particularly those in high-risk cate-
gories (16, 17).

Cryopreservation of spermatozoids

In men who developed infections caused by viruses with
viremic phases like Zika, Ebola and Mumps viruses, it is
possible to find viral particles in semen for several
months after their recovery (18). Therefore, when devel-
oping sperm cryopreservation processes, it is important
to include laboratory protocols that allow ruling out any
infection or presence of remains of viral particles.

It is necessary to remember that the seminal fluid incor-
porates the functional and secretory results of several
important organs, such as the prostate and seminal
glands, and the testicular fluid.

Yakass et al. (19) indicate that given the structure of the
SARS-CoV-2 virus as enveloped RNA viruses, it could
still be viable if it is cryopreserved and then heated to be
transferred, even in cryopreservation in liquid nitrogen,
similar to what is seen in Influenza virus infection.
Therefore, the authors recommend always taking all nec-
essary and sufficient safeguards.

Although the presence of active viral particles of SARS-
CoV-2 has not yet been demonstrated in spermatogene-
sis or semen, there are warnings and procedures for
sperm management obtained from donors for assisted
fertilization procedures, suggesting a waiting require-
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ment of at least 2 weeks if the donor has recovered from
the disease and distancing if it comes from geographic
areas with high risk of infection (20).

Reproductive health in COVID-19 pandemic

In a state of health emergency such as the COVID-19 pan-
demic, it is necessary to identify the biomedical contribu-
tions necessary to assist the population in their reproduc-
tive health care, considering both the population in con-
finement and the patients recovered from the disease.
During strict confinement, behavioral adaptations occur
inside the household that are generally associated with
an overuse of digital technologies (telework and leisure).
This implies a great overexposure to blue light (daylight
and LED light from technological devices) that eventual-
ly and sooner rather than later leads to alteration in cir-
cadian rhythms, preventing the normal functioning of
the pineal gland. This condition has been shown to alter
the function of the ovary (21) and the testis (22), in addi-
tion to mental disorders.

Since the pandemic was declared by the WHO, the most
affected countries in Europe have been Italy and Spain.
Currently, both countries have received the contribu-
tions of experts in reproductive health and their associa-
tion with COVID-19. In Ttaly the Italian Association of
Andrology (23) and in Spain the Association for the study
of the Biology of Reproduction and the Spanish Association of
Andrology, Sexual and Reproductive Medicine (24) were
attentive to the recommendations of the WHO and new
related scientific literature.

The complexity of andrology research

in pandemic times

In South America, the pandemic has been causing health
havoc similar to Furope, but with a lag of around 2
months. For example, in Chile strict quarantine confine-
ment was decreed and implemented from the second
week of March to date (August). With the foregoing,
only activities classified as essential have been carried
out, within which university teaching or research has not
been included. Most medical services have been targeted
or have been converted to COVID-19 response mode.
Therefore, little to no scientific research has been possi-
ble to develop in this regard. Additionally, the manage-
ment of the legal aspects regarding the handling of
corpses and patient samples in pandemic states means
that access to biological material is restricted.

CoNCLUSIONS

The male reproductive system would be highly vulnera-
ble and susceptible to infection by SARS-CoV-2 given
the expression of the ACE2 receptor, both in somatic
cells (Leydig, Peritubular, and Sertoli cells), as well as in
almost all germ cells in their mitotic, meiotic, and differ-
entiation stages. Added to this is the fact that the expres-
sion of TMPRSS?2 is regulated by androgens.

However, to date, no studies have been published that
have found evidence of the virus in the testis, prostate
tissue, or semen. Therefore, the seminal fluid would still
remain free of viral presence in patients with COVID-19.
Regardless, non-genital sex could be an important source

of viral transmission in asymptomatic and mild sympto-
matic patients.

It is imperative to rule out that the sperm to be used in
assisted reproduction techniques may come from donors
who have suffered from COVID-19. All necessary tests
must be carried out to ensure that the donor is free of the
virus at the time of collection of the semen sample, dur-
ing the procedures and handling of the samples.

In case of prostate cancer with indication for radical
prostatectomy, if the patient has reproductive intentions,
the option of using sperm cryopreservation should be
proposed, after studying the absence of active seminal
SARS-CoV-2.

Considering the difficulty to obtain tissue samples of
COVID-19 deceased patients, due to the strict protocols
and limitation put in order by governmental institutions,
mostly all histological research has been done in testis,
with almost no studies describing the effects of SARS-
Cov-2 in prostate and seminal vesicles, leaving a huge
gap in the body of evidence concerning this virus impact
on the male reproductive tract.
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