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Abstract. — OBJECTIVE: The objective of this
review is to provide currently available informa-
tion on the potential effects of coronavirus dis-
ease 2019 (COVID-19) on male fertility.

MATERIALS AND METHODS: This is a mini-re-
view. Due to the similarity between the COVID-19
and severe acute respiratory syndrome (SARS)
virus, we searched for the following keywords:
“SARS-CoV, male reproductive system, infer-
tility, COVID-19, SARS-CoV-2, and orchitis”. By
reviewing and analyzing the literature, we ana-
lyzed the influence of temperature on sperm, the
expression of angiotensin-converting enzyme 2
(ACEZ2) in the testes, and the impact of SARS-
CoV-2 on the male reproductive system.

RESULTS: SARS-CoV-2 enters the body
through the ACE2 receptor. The high expres-
sion of ACE2 on the surface of spermatogonia
and supporting cells in the testes, as well as the
immune response caused by COVID-19, can lead
to testicular spermatogenesis dysfunction and
reduced sperm count.

CONCLUSIONS: COVID-19 infection can affect
male reproductive function, and standard treat-
ment strategies should be established in time to
help male patients infected with COVID-19.
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Introduction

Recently, the official website of the people’s
government of Hubei Province posted a bulletin
encouraging men infected with severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2)
to undergo fertility tests. SARS-CoV-2 is the
pathogen that has caused the coronavirus dis-
ease 2019 (COVID-19). COVID-19 is known to
damage many organs in the body, especially the
lungs, but little is known about its effects on the
reproductive system. However, this bulletin was
indicative of a possible link between this novel
disease and the male reproductive system.

SARS-CoV-2 and COVID-19

At the end of 2019, a novel coronavirus disease
leading to Severe Acute Respiratory Syndrome
first broke out in Wuhan, China, and then, spread
quickly worldwide. According to the statistics
of the World Health Organization (WHO), pa-
tients with novel coronavirus have appeared in
more than 100 countries, with more than 700,000
deaths. The emergence of the novel coronavirus
disease was a challenge to the Chinese people
and the whole world because there was limit-
ed information on this virus. Gradually, more
information on the virus has been obtained as
the disease continuously spreads. On February
11, 2020, the WHO officially named the novel
coronavirus pneumonia as COVID-19. Infected
people typically develop symptoms such as fever,
cough, and difficulty in breathing. These symp-
toms may appear 2-14 days after exposure or even
longer after exposure, and an infected person
can infect another person via aerosol-mediated
transmission!. As COVID-19 spreads from one
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person to another? via this mode of transmission,
infected individuals should be isolated to reduce
the possibility of transmission.

Thus far, we have found a total of seven kinds
of coronavirus that infect humans. Among the
six known types, SARS-CoV and Middle East
respiratory syndrome coronavirus (MERS-CoV),
causing COVID-19 and MERS, respectively, are
infectious and harmful, and the other four virus-
es have little impact on people. SARS-CoV and
MERS-CoV caused infectious disease outbreaks
in 2003 and 2012, respectively. The seventh type,
SARS-CoV-2, is homologous with SARS-CoV.
Although SARS-CoV-2 has affected a larger pop-
ulation, the mortality rate associated with the in-
fection with this virus is lower than that in case of
SARS and MERS?*?. Immunocompromised indi-
viduals, such as the elderly and those with serious
underlying diseases such as diabetes, high blood
pressure, heart disease, and so on, are at a higher
risk of infection with SARS-CoV-2. As a new
disease, there is no specific drug for COVID-19.
Notably, China is the first to implement plasma
replacement therapy for COVID-19 treatment;
this is a method of replacing plasma that has not
produced antibodies with plasma that has.

The Structure and Origin of SARS-CoV-2
The spike (S), membrane, envelope, and nu-
cleocapsid proteins are the four main structural
proteins of coronavirus particles®. The corona-
virus genome encodes the spike protein, which
is a distinct feature of coronaviruses, but also
the most variable part of the coronavirus™. The
virus binds to the angiotensin converting enzyme
2 (ACE2) located on the host cell membrane
through the virus surface enzyme of its S glyco-
protein and enters the cell. The S protein mediates
the connection of the virus to the host receptors;
it is cleaved by an enzyme of the host cell into
two separate peptides labeled the S1 protein and
S2 protein, which form the receptor-binding do-
main of the S protein and constitute the stalk of
the spike, respectively®. All coronaviruses rely
on spike proteins to infect other cells. The Sl
proteins bind with cellular receptors to mediate
infection, completing the invasion process by
the virus. The S2 proteins use their functional
elements to help the virus interact with the target
cell membrane’. This process decides the charac-
teristics of virus transmission and pathogenesis.
Genomic data from SARS-CoV-2 suggest that
its S1 protein contains some unique adaptations,
which increases the affinity of SARS-CoV-2 for
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human ACE2; this might be the reason why
COVID-19 spreads widely among people®!®. Of
note, the sequence consistency between SARS-
CoV and SARS-CoV-2 of N protein was more
than 90% by National Center for Biotechnology
Information amino acid blast?.

ACE2 is a carboxypeptidase that binds to en-
dothelial cells; it is highly expressed in multiple
human organs, such as the lungs, heart, gastroin-
testinal tract, testes, and so on''. SARS-CoV-re-
lated studies'>"® have reported that SARS-CoV
enters cells by binding to the ACE2 receptor
SARS-CoV-2 which shares 79.6% of its consen-
sus sequences with SARS-CoV and is shown
to have 96% genome-wide similarity to the bat
coronavirus®®. Researchers” analyzed the mo-
lecular structure of the novel coronavirus and
observed 94.4% similarity between SARS-CoV-2
and SARS-CoV, indicating that the two viruses
belonged to the same species. However, some
pangolin coronaviruses also show strong simi-
larities with SARS-CoV-2°. In brief, we believe
that the new coronavirus is spread through wild
animals as the intermediate hosts, but it is still
unclear if this host is a bat, pangolin, or mink.

The Relationship Between
SARS-CoV and Orchitis

Recent evidence'*'* confirmed that SARS-
CoV-2 acts on the ACE2 receptor to enter cells
and this could cause pathological injuries in mul-
tiple organs, including the lungs, heart, kidney,
and testes which show a high expression of ACE2
on the cell surface. In addition, many viruses,
such as the HIV and mumps virus can invade
testicular cells, resulting in orchitis, which can
lead to male infertility and testicular cancer'.
Among these organs, testicular ACE2 expression
is abundant, mainly concentrated in testicular
spermatogonial cells, interstitial cells, and sup-
porting cells, which are closely related to male
reproductive function.

The testicular parenchyma is composed of tes-
ticular lobules that contain seminiferous tubules,
the site of sperm production, and interstitial cells,
which are responsible for the synthesis and secre-
tion of androgens. The seminiferous tubules are
made up of spermatogenic cells and supporting
cells, and the spermatogonia are the precursor
cells of spermatogenic cells. The supporting cells
are located in the tube wall of the seminiferous
tubules and play an important role in the forma-
tion and development of spermatozoa. Androgens
promote spermatogenesis and the development of
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male reproductive organs, as well as the main-
tenance of male secondary characteristics and
sexual function.

Although SARS-CoV has not been detect-
ed in the testes, SARS-CoV infection can still
cause severe immune damage to the testes and
result in widespread destruction of reproductive
cells. These pathological changes may be directly
caused by the local replication of SARS-CoV-me-
diated cytopathic effects, or indirectly as a result
of a harmful immune response and cytokine
response to a viral infection or systemic toxicity
due to respiratory failure'®. At present, there is no
direct evidence to prove that SARS-CoV can di-
rectly infect the testicle, but this possibility cannot
be ruled out. Currently, testicular injury is a more
convincing explanation for the complications or
sequelae. We know that temperature is crucial to
the growth and development of cells, and 37°C is
the optimal temperature for cell growth. Howev-
er, almost all patients with SARS-CoV infection
have persistent fever. When the human body is
in a state of high fever for a long time, changes
in testicular temperature occur, and germ cells
will be damaged and degenerate'. Under normal
circumstances, the appropriate temperature for
sperm formation and survival is 1-2°C below the
body temperature. High temperature has been
reported to induce cell apoptosis'*®.

Macrophages in the testicular mesenchyme
can secrete tumor necrosis factor, interleukins,
and other cytokines, which can participate in the
local regulation of testicular function in a para-
crine or autocrine manner. A prominent feature
of the testes infected by SARS-CoV is leukocyte
infiltration'. Macrophages and leukocytes cells
express ACE2 and can affect testosterone produc-
tion by testicular interstitial cells, destroying the
blood testicular barrier and spermatogonial cells.
In addition, these cells and the inflammatory
cytokines they produce may activate an auto-
immune response in the seminiferous tubules to
form autoantibodies. It has been shown that there
is a large amount of IgG deposition in the vas
deferens epithelium, including that in some de-
generated germ and supporting cells. This result
suggests that SARS-CoV may not directly infect
the testes, but that it triggers a secondary autoim-
mune response. Like other viral orchitis, SARS
orchitis is an autoimmune orchitis'.

SARS-CoV-2 and Orchitis
SARS-CoV and SARS-CoV-2 are highly sim-
ilar with regard to several aspects. First, they

use the same ACE2 receptor to invade cells and
this indicates that the pathogenesis of their infec-
tions is similar. Second, they have approximately
80% sequence consistency. Lastly, the symptoms
(fever, cough, and dyspnea) caused by their in-
fection are very similar. Therefore, it is not sur-
prising that patients infected with SARS-CoV-2
have the same complications or sequelae as those
infected with SARS-CoV.

Although SARS-CoV and SARS-CoV-2 are
highly similar, there are still some differenc-
es among them. The receptor binding domain
(RBD) in the S protein is the most variable part
of the coronavirus®. Studies have shown that six
amino acids of the RBD are essential for ACE2
receptor binding and selection of hosts; these
are L1455, F486, Q493, S494, N501, and Y505".
Moreover, several key residues in SARS-CoV-2
RBD, especially Q493, are essential for good in-
teractions with human ACE2". Hence, this shows
that compared to SARS-CoV, SARS-CoV-2 is
equipped to bind to ACE2 more efficiently and
has high pathogenicity, which enables it to spread
rapidly among the population™"”.

ACE is an important part of the renin-angioten-
sin-aldosterone system and plays a crucial role in
regulating blood pressure and body fluids. ACE2
is widely expressed in many tissues, including the
heart, kidneys, lungs, liver, and intestinal tissues,
as well as the testes'®!". However, what is note-
worthy is that the existing epidemiology showed
that men are more likely to contract SARS-
CoV-2 than women in China and Italy***. The
high infection rate and susceptibility rate of men
had undoubtedly aggravated the harm caused
by COVID-19 to men. A large-scale prospective
cohort study* conducted in the United Kingdom
found that 60% of the patients diagnosed with
COVID-19 are men. A recently performed sin-
gle-cell RNA sequencing profiling analysis of
human testicular cells showed that ACE2 was
highly expressed in the spermatogonia and Ley-
dig and Sertoli cells®®, which was suggestive of
a high potential of SARS-CoV-2 infection in hu-
man testes. If the spermatogonia are infected and
destroyed by the SARS-CoV-2, spermatogenesis
will also be disturbed. Briefly, these results em-
phasize the risk posed by COVID-19 to testicular
cells and the process of spermatogenesis.

The testes also have their own anti-infection de-
fense system, which mainly relies on the function
of the blood-testis barrier (BTB). The BTB pro-
vides protection from autoimmune cell destruc-
tion, making the testes an immune-privileged
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site. The composition of BTB includes its phys-
ical and immunomodulatory components. The
physical components comprise a layer of Sertoli
cells connected by tight junctions®*; the immuno-
modulatory components are mainly composed of
the constitutive expression of anti-inflammato-
ry factors by testicular cells, most prominently,
transforming growth factor beta??. The high
expression of ACE2 on Sertoli cells makes the
physical barrier of BTB vulnerable to attack by
viruses. When cells are attacked by viruses, the
testicular immune response will be spontaneous-
ly initiated, which will cause immune cells such
as T-lymphocytes and macrophages to gather in
the testes. Although the immune system plays
an important anti-viral role, excess production
of immune factors is also disadvantageous and
may cause orchitis. The massive release of in-
flammatory factors and chemokines is the body’s
adaptive immune response after a SARS-CoV-2
infection, but it may also lead to uncontrolled
inflammation, which results in a large decrease in
the number of lymphocytes and the dysfunction
and low initiation efficiency of the adaptive im-
mune response. This may even lead to secondary
autoimmune orchitis?®’.

The direct evidence for the effect of COVID-19
on male reproductive function comes from a
study where the sperm parameters and immune
factors, among other characteristics, were com-
pared between semen specimens from rehabilitat-
ed COVID-19 patients and those who died. Epi-
didymides from decreased COVID-19 patients
showed noticeable changes compared to those
from age-matched controls, such as the presence
of interstitial edema and congestion both in the
testes and epididymides and the thinning of the
seminiferous epithelium®, which demonstrates
that spermatogenesis can be markedly impaired
by SARS-CoV-2. Furthermore, the sperm con-
centration of inpatients with COVID-19 was sig-
nificantly decreased, compared to that of age-
matched control men?®.

Although there are no reports of infertility
due to SARS-CoV-2 infection, current clinical
data indicate that SARS-CoV-2 affects the male
reproductive system.

Conclusions and Future Directions
SARS-CoV-2 is associated with a higher oc-

currence of infection and stronger infectivity
than the other coronaviruses; thus, we have rea-
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son to believe that the sequelae or complications
in COVID-19 patients are more severe. In view
of this, it is necessary that infected men be exam-
ined for fertility soon after recovery, especially
for marriageable men and married men who want
to have children. Furthermore, measures should
be taken to safeguard the reproductive health of
men infected with COVID-19, and it is necessary
to screen these patients. We can help these pa-
tients by formulating screening criteria and via
timely screening and formulating standard treat-
ment strategies.
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