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Abstract: The spread of severe acute respiratory syndrome—Coronavirus 2 (SARS-CoV-2) around
the world has rapidly sparked the interest of the scientific community to discover its implications
in human health. Many studies have suggested that SARS-CoV-2 is directly or indirectly involved
in the male reproductive tract impairment. Some evidence supports the possible role of the virus
in male infertility. Therefore, this review aims to summarize the relationship between the male
urogenital tract, male fertility, and the gonadal hormone profile. The testis is one of the organs with
the highest expression of the angiotensin-converting enzyme (ACE) 2-receptor that allows the virus
to penetrate human cells. Orchitis is a possible clinical manifestation of COVID-19 and testicular
damage has been found on autopsy in the testes of patients who died from the disease. SARS-CoV-2
infection can compromise the blood-testis barrier, favoring testicular damage and the production of
anti-sperm autoantibodies. Some studies have detected the presence of SARS-CoV-2 in semen and a
high percentage of patients with COVID-19 have altered sperm parameters compared to controls.
Finally, lower testosterone levels, higher luteinizing hormone (LH) levels, and decreased follicle-
stimulating (FSH)/LH and testosterone/LH ratios suggest primary testicular damage. In conclusion,
further studies are needed to evaluate the exact mechanisms by which SARS-CoV-2 affects the male
reproductive system and fertility and to evaluate the reversibility of its long-term effects.
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1. Introduction

Severe acute respiratory syndrome—Coronavirus 2 (SARS-CoV-2) —is a pathogenic
coronavirus that caused the pandemic of the acute respiratory disease called COVID-19.
According to World Health Organization (WHO) epidemiological data (2 August 2022),
583,238,204 cases of COVID-19 have been registered in the world, with 6,422,235 deaths, and
553,818,416 patients recovered (https://www.worldometers.info/coronavirus/, accessed
on 2 August 2022).

SARS-CoV2 can affect various organs and systems [1]. Even the gonadal function can
be involved in the infection, and this may impair fertility. In this regard, some molecular
characteristics of SARS-CoV-2 suggest its presence in the male reproductive system and
this, together with mechanisms of hormonal nature, could cause infertility. However, data
on the presence of SARS-CoV-2 in the seminal fluid of infected patients and the effects on
sperm parameters are few and controversial [2].

In this review, we summarize all the possible mechanisms through which the virus
can affect the male reproductive system and, therefore, male fertility.

1.1. Angiotensin-Converting Enzyme Receptor 2 and Testis

It is widely known that the angiotensin-converting enzyme (ACE) 2 receptor is used
by SARS-CoV-2 to penetrate human cells [3]. It is also known that COVID-19 appears
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to have a higher mortality rate in men due to a possible sex-dependent susceptibility
that may result from a higher ACE2 expression in men [4]. In this regard, Meng-Yuan
Li and colleagues analyzed ACE2 expression in different human tissues and found that
the kidney, thyroid, heart, adipose tissue, small intestine, and testis have the highest level
of ACE2 expression [5]. These findings suggest that SARS-CoV-2 can affect other human
tissues in addition to the lungs, including the testis. An immunohistochemical study
showed that ACE2 is also expressed in both seminiferous tubules and Leydig cells [6]. This
outcome has been confirmed by Wang and colleagues who showed the presence of ACE2
in spermatogonia and Leydig and Sertoli cells [7]. Shen and colleagues showed that Sertoli
cells are the highest ACE2 mRNA positive cluster by a scRNA-seq analysis on human
testicular cells. The ACE2 mRNA has also been found in spermatogonia stem cells and
Leydig cells [8]. The same study showed a higher positive rate of ACE2 in testes of infertile
patients than in those of fertile men. These findings suggest that SARS-CoV-2 may cause
male infertility through an ACE2-related pathway and, on the other hand, that infertile
men could be more susceptible to developing COVID-19. Even an age-related difference in
ACE2 mRNA expression has emerged in this study, with a higher positive rate in mid-age
than young men [8].

The ACE2 is part of the renin-angiotensin-aldosterone system (RAAS), which plays a
role in the male reproductive system, including the regulation of steroidogenesis, spermato-
genesis, epididymal contractility, and sperm function [9,10]. Angiotensin II, for example,
seems to be involved in sperm motility [11]. The ACE2 catalyzes the generation of an-
giotensin 1-7 by cleaving the C-terminal amino acid of angiotensin II, suggesting that
ACE2 provides a negative feedback regulation on the RAAS [12]. In this regard, an interest-
ing finding is that ACE2-positive spermatogonia in SARS-CoV-2 patients appear to have
impaired spermatogenesis [13].

These results also suggest the capacity of SARS-CoV-2 to penetrate within the cells of
the male reproductive tract thanks to the presence of ACE2. This may result in spermatoge-
nesis and steroidogenesis impairment, probably through an ACE2-related mechanism.

1.2. Orchitis and Autoimmunity

As SARS-CoV has been shown to cause orchitis [1,14], it can also be hypothesized that
SARS-CoV-2 may have a similar effect.

Some authors have reported cases of patients with COVID-19 complaining of an
unusual symptom which is testicular pain. La Marca and colleagues, for example, described
the case of a 43-year-old patient who presented to the emergency room due to testicular pain
that preceded the onset of dyspnea by twelve hours. Testicular ultrasound scan showed
a picture of epididymitis [15]. In another study, nearly 11% of patients with COVID-19
had testicular pain or epididymitis-orchitis [16]. At autopsy, three out of six testes of
patients who died from COVID-19 showed impaired spermatogenesis. By transmission
electron microscopy, they found the virus in the testicular tissue in only one patient and
the same sample showed macrophage and leukocyte infiltration on hematoxylin/eosin
staining [17]. The presence of SARS-CoV-2 has been reported in the testes of COVID-19
patients associated with impaired spermatogenesis [18].

Li and colleagues suggested an elevated testicular immune response as a cause of
impaired sperm parameters and testicular damage. Indeed, they reported edema, intersti-
tial congestion, and red blood cells at the autopsy of testicular and epididymal samples
from patients who died from COVID-19. They also found elevated seminal levels of IL-6
and TNF-a. An autoimmune origin of orchitis has been proposed by these authors [19].
The possible mechanism through which SARS-CoV-2 can favor autoimmune orchitis could
be the compromise of the blood-testis barrier which normally prevents the passage of
molecules and the contact between testicular antigens and the immune system; hence the
production of autoantibodies [20]. The compromise of the barrier could derive from the
aforementioned involvement of Sertoli cells because it is formed by junctions between these
cells [21]. Furthermore, through the autoimmune phenomenon, SARS-CoV-2 infection
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can promote the production of anti-sperm antibodies (ASA), which are associated with
lower sperm concentration and motility [22]. In a study conducted on COVID-19 patients,
IgA ASA was found in 65 out of 106 patients (61%), while IgG ASA was less frequently
present [23]. The same study showed a strong correlation between sperm abnormalities and
the titers of SARS-CoV-2 IgG antibodies against spike 1 and the receptor-binding domain
of spike 1, suggesting a possible implication of immune mechanism in the involvement of
the male reproductive system during COVID-19 [23]. This hypothesis suggests a possible
negative effect of SARS-CoV-2 vaccines on male infertility. Although it is not the aim of
our study, it is noteworthy that Corona and colleagues reported a possible positive effect
of COVID-19 mRNA vaccines on sperm concentration, whereas no significant effect was
found on sperm motility. However, the available data are still too few [24].

Ultimately, we can hypothesize that SARS-CoV-2 can cause testicular damage by both
direct and indirect mechanisms.

1.3. SARS-CoV-2 in Semen and Sperm Parameters in COVID-19 Patients

Several viruses have shown their ability to reach the human semen, such as Zika, HIV,
and mumps virus [25-27]. Conflicting results have emerged from studies that evaluated
the presence of SARS-CoV-2 in the semen of infected patients. Some studies did not
show the presence of SARS-CoV-2 in semen samples [23,28-30]. In contrast, Machado and
colleagues found SARS-CoV-2 RNA in one of 15 semen samples on infected patients [31],
while Diangeng Li and colleagues showed that 6 out of 38 patients had SARS-CoV-2 in
their semen samples. Two of these patients collected the specimen at the acute phase of
the infection, while the other four after recovery [32]. A recent review showed that the
detection rate of SARS-CoV-2 in semen is inversely related to COVID-19 diagnosis timing.
In particular, it was significantly higher in those studies that evaluated samples collected
less than 11 days after the diagnosis. Another interesting finding reported by the authors
of this review is that the detection rate was higher in low-quality studies. This made them
suspect the possibility of semen contamination from respiratory droplets, hands, feces, or
urine [24]. Hence, further studies are needed to establish whether SARS-CoV-2 is present
in semen, possibly by paying attention to the time between diagnosis of infection/onset of
symptoms and semen collection. In this regard, it cannot be excluded that the virus may be
present in the acute phase of the disease to disappear later.

As for sperm parameters, Temiz and colleagues reported that patients with COVID-19
had only teratozoospermia but they attributed this abnormality to the fever that affected
these patients [33]. Accordingly, the negative impact of fever on sperm parameters has been
known for a long time [34]. However, Gilbert and colleagues demonstrated no correlation
between the severity of COVID-19 and the presence of fever with sperm characteristics [23].
Pazir et al., compared pre- and post-COVID-19 semen analysis and found that sperm
motility and the total motile sperm count were the parameters that showed a significant
reduction after mild COVID-19, that is having one of the symptoms of the disease without
having lung involvement on chest imaging [35]. In another study, 25% of patients who
recovered from COVID-19 were oligo-, crypto-, or azoospermic. The degree of these sperm
abnormalities is significantly related to the COVID-19 severity [36]. Li et al., analyzed
sperm parameters of 21 patients that had offspring through natural pregnancy (therefore
considered fertile males) and observed oligozoospermia in nine of them. Furthermore,
the sperm concentration in COVID-19 patients was significantly lower compared with
the control group [17]. Another study on COVID-19 patients” semen samples showed
higher levels of ACE2 enzymatic activity, interleukin (IL)-1f3, IL-6, IL-8, IL-10, transforming
growth factor (TGF)-f3, tumor necrosis factor (TNF)-«, interferon (IFN)-«, IFN-y, reactive
oxygen species (ROS), caspase-8, caspase-9, and caspase-3 activity in their seminal plasma.
These correlated with impaired semen volume, progressive motility, sperm morphology,
sperm concentration, and total sperm count [37]. Best et al., evaluated 30 semen samples
with a median duration between the positivity of SARS-CoV-2 and semen collection of 37
days. The median total sperm number was 12.5 million. Five men completed a follow-up
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by collecting semen after 3 months and the median total sperm count was 18 million [38].
Guo et al., examined 41 semen samples at a median time of 56 days after hospital discharge.
They found that sperm concentration and total and progressive motility were significantly
reduced if compared with the control group. Twenty-two patients provided a second sam-
ple after 29 days from the first one and sperm number and motility increased, suggesting a
potential recovery of sperm parameters [39]. Purpura and collaborators conducted a study
on seven COVID-19 patients: one patient had severe oligozoospermia (<1 million/mL)
and his sperm sample was qRT-PCR positive after 81 days from symptoms onset. The
authors attributed the detection of SARS-CoV-2 during the late convalescent phase to the
disease severity [40]. A study conducted on 120 Belgian men showed that SARS-CoV2 was
not present in any semen sample (neither in the short period: 0-31 days). Their semen
analysis showed that about a quarter of them was oligozoospermic, 44.1% had astheno-
zoospermia, and two thirds had teratozoospermia. Only 24.6% of patients had normal
sperm parameters. The authors found out that mean progressive motility had a gradual
recovering in time lapse; in fact, it was reduced in 60% of men tested after less than a
month after infection, while it was low only in the 28% of men tested after two months.
Mean sperm count and total motility, showed to have the same trend of mean progressive
motility, while the percentage of men with abnormal morphology did not show substantial
differences in the time lapse after COVID-19 infection, settling between 77 and 78%. The
same study evaluated sperm DNA fragmentation, finding out that DNA damage was more
pronounced within the first month after COVID-19 infection [23]. These data suggest a
tendency of COVID-19-related sperm impairment towards reversibility.

Respiratory viral infections, including SARS-CoV-2, are associated with ROS overpro-
duction and, therefore, increased oxidative stress [41]. The ROS impair sperm function by
acting at macro and micro levels. The latter includes lipid peroxidation of sperm mem-
branes and intracellular oxidative damage, in particular sperm DNA fragmentation [42],
which is a bio-functional sperm parameter that plays a relevant role in fertility by ensuring
fertilization, embryo implantation, and development [43].

Finally, Insulin-like factor-3 was found markedly reduced in testicular tissue of COVID-
19 patients and even E3 ubiquitin-protein ligase, an important enzyme for spermatogenesis,
and dynein regulatory complex subunit-7, essential for sperm motility, was found re-
duced in COVID-19 patients, suggesting an impairment of spermatogenesis and a possible
mechanism of SARS-CoV-2-related sperm damage [44].

In conclusion, different studies have found impaired sperm parameters in patients
with COVID-19. Ideally, future studies should be done on patients with COVID-19 that had
previously undergone at least one semen analysis to compare pre- and post-COVID sperm
parameters. It would also be of interest to understand the mechanism(s) by which sper-
matogenesis is affected in these patients and to evaluate the reversibility or not of this im-
pairment. Are impaired sperm parameters just a consequence of additional factors, such as
fever that increases the testicular temperature causing germinal cells apoptosis? [45]. Could
this virus be able to bind spermatozoa making them uncapable to move or to fecundate?

1.4. Sex Hormone Levels

Another element that supports the effect of SARS-CoV-2 on male gonadal function
is the evidence of altered levels of sex hormones in patients with COVID-19. Studies
have shown low testosterone levels, high luteinizing hormone (LH) levels, and decreased
testosterone/LH and follicle stimulating hormone (FSH)/LH ratios, suggesting primary
testicular damage and, in particular, in the Leydigian compartment [46-49]. Ma and col-
leagues reported a relationship between decreased testosterone/LH ratio and the clinical
characteristics of patients with COVID-19. In particular, they found a negative correla-
tion between the testosterone/LH ratio and C-reactive protein levels [49], the increase of
which is observed in patients with severe COVID-19 [50]. Kadihasanoglu and colleagues
affirmed that more serious COVID-19 provokes a greater reduction of serum testosterone
levels and prolongs the hospitalization length [48]. Another repercussion of COVID-19
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seems to be erectile dysfunction [45]. Low testosterone levels could explain this disorder
in these patients, even though erectile dysfunction could arise from a COVID-induced
endothelial dysfunction [45].

2. Conclusions

The literature shows that SARS-CoV-2 could cause male infertility (Figure 1). However,
further studies are needed to better understand the mechanism by which the virus affects
testicular function and whether this effect is reversible or not. It is known that SARS-CoV-2
can reach the testis. This is demonstrated by the presence of SARS-CoV2 RNA in the testis
and semen of COVID-19 patients. In this regard, further studies are needed to understand
where the virus is exactly localized, if it is just in suspension or it binds to spermatozoa, if
it is able to replicate and how long it could survive in semen.

SARS-Cov2

l l l

Fever ACEZ-R Cytokines Hematotesticular
(IL-6, TNFaq, etc.) barrier impairment

h oA
Anti-sperm
antibodies

Orchitis and testicular [ 1
damage

"
v

Spermatogenesis
impairment

Figure 1. Main mechanisms of male reproductive system damage in SARS-CoV2 infection.
LH= luteinizing hormone; FSH: follicle stimulating hormone; ACE2-R= Angiotensin-converting
enzyme receptor 2; IL-6= Interleukin 6; TNF-a= Tumor Necrosis Factor «.

SARS-CoV-2 may cause orchitis and testicular damage by direct and indirect mecha-
nisms. The finding that patients with COVID-19 have hypotestosteronemia and high levels
of LH adds further evidence for primary testicular damage involving the Leydig cells.
Finally, studies have shown that COVID-19 patients have a higher percentage of impaired
sperm parameters and, in particular, morphology, motility, and concentration.
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