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SARS-CoV-2 and Male Infertility: Possible Multifaceted Pathology
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Abstract
The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) causing the coronavirus disease 2019 (COVID-19) has
been declared a pandemic by the World Health Organization (WHO) on 11th March 2020. Bulk of research on this virus are
carried out to unveil its multivariate pathology. Surprisingly, men are reportedly more vulnerable to COVID-19 even with higher
fatality rate compared to women. Thus, it is crucial to determine whether SARS-CoV-2 infection can even affect male fertility as
an immediate or long-term consequence of the disease. Among the discrete data available, an important finding is that angiotensin
converting enzymes 2 (ACE2) receptor, that aids the SARS-CoV-2 entry into host cells, is profoundly expressed in testicular
cells. In addition, the endogenous androgen milieu and its receptors are associated with ACE2 activation reflecting that enhanced
testosterone levels may trigger the pathogenesis of COVID-19. In contrary, hypogonadism has also been reported in the acute
phase of some COVID-19 cases. Moreover, SARS-CoV-2 infection-induced uncontrolled inflammatory responses may lead to
systemic oxidative stress (OS), whose severe disruptive effects on testicular functions are well-documented. This article aims to
precisely present the possible impact of COVID-19 onmale reproductive functions, and to highlight the speculations that need in-
depth research for the exact underlying mechanisms how COVID-19 is associated with men’s health and fertility.
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The corona virus, severe acute respiratory syndrome co-
ronavirus 2 (SARS-CoV-2) was first identified in
December 2019 in the Wuhan city in China causing sev-
eral cases of pneumonia [1]. The virus has since spread
globally, leading to acute respiratory distress syndrome
(SARS) named as coronavirus disease 2019 (COVID-19)
by the World Health Organization (WHO) [2]. On 11th
March 2020, WHO has declared the disease as global
pandemic [2]. However, the occurrence of COVID-19
shows gender differences and it is an unexplained phe-
nomenon why men seem more susceptible to SARS-
CoV-2 infection compared to women, with even higher
fatality rate. Angiotensin-converting enzymes 2 (ACE2)
receptor plays a key role in the COVID-19 pathogenesis
aiding direct host cell damage. Binding of SARS-CoV-2
virus with the ACE2 receptors enables its cellular entry

and replication [3]. Consequently, it may be perceived
that cells with higher ACE2 expression are more suscep-
tible to SAR-CoV2 infection [3]. Having considered these
reports, it is a breakthrough revelation in male fertility
research that testes show almost the highest ACE2
mRNA and protein expressions among the various body
tissues [3]. The four main testicular cell types showing
expression of ACE2 mRNA are the seminiferous duct
cells, spermatogonia, Leydig cells, and Sertoli cells
[3–5]. Moreover, distinctly high ACE2 expression in tes-
ticular cells, while comparatively low expression levels of
ACE2 in ovarian cells [6, 7], may also support higher
vulnerability of SARS-CoV-2-mediated impairment in
male gonadal functions (Fig. 1).

Research carried out following the outbreak of SARS-CoV
in 2002 found that orchitis was one of its accepted health com-
plication that may lead to disruption in spermatogenesis, germ
cell apoptosis thereby affecting semen quality [8]. One study
had showed that six male patients who succumbed to SARS-
CoV infection in 2002 were suffering from orchitis as observed
through testicular autopsy [8]. In this study, histopathological
investigations revealed inflammatory infiltrates mainly in the
seminiferous tubules [8]. Immunohistochemistry showed that
IgG deposition was mainly present in seminiferous epithelium,
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interstitium, degenerated germ cells, and Sertoli cells [8].
Interestingly, in-situ hybridization of testicular tissue speci-
mens does not recognize viral genomic materials [8].
Moreover, studies could not yet find viral trace in the seminal
plasma [9, 10]. This indicates that inflammatory and immuno-
logic reactions take pivotal role in the viral-mediated testicular
damage.

Testicular expression of ACE2 has been shown to be age-
related [5]. The highest expression in patients aged 30 and
older than 20 has been reported, whereas those aged 60 have

the lowest expression levels [5]. That could show that young
male patients are more likely than older patients to experience
testicular injury due to COVID-19. This also suggests the
profound pathophysiological role of various hormonal milieu
in SARS-CoV-2 infection in men. As reported, the first step
needed of SARS-CoV-2 infectivity is the proteases-mediated
priming of its spike proteins with host cell receptor, mainly via
the transmembrane protease, serine 2 (TMPRSS2) [11].
TMPRSS2 have been suggested to cleave ACE2 receptor,
aiding the entry of the virus into host cell [12]. Evidences

Fig. 1 Possible mechanisms of
SARS-CoV-2 infection induced
impairment in male reproductive
functions
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through human studies claim that androgen receptor activation
is needed to trigger TMPRSS2 gene transcription. Since, gene
loci of androgen receptor and ACE2 are located in chromo-
some X, increased X-linked inheritance of genetic polymor-
phisms and consequently endogenous androgen actions may
be a possible mechanism to explain male vulnerability to
COVID-19 [13]. However, there are contradicting reports stat-
ing that SARS-CoV-2 infection in male leads to acute stage
hypogonadism and it is suggested that reduction in androgenic
action may lead to even fatal consequences. Several studies in
human as well as in animals have linked hypogonadism with
levels of increased pro-inflammatory cytokines, mainly IL-
1β, IL-6, and TNF-α [14–16], which in turn are important
inflammatory mediators in SARS-CoV-2 pathogenesis.
Nevertheless, an acute critical inflammatory condition, as in
the case of COVID-19, may suppress activity of hypothalam-
ic–pituitary–testicular (HPT) axis, leading to reduced low lu-
teinizing hormone (LH), follicle-stimulating hormone (FSH),
and testosterone levels. But this theoretical perception does
not correspond to a study conducted on 81 COVID-19 male
patients, which reported lower serum testosterone levels,
higher LH levels, and lower T:LH ratio in comparison to
age-matched control subjects [17]. These findings may sug-
gest direct effects of SARS-CoV-2 infection in testicular cells
rather than via the HPT axis. Thus, the associations of SARS-
CoV-2 infection and modulation of sex hormones in male are
major missing links which await in-depth research
interventions.

SAR-CoV2 can operate via multiple possible mechanisms
which may lead to disruption of male reproductive functions.
It is suggested that this virus activates oxidant-sensitive path-
ways via inflammatory responses, thereby inducing oxidative
stress (OS), which presents a common pathological mecha-
nism to disrupt several physiological functions via oxidative
damage to host tissues. OS-mediated mechanisms of male
infertility are widely documented, as OS can affect semen
quality and disrupt sperm functions and morphology, intracel-
lular oxidative damage to spermatozoa by lipid peroxidation
of sperm membrane, sperm DNA damage, as well as inducing
apoptotic pathways in spermatozoa [18, 19]. In SARS-CoV
infections, the excessive production of reactive oxygen spe-
cies (ROS) may trigger mainly the nuclear factor kappa-light-
chain-enhancer of activated B cells (NF-κB)-toll-like receptor
(mainlyTLR-4) pathways [20]. This further stimulate release
of cytokines causing exaggeration of the inflammatory re-
sponses [20]. As already discussed, this virus can potentially
cause orchitis which also can lead to induction of OS.
Moreover, SARS-CoV-2 infection causes psychological
stress which is a major cause of systemic OS [21]. Besides
the direct relation of SARS-CoV-2 infection and OS, treat-
ment of COVID-19 include antiviral drugs like ribavirin
which has been shown to be associated with induction of
OS, reduced testosterone level, impaired spermatogenesis,

and sperm abnormalities in animal studies [22, 23].
Moreover, ribavirin treatment showed reduced sperm count
[24] and spermDNA fragmentation (SDF) [25] up to 8months
following cessation of treatment [21, 26].

Based on these vital reports, it can be hypothesized that the
testis could be a potential target for SARS-CoV-2 virus and
testicular damage as well as subsequent infertility after
COVID-19 infection can be theoretically explained. A direct
invasion of SARS-CoV-2 virus is caused by ACE2 receptors
likely causing direct testicular damage, or by affecting testic-
ular functions by secondary immunological and inflammatory
responses. This possibility needs to be investigated through
follow-up studies of the reproductive functions of reclaimed
male patients. Thus, it cannot be ruled out that COVID-19
could have immediate or delayed impacts on male fertility
status. So far, no definitive data is obtained to track the repro-
ductive functions in men recovered from COVID-19. Since
male infertility is already showing a global declining trend
which is a major threat to humankind, it is crucial to undertake
thorough research to reveal the exact impact and mechanism
by which the pandemic COVID-19 might affect the male fer-
tility parameters.
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