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Impact of COVID-19 on Male Fertility
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updates

COVID-19, the clinical condition caused by the SARS-CoV-2 virus, has been associated with massive cytokine storm
and damage to multiple organ systems. Although evidence for the detection of SARS-CoV-2 virus in the testis remains
scarce, testicular damage and dysregulation of gonadotropins associated with inflammation has been reported. Addition-
ally, as a result of the rapidly evolving pandemic, frequently updated medical interventions and public policies leading to
delays of care can play a role in fertility. This narrative review aims to summarize the current literature on how COVID-

19 may influence male fertility.
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ince December 2019, much of the world's news,

economy, and focus has been on the Coronavirus

Disease 2019, or COVID-19 virus. At this time,
October 2021, there are currently 245,563,601 reported
cases, 222,651,377 million people recovered, and
4,983,862 million deaths attributed to the virus.""”
COVID-19 is now understood to be the clinical disease
caused by SARS-CoV-2. The SARS-CoV-2 virus origi-
nated in Wuhan, China. Throughout history, multiple
zoonotic coronavirus pathogens have emerged and coro-
naviruses have been shown to adapt to different animal
hosts.” SARS-CoV-2 shares over 96% of its genome with
the bat coronavirus BatCoV RaTgl3, supporting the the-
ory that SARS-CoV-2 evolved from a bat coronavirus
with an unknown intermediate host.”

Clinically, COVID-19 presents with a persistent fever,
cough, pneumonia, and loss of smell and taste. There has
also been pathological evidence of massive intravascular
micro-thrombotic phenomenon in multiple organs,
including the lungs, heart, kidneys, brain, and testes. The
interaction of the SARS-CoV-2 viral Spike protein and
ACE2 on cells co-expressing ACE2 and the cellular trans-
membrane protease serine 2 (TMPRSS2) has been identi-
fied as the mechanism of cellular entry for the SARS-
CoV-2 virus. Although not all tissues that express ACE2
are susceptible to SARS-CoV-2 infection, organ involve-
ment has been found to be positively correlated with
ACE2 expression.” Since the testes express ACE2
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receptors, investigations into the possible influences of
COVID-19 on male fertility are being actively explored.’

The hypothalamic-pituitary-gonadal axis (HPG) endo-
crinologically links the brain and testis. This link is
achieved through the production of gonadotropins and
testosterone and the HPG feedback loop. Precise regula-
tion of this axis is required for optimal sex hormone pro-
duction and fertility. COVID-19’s effects on the
hypothalamic-pituitary-gonadal axis require further evalu-
ation, however, abnormal levels of gonadotropins have
been identified in COVID-19 patients.’

The pandemic has dramatically impacted our way of life
and our medical systems and remains an ongoing and
evolving public health concern. Staying current with new
literature is challenging due to the high volume of studies
being published. This narrative review aims to summarize
the current information available investigating the rela-
tionship of COVID-19 and male infertility. We explore
this relationship as it relates to hormonal regulation and
the hypothalamic pituitary axis (HPG), systemic inflam-
mation, the potential of direct testicular infection, semen
parameters, interactions of medical interventions for
COVID-19, and access to urologic care during the pan-
demic.

COVID-19 AND THE HYPOTHALAMIC-
PITUITARY-GONADAL AXIS

An adequate hypothalamic-pituitary gonadal axis is cru-
cial for maintaining normal testosterone production. Low
testosterone secondary to hypergonadotropic hypogonad-
ism, or primary hypogonadism, can be congenital as in
Klinefelter Syndrome, or caused by environmental or bio-
logical disruptions to gonadal function. Low testosterone
secondary to hypogonadotropic hypogonadism can lead to
a secondary testicular failure. Causes for hypogonado-
tropic hypogonadism can be congenital, in cases such as
Kallmann syndrome, or acquired secondarily from numer-
ous causes including medication, pituitary lesions, infec-
tion, or inflammation.” Fertility issues associated with
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acquired hypogonadotropic hypogonadism can generally
be corrected by fixing the underlying issue.

A selection of studies has produced data to support that
COVID-19 can impact testicular hormone production.
When reviewing these studies, it is important to recall
that physiological stressors such as illness are associated
with fluctuations in baseline hormone levels. A study by
Ma et al. compared 119 reproductive aged males with
SARS-CoV-2 to 273 age matched controls. They found
high luteinizing hormone (LH) levels and lower testoster-
one to LH ratios in SARS-CoV-2 patients. The authors
suggest these findings are associated with the systemic
inflammation present in the evaluated patients. These
abnormalities could indicate disruption in sex hormone
secretion associated with COVID-19 disease.” Another
study compared 89 COVID-19 patients to 30 patients suf-
fering from other respiratory infections and 143 healthy
controls. The COVID-19 patients were found to have sig-
nificantly lower testosterone, higher LH and prolactin,
and equivalent FSH when compared to both sets of con-
trols.'” Rastrelli et al. found that in a group of 31 patients,
12.9% of patients who died or had severe COVID-19
exhibited lower total and free testosterone and elevated
LH when compared to more moderate cases.'’

Hypothalamic pathology associated with SARS-CoV-2
infection in the brain is still being studied. SARS-CoV-2
has been shown to cross the blood brain barrier.” Once
past the barrier, it infects ACE2 expressing cells, leading
to neuroinflammation. This inflammation can disrupt nor-
mal physiologic functions such as temperature regulation
and hormone balance.'””"* Testicular pathology associ-
ated with hyperthermia has been established previously.
Fevers are the body’s response to systemic inflammation,
and over 80% of COVID-19 patients are reported to
develop a fever, which tends to be prolonged with an
average duration of 10 days."” It has been reported that a
fever of > 39°C for over 3 days can lead to significant
reduction in semen concentration and motility.'® While
interpreting these findings, it is worth noting that the
standardized reported definitions of fever for COVID-19
patients has been poor.'’

Few studies have attempted to link circulating gonado-
tropin levels to neuropathology in COVID-19 patients.
Neuroimaging findings from a single patient study
revealed a hyperintense signaling suggestive of hypotha-
lamic lesions, as well as an enlarged pituitary gland."’
While far from conclusive, these findings suggest that
hypothalamic involvement in COVID-19 patients could
alter regulation of gonadotropin release leading to subse-
quent reduction in testosterone levels.’

Although unlikely to lead to permanent effects on fer-
tility, the use of glucocorticoids for the management of
COVID-19 can impact fertility. Dexamethasone is one of
the only medications proven to reduce mortality in
COVID-19 patients and is now routinely administered.'®
A precisely balanced concentration of glucocorticoids is
required to maintain gonadal function. Exogenous gluco-
corticoid use can disrupt the hypothalamo-pituitary-
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gonadal axis, which is well known to lead to temporary
effects on fertility.!”

INFLAMMATION AND OXIDATIVE STRESS

The blood testes barrier provides privileged immunity to
the testicles. However, this barrier is imperfect. The pres-
ence of systemic and local inflammation can increase this
permeability and allow invasion of immune cells. SARS-
CoV-2 is a cytopathic virus that creates a proinflammatory
state and can lead to cell pryoptosis. Pryoptosis is an
inflammatory form of programmed cell death that leads to
the release of potent pro-inflammatory cytokines. Inflam-
matory cytokines lead to immune cell recruitment that
can assist in disease clearance and further increase the pro-
duction of inflammatory cytokines; in some cases, this can
create a cytokine storm, leading to uncontrolled systemic
inflammation that impacts multiple organ systems.””

Leukocytospermia often accompanies a systemic
increase in IL-6, MCP-1, and TNF-¢, and can be associ-
ated with systemic inflammation or viral and bacterial
infections.” Several studies have reported an increase in
inflammatory markers; IL-6, IL-8, and TNF-«, have been
identified in semen samples from patients recovering or
suffering from COVID-19 compared to controls.”' ™’
Additionally, CD3+, CD68+, and IgG have been identi-
fied in the seminiferous tubules of COVID-19 patients.’”
Inflammatory states, as well as states of low oxygen ten-
sion, are associated with oxidative stress and production
of free radicals. Both inflammatory cytokines and oxida-
tive stress have been found to damage cellular compo-
nents of testes.”* Oxidative stress leads to Leydig cell
damage, thus disrupting capacity for testosterone produc-
tion and germinal epithelial damage, which hinders
spermatogenesis. ">’ Oxidative stress has been proposed as
a potential mechanism for the testicular damage found in
COVID-19 patients. However, few studies have produced
data to support this claim. Moghimi et al. evaluated the
production of reactive oxygen species (ROS) and glutathi-
one disulfide (GSH) concentration in an autopsy study of
6 COVID-19 patients versus 6 controls. They revealed a
statistically significant increase in ROS and decrease of
GSH in COVID-19 patients when compared to controls.
These findings indicate an increase in oxidative stress and
a corresponding decrease in cellular defense to oxidative
stress in patients suffering from COVID-19.%°

SARS-COV-2 AND POTENTIAL TESTIS
INFECTION

SARS-CoV-2 Mechanism of Entry

Several known single stranded RNA viruses, including
other coronavirus variants like HIV, Mumps, and Zika,
are known to cause orchitis and can be found in semen.”’
There is conflicting evidence regarding the ability of
SARS-CoV-2 to directly infect the testis. The mechanism
of proposed entry of SARS-CoV-2 is through the binding
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of the SARS-CoV-2 Spike protein (S-protein) viral
ligand and host ACE2 receptor. The S protein is then
cleaved by a serine protease co-receptor TMPRSS2, lead-
ing to membrane fusion between the virus and cell.”” The
testes express a high level of ACE2 receptors on spermato-
gonia, seminiferous tubules, Sertoli, and Leydig cells. The
endogenous function of this receptor is not yet fully
understood.” ACE2 has a regulatory role in the male
reproductive system, namely in the modulation of ste-
roidogenesis. Additionally, ACE2 receptors are thought
to play a role in fertility. This association is based on a
study that observed lower levels of ACE2 in infertile men
with severe spermatogenesis impairment when compared
with fertile subjects.”” Men have higher levels of
TMPRSS?2 expression than women. This is likely due to
an androgen response element being a transcriptional pro-
motor for TMPRSS2. It is thought that co-expression of
ACE2 and TMPRSS2 are required for viral entry into
cells.”®

There is discrepancy regarding the levels of ACE2 and
TMPRSS2 co-expression on individual cells. Stanley
et al. found that levels of ACE2 and TMPRSS2 co-
expression in testicular cells occurs less than 0.05% of the
time.’ These findings are supported by a study by Pan
et al. showing minimal co-expression in individual’s
cells.”' Lack of co-expression would indicate minimal risk
of direct infection or an alternate mechanism of entry.
Levels of ACE2 mRNA and TMPRSS?2 in the testis have
been also examined in an autopsy study. The study exam-
ining 5 COVID-19 patients found that all patients had
elevated levels of ACE2 and TMPRSS2 expressed in sem-
iniferous tubules compared to controls. Immunohis-
tochemistry showed increased expression and RT-qPCR
was notable for increased mRNA levels of ACE2 and
TMPRSS2. Of note, this study did not attempt to prove
co-expression of ACE2 and TMPRSS2 on an individual
cell level.”” Increased expression supports the likelihood
of direct testicular invasion and damage by SARS-CoV-2.
However, it remains unclear whether this increased
expression of ACE2 and TMPRSS2 is actually co-expres-
sion. Additionally, increased expression of ACE2 could
be secondary to underlying comorbidities such as hyper-
tension, cancer, and smoking, rather than COVID-19
infection.”

SARS-CoV-2 and Testis Histology

Several autopsy studies have attempted to identify the
presence of SARS-CoV-2 virus in the testis. Only a few of
these studies have successfully reported the presence of
SARS-CoV-2 viral particles in the testes. These studies
have small sample sizes and reports of errors in tissue sam-
pling. Errors in sampling, including the sampling of vascu-
lar structures, have drawn questions to the validity of viral
particle identification in the testis. However, the majority
of studies support an association between COVID-19 and
a loss of testicular architecture via changes to seminiferous
tubules, Leydig cells, and germ cells. Contrary to initial
theories, the data from these studies suggest that COVID-
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19 indirectly, rather than directly, affects testicular
function.”

Yang et al. studied the testes of 12 men who died from
complications associated with COVID-19. RT-PCR iden-
tified SARS-CoV-2 RNA in 1 patient’s testes, but elec-
tron microscopy did not confirm the presence of the
SARS-CoV-2 virus in any of the 12 patients. Later discus-
sions have suggested that this sample was fibrovascular tis-
sue and that the viral RNA was present in sampled blood
opposed to testicular tissue.”” All 12 patients possessed a
lower number of Leydig cells when compared to controls.
Additionally, all COVID-19 patients showed evidence of
seminiferous tubule cellular injury and a diminished popu-
lation with mild lymphocytic inflammation.”® The
authors postulated that damage to seminiferous tubules
and Leydig cells may be secondary to viral membrane pro-
teins such as the Spike protein.

In another autopsy study by Ma et al., testicles from 5
COVID-19 patients were studied compared to controls.
All 5 patients were found to have degenerated germ cells
sloughed off into the seminiferous tubules. In 4 of 5
patients, almost all the germ cells lining the seminiferous
tubules were lost. There was also a corresponding loss of
cells expressing the germ cell marker DDX4. These find-
ings were in direct contrast to 3 controls studied. The
number of Sertoli cells appear consistent between control
and COVID-19 patients studied.”” SARS-CoV-2 nucleic
acid was detected in the testis of 2 of the COVID-19
patients using RT-PCR. However, with immunohis-
tochemistry utilizing an anti-SARS-CoV spike S1 anti-
body, all 5 COVID-19 patients stained positively. These
findings suggest the ability of SARS-CoV-2 to directly
infect testicular cells through spike glycoprotein binding.
Transmission electron microscopy (TEM) also showed
coronavirus-like particles in the interstitial compartment
of the testes of all the COVID-19 patients.’’

A study by Achua et al. compared testis tissue from
autopsies of 6 COVID-19 men to the tissue of 3 negative
controls. Using TEM, SARS-CoV-2 viral RNA was iden-
tified in only 1 of the testis tissues of the COVID-19 biop-
sies. This tissue sample also showed interstitial
macrophage and leukocyte infiltration. 3 of the 6
COVID-19 patient biopsies showed impaired spermato-
genesis, with a direct association between increased quan-
titative ~ ACE-2  levels and  impairment  of
spermatogenesis. s

Flaifel et al. examined the testis of 10 patients who died
from COVID-19. They performed RT-PCR on 6 of the
samples and failed to identify the presence of viral RNA.
They did find signs of acute damage including sloughing
of spermatocytes and swelling of Sertoli cells in all sam-
ples. The authors also reported finding microthrombi pres-
ent in the testis of 2 of the samples, and postulated that
the structural damage may be a result of hypoxic injury.”’

There have been few reports of testicular pain associ-
ated with COVID-19. One study looked at 34 men with
mild to moderate COVID-19. 6 men in the study com-
plained of scrotal discomfort and tenderness. No further
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exam or testing such as ultrasound was completed to con-
firm or rule out orchitis.”’ Another study from Jordan fol-
lowed 253 male patients with COVID-19 through their
hospital stay and 21-day recovery period to observe for
signs and symptoms of orchitis. Each patient was evalu-
ated every 2 days by a urologist, but none of the patients
were found to have signs or symptoms of orchitis. It was
noted that most of the patients were asymptomatic or had
mild-to-moderate symptoms. It remains unclear if orchitis
would develop with higher viral loads, or at a later course
in time.”” In a retrospective cohort study by Liao et al.,
142 patients who tested positive for COVID-19 under-
went scrotal ultrasound at time of diagnosis. 22.5% of
these patients were found to have increased tunica thick-
ness and increased vascular flow consistent with orchitis,
epididymitis, or epididymo-orchitis.*

Detection of SARS-CoV-2 in Semen and Sperm
Parameters

Nearly 30 viruses have been identified in human semen.
Of these, the most notable are HIV, hepatitis B, herpes
simplex virus (HSV), and adenoviruses. Several studies
have evaluated the presence of SARS-CoV-2 in semen.
Many of these studies have small sample sizes and fail to
adhere to consistent semen collection parameters. With
the exception of 2 outliers, the majority of studies suggest
that detection of RNA in the semen and sexual transmis-
sion are unlikely. Additionally, the majority of data sup-
ports that semen quality, at least temporarily, is affected
by COVID-19.

Most semen studies have involved recovering patients
and have found that after 1 month, recovering patients
did not have detectable levels of SARS-CoV-2 in their
semen.’ The largest study by Ruan et al. consisted of 74
patients recovering from COVID-19 and 174 age matched
controls. No SARS-CoV 2 RNA was detected in any of
the patients, however, sperm concentration count and
motility were reduced.*” Several other studies with smaller
sample sizes also failed to identify SARS-CoV 2 RNA in
semen samples. Hajizadeh et al. studied semen quality in
patients recovering from COVID-19; comparing 84 recov-
ering COVID-19 patients to 104 healthy controls, they
found impaired sperm parameters including concentra-
tion, progressive motility, and morphology in all COVID-
19 patients.”” The smaller sample sized studies reported
varying reports of reduced sperm parameters, with some
finding reduction, others no change, and some claiming

an  association  with  severity of COVID-19
31,34,34,44—49
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disease.

Two studies have reported identifying SARS-CoV-2
RNA in the semen. One study analyzed the semen of 38
patients diagnosed with COVID-19, 15 in an acute state
and 23 recovering. 6 of 38 patients were found to have
SARS-COV-2 RNA in their semen, 4 of those 6 patients
were in the acute stage of infection and 2 were in recov-
ery. Methods of semen collection and limits of detection
used for RT-PCR were not published.”® Lastly, Gacci

et al. evaluated the semen of 43 patients who had
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recovered from COVID-19. The presence of viral RNA
was evaluated with RT-PCR at least 21 days after a nega-
tive COVID-19 test. Of the 43 patients, only 1 had SAR-
CoV-2 RNA detected in their semen. The patient’s
semen sample was retested and found to be negative.”' In
studies showing viral RNA in semen, the results may be
explained by sampling error or urinary or accessory sex
organ involvement instead of direct testicular involve-
ment. It is also important to recognize that even if
COVID-19 is transmissible through semen, it is unlikely
to provide a significant source of infection in comparison
to respiratory droplets. However, consideration should be
made for those attempting to become pregnant or those
donating or preserving sperm.51

EFFECTS OF COVID-19 ON DELIVERING
UROLOGIC CARE

Delayed treatment across multiple pathologies has been
seen during the time of the pandemic, with people
expressing fear of hospitals and avoiding medical care
even in emergencies. An estimated 40.9% of surveyed US
adults reported avoiding medical care, with 12% avoiding
urgent or emergency care, and 31.5% avoiding routine
care.”” The delayed treatment of testicular pathology, in
cases of testicular cancer or sexually transmitted infec-
tions, may impact male fertility. The concept of delayed
treatment during the era of COVID-19 can be expanded
to include fertility treatments.

In March of 2020, the American Society for Reproduc-
tive Medicine (ASRM) recommended the suspension of
non-urgent gamete cryopreservation, new fertility treat-
ment, and elective non urgent diagnostic procedures.
Sperm banking was deemed a low priority except for
patients undergoing oncological treatment.”’ At that
time, concerns were raised for those suffering from non-
oncological conditions that could benefit from elective
fertility treatment or gamete cryopreservation. Conditions
discussed included patients with hypogonadotropic hypo-
gonadism requiring long term treatment, those with infer-
tility thought to be associated with varicocele, and
patients suffering from systemic inflammatory or autoim-
mune disease requiring treatments that maybe gonado-
toxic.”” At the time of authorship, restrictions for fertility
services have been lifted. It is unclear what effect, if any,
these temporary restrictions had on male fertility. How-
ever, being aware of previous delays in treatment may aid
providers in assessing fertility concerns.

COVID-19 MEDICAL INTERVENTIONS

Therapies for COVID-19

Remdesivir is currently the only drug that is officially FDA
approved for the treatment of COVID-19. There are 7
drugs approved by the FDA under emergency use author-
izations (EUA). These medications include Tocilizumab,
Sotrovimab, Bamlanivimab and Etesevimab, Regen-COV
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(Casirivimab and Imdevimab), Baricitinib (Olumiant)
and Propofol-Lipuro 1%. To our knowledge, there have
been no conclusive studies to suggest that these drugs
affect male fertility.” "’

Many non-FDA approved treatments such as ribavirin,
ivermectin, chloroquine and a myriad of antivirals have
been used in COVID-19 patients. In rat studies, ribavirin
was found to be gonadotoxic at all doses administered for
a period of 105 days.’® Some studies have suggested that
prolonged use of chloroquine may impair sperm quality.”’
In general, effects of antiviral medications on male fertility
require further studies.”® Throughout 2021, ivermectin,
an antiparasitic medication, gained traction across social
media platforms as a potential treatment and prophylaxis
for COVID-19. Claims of associations between ivermectin
and male infertility also spread through social media.””
These claims stemmed from the misinterpretation of a
2011 paper by Indonoji et. al studying sperm parameters
in 37 patients with onchocerciasis treated with ivermec-
tin.?” Although the study identified a decrease in sperm
parameters including sperm motility and count, it pos-
sessed serious limitations, including a lack of control
group. Some other studies have shown ivermectin to be
gonadotoxic in animal models," but there have been no
definitive findings to suggest that ivermectin is associated
with male infertility in humans. Attention should be
brought to the consequences that future medications used
for COVID-19 treatment may have on fertility.

COVID-19 Vaccines

COVID-19 is responsible for mobilizing a collaborative
effort to create a novel vaccine in record time. Prior to
the COVID-19 vaccine, the fastest vaccine approved was
the vaccine for the mumps virus in the 1960s, which took
4 years to develop. The COVID-19 vaccine was con-
ceived, created, and approved for emergency use by the
FDA in under 1 year. In August 2021, the Pfizer vaccine
received full approval by the FDA.

Despite the pandemic ravaging the world, there is still
vaccine hesitancy. Potential fertility implications after
receiving a COVID-19 vaccine are a source of anxiety for
many patients, as reproductive toxicity was not evaluated
in clinical trials.”” A vaccine that uses the actual virus
could theoretically also directly affect the testes. However,
the Pfizer and Moderna vaccines are only mRNA vac-
cines, which stimulate the recipient’s immune system to
produce the SARS-CoV-2 spike protein, and thus does
not bind to receptors via the same mechanism that
SARS-COV-2 virus does.”” The Johnson & Johnson vac-
cine utilizes viral vector technology, combining SARS-
CoV-2 spike gene with a weakened adenovirus. This leads
to expression of the spike protein on cellular surfaces for
immune cell interaction.®® Although unlikely, there is a
theoretical risk for expressed spike protein interaction in
the testis.

A single centered prospective study out of the Univer-
sity of Miami investigated the effects of COVID-19 vacci-
nation on semen parameters. A sample of 45 healthy male
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volunteers provided semen samples before the first vacci-
nation dose and again, 70 days after the second dose
administration. Semen samples were analyzed for the fol-
lowing parameters: semen volume, sperm concentration,
sperm motility and total motile sperm count. No signifi-
cant decreases in any of the above parameters were
found.®” There is a potential for a temporary decrease in
sperm production post-vaccine, related to vaccine
induced fevering. A fever can temporarily impact sperm
count, and in the Pfizer vaccine clinical trials, about 16%
of men experienced a fever after the second vaccine dose.
However, this brief impact on sperm after vaccination is
likely of much less magnitude than any potential effects of
having the full clinical syndrome of COVID-19.

Although there is limited data on the impact of the
COVID-19 vaccines on male fertility, the Society for
Male Reproduction and Urology (SMRU) and the Soci-
ety for the Study of Male Reproduction (SSMR) have
made two recommendations regarding vaccinations.
Firstly, the COVID-19 vaccine should not be withheld
from men desiring fertility who meet criteria for vaccina-
tion. Secondly, the COVID-19 vaccines should be offered
to all men desiring fertility and all men not desiring fertil-
ity when they meet criteria for vaccination.

LIMITATIONS

It is important to note that the data that has been pre-
sented on COVID-19 and infertility has surfaced within
the short time frame since the virus was recognized in
2019. Sample sizes are generally small and many clinical
studies are performed at single sites, making it unwise to
draw definitive conclusions from their findings. This is an
evolving virus and will continue to require dynamic
research to truly understand it’s lasting impacts on the
male reproductive tract and fertility.

CONCLUDING STATEMENTS
While much is left to be studied, COVID-19 does appear

to impact male fertility, at least temporarily. From review
of the current literature, it has become evident that
COVID-19 can lead to a reduction in testosterone pro-
duction and a state of temporary hypogonadism. It was
originally hypothesized that since the testes are prone to
direct infection by the SARS-CoV-2 virus due to their
ACE2 expression, male fertility is adversely affected.
Although controversy remains, the data supports that a
reduction in testosterone production is more likely associ-
ated with indirect testicular damage due to systemic or
local inflammation. Additionally, with the rapidly evolv-
ing pandemic, it is important to maintain vigilance for
potential interventions and delays of care that can lead to
lasting effects on fertility. Moving forward, further studies
are required to investigate the potential long term fertility
effects of the COVID-19 disease, treatments, and vac-
cines.
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