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ABSTRACT

COVID-19, the virus behind the COVID-19 pandemic, affects multiple organs, including the respiratory tract,
liver, kidneys, heart, gastrointestinal tract, and the male reproductive system. The male reproductive tract expresses
the angiotensin-converting enzyme Il (ACE-2), the primary viral entry receptor, in spermatogonia, Leydig, and
Sertoli cells. While viral infections can damage male fertility via cytokine storms, the effects of COVID-19 on
male fertility are still unclear. Therapeutic methods to prevent and treat COVID-19 patients must consider the
possibility of multiorgan dysfunction. While male patients may have infertility, there is little information available
about how to treat them. Various microbes, including bacteria and viruses, can harm the male reproductive
function. This review aims to investigate the possibility of infertility or diminished fertility in COVID-19 patients
and the pathogenic mechanisms that may be causing infertility during and after recovery from COVID-19. This
review produced the impact of COVID-19 on male reproductive health involving multiple mechanisms, including
viral entry via ACE2 receptors, testicular inflammation, hormonal changes, and disruptions in RAS signaling.
However, long COVID-19 does not include long-term detrimental consequences on male fertility potential since

the observed alterations were reversible after 1-2 spermatogenesis cycles.
Keywords: ACE2, COVID-19, Leydig and Sertoli cells, sex hormone, Seminal fluid, TMPRSS2.

INTRODUCTION

Coronavirus Disease 2019 (COVID-19), which has
symptoms ranging from mild to severe, is caused by the
severe acute respiratory syndrome coronavirus-2 (SARS-
COV-2). Coronaviruses are most common in humans,
accounting for 15%-30% of respiratory tract infections per
year, as designated by the World Health Organization
(WHO). It was first discovered in Wuhan, China, in
December 2019. The COVID-19 pandemic significantly
impacted healthcare systems worldwide, affecting not only
infected individuals with the virus but also the delivery of
care for all patients. Many non-COVID medical services
have been delayed or reduced, leading to delays in
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treatment for chronic conditions, elective surgeries, and
preventive care (Silvia et al., 2023). Around 71 million
people were infected globally, with over 1.5 million dead
and more than 15 million people infected, with 300,000 in
the United States alone infected. Many deaths have been
confirmed due to complications arising from the disease.
COVID-19 has a bat-origin CoV as a genetic trait. It has
79.5% identical sequences to SARS-CoV. Patients with
COVID-19 have symptoms including fever, dyspnea,
asthenia, anosmia, fatigue, and dry cough. Studies on
complications from coronavirus infection have shown that
it is @ multisystemic disease (Kumar et al., 2023).

In the past, SARS-CoV, the HIN1 influenza virus, and
Middle East respiratory syndrome CoV (MERS-CoV)
have all been responsible for global viral epidemics
(Matoba et al. 2015). Human Coronaviridae virus with a
single-stranded RNA genome that is not segmented and
has a large positive-sense genome (Li et al. 2020a). Unlike
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SARS-CoV and MERS-CoV, COVID-19 is more virulent
(Naicker et al. 2020). Direct contact, drips, or excrement
are all ways for this virus to spread from person to person.
Because of immunocompromised patients and/or
incubation periods of 1-14 days (about 3-7 days) in
infected individuals, the risk of silent spread is higher than
in other viruses (Adhikari et al., 2020; McMichael, 2020).
Within a week of the start of the illness, dyspnea,
hypoxemia, and acute respiratory distress syndrome
(ARDS) develop (Chen et al. 2020b). COVID-19
mortality is thought to be related to ARDS and multi-organ
failure, like liver, kidney, heart, and intestinal problems
and death, as well as cancer progression and advanced age
(more than 50 years), which are major risk factors for a
dismal prognosis (EI Zowalaty and Jarhult, 2020; Zhou et
al., 2020; Zsichla and Muller, 2023). The other concern is
that infection can affect the reproductive system,
increasing the chance of infertility in infected people (Ma
et al.,, 2020; Dutta & Sengupta, 2021). Multiple and
complex causes and pathological agents are involved in
infertility; viruses might play a vital role in this process,
interfering with male reproductive functions (Hezavehei et
al.,, 2021). COVID-19 affects both males and females,
although it can affect males with more severity and a
higher mortality rate (Cui et al., 2020; Aradjo et al., 2024).
The male reproductive system and semen parameters are
not well understood and still challenge the medical
scientific community. This review aims to investigate the
effects of COVID-19 infection on sperm quality, sex
hormone levels, and the male reproductive system during
and after recovery from COVID-19.

1. Viruses' Impact on Infertility

Many viruses can cause the retrodictive system testis
and orchitis and, in rare cases, cause male infertility. The
inflammation of the testis and epididymis caused by the
Zika virus (ZIKV) was discovered in the sperm of
symptomatic males, and it is sexually transmitted in a
mouse model that produces testicular dysfunction and
male infertility (Yang et al., 2020). Orchitis is a common

side effect of the mumps virus (MuV), which has a high
testicular tropism. Human immunodeficiency virus (HIV)
was found in sperm shortly after infection and throughout
the infection, resulting in severe orchitis and male
infertility. Both the hepatitis B virus (HBV) and the
hepatitis C virus (HCV) can infect the human male
germline. The transcription of the HBV gene in human
sperm cells was regulated by host genes (Zhang et al.,
2020), and HCV infection has mutagenic effects on sperm
chromosome abnormality and has serious hereditary
consequences owing to genetic alterations. Human
papillomavirus (HPV) was found in the testis, epididymis,
ductus deferens, and semen. Finally, cytomegalovirus
(CMV) and herpes simplex virus (HSV) were discovered
in human sperm in the ejaculate and were associated with
sperm motility and morphology but did not influence male
reproductive health (Lippold et al., 2019).

Understanding the short- and long-term effects of
COVID-19 on male reproductive function requires a
fundamental understanding of viral infection physiology.
Mumps, HIV, and Zika virus influence male reproductive
health and were used to frame the conversation about SARS-
CoV-2's impact on male reproduction. Post-pubertal males
with mumps have unilateral epididymitis-orchitis in about
20%-30% of cases. In 15% of instances, bilateral orchitis
develops, resulting in testicular shrinkage, lower sperm
concentration and motility, and potentially azoospermia and
accompanying complications and subsequent impact on
Leydig and Sertoli cell function. After infection, HIV may be
found in the sperm, and sexual transmission is the most
common way for it to spread (Martinez et al., 2023).
Circumcision appears to prevent HIV transmission in
heterosexual couples, according to large randomized studies.
In sperm, HIV is transmitted mostly via leukocytes (Walls et
al., 2020). Opportunistic infections and elevated cancer risk
are hallmarks of the progression to acquired
immunodeficiency syndrome (AIDS). Chronic orchitis and
hypogonadism are common in male AIDS patients. HIV has
been discovered in testicular germ cells. Inflammation,
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reduced testosterone generation by Leydig cells, and HIV
infection of testicular germ cells are all factors that can
influence male reproductive and endocrine function. Zika
virus has been found in sperm and can be transferred sexually.
In males infected with Zika, viral levels in the sperm are
frequently significantly greater than in the serum and can last
up to 188 days in the sperm, whereas the virus is eliminated
from the serum after the first symptoms fade (Lu et al., 2020).
Given the Zika virus's recent introduction, information on the
virus's long-term effects on human male reproductive and
endocrine function is scarce. Mumps, HIV, and the Zika virus
are among the viruses that can cause orchitis and have been
found in the sperm (OurWorldinData, 2023).

Male fertility is harmed by Zika (ZIKV), mumps
(MuV), and SARS-CoV-1 virus infections, while the
picture of COVID-19 is less apparent (Chen et al., 2020;
Huang et al., 2020). Long-term observation and study will
be required to have a better knowledge of infection and
pathogenesis mechanisms. COVID-19 might infect the
seminal vesicles and prostate gland, which provide
seminal fluid to the sperm. COVID-19 might infect the
male reproductive organs and endanger male fertility,
which contributes seminal fluid to the semen (Fan et al.
2020). COVID-19 patients have been observed to have
decreased spermatogenesis and lower sperm quality
parameters (Li et al. 2020; Ruan et al. 2021). According to
Hajizadeh and Tartibian (2021), these abnormalities
occurred over time and were correlated with significant
impairments in sperm parameters like morphology,
concentration, semen volume, progressive motility, and
spermatozoa quantity.

2. Coronaviruses: Structure and Pathogenic
Mechanism

Coronaviruses are the most prominent positive-
stranded RNA virus family, with 30 members now (Zhao
et al., 2020). Coronavirus (CoV) is an enveloped positive-
sense RNA virus with unique glycoprotein spikes that give
it a crown-like appearance when seen under an electron
microscope (Pal et al., 2020). It's divided into four major
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genera: Alphacoronavirus (0CoV), Betacoronavirus (B-
CoV), Gammacoronavirus (y-CoV), and Deltacoronavirus
(0CoV) based on its genes. These four genera are the
primary groupings of viruses that cause respiratory and
gastrointestinal diseases. The aCoV and B-CoV may both
infect mammals; however, y-CoV and 6CoV mostly infect
birds (Madabhavi et al., 2020). This genome includes
spike (S) glycoprotein, matrix (M), envelope (E), and
nucleocapsid (N) proteins (Guo et al., 2020). COVID-19
has a bat origin of CoV as a genetic trait. It has 79.5%
identical sequences to SARS-CoV. Angiotensin-
converting enzyme Il (ACE2) is bound by the virus and
enters host cells using its surface spike (S) protein (Fan et
al. 2020). It also uses cellular serine protease.
Transmembrane protease, serine 2 (TMPRSS2), allowing
the initiation of viral protein S. The COVID-19 virus
enters the body via binding to ACE2 expressed on target
host cells and attaches to this receptor, similarly to SARS-
CoV-1, to facilitate endocytosis and cellular infection
(Akhigbe et al., 2020). The angiotensin Il (Ang II) and
Ang (1-7) hormones have opposing effects. Whereas Ang
Il is pro-inflammatory, profibrotic, and proapoptotic with
tissue remodeling properties, Ang-(1-7) is anti-
inflammatory and anti-fibrotic.

In other words, ACE1 and ACE2 counteract each
other, and their roles are essential in balancing the renin-
angiotensin system (RAS). Infection with COVID-19
causes reduced ACE2 activity and downregulation
(Gkogkou et al. 2020, Zhou et al. 2020b). Both ACE2 and
TMPRSS2 have appeared to be strongly expressed not
only in the lungs, Kidneys, intestines, and heart tissues, but
also in the spermatogonia, Leydig, and Sertoli cells in the
human testes, as well as other male reproductive organs
such as the prostate gland (Maya & Carvajal 2020, Raouf
et al., 2020).

SARS-CoV-2 uses MAS receptors that are present in
the lung, in the testicles, and in Leydig and Sertoli cells.
The first hypothesis is that the virus could enter the testicle
and lead to alterations in testicular functionality. A second
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hypothesis is that the binding of the virus to the ACE2
receptor could cause an excess of ACE2 and give rise to a
typical inflammatory response. The inflammatory cells
could interfere with the function of Leydig and Sertoli
cells. Both hypotheses should be evaluated and confirmed
to possibly monitor fertility in patients with COVID-19
(Illiano et al., 2020). COVID-19 employs the angiotensin-
converting enzyme 2 (ACE2) receptors in the RAS for
viral entry. The ACE2 receptor is present in the
reproductive system, and reports of multi-organ
involvement have led to uncertainty regarding COVID-
19°s effects on the reproductive system and fertility
(YYounis et al., 2020).

The renin-angiotensin-aldosterone system (RAAS)
relies on ACE2 (Klein et al., 2020). Renin breaks down
angiotensinogen (Ang) I, which ACE then converts to Ang
I1. Ang Il causes smooth muscle contraction in the bronchi,
pulmonary fibroblast growth, alveolar epithelial cell
apoptosis, and pulmonary vascular permeability. ACE2,
on the other hand, is an angiotensin Il-degrading enzyme
that produces angiotensin (Guan et al., 2019; Mo et al.,
2020), which has hypotension, hypertension, and renal
effects (La Vignera et al., 2020; Ardestani and Arab,
2021). Furthermore, in the intestines, ACE2 assists in the
digestion of neutral amino acids.

3. COVID-19 and Male Infertility

COVID-19 may cause inflammation in approximately
5%-10% of men of reproductive age and, rarely, even
infection of the testes. Such orchitis is highly correlated
with the severity of the disease and age. Several studies
have indicated that COVID-19 may impair the testes and
quality of sperm and sex hormones (Patel and Hsieh,
2022). Infertility is a reproductive system disorder
affecting up to 15% of reproductive-age couples
worldwide. Male-related dysfunctions account for 40 to
50% of all cases of infertility. Viruses cause infections of
the male reproductive system. Infectious and
inflammatory illnesses of the reproductive system can
induce male infertility. Viral infections that directly affect

spermatozoa can harm male fertility by causing sperm
mortality, lowering sperm count, and decreasing motility
by releasing inflammatory cytokines. Infections can also
affect sperm production and genital organ function
indirectly (Aitken, 2021).

Studies also showed that coronavirus infection results
in orchitis and epididymitis inflammation, causing male
sexual dysfunction and infertility. Infection can lead to
morphological and functional changes in semen
parameters and impaired fertility. Testicle injuries caused
by the virus could cause circulatory changes, a decrease in
sperm-producing cells, and hormonal changes (Tian &
Zhou, 2021). It is important to consider that sperm quality
in semen is crucial to successful reproduction. Males may
experience reduced sperm viability, sperm counts, and
sperm motility because of direct testicular infection,
primarily due to effects on the testicles (Pal et al., 2020).
Viruses usually enter the testes via hematogenous
dissemination. The testicular immune privilege protects
testicular germ cells from the host's inflammatory reaction
to systemic infection in normal conditions. Certain viruses,
on the other hand, can pass the blood-testis barrier and
even infect testicular cells, triggering an immune response
in the testis (Li et al., 2020).

The SARS virus causes orchitis, testis damage, and
spermatogenesis issues, and high temperatures might be
one cause of testis damage in SARS patients.
Temperatures below 37°C are essential for germ cell
growth. Long-term fever may be harmful to
spermatogenesis and increase oxidative stress (Tur-Kaspa
et al., 2021; Dutta and Sengupta, 2021).

1.  Testis Orchitis

The presence of COVID-19 spike protein and viral
nucleic acid in testicular samples from COVID-19 patients
suggests that the virus may have an impact on
spermatogenesis. Heat-induced testicular cell
degeneration has been linked to apoptosis, which has been
hypothesized as a plausible mechanism. Although high
fever is known to have arole in viral orchitis, SARS likely
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has an influence on testicular function in ways other than
temperature. Demonstrated fibrosis and congestion in the
testes of non-SARS-infected people who had a long-term
high fever but no signs of germ cell loss or leukocyte
infiltration (Giugliano et al., 2023).

Many viruses, like the mumps virus, human
immunodeficiency virus (HIV), and SARS-CoV, have
previously been discovered to infect testes (Zadeh and
Arab, 2021). It is possible that the new SARS-CoV-2,
which has 76% amino acid sequence similarity with the
original SARS-CoV, can infect the testes, presenting a
case of orchid-epididymitis associated with SARS-CoV-2
infection (Lu et al.,, 2020). SARS-CoV patients also
demonstrated orchitis and testicular injury, including
lower germ cell counts and apoptotic death with interstitial
leukocyte infiltration, as well as decreased germ cell
counts and apoptotic death. Histopathologically,
inflammatory infiltrates and immunoglobulin G (1gG)
accumulation were seen mostly in the seminiferous
epithelium, interstitium, degenerated germ cells, and
Sertoli cells (Li et al., 2020). Males who recovered from
SARS-CoV-2 infection had scrotal discomfort (Pan et al.
2020). Furthermore, fibrin microthrombi orchitis was
found in two of the testes tested in a study of severe
COVID-19 cases in Brazil (Walls et al., 2020). Significant
seminiferous cellular damage reduced Leydig cell counts,
and moderate lymphocytic inflammation was found in the
postmortem examinations of 12 COVID-19 male patients
in China. Given the association between COVID-19 and
coagulation disorders, one study proposed that orchitis was
caused by vasculitis and that segmental vascularization of
the testes might create an orchitis-like syndrome.
According to the findings, SARS-CoV-2 infection can
cause testicular ultrastructural lesions and orchitis in
severely infected males (Bani et al., 2023).

2. Disruption and Hormonal Imbalance

In postmortem samples collected from SARS patients,
changes in various pituitary cell types were discovered,
showing endocrine dysfunction in these individuals, which
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might be connected to spermatogenesis issues (Borges et
al., 2021). COVID-19 infection has been associated with
alterations in hormonal profiles, including decreased
testosterone levels and impaired spermatogenesis. Severe
COVID-19 cases exhibit a dysregulated immune response
characterized by cytokine storms, which may lead to
testicular damage via inflammatory pathways. These
disruptions can lead to temporary or permanent hormonal
imbalances, potentially impacting fertility in male
COVID-19 patients. Healthcare providers need to consider
these potential reproductive implications when managing
and treating individuals with COVID-19 infection.

The association between SARS and testicular damage
in other types of viral orchitis may be due to endocrine
disruption. The viruses themselves may have an impact on
pituitary function. Hypogonadism has been attributed to
low LH and FSH levels rather than intrinsic testicular
failure in HIV-positive people because of hypothalamic-
pituitary-gonadal axis dysfunction (Tur-Kaspa et al.,
2021). HIV has been found in pituitary cells, which might
explain the harm to the hypothalamus and pituitary gland.
Hypogonadism has been discovered in HCV-infected men.
Systemic inflammation associated with hypothalamic-
pituitary-gonadal axis suppression cannot be ruled out as a
cause (Brown, 2019). Hemorrhagic fever virus (HFV) and
herpes simplex virus (HSV) are both known to influence
the pituitary-gonadal axis. Serum luteinizing hormone
(LH) levels have recently been revealed to be higher. The
ratios of testosterone/LH and follicle-stimulating hormone
(FSH)/LH were dramatically reduced in many male
COVID-19 patients with moderate-to-severe COVID-19.

3. Immune Dysregulation and Testicular
Damage

Severe COVID-19 cases exhibit a dysregulated
immune response characterized by cytokine storms, which
may lead to testicular damage via inflammatory pathways.
Elevated levels of pro-inflammatory cytokines have been
detected in the semen of COVID-19 patients, indicating
systemic inflammation with potential repercussions for



Jordan Journal of Pharmaceutical Sciences, Volumne 18, No. 4, 2025

male reproductive function (Rastrelli et al., 2021).
Testicular immune privilege provides a degree of immune
protection unique to the testis, and the blood-testis barrier,
special immunomodulatory molecules, and lack of MHC
expression by germ cells facilitate it. The immune
response in the lungs and other infected tissues is
characterized by an uncontrolled cytokine release, leading
to a cytokine storm, and an overall increase in anti-
inflammatory cytokines. Like the lung, severe cases of
COVID-19 may elicit a cytokine storm in the testis. This
event is speculated to be a mechanism of tissue injury and
damage to germ cells, potentially the cause of subsequent
subfertility among survivors of severe disease.

According to the results of another molecular and
morphological investigation, an autopsy of six males with
COVID-19 demonstrated significant spermatogenesis
damage in these patients when compared to controls. In
addition to the identification of viral RNA and particles,
TMPRSS2 and ACE2 were assessed. Furthermore,
histological examinations indicated the existence of many
leukocytes (CD68 macrophages, CD3 T-cells, CD20 B-
cells, CD38 plasma cells, and HLA-DR myeloid cells)
(Marthasari et al. 2023).

4.  Medications and Treatments:

The presence of COVID-19 in semen is controversial,
but impaired semen quality has been found in males with
moderate coronavirus disease 2019 infection )Lee et al.,
2021). The increased evidence of orchitis and hormonal
changes seen in male coronavirus disease 2019 infection
may lead to infertility. Male reproductive system cells,
such as spermatogonia and testicular Leydig and Sertoli
cells, express ACE2. It has been speculated that COVID-
19 might impair testicular histology, causing
morphological and functional changes in these cells. While
conflicting evidence exists regarding ACE2 expression in
the testes, viral particles have been detected in testicular
biopsies of COVID-19 patients, suggesting possible
testicular tropism. Sperm and oocytes are unlikely to be
susceptible to infection by COVID-19. Some medications

used to manage COVID-19 symptoms may have
implications for male fertility.

Healthcare providers need to consider these factors
when treating patients with COVID-19. It is crucial for
individuals, especially those trying to conceive, to discuss
any concerns about male fertility and COVID-19 with
healthcare providers. Research is ongoing to better
understand the potential impact of the virus on male
reproductive health. In the meantime, following public
health guidelines, maintaining overall health, and seeking
medical advice when needed are essential steps in
protecting both general health and fertility (Salonia et al.,
2021; Wang et al., 2023; Yuanita et al, 2025).

Semen Quality and Reproductive Outcomes:
Assessment of semen parameters in COVID-19 patients
has revealed variable effects on sperm quality, including
decreased sperm concentration, motility, and morphology.
The implications of these changes for male fertility and
reproductive outcomes require further investigation.

Long-term Implications and ART Considerations:
Emerging evidence suggests potential long-term
consequences of COVID-19 infection on male fertility,
raising questions about the safety of ART procedures
(Rastrelli et al., 2021; Mumtazet al., 2025).

Impact on Assisted Reproductive Technologies: The
COVID-19 pandemic has significantly impacted assisted
reproductive technologies (ART), including in vitro
fertilization (IVF) and intracytoplasmic sperm injection
(ICSI). Challenges related to patient management,
laboratory protocols, and gamete and embryo storage
safety have emerged. Strategies to mitigate the risks of
COVID-19 transmission in ART settings while ensuring
continuity of care are essential considerations for
reproductive medicine specialists (Silvia et al., 2023;
Khdair et al., 2025).

DISCUSSION
This review explores how COVID-19 could impact
male reproductive health, including viral entry via ACE2

- 1175 -



Impact of COVID-19 Disease ...

receptors, orchitis, hormonal changes, and sperm
parameter deficiency. COVID-19 and ACE receptors in
spermatogenesis demonstrated and established infection in
host cells. The male reproductive tract may be directly
vulnerable to coronavirus invasion via virus binding to the
enzyme present in testicular cells, leading to reduced
spermatogenesis and fertility problems and a better
understanding of COVID-19-associated  sequelae,
fundamental for semen collection in assisted reproduction.
The virus may indirectly affect gametes and embryos.
Management strategies during COVID-19 illness and post-
recovery monitoring are crucial.

The review indicates that COVID-19 can cause
testicular inflammation, known as orchitis, leading to
severe testicular damage due to inflammation and
oxidative stress, as observed in mortality cases. This
inflammation can contribute to a decrease in semen quality
and fertility potential (sperm quality, motility,
morphology, concentration, and volume were significantly
affected by COVID-19, and the inflammatory response
could explain the observed changes). COVID-19. The
limitations of the practical study need to be understood to
understand the long-term effects on male fertility. To fully
understand the long-term effects on male fertility, more
research is required. Studies that compare patients,
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