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Abstract

With the worldwide threat of SARS-CoV-2 as well as the growing number of infectious agents,
little is recognized about how such a virus impacts the reproductive-system of males. This new
coronavirus illness (COVID-19) outbreak puts men at a greater risk than females. So far, research
on the andrological effects of coronavirus has been limited. The purpose of this study was to
see how COVID-19 affected sperm characteristics in infertile males. Such study includes 30
males in total. In the prospective cohort study, different demographic as well as semen
parameters have been assessed. The demographic factors including age, BMI, diabetes, and
hypertension have somehow little or no effect on the patients after the COVID-19 diagnosis.
Furthermore, the semen characteristics include sperm count and concentration, total motility,
semen volume, and progressive motility. The COVID-19 infection has a significant impact on all
these parameters. We present significant experimental proof that the COVID-19 outbreak can
harm and target male fertility. The long-term outcomes of coronavirus on the reproductive
systems of males have yet to be determined. Infection with SARS-CoV-2 can impair men's
reproductive function. Standard treatment plans must be made timely to protect infected
patients' fertility. Fertility evaluations and competent fertility assistance should be offered
concurrently for recovered individuals with fertility needs.
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Introduction

People from around the world have developed
health issues related to COVID-19. It causes multi-
organ dysfunction, predominantly in the respiratory
system. Since its first infection in 2019 (December),
the new coronavirus pandemic has spread rapidly,
resulting in an unusual worldwide health crisis that
harms individuals in several facets of life. According
to WHO, more than 143 million people around the
world have been detected to have COVID-19. WHO
has identified the coronavirus held to account for this
pandemic as severe-acute respiratory-syndrome-
coronavirus, i.e., SARS-CoV-2 (1).

Despite the fact that several states are fighting the
coronavirus ailment 2019, over 150 million
individuals have been diagnosed with SARS-CoV-2
and more than 120 million individuals have
recovered. Since the eradication of such viral
diseases in the coming years is unsure, humanity
would have to continue living with coronavirus for at
least some years. Even though COVID-19 infection is
primarily a respiratory illness, the high rate of
infection caused by such a virus has forced us to
concentrate on its negative impacts on some other
organs. COVID-19 reaches host cells through
binding to ACE2 (angiotensin-converting-enzyme 2)
and TMPRSS2 (transmembrane-serine protease-2)
receptors on the cell surface (2).

Initial clinical studies throughout China found that
males are more probable to contract the COVID-19
infection and experience more serious conditions.
Punjani has made similar findings (3). At least within the
respiratory system, males have higher ACE2 levels than
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women (4). Men may have elevated amounts of ACE2
or TMPRSS2 expressed throughout various organs,
which could describe their sex-based specificity. This
has been established that TMPRSS2 and ACE2 are
strongly expressed not just in kidney, lungs, heart, and
intestine tissues (5,6), yet also in the individual's testes'
Sertoli and Leydig cells, spermatogonia, along with
other men's reproductive organs such as the seminal
vesicles, bulbourethral glands, and prostate gland (7),
which add seminal fluid/vesicles to that sperm,
signifying  that coronavirus can harm men's
reproductive organs, putting male reproduction
system at risk. In this respect, coronavirus patients have
been already found to have deficient spermatogenesis
as well as decreased sperm quality attributes (8).

Previous research has found that COVID-19 can pass
the blood-brain boundary and infect glial cells and
neurons via ACE-2  receptors, activating
inflammatory reactions within neural tissues such as
the pituitary gland and hypothalamus. However, the
potential impact of coronavirus illness on that
hypothalamic-pituitary-adrenal axis was already
presumed, and the processes by which coronavirus
interrupts this hypothalamic-pituitary-gonadal-axis
are unknown (9). Furthermore, a growing body of
literature suggests that coronavirus infection might
impact the men's genital tract and testes,
interrupting gonadal processes. The disease's
damaging effects might be the consequence of
either significant cytopathic impacts of coronavirus
on target tissues or implicit damage caused by the
inflammatory reaction to the virus (10). SARS-CoV-2
cell entry is dependent on highly contagious spike
(S)-proteins binding to receptor molecules as well as
S-protein stimulation by host tissue proteases.
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In some other research, RNAs of SARS-CoV-2 were
observed in the sperm of 4 patients in the severe
stage and 2 patients in the recovery phase, though
this outcome was attributed to contamination due to
methodological problems. In one analysis, 6 of 34
subjects faced scrotal discomfort due to viral orchitis
throughout the coronavirus infection (11). Only one
of the twelve patients who did not survive had SARS-
CoV-2 identified by RT-PCR (reverse-transcription-
polymerase chain-reaction) in the reproductive
organs (the virus observed likely came from plasma
instead of seminiferous tubules), and none had it
detected by microscopic examination. Despite this,
substantial changes in scrotal histology were
noticed, such as morphological variations in Sertoli-
cells, tubular cell loss as well as sloughing within the
lumen, and a decrease in the Leydig cells, plus minor
lymphocytic inflammation, indicating testicular harm
during the course of illness (12).

Several studies have looked into the sperm attributes
of coronavirus patients (13). The findings of such
research suggest that COVID-19 infection may have
a negative impact on sperm parameters, although
there is still debate about the impact of COVID-19
on sperm quality potential due to a lack of data.
These impacts can be the outcome of COVID-19's
severe infections as well as cytokine storms, or a
profound impact of the infection on men's
reproductive  organs. Moreover, systemic
interference with such a body, in conjunction with
inflammation and fever, might also dysregulate
hormonal balance by that HPG (hypothalamic-
pituitary-gonadal) axis, potentially impairing sperm
count. In addition, oxidative stress and inflammation
interact reciprocally, thus one can induce the other
(14). The negative impacts of such oxidative-stress
on spermatogenesis have previously been
addressed (15).

At least eleven viruses could sustain within the
testicle and might also arise in the sperm, which
might be due to the virus's stable structure, particular
immune evasion, viral epitopes, and certain other
factors (16). Numerous infections have been
discovered to engage directly with semen, hinder
sperm production, or interfere with spermatogenesis
by inciting local inflammation. Multiple opinion
articles have already been printed, suggesting the
potential of the COVID-19 ailment to cause testicular
damage. Some researchers think that full-grown
sperm could attach to the pathogen and perhaps
even copy it, raising the risk that sperm could
function as a COVID-19 vector (17). The testis, on the
other hand, is the part of the body that forms sperm.
However, if SARS-CoV-2 invades it, this will impair
spermatogenesis. Moreover, the prostate is another
organ that has a high level of ACE2 expression (18).
The prostate secretes prostatic fluid, or EPS, which is
a light milky white viscous liquid that is an important
element of sperm. As a result, it is fair to speculate
that SARS-CoV-2 may affect the prostate.

Due to the limited amount of information, viral
mRNA was already found in the sperm of patients
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having COVID-19, with some proof of changed
seminal characteristics. This new global epidemic has
compelled us to recognize several significant
problems that may have an impact on the testicles:
Firstly, is there SARS-CoV-2 present within the
seminal fluid? Secondly, how well does coronavirus
affect sperm or male reproductive capacity, both
indirectly or directly? We, therefore, provide a
thorough understanding of the study of whether
COVID-19 can affect the reproductive system of
males or not in this analysis. The sub-topics which
have been summarized throughout this paper
include the presence of coronavirus in seminal fluid,
damage of COVID-19 infection on men's
reproductive organs, and what are the effects of the
virus on male fertility. All this research would be
beneficial for future studies.

Patients and Methods

The recent prospective research was performed in
Salahdin-Province (Tikrit-and-Samarra) between April
2021 and April 2022. The research included a total
of 30 men who had their sperm analyses performed
after and before being diagnosed with coronavirus.
Patients were called and scheduled consultations
with such an assisted reproduction group to give
sperm samples. After sexual abstinence for 3
months, the patient's sperm was examined. Patients
have been excluded from this research in case they
had urogenital processes during this time, had
azoospermia, were taking pills that could impact
sperm  variables  (antibiotics,  supplements,
testosterone, and so on), or had a record of any
fractious illness other than coronavirus in the
previous three months.

All subjects were identified with coronavirus infection
around 3 months before and now they are
recovering. However, all the semen characteristics
(total motility, sperm concentration and count,
semen volume, and progressive motility) pre, as well
as post-coronavirus, were evaluated. All the patients’
age was between twenty to forty-five years. In
addition to that, seminal fluid assessment was as per
WHO-2010 5th edition standards. Other parameters
comprise age, hypertension, diabetes, BMI, and
smoking.

Statistical Analysis

Data is demonstrated as a median due to the
limited group of participants. Master tables were
used for statistical analyses, and skeletal tables
along with standard-deviation and mean were
used for data presentation. The Wilcoxon-test or
paired t-test was utilized to compare sperm
parameters in patients after and before
coronavirus infection. Statistical significance was
assigned to values of p<0.05. The proportion of
participants (COVID+/COVID-) or perhaps the
appropriate SD (standard-deviation) and mean
difference were available for every seminal
parameter, and such mean-differences and SDs
have been measured using data available.
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Results

Overall, 30 patients' data were analyzed for infertility.
The spermiogram  findings reported after and
before the detection of coronavirus were assessed in
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have a history of smoking, 3 have hypertension and
only one has a history of diabetes.

this data. The patients’ ages were between 20 to 45 Different Parameters n=30
years. However, the demographic factors and clinical Age (years) 30.6 8.9
features of these patients are observed in (Table-1). Smoking 9 (30 %)
The average age of all the subjects was 30 years. Hypertension 3(10%)
Also, the average BMI (body-mass index) for all such P 1(3.33%)
stuk?jects was 26.8 kg/m?, which is above the higher BMi(kg/m?) 268 <29
limit of the standard range. Moreover, 9 patients
Parameters Pre-COVID-19 Post-COVID-19 P-value
Volume(ml) 42+1.8 41 +1.6 0.62
Total motility(%) 49.2 + 6.1 38.6 £9.2 0.005
UetEl e lor et Geal 68.2 + 56.2 54.6 + 45.2 0.01
(millions)
Sperm concentration 55.1 % 16.2 52.2 + 15.2 0.07
(million/ml)
Progressive motility(%) 33.4+1.1 30.8 5.2 0.2

The values of semen characteristics were compared
among the subjects before as well as after the
COVID-19 diagnosis. The total motility percentage,
semen volume, progressive motility percentage, and
sperm concentration and count were observed as
considerably reduced after coronavirus (p = 0.62, p
=0.005,p=0.2,p =0.01, and p = 0.07 respectively)
(Table 2). The parameter of smoking has some
effects on the patient's seminal fluid (19). In addition,
factors like hypertension, diabetes, and BMI have
little or no impact on the seminal fluid of COVID-19
patients. According to this research, the semen
parameters are significantly decreased after the
diagnosis of coronavirus. It shows that such
parameters are strongly associated with COVID-19.

Analysis of Parameters

Our results demonstrated a noteworthy correlation
between COVID-19 ailment and reduced semen-
volume from 4.2 + 1.8 to 4.1 + 1.6, showing a p-value
of 0.62. The inclusive impact also presented that
coronavirus infection was adversely associated with
semen-volume  within  subjects.  Also, the
concentration of sperm in subjects after COVID-19
infection showed decreased sperm concentrations,
however, it wasn't significant (p=0.07). COVID-19
cases had  considerably  declined  sperm
concentrations compared to before the coronavirus
from 55.1 + 16.2 to 52.2 = 15.2, showing a p-value
of 0.07.

Patients having COVID-19 infection specified
significantly decreased sperm counts than before
COVID-19. Such a decrease is from 68.2 = 56.2 to
54.6 + 45.2, showing a p-value of 0.01. In addition,
decreased overall sperm-motility was detected in
patients with COVID-19. The data advocated that
sperm-motility was considerably lesser in subjects
with COVID-19 from 49.2 + 6.1 to 38.6 = 9.2,
showing a p-value of 0.005. Similarly, individuals with

coronavirus had significantly decreased progressive
motility percentage from 33.4 = 1.1 to 30.8 + 5.2,
showing a p-value of 0.2.

Discussion

Our findings suggest that COVID-19 could cause
major deficits in men's reproductive function by
influencing various sperm parameters. The results of
this study showed that COVID-19 had a negative
impact on sperm concentration, sperm volume,
sperm motility, and sperm count, resulting in a
degradation of these factors in COVID-19 subjects.
Then, Holtmann and coworkers in  Germany
conducted the first research to examine the
implications of coronavirus on semen parameters
(20). They found that a minor coronavirus does not
appear to impair testis as well as epididymis activity,
whereas a mild infection did show up to impair
semen characteristics. Pazir obtained different
outcomes. Their results indicated that in instances
with a record of slight COVID-19, sperm count and
sperm motility were greatly decreased (21). Similarly,
Erby and coworkers reported in a study of 69
recovered subjects that COVID-19 has a short-term
detrimental effect on sperm production (22).

Coronavirus was separated from the testicles in a
medical examiner series performed by Bian as well
as associates (10). Furthermore, they confirmed
different levels of damage in the testis as well as a
decline in the amount of spermatogenic-cells. In an
autopsy conducted by Xu (23), SARS-CoV, the
leading cause of SARS illness, was linked to the
growth of orchitis. Histopathological examinations
revealed inflammatory infiltrates, primarily in the
Sertoli cells. The testes' most significant function is
to make sperm, and coronavirus infections can impair
sperm quality. We studied the impacts of COVID-19
on sperm parameters in this study by comparing
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such sperm characteristics of patients after and
before infection and found substantial variations in
sperm morphology and count.

Yang looked at the testicles of twelve people who
died from COVID-19. They found normal sperm
production in three of the specimens, but defects in
the remaining ones. In addition, the coronavirus, like
the pathophysiology postulated in the respiratory
system, can lead to serious harm to the testicles.
Inflammatory cytokines that further elevate in
reaction to the virus's immune response might
induce degradation of such a blood-testicular
boundary and testicular damage. Furthermore,
among the most essential activities of the testicles is
sperm production, and infections can impair sperm
quality (24).

SAR-CoV-2 could also function through a variety of
techniques, which can interrupt the reproductive
functions of males and potentially harm offspring
growth. COVID-19 induces OS (oxidative-stress) by
stimulating oxidant-sensitive mechanisms through
inflammatory  responses.  OS  could prompt
peroxidative harm to the testicular plasma
membrane as well as compromise the DNA integrity
within the nucleus of sperm. It reduces sperm count
plus speeds up the rate of abortion (25). Besides that,
COVID-19 stimulates systemic OS, production, and
discharge of elevated amounts of NO (nitric oxide),
impacting  androgen  production,  hindering
spermatogenesis, impeding sperm motility, and
having adverse implications for offspring (26).

Our patients are assessed before and after diagnosis
of COVID-19 to analyze whether the damage in
semen factors that we detected was initiated by an
initial temporary spermatogenesis deficiency or
maybe by late spermatogenesis failure. As we
identified that all the patient's semen parameters
have deteriorated after the coronavirus diagnosis, it
has been cleared from our study that COVID-19 is
significantly associated with seminal fluid. Additional
research on post-infection males is required in the
future to demonstrate the endless impact of
infection.

Conclusion

The impact of coronavirus on the reproductive
system of men is a new research area. After COVID-
19 diagnosis, we found a substantial decline in
average sperm count, progressive motility, sperm
concentration, semen volume, and total motility.
Clinicians must be cognizant that coronavirus may
cause  additional  degradation of  semen
characteristics, which might be critical in the
assessment of infertile males. Researchers from
various countries need to pay more attention to the
impact of COVID-19 on male reproductive-function.
We propose studying the long and short-term
impacts of COVID-19 on men’s reproduction in
various areas. The consequences of coronavirus
infection on sperm quality potential in subjects of
various ages, disease severity, and stages would
greatly help researchers in further unveiling the
3391
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function of this viral disease in male fertility.
However, more research is needed to determine the

long-term  impacts of COVID-19 on semen
characteristics and fertility.
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