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Abstract

Objectives: We want to evaluate the possible presence of
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) in semen samples and semen quality, looking for a
possible relationship between the infectious disease and
fertility.

Methods: In this prospective study, we enrolled 15
consecutive men (age 18-50 vyears) with positive
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oropharyngeal swab to SARS-CoV-2 and classified, ac-
cording to WHO criteria, in mild to moderate disease. A
semen sample was collected to detect SARS-CoV viral RNA
by the automated Real-Time PCR ELITe InGenius® system
and the GeneFinder™ COVID-19 Plus RealAmp Kit assay
(ELITechGroup, France). Analysis of semen characteristics
was performed according to WHO laboratory manual 5th
ed. for the examination and processing of human semen.
Blood samples for the dosage of hormonal assay, pro-
calcitonin, interleukin 6, C-reactive protein were obtained.
Results: SARS-CoV-2 RNA has not been detected in
semen samples from any of the subjects analysed. Sperm
analysis exhibited abnormal seminal values in 14 out of 15
patients (93.3%). Furthermore, no difference was detec-
ted regarding sperm quality between mild and moderate
SARS-CoV-2 patients. No alteration in the inflammatory
indices was observed in the studied population, as well
gonadotropins and testosterone levels.

Conclusions: COVID patients studied exhibits alteration
of the seminal fluid both in microscopic and macroscopic
characteristics such as hypoposia and increased viscos-
ity, which have not been detected in previous studies. The
presence of viral RNA within the seminal fluid was
excluded.

Keywords: COVID-19; liquid semen analysis; male genital
tract; SARS-CoV-2; spermatogenesis.

Introduction

The global coronavirus disease 2019 (COVID-19) pandemic
has made it of primary importance to know all routes of
transmission of the causative agent, severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) via bodily fluids data
from the Italian Health indicate that approximately 26% of
patients with COVID-19 have at least one pathology [1]. The
SARS-CoV-2 virus has been reported in nasopharyngeal,
nasal, and lower respiratory tract secretions [1]. It has also
been detected in feces, urine and, at a lower infection per-
centage, in blood [2]. Little is known about the presence of
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the virus in semen or its ability to spread through sexual
intercourse. It is known that in testis tissue and urogenital
tract there are ACE 2 receptors capable of binding with the
SARS-CoV-2 virus [3, 4]; however, the real presence and the
role of SARS-CoV-2 in these sites is not clear and the few
studies available on this topic show conflicting results.

Some authors have found the presence of the
SARS-CoV-2 RNA in semen [5], others in the testis [6, 7]. In
other studies, instead, it was found only in semen samples
in a small percentage of patients in the acute stage of
infection or in recovery [8], while in others it was not found
in any patient [9].

The lack of homogeneity in the results could be due to
the different research methodologies used (tissue or semen),
the small samples analyzed, the different time elapsed from
diagnosis to sample analysis, and the lack of standardiza-
tion in the choice of the population included (asymptomatic
or symptomatic, in acute or in remission stage).

However, knowing the presence of COVID-19 in
sperm and any semen alterations is crucial in order to
assess the possible sexual route for the transmission of
the disease, including sperm donation by COVID-19
patients, and for further research focused on possible
long-term consequences of the infection, like male
infertility.

In the light of these considerations, the aim of our study
was to evaluate the possible presence of SARS-CoV-2 in
semen samples and to define the semen quality in sperm
collected from young Italian men with COVID-19, confirmed
through a nasopharyngeal swab.

Materials and methods

During the period September 2020-January 2021, 15 patients were
enrolled at the External Wards Department of the Military Hospital
Center of Milan, which is specifically set up for the hospitalization of
military and civilian patients who have tested positive for COVID-19.
All patients had a SARS-CoV-2 positive oropharyngeal swab. Adult
males from 18 to 50 years old were included in the clinical study. Five
out of 15 had fatherhood.

In relation to disease severity, the patients were divided into two
groups (mild and moderate) according to the World Health Organi-
zation (WHO) “interim guidance” [10].

At the time of enrollment, the methods and purposes of the
clinical study were explained to each patient, who signed a consent
form and also filled in a dedicated form which included these data:
—  past medical history, pharmacological history, and history of the

present SARS-CoV-2 infection (date of the positive oropharyngeal

swab, symptoms, and current therapy).
- social history (occupation, height, weight, body mass index

(BMI), smoking, alcohol, and drug use).
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We performed this study after obtaining institutional review
board (IRB) approval n° 41025 (University of Perugia — Italy).

Blood sampling

A blood sample was taken on the agreed day for the examinations,
from each patient, early in the morning (by 08:30); it was sent to the
San Carlo Hospital in Milan for the subsequent blood dosage of
Follicle-stimulating hormone (FSH), Luteinizing Hormone (LH),
testosterone, and inflammation index: procalcitonin (PCT), inter-
leukin 6 (IL-6), and C-Reactive Protein (CRP).

Serum samples for measurement of LH, FSH, testosterone, IL-6,
and PCT were detected by electrochemiluminescent immunoassays
according to the protocol from the manufacturer (COBAS €602 Roche
Diagnostics, Basel Switzerland). Serum CRP levels were measured
using the immunoturbidimetric method on COBAS €702 (Roche Di-
agnostics, Basel Switzerland).

Seminal fluid samples

Each patient was also asked to collect, in the same morning at
10:00 am, a seminal fluid sample, which was used to perform, first, an
analysis of semen characteristics (in accordance with the validated
values in the WHO 2010) by a civilian consultant biology expert at the
Military Hospital Center of Milan.

Spermogram: The sample was produced on-site by masturbation into
a sterile plastic specimen cup following abstinence of 2-7 days ac-
cording to WHO 2010. All subjects underwent semen analysis. The
semen was left at room temperature for liquefaction for 30 min. Once
liquefaction took place they were moved into graduated and labeled
test tubes.

A macroscopic evaluation was made to assess the following pa-
rameters: volume, pH, color, liquefaction, and viscosity.

The liquefied semen samples were analyzed for sperm concen-
tration and motility and were assessed under the light microscope at
200x magnification using Makler’s counting chamber (0.01 mm? and
10 pm deep). Motility was scored manually, as percentages of fast
forward progressive, slow forward progressive, nonprogressive, and
immotile spermatozoa in 200 spermatozoa in at least five power fields
per replicate.

Sperm morphology was assessed by staining samples with Diff
Quick (MBT Medical Biological Technologies, Italy) according to WHO
2010 [11]. A vitality test was also made to identify immobile and
nonvital spermatozoa.

The nonspermatic component was also evaluated: epithelial
cells, red blood cells, leukocytes, and germ cells. The spermatogenic
cells and leukocytes were evaluated in the staining. None of the
analyzed samples had a leukocyte concentration greater than one
million, such as not to assume an inflammatory response. The vitality
of the spermatozoa was performed with the Eosin Y-Nigrosin test
(Sigma-Aldrich). The spermatozoa were considered viable with the
test >58% according to the WHO 2010.

The remaining amount of seminal fluid was sent to the laboratory
of Clinical Microbiology, Virology, and Bioemergency Diagnostics of
the Sacco Hospital in Milan for immediate freezing and subsequent
tests for the detection of the SARS-CoV-2 virus.
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RT-PCR: Molecular analysis was performed on available samples to
detect viral RNA, using the automated Real-Time PCR ELITe InGenius®
system and the GeneFinderTM COVID-19 Plus RealAmp Kit assay
(ELITechGroup, France). The reaction mix was prepared manually,
according to the manufacturer’s instructions, and loaded on the sys-
tem with other reagents, while RNA was extracted from 200 pL of the
sample and eluted in 100 pL; the final reaction volume consisted of
5 pL of RNA plus 15 pL of reagents mix. The RT-PCR profile was set up
as follows, according to the manufacturer’s instructions: 50 °C for
20 min, 95 °C for 5 min plus 45 cycles at 95 °C for 15 s and 58 °C for 60 s.
Three target genes, RNA-dependent RNA polymerase (RARP), Nucle-
ocapsidprotein (N), and Envelope membrane protein (E), have been
simultaneously amplified and tested. A cycle threshold value (Ct-
value) lower than 40 was defined as a positive test result, according to
the manufacturer’s instructions.

To ensure the confidentiality of data, a serial number was
assigned to each subject so that only the investigator was able to link a
number to the corresponding person.

Statistical analysis

Continuous variables were presented as median values, and categoric
data were presented as absolute or relative frequencies. Statistical
analysis was performed using the Mann-Whitney U test to compare the
variables. All calculations were performed using IBM-SPSS® version
22.0 (IBM Corp., Armonk, New York, NY, USA, 2013). A two-sided
p-value <0.05 was considered significant.

Results

The average age of the 15 patients enrolled was 30 years.
None of them had a history of co-pathologies that could
interfere with the gonadal function; however, it should be
noted that 11 of these patients were overweight (with a BMI
between 25 and 30 kg/m?), while only four were smokers
and none were using alcohol or drugs. Demographic data
are shown in Table 1.

Regarding the clinical course of SARS-CoV-2 infection,
the symptoms reported by most patients were fever, head-
ache, myalgia, rhinorrhea, ageusia, and anosmia; only two
patients had gastrointestinal involvement, while three pa-
tients remained asymptomatic: 10 patients were classified as
mild disease severity while five were moderate.

During hospitalization, no specific therapy (antivirals,
antibiotics, chloroquine, or heparin) was administered, no
one needed oxygen support; at home, they had been
treated mainly with paracetamol, acetylsalicylic acid,
protein supplements, and multivitamins.

In relation to the symptoms reported, it should be
noted that the inflammation indices (PCR, pro-calcitonin,
and IL-6) were normal in all patients.

Blood samples and semen collection were performed
on average 8 days after the first positive oropharyngeal
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Table 1: Demographic and clinical data of population.

Data

COVID-19 (n=15 patients)

Age (mean + SD)
BMI (median, range)
Hormonal determinations

30.6 + 8.7
25.7 (21.8-26.85)

Testosterone, pg/mL (median, 6.51 (2.9-8.5)
range)

FSH, U/mL (median, range) 3.85(1.6-7.3)
LH, U/mL (median, range) 4.55 (3-7.6)

Indices inflammatory
Procalcitonin (median, range)
Interleukin 6 (median, range)
c-reactive protein (median, range)
COVID-19 classification

0.03 (0.02-0.05)
2
0.19 (0.03-0.26)

Mild cases n, % 10 (66)
Moderate cases n, % 5(33)
Severe cases n, % 0
Symptoms

Fever n, % 3 (20)
Myalgia n, % 2(13.3)
Anosmia n, % 6 (40)
Ageusia n, % 6 (40)
Rhinorrhea n, % 4 (26.6)
Cough n, % 0
Sore throat n, % 0
Dyspnea n, % 0
Diarrhea n, % 0
Hospitalization n, % 9 (60)
Time between positive oropharyn- 8.5+3.5
geal swab and semen collection

Semen quality

Normal n, % 5(33.3)
Oligozoospermia n, % 1(6.6)
Asthenozoospermia n, % 2(13.3)
Teratozoospermia n, % 4 (26.6)
Oligo-astheno-teratozoospermia 1(6.6)
n, %

Oligo-teratozoospermia n, % 2 (13.3)
Sperm concentration, 10°/mL 35,533,333.33 £ 20,968,911.23
Progressive motility 42.13 + 14.25
Sperm morphology 4.06 +1.70

swab for SARS-CoV-2 (range 0-25 days); at the time of
collection, three patients had already returned negative on
repeated swabs.

Regarding gonadal hormone function, all parameters
(FSH, LH, and total testosterone) were normal, except for one
patient who had borderline testosterone levels (2.9 mcg/L).

Semen analysis, considering sperm concentration,
progressive motility, and morphology, was instead found
altered in 13 out of 15 patients (87%); in particular, pro-
gressive motility was reduced in 11 patients (73%). Adding
seminal volume as a parameter, hypospermia was found in
four patients (27%); in this perspective, one more patient
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needs to be added to the group with seminal alterations,
bringing the total to 14 out of 15 (93%).

Increased viscosity was also reported in 12 patients
(80%), with normal leukocyte counts in all collected
samples. The viral RNA of SARS-CoV-2 searched for in the
seminal fluid was not found in any of the patients
(Table 2).

Therefore, taking all these parameters into account,
only one patient did not show any significant alterations of
the seminal fluid. This patient was 33 years old, over-
weight, a nonsmoker, and had manifested fever, neck pain,
and diarrhea; at the time of collection, performed 11 days
after the first swab, he was still positive for SARS-CoV-2.
These clinical features were not different from the other
patients. Moreover, even in patients who had declared to
be asymptomatic, low sperm quality was found.

Finally, we did not find statistical differences in rela-
tion to the seminal parameters between the two groups of
patients, those with mild or moderate symptoms (Table 3).

Table 2: Spermiographic data.
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Discussion

It is well known that SARS-CoV-2 penetrates into human
cells through a “spike” protein that is able to determine a
structural modification of the outer membrane of infected
cells, thus creating a way of entry into the host cell where it
can replicate [12]. Furthermore, this spike protein has a
high affinity for a special type of membrane receptors,
which are the same receptors as the angiotensin-2 con-
verting enzyme (ACE2r) which is expressed in multiple
organ systems: this means that cells expressing these re-
ceptors could be the target of SARS-CoV-2 [13, 14]. How-
ever, coexpression of cellular protease TMPRSS2 is also
required to penetrate inside cells [15].

In testis, ACE2r are present in spermatogonia, Sertoli
cells, and Leydig cells, leading to conclude that there is an
excellent tropism for the virus at the testicular level [3],
potentially responsible for the damage to seminiferous
tubule [13] and Leydig cells following infection. Recently,

Patients N°  Virological spermtest Volume, mL Viscosity  Leukocytes, Sperm concentration, Progressive Normal
million/mL m/mL  motility @ + b) forms, %
1 NEGATIVE 2.2 Increased 100,000 7,000,000 5 2
2 NEGATIVE 2.8 Normal 100,000 38,000,000 30 4
3 NEGATIVE 2 Increased 700,000 11,000,000 30 2
4 NEGATIVE 3.5 Increased 100,000 75,000,000 15 2
5 NEGATIVE 3 Increased 300,000 22,000,000 40 3
6 NEGATIVE 1.2 (hypoposia)  Increased 100,000 44,000,000 10 4
7 NEGATIVE 3 Normal 500,000 58,000,000 42 6
8 NEGATIVE 1 (hypoposia) Increased 100,000 45,000,000 38 7
9 NEGATIVE 3.2 Increased 200,000 58,000,000 28 5
10 NEGATIVE 1.6 Increased 100,000 55,000,000 5
11 NEGATIVE 3 Increased 100,000 25,000,000 5 6
12 NEGATIVE 0.3 (hypoposia)  Increased 200,000 46,000,000 18 4
13 NEGATIVE 2.6 Normal 100,000 8,000,000 35 6
14 NEGATIVE 3.7 Increased 100,000 23,000,000 28 3
15 NEGATIVE 1 (hypoposia) Increased 200,000 18,000,000 22 2
Table 3: Semen parameters for COVID-19-positive individuals in mild and moderate group.
Semen parameter Mild (n=10) Moderate (n=5) p-Value
Semen volume, mL 2.18 +1.20 2.39+0.88 0.70
Sperm concentration, 10%/mL 30,200,000.0 + 20,801,442.26 38,200,000.00 + 21,632,280.41 0.50
PH 7.48 £0.22 7.65+0.18 0.14
Total sperm number, 10%/ejaculate 67,500,000.0 + 65,808,282.15 89,290,000.00 + 79,279,708.07 0.60
Progressive motility 45.20 + 14.34 40.60 + 14.72 0.57
Vitality 66.0 + 11.59 60.60 + 7.08 0.27
Sperm morphology 4.0 £2.34 4.10 + 1.44 0.92
Leucocytes detected, millions/mL 200,000.0 +173,205.08 200,000.0 + 188,561.80 0.9
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pathological changes were observed in seminiferous tu-
bules and Sertoli Cells of post-mortem testis specimens of
COVID-19 patients [7].

It has been demonstrated that prostate luminal cells ex-
press TMPRSS2 and release it into semen as a component of
prostasomes and furthermore a key role has also been shown
to be that of urination and intestinal microbiota [16, 17].
Therefore, it has been hypothesized that spermatozoa could
incorporate  TMPRSS2 coming from prostate secretion,
consequently could be susceptible to virus entry and sexually
transmit the infection [16]. However, it was reported that
TMPRSS2 is not co-expressed in testicular cells or sperm [18].
In the review of Tur-Kaspa et al. [19], since both ACE2 and
TMPRSS?2 are essential for viral spread, it has been suggested
that SARS-CoV-2 is not sexually transmitted through sperm or
semen.

The possible presence of SARS-CoV-2 in the male
reproductive tract could affect male fertility and both
through direct damage to the spermatogenesis and
through a possible inflammatory mechanism to the semi-
nal path [20]. However, the recent literature on this issue is
extremely poor and controversial; in the review published
by DC Gonzalez et al. [21], the most recent and important
series are discussed. In the study of Li et al. [5], the authors
reported the largest number of patients examined (38 pts.)
and referred a percentage rate of 16% (6/38) of patients
with SARS-CoV-2 positivity in seminal fluid, four of which
in the acute phase of the disease. In the other seven studies
reported, for a total of 122 patients overall, none of them
were positive [6, 9, 18, 22-24].

In our prospective study, according to these authors,
we confirmed the complete absence of Covid RNA in all the
15 patients examined, regardless of the clinical stage of the
disease (mild vs. moderate); furthermore, no differences
were found between different seminal parameters and
disease severity.

As previously stated, there are few papers in literature
focused on semen quality and its possible correlations with
inflammation indices in Covid patients. Holtmann et al. [20]
found no significant alterations in the quality of semen in
patients with SARS-CoV-2; however, in a subgroup of sub-
jects previously undergoing antiviral therapy, semen quality
had deteriorated. Ma et al. [15] published a series of 12 pa-
tients with Covid infection in which only four out of 12 pa-
tients (33%) had altered spermiographic data. Conversely, in
our experience, we confirmed a high percentage of patients
with altered seminal parameters (93.3%) with near-normal
inflammation indices, including leukospermia, something
which had never been reported in previously published
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works, thus confirming the histopathological findings
observed by Yang et al. [7]. Ultrasound techniques could be
applied in the future to assess any testicular damage [25].
Fever, potentially responsible for changes in the seminal
picture, was observed in only three patients and no antiviral
or steroid therapy was administered in this patient popula-
tion. It is also interesting to observe how an increase in sperm
viscosity was recorded in 12 out of 15 patients and as this
modification of the seminal fluid is not related to most of the
studied clinical variables; an alteration of the composition of
the seminal plasma related to involvement of the seminal
tract and/or oxidative stress should be considered.

Concerning the hormonal function, in a first paper
published by Lin Ma et al. [4], an increase in serum LH and
a lower ratio of testosterone (T) to LH were observed in
COVID-19 patients in comparison to healthy subjects, thus
suggesting damage to Leydig cells, which in turn led to
reduced production of testosterone. Likewise, Yang et al.
[7] observed that the number of Leydig cells in the inter-
stitium was significantly reduced in COVID-19 patients. In
our experience, no alterations in the dosages of LH and
testosterone have been shown.

In our opinion, the major limitation of the study is
represented by the relatively low number of sample pa-
tients studied, albeit in accordance with the few papers
present in the literature on this issue.

Conversely, we have examined a well-defined popu-
lation, predominantly military, included in a prospective
study, which in the future may confirm whether the semi-
nal alterations found are temporary or not.

Conclusions

In our study, changes in the seminal fluid were seen in almost
all patients, but no particular associations were found with
inflammation indices. The presence of SARS-CoV-19 viral
RNA within the seminal fluid was excluded. On the other
hand, the absolute majority of the patients studied exhibits
alteration of the seminal fluid, also macroscopic, such as
hypospermia and increased viscosity, which have not been
detected in previous studies.
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