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Abstract

further research is needed to definitively determine the risks.

were assessed.

Background: The potential impact of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection on male fertility is
a complex and evolving area of research. Although there is some evidence to suggest that the virus might have negative effects on
semen from mild to moderate symptoms or recovery of coronavirus disease 2019 (COVID-19) and might induce epididymal-orchitis,

Objectives: This study aimed to investigate the presence of SARS-CoV-2 ribonucleic acid (RNA) in semen and to determine any
possible implications of SARS-CoV-2 infection on semen parameters and genital tract complications.

Methods: Thirty-two subjects with a real-time reverse transcriptase-polymerase chain reaction (RT-PCR) cycle threshold (Ct) value
of less than 20 were recruited, and semen samples were collected. Additionally, testicular discomfort and urogenital abnormality

Results: No SARS-CoV-2 RNA was detected in the seminal sample of men; however, semen quality impairment was detected,
especiallyin patients with Ctvaluesless than15 in the upperrespiratory tract. Total sperm count, the number of motile spermatozoa,
progressive motility,and the percentage of normal morphology were significantly reduced. Acute epididymo-orchitis and testicular
tenderness were observed in 4 patients in the acute stage of the disease.

Conclusions: This study showed no evidence of SARS-CoV-2 RNA in semen, suggesting that sexual transmission of the virus is
unlikely. However, semen quality impairment was observed in patients with SARS-CoV-2 infection, particularly those with higher
viral loads. Further research is needed to elucidate the mechanisms by which SARS-CoV-2 affects male fertility and develop effective
interventions to protect men'’s reproductive health during the pandemic.
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1. Background

Similar to severe acute respiratory syndrome
coronavirus 1 (SARS-CoV-1), the viral entry into target cells
by SARS-CoV-2 is the mediated interaction between the
viral spike (S) protein and cellular angiotensin-converting
enzyme 2 (ACE2); nevertheless, SARS-CoV-2 is bound
more efficiently to ACE2 than SARS-CoV-l, increasing its
damaging pathogenicity and its ability for transmission
(1). Severe acute respiratory syndrome coronavirus 2
utilizes the ACE2 receptor for cellular entry, making

cells with high ACE2 expression susceptible to infection
and damage. This receptor is expressed in various
organs, including the small intestine, kidneys, and
heart, which could potentially be targeted by the virus,
leading to organ failure in some cases (2, 3). Numerous
studies have demonstrated elevated ACE2 expression in
the human testis (4-6). Moreover, recent reports have
documented the presence of SARS-CoV-2 ribonucleic acid
(RNA) in various clinical specimens, including semen
(7, 8). The aforementioned findings have prompted
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several critical questions: (1) Can SARS-CoV-2 infect the
testis through the ACE2 receptor, potentially disrupting
spermatogenesis?; (2) Does sexual transmission via
seminal shedding pose a risk of viral spread?; (3) Could
SARS-CoV-2 infection in males have adverse reproductive
implications, particularly for young men pursuing
parenthood?

It was reported that SARS-CoV-2 could be detected
in patients’ semen from mild to moderate symptoms
or recovery of coronavirus disease 2019 (COVID-19) and
might induce epididymal-orchitis and negatively affect
spermatozoa and male fertility (9). Li et al. detected
SARS-CoV-2 genomic sequence within the semen samples
of six patients with COVID-19 (8), and Yang et al. (10)
identified SARS-CoV-2 RNA in the testicular tissue of one
patient (1/12) with a high-level viral load in the upper
respiratory tract. However, the findings of several studies
do not support the previous research, and SARS-CoV-2 RNAs
were not detected in patients’ semen samples with acute
symptoms of|or recovering from COVID-19 (11-13).

In the aforementioned studies, as most of the semen
samples came from patients in the recovery stage, the
virus might have cleared up during detection time;
therefore, the existence of SARS-CoV-2 in the semen
was not ruled out. Nevertheless, although SARS-CoV-2
shedding and viral entry into semen is still elusive, based
on some studies, patients with a moderate infection had
a significant impairment of semen quality. Moreover, a
recent systematic review and meta-analysis has revealed
that the mean duration of SARS-CoV-2 RNA shedding is 16.6
days in serum samples, 17 days in the upper respiratory
tract, and 17.2 days in the stool. With the passage of days
after infection, it has been hypothesized that there is a
shifting of RNA positivity from throat swabs to various
body fluids (14).

Despite the resolution of clinical symptoms within
the first week of infection, SARS-CoV-2 RNA can persist
in pharyngeal swabs for up to 2 weeks. Similarly, viral
RNA has been detected in stool and sputum samples
for up to 3 weeks after clinical recovery. This extended
shedding pattern is also observed in semen (15, 16). Despite
extensive research on COVID-19, several key questions
remain regarding the virus’s mechanisms, including its
potential presence in semen, sexual transmission, and its
impact on male fertility and semen quality (14).

2. Objectives

The present study primarily aimed to investigate the
presence of SARS-CoV-2 RNA in the semen of outpatients
with a high viral load in the upper respiratory tract.
The secondary aim of the study was to determine any

possible implications of SARS-CoV-2 infection and COVID-19
on semen parameters, and the third aim was to illustrate
the clinical examination of patients to assess the testicular
size and any other abnormalities.

3. Methods

This study included adult male patients who were
referred to the Ali ibn Musa Raza Outpatient Service
Center affiliated with Babol University of Medical Sciences,
Mazandaran, Iran, with laboratory-confirmed SARS-CoV-2
positivity in the upper respiratory tract within July 2020
and February 2021. Ethics committee approval was
obtained from the Institutional Review Board at Babol
University of Medical Sciences (BMU, Babol, Iran) on May
12, 2020. Participants signed a written informed consent
before semen collection.

3.1. Inclusion Criteria

The participants who had a positive one-step
real-time reverse transcriptase-polymerase chain reaction
(real-time-RT-PCR) assay with the cycle threshold (Ct) value
of less than 20 on nasopharyngeal and oropharyngeal
samples taken on admission were recruited in this
cross-sectional study. Since acute fever or medications
used can alter semen parameters and male reproductive
function, we enrolled patients who were asymptomatic
or had mild symptoms. Other eligibility criteria included
age between 20 - 45 years, being sexually active, absence of
smoking, alcohol, and drug abuse and addiction.

3.2. Exclusion Criteria

The exclusion criteria included ejaculation problems,
varicocele, testicular atrophy and hypogonadism,
cryptorchidism, obstructive azoospermia, history of
male infertility, using the assisted reproductive technique,
scrotal trauma, abnormal genital anatomy, history of
scrotal or inguinal surgery, and urogenital or systemic
illness diseases or any drugs affecting the semen quality.
All participants were required to put on a mask and wash
their hands and genitals thoroughly before producing
the semen sample. The semen specimen was obtained by
masturbation after 2-3 days of abstinence and ejaculated
into a sterile, wide-mouthed container. All samples were
analyzed by a valid and standard laboratory according
to the World Health Organization (WHO) guidelines for
semen analysis (17).

All patients underwent a comprehensive genital
examination conducted by one expert urologist to
assess testicular size, discomfort, and presence of
abnormalities, including epididymitis, skin discoloration,
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redness, swelling, and tenderness. The diagnosis of acute
epididimoorchitis was based on the presence of scrotal
pain, tenderness, and swelling. Additionally, all suspected
cases of epididymitis underwent scrotal ultrasonography
to confirm the diagnosis and evaluate the extent of
testicular involvement. Among the 63 patients identified,
31 patients were unable to provide a semen sample due
to dry ejaculation (1 patient), erectile dysfunction (6
patients), dying prior to enrollment (2 patients), weakness
(7 patients), psychological effect of the primary disease
(10 patients), or patients who could not meet 2 - 3 days
ejaculatory abstinence period before semen sampling (5
patients); therefore, a total of 32 patients were enrolled in
the study.

3.3. Viral Nucleic Acid Extraction

Viral RNA was freshly extracted from 300 uL of
semen samples using the Ribospin vRD plus Kit (GeneAll,
Seoul, South Korea) according to the manufacturer’s
instructions. Briefly, for virus dissociation and purification
of viral nucleic acid, 500 pL of VL lysis buffer and 5 uL
of carrier RNA (1 pg/ul) were added to each sample
containing a microcentrifuge tube. The samples were
subsequently incubated at room temperature for 10
minutes until being lysed properly. Ribonucleic acid
cleanup was performed by a mini spin column (silica
matrix) according to the manufacturer’s instructions.
Sterile microcentrifuge tubes containing only reaction
mixtures were processed simultaneously with the
patient’s samples as an extraction negative control.

34. Real-Time-Reverse Transcription-Polymerase Chain
Reaction for SARS-CoV-2 Detection

After viral RNA extraction, the samples were promptly
subjected to one-step real-time RT-PCR analysis. Genome
extracted samples were analyzed by LightMix® SarbecoV
E-gene kit (TIB Molbiol, Berlin, Germany) with Light
Cycler Multiplex RNA Virus Master (Roche), which could
detect SARS-CoV-2 (sensitivity = 5.2 copies per reaction). To
avoid false negative results, we used exogenous (Equine
Arteritis Virus synthetic RNA) and endogenous internal
control (Human RNase-P), which monitor the presence
of inhibitors in sample extraction and check sampling
quality, respectively. = One-step real-time RT-PCR was
performed using a Step One Plus™ Real-Time PCR System
(Applied Biosystems). Each reaction consisted of 5 uL
of RNA extract, 4 uL Light Cycler Multiplex RNA Virus
Master (Roche), 0.5 pL of primers, and probes in a 20 uL
total reaction volume. The synthesis of complementary
deoxyribonucleic acid (cDNA) was carried out at 55°C for
3 minutes and instantly followed by the activation of Taq
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DNA polymerase at 95°C for 30 seconds. A total of 40 cycles
were performed, including a denaturation stage at 95°C
for 15 seconds and a combined annealing-extension stage
at 60°C for 30 seconds. Each real-time RT-PCR run included
reaction mixtures without RNA template as a negative
control and the SARS-CoV-2 positive controls (LightMix®
SarbecoV E-gene kit positive control and a clinical positive
control for patients with laboratory-confirmed COVID-19).

4. Results

The baseline characteristics and physical information
of the 32 participants enrolled in the study are shown
in Table 1. Of the 32 participants who provided a semen
specimen, 21 (65.6%) patients were in the acute stage of
disease (4.67 = 1.79 days), and 11 (34.4%) patients achieved
clinical recovery (13.09 * 6.76 days). Of the subjects with
an acute SARS-CoV-2 infection, 26 cases had no symptoms;
nevertheless, 6 patients presented with mild symptoms,
such as headache, loss of smell and taste, mild cough,
and ague. The participants had a mean age of 363 *
5.28 years old with a mean body mass index (BMI) of
25.46 + 2.74 kg/m?. All patients were married, and 25
(78.2%) cases had at least one child (Table 1). None of the
patients had a recent history of urogenital or hormonal
disease. During the physical examination, 28 patients were
physically normal with respect to external genitalia and
testicular volume; however, acute epididymo-orchitis and
testicular tenderness were observed in the genitourinary
system of 4 patients in the acute stage of the disease.

4.1. Detection of SARS-CoV-2 RNA in Semen

Endogenous internal control (Human RNase-P gene)
was present in the extracted genome of all samples
(average C; of 26.7 +1.9, range: 23 to 30). In addition,
exogenous internal control (Equine Arteritis Virus
synthetic RNA), which spiked into each sample, was
present in all cases (average C; of 29 + 1.7, range: 27 to
33). These results ruled out inhibition during sample
extraction, reverse transcription, and PCR amplification
and confirmed that all negative results were negative.
In total, SARS-CoV-2 RNA was undetectable in all semen
samples.

4.2. Semen Characteristics of Patients

Semen specimens of 32 [ranian patients were obtained
and assessed for semen parameter values (e.g., semen
volume, total sperm count, total and progressive motility,
and morphology) (Table 2). The time interval between
sample collection and disease onset ranged from 2
days to 30 days (with a median of 6 days). Most of the
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Table 1. Characteristics of 32 Male Patients and Associated Findings of Coronavirus Disease 2019 (COVID-19) Analysis in Semen

Patients Age,y BMI, kg/m? Time Number of SARS-CoV-2 Semen Sperm Sperm Total Progressive Leucocytes Immotile, %
Interval, Children Semen Volume, mL Count, Morphology, Motility, % Motility, % Detected
day? Result 10%/mL %
1 34 22.00 14 0 Negative 3.00 1 2 20.00 0 8 100
2 38 2159 7 2 Negative 320 39 3 40.00 24 - 55
3 32 25.43 30 1 Negative 520 88 3 50.00 46 - 45
a 25 24.69 10 1 Negative 4.80 37 4 40.00 38 - 45
5 45 26.12 4 2 Negative 7.90 46 3 20.00 3 10 70
6 39 2658 20 2 Negative 230 93 12 50.00 48 - 40
7 33 2280 7 1 Negative 4.40 26 4 20.00 3 - 60
) 31 2734 4 2 Negative 3.00 15 3 40.00 5 4 80
9 35 2658 4 1 Negative 3.00 20 2 30.00 20 - 65
10 35 2571 12 1 Negative 4.00 15 5 32.00 25 - 45
1 34 24.00 6 1 Negative 3.00 12 6 35.00 28 - 60
2 37 26.04 3 2 Negative 4.80 84 27 51.00 41 - 45
13 42 25.47 2 1 Negative 1.80 25 3 10.00 2 4 95
14 37 25.10 3 1 Negative 220 72 36 58.00 53 - a5
15 42 2632 4 2 Negative 4.50 14 2 35.00 30 4 75
16 28 3019 8 0 Negative 5.60 16 4 25.00 17 12 55
17 33 3110 7 1 Negative 4.20 6 3 31.00 20 - 70
18 40 18.00 8 2 Negative 150 8 10 28.00 15 5 80
19 37 2539 6 2 Negative 350 15 20 38.00 25 - 45
20 38 2452 8 0 Negative 320 78 18 60.00 55 - 35
21 45 27.00 7 2 Negative 220 28 4 46.00 32 6 65
22 36 2350 4 2 Negative 5.60 36 5 41.00 34 - 50
23 30 2430 8 0 Negative 4.80 3 4 32.00 21 4 60
24 37 28.00 5 1 Negative 120 58 10 50.00 40 8 35
25 38 2320 3 0 Negative 2.80 48 10 47.00 36 - 50
26 28 25.95 6 0 Negative 350 20 28 39.00 32 - 60
27 33 25.18 1 1 Negative 2.80 45 35 44.00 35 - 35
28 45 2439 7 1 Negative 3.60 86 34 60.00 50 - 35
29 37 2573 15 1 Negative 3.00 40 15 40.00 35 - 45
30 46 33.00 5 1 Negative 4.00 10 4 30.00 15 - 70
31 33 2476 2 1 Negative 3.00 14 2 39.00 28 2 60
32 30 25.00 2 o Negative 2550 12 3 35.00 10 6 60

Abbreviations: BMI, body mass index; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.
2 Time between disease onset and semen samples acquired.

samples were collected in the acute stage of disease (with
a median of 4 days). Semen analysis showed that nine
(28.1) patients were diagnosed with oligozoospermia
(defined as < 15 million/mL). One case was diagnosed
as severe oligozoospermia (defined as less than 5
million/mL). Moreover, 17 (53.1%, 17/32) patients had
low sperm motility (defined as < 40% total motility).
Furthermore, progressive motility decreased in 18/32
(56.3%) patients (< 32% motile).

Among the 32 patients, 18 (56.3%) patients had
percentages of progressively motile spermatozoa below
the WHO reference values (range: 0 - 55%). Additionally,
case 1 had complete asthenozoospermia (defined as 100%
immotile spermatozoa). Moreover, this study showed
a considerable reduction in sperm morphology. Twelve

(37.5%) patients had poor sperm morphology, whichrelates
to the recommended criteria of the WHO for diagnosing
teratozoospermia (<4% normal). Leukocytospermia was
observed in 12 (37.5%) patients. In addition, the present
study divided the subjects into two subgroups (as the Ct
value < 15 versus Ct > 15 to examine the effect of the
high load of a virus on semen parameters. Although it was
observed that sperm motility (P = 0.33, Cohen’s d = 0.374)
and morphology (P = 0.14, Cohen’s d = 0.577) decreased
in both groups, and differences were not statistically
significant, a good effect size was observed (Table 2). This is
an underpowered study due to the limited size of patients.

Out of the 32 patients, 6 cases had an initial seminal
fluid analysis before the COVID-19 attack, which permitted
direct comparison in those subjects. The overall semen
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Table 2. Semen Parameters of Coronavirus Disease 2019 (COVID-19) Positive Subjects with Cycle Threshold (Ct) Value < 15 and Ct Value 15- 20

CtValue: 15-

95% Confidence Interval of the Difference

Parameters 20 CtValue < 15 P-Value Effect Size

Lower Upper
Volume, mL 3.47+ 1.01 3.77+ 2.04 0.58 0.214 -0.535 0.969
Count, 10°/mL 34.83+ 28.30 35.40 + 26.96 0.95 0.02 -0.720 0.768
Morphology, % 1232+ 12.23 630+ 3.74 0.14 0.577 1338 0.184
Viability, % 45.61% 16.52 47+ 1418 0.82 0.08 -0.66 0.845
Total motility, % 39.40 £ 12.26 34.90 + 11.44 033 0374 112 0.379
Progressive, % 28.45+ 15.73 26 £ 12.40 0.66 0.165 -0.914 0.583
Leucocytes 5.75+ 3.10 6.75+ 2.75 0.59 0333 -0.874 154

Abbreviation: Ct, cycle threshold.

quality of patients decreased considerably. There was
a decrease in total sperm count; total and progressive
motility and morphology of all 6 patients were compared
before the infection. This study further compared semen
parameters from the acute to the recovery phase of
the infection. However, no obvious difference in these
parameters was observed between the cases either in the
acute or recovery stage, probably due to the limited small
sample size.

5. Discussion

The present study investigated the presence of
SARS-CoV-2 RNA in the semen of asymptomatic and mildly
symptomatic Iranian patients with a high viral load in
the upper respiratory tract, and genital examination
and semen analysis were conducted. There was no
SARS-CoV-2 RNA in the semen of patients in the acute
or recovery phase of the disease. The real-time RT-PCR
assay was highly sensitive (sensitivity = 5.2 copies per
reaction based on the kit manual), and this study used
exogenous and endogenous internal control to rule out
any false-negative result. Several cross-sectional and
cohort studies investigated the presence of SARS-CoV-2
RNA in the semen and testicular samples in the acute or
recovery phases of infection (8). Based on our knowledge,
among these studies, only Li et al. reported the presence
of viral genome in 6 patients in the acute (4 of 15 subjects)
and recovery (2 of 23 patients) phases of infection. Other
study groups did not detect virus RNA in semen samples,
which is in agreement with the results of the current study
(8,11-13,18,19).

In Li et al.’s study (8), the interval between diagnosis
and sample collection was relatively short (2.5 - 7.5 days),
compared to other studies. However, the methodology of
the real-time RT-PCR assay was not clearly described,
potentially leading to false-positive results due to
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contamination or variations in cutoff values. Moreover,
some investigators presume that the presence of a virus in
the semen is an outcome of the residual urine shedding,
as the genital tract is located in close proximity to the
urinary system, and the urethra is a part of both systems
(20). Furthermore, the sample collection modality is not
described in detail, as in the process of semen collection,
if the specimen is not obtained according to aseptic
technique, viral particles can be shed in semen from
hands or respiratory droplets, giving rise to a false-positive
result.

Despite a growing body of research, several limitations
have been identified in previous studies examining
the presence of SARS-CoV-2 RNA in the male genital
system. These limitations include small sample sizes,
potential selection bias, lack of comprehensive genital
examinations, and a focus on non-severe patients in the
recovery stage. Notably, six out of nine studies had sample
sizes of less than 17 male subjects, further compromising
the statistical power of these investigations. Given the
transient nature of viremia and the limited shedding
duration (16 - 17 days) in other bodily fluids, these
shortcomings might have hindered the accurate
assessment of virus prevalence in semen (14). Therefore, if
the virus ever existed in semen, it might have been cleared
up during the detection time. However, in acute pandemic
situations, these studies provided critical information
about clinical experiences.

Based on the secondary and tertiary aims of the
study, this study investigated the semen parameters and
examined the genital tract. Some investigators stated that
fever is a common symptom of COVID-19 that can impair
scrotal thermoregulation. Fever induced by COVID-19
can alter semen characteristics, such as sperm count and
motility, even in the absence of a virus in the semen. It
could also have a more deleterious impact among infertile
men with altered semen parameters in the basal state (20).
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Previous studies have suggested that severe clinical signs,
fever, and medications could negatively impact semen
quality and spermatogenesis. To minimize confounding
factors, we focused on recruiting asymptomatic and
mildly symptomatic patients with high viral loads and
without fever or the need for medication.

The current study revealed impaired semen
parameters, including decreased sperm count, motility,
and morphology. Additionally, more than 12% of patients
experienced scrotal discomfort, epididymo-orchitis,
and scrotal wall edema at the time of their SARS-CoV-2
diagnosis. Ultrasound findings included heterogeneous
testicular echogenicity, epididymal swelling, and scrotal
wall edema. To rule out other potential infections, urine
microbiological cultures were performed; however,
no infections were detected. Notably, these testicular
symptoms were observed predominantly in patients with
Ct values less than 15 and mild symptoms, suggesting a
possible association with SARS-CoV-2 infection.

The findings of the present study are consistent with
those obtained by La Marca et al. and Ediz et al. (21,
22), where they significantly observed higher testicular
pain or epididymo-orchitis in severe COVID-19 cases than
in the non-severe COVID-19 groups. However, another
study (23) on 253 discharged or recovered patients did
not demonstrate any scrotal symptoms or orchitis. The
difference between the aforementioned results and the
results of the current study might be related to the
phase of patients’ evaluation (acute or recovery), the
load of the virus, hospitalization, and antiviral drugs.
About six studies investigated the semen parameters in
SARS-CoV-2-positive patients. Ruan et al. studied the
semen samples of 74 COVID-19-recovered patients (the
mean interval until semen collection: 80 days) and stated
that the total semen parameters of recovered patients were
higher than the lower reference limit published by the
WHO. Whenever compared to the control group, sperm
density, total sperm count, and motility meaningfully
decreased (13).

Holtmann et al. (24) did not detect SARS-CoV-2 RNA
in the semen specimen of acute SARS-CoV-2-positive male
subjects (only 2 patients) and recovered patients (18 male
subjects). However, they reported impairment of sperm
quality (e.g., sperm count and total number of progressive
and complete motility) among patients with a moderate
infection, compared to mild infection or healthy control
group. In this study, recovered patients were stratified
based on the severity of the disease and the presence of
fever at the time of infection. The fever-positive group
had lower sperm concentration and total motility than the
fever-negative group. Additionally, lower sperm quality
was detected among the recovered patients with moderate

disease. In contrast to the findings of the current study
and the above-mentioned studies, Guo et al. (25) stated all
semen parameters were normal in 23 recovered patients. It
should be noted that all the semen specimens came from
non-critically ill patients, and they were in the recovery
phase (interval 32 days) of infection.

Arecent German study showed thatasymptomaticand
mildly symptomatic COVID-19 patients had higher initial
viral loads than hospitalized patients (26). The results
of the present study and the above-mentioned studies
suggest that COVID-19 might be involved in producing
testicular damage and lead to impaired spermatogenesis.
This study has certain limitations. Firstly, there was a small
sample size. Secondly, the evaluation of SARS-CoV-2 RNA
present in seminal fluid during the course of infection via
serial sampling could be more informative. Nevertheless,
serial semen sampling was difficult in some countries,
such as Iran and other Islamic countries. Thirdly, the
lack of semen analysis before SARS-CoV-2 infection limited
the diagnosis of preexisting male infertility, and only 5
of the studied samples had previous semen analysis for
comparison before and after infection. Moreover, there
was a lack of appropriate controls. Fourthly, there was
no follow-up period. Finally, the preliminary results of
this study lack any data about the long-term effects of
SARS-CoV-2 on male reproductive function.

5.1. Conclusions

The absence of SARS-CoV-2 RNA in all semen samples
suggests a low likelihood of sexual transmission through
semen, even during the acute phase of infection.
However, the obtained findings raise concerns about
possible testicular involvement and an impact on male
reproductive function. Further research is warranted
to elucidate the mechanisms underlying these effects
and to determine their reversibility. =~ Additionally,
clinicians should remain vigilant and carefully evaluate
patients with genital symptoms regardless of their
systemic presentation, given the potential for atypical
manifestations of SARS-CoV-2 infection.

Acknowledgments

The authors appreciate the cooperation of the
Research Deputy of Babol University of Medical Sciences,
the head of Ali ibn Musa Raza infirmary, all of the
individuals for their participation in the study, and Dr.
Evangeline Foronda for the English editing.

Jundishapur | Microbiol. 2024; 17(1):e143748.



Aghajani MMR et al.

Footnotes

Authors’ Contribution: Conceptualization: PM and
MMR; recruited the participants: PM, FS, MSH; carried out
genital examinations and provided clinical information
of the patients: MMR and PM; specimen acquisition and
preparation: FS and YY; formal analysis: PM and HSH;
funding acquisition: RGH; Writing - original draft: PM and
FS; Writing - review & editing: PM, FS,and MMR; all authors
read and approved the final manuscript. Farzin Sadeghi
and Mir Mohammad Reza Aghajani are co-first author.

Conflict of Interests: The authors have nothing to
disclose. Ethical approval and consent to participate:
The research project has received the confirmation of the
institution.

Ethical Approval: Ethics Committee of Babol
University of Medical Sciences with the number No.
IR.MUBABOL.REC.1399.174.  The consent forms of the
patients studied were taken and are available.

Funding/Support: This study was funded by the
Vice-Chancellery of Research and Technology of Babol
University of Medical Sciences.

References

1. Rossi GA, Sacco O, Mancino E, Cristiani L, Midulla F. Differences
and similarities between SARS-CoV and SARS-CoV-2:  spike
receptor-binding domain recognition and host cell infection with
support of cellular serine proteases. Infection. 2020;48(5):665-9.
[PubMed ID: 32737833]. [PubMed Central ID: PMC7393809].
https:|/doi.org[10.1007/s15010-020-01486-5.

2. WanY, Shang ], Graham R, Baric RS, Li F. Receptor recognition by the
novel coronavirus from Wuhan: An analysis based on decade-long
structural studies of SARS coronavirus. | Virol. 2020;94(7).
[PubMed ID:31996437].  [PubMed Central ID: PMC7081895].
https://doi.org/10.1128/]VI.00127-20.

3. Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T,
Erichsen S, et al. SARS-CoV-2 cell entry depends on ACE2 and
TMPRSS2 and is blocked by a clinically proven protease inhibitor.
Cell. 2020;181(2):271-280 e8. [PubMed ID: 32142651]. [PubMed Central
ID: PMC7102627]. https://doi.org/10.1016/j.cell.2020.02.052.

4. Donoghue M, Hsieh F, Baronas E, Godbout K, Gosselin M,
Stagliano N, et al. A novel angiotensin-converting enzyme-related
carboxypeptidase (ACE2) converts angiotensin I to angiotensin
19. Circ Res. 2000;87(5):E1-9. [PubMedID:10969042]. https:
/[doi.org/10.1161/01.res.87.5.el.

5. Tipnis SR, Hooper NM, Hyde R, Karran E, Christie G, Turner AJ. A
human homolog of angiotensin-converting enzyme. Cloning and
functional expression as a captopril-insensitive carboxypeptidase. |
Biol Chem.2000;275(43):33238-43. [PubMed ID:10924499]. https://doi.
0rg[10.1074/jbc.M002615200.

6. Verma S, Saksena S, Sadri-Ardekani H. ACE2 receptor expression in
testes: implications in coronavirus disease 2019 pathogenesisdagger.
Biol Reprod. 2020;103(3):449-51. [PubMed ID:32427288]. [PubMed
Central ID: PMC7314215]. https://doi.org/10.1093/biolre/ioaa080.

7. Peng L, Liu J, Xu W, Luo Q, Chen D, Lei Z, et al. SARS-CoV-2 can
be detected in urine, blood, anal swabs, and oropharyngeal swabs
specimens. | Med Virol. 2020;92(9):1676-80. [PubMed ID:32330305].
[PubMed Central ID: PMC7264521]. https://doi.org[10.1002/jmv.25936.

Jundishapur | Microbiol. 2024; 17(1):e143748.

10.

11.

12.

15.

18.

20.

21.

. LiD,Jin M, Bao P,Zhao W, Zhang S. Clinical characteristics and results

of semen tests among men with coronavirus disease 2019. JAMA Netw
Open.2020;3(5). €208292. [PubMed ID: 32379329]. [PubMed Central ID:
PMC7206502]. https://doi.org/10.1001/jamanetworkopen.2020.8292.

. He Y, Wang ], Ren ], Zhao Y, Chen ], Chen X. Effect of COVID-19

on male reproductive system -A systematic review. Front Endocrinol
(Lausanne). 2021;12:677701. [PubMed ID:34122351]. [PubMed Central
ID: PMC8190708]. https://doi.org/10.3389/fendo.2021.677701.

Yang M, Chen S, Huang B, Zhong JM, Su H, Chen Y], et al. Pathological
findings in the testes of COVID-19 patients: Clinical implications. Eur
Urol Focus. 2020;6(5):1124-9. [PubMed ID: 32563676]. [PubMed Central
ID: PMC7261470]. https://doi.org/10.1016/j.euf.2020.05.009.

Paoli D, Pallotti F, Colangelo S, Basilico F, Mazzuti L, Turriziani
O, et al. Study of SARS-CoV-2 in semen and urine samples of a
volunteer with positive naso-pharyngeal swab. J Endocrinol Invest.
2020;43(12):1819-22. [PubMed ID:32329026]. [PubMed Central ID:
PMC7179792]. https://doi.org/10.1007/s40618-020-01261-1.

Ozveri H, Eren MT, Kirisoglu CE, Sariguzel N. Atypical presentation of
SARS-CoV-2 infection in male genitalia. Urol Case Rep. 2020;33:101349.
[PubMed ID:32835004]. [PubMed Central ID: PMC7361082]. https://
doi.org(10.1016/j.eucr.2020.101349.

. Ruan Y, Hu B, Liu Z, Liu K, Jiang H, Li H, et al. No detection of

SARS-CoV-2 from urine, expressed prostatic secretions, and semen in
74 recovered COVID-19 male patients: A perspective and urogenital
evaluation. Andrology. 2021;9(1):99-106. [PubMed ID: 33150723]. https:
|/doi.org/10.1111/andr.12939.

. Cevik M, Tate M, Lloyd O, Maraolo AE, Schafers ], Ho A. SARS-CoV-2,

SARS-CoV, and MERS-CoV viral load dynamics, duration of
viral shedding, and infectiousness: a systematic review and
meta-analysis. Lancet Microbe. 2021;2(1):e13-22. [PubMed ID: 33521734].
[PubMed Central ID: PMC7837230]. https://doi.org[10.1016/S2666-
5247(20)30172-5.

Bora I, Gogoi S, Venkatasubramanian V, Mathew R, Mohindra R.
Persistence of SARS-COV-2 in body fluids: a bystander or whistle
blower. Iran | Microbiol. 2020;12(5):370-5. [PubMed ID:33603990].
[PubMed Central ID: PMC7867692]. https://doi.org/10.18502/ijm.v12i5.
4596.

. Wolfel R, Corman VM, Guggemos W, Seilmaier M, Zange S, Muller

MA, et al. Virological assessment of hospitalized patients with
COVID-2019. Nature. 2020;581(7809):465-9. [PubMed ID:32235945].
https://doi.org/10.1038/s41586-020-2196-X.

. Aghajani MMR, Mahjoub S, Mojab F, Namdari M, Gorji NM, Dashtaki

A, et al. Comparison of the effect of Ceratonia siliqua L. (Carob) syrup
and vitamin E on sperm parameters, oxidative stress index, and sex
hormones in infertile men: a randomized controlled trial. Reprod
Sci. 2021;28(3):766-74. [PubMed ID: 32959223]. https://doi.org[10.1007/
$43032-020-00314-3.

Burke CA, Skytte AB, Kasiri S, Howell D, Patel ZP, Trolice MP, et
al. A cohort study of men infected with COVID-19 for presence of
SARS-CoV-2 virus in their semen. JAssist Reprod Genet.2021;38(4):785-9.
[PubMed ID:33660204]. [PubMed Central ID: PMC7928181]. https://
doi.org(10.1007/s10815-021-02119-y.

. Kayaaslan B, Korukluoglu G, Hasanoglu I, Kalem AK, Eser F, Akinci

E, et al. Investigation of SARS-CoV-2 in semen of patients in the
acute stage of COVID-19 infection. Urol Int. 2020;104(9-10):678-83.
[PubMed ID:32781456]. [PubMed Central ID: PMC7490499]. https://
doi.org/10.1159/000510531.

Massarotti C, Garolla A, Maccarini E, Scaruffi P, Stigliani S, Anserini
P, et al. SARS-CoV-2 in the semen: Where does it come from?
Andrology.2021;9(1):39-41. [PubMed ID: 32533891]. [PubMed Central ID:
PMC7323151]. https:[/doi.org[10.1111/andr.12839.

La Marca A, Busani S, Donno V, Guaraldi G, Ligabue G, Girardis M.
Testicular pain as an unusual presentation of COVID-19: a brief review
of SARS-CoV-2 and the testis. Reprod Biomed Online. 2020;41(5):903-6.


https://ethics.research.ac.ir/EthicsProposalViewEn.php?id=132147
http://www.ncbi.nlm.nih.gov/pubmed/32737833
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7393809
https://doi.org/10.1007/s15010-020-01486-5
http://www.ncbi.nlm.nih.gov/pubmed/31996437
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7081895
https://doi.org/10.1128/JVI.00127-20
http://www.ncbi.nlm.nih.gov/pubmed/32142651
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7102627
https://doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/pubmed/10969042
https://doi.org/10.1161/01.res.87.5.e1
https://doi.org/10.1161/01.res.87.5.e1
http://www.ncbi.nlm.nih.gov/pubmed/10924499
https://doi.org/10.1074/jbc.M002615200
https://doi.org/10.1074/jbc.M002615200
http://www.ncbi.nlm.nih.gov/pubmed/32427288
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7314215
https://doi.org/10.1093/biolre/ioaa080
http://www.ncbi.nlm.nih.gov/pubmed/32330305
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7264521
https://doi.org/10.1002/jmv.25936
http://www.ncbi.nlm.nih.gov/pubmed/32379329
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7206502
https://doi.org/10.1001/jamanetworkopen.2020.8292
http://www.ncbi.nlm.nih.gov/pubmed/34122351
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8190708
https://doi.org/10.3389/fendo.2021.677701
http://www.ncbi.nlm.nih.gov/pubmed/32563676
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7261470
https://doi.org/10.1016/j.euf.2020.05.009
http://www.ncbi.nlm.nih.gov/pubmed/32329026
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7179792
https://doi.org/10.1007/s40618-020-01261-1
http://www.ncbi.nlm.nih.gov/pubmed/32835004
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7361082
https://doi.org/10.1016/j.eucr.2020.101349
https://doi.org/10.1016/j.eucr.2020.101349
http://www.ncbi.nlm.nih.gov/pubmed/33150723
https://doi.org/10.1111/andr.12939
https://doi.org/10.1111/andr.12939
http://www.ncbi.nlm.nih.gov/pubmed/33521734
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7837230
https://doi.org/10.1016/S2666-5247(20)30172-5
https://doi.org/10.1016/S2666-5247(20)30172-5
http://www.ncbi.nlm.nih.gov/pubmed/33603990
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7867692
https://doi.org/10.18502/ijm.v12i5.4596
https://doi.org/10.18502/ijm.v12i5.4596
http://www.ncbi.nlm.nih.gov/pubmed/32235945
https://doi.org/10.1038/s41586-020-2196-x
http://www.ncbi.nlm.nih.gov/pubmed/32959223
https://doi.org/10.1007/s43032-020-00314-3
https://doi.org/10.1007/s43032-020-00314-3
http://www.ncbi.nlm.nih.gov/pubmed/33660204
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7928181
https://doi.org/10.1007/s10815-021-02119-y
https://doi.org/10.1007/s10815-021-02119-y
http://www.ncbi.nlm.nih.gov/pubmed/32781456
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7490499
https://doi.org/10.1159/000510531
https://doi.org/10.1159/000510531
http://www.ncbi.nlm.nih.gov/pubmed/32533891
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7323151
https://doi.org/10.1111/andr.12839

Aghajani MMR et al.

22.

23.

[PubMed ID: 32826162]. [PubMed Central ID: PMC7377719]. https://doi.
0rg(10.1016/j.rbmo.2020.07.017.

Ediz C, Tavukcu HH, Akan S, Kizilkan YE, Alcin A, Oz K et al. Is there any
association of COVID-19 with testicular pain and epididymo-orchitis?
Int ] Clin Pract. 2021;75(3). e13753. [PubMed ID:33063899]. [PubMed
Central ID: PMC7646040]. https://doi.org/10.1111/ijcp.13753.
Alkhatatbeh H, Alzaghari D, Alkhashman A, Azab M, Edwan GMA,
Abufaraj M. Does severe acute respiratory syndrome coronavirus-2
(SARS-CoV-2) cause orchitis in patients with coronavirus disease 2019
(COVID-19)? Arab J Urol. 2020;18(3):129-33. [PubMed ID:33029419].
[PubMed Central ID: PMC7473105]. https://doi.org/10.1080/2090598X.
2020.1798862.

24. Holtmann N, Edimiris P, Andree M, Doehmen C, Baston-Buest D,

25.

26.

Adams O, et al. Assessment of SARS-CoV-2 in human semen-a cohort
study. Fertil Steril. 2020;114(2):233-8. [PubMed ID: 32650948]. [PubMed
Central ID: PMC7256599]. https:|/doi.org[10.1016/j.fertnstert.2020.05.
028.

Guo L, Zhao S, Li W, Wang Y, Li L, Jiang S, et al. Absence of SARS-CoV-2
in semen of a COVID-19 patient cohort. Andrology. 2021;9(1):42-7.
[PubMed ID: 32598557]. [PubMed Central ID: PMC7362062]. https:/|
doi.org[10.1111/andr.12848.

Jones TC, Biele G, Muhlemann B, Veith T, Schneider J,
Beheim-Schwarzbach ], et al. Estimating infectiousness
throughout SARS-CoV-2 infection course. Science. 2021;373(6551).
[PubMed ID:34035154].  [PubMed Central ID: PMC9267347].
https://doi.org[10.1126[science.abi5273.

Jundishapur | Microbiol. 2024; 17(1):e143748.


http://www.ncbi.nlm.nih.gov/pubmed/32826162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7377719
https://doi.org/10.1016/j.rbmo.2020.07.017
https://doi.org/10.1016/j.rbmo.2020.07.017
http://www.ncbi.nlm.nih.gov/pubmed/33063899
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7646040
https://doi.org/10.1111/ijcp.13753
http://www.ncbi.nlm.nih.gov/pubmed/33029419
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7473105
https://doi.org/10.1080/2090598X.2020.1798862
https://doi.org/10.1080/2090598X.2020.1798862
http://www.ncbi.nlm.nih.gov/pubmed/32650948
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7256599
https://doi.org/10.1016/j.fertnstert.2020.05.028
https://doi.org/10.1016/j.fertnstert.2020.05.028
http://www.ncbi.nlm.nih.gov/pubmed/32598557
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7362062
https://doi.org/10.1111/andr.12848
https://doi.org/10.1111/andr.12848
http://www.ncbi.nlm.nih.gov/pubmed/34035154
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9267347
https://doi.org/10.1126/science.abi5273

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Inclusion Criteria
	3.2. Exclusion Criteria
	3.3. Viral Nucleic Acid Extraction
	3.4. Real-Time-Reverse Transcription-Polymerase Chain Reaction for SARS-CoV-2 Detection

	4. Results
	Table 1
	4.1. Detection of SARS-CoV-2 RNA in Semen 
	4.2. Semen Characteristics of Patients
	Table 2


	5. Discussion
	5.1. Conclusions

	Acknowledgments
	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Ethical Approval: 
	Funding/Support: 

	References

