Semen Analysis

Asian Journal of Andrology (2022) 24, 135-138
www.asiaandro.com; www.ajandrology.com

Open Access

ORIGINAL ARTICLE

Assessment of SARS-CoV-2 RNA shedding in semen
of 36 males with symptomatic, asymptomatic, and
convalescent infection during the first and second
wave of COVID-19 pandemic in ltaly
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The severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) receptor, angiotensin-converting enzyme 2 (ACE2), has been
identified in the human testis, but the risk of transmission of SARS-CoV-2 through sexual intercourse still needs to be defined. The
goal of our study was to determine if SARS-CoV-2 is detectable in the semen of patients suffering or recovering from coronavirus
disease-19 (COVID-19), still testing positive at nasopharyngeal swabs but showing mild or no symptoms at the time of sampling.
Detection of SARS-CoV-2 RNA in semen was performed by real-time reverse transcriptase-polymerase chain reaction (RT-PCR)
and nested PCR targeting open reading frame (ORF) 1ab. Medical history of the enrolled patients was taken, including COVID-19-
correlated symptoms, both at the time of diagnosis and at the time of interview. Results of real-time RT-PCR and nested PCR in
semen showed no evidence of SARS-CoV-2 RNA in the 36 patients suffering or recovering from COVID-19 but still positive in a
nasopharyngeal swab, from over 116 patients enrolled in the study. SARS-CoV-2 detection and persistence in semen would have
an impact on both clinical practice and public health strategies, but our results would suggest that SARS-CoV-2 is not present in

the semen of men recovering from COVID-19.
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INTRODUCTION
According to the World Health Organization (WHO) statement and
guideline,’ droplets and fomites are the main transmission routes for
coronavirus disease-19 (COVID-19), but the likelihood of sexual
transmission of the virus is of major interest, specifically to those
working within the field of reproductive medicine.** Severe acute
respiratory syndrome coronavirus-2 (SARS-CoV-2) enters human cells
by using a receptor, angiotensin-converting enzyme 2 (ACE2),* which
is also present in many cell types in the human testis, for instance,
in Leydig cells and Sertoli cells, and in the seminiferous tubules.>*
Furthermore, some findings also suggest expression in spermatocytes.’”
In the past, several viruses that were not initially thought to
be sexually transmissible have been found to be able to pass the
blood-testis barrier and enter semen. Salam and Horby® found
evidence in literature that at least 27 viruses, including Ebola, Zika,
human immunodeficiency virus (HIV), hepatitis B virus (HBV), and
human herpes viruses, could be found in human semen. Among
viruses involved in previous recent pandemics, both Ebola and Zika
have shown evidence of sexual transmission.”* The SARS-CoV-1

causing the early 2000s epidemic has also been involved in viral
orchitis."! Contradictory conclusions have been presented in literature
over the presence of SARS-CoV-2 in human semen.'>"'* While several
studies showed the presence of SARS-CoV-2 RNA in semen during
the acute phase of severe symptomatic infections,”""” only a few data
support the idea that the virus may be present in the spermatozoa of
COVID-19 patients with milder symptoms or in asymptomatic cases,
or during recovery or convalescence. Our main goal in this study
was to determine if SARS-CoV-2 is detectable in the semen of Italian
patients testing positive in nasopharyngeal swab tests and showing
mild symptoms of COVID-19, or being asymptomatic at the time of
sampling, and to determine if the sexual transmission can be considered
a possible route of spread of SARS-CoV-2.

PATIENTS AND METHODS

Inclusion criteria and patients’ data collection

This study was approved by the ethical commission of the University
of Palermo Hospital, Palermo, Italy (approval No. 4/2020-22/04/2020).
Only patients with positive nasopharyngeal swab PCR tests for SARS-
CoV-2 (performed according to WHO statement and guideline') and

1Section of Urology, Department of Surgical, Oncological and Oral Sciences, University of Palermo, Palermo 90127, Italy; ?Section of Microbiology, Department of Health
Promotion, Mother and Child Care, Internal Medicine and Medical Specialties, University of Palermo, Palermo 90127, Italy; Section of Internal Medicine, Department of
Health Promotion, Mother and Child Care, Internal Medicine and Medical Specialties, University of Palermo, Palermo 90127, Italy.

Correspondence: Dr. GM Giammanco (giovanni.giammanco@unipa.it)
Received: 29 June 2021; Accepted: 02 November 2021



SARS-CoV-2 RNA shedding in semen
C Pavone et al

isolated in nonhospital settings (e.g., houses or hotels) were eligible for
this study. Of the 116 patients who were asked, 36 (31.0%) accepted
to participate in the study. In line with the Declaration of Helsinki,
informed consent was gained. Participants were interviewed in details
to obtain their medical history, including information about age,
weight, comorbidities, therapy, and urological conditions, and collect
additional information, such as SARS-CoV-2 tests on nasopharyngeal
swabs (dates and results), computed tomography (CT) scans (dates
and results), and symptoms related to COVID-19, both at the time of
diagnosis and at the time of the interview. None of the patients had
a history of previous COVID-19 exposure or positive testing. In this
study, we defined patients as “acute” up to 14 days from first positive
nasopharyngeal swab, regardless of the severity of symptoms. The
patients who had their first positive swab more than 14 days before
semen sampling were defined as “convalescent”, provided that the
improvement in symptoms allowed for their home isolation, eventually
after hospital discharge, waiting for negative nasopharyngeal swabs.

Semen sampling and SARS-CoV-2 real-time reverse transcriptase-
polymerase chain reaction (RT-PCR) testing

Semen specimens were collected in sterile containers by patients,
who were given specific collection instructions. Specimens were sent
to the laboratory within one hour from collection. When immediate
transfer to the laboratory was not possible, samples were refrigerated at
4°C-6°C for up to 12 h from collection. Following the manufacturer’s
instructions, nucleic acids were extracted from 0.5 ml of semen samples
using the MagNA Pure 24 automatic total nucleic acids extraction
system (Roche Diagnostics, Rotkreuz, Switzerland), and eluted in 50 ul
elution buffer. SARS-CoV-2 RNA was detected by real-time RT-PCR
protocols targeting open reading frame (ORF) lab of SARS-CoV-2
genome, using AgPath-ID™ One-step RT-PCR Kit (Thermo Fisher
Scientific Inc., Waltham, MA, USA).?* All PCR tests were performed
in triplicate, and a cycle threshold value less than 40 cycles was defined
as a positive test. All semen samples were also tested in triplicate by a
qualitative nested PCR protocol targeting ORF 1ab, using Platinum™
SuperFI™ IT Green PCR Master Mix (Thermo Fisher Scientific Inc.) to
ensure maximum sensitivity.

RESULTS

In our study, we did not detect SARS-CoV-2 RNA in the semen samples
collected from 36 adult Italian males isolated in non-hospital settings
while recovering from COVID-19.

From the data collected at the recruitment interviews, all the 36
patients enrolled for semen testing had at least one SARS-CoV-2-
positive nasopharyngeal swab, and 21 of them (mostly convalescent
from mild or severe COVID-19) had more than one positive test in
their records (Table 1). On their first positive SARS-CoV-2 test, 33 of
36 patients (91.7%) showed symptoms compatible with COVID-19,
including fever, cough, fatigue, muscle aches, headache, loss of taste or
smell, diarrhea, and conjunctivitis (Figure 1). However, 12 of these 33
symptomatic patients (36.4%) had required hospitalization having a
chest CT at admission, indicating the presence of bilateral interstitial
pneumonia. For the purpose of this study, severe COVID-19 patients
were further subdivided into acute cases (four patients) when the
diagnosis based on the first positive nasopharyngeal swab lasted less
than 15 days from semen sampling, and convalescent cases (eight
patients) when the first positive swab was older than 14 days (Table 1).
The remaining 21 symptomatic patients had a mild COVID-19, not
requiring hospitalization, that had been diagnosed from less than 15
days in eleven cases (acute mild COVID-19 patients) and from more
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Figure 1: Clinical characteristics of 36 patients positive at SARS-CoV-2
nasopharyngeal swab and included in the study of SARS-CoV-2 shedding
in semen. SARS-CoV-2: severe acute respiratory syndrome coronavirus-2.

than 14 days in the other ten cases (convalescent mild COVID-19
patients). Only three patients were asymptomatic at diagnosis, with
their first positive swab within the last 14 days of semen sampling. The
median age and body mass index (BMI) of the 36 patients enrolled in
this study were 41 years and 26.7 kg m, respectively. Furthermore, 25
of 36 patients (69.4%) were classified as overweight (BMI >25 kg m™?).
Regarding their pathological history, 13.8% (5/36) of the patients
had hyperlipidemia, 22.2% (8/36) had hypertension, 13.8% (5/36)
had cardiovascular diseases, and 25.0% (9/36) had no pathological
history whatsoever. In addition, 22.2% (8/36) of the patients declared
themselves to be under therapy with statins, angiotensin II receptor
blockers (ARBs), B-blockers, or aspirin, and 41.6% (15/36) were
smokers.

At semen sampling, 44.4% (16/36) of patients showed no
symptoms. The remaining patients who were still symptomatic at
semen sampling complained of muscle aches and asthenia (Figure 1).
Semen samples were collected within 2.0-14.0 days (median: 6.5 days)
of the last PCR-positive nasopharyngeal swab (Table 1). In particular,
for the 18 patients who were still considered to be in the acute phase
of their infection (three asymptomatic, 11 mild COVID-19, and four
severe COVID-19), having generally a single SARS-CoV-2-positive
swab before semen sampling and being in their 14-day protocol
isolation period, the interval between the last positive nasal swab
and the collection of a sperm sample was 2.0-14.0 days (median: 7.0
days). While for the 18 convalescent patients (ten recovering from
mild COVID-19 and eight from severe COVID-19), who had more
than one positive swab result at the time of semen sampling and were
still kept in isolation at home or at a COVID-hotel waiting for negative
nasopharyngeal swabs, the semen samples were collected 16.0-88.0
days (median: 27.0 days) after the first positive nasopharyngeal
swab and 2.0-10.0 days (median: 5.0 days) after the last positive
nasopharyngeal swab.

Both the real-time RT-PCR and the nested PCR in semen showed
no evidence of SARS-CoV-2 RNA in the 36 patients enrolled, their
samples being negative for the detection of the ORF lab molecular
target used in all triplicate repetitions.

DISCUSSION

Itis well known that the SARS-CoV-2 virus affects the lungs and heart,
but also the kidneys and liver. Conversely, little information is available
on the pathogenesis of the virus in the testes. Sexual transmission of
SARS-CoV-2 has been under investigation from the early time of the
pandemic, but to date, discordant data have been described in literature.
In our study, SARS-CoV-2 RNA was not detected in semen of 36 Italian
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Table 1: Timeline to semen sampling for 36 male patients included in the study, divided into “acute” and “convalescent” groups

Group Patients Time from first positive Time from last positive ORFlab RT-PCR ORF1ab nested-PCR
(n) swab (day), median (range)  swab (day), median (range)  results (positive/tested)  results (positive/tested)
Total acute patients 18 10.0 (2.0-14.0) 7.0 (2.0-14.0) 0/18 0/18
Acute asymptomatic 3 5.0 (5.0-7.0) 5.0 (5.0-7.0) 0/3 0/3
Acute mild COVID-19 11 10.0 (2.0-14.0) 10.0 (2.0-14.0) 0/11 0/11
Acute severe COVID-19 4 11.0 (4.0-14.0) 5.5 (4.0-9.0) 0/4 0/4
Total convalescent patients 18 27.0 (16.0-88.0) 5.0 (2.0-10.0) 0/18 0/18
Convalescent from mild COVID-19 10 29.0 (16.0-88.0) 5.0 (2.0-8.0) 0/10 0/10
Convalescent from severe COVID-19 8 27.0(17.0-48.0) 7.5 (4.0-10.0) 0/8 0/8
Total study population 36 15.0 (2.0-88.0) 6.5 (2.0-14.0) 0/36 0/36

Patients were defined as “acute” when semen sample was obtained up to 14 days from the first positive nasopharyngeal swab, regardless of the severity of symptoms; we defined
“convalescent” patients who had their first positive swab >14 days before semen sampling, provided that the improvement in symptoms allowed for their home isolation, eventually after
hospital discharge, waiting for negative nasopharyngeal swabs. All PCR tests were performed in triplicate to ensure maximum sensitivity. COVID-19: coronavirus disease-2019; ORF: open

reading frame; RT-PCR: real-time polymerase chain reaction

males. The study population included 15 symptomatic infections
(diagnosed within the last 14.0 days from semen sampling), including
four severe cases having required hospitalization for pneumonia.
Eighteen of the enrolled volunteers were recovering from severe
(eight patients) and mild (ten patients) COVID-19, respectively, and
three showed recent asymptomatic infection. In a previous survey, we
failed to detect any SARS-CoV-2 viral RNA in nine patients during
the first wave of the pandemic in Italy.?! Pan et al.** first reported that
there was no evidence of SARS-CoV-2 in semen from 34 Chinese men
recovering from COVID-19 with mild-moderate symptoms at the
time of disease confirmation, including six patients (19%) referring
for testicular discomfort attributable to a viral orchitis. Similarly, in
many studies conducted on patients in the acute stage of SARS-CoV-2
infection, with respiratory symptoms and positive nasopharyngeal
swab test, or on men who were in various stages of recovery from
COVID-19, the SARS-CoV-2 RNA could not be detected in semen
samples.'*?2¢ Conversely, Li et al.”® found SARS-CoV-2 genome in
the semen of 26.7% of patients with COVID-19 in the acute stage
of infection and in 8.7% of those who were recovering, and Achua
et al.'” showed SARS-CoV-2 virus could be detected in testis tissue of
a fatal COVID-19 infection using transmission electron microscopy.
Machado et al."® and Gacci et al.” showed that SARS-CoV-2 RNA
could be found in semen samples, although only in a small percentage
of males who recovered from COVID-19. Although acknowledging
from the review of previous literature that the presence of SARS-
CoV-2 in semen cannot be excluded, Gonzalez et al.”” concluded for
an extremely low risk of the presence of SARS-CoV-2 in semen and a
negligible risk to sexually transmit SARS-CoV-2 in men recovered from
COVID-19. The discordant results of SARS-CoV-2 RNA detection in
semen could be connected to the use of different bio-molecular assays,
targeting diverse viral RNA regions, that not necessarily allow to have a
comparable detection sensitivity. However, the discrepancy could also
derive from the study population sampled since the stage or severity
of SARS-CoV-2 infection at semen samples collection could deeply
influence the likelihood or the amount of viral shedding.

Cytokine production that occurs during SARS-CoV-2 infection, as
well as corticosteroid treatments or high fever, may be capable of altering
the blood-testis barrier, allowing the virus to reach testis via the blood,*
but this does not necessarily imply shedding through semen. Paoli et
al® highlighted the implications of viral shedding concerning sperm
cryopreservation, noting that the viruses stored in liquid nitrogen could
maintain their pathogenic properties. However, Huang et al.** could not
find any traces of SARS-CoV-2 RNA in semen cryopreserved at a sperm
bank in Hunan Province during and after the COVID-19 pandemic wave.

Despite the limited size of the population sampled, the results of our
study would exclude the possibility that SARS-CoV-2 may be present
in the seminal fluid of men suffering or recovering from COVID-19.
Therefore, sexual intercourse would be highly unlikely to allow SARS-
CoV-2 transmission. Nonetheless, larger studies possibly including
more patients having suffered from severe acute COVID-19 would be
necessary to discard the option of sexual transmission after clinical
recovery. The presence of SARS-CoV-2 in semen of patients with severe
infections is difficult to assess owing to the severity of illness preventing
to provide a semen specimen. However, further larger scale studies are
needed to monitor the sexual transmission of SARS-CoV-2, including
serial samples taken from the onset of symptoms to complete certified
recovery and possibly extending over time after recovery, focusing on
long-term SARS-CoV-2 shedders and on long COVID-19 conditions.
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