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Background: Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a virus
that is present in most bodily fluids. However, whether SARS-CoV-2 is present in the semen
remains underexplored. Thus, we systematically reviewed the existing studies on the pre-
sence of SARS-CoV-2 in semen.

Methods: A literature search of the PubMed, Embase, Cochrane, Web of Science, Google
Scholar, and Ovid databases was performed for articles from the dates of their inception to
August 2020 using the following keywords: COVID-19, SARS-CoV2, seminal, semen, and
sperm. After excluding non-human studies and articles that were not in the English language,
we identified 19 relevant studies. The full text of the articles were reviewed and a total of
eight articles remained after applying our selection criteria.

Results: After reviewing the presence of SARS-CoV-2 in the eight different studies using
semen samples, only one reported the presence of the virus. Six out of 160 total semen
samples with SARS-CoV-2 positive demonstrated the presence of viral RNA, of which 2
were from males in the recovery phase and 4 from the acute phase of the infection.
Conclusion: The novel nature of SARS-CoV-2 has limited the number and size of studies on
semen. Nevertheless, the current literature, while limited, has confirmed the presence of SARS-
CoV-2 in semen in one out of the eight reported studies and totaling 4.3% of the population
screened. Taken together, the risk of the presence of SARS-CoV-2 in semen appears to be
extremely low and likely negligible in recovered men. Future studies need to focus on whether
complete viral particles can be seen in semen and the possibility of sexual transmission.
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Introduction

As severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) is a novel virus
strain, the impact on male reproduction is one of the many aspects that are still
unknown. Notably, SARS-CoV-2 has been detected in respiratory fluids, saliva,
gastrointestinal tract samples, blood, feces, and urine.'™ This suggests that infec-
tion routes other than respiratory droplets are theoretically possible. The main entry
point of SARS-CoV-2 appears to be mediated by its glycoprotein spikes (S protein),
which requires priming via TMPRSS2 (transmembrane protease serine 2) to facil-

itate viral and cellular membrane fusion.*

Angiotensin-converting enzyme 2
(ACE2) protein has been identified as the viral receptor. In particular, within the
testis, ACE2 expression has been documented on seminiferous ducts cells, as well
as on spermatogonia, Leydig, and Sertoli cells. ACE2 receptor expression in
testicular tissue, as well as TMPRSS2 in prostate epithelial cells, has fostered

a curiosity about the possible implications for viral shedding into semen.””’
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Many viruses have been isolated in semen, including
Mumps, Zika, Ebola, and Cytomegalovirus. Therefore, it
is tempting to speculate whether SARS-CoV-2 is present
in semen and if there is potential sexual transmission.® The
broad range of different virus families lends evidence that
viral spread into the reproductive tract may be associated
with a high viral load in blood, as is the case with SARS-
CoV and the possibility of causing orchitis.” While such an
occurrence has not yet been reported for the current
SARS-CoV-2, it notably shares 80% sequence homology
with SARS-CoV.'® Evidence regarding viral seeding and
viral entry into the cells of the male reproductive tract and
semen after SARS-CoV-2 infection is not well under-
stood, and mixed results have been reported.''™'* Despite
these important findings, this topic has not yet been the
subject of a systematic review, and we believe that such
a review is warranted as it will help to better elucidate the
presence of SARS-CoV-2 in semen. Herein, the aim of this
study was to systematically review the available data on
the transmission of SARS-CoV-2 in semen and results in
sexual transmission.

Materials and Methods

The current systematic review was designed and con-
of the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guideline.'* A literature search
of PubMed, Embase, Cochrane, Web of Science, Google
Scholar and Ovid was conducted by two independent
authors (D.G. and R.P). The literature search was limited
to English publications or publications translated into

ducted according to the recommendations

English. The search was restricted to related articles from
December 1, 2020, to August 30, 2020.

To review the presence of SARS-CoV-2 in the semen,
the following search strategy was implemented using these
keywords: (“COVID 19” OR “coronavirus” OR “SARS-
CoV2” OR
coronavirus 2” OR “ severe acute respiratory syndrome
coronavirus 2” OR SARS CoV2”) AND (“semen” OR
“seminal” OR “sperm”). Both authors independently

“severe acute respiratory syndrome-

screened titles and abstracts which appeared relevant to
the topic with respect to the inclusion criteria. The full text
of eligible articles was obtained and evaluated by each
reviewer independently, and disagreement was resolved
by discussion. Authors were not blind to journal names,
All editorials,
reviews, systematic reviews, in vitro animal studies, or

authors, or institutions. case reports,

material not directly related to the topic were excluded.

To further ensure a comprehensive search, authors manu-
ally scanned the references of the included articles and
suitability was determined. Articles were selected if they
met any of the following inclusion criteria: conducted in
human, identification of SARS-CoV-2 in semen, discus-
sion of SARS-CoV-2 in semen, or discussion of sexual
transmission. Two independent reviewers extracted data
from the full-text papers of eligible studies, including the
name of the first author, publication month and year, city
and country of the study, whether patients were acutely
infected or recovered, sample size, presence of virus in the
semen, age of subjects, mean days until semen sample
collected. A summary of the included studies is presented
in Table 1.

Results
Search Strategy Results

Our primary search identified a total number of 234 articles
(including 73 duplicates). The title and abstract screening
procedure resulted in the exclusion of publications for these
reasons: irrelevant studies (n=92), editorial letter (n=16), and
review articles (n= 34). The eligibility of 19 full texts was
examined. After excluding papers, eight articles were finally
included in the systematic review (Figure 1).

Investigation of SARS-CoV-2 in Semen

During the Acute Infection

Three studies encompassing a total of 35 patients investi-
gated semen samples from infected patients during the
acute phase of the disease.''™* One study investigated
and collected semen samples solely from acutely infected
and hospitalized patients.'' Moreover, two other studies
investigated samples from acutely infected and recovered
patients.'>'* Two of the three studies involving a total of
20 patients with acute infection failed to detect the pre-
sence of SARS-CoV-2 viral RNA in semen samples.'!!?
Although a study of 38 males by Li et al reported the
detection of SARS-CoV-2 in semen samples in 6 out of 38
patients (15.8%)."?

Li et al enrolled 38 patients with laboratory results for
SARS-CoV-2 that were approved by positive results of
SARS-CoV-2 in
polymerase chain reaction (RT-PCR) assay of nasal and

real-time reverse transcriptase-
pharyngeal swabs in their study. They found the presence
of SARS-CoV-2 in semen for 4 out of 15 patients (26.7%)
in the acute stage of infection, and for 2 out of 23 patients

(8.7%) in the recovery phase by RT-PCR. The median time
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Table | Study Characteristics for SARS-CoV-2 Positive Individuals

Publication City, Stage of Sample | Presence of Age of the Mean Days Until Semen
(Subjects Enrolled Country of | Disease Size (n) | the Virus in Subjects: Mean Sample Collection (Min-
Month, Year) the Study Semen? (Min-Max) Max)
Li et al Shanggqiu, Recovered & Acute 38 06/38 —
May2020"3 China
10.5 (6-16)
Recovered 23 02/23 — 2.5 (2-3)
Acute 15 4/15 — 5.5 (2-8)
Kayaaslan et al Ankara, Acute stage, 16 o/16 33.5 (18-54) 1 (0-7)
April 2020"! Turkey hospitalized
Mild I 0/11 — —
Moderate 5 0/5 — —
Holtmann et al Dusseldorf, Recovered & | 18 0/18 — 32.7 [8-54]
May 2020'2 Germany Acute
Recovered 14 0/14 427+ 10.4° 349 11.77
Acute 4 0/4 40.8+ 8.7 255 +83°
Song et al Wouhan, Recovered & | 13 0/13 — 30 (1442)
April 20205"° China Deceased
Recovered 12 0/12 33 (22-38) 29.8 (14-42)
Deceased | 0/1 67 41
Guo et al Shandong, Recovered & | 23 0/23 41 (20-62) 32 (27.5-33)
June 2020'¢ China Viremia
cleared
Recovered 12 0/12 — 31 (26-34)
Viremia I 0/11 — 31 (26-34)
cleared
Pan et al Wuhan, Recovered 34 0/34 37 (18-57) 31 [29-36]°
March 2020'7 China
Rawlings et al California, Recovered 6 0/6 38 (28-45) 12 (6-17)
August 2020'8 USA
Ma et al Wuhan, Recovered 12 0/12 31 (25-46) 78.5 (56-109)
March 2020'° China

Notes: “Reported as standard deviation. bRepor‘ted as Interquartile range (IQR). —Data not provided. Bolded Number, Cumulative amount of semen samples in the present study.

to obtain a sample after the onset of symptoms was 10.5
days, with a range of 6 to 16 days.

A study by Kayaaslan et al investigated 16 male sam-
ples (average age 33.5 years) who were in the acute stage
of the infection and hospitalized, demonstrating mild or
moderate symptoms.'' Five of the 16 males had moderate
disease, as classified by pneumonia or radiological evi-
dence of ground glass opacities. The mean time to obtain
a semen sample after a positive nasopharyngeal test was
1 day, with the latest provided at 7 days, and all 16 semen
samples were negative for SARS-CoV-2 PCR (Figure 2).

Holtmann et al reported their series of 18 men (average
age 42.2 years), including 14 who had recovered from
SARS-CoV-2 infection and 4 with acute moderate SARS-
CoV-2 infection.'> Men who demonstrated a positive naso-
pharyngeal swab or Immunoglobulin (Ig) A and IgG anti-
bodieswere defined as SARS-CoV-2 positive. The authors
defined a moderate SARS-CoV-2 infection as males who
required hospitalization with up to 6 L oxygen supplied to
achieve >92% peripheral oxygenation. The mean time to
obtain a semen sample after the end of symptoms was 32.7
days. No SARS-CoV-2 was detected by means of RT-PCR
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Figure | Flow diagram of literature search.
Note: Adapted from Moher D, Liberati A, Tetzlaff |, Altman DG, Group P. Preferred reporting items for systematic reviews and meta-analyses: the PRISMA statement. BM].

Jul 21 2009;339:62535. Creative Commons license and disclaimer available from: http://creativecommons.org/licenses/by/4.0/ legalcode.'*
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Figure 2 A scatter plot of study sample size over time (mean days) from diagnosis until semen sample collection. The size of each data point indicates the corresponding

sample size.
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in the semen of both recovered and acutely infected
SARS-CoV-2 men.

Investigation of SARS-CoV-2 in Semen
During the Recovery Stage

Five studies investigated and collected semen samples from
patients who recovered from a SARS-CoV-2 infection.'>
Song et al tested for the presence of SARS-CoV-2 in the semen
of 12 males within the recovery phase, defined as two con-
secutive negative quantitative real-time polymerase chain reac-
tions (QRT-PCR)."® Detection of either SARS-CoV-2 RNA on
pharyngeal swabs (QRT-PCR) or anti-2019-nCoV antibodies
(both IgM and IgG) in serum (immunoassays) was considered
to confirm a positive SARS-CoV-2 result. Semen samples
were collected after a median 30 days from the confirmation
of diagnosis (Figure 2). No SARS-CoV-2 RNA was detected in
any of the semen samples.

In a cohort of 23 males with a recent infection or recovery
from SARS-CoV-2, who their SARS-CoV-2 positive was
confirmed by qRT-PCR amplification on pharyngeal swab
specimens, Guo et al did not find the presence of SARS-CoV
-2 in semen.'® Semen samples were collected after a median
of 33.5 (IQR 27.5-33) days from the confirmation of diag-
nosis. The authors noted that in 12 males, SARS-CoV-2 was
still present in the sputum and fecal specimens when the
semen samples were collected, while in 11 patients the
virus had been cleared.

Similarly, Pan et al tested a case series of 34 men who
recovered from SARS-CoV-2 and a positive test was con-
firmed by qRT-PCR of pharyngeal swab samples. Their
study confirmed the absence of the virus in all semen
samples with qRT-PCR for viral amplification.'” The
males were mostly affected by mild disease, and semen
testing was performed on average at 31 (IQR 29-36) days
from diagnosis.

Ma et al reported the absence of SARS-CoV-2 in the
semen of 12 males (median age 31.5 years) who recovered
from moderate SARS-CoV-2 and tested negative with naso-
pharyngeal PCR when samples were obtained.'® In all of 12
semen samples, SARS-CoV-2 was not found by qRT-PCR.
The time between semen collection and disease onset ranged
from 56 days to 109 days (with a median of 78.5 days).

Most recently, Rawlings et al tested a total of 6 males,
aged between 28 and 45, and reported the absence of
SARS-CoV-2 in all 6 semen samples.'® Paired saliva and
semen samples were collected for a mean of 12 days,
ranging from 6 to 17 days, after the onset of symptoms,

and digital droplet-PCR was performed to quantify SARS-
CoV-2 levels. Despite all males demonstrating viral shed-
ding in oral secretions up to 792 copies/uL, all subjects
displayed relatively mild symptoms.

In the above-aforementioned studies, there was no sig-
nificant difference between negative and positive results
for COVID-19 by age, urogenital disease history, days
since onset, days since hospitalization, or days since the
clinical recovery of patients.

Discussion

In this article, we have reviewed the presence of SARS-CoV-2
in semen within both recovered and acutely infected SARS-
CoV-2 males. Of the eight studies on semen samples, one
reported virus presence while the other seven studies denied
it, raising doubts about SARS-CoV-2 presence in semen.
Herein, we demonstrated that there have been 6 out of 160
total semen samples with SARS-CoV-2 present recorded thus
far, of which 2 were from males in the recovery phase and 4
from the acute phase of the infection, suggesting that the
chances of SARS-CoV-2 in semen are extremely low, espe-
cially among recovered men. It would be important to study
this question among asymptomatic carriers where sexual trans-
mission is most likely. Furthermore, if SARS-CoV-2 is present
in semen, it would imperative to evaluate the duration that it is
present.

The study by Li et al reported the detection of SARS-CoV
-2 in semen samples in 6 out of 38 patients (15.8%), and to our
knowledge, may be the only study reporting a positive result in
semen.'® However, this study may have several noteworthy
methodological limitations. The semen samples for SARS-
CoV-2 were tested by qualitative RT-PCR, and thus neither
the limits of detection nor the threshold values were described.
Notably, the study did not describe which PCR primer was
utilized to identify the SARS-CoV-2 RNA. Additionally, there
lays heterogeneity with PCR primers utilized amongst the
literature. While Song et al utilized RT-qPCR or anti-SARS-
CoV-2 antibodies (both IgM and IgG) in serum by colloidal
gold-based immunoassays, Paoli et al in a case report utilized
RT-PCR targeting E and S viral genes, which is different than
the aforementioned authors.'>*° Perhaps to mitigate future
methodological issues, the use of a quantitative PCR assay
would be more useful to detect the virus as well as test its
concentration in semen.

The results by Li et al need to be cautiously interpreted, as
they focused on hospitalized patients with severe disease, from
which the authors cited 12 comatose or dying subjects.'?
A study by Chen et al reported that disease severity was related
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to viremia, and thus a higher chance to reach other organs and
body fluids including the semen.?! Moreover, if samples are
not taken in accordance with sterile conditions, the contamina-
tion of semen samples with the patients’ aerosol secretions
may also cause a false-positive result.”’ To avoid viral con-
tamination from non-semen sources, semen samples should be
obtained in accordance with the World Health Organization
(WHO) guidelines. The process of semen sample collection
includes passing urine, washing hands and penis with soap,
drying hands and penis, and then ejaculating the semen by
masturbation into a sterile and wide-mouthed container.** The
diversity among the results of the studies may be due to
differences in disease stage or severity, differences in the tim-
ing of sample collection from symptom onset, as well as
possible contamination of semen samples with aerosol or
other body fluids from the patient.

Investigation of ACE2 expression patterns in adult
human testis at the level of single-cell transcriptomes
shows that ACE2 is predominantly enriched in Leydig
and Sertoli cells, implying a possible direct effect on
spermatozoa.”® If aerosol drops containing virus come in
contact with liquid nitrogen, the virus will vitrify and
contaminate the liquid nitrogen. Although the properties
of SARS-CoV-2 interacting with liquid nitrogen and
reproductive cells are not fully investigated, a realistic
expectation may be that it can contaminate the operator
upon warming or cross-contaminate samples with ACE2
receptor such as testis tissue.”* Moreover, it has been
found that early embryos express high levels of ACE2,
and has been proposed to be responsible for either reduced
or total failure of fertilization during conventional
IVF.>>2?® Cautionary safety measures such as washing
and storing semen in a separate liquid nitrogen cryosto-
SARS-CoV-2 patients could be
a plausible choice.’”?® Taking these facts altogether and

rage canister for
in order to mitigate the possibility of contamination, it is
highly possible that the general precautions taken during
IVF treatment with SARS-CoV-2 positive patients will
change.

While overall results indicate the absence of SARS-
CoV-2 in semen among milder and asymptomatic men, the
cumulative number of subjects is still too low to consider
this data conclusive. A major limitation of most studies
investigating the possible presence of SARS-CoV-2 in
semen is the collection of samples after patients recover,
as the most potential period for transmission of the virus is
the acute stage, where viremia may be detected and the
virus may shed into the male genitourinary tract via an

imperfect blood-testis barrier.'* Future research is needed
to evaluate for the presence of SARS-CoV-2 in seminal
fluid during an acute infection with severe symptoms as
well as long-term follow-up of SARS-CoV-2 in semen,
especially among asymptomatic SARS-CoV-2 patients.

Conclusion

We have reported the presence and absence of SARS-CoV-2
in semen. Taken together, the risk of the presence of SARS-
CoV-2 in semen appears to be extremely low and likely
negligible in recovered men. Understanding virus dynamics
and knowing all the possible transmission routes help us to
determine preventive measures that have to be taken. It is of
particular importance to include long-term follow-up in men
who have reported symptoms of scrotal discomfort or orchi-
tis, as this could indicate a violation of the blood-testis barrier.
Longitudinal assessments with repeated RNA detection with
appropriate time intervals are necessary. Future studies need
to focus on whether complete viral particles can be seen in
semen and the possibility of sexual transmission.
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