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Introduction
he severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) was first reported
in December 2019 in Wuhan City (Hubei
Province, People’s Republic of China) and its
spread rapidly escalated leading to global pandemic. Until 19th December, 2020, more than 75
million infected cases were reported and over 1.6
million people died worldwide. The virus causes
respiratory tract disease, officially called coronavirus disease 2019 (COVID-19), and it mainly
spreads through respiratory droplets during face-

to-face contact with an infected person. The important issue is to establish efficient strategies for
possible contagion to prevent further expansion of
the pandemic (1). Using real-time reverse transcription polymerase chain reaction (rRT-PCR),
viral nucleic acid was found in nasopharyngeal,
nasal, and pharyngeal smear, samples of saliva,
blood, stool, urine, and tears (2, 3). The virus enters the target cell through the viral spike (S) protein and angiotensin-converting enzyme 2 (ACE2)
interaction (4). The presence of this enzyme in
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Abstract
Background: The purpose of the current study was to assess pooled prevalence (PP)
of SARS-CoV-2 in semen and pooled estimates including weighted mean difference
(WMD) and risk ratio (RR) of semen characteristics in infected cases as compared
with healthy controls.
Methods: Major databases were searched by two authors. SARS-CoV-2-positive
cases were assigned to the exposed arm (group A), whereas the controls to the unexposed (group B). Risk of bias was assessed with Newcastle-Ottawa Scale and
PRISMA guidelines were followed. Random-effects model was employed for analyzing the heterogeneity and fixed-effects model for homogeneity of studies.
Results: Of 170 studies, 14 studies were eligible involving 507 subjects (316 in
group A, 191 in group B). The risk of bias was the highest for "comparability" domain. SARS-CoV-2 RNA was found in only two studies among 7 subjects (PP=
2.10%, 95%CI 0.58–4.42). There was a significant decrease in sperm concentration
(WMD= -15.29, 95%CI -24.70 – -5.88) and total sperm in ejaculate (WMD= -47.58,
95%CI -86.40 – -8.75) in group A. The effect of COVID-19 upon progressive motility, ejaculate volume, and leukocyte presence in semen was not significant.
Conclusion: Prevalence of SARS-CoV-2 in semen among the infected cases is low.
Sexual transmission through semen is improbable and of little concern for public
health. Sperm concentration and total sperm in ejaculate are significantly reduced as
compared with controls. Due to limited information of the current research, longer
follow-up is needed to identify delayed or progressive impact.
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Methods
Study design and literature search: It was a meta-

analysis of observational studies reporting analysis of semen in subjects who have suffered
COVID-19. Two researchers independently performed literature search on the 18th May, 2021.
PubMed MEDLINE, Scopus, SciELO, Embase,
and Web of Science were searched for the combination of the following terms:
COVID-19, SARS-CoV-2, novel coronavirus, semen, sperm, and their corresponding synonyms.
No temporal restrictions were imposed and all
languages were acceptable. The study has not
been registered in PROSPERO. References of the
relevant articles were reviewed in case any potentially contributory paper was missed. Full search
strategy is demonstrated by Electronic Supplementary Material 1. In case of insufficient data,
corresponding authors were emailed. For achieving clarity and transparency in the systematic approach, PRISMA guidelines were adopted (Electronic Supplementary Material 2). The null hypotheses are as follows:
1) 95% confidence interval (CI) of weighted mean
differences (WMDs) of continuous variables includes 0 and 95% CI of risk ratio (RR) of binary
variables includes 1 suggesting that SARS-CoV-2
and COVID-19 do not affect semen quality.
2) SARS-CoV-2 RNA in human semen is not detectable or its prevalence is marginal.
200

Eligibility: For an article to be eligible, it had to
(1) evaluate semen in COVID-19 patients (either
in acute phase, in recovery phase, or both), (2)
address only sexually mature subjects (arbitrarily
set at 15 years of age), and (3) contain 5 or more
subjects for analysis. On the other hand, studies
were excluded in case of encountering any of the
following:
(1) reviews, (2) commentaries, (3) conference proceedings, (4) number of subjects less than five, (5)
chapters, (6) posters, (7) surveys, (8) errata, (9)
published material in non-peer-reviewed supplements, (10) high index of suspicion for the overlapping data, and (11) insufficient data in spite of
an attempt to communicate with corresponding
authors. All inclusion procedures are shown in
figure 1.
Data extraction and curation: The purpose of the
current paper was to extract the following items:
(1) type of the study, (2) total number of subjects,
(3) mean age, (4) mean/median follow-up, (5)
number of patients in acute (active) phase, (6)
number of patients in recovery phase, (7) number
of controls, (8) geographical origin of the study,
(9) number of patients with SARS-CoV-2 in semen at each phase of the disease (active or recovery), (10) laboratory method for SARS-CoV-2
confirmation, (11) number of patients requiring
hospitalization, (12) number of patients with fever, (13) duration of symptoms, (14) time between
symptoms appearance and semen collection, (15)
number of patients with testicular pain or discomfort during infection, and (16) semen characteristics (volume, sperm concentration, motility, leukocyte count, and bacterial presence). Data was
disaggregated into its components, then reaggregated for the statistical analysis. Missing means or
standard deviations were calculated using the disaggregated data. In case of parameters that could
not be aggregated into the mean of the whole
sample due to insufficient data, the latest parameters were chosen as indicative of the recovery
phase. The data was curated in Microsoft Excel
2016 and subjects were divided into group A consisting of SARS-CoV-2-positive patients and
group B comprising healthy controls.
Assessing quality and risk of bias: Risk of bias was
assessed both qualitatively and quantitatively.
Qualitative assessment was based upon the Newcastle-Ottawa Scale (NOS), whereas for quantitative interpretation, a funnel plot was created. For
the NOS, the exposure was defined as SARS-

J Reprod Infertil, Vol 23, No 3, Jul-Sept 2022

Downloaded from http://www.jri.ir

testes could justify viral appearance in semen.
That could be an additional route of disease
transmission. So far, the reports related to presence of SARS-CoV-2 in semen specimens are
contradictory. Moreover, it is still unknown whether COVID-19 disease decreases semen quality
which is used as a surrogate marker of male fertility. Although many narrative reviews have emerged, none of the researchers has attempted statistical analysis.
Thus, the aim of this study was to perform the
first meta-analysis of retrospective observational
studies, summarizing the current literature and
providing an answer to the question of whether
SARS-CoV-2 can be detectable in human semen;
if this can be confirmed, the semen might be a
clinically important route of COVID-19 transmission. The additional goal was to determine the
possible effects that the disease will have upon
semen characteristics (volume, sperm concentration, total sperm per ejaculate, sperm motility, and
leukocyte presence).
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Records identified through
database searching
(n=497)
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Additional records identified through
other sources references
(n=1)

Records after duplicates removed
(n=170)

- Records excluded, with reasons (n=151)
- Reviews (n=40)
- Conference proceedings (n=17)
- Article not addressing our research question (n=91)
- Animal study (n=3)

Records screened
(n=170)

Full-text articles assessed
for eligibility
(n=19)
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- Full-text articles excluded, with reasons (n=5)
- Case report (n=3)
- Irrelevant (n=2)

Studies included in qualitative
synthesis
(n=14)

Studies included in quantitative
synthesis (meta-analysis)
(n=14)
Figure 1. Study selection process

CoV-2 infection with or without symptoms. The
endpoints of interest were defined as presence of
the viral RNA in semen and/or semen quality as
compared to World Health Organization reference
values (5th centile was adopted as the lower cutoff value) (5). Each paper was reviewed for three
domains including selection, comparability, and
outcome (endpoints). A total number of stars that
could have been given for each domain was as
follows:
for "selection" four stars, for "comparability" two
stars, and for "outcome" three stars. Lack of any
stars in a given domain showed the risk of bias
was high. At least one star meant the risk of bias
was moderate. A maximum number of stars demonstrated the risk of bias was low. If the study
does not present any controls at all, then for the
entire "comparability" domain as well as for "se-

lection of the non-exposed cohort", it is given zero
stars. The most important control factor was age.
Additional control factors were smoking and
mean body mass index (BMI). Since it was suggested that SARS-CoV-2 might affect semen even
in the acute phase (6), adequacy of minimal follow-up of cohorts (time from diagnosis to semen
collection) was set at 0 days (the day of diagnosis).
Statistical analysis: The meta-analysis was performed using MetaXL 5.3 (Epigear International
Pty Ltd, Australia) and Comprehensive MetaAnalysis V3 (Biostat Inc., USA). Relative risk
(risk ratio; RR) and weighted mean difference
(WMD) were calculated with corresponding confidence interval of 95%. Heterogeneity was assessed based on I2 and chi2 values. Interpretation
of I2 value was made as commonly accepted: 0 to
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40% as not important, 30 to 60% as moderate heterogeneity, 50 to 90% as substantial heterogeneity, and 75 to 100% as considerable heterogeneity.
Level of significance for Cochran’s Q was arbitrarily set to <10% (<0.10), whereas p-value of
comparative tests was universally set to <5%
(<0.05). Based on principles of good research
practice, in case of I2 ≥40% (heterogeneity), random effects model would be employed, whereas
for I2 <40% (homogeneity), fixed effects model
would qualify for analysis.
Sensitivity analysis: For sensitivity analysis,
WMDs were approached again after excluding the
study of Temiz et al. (7) where a considerable part
of the sample had a negative throat swab test yet
still were included solely based on symptoms.

bases yielded 497 results. One paper was additionally found during reference check. After deduplication, 170 records were obtained. Screening
of the titles and abstracts led to exclusion of 149
studies (Figure 1) and 19 full-text articles were
evaluated. Ultimately, 14 papers were eligible for
analysis, including the single paper that had been
collected in the reference check (6–19). In general, 9 (64.3%) studies were conducted in Asia
(including two Turkish studies) and 2 (14.3%) in
Europe, and three (21.4%) were done in North
America. The studies involved 507 subjects that

Table 1. Characteristics of studies
Study name
Guo et al. (2020)
Holtmann et al. (2020)
Kayaaslan et al. (2020)
Li, Jin, et al. (2020)
Li, Xiao, et al. (2020)
Ma et al. (2020)
Pan et al. (2020)
Pavone et al. (2020)
Rawlings et al. (2020)
Ruan et al. (2020)
Song et al. (2020)
Temiz et al. (2020)
Machado et al. (2021)
Burke et al. (2021)

Study type

Global region

Method of systemic
COVID-19 testing

No. of COVID-19
subjects (n)

Case series
Cohort study
Case series
Case series
Cohort study
Case series

Asia
Europe
Asia
Asia
Asia
Asia

RT-PCR
RT-PCR or serum IgA, IgG
RT-PCR
RT-PCR
RT-PCR
RT-PCR or serum IgM, IgG

23
20
16
38
23
12

No. of subjects
with SARS-CoV-2
in semen
0
0
0
6
0
0

Case series
Case series
Case series
Cohort study
Case series
Cohort study
Case series

Asia
Europe
North America
Asia
Asia
Asia
North America

qRT-PCR
RT-PCR
dd-PCR
RT-PCR
RT-PCR or serum IgM, IgG
RT-PCR
RT-PCR

34
9
6
70
12
17*
15

0
0
0
0
0
0
1

Case series

North America

RT-PCR

18

0

20 subjects but in 3, the swab test was negative. They were regarded by Temiz et al. as SARS-CoV-2-positive.
RT-PCR: Real-Time Polymerase Chain Reaction, dd-PCR: droplet digital Polymerase Chain Reaction
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Results
Study characteristics: Initial search of all data-

were grouped into two categories: 316 in group A
(62.3%; an exposed arm of infected individuals)
and 191 (37.7%) healthy controls in group B (Table 1).
Mean age in group A was 33.5 years and mean
age in group B was 39.9 years. Also, mean BMI
in group A was 25.74 kg/m2. Semen specimens
were collected at a mean time of 23 days from the
disease onset (range of 0-109 days). At the time of
semen collection, only a minority of subjects were
in acute or active phase of COVID-19 (n=73;
23.1%), whereas most were in recovery period
(n=237; 75%). Data regarding stage of the disease
of six subjects was unavailable. Moreover, it was
reported that 121 participants (38.3%) had symptomatic course of COVID-19.
Risk of bias assessment: Summary of the qualitative risk of bias assessment using the NewcastleOttawa Scale are show in table 2. The highest risk
of bias was found in "comparability" domain. Only one study provided controls who were agematched, BMI-matched, and smoking statusmatched. The lowest risk of bias was identified in
"outcome" domain. Additional risk of bias was
found in the study of Temiz et al. as they had included three subjects whose throat swab tests
were negative. Therefore, a sensitivity analysis
was conducted omitting this study from analysis
(see below).
Pooled effects: Pooled prevalence of SARS-CoV2 RNA in semen was estimated at 2.10% (95% CI
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Table 2. Qualitative assessment of risk of bias using NewcastleOttawa Scale
Study name
Guo et al. (2020)
Holtmann et al. (2020)
Kayaaslan et al. (2020)
Li, Jin, et al. (2020)
Li, Xiao, et al. (2020)
Ma et al. (2020)
Pan et al. (2020)
Pavone et al. (2020)
Rawlings et al. (2020)
Ruan et al. (2020)
Song et al. (2020)
Temiz et al. (2020)
Machado et al. (2021)
Burke et al. (2021)

Selection















Comparability







Outcome















0.58-4.42; I2=21%, Cochran’s Q=16.49, p=0.22,
fixed-effects model). Pooled mean of semen volume for group A was 2.61 ml versus 3.17 ml for
group B. The weighted mean difference (WMD)
for semen volume was -0.35 (95% CI -0.70 -0.00;
I2=0%, Cochran’s Q=0.1, p=0.951, fixed-effects
model). Pooled prevalence of leukocytes in semen
for group A was 50.57% and for group B was
40.06% with insignificant risk ratio (RR) of 1.69
(95% CI 0.49–5.88; I2=78%, Cochran’s Q=9.25,
p=0.01, random-effects model). Mean sperm concentration in group A and group B were 53.30
[106/ml] and 70.60 [106/ml], respectively with sta-

tistically significant WMD of -15.29 (95% CI
-24.70-5.88; I2=15%, Cochran’s Q=3.51, p=0.32,
fixed-effects model). Mean semen volume in
group A and group B were 2.61 ml and 3.17 ml,
respectively with insignificant WMD of -0.35
(95%CI -0.70–0.00; I2=0%, Cochran’s Q=0.1,
p=0.95, fixed-effects model). Mean of total sperm
in ejaculate was 126.51 [106] and 239.24 [106] in
group A and group B, respectively with statistically significant WMD of -47.58 (95% CI -86.40 –
-8.75; I2=23%, Cochran’s Q=2.59, p=0.27, fixedeffects model). Mean of progressive motility in
group A and group B was 41.38% (95% CI
38.58–44.18) and 39.97% (95%CI 38.27–41.16),
respectively with insignificant WMD of 2.26
(95%CI -1.07–5.58; I2=0%, Cochran’s Q=1.22,
p=0.54, fixed-effects model). The tabular summary of findings with comments are provided in
table 3.
Sensitivity analysis: For sensitivity analysis, the
study of Temiz et al. (7) was excluded from semen quality analysis due to involvement of three
subjects in group A (15% of group A sample,
10% of their study population) who had negative
throat swab test but still were included solely
based on symptoms. Thus, weighted mean differences and risk ratios were recalculated and compared with primary results:
(1) RR of 1.51 (95% CI 0.37–6.17) for presences
of leukocytes in semen remained insignificant, (2)
WMD of -17.82 (95%CI -27.83 – -7.82) for sperm
concentration remained significant, (3) WMD of
-0.347 (95%CI -0.71–0.015) for semen volume
remained insignificant, (4) WMD of -61.64 (95%
CI -104.22 – -19.07) for total sperm per ejaculate

Table 3. Summary of findings
Endpoint

Graphic
illustration

Leukocytes in semen

Figure 2A

Sperm concentration

Figure 2B

Semen volume

Figure 2C

Total sperm per ejaculate

Figure 2D

Progressive motility

Figure 2E

SARS-CoV-2 RNA in semen

Figure 2F

Pooled effect size
(95% CI)
RR 1.69
(0.49–5.88)
WMD-15.29
(-24.70 – -5.88)
WMD-0.35
(-0.70–0.00)
WMD -47.58
(-86.40 – -8.75)
WMD 2.26
(-1.07–5.58)
Prevalence 2.10%
(0.58–4.42)

No. of participants
(studies)

Comment

107 (3)

Insignificant effect on leukocytes in
semen

307 (4)

Significantly reduced sperm
concentration [106/ml]

262 (3)

Insignificant trend towards reduced
volume (CI includes 0)

262 (3)

Significantly reduced total sperm per
ejaculate [106]

262 (3)

Insignificant effect on motility

313 (14)

Only two studies showed
presence (see "discussion")

CI: Confidence Interval, RR: Risk Ratio, WMD: Weighted Mean Difference, No: Number
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A total number of stars that could have been given for each domain was as
follows: for "selection" four stars, for "comparability" two stars, and for
"outcome" three stars
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Figure 2. Forest plots of pooled effect size with corresponding 95% confidence intervals. A) RR for leukocytes in semen, B) WMD
for sperm concentration, C) WMD for sperm volume, D) WMD for total sperm in ejaculate E) WMD for progressive motility, F)
Pooled prevalence of SARS-CoV-2 RNA in semen.
RR: Risk Ratio, WMD: Weighted Mean Difference

remained significant, and (5) WMD of 2.96 (95%
CI -0.63–6.54) for progressive motility remained
insignificant.
Discussion
SARS-CoV-2 in semen: This meta-analysis shows
that SARS-CoV-2 RNA in semen is an exceptional finding, which has been reported only twice.
Therefore, the main question is whether the finding of Li, Jin, et al. (6) and Machado et al. (10)
were incidental or their specimens were contaminated. Information regarding the methodology in
the former study was scarce as it lacked descrip204

tion on the procedure of semen collection and
processing. Many other studies, which refuted the
presence of virus in semen, furnished detailed
methodology, depicting careful washing of hands
and penis with soap and water and the ways for
drying them with paper towels, besides showing
sterile containers, sterile transport system, as well
as complex laboratory processing materials and
methods (8, 9, 18). Therefore, since studies of
higher quality disprove the results of Li, Jin, et
al.'s findings, the computed prevalence of semen
viremia (2.10% [95% CI 0.58-4.42]) is possibly
overestimated and falls closer to the lower end of
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systematically and statistically approaching the
ongoing debate whether SARS-CoV-2 infection
affects human semen or not.
In relation to standard semen parameters, not only the stage of disease and the general status of the
patients but also selection of control subjects is of
great importance. This was addressed in assessment of the quality of each study.
Conclusion
Current literature shows that SARS-CoV-2 is
usually undetectable in human semen. This indirectly indicates that sexual transmission through
semen is unlikely. As only two of fourteen studies
have confirmed presence of the virus in semen, it
should be currently regarded as an exceptional
finding which, if repeated, needs to be reported.
Sperm concentration and total sperm in ejaculate
are significantly decreased as compared with controls, yet they are still within normal range according to WHO reference values. Progressive
motility, ejaculate volume, and leukocyte presence in semen are not affected by COVID-19.
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