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Abstract
Purpose The recent pandemic of severe acute respiratory syndrome (SARS) due to coronavirus (CoV) 2 (SARS-CoV-2) 
has raised several concerns in reproductive medicine. The aim of this review is to summarize available evidence providing 
an official position statement of the Italian Society of Andrology and Sexual Medicine (SIAMS)
Methods A comprehensive Pubmed, Web of Science, Embase, Medline and Cochrane library search was performed. Due 
to the limited evidence and the lack of studies, it was not possible to formulate recommendations according to the Oxford 
2011 Levels of Evidence criteria.
Results Several molecular characteristics of the SARS-CoV-2 can justify the presence of virus within the testis and possible 
alterations of spermatogenesis and endocrine function. Orchitis has been reported as a possible complication of SARS-CoV 
infection, but similar findings have not been reported for SARS-CoV-2. Alternatively, the orchitis could be the result of a 
vasculitis as COVID-19 has been associated with abnormalities in coagulation and the segmental vascularization of the testis 
could account for an orchitis-like syndrome. Finally, available data do not support the presence of SARS-CoV-2 in plasma 
seminal fluid of infected subjects.
Conclusion Data derived from other SARS-CoV infections suggest that in patients recovered from COVID-19, especially 
for those in reproductive age, andrological consultation and evaluation of gonadal function including semen analysis should 
be suggested. Studies in larger cohorts of currently infected subjects are warranted to confirm (or exclude) the presence of 
risks for male gametes that are destined either for cryopreservation in liquid nitrogen or for assisted reproduction techniques.
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Introduction

Coronaviruses (CoV) are single-stranded RNA viruses, so 
named after the crown-like appearance given by glycopro-
tein spikes around the viral envelope, which can be observed 
by electron microscope. Coronaviridae family includes sev-
eral genera (from α to δ) that are capable to affect human 
and other vertebrates: the α-CoV and β-CoV can affect 
human and various mammals by infecting respiratory, 

gastrointestinal, and central nervous system, while γ-CoV 
and δ-CoV mainly affect birds [1, 2]. Since the outbreak of 
severe acute respiratory syndrome (SARS)-CoV in the south 
of China in 2002, coronaviruses have been recognized as the 
cause of several epidemics throughout the world. Recently, a 
new viral strain appeared in the middle of the same country, 
in Wuhan [3], starting a pandemic that is currently involv-
ing over two million people around the world, more than 
100,000 deaths and whose numbers are still increasing each 
day [4]. Italy is one of the most severely involved countries 
with up to 160,000 assessed cases and more than 20,000 
deaths [5]. This new viral strain belongs to the β-CoV genus 
and has been named SARS-CoV-2. According to the current 
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knowledge, the clinical manifestations of SARS-CoV-2 are 
commonly characterized by fever, cough, nasal congestion, 
asthenia, anosmia, ageusia and dyspnea. The infection may 
further evolve with the onset of systemic symptoms charac-
terized by cardiovascular coagulation and liver impairment 
and an atypical pneumonia, that might require hospitaliza-
tion [6]. The relatively high frequency of these life-threat-
ening complications, together with the high transmissibility 
and swift global diffusion, forced serious responses from 
world authorities leading to severe restrictions in the attempt 
to control the pandemic of the coronavirus disease (COVID-
19) [7]. With the aim to contain the disease, researchers 
activated globally to clarify viral transmission routes and 
to validate diagnostic tests to quickly identify infected sub-
jects. There is evidence of the SARS-CoV-2 RNA presence 
in various biological matrices such as stool samples, blood 
and urine: in stool in particular there seems to be a rela-
tively high detection rate, with longer clearance time than 
nasopharyngeal swabs from respiratory secretions; blood 
and urine, instead, seem to have a very low frequency of 
viral RNA detection [8–10]. Nonetheless, this suggests that 
infection routes other than respiratory droplets are theoreti-
cally possible. The presence of SARS-CoV-2 in seminal 
fluid could have sexual and reproductive implications [11] 
and reflect in COVID-19 infection and transmission, but this 
matter has been under-investigated so far. Sperm cryopreser-
vation is routinely used to preserve male fertility and to man-
age couple infertility in several clinical settings [12]. Cyto-
toxic agents used in cancer or some surgical intervention can 
impair spermatogenesis and alter ejaculation. In addition, 
surgical sperm extraction in azoospermic patients represents 
another specific indication for sperm freezing [13]. While 
conventional or microsurgical sperm extraction in patients 
with obstructive or non-obstructive azoospermia can be 
easily delayed because of the pandemic, semen cryopreser-
vation cannot be delayed in cancer patients who need to 
start chemotherapy. In the latter situation, sperm cryobanks 
represent the only chance of patient’s fertility preservation.

Based on the aforementioned considerations, the possibil-
ity that SARS-CoV-2 can be identified in seminal fluid has 
important implications in reproductive medicine, especially 
regarding medically assisted reproduction and gamete cryo-
preservation, where there is a wide margin of uncertainty 
[14, 15]. The aim of the present paper is to summarize avail-
able evidence providing an official position statement of the 
Italian Society of Andrology and Sexual Medicine (SIAMS).

Methods

A comprehensive Pubmed, Web of Science, Embase, Med-
line and Cochrane library search was conducted based on the 
following keywords: ("testis"[MeSH Terms] OR "testis"[All 

Fields]) AND ("sars virus"[MeSH Terms] OR ("sars"[All 
Fields] AND "virus"[All Fields]) OR "sars virus"[All 
Fields] OR ("sars"[All Fields] AND "cov"[All Fields]) OR 
"sarscov"[All Fields]).

Due to the limited level of evidence and a lack of good 
study quality and design, producing recommendations accord-
ing to the Oxford 2011 Levels of Evidence criteria was not 
possible. However, specific statements summarizing the 
SIAMS position based on discussion on the available data 
amongst a board of experts of the field were provided.

SARS‑CoV‑2 pathogenetic mechanisms 
of infection: the basis for testis localization

As previously reported, SARS-CoV-2 is a novel β-coronavirus 
sharing 80% sequence homology with the earlier SARS-CoV 
virus causing the SARS outbreak in 2003 [16]. However, 
SARS-CoV-2 presents distinct characteristics. Its 3D struc-
ture shows a more compact configuration, which increases its 
binding affinity for angiotensin converting enzyme 2 (ACE2) 
that serves as a viral receptor [17]. In addition, SARS-Cov-2 
presents a polybasic (furin) cleavage site increasing the virus’ 
ability to internalize into cells. All these features can explain, 
at least partially, the strongest clinical impact when compared 
to the other coronavirus [17].

ACE2 is highly expressed in a wide range of human tis-
sues including testis [18]. In particular, within the testis ACE2 
expression has been documented on seminiferous ducts cells, 
as well as on spermatogonia, Leydig and Sertoli cells confirm-
ing the potential risks associated with SARS-CoV-2 infection 
in the reproductive system [18]. In addition, furin domains 
are expressed in the epididymis of various domestic mam-
mals including humans, further supporting the risk of genitalia 
localization of SARS-CoV-2 [19]. If SARS-CoV-2 uses the 
SARS-CoV receptor ACE2 for cell entry, the transmembrane 
protease, serine 2 (TMPRSS2) for S protein is priming such 
internalization resulting in an enhanced isolation of SARS-
CoV-2 in cells expressing this type II transmembrane serine 
protease [20]. TMPRSS2 is highly expressed in the prostate 
epithelial cells, including the apical plasma membrane of the 
prostate luminal cells. Its expression is regulated by andro-
gens (apparently an androgen responsive elements is the only 
known promoter enhancer of this gene) and is also released 
into semen as a component of prostasomes, organelle-like 
vesicles that may facilitate sperm function and enhance male 
reproduction [21].

SARS‑CoV‑2 and male fertility

S-1 orchitis has been reported as a possible complication 
of SARS-CoV infection. Similar findings have not been 
reported for SARS-CoV-2.
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S-2 testicular function including testosterone and sperm 
concentrations should be monitored in patients recovered 
from with SARS-CoV-2.

S-3 available data do not support the presence of SARS-
CoV-2 in seminal fluid of infected subjects.

Evidence

As previously reported, the presence of ACE2 in adult Ley-
dig cells in the testis was proven long ago, with a putative 
steroidogenesis regulatory role [22], but its precise function, 
as well as the role for the entire renin-angiotensin system 
in testicular function regulation, has been investigated with 
respect to gender differences but not yet fully elucidated 
[23]. It is possible that viral binding to this metalloprotease 
might compromise testicular function and the consequent 
inflammation might lead to epididymo-orchitis with long 
lasting testicular damage and spermatogenesis impair-
ment. While such occurrence has not yet been described for 
SARS-CoV-2, it was instead reported for a similar corona-
virus SARS-CoV [24]. Alternatively, the orchitis could be 
the result of a vasculitis as COVID-19 has been associated 
with abnormalities in coagulation and the segmental vas-
cularization of the testis could account for an orchitis-like 
syndrome. These observations indicate that it is imperative 
to monitor recovered COVID-19 men reproductive func-
tions for any abnormalities that might impair future fertil-
ity. Accordingly, limited evidence documented that when 
compared to age-matched healthy men with normal fertility, 
COVID-19 patients showed a significant increase in serum 
LH level and a dramatic decrease in serum testosterone (T) 
to luteinizing hormone (LH) ratio, supporting the presence 
of a subclinical or compensated hypogonadism [25]. The 
latter is supported by the epidemiological observation of 
a higher incidence of complications in older diabetic men 
that have hypogonadism [26]. Finally, a rise in LH levels is 
known to increase testicular vascularization [27]. Another 
hot topic would be the safety and potential consequences of 
utilization of reproductive cells from SARS-CoV-2 positive 
subjects: the lack of knowledge currently prevents us from 
performing a thorough and exhaustive risk analysis regard-
ing possible adverse events in the short or long term. The 
possible presence of SARS-CoV-2 has not yet been reported 
and there are only a few case reports investigating this issue. 
Recently, Paoli et al. [28] reported the absence of viral RNA 
in the semen fluid of a man with history of COVID-19. This 
was also confirmed by Pan et al. [29] in a small cohort of 
Chinese subjects. The latest research letter from Li et al. [30] 
drew attention for reporting 6 cases of positive SARS-CoV-2 
semen samples in severe COVID-19 cases (about 16% of the 
tested subjects). However, several concerns were raised for 
methodological issues [31].

Remarks and further perspective

It is important to recognize that all available data on the 
specific effects of SARS-CoV-2 on testicular function are 
derived from clinical cases or case series, which represent 
a major limitation for the data analysis. Hence further stud-
ies are required to draw final conclusions. However, data 
derived from other SARS-CoV infections suggest that in 
patients recovered from COVID-19, especially for those in 
reproductive age, andrological and sexological consultation 
and gonadal function evaluation including semen exami-
nation should be suggested [11]. In addition, it should be 
stressed that the results derived from the studies from Paoli 
et al., Pan et al. and Li et al. [28–30] can allow to speculate 
that SARS-CoV-2 clearance in seminal fluid overlaps with 
the clinical recovery or that the virus has never been pre-
sent in the seminal fluid of the subject. The evaluation of 
the presence of SARS-CoV-2 in seminal samples is particu-
larly important for semen cryopreservation, because viruses 
stored in liquid nitrogen retain their pathogenic properties 
[32]. For this reason, studies in larger cohorts of currently 
infected subjects are warranted to confirm (or exclude) the 
presence of risks for male gametes that are destined either 
for cryopreservation in liquid nitrogen or for assisted repro-
duction techniques.
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