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Abstract
Background: A causative relationship between varicocele and impairment of semen 
quality has been largely investigated in the context of male infertility, although its 
clinical benefit remains controversial.
Objective: To investigate the effect of varicocele correction on detailed morphologic 
microscopic semen parameters in a large homogeneous cohort of patients and to 
evaluate which factors could predict semen improvement after the surgical treatment.
Materials and methods: An observational, retrospective cohort study was carried out 
including all patients undergoing surgical treatment for varicocele from September 
2011 to March 2020 in the same clinical centre. Enrolled males performed at least one 
semen analysis before and one after surgical varicocele correction. Primary outcome 
was the detailed morphologic microscopic sperm evaluation. Secondary outcomes 
were conventional semen analyses.
Results: A total of 121 males (mean age 24.6 ± 6.1 years) were enrolled. Using detailed 
morphologic microscopic sperm evaluation, a significant morphological improvement 
was recorded, with a reduction in head and tail abnormalities. Moreover, a significant 
increase in sperm concentration (p = 0.015) and percentage of progressive and total 
motility (p = 0.022 and p = 0.039) were observed after surgery. The multivariate lo-
gistic analysis identified the ultrasonography varicocele degree before surgery as a 
main predictor of the sperm concentration improvement (p = 0.016), with the highest 
improvement for varicocele of I and II degree.
Discussion: For the first time, the detailed morphologic microscopic sperm evaluation 
highlights a relevant reduction in sperm abnormalities after varicocele surgery, show-
ing its potential application in clinical practice.
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1  |  INTRODUC TION

Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
in design and included mainly Chinese subjects. In brief, ten of 12 
studies reported that none of the participants had SARS-CoV-2 RNA 
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1  |  INTRODUC TION

Varicocele is a frequent clinical condition among adult males (ie 
15%– 20%),1,2 characterized by the detection of abnormally dilated 
tortuous veins within the pampiniform plexus.3,4 This incidence is 
even more prevalent evaluating cohorts of infertile men, reaching 
35%– 40%.1,2 Thus, not surprisingly, the association between vari-
cocele and male infertility has been largely investigated by both 
clinicians and researchers dealing with couple infertility, obtaining 
inconclusive results. Among the suggested potential mechanisms 
linking varicocele to infertility, the most accredited are (i) increase of 
reactive oxidative species, (ii) sperm DNA damage, (iii) increase scro-
tal temperature and (iv) reduction of the supply of oxygenated blood 
and nutrients.5– 8 Since all these mechanisms could lead to semen 
quality impairment, the varicocele- induced alteration of semen pa-
rameters is probably due to a combination, not exactly quantified, of 
these various insults.

Generally, varicocele develops during puberty and occurs more 
often on the left side for anatomic reasons.9,10 However, its diagno-
sis is commonly delayed, especially in asymptomatic cases, until the 
man consults an andrologist for couple infertility. The physical ex-
amination allows to classify varicocele according to a three- graded 
scale.11 Then, varicocele diagnosis is confirmed at ultrasonography 
evaluation, whereby diverse scales have been proposed for classifi-
cation.12,13 Several international guidelines agree in recommending 
surgical treatment for varicocele when it is palpable and/or if ab-
normal semen parameters are detected.14 On the contrary, there is 
no consensus about which surgical approach should be considered 
the gold standard, leaving open a spectrum of possible procedures 
ranging from the ligation of the spermatic vein to the microsurgical 
varicocelectomy.15,16

Alongside the shared surgical indications for varicocelectomy 
in the context of male infertility, the effective semen parameters 
restoration after surgical correction constitutes a debated issue. 
Several studies investigated varicocelectomy efficacy on semen 
parameters improvement and many authors described a significant 
semen quality improvement after varicocelectomy,17– 20 whereas 
others did not.21– 24 Trying to overcome these contradictory results, 
several meta- analyses have been published on this topic. Schauer 
et al.25 evaluated 14 studies, highlighting a significant improvement 
in both sperm count and motility after surgical varicocelectomy. 
Similarly, Kim et al.26 meta- analysed seven trials, detecting a signifi-
cant gain of progressive sperm motility, without any effect on sperm 
count and morphology. Moreover, Wang et al.27 highlighted a reduc-
tion of sperm DNA fragmentation after surgical varicocele removal, 
evaluating 12 clinical trials. However, all meta- analytical approaches 
in this context were burdened by an extremely high heterogeneity 
of the studies included and, consequently, a weak statistical power, 
precluding a clear assessment of the efficacy of varicocelectomy. 
Comprehensively, it can be reasonably assumed that surgical var-
icocele correction improves semen parameters only in a subgroup 
of patients, exerting its beneficial effect mainly on semen quality, 
rather than on sperm number. However, the vast majority of trials 

on this topic did not report an improvement in sperm morphology. 
Although the spectrum of sperm morphological anomalies described 
in the world health organization (WHO) manual is broad and de-
tailed,28 these parameters are generally reported in clinical practice 
as a binary variable (ie morphologic anomalies presence or absence). 
Thus, a detailed morphological microscopic sperm evaluation has 
never been considered as a potential measurement tool to evaluate 
the effect of varicocele surgical repair so far.

With this in mind, this cohort study was designed to evaluate 
the effect of varicocele correction on detailed morphological micro-
scopic sperm characteristics in a large, homogeneous cohort of pa-
tients, followed at the same clinical centre. As secondary objective, 
our study aimed at identifying those factors able to predict the sem-
inal response to varicocelectomy, allowing a potential cost- benefit 
evaluation.

2  |  MATERIAL S AND METHODS

2.1  |  Study design

An observational, retrospective clinical cohort study was carried out 
including patients followed from September 2011 to March 2020. 
All patients undergoing surgical treatment for varicocele at the Day 
Surgery of the Urology Operative Unit of the Santa Maria Nuova 
Hospital -  IRCCS of Reggio Emilia, were evaluated. Figure 1 shows 
patients' selection criteria. All patients attended the Urology Unit 
for the detection of clinical varicocele at physical examination, with 
a score of 2 or 3 for the entire cohort.11 The following inclusion crite-
ria were considered: (i) diagnosis of clinical varicocele at physical ex-
amination, (ii) confirmation of varicocele at ultrasound examination, 

F I G U R E  1  Flow chart of the patients' enrolment phase
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Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
in design and included mainly Chinese subjects. In brief, ten of 12 
studies reported that none of the participants had SARS-CoV-2 RNA 
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(iii) attending surgical resolution, (iv) with at least two conventional 
semen analyses available, one before and one after surgery. On the 
contrary, we excluded patients with (i) diagnosis of varicocele with-
out surgical indication, and/or (ii) semen analyses performed only 
once.

Each patient was evaluated twice, before and after surgery. At 
each visit, varicocele was assessed by both physical examination 
and ultrasonography (US). In particular, the US varicocele degree 
was evaluated in resting conditions and after Valsalva manoeuvre, 
graded according to the Sarteschi's 5- item scale.13 Moreover, at each 
visit a semen sample was collected before and 3– 12 months after 
surgical varicocele repair, according to the clinical practice.29 When 
more than one semen analysis has been performed after surgery, the 
only one falling within 3– 6 months after repair was considered.30

2.2  |  Surgical techniques

Surgery was performed according to three different surgical tech-
niques. Surgical subinguinal varicocelectomy provided a 3- cm trans-
verse skin incision over the pubic ramus just below the external 
ring.31 The cord structures were grasped carefully with an atrau-
matic clamp and elevated into the wound. The external spermatic 
fascia was split and divided and vas deferens and its vascular bundle 
was isolated and preserved. All veins within the spermatic cord were 
ligated with absorbable ties. The inguinal varicocelectomy required 
a 3– 4- cm incision over the lower inguinal canal and carried down 
to and through the Scarpa fascia to isolate the aponeurosis of the 
external oblique muscle.31 The spermatic cord within the canal was 
isolated and elevated from the wound and then divided and vas def-
erens, perivasal vessels, testicular artery and lymphatics were all 
spared, and the veins ligated. Finally, anterograde scrotal sclerother-
apy was performed by Tauber technique under local anaesthesia.32 
The spermatic cord was isolated and suspended, the anterior pam-
piniform plexus was isolated and cannulated. After a phlebography 
of the spermatic district, the sclerotization was carried out introduc-
ing simultaneously 1 ml of air followed by 4 ml of 3% ethoxysclerol.

2.3  |  Outcomes

Detailed morphologic microscopic sperm evaluation was considered 
primary end point of the study. Secondary end points were aspect, 
fluidification, viscosity and conventional semen analysis. The varico-
cele relapse after surgery was defined as the presence of varicocele 
3 months after repair detected at both clinical and ultrasonography 
evaluations.

2.4  |  Semen analysis

Semen analysis was performed according to the fifth version of the 
WHO manual.28 Semen parameters were analysed for volume, sperm 

count, sperm motility and sperm morphology. The microscopic, mor-
phological sperm evaluation was performed in three consecutive 
steps. First, a drop of semen was placed in the centre of a slide, and 
a second slide was placed on top to obtain two samples. Second, the 
slides were fixed in methanol for 10 min, stained with GIEMSA solu-
tion for 40 min, washed with phosphate buffer and finally air dried. 
Third, slides were examined with a bright field optical microscope at 
1000× magnification, using the immersion objective, with evaluation 
of about 200 spermatozoa in two successive determinations. Once 
the difference between the two counts was greater than 10%, the 
evaluation was repeated.

According to the WHO recommendations,28 sperm morphology 
was evaluated in detail, considering the head, the midpiece and the 
tail. This analysis was performed using a bright- field optical micro-
scope with 1000× magnification by oil immersion. In particular, head 
anomalies include the possible presence of elongated, pyriform, 
duplicated, irregular, microcephaly, macrocephaly, duplicated and/
or vacuolated sperm head. Anomalies of the neck and the middle 
piece were described in case of asymmetrical or angled insertion of 
the midpiece in the head, and/or presence of abnormal excess cy-
toplasm larger than one- third of the head size. Tail anomalies were 
reported in case of short, absent, curled and/or duplicated tail.28 
Although the WHO describes the detailed morphologic microscopic 
sperm evaluation, this is not routinely used in clinical practice.

The laboratory provided both internal and external quality pro-
cedures and had the European Society of Human Reproduction and 
Embryology (ESHRE) certificate.33

2.5  |  Statistical analysis

A first analysis was performed to describe the clinical characteristics 
of the patients and their varicocele. In particular, varicocele relapse 
was evaluated, and the comparison between pre-  and post- analysis 
was performed excluding patients in whom a complete varicocele 
resolution was not achieved after surgery.

Continuous data distribution was first evaluated by Kolmogorov- 
Smirnov test. Normally distributed parameters were compared be-
fore and after surgery using ANOVA- univariate analysis, whereas 
not normally distributed parameters were compared using Man- 
Whitney U test. Similarly, categorical variables were compared 
before and after surgery using Fisher's Exact test. The number of 
patients with a significant improvement of sperm concentration (ie 
the amelioration of the parameter falling within the reference range) 
was calculated and transformed in categorical variable. This param-
eter was used as dependent variable in multivariate logistic analysis, 
setting the following independent variables: age, varicocele degree 
at physical and at ultrasound examinations, unilateral/bilateral, sur-
gical approach and interval between surgery and semen analysis. 
This analysis was repeated using as dependent variables both sperm 
motility and morphology's improvement after surgical treatment.

A logistic multivariate regression analysis was performed, consid-
ering all continuous variables available as covariates and categorical 
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Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
in design and included mainly Chinese subjects. In brief, ten of 12 
studies reported that none of the participants had SARS-CoV-2 RNA 
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variables as cofactors. This analysis was performed in order to eval-
uate the change before and after surgery, which was considered as 
categorical, dependent variable. Moreover, a neural network tech-
nology was applied, using Bayesian analysis. The number of the 
visit, considered as pre-  and post- surgery, was used as dependent 
variable, all continuous variables were included as covariates and 
all categorical variables as cofactors. The training step of the neural 
network randomly selected 70% of the data set and the final model 
was validated on the remaining 30%.

Statistical analysis was performed using the ‘Statistical Package 
for the Social Sciences’ software for Windows (version 26.0; SPSS 
Inc.). For all comparisons, p < 0.05 was considered statistically 
significant.

This study was conducted in accordance with the ethical stan-
dards of the Helsinki Declaration (1975, revised in 2013) and 
the study protocol was approved by the North Vast Area Ethics 
Committee (protocol number AOU 0024637/19). Considering the 
retrospective study design, Informed Consent was waived by the 
North Vast Area Ethics Committee.

3  |  RESULTS

3.1  |  Cohort characteristics

One hundred and twenty- one patients were enrolled (Figure 1). The 
mean age at surgery was 24.6 ± 6.1 years.

Varicocele was unilateral (left- side) in 112 (92.6%) and bilateral 
in nine patients (7.4%). At US examination, varicocele degrees were 
I in 6.6% (eight patients), II in 43.8% (53 patients), III in 38.8% (47 
patients) and IV in 10.7% of cases (13 patients).

The surgical intervention applied was not homogeneous through-
out the series. In particular, the inguinal approach phlebotomy was 
selected for 25 patients (20.7%), the sub- inguinal approach for 92 
patients (76%) and the percutaneous sclerosis for four patients 

(3.3%). Intriguingly, varicocele relapse was reported in 15 patients 
(12.4%) at the first follow- up visit. The varicocele persistence was 
not significantly different among surgical approaches (p = 0.057). 
At this stage, antioxidant therapy was empirically prescribed to five 
patients (4.1%). As reported in the methods section, both patients 
with varicocele relapse and those treated with anti- oxidants were 
excluded from the following analyses.

3.2  |  Comparison between pre-  and post- surgery

The post- surgical semen analysis was performed after a mean of 
183.7 ± 112.5 days since the surgery.

Considering the detailed morphologic microscopic evaluation, a 
significant improvement was detected. Indeed, head abnormalities 
showed a significant reduction, considering microcephaly (3.3 ± 3.6 
vs. 2.2 ± 2.9%, p = 0.015), macrocephaly (1.4 ± 0.6 vs. 1.2 ± 0.9%, 
p = 0.043) and cytoplasmic appendix (1.4 ± 0.8 vs. 0.9 ± 1.2%, 
p = 0.041). Moreover, surgery led to a significant reduction of tails 
abnormalities, considering absence (0.6 ± 2.3 vs. 0.1 ± 0.7, p = 0.048) 
and coiled tail (5.2 ± 1.5 vs. 6.6 ± 2.0, p = 0.037). Thus, surgical vari-
cocele resolution leads to a significant improvement in specific mor-
phological semen parameters.

Considering conventional semen parameters, the surgical 
treatment leads to a significant increase in sperm concentra-
tion (p = 0.015) and percentage of progressive and total motility 
(p = 0.022 and p = 0.039, respectively), with a significant decrease in 
the percentage of immotile sperms (p = 0.013) (Table 1). In particu-
lar, semen concentration improved in 71.7% of patients (76 patients) 
(p = 0.010). Moreover, a significant reduction in spermatids' count 
in semen samples after surgery was recorded (56.2% vs. 39.3%, 
p = 0.011). Other conventional semen parameters did not signifi-
cantly change after surgery (Table 1).

Subdividing patients according to unilateral/bilateral varicocele, 
the surgical treatment led to an improvement in sperm concentration 

Pre- surgery Post- surgery p- value

pH

Semen volume (ml) 3.1 ± 1.3 3.0 ± 1.2 0.571

Ejaculatory abstinence before semen 
analysis (days)

3.2 ± 0.8 3.5 ± 1.1 0.673

Sperm concentration (millions/ml) 32.6 ± 30.6 43.9 ± 39.4 0.015

Total sperm number (millions) 99.0 ± 99.5 121.9 ± 113.2 0.115

Progressive motility (%) 39.1 ± 15.5 44.0 ± 17.1 0.022

Non- progressive motility (%) 11.8 ± 7.8 10.9 ± 5.6 0.350

Immotile sperm (%) 49.0 ± 14.6 44.8 ± 16.6 0.039

Total motility (%) 50.7 ± 14.4 55.8 ± 16.8 0.013

Normal forms (%) 2.02 ± 2.1 3.4 ± 12.8 0.275

Fructose (µmol/ejaculate) 59.4 ± 39.5 55.1 ± 35.3 0.400

Citric acid (µmol/ejaculate) 85.5 ± 46.8 88.0 ± 50.8 0.714

Note: Bold value represents statistically significant difference.

TA B L E  1  Conventional semen 
parameters pre- and post- surgery
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1  |  INTRODUC TION

Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
in design and included mainly Chinese subjects. In brief, ten of 12 
studies reported that none of the participants had SARS-CoV-2 RNA 
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(p = 0.028) and progressive and total motility (p = 0.041 and p = 0.031, 
respectively) when only unilateral varicocele has been considered. 
On the contrary, only progressive motility improved after surgery 
when bilateral varicocelectomy was performed (p = 0.024). However, 
the latter result has been obtained considering only nine patients, 
limiting the statistical power of this finding.

Similarly, sub- inguinal phlebotomy led to a significant improve-
ment in sperm concentration (p = 0.020), progressive and total mo-
tility (p = 0.021 and p = 0.015, respectively), and immotile sperms 
(p = 0.012). On the contrary, no statistically significant differences 
were detected considering either the inguinal approach or the 
sclerectomy procedure. However, this lack of statistical significance 

could be explained by the relative low number of patients treated 
with these two different surgical approaches (ie 25 and four pa-
tients, respectively).

A logistic multivariate analysis was performed in order to com-
prehensively identify those parameters that changed after surgery. 
Considering all continuous and categorical variables in the analysis, 
we obtained a mathematical model that reached a statistical signifi-
cance (p = 0.006), with a posteriori power of 89%. Using this model, 
we confirmed that after surgery there was a simultaneous increase 
of sperm concentration and progressive sperm motility, together 
with a decrease of head abnormalities (elongated forms, microceph-
aly, macrocephaly, abnormal acrosome, absence of the acrosome) 

F p- value

Age at surgery 0.172 0.679

pH 1.201 0.273

Semen volume 1.167 0.280

Ejaculatory abstinence before semen analysis (days) 0.211 0.731

Sperm concentration 6.334 0.005

Total sperm number 1.100 0.078

Progressive motility 7.499 0.004

Non- progressive motility 0.517 0.472

Immotile sperm 0.044 0.834

Total motility 0.970 0.325

Normal forms 1.410 0.235

Fructose 0.008 0.931

Citric acid 1.241 0.265

Elongated head 5.881 0.015

Pyriform head 1.032 0.614

Microcephaly 4.389 0.036

Macrocephaly 4.842 0.028

Duplicated head 0.113 0.737

Irregular head 1.642 0.210

Abnormal acrosome 7.758 0.005

Absent head 0.066 0.797

Acrosome agenesis 5.568 0.018

Cytoplasmic appendix 0.347 0.556

Absent tail 2.388 0.122

Short tail 0.058 0.810

Coiled tail 1.988 0.159

Duplicated tail 1.255 0.263

Spermatocyte 0.908 0.341

Spermatids 9.400 0.002

Agglutination 0.014 10.000

Agglomerate 3.372 0.066

Mixed Anti- globuline Reaction (MAR) test 0.301 0.583

Leucocytes 2.897 0.235

Note: For each parameter included in the regression analysis, the strength of the regression (F) and 
the p- value were reported. Bold value represents statistically significant variable.

TA B L E  2  Logistic multivariate analysis 
results
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1  |  INTRODUC TION

Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
in design and included mainly Chinese subjects. In brief, ten of 12 
studies reported that none of the participants had SARS-CoV-2 RNA 
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and other spermatogenic cells, such as spermatids' number (Table 2). 
This result was further evaluated by neural network analysis. The 
final model identified two hidden layers activated by the hyperbolic 
tangent able to describe the 94.1% of the data set. The normalized 
relevance showed that 21.5% of the model was described by sperm 
concentration, suggesting that surgical varicocele repair first im-
proves sperm concentration (Figure 2). Interestingly, the two further 
variables entering the model were normal forms (10.6%) and irregu-
lar head (8.6%) (Figure 2), suggesting that the surgical treatment sig-
nificantly improve the semen quality in terms of semen morphology, 
considering also non- conventional and microscopic variables, such 
as the sperm head characteristics.

3.3  |  Predictive variables of semen improvement

In order to evaluate which parameters could influence semen im-
provement after surgical treatment, a multivariate logistic analysis 
was performed as described in the Section 2 paragraph. In this set-
ting, only ultrasound varicocele degree before surgery significantly 
predicted the improvement of sperm concentration (p = 0.016). In 
particular, the number of patients with improved semen parameters 
was higher for varicocele of I and II degree (62.5% and 67.9%, re-
spectively) than patients with III and IV degree (49.6% and 50.8%, 
respectively) (p = 0.008). This result suggests that the surgical ap-
proach obtained better results for milder varicocele compared to 

severe forms, in terms of sperm concentration increase. Similarly, 
this result suggests that the patient's age, as well as the surgical ap-
proach or the unilateral/bilateral varicocele, do not influence the 
final improvement of semen parameters. Interestingly, these results 
were confirmed setting either sperm motility or morphology im-
provement as dependent variables.

4  |  DISCUSSION

Surgical varicocele repair improves semen parameters in terms of 
sperm number and motility (both progressive and total). Although 
the sperm morphology seems not to be influenced by the surgical 
correction if reported as a binary variable (ie normal or abnormal), a 
more detailed microscopic morphologic sperm evaluation highlights 
a relevant reduction in cell abnormalities. This result could be di-
rectly transposed to clinical practice, since our cohort reflects the 
typical clinical picture of men with varicocele and couple infertility, 
with a different degree, often slightly impaired, of semen parameters 
alterations.

The literature dealing with couple infertility treatments is burdened 
by the identification of the most appropriate end point. Although 
pregnancy and live birth rates are clearly the strongest end points in 
this setting, semen parameters remain the most reliable variable to 
evaluate the efficacy of a male factor treatment, including varicocele 
correction. Accordingly, many original articles measured the clinical 

F I G U R E  2  Neural network analysis. 
The graph shows the relevance of 
each variable included in the neural 
network
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1  |  INTRODUC TION

Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
in design and included mainly Chinese subjects. In brief, ten of 12 
studies reported that none of the participants had SARS-CoV-2 RNA 
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benefit induced by varicocele surgical correction in male infertility 
through the potential improvement in conventional semen analysis 
parameters.25,34 However, no studies so far applied the detailed mor-
phologic microscopic sperm evaluation as primary end point of the 
surgical treatment. Indeed, our results demonstrated for the first time 
a microstructural sperm improvement after surgery, sustained by a re-
duction in head (ie microcephaly, macrocephaly and cytoplasmic ap-
pendix) and tail (ie agenesis and coiled form) abnormalities. Albeit the 
detailed microscopic morphological evaluation is not commonly ap-
plied in both clinical and research fields, microscopic sperm alterations 
have been described in patients carrier of varicocele.35 Therefore, 
our results confirm the potential capability of varicocele treatment 
to ameliorate semen quality, highlighting a novel parameter able to 
measure it. Which is the real mechanism by which the surgical vari-
cocele treatment should improve sperm morphology is still far to be 
clarified. Probably, the reduction of blood reflux around the testis will 
improve the sperm maturation, reducing the oxidative stress.36 In gen-
eral, our study suggests once again the potential semen improvement 
after surgical varicocele repair, with a specific novel focus on sperm 
morphology.

In this study, the clinical effect of the varicocele surgical treat-
ment was analysed with a more complex statistical approach than 
those used so far, including different parameters obtainable in 
clinical practice, and trying to overcome the limitations imposed 
by conventional semen analysis.37,38 Indeed, more elaborate sta-
tistical approaches would be useful to analyse an outcome that 
could be described or measured with different variables (ie sur-
gical varicocele correction efficacy measured through sperm 
number, motility, morphology (binary), morphology (detailed), 
fructose, citric acid, etc.).39,40 Thus, we applied both logistic mul-
tivariate regression analysis and neural networks confirming the 
clinical efficacy of surgical restoration. Regardless of the com-
plexity of the analysis used, when all available parameters entered 
into the model, it is confirmed that varicocelectomy improves both 
the quantity (sperm concentration) and the quality (head and tail 
abnormalities) of semen. In addition, this statistical model was 
applied also to identify potential predictive variables of surgery 
efficacy. In our series, the semen improvement is predicted by var-
icocele US degree. Intriguingly, better results are obtained when 
milder varicocele is diagnosed at baseline, as previously suggested 
in a meta- analysis evaluating only sub- clinical varicocele.26 On the 
contrary, the patient's age seems not to be related with the post- 
surgery seminal improvement. This result is in contrast with other 
reports41,42 but, probably, in our setting the duration of varico-
cele is a more a relevant parameter than age at surgery. Taken to-
gether, these results could help the clinician in the current clinical 
approach to varicocele- related male infertility. Indeed, the surgi-
cal repair with fertility purpose should be suggested only in those 
patients with a mild varicocele degree detected at ultrasonogra-
phy evaluation. This is extremely relevant in clinical practice since 
several studies suggested that the semen parameters amelioration 
after surgical varicocele repair could increase the pregnancy capa-
bility, both spontaneous and after assisted reproduction.4

In our cohort, seminal improvement is detected only in pa-
tients treated with sub- inguinal flebectomy. This is contrast with 
previous studies highlighting a substantial overlap among surgical 
procedures.43– 45 However, our results could be due to the predom-
inance of patients treated with the sub- inguinal surgical access 
(76% of the series). The surgical procedure presented a relapse 
rate of 12.4% (15 cases on 121) in our casuistry, independently of 
the technique applied. This rate is in line with data available in the 
literature.46

Our study has several limits, such as the retrospective study 
design and the imbalance among surgical approaches. Indeed, the 
study does not provide a case- control approach to compare the 
surgical techniques. Moreover, the limited availability of patients' 
clinical data prevented a more comprehensive predictive analysis. 
Again, the semen quality evaluation was performed only one time 
before and one time after the surgical approach. This limited num-
ber of evaluations could limit the strength of our results and could 
be a potential source of biases. However, we retrospectively eval-
uated clinical practice- derived data in a single third- level Centre. 
Thus, despite the limits proper of the retrospective design of the 
study, our results come from and could be directly transposed to 
clinical practice. Not all patients underwent varicocelectomy in 
the context of an assisted fertilization process, so data on post- 
surgery pregnancies were not available. Finally, the limited num-
ber of patients evaluated reduced the strength of our results and 
the spread of these information.

The strength of our study is the sample size. Indeed, previous 
trials on the same topic enrolled an average of 41 patients (minimum: 
19, maximum: 82). Moreover, our case series was homogeneous, 
since all males were managed in the same clinical centre, with semen 
analyses performed in the same high- level laboratory. Finally, the 
use of detailed morphologic semen evaluation represents a point of 
strength and innovation, since it was not considered so far as an out-
come of the surgery.

5  |  CONCLUSIONS

The detailed morphologic sperm evaluation has been suggested 
as a novel parameter expressing the post- surgical semen ame-
lioration after varicocelectomy. Moreover, milder varicocele US 
degrees are expected to obtain better results in terms of semen 
parameters improvement. This result has clinical implications, 
since it could help to select those patients in which the dilemma 
‘treat or not treat’ occurs.
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1  |  INTRODUC TION

Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
in design and included mainly Chinese subjects. In brief, ten of 12 
studies reported that none of the participants had SARS-CoV-2 RNA 
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1  |  INTRODUC TION

Since the first case of coronavirus disease 2019 (COVID-19), caused 
by severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
was reported in Wuhan, China, it has rapidly spread and affected 
more than 21 million people worldwide as of 17 August 2020.1 
SARS-CoV-2 uses angiotensin-converting enzyme II (ACE2) to 
enter host cells, similar to SARS-CoV, which emerged 18 years ago.2 
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction, 
which coincides with the tissue expression of ACE2.3 Meanwhile, 
several studies have shown that ACE2 is expressed in human testes 
(eg spermatogonia, Leydig cells and Sertoli cells),4,5 suggesting that 
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.6 Viruses 
may persist in semen and last longer in seminal fluid than in other body 
fluids due to the immune privilege of the testes and the contribution of 
the blood-testes barrier to resistance to therapeutic agents.7,8 Semen 
may also have higher loads of viruses, such as Zika virus, than blood.9,10 
Therefore, the testes may act as a reservoir of virus, which may cause 
imprecise evaluation of viral clearance in patients. Viruses, including 
Zika virus, Ebola virus, cytomegalovirus and human immunodeficiency 
virus (HIV), have been isolated from semen and can be sexually trans-
mitted.6,11,12 Furthermore, some viruses (eg HIV, Zika virus, herpes 
simplex virus (HSV) and human papillomavirus) can adhere to or be 
internalized by spermatozoa,7,13 which may pose a risk for embryonic 
infection and cause adverse reproductive outcomes.

On the other hand, many viruses, such as mumps virus, HIV and 
HSV,7,14 have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.15-17 Previous studies found that SARS, 
1 of the 3 epidemic coronaviruses to emerge in the past 20 years 
and that shows similar clinical presentations to COVID-19,18 could 
cause orchitis 19 and focal testicular atrophy.20 Considering the tens 
of millions of COVID-19 cases and that men are more vulnerable to 
COVID-19 than women,21-23 it is imperative to determine the effect 
of COVID-19 on male reproduction.24

Several studies have been performed on this topic. However, 
the results are controversial. For example, some researchers have 
reported that SARS-CoV-2 was not detected in the male reproduc-
tive tract,25-34 while others reported that SARS-CoV-2 RNA was 
found in the semen or testes of COVID-19 patients.35,36 There are 
also unknown factors regarding COVID-19 and male reproduction. 
Orchitis and broad destruction of the testes were found in deceased 
COVID-19 patients,35,37 while the pathological characteristics in 
survivors remain unknown. In this review, we summarize the current 
research focusing on the effects of COVID-19 on male reproduc-
tion from the following 3 aspects: detection of SARS-CoV-2 in the 
male reproductive tract, determination of the impact of COVID-19 
on sperm quality and exploration of pathological changes in the tes-
tes of COVID-19 patients. We further discuss the discrepancies and 
summarize the unknown topics, which we believe will be helpful for 
future research.

2  |  METHODS

A systematic search of published studies was conducted in the 
PubMed and Ovid Embase databases for studies published from 
December 2019 to 18 August 2020 in accordance with PRISMA.38 
All titles or abstracts of English-language studies were reviewed for 
eligibility. Citations and references of the retrieved studies were 
used as additional sources. There was no limitation on sample size, 
and case reports were included. A full-text review was performed by 
2 independent reviewers (Y.Y. and X.Y.) on studies that reported the 
detection of SARS-CoV-2 in the male reproductive tract, determined 
the impact of COVID-19 on sperm quality and explored pathologi-
cal changes in the testes of COVID-19 patients. Any disagreements 
between reviewers were discussed with a third reviewer (L.W.). 
The Cochrane RoB 2.0 tool was not applicable, and the Newcastle-
Ottawa Scale was not used due to the limited scope of the cohort 
studies among the included studies.

The literature search in PubMed used the following search terms: 
(“2019 new coronavirus” [All Fields] OR “2019 ncov” [All Fields] OR 
“severe acute respiratory syndrome coronavirus 2” [All Fields] OR 
“sars cov 2” [All Fields] OR “coronavirus disease 2019” [All Fields] 
OR “covid19” [All Fields] OR “covid 19” [All Fields]) AND (“semen” 
[All Fields] OR “sperm” [All Fields] OR “testis” [All Fields] OR “testes” 
[All Fields] OR “testicular” [All Fields] OR “epididymis” [All Fields] OR 
“spermatic fluid” [All Fields] OR “seminal fluid” [All Fields] OR “pros-
tatic secretion” [All Fields] OR “prostatic fluid” [All Fields] OR “male 
reproductive tract” [All Fields] OR “male genital tract” [All Fields]). 
Searches in Ovid Embase used the following terms: (‘2019 ncov’ OR 
‘sars cov 2’ OR ‘covid-19’ OR covid19) AND (semen OR sperm OR 
testis OR testes OR testicular OR epididymis OR ‘spermatic fluid’ OR 
‘seminal fluid’ OR ‘prostatic secretion’ OR ‘prostatic fluid’ OR ‘male 
reproductive tract’ OR ‘male genital tract’).

3  |  RESULTS AND DISCUSSION

After reviewing the studies retrieved from the database, citations 
and references were added based on a review of the title or abstract 
(Figure 1). Fourteen studies were eligible and were included in this 
study, with 12 studies detecting SARS-CoV-2 in the male reproduc-
tive tract, 3 determining the impact of COVID-19 on sperm qual-
ity and 3 exploring pathological changes in the testes of COVID-19 
patients.

3.1  |  Detection of COVID-19 in the male 
reproductive tract

Twelve studies investigated the presence of SARS-CoV-2 in the male 
reproductive tract (eg semen, prostatic secretion or testicular tis-
sue) and are shown in Table 1. Most studies were cross-sectional 
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