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Abstract
Background: Multiparametric MRI (mpMRI) of the scrotum has been established as a 
useful second- line diagnostic tool for the investigation of scrotal diseases. Recently, 
recommendations on clinical indications for scrotal MRI were issued by the Scrotal 
and Penile Imaging Working Group of the European Society of Urogenital Radiology.
Objective: To update current research on when to ask for an MRI of the scrotum.
Methods: PubMed database was searched for original articles and reviews published 
during 2010– 2021.
Results: Eighty- three articles fulfilled the search criteria. Scrotal MRI is mainly recom-
mended after inconclusive US findings or inconsistent with the clinical examination 
and should be asked in the following cases: differentiation between intratesticular 
and paratesticular lesions (in rare cases of uncertain US findings), characterization of 
paratesticular and intratesticular lesions (when US findings are indeterminate), dis-
crimination between germ cell and sex cord- stromal testicular tumors, local staging 
of testicular malignancies (in patients planned for testis- sparing surgery), differentia-
tion between seminomas and non- seminomatous tumors (when immediate chemo-
therapy is planned and orchiectomy is delayed), assessment of acute scrotum and 
scrotal trauma (rarely needed, in cases of non- diagnostic US findings) and detection 
and localization of undescended testes (in cases of inconlusive US findings). Although 
preliminary data show promising results in the evaluation of male infertility, no estab-
lished role for mpMRI still exists.
Conclusion: Multiparametric MRI of the scrotum, by assessing morphologic and func-
tional data represents a valuable problem- solving tool, helping to improve our under-
standing on the nature of scrotal pathology and the process of spermatogenesis. The 
technique may improve patient care and reduce the number of unnecessary surgical 
procedures.

K E Y W O R D S
magnetic resonance imaging, multiparametric magnetic resonance imaging, scrotum, testicular 
neoplasms, testis



TSILI et al.13962  |    YAO et Al.

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

Color Doppler ultrasonography (CDUS) represents the imaging 
modality of choice for the initial assessment of scrotal patholo-
gy.1– 9 It is a safe, widely available, easily performed, inexpensive 
technique and does not use ionizing radiation. CDUS is highly 
sensitive and accurate in the assessment of scrotal diseases, 
often guiding proper treatment. Current guidelines, including 
the National Comprehensive Cancer Network and the European 
Association of Urology, advocate the use of US for the evaluation 
of a suspected testicular mass.8,10

However, conventional US has limitations associated with 
operator- dependence, relatively small field of view, and difficulties 
in tissue characterization. An accurate differentiation of the nature 
of scrotal lesions, especially lesions of small size is not always possi-
ble, based on sonographic features.11– 13 Diagnoses such as a minor 
tear in the tunica albuginea in blunt scrotal trauma or chronic epidid-
ymoorchitis and partial or delayed torsion may sometimes be missed 
on sonography.14– 18 The introduction of multiparametric US (includ-
ing Color Doppler US) real- time elastography and contrast- enhanced 
US into clinical practice has improved the diagnostic performance of 
standard US in the investigation of scrotal diseases.19– 23

Multiparametric MRI (mpMRI) of the scrotum has emerged as a 
valuable supplemental technique for the investigation of scrotal pat
hology.7– 9,11,12,15,24– 46 Scrotal MRI due to the wide field of view and 
multiplanar capabilities depicts in excellent anatomic detail both tes-
tes, epididymides, spermatic cords, and inguinal regions. The tech-
nique provides high soft- tissue contrast, high sensitivity for contrast 
enhancement, and functional information, it is less dependent on 
operator compared to US and does not include ionizing radiation. 
Scrotal MRI allows differentiation between intratesticular and pa-
ratesticular lesions and accurate tissue characterization, by showing 
the presence of fat, hemorrhage, fibrosis, fluid content, and contrast- 
enhancing tissue. MRI findings may narrow differential diagnosis, 
helping in planning more precise treatment strategies and reducing 
the need of unnecessary surgical explorations.7– 9,11,12,15,24– 46

Recently, the Scrotal and Penile Imaging Working Group (SPIWG) 
appointed by the board of the European Society of Urogenital 
Radiology (ESUR) has produced recommendations on clinical indica-
tions for scrotal MRI, based on literature published before 2016 and 
combined expertise of the group.24 MRI of the scrotum is primarily 
recommended for the characterization of paratesticular and intrat-
esticular lesions in questionable cases, when US findings are inde-
terminate and for the identification and localization of undescended 
testes. The technique may provide valuable information in the pre- 
operative planning, local staging, and histologic characterization of 
testicular germ cell neoplasms (TGCNs), in selected cases. It rep-
resents a supplemental, problem- solving tool for the investigation of 
acute scrotum and scrotal trauma, following equivocal US findings.24 
Scrotal MRI may prove reliable in differentiating between TGCNs 
and sex cord- stromal tumors, specifically in characterizing Leydig 
cell tumors (LCTs), allowing the adoption of conservative surgery and 
active surveillance, in compliant patients, as treatment options.24,47 

The protocol of scrotal MRI should include axial T1- weighted im-
aging (T1WI), axial and coronal T2- weighted imaging (T2WI), axial 
diffusion- weighted imaging (DWI), and coronal subtracted dynamic 
contrast- enhanced (DCE) imaging.24

In this review, we summarize current research on when to ask for 
an MRI of the scrotum.

2  |  SE ARCH CRITERIA AND STUDY 
SELEC TION

Starting in January 2021, a structured search using PubMed data-
base was performed and included all relevant original articles and re-
views, published in and after 2010. The search used the following key 
word combinations: [(SCROTUM) OR (SCROTAL) OR (TESTICLE) OR 
(TESTICULAR) OR (PARATESTICULAR)] AND [(MRI) OR (Magnetic 
Resonance Imaging)] combined, depending on the specific domain 
of interest, with [(TUMOR) OR (TUMORAL) OR (CANCER) OR 
(MASS) OR (NEOPLASM)]; [(TRAUMA) OR (ACUTE) OR (TORSION) 
OR (EMERGENCY)]; [(CONGENITAL) OR (UNDESCENDED) OR 
(DESCENT) OR (NONPALPABLE)]; [(INFERTILITY) OR (FERTILITY) 
OR (STERILITY) OR (INFECUNDITY) OR (IMPOTENCE)]. Data ex-
traction was independently performed by two reviewers (M.D. and 
G.E.), and any disagreement was discussed with a third reviewer 
(L.M.).

All papers published on human subjects were included. Citations 
and references of the retrieved studies were used as additional 
sources. Case reports, editorial comments, conference abstracts, 
and short communications were excluded.

3  |  RESULTS AND DISCUSSION

The literature search found a total of 1106 articles (tumors, n = 584; 
acute scrotum, n = 193; undescended testes, n = 178; and infertil-
ity, n = 151). Ultimately, 83 articles were deemed relevant and 
used as the literature basis of this review (tumors, n = 50; acute 
scrotum, n = 6; undescended testes, n = 7; and infertility, n = 2
0).6– 9,13,24– 33,35,43,48– 110 The flow chart of the selection process is 
shown in Figure 1.

3.1  |  Main findings (indication for pathologies)

3.1.1  |  Scrotal lesions

Lesion localization: intratesticular versus paratesticular
The determination of a scrotal lesion location is of outmost impor-
tance, since intratesticular solid mass lesions are malignant in more 
than 95% of cases and paratesticular mass lesions are more often 
benign. MRI is highly accurate in differentiating between intrates-
ticular and paratesticular lesions, although rarely needed, since le-
sion localization is often a straightforward diagnosis for US.24
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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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MRI is recommended in cases of questionable US findings, in-
cluding patients with markedly enlarged scrotum.25 MRI also helps 
in the differentiation between a scrotal lesion originating from tes-
ticular tunica and peripheral seminiferous tubules, when this is diffi-
cult to define sonographically. The detection of a thin, hypointense, 
well- defined halo, best depicted on T2WI, lying between the lesion 
and the adjacent testicular parenchyma, corresponding to the tunica 
albuginea, helps to suggest lesion origin.5– 8,24,25,29,33,42– 45

MRI proved to be capable of identifying the correct lesion loca-
tion with sensitivity, specificity, negative predictive value (NPV), and 
positive predictive value (PPV) of 100%, each, in a study including 84 
patients with suspected scrotal masses.35

Paratesticular lesions
Paratesticular solid tumors are rare and more often benign, with 
an incidence of malignancy approximately of 3%. Accurate charac-
terization of the nature of paratesticular lesions is of outmost im-
portance to allow planning of a conservative treatment in benign 
lesions, such as surveillance, excision, or TSS. The US characteristics 

of paratesticular tumors are usually overlapping, and therefore, scro-
tal MRI is strongly recommended as a valuable supplemental tech-
nique, to define lesion location and extent and to suggest a possible 
histologic diagnosis.6,8,29,30,33,36,42– 45

Although the sonographic diagnosis of an epididymal cyst or a 
tunica albuginea cyst is often straightforward, concerns may arise in 
the presence of complex cysts. In these cases, absence of enhance-
ment on MRI confirms an avascular mass and the diagnosis of be-
nignity. MRI with multiplanar imaging also helps in suggesting lesion 
location.30,36

When differentiation between an adenomatoid tumor and a 
peripheral intratesticular mass is ambiguous on US, scrotal MRI is 
highly recommended to suggest paratesticular origin. Surgery in 
paratesticular adenomatoid tumors includes intraoperative frozen 
section biopsy and local resection, whereas in intratesticular ad-
enomatoid tumors, TSS is planned.6,8,29,33,36,43,44,111 On MRI, ade-
nomatoid tumor usually appears hypointense on T2WI, with slow 
or decreased contrast enhancement, relative to the normal testis 
(Figure 2). 30,36,111

F I G U R E  1  Flow chart showing study 
selection

F I G U R E  2  Adenomatoid tumor of the epididymis. T2WI in (A), coronal and (B), transverse planes show a large, well- defined right 
paratesticular mass (arrow), of low signal. (C) Transverse post- contrast T1WI depicts lesion (arrow) enhancing heterogeneously

(A) (B) (C)
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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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MRI is helpful to suggest the paratesticular location and the be-
nign nature of fibrous pseudotumor. Sonographic findings of this be-
nign lesion are usually non- specific and may guide to an unnecessary 
radical orchiectomy. Lesion hypointensity on both T1WI and T2WI, 
with slow but persistent enhancement, characteristics for the pres-
ence of fibrous tissue allows for an accurate diagnosis. Local excision 
and frozen section confirmation may be recommended, following 
scrotal MRI.6,8,29,30,36,44,112– 114

US is not always suggestive of the diagnosis of paratesticular li-
poma, as a hyperchoic appearance cannot be easily differentiated 
from other paratesticular lesions, including lymphadenopathy, ingui-
nal hernia, or liposarcoma. Moreover, lipomas may appear with vari-
able echogenicity on sonography. MRI provides a specific diagnosis, 
as the lesion shows fat signal characteristics, with lack of enhance-
ment. The presence of chemical shift artifact within or at the mar-
gins of the lesion can be used to confirm lipomatous content. MRI 
also helps in confirming the paratesticular location of large- sized 
lipomas.6,8,29,30,36,42– 44

MRI is extremely helpful in suggesting the pre- operative di-
agnosis of a paratesticular sarcoma and in evaluating the local ex-
tent of the disease. Paratesticular sarcomas are usually ill- defined, 
heterogeneous solid masses, strongly and inhomogeneously en-
hancing, with areas of restricted diffusion.6,8,42– 44 The presence of 
macroscopic fat easily appreciated on MRI is suggestive of a well- 
differentiated paratesticular liposarcoma.

MRI characteristics may suggest the histologic nature of other 
extremely rare paratesticular tumors.30,43 The diagnosis of a scrotal 
hemangioma is possible when a dominant feeding or draining vessel 
accompanies a markedly hyperintense scrotal lesion on T2WI, espe-
cially in the presence of foci of signal void, corresponding to phleb-
oliths. MRI is valuable in assessing both the multicystic nature and 
the local extent of a lymphangioma, before planning surgical inter-
vention. Perineal aggressive angiomyxoma should be included in the 
differential diagnosis, in the presence of hyperintense T2 signal due 
to myxoid stroma and a whorled pattern of T2 signal.43 MRI helps in 
the identification of the solid component of a mesothelioma of the 
tunica vaginalis, which can manifest as multiple, small nodules on the 
surface of the tunica vaginalis or as diffuse thickening, with vegeta-
tions. These lesions often show low T2 signal and hypervascularity.61

MRI performs better than US in the identification of the contents 
of an inguinal hernia and also in the detection of symptomatic her-
nias, which are impalpable. Fat- containing hernias appear as elon-
gated masses arising from the inguinal canal, with signal intensity 
similar to that of subcutaneous fat.30,115

MRI is recommended to confirm the presence of polyorchidism, 
in cases of indeterminate US findings, and to provide additional in-
formation in complicated cases, including cryptorchidism and tes-
ticular neoplasms. MRI shows a rounded or oval lesion, with signal 
characteristics and enhancement patterns often similar to normal 
testis. The detection of the tunica albuginea, as a hypointense T2 
rim surrounding the supernumerary testis, confirms the diagnosis. 
Occasionally, the mediastinum testis, supernumerary epididymis, 
and bridging vessels between the normal testis and the extra- testicle 

may be seen.6,8,29,30,44,116,117 Table 1 shows common paratesticular 
lesions for which mpMRI is useful.

Intratesticular lesions
Lesion characterization: benign versus malignant. The great majority 
of solid intratesticular lesions are malignancies, with TGCNs 
representing approximately 95% of testicular carcinomas.118 
Although rare, benign intratesticular entities include a wide variety 
of both non- neoplastic pathologies, such as testicular cyst, tubular 
ectasia of rete testis (TERT), fibrosis, hematoma, segmental testicular 
infarction (STI), intratesticular lipoma Leydig's cell hyperplasia, and 
adrenal rest tumors.11 Accurate characterization of the nature of 
benign intratesticular lesions greatly improves patient management 
and reduces the need of radical surgery. Alternative treatments, such 
as follow- up, biopsy, lesion enucleation, and testis- sparing surgery 
(TSS) may be proposed.11 Scrotal mpMRI is highly recommended for 
the characterization of intratesticular lesions, in cases of equivocal 
US findings.24 MRI is highly sensitive in the characterization of 
benign intratesticular lesions, by depicting the presence of fluid, 
fat, fibrous tissue, blood products, myxoid, and granulation tissue
.6– 9,11,12,14,24– 30,33– 37,42,48,50– 53,56 The overall accuracy of MRI in the 
characterization of benign testicular diseases has been reported 
87.5%, and the NPV 100%.48 The absence of contrast enhancement 
represents a highly sensitive sign in characterizing the benign nature 
of intratesticular lesions.6,48

The sonographic findings of testicular cysts and TERT are usually 
typical, and therefore, MRI is rarely needed. However, it is recom-
mended when differential diagnosis from cystic neoplasms, includ-
ing cystic teratomas and papillary adenocarcinomas of the rete testis 
is difficult.7,11,29,30,36,119 Typical MRI criteria, including the presence 
of tubular cystic structures, of watery signal, involving the medias-
tinum testis, with absence of solid elements and contrast enhance-
ment, are used for the diagnosis of TERT.7,11,29,30

The sonographic diagnosis of testicular fibrosis is usually diffi-
cult. MRI is recommended as a confirmatory study. The low T1 and 
T2 signal of fibrous tissue and the slow, progressive contrast en-
hancement are highly suggestive findings.25

Hypoechoic intratesticular hematomas, especially in cases of 
uncertain history of trauma may be difficult to differentiate from 
malignant tumors. Even in the absence of lesion vascularity on 
CDUS, the diagnosis of an underlying malignancy cannot be ex-
cluded. MRI confirms the presence of a hematoma, when a prompt 
diagnosis is needed, by showing lesion hyperintensity on T1WI in 
the subacute phase, with lack of enhancement. A T2 hypointense 
rim may be detected on chronic hematomas, due to hemosiderin 
deposition.29,30,36

MRI is highly accurate in establishing the diagnosis of STI, 
mainly recommended in cases with indeterminate sonographic 
findings, such as those of a rounded, ill- defined hypoechoic intrat-
esticular lesion, with uncertain vascularity. MRI findings include an 
avascular lesion, mainly of low T2 signal, and a markedly enhanc-
ing rim surrounding the mass. Occasionally, intralesional hyperin-
tense T1 foci may coexist, due to hemorrhagic elements.8,29,30,52,120 
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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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Short- interval sonographic follow- up is recommended to allow a 
confident diagnosis.

Although intratesticular lipomas are typically hyperechoic on 
US, their histologic complexity may result in variable echogenicity. 
In these cases, MRI findings are diagnostic, as lipoma follows the 
signal intensity characteristics of fat on all sequences, with lack of 
contrast enhancement. Scrotal MRI by depicting multiple, small hy-
perintense intratesticular foci on T1WI, with drop of signal of fat- 
saturated T1WI confirms the diagnosis of testicular lipomatosis, a 
rare entity, seen in patients with Cowden disease.6,29

Scrotal MRI is recommended for the diagnosis of Leydig's cell 
hyperplasia. The detection of multiple, bilateral small intratesticular 
lesions, of few millimeters in diameter, hypointense on T2WI, with 
mild contrast enhancement combined with the appropriate clinical 
history and laboratory data, is strongly suggestive of the diagnosis of 
this benign entity. Compared to sonography, MRI may demonstrate 
more lesions and confirm bilaterality.11,29,34,121

MRI is helpful for the diagnosis of testicular adrenal rest tumors, 
strongly recommended in candidates for TSS. These lesions are 
often bilateral, involve the mediastinum testis, of low T2 signal, vari-
ably enhancing after gadolinium administration. MRI surpasses US, 

by assessing the extent of the disease. Lesion size and margins are 
clearly delineated and differentiation between different small- sized 
contiguous foci and one, large lobular lesion is possible.11,29,30,122,123 
Table 2 shows common benign intratesticular lesions for which 
mpMRI is useful.

Based on the recent WHO classification, testicular epider-
moid cyst (EC) is considered a subtype of teratoma of prepu-
bertal type, included in the group of TGCNs unrelated to germ 
cell neoplasia in situ.118 Lesion enucleation may be suggested for 
ECs <3 cm and typical imaging findings, in patients with negative 
tumor markers, although intraoperative frozen section is needed 
to confirm the diagnosis.7 MRI may provide confirmatory find-
ings and is mainly recommended as a second- line tool in cases 
of equivocal US findings. MRI findings specific for the diagno-
sis of an EC include the presence of a rounded or oval encap-
sulated intratesticular lesion, surrounded by a hypointense T2 
halo, not enhancing after gadolinium administration (Figure 3), 
with the characteristic “onion skin sign” appearance on T2WI 
(alternating concentric rings of high and low T2 signal) or a tar-
get appearance (due to a hyperintense central area on T1WI)
.7,11,29,36,37,70,71,124,125

TA B L E  1  Common paratesticular lesions: when to ask for an MRI of the scrotum

Paratesticular lesions When to ask for scrotal MRI? MRI advantages MRI findings

Epididymal or tunica 
albuginea cyst

Rarely needed, in cases of 
complex cysts

Specific diagnosis Well- defined, homogeneous, watery signal, 
absence of solid elements and enhancement

Adenomatoid tumor Differentiation from an 
intratesticular mass with 
peripheral location

Paratesticular location Well- defined, low T2 signal, slow or mild 
enhancement

Fibrous pseudotumor Often indeterminate US 
findings

Highly suggestive/lesion 
localization

Low T2 signal, low, persistent enhancement

Lipoma Indeterminate US findings Specific diagnosis/lesion 
localization

Signal characteristics similar to fat, lack of 
enhancement

Sarcoma Compliments US Suggestive of diagnosis/local 
extent

Ill- defined, heterogeneous, contrast- enhancing 
components, restricted diffusion; presence of 
fat denotes liposarcoma

Hemangioma Indeterminate US findings Suggestive of diagnosis Markedly hyperintense on T2WI, foci of signal 
void (phleboliths), dominant feeding or draining 
vessel

Lymphangioma Indeterminate US findings Suggestive of diagnosis/
disease extent

Multicystic

Perineal aggressive 
angiomyxoma

Indeterminate US findings Suggestive of diagnosis Hyperintense on T2WI (myxoid stroma), whorled 
pattern

Mesothelioma of tunica 
vaginalis

Indeterminate US findings Suggestive of diagnosis Diffuse thickening of testicular tunica, low T2 
signal, contrast- enhancing

Inguinal hernia Indeterminate US findings Identification of hernia 
contents/detection of 
impalpable symptomatic 
hernias

Elongated mass, signal characteristics similar to fat

Polyorchidism Indeterminate US findings Specific diagnosis/
complications

Rounded or oval, signal characteristics and 
enhancement patterns often similar to normal 
testis, surrounded by a low T2 rim (tunica 
albuginea). Rarely seen: mediastinum testis, 
bridging vessels, supernumerary epididymis



TSILI et al.14002  |    YAO et Al.

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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TA B L E  2  Common benign intratesticular lesions: when to ask for an MRI of the scrotum (TSS, testis- sparing surgery)

Benign intratesticular lesions When to ask for scrotal MRI? MRI advantages MRI findings

Non- neoplastic

Testicular cyst Rarely needed; when 
differentiation from cystic 
tumors is difficult at US

Specific diagnosis Well- defined, homogeneous mass, watery 
signal, absence of solid components and 
enhancement

Testicular ectasia of rete 
testis

Rarely needed; when 
differentiation from cystic 
tumors is difficult at US

Specific diagnosis Tubular cystic structures in mediastinum testis, 
watery signal, lack of enhancement

Fibrosis Often indeterminate US 
findings

Highly suggestive Low T1, T2 signal, slow, progressive 
enhancement

Hematoma Indeterminate US findings Suggestive of diagnosis T1 hyperintensity (subacute phase), hypointense 
T2 rim (chronic phase), absence of 
enhancement

Segmental testicular 
infarction

Indeterminate US findings Suggestive of diagnosis Low T2 signal, contrast- enhancing rim. May 
have hyperintense T1 areas, triangular 
shape, pointing toward mediastinum testis

Benign neoplastic

Lipoma Indeterminate US findings Specific diagnosis Signal characteristics similar to fat, no 
enhancement

Leydig's cell hyperplasia Compliments US Depicts more foci and 
confirms bilaterality

Multiple, bilateral foci, of few mm, low T2 signal, 
mild enhancement

Adrenal rest tumors Candidates for TSS Disease extent Multiple, bilateral masses, low T2 signal, variable 
enhancement, involving mediastinum testis

F I G U R E  3  Epidermoid cyst. (A) Gray- scale image depicts a solid, heterogeneous, intratesticular mass, of laminated appearance. The 
lesion is surrounded by a thin echogenic rim (small arrows). (B) Color Doppler image shows absence of internal vascularity. (C) Coronal T2WI 
demonstrates right intratesticular mass lesion (arrow), with heterogeneous signal, mainly hyperintense, encircled by a hypointense halo. 
(D) Axial T1WI demonstrates lesion (arrow) internal heterogeneity. (E) Coronal subtracted DCE image depicts absence of lesion vascularity 
(arrow), a finding confirming the diagnosis of benignity

(A) (B) (C)

(D) (E)
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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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The minimum requirements of scrotal MRI protocol include the 
addition of DWI and DCE- MRI.24

DWI by assessing the microscopic diffusion movements of water 
molecules in testicular tissue, greatly improves the diagnostic effi-
ciency of MRI in the detection and characterization of intratesticular 
lesions.50,51,55– 57,63,72 Testicular malignancies often present with re-
stricted diffusion and a lower apparent diffusion coefficient (ADC) 
value, when compared to normal testis and benign intratesticular le-
sions (Figure 4). A cut- off ADC of 0.99 × 10−3 mm2/s has been reported 
reliable for the characterization of intratesticular lesions, with a sensi-
tivity of 93.3%, specificity of 90%, PPV of 87.5%, and NPV of 94.7%.56

By manually segmenting the whole testicular lesion on the ADC 
map, volumetric ADC histogram analysis was used to characterize 
61 pathologically confirmed intratesticular lesions. An increase in 
energy, total energy, and range of ADC and a decrease in minimum 
ADC and 10th percentile ADC was observed in testicular neoplasms, 
compared to benign intratesticular lesions. The minimum ADC had 
the highest diagnostic performance in characterizing testicular le-
sions, with an area under the curve (AUC) of 0.822, sensitivity of 
81.40%, and specificity of 77.78%.75

Moreover, intratesticular lesions have increased anisotropy, 
when compared to normal testicular parenchyma. This was proved 
in a recent preliminary study, using diffusion tensor imaging (DTI) 
to characterize testicular mass lesions and reporting high fractional 
anisotropy (FA) values in both TGCNs and benign lesions.66

The patterns of contrast enhancement on dynamic imaging 
represent an adjunct parameter in differentiation of intratesticular 
lesions.14,53,57 Significant differences in time- signal intensity (TSI) 
curves between healthy testicular tissue, benign, and malignant 

lesions have been presented.53,57 Normal testes usually enhance 
homogeneously, with a gradual increase in signal intensity at DCE- 
MRI (type I curve). Benign intratesticular lesions show either lack of 
contrast enhancement (type 0 curve) or a homogeneous/heteroge-
neous early, avid enhancement, followed by a plateau or a gradual 
further enhancement (type 2 curve).53,57 Type 3 curve is often seen 
in TGCNs, detected as an early, strong enhancement, followed by a 
gradual de- enhancement (Figure 4).53,57

Although published data are limited, preliminary observations 
on other MRI techniques, including magnetization transfer imaging 
(MTI), proton MR spectroscopy (1H- MRS), and texture analysis re-
port useful results in the characterization of the nature of intrates-
ticular lesions.58,62,78 TGCNs have high magnetization transfer ratio 
(MTR) when compared to normal testis and benign testicular lesions, 
a finding related to an increase in macromolecular content.62 Proton 
MRS had a sensitivity and specificity of 80% in differentiating nor-
mal testes from a variety of testicular diseases. The same study re-
ported a decrease in choline levels, seen in three testicular tumors 
(Figure 6).58

Recently, texture analysis was used to characterize testicular le-
sions. Specifically, histogram analysis and intra- perinodular textural 
transition (Ipris) were applied, after manually segmenting testicular 
lesions on T2WI. Twelve significantly different features were found 
between benign and malignant tumors, of which the most robust 
were Energy, Total Energy, and Ipris_shell1_id_std with AUC of 
0.807, 0.808, and 0.708, respectively.78

Germ cell versus sex cord- stromal testicular tumors. The increased use 
of scrotal US has resulted in a high incidence of small, impalpable 

F I G U R E  4  Typical testicular seminoma. 
(A) Coronal T2WI shows a multilobular 
left intratesticular tumor (arrow), 
mainly homogeneous, of low signal. (B) 
Transverse ADC map. The tumor (arrow) 
appears hypointense, due to diffusion 
restriction. The mean ADC of seminoma 
is 0.51 × 10−3 mm2/s. (C) Coronal 
subtracted DCE image depicts tumoral 
septa enhancing more than the remaining 
neoplasm (arrow). (D) TSI curve of the 
tumor. Testicular seminoma enhances 
early and avidly (curve type III)

(A) (B)

(C) (D)
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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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solid testicular mass lesions, detected as incidental findings. 
Histologic diagnosis is benign in approximately 80% of these cases, 
and LCTs represent the commonest pathology.47,126 TSS is highly 
recommended in these patients. When a sex cord- stromal tumor is 
suggested by frozen section examination, radical orchiectomy may 
be avoided.10,47,127

Although no established imaging criteria exist, mpMRI may 
help in the characterization of LCTs and in the differentiation from 
TGCNs, and especially testicular seminomas.6,7,13,24,47,59,68,77 MRI 
features suggesting the diagnosis of LCTs include a well- defined, in-
tratesticular mass, markedly hypointense on T2WI, homogeneously 
enhancing after gadolinium administration, with early, strong en-
hancement, followed by slow de- enhancement (Figure 5).13 MRI 
characteristics of testicular seminomas include an ill- defined tumor, 
slightly hyperintense, and hypointense on T1WI and T2WI, re-
spectively, with gradual contrast enhancement and absence of de- 
enhancement (Figure 4).13

Semiquantitative and quantitative DCE- MRI parameters have 
been reported useful in the characterization of small, impalpable 
solid testicular tumors.68 LCTs have lower percentage of peak en-
hancement, wash- in- rate, volume transfer constant, and rate con-
stant, and shorter time to peak when compared to seminomas.68 
Moreover, a recent retrospective study reported that benign testic-
ular stromal tumors have smaller size, more hypointense T2 signal, 
higher ADC, and more homogeneous enhancement, when compared 
to malignant stromal and non- stromal testicular tumors.77

Local staging and histologic characterization of TGCNs
Radical inguinal orchiectomy, with removal of the entire testis con-
taining tumor along with the spermatic cord to the level of the inter-
nal inguinal ring, is the treatment of choice for testicular malignancies 
and should be performed within a week of initial diagnosis.7,10 TSS 
with frozen section examination may be attempted in patients with 
a solitary testis.10 Accurate estimation of the local extent of TGCNs 
is important in candidates for TSS.

MRI provides valuable information regarding local staging of tes-
ticular malignancies, such as tumor dimensions, possible invasion of 
the rete testis, the testicular tunicae, the paratesticular structures, 
and/or the spermatic cord.9,19,30,34- 37,48 Tumor pseudocapsule de-
tected as a hypointense rim surrounding malignancy on T2WI has 
been described as a feature facilitating TSS.48 Based on the results 
of a retrospective study, including 28 TGCNs, MRI correctly as-
sessed the local extent of the disease in 92.8% of cases.48

Multiparametric MRI features closely correlate with the histo-
logic characteristics of TGCNs.30,36,57,63,128,129 Typically, seminomas 
are detected as multilobular tumors, mainly homogenous and hy-
pointense on T2WI. Fibrovascular septa are often seen within semi-
nomas, as hypointense T2 bands, enhancing more than the remaining 
tumor, after gadolinium administration (Figure 4). Non- seminomatous 
GCNs are usually heterogeneous, with inhomogeneous enhance-
ment.128,129 A hypointense rim, corresponding to fibrous capsule on 
pathology is seen more common on non- seminomas (Figure 6).129 
ADC is also efficient in characterizing TGCNs. Seminomas usually 

F I G U R E  5  Leydig cell tumor. (A) 
Axial T2WI demonstrates small right 
intratesticular mass (arrow), of low signal. 
The maximal lesion diameter is 11 mm. (B) 
Coronal ADC map depicts lesion diffusion 
restriction (arrow). The mean ADC of 
the lesion is 0.77 × 10−3 mm2/s, lower 
than that of the normal contralateral 
testis (1.06 × 10−3 mm2/s). (C), Coronal 
subtracted DCE image and D, TSI curve. 
The lesion demonstrates strong, early, 
homogeneous contrast enhancement, 
with rapid de- enhancement (curve type 
III, D). An ipsilateral spermatocele is also 
seen in the right paratesticular space as a 
well- defined multicystic lesion, of watery 
signal (asterisk, A, C)

(A) (B)

(C) (D)
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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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have lower ADC, when compared to non- seminomas (Figures 4 and 
5).57 A cut- off ADC of 0.68 × 10−3 mm2/s is reliable in differentiating 
seminomas from non- seminomatous tumors.63 Table 3 shows com-
mon testicular neoplasms for which mpMRI is useful.

Recently, whole- lesion ADC histogram analysis and T2WI- based 
radiomics provided promising results in the characterization of the 
histologic type of TGCNs.69,79 A significant reduction in the median 
10th, 25th, 50th, 75th, and 90th percentiles and the mean, mini-
mum, and maximum ADC, and a significant increase in the median 
kurtosis and skewness of ADC was found in seminomas compared 
with non- seminomas, in a retrospective study of 24 TGCNs.69 In 
particular, the 10th percentile ADC yielded the highest AUC, with 
a sensitivity and specificity of 100% and 92.86%, respectively.69 
T2WI- based radiomics also proved helpful to discriminate between 
seminomas and non- seminomas.79

Characterization of the histologic type of TGCNs is rarely 
needed, in patients diagnosed with disseminated disease and/or life- 
threatening metastases, in whom immediate chemotherapy is given. 
In these cases, MRI is strongly recommended.24,30,36

3.1.2  |  Acute scrotal diseases

CDUS remains the first imaging technique for the investigation 
of acute scrotum, and specifically for the differentiation between 
testicular torsion and acute epididymoorchitis.1,2,4,130,131 Although 
rarely needed, scrotal MRI may be used as a helpful supplemental 
diagnostic tool. The technique is mainly recommended in cases of 
equivocal US findings.12,14,15,18,24,25,28,38

Acute scrotum
Testicular torsion represents a real surgical emergency. The 
detection of testicular blood flow on CDUS may be limited in 
some cases, depending on operator expertise and US machine 
sensitivity, and this is problematic, especially in prepubertal tes-
tes.14,15 Subtracted DCE- MRI is highly sensitive and specific for 
the diagnosis of testicular torsion, by detecting decrease or lack 
of testicular perfusion.14,132,133 Moreover, DWI may allow the 
diagnosis of testicular torsion, without the use of intravenous 
contrast media. A lower ADC is observed in the twisted testis 
compared to the contralateral normal testis.17

Recently, MRI has been reported helpful in the diagnosis of bell 
clapper deformity (BCD), an important risk factor for testicular tor-
sion. The detection of BCD may also help in diagnosing intermittent 
testicular torsion. The “split sign” has been described as useful in 
diagnosing BCD, detected as a hyperintense T2 area placed between 
the posterior aspect of the epididymis and the scrotal wall.83

Multiparametric MRI may complement the sonographic evalu-
ation in patients with acute scrotal pain due to testicular torsion, 
as a confirmatory examination, helping to determine when and how 
to perform surgical intervention.14,24 The detection of diminished or 
absent testicular perfusion at MRI, associated with pathologic T2 
signal suggests the diagnosis of testicular torsion with hemorrhagic 
necrosis, and therefore, orchiectomy should be followed. Surgical 
untwisting and orchiopexy should be performed in testes with hy-
poperfusion or lack of perfusion and normal T2 signal.14

Scrotal MRI is also helpful in the diagnosis of incomplete testicu-
lar torsion or delayed torsion. Both entities usually have misleading 
characteristics, on clinical and US evaluation.12,16,37

F I G U R E  6  Embryonal carcinoma 
of the right testis. T2WI in (A), coronal 
and (B), transverse planes depict a large 
heterogeneous right testicular tumor. 
The mass is surrounded by a hypointense 
rim (small arrows), proved to correspond 
to tumor pseudocapsule on pathology. 
Left normal testis (asterisk). (C) Axial 
ADC map. The mean ADC of the tumor 
is 1.08 × 10−3 mm2/s. D, Proton MR 
spectrum of testicular neoplasm shows 
significant decrease in choline peaks (Cho: 
choline; Cr: creatine; TLM 2.0 ppm: total 
lipids and macromolecules resonating 
at 2.0 ppm; TLM 1.3: total lipids and 
macromolecules resonating at 1.3 ppm; 
and TLM 0.9 ppm: total lipids and 
macromolecules resonating at 0.9 ppm)

(A) (B)

(C) (D)
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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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MRI may be used as a second- line imaging examination in 
the assessment of complicated scrotal infections and inflamma-
tions. Scrotal MRI provides a reliable map, regarding the extent 
of the disease, especially when there is concern for Fournier's 
gangrene, helping in planning percutaneous drainage or surgical 
debridement.8,18,28,43 The technique also may be used to suggest 
the diagnosis of a scrotal abscess, occasionally difficult to dif-
ferentiate from other testicular pathologies, including testicu-
lar torsion, hematoma, or tumor.28,43 At MRI, abscess displays a 
hyperintense T2 signal, peripheral enhancement, and markedly 
restricted diffusion. MRI also enables excellent depiction and 
mapping of scrotal skin or perineum sinus tracts or fistulous 
tracts.28,43,134

MRI limitations in the assessment of acute scrotum should be 
acknowledged, including limited availability of an urgent MRI study 
and possible need for anesthesia in young patients.

Scrotal trauma
MRI is rarely needed in cases of scrotal trauma, as sonography is 
often diagnostic.1,2,4,5,24,135

However, in cases equivocal for the diagnosis of testicular rup-
ture at US, MRI represents a valuable adjunct tool. Multiplanar T2WI 
greatly assesses the integrity of the tunica albuginea, in patients 
with blunt scrotal trauma.18,24,81,135

MRI may be proposed for the differentiation between a 
post- traumatic hematoma and a TGCN, considering that tes-
ticular malignancies represent an incidental US finding in 15% 
of men presenting with scrotal trauma. Lack of enhancement 

confirms benignity in these cases, allowing the distinction from 
hypovascular tumors.18,81,135 Moreover, due to the large field 
of view, MRI may provide additional valuable information in 
extensive traumatic injuries and also in cases of a dislocated 
testis.8,18,39,81,135

3.1.3  |  Undescended testes

US and MRI have similar accuracy in the identification of unde-
scended testes, although the sensitivity of MRI has been reported 
superior to that of sonography.7,136 Based on the recent ESUR 
guidelines, MRI is highly recommended for the identification and 
localization of undescended testes, especially intraabdominal 
testes, in cases of uncertain sonographic results.7,24,35,36,42 The 
detection of gubernaculum and/or the spermatic cord is ancil-
lary findings, helping to confirm the diagnosis. MRI is also useful 
in discriminating between an undescended testis and testicular 
agenesis.7,35,36,42

DWI and T2WI with fat saturation increase the diagnostic 
performance of MRI in the detection and localization of impal-
pable, undescended testes.24 Information on testis viability may 
be provided at DWI, with testes of low DWI signal considered 
nonviable.84,85,89

Interestingly, a fetal MRI study investigating the time course 
of testicular descent in utero according to gestational age, high-
lighted the importance of assessing male sexual development and 
early diagnosis of congenital anomalies, such as cryptorchidism.90

TA B L E  3  Common testicular neoplasms: when to ask for an MRI of the scrotum (TSS, testis- sparing surgery)

When to ask for scrotal MRI? MRI advantages MRI findings

Testicular germ cell neoplasms

Lesion characterization Indeterminate US findings Highly suggestive Low or heterogeneous T2 signal, restricted 
diffusion, inhomogeneous enhancement, 
type III curve

Local staging Candidates for TSS Highly suggestive Tumor dimensions, tumor pseudocapsule, 
invasion of rete testis, testicular tunicae, 
paratesticular structures, and/or 
spermatic cord

Differentiation between seminomas 
and non- seminomas

Rarely needed; when 
chemotherapy is the 
recommended primary 
treatment (in cases of 
extensive metastases)

Highly suggestive Seminoma: Lobular, homogeneous, and 
hypointense on T2WI, septa of low 
T2 signal, enhancing more than the 
remaining tumor, lower ADC, compared to 
non- seminoma

Non- seminoma: heterogeneous on T1WI and 
T2WI, inhomogeneous enhancement, 
often surrounded by a hypointense halo

Epidermoid cyst Indeterminate US findings Highly suggestive Round or oval, well- defined, surrounded by a 
hypointense halo on T2WI, onion skin or 
target appearance, lack of enhancement

Leydig cell tumor Indeterminate US findings may help in 
diagnosis

Small size, well- defined, markedly 
hypointense on T2WI, strong, early, 
homogeneous enhancement



TSILI et al. 14052  |    YAO et Al.

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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3.1.4  |  Infertility

Recently, scrotal MRI has focused on the evaluation of deranged 
spermatogenesis. Although reported data are still preliminary and 
heterogeneous, mainly based on small sample size, various MRI 
parameters, including ADC, FA, MTR, and testicular metabolites 
have been described as possible non- invasive fingerprints of male 
infertility.91– 110

MRI may provide useful information regarding the early damage 
of spermatogenesis in testes with varicocele, possibly helping clini-
cians to plan appropriate treatment in men who will benefit from 
varicocele repair.93,94,96,101,103,104,107 A decrease in ADC has been 
reported in both testes with varicocele and testes contralateral 
to varicocele. A negative correlation between ADC and spermatic 
vein diameter and a positive correlation between ADC and semen 
analysis results has been noted in men with varicocele.93,96,101,103 
Moreover, FA represents another reliable parameter for the detec-
tion of testes with clinical varicocele, with an optimal cut- off of 0.08 
for the diagnosis of varicocele.104 Disturbances in the biochemical 
milieu of infertile testes with clinical varicocele have been observed. 
Proton MRS showed decrease in normalized concentrations of total 
choline, myo- inositol, Glx complex, and lipids in testes with clinical 
varicocele, when compared to normal testes.107

Promising results have been reported regarding the potential 
role of functional MRI techniques, including DWI and MTI in the 
evaluation of male infertility. An increase in testicular ADC and a 
decrease in MTR have been reported in states of defective sper-
matogenesis.99,100 Increase in both ADC and FA was found in testes 
of men with non- obstructive azoospermia (NOA) and ADC has been 
shown to be a useful diagnostic parameter in identifying the sub-
population of NOA men with foci of advanced spermatogenesis up 
to the haploid gamete stage.98 More importantly, in a retrospective 
study of 49 NOA men, ADC and MTR proved valuable parameters to 
predict the probability of finding viable spermatozoa, prior to micro-
dissection testicular sperm extraction (mTESE).102 Specifically, NOA 
testes had higher ADC and MTR when compared to normal popula-
tion. A decrease in both parameters was found in NOA testes with 
foci of advanced spermatogenesis. On the contrary, higher ADC and 
MTR were observed in NOA testes with negative sperm retrieval 
when compared to those with positive results.102

Biochemical alterations in NOA testes might also be used 
as non- invasive prognostic parameters for successful sperm re-
trieval.92,97,105,108 A decrease in concentrations of total choline, total 
creatine, myo- inositol, glutamate, and lipids is observed in NOA 
testes, when compared to normal population. Total choline rep-
resents a reliable predictor for the detection of NOA, with a cut- 
off of 0.616 mmol/kg to differentiate between NOA and normal 
testes.97,105,108

Testicular lipids represent the most useful discriminating 
metabolite in the characterization of the histologic subtype of 
NOA. Increase in lipid peaks is seen in NOA testes with presence 
of foci of advanced spermatogenesis up to the haploid gamete 
stage.105 NOA testes with positive sperm retrieval often have 

higher choline, creatine, and myo- inositol levels, when compared 
to NOA testes with negative results post- mTESE (Figure 7). 
Choline proved the most sensitive metabolite in predicting the 
probability of finding spermatozoa, before mTESE. An increase 
in glutamate also has been observed in NOA testes with failed 
sperm retrieval.97,105,108

Furthermore, recently testicular fat deposition was measured 
using the fat fraction map of mDIXON Quant sequence in middle- 
aged overweight patients, including infertile and normal popula-
tion.109 The technique proved a reliable tool for the measurement 
of testicular fat deposition, enabling an accurate diagnosis and mon-
itoring of male infertility.109

4  |  CONCLUSIONS

Although CDUS remains the primary modality for the investigation 
of scrotal pathologies, mpMRI may be used as a valuable diagnostic 
adjunct. The technique represents a tool of high diagnostic perfor-
mance, providing morphologic and functional information. The main 
goal in scrotal imaging is to reduce the number of unnecessary radi-
cal surgical explorations. MRI greatly helps by improving scrotal le-
sion characterization.

Based on recommendations published by the SPIWG and re-
view of the recent literature, scrotal MRI should be asked for 

F I G U R E  7  Non- obstructive azoospermia. Proton MR spectrum 
of the right testis depicts decrease in levels of choline, myo- inositol, 
and lipids (Cr, creatine; Cho, choline; Glx: glutamate and glutamine; 
mI, myo- inositol; TLM 2.0 ppm, total lipids and macromolecules 
resonating at 2.0 ppm; TLM 1.3, total lipids and macromolecules 
resonating at 1.3 ppm; and TLM 0.9 ppm: total lipids and 
macromolecules resonating at 0.9 ppm). Microdissection TESE was 
negative for the presence of viable spermatozoa
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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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the following: (1) discrimination between intratesticular and 
paratesticular lesions (rarely needed), (2) characterization of 
paratesticular and intratesticular lesions, in case of ambigu-
ous US findings, (3) differentiation between germ cell and sex 
cord- stromal testicular neoplasms, especially in case of small, 
non- palpable testicular tumors, incidentally found on US, (4) 
pre- operative local staging of testicular germ cell neoplasms, in 
candidates for testis- sparing surgery, (5) differentiation between 
seminomas and non- seminomas, when immediate chemotherapy 
is needed, (6) assessment of acute scrotum and scrotal trauma 
(in rare cases of equivocal US findings, as a complimentary ex-
amination), and (7) detection and localization of undescended 
testes, following uncertain US findings. Although reported pre-
liminary data are promising, the potential role of mpMRI in the 
assessment of impaired spermatogenesis in infertile men is still 
under investigation. New and specialized MRI techniques have 
recently been added in the MRI protocol of the scrotum, helping 
us to improve our knowledge on the nature of scrotal masses and 
the extremely complex process of spermatogenesis.
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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 

    | 13TSILI eT aL.

 32. Woldrich JM, Im RD, Hughes- Cassidy FM, Aganovic L, Sakamoto 
K. Magnetic resonance imaging for intratesticular and extratestic-
ular scrotal lesions. Can J Urol. 2013;20:6855- 6859.

 33. Park SB, Lee WC, Kim JK, et al. Imaging features of benign solid tes-
ticular and paratesticular lesions. Eur Radiol. 2011;21:2226- 2234.

 34. Parenti GC, Feletti F, Brandini F, et al. Imaging of the scrotum: role 
of MRI. Radiol Med. 2009;114:414- 424.

 35. Mohrs OK, Thoms H, Egner T, et al. MRI of patients with suspected 
scrotal or testicular lesions: diagnostic value in daily practice. AJR 
Am J Roentgenol. 2012;199:609- 615.

 36. Kim W, Rosen MA, Langer JE, Banner MP, Siegelman ES, 
Ramchandani P. US MR imaging correlation in pathologic condi-
tions of the scrotum. Radiographics. 2007;27:1239- 1253.

 37. Andipa E, Liberopoulos K, Asvestis C. Magnetic resonance imaging 
and ultrasound evaluation of penile and testicular masses. World J 
Urol. 2004;22:382- 391.

 38. Serra AD, Hricak H, Coakley FV, et al. Inconclusive clinical and 
ultrasound evaluation of the scrotum: impact of magnetic res-
onance imaging on patient management and cost. Urology. 
1998;51:1018- 1021.

 39. Muglia V, Tucci S Jr, Elias J Jr, Trad CS, Bilbey I, Cooperberg PL. 
Magnetic resonance imaging of scrotal diseases: when it makes 
the difference. Urology. 2002;59:419- 423.

 40. Sica GT, Teeger S. MR imaging of scrotal, testicular, and penile dis-
eases. Magn Reson Imaging Clin N Am. 1996;4:545- 563.

 41. Watanabe Y. Scrotal imaging. Curr Opin Urol. 2002;12:149- 153.
 42. Gupta R, Alobaidi M, Jafri SZ, Bis K, Amendola M. Correlation of 

US and MRI findings of intratesticular and paratesticular lesions: 
from infants to adults. Curr Prob Diagn Radiol. 2005;34:35- 45.

 43. Nicola R, Menias CO, Dahiya N, Robinson K, Hara AK, Siegel CL. 
Review of paratesticular pathology: findings on ultrasound and 
MRI. Abdom Radiol (NY). 2017;42:585- 601.

 44. Woodward PJ, Schwab CM, Sesterhenn IA. From the archives of 
the AFIP: extratesticular scrotal masses: radiologic- pathologic cor-
relation. Radiographics. 2003;23:215- 240.

 45. Akbar SA, Sayyed TA, Jafri SZ, Hasteh F, Neill JS. Multimodality 
imaging of paratesticular neoplasms and their rare mimics. 
Radiographics. 2003;23:1461- 1476.

 46. Baker LL, Hajek PC, Burkhard TK, et al. MR imaging of the scrotum: 
pathologic conditions. Radiology. 1987;163:93- 98.

 47. Pozza C, Pofi R, Tenuta M, et al. Clinical presentation, management 
and follow- up of 83 patients with Leydig cell tumors of the testis: a 
prospective case- cohort study. Hum Repror. 2019;34:1389- 1403.

 48. Tsili AC, Argyropoulou MI, Giannakis D, Sofikitis N, Tsampoulas 
K. MRI in the characterization and local staging of testicular neo-
plasms. AJR Am J Roentgenol. 2010;194:682- 689.

 49. Philips S, Nagar A, Dighe M, Vikram R, Sunnapwar A, Prasad S. 
Benign non- cystic scrotal tumors and pseudotumors. Acta Radiol. 
2012;53:102- 111.

 50. Sonmez G, Sivrioglu AK, Velioglu M, et al. Optimized imaging tech-
niques for testicular masses: fast and with high accuracy. Wien Klin 
Wochenschr. 2012;124:704- 708.

 51. Tsili AC, Argyropoulou MI, Giannakis D, Tsampalas S, Sofikitis N, 
Tsampoulas K. Diffusion- weighted MR imaging of normal and abnor-
mal scrotum: preliminary results. Asian J Androl. 2012;14:649- 654.

 52. Parenti GC, Sartoni M, Gaddoni E, Zago S, Campioni P, Mannella 
P Imaging of segmental testicular infarction: our experience and 
literature review. Radiol Med. 2012;117:1161- 1175.

 53. Tsili AC, Argyropoulou MI, Astrakas LG, et al. Dynamic contrast- 
enhanced subtraction MRI for characterizing intratesticular mass 
lesions. AJR Am J Roentgenol. 2013;200:578- 585.

 54. Coursey Moreno C, Small WC, Camacho JC, et al. Testicular tu-
mors: what radiologists need to know- differential diagnosis, stag-
ing, and management. Radiographics. 2015;35:400- 415.

 55. Tsili AC, Ntorkou A, Baltogiannis D, et al. The role of apparent 
diffusion coefficient values in detecting testicular intraepithelial 
neoplasia: preliminary results. Eur J Radiol. 2015;84:828- 833.

 56. Algebally AM, Tantawy HI, Yousef RR, Szmigielski W, Darweesh 
A. Advantage of adding diffusion weighted imaging to routine 
MRI examinations in the diagnostics of scrotal lesions. Pol J Radiol. 
2015;80:442- 449.

 57. Tsili AC, Sylakos A, Ntorkou A, et al. Apparent diffusion coefficient 
values and dynamic contrast enhancement patterns in differen-
tiating seminomas from nonseminomatous testicular neoplasms. 
Eur J Radiol. 2015;84:1219- 1226.

 58. Baleato- González S, García- Figueiras R, Santiago- Pérez MI, 
Requejo- Isidro I, Vilanova JC. Usefulness of 1H magnetic res-
onance spectroscopy in human testes: preliminary study. Clin 
Radiol. 2015;70:1026- 1031.

 59. El Sanharawi IE, Correas J- M, Glas L, et al. Non- palpable inciden-
tally found testicular tumors: differentiation between benign, ma-
lignant, and burned- out tumors using dynamic contrast- enhanced 
MRI. Eur J Radiol. 2016;85:2072- 2082.

 60. Secil M, Altay C, Basara I. State of the art in germ cell tumor imag-
ing. Urol Oncol. 2016;34:156- 164.

 61. Bertolotto M, Boulay- Coletta I, Butini R, et al. Imaging of mesothe-
lioma of tunica vaginalis testis. Eur Radiol. 2016;26:631- 638.

 62. Tsili AC, Ntorkou A, Baltogiannis D, et al. Magnetization transfer 
imaging of normal and abnormal testis: preliminary results. Eur 
Radiol. 2016;26:613- 621.

 63. Tsili AC, Ntorkou A, Astrakas L, et al. Diffusion- weighted magnetic 
resonance imaging in the characterization of testicular germ cell 
neoplasms: effect of ROI methods on apparent diffusion coeffi-
cient values and interobserver variability. Eur J Radiol. 2017;89:1- 6.

 64. Yılmaz R, Şahin D, Aghayev A, et al. Sonography and magnetic res-
onance imaging characteristics of testicular adrenal rest tumors. 
Pol J Radiol. 2017;82:583- 588.

 65. Marko J, Wolfman DJ, Aubin AL, Sesterhenn IA. Testicular sem-
inoma and its mimics: from the radiologic pathology archives. 
Radiographics. 2017;37:1085- 1098.

 66. Tsili AC, Ntorkou A, Astrakas L, et al. Magnetic resonance diffu-
sion tensor imaging of the testis: Preliminary observations. Eur J 
Radiol. 2017;95:265- 270.

 67. Wibmer AG, Vargas HA. Imaging of testicular and scrotal masses: 
the essentials. In: Hodler J, Kubik- Huch RA, von Schulthess GK, 
eds. Diseases of the Abdomen and Pelvis 2018- 2021. IDKD Book 
[Internet]. Cham: Springer; 2018:257- 264.

 68. Manganaro L, Saldari M, Pozza C, et al. Dynamic contrast- 
enhanced and diffusion- weighted MR imaging in the characteri-
sation of small, non- palpable solid testicular tumours. Eur Radiol. 
2018;28:554- 564.

 69. Min X, Feng Z, Wang L, et al. Characterization of testicular germ 
cell tumors: whole- lesion histogram analysis of the apparent diffu-
sion coefficient at 3T. Eur J Radiol. 2018;98:25- 31.

 70. Liu R, Lei Z, Chen N, Fang J, Zhang Y. Imaging in testicular epider-
moid cysts. Clin Imaging. 2018;50:211- 215.

 71. Anheuser P, Kranz J, Stolle E, et al. Testicular epidermoid cysts: a 
reevaluation. BMC Urol. 2019;19:52.

 72. Pedersen MR, Sloth Osther PJ, Nissen HD, Vedsted P, Møller H, 
Rafaelsen SR. Elastography and diffusion- weighted MRI in patients 
with testicular microlithiasis, normal testicular tissue, and testicu-
lar cancer: an observational study. Acta Radiol. 2019;60:535- 541.

 73. Liu R, Lei Z, Li A, Jiang Y, Ji J. Differentiation of testicular semi-
noma and nonseminomatous germ cell tumor on magnetic reso-
nance imaging. Medicine. 2019;98:e17937.

 74. Zhang P, Feng Z, Cai W, et al. T2- Weighted image- based radiomics 
signature for discriminating between seminomas and nonsemi-
noma. Front Oncol. 2019;9:1330.



TSILI et al.14082  |    YAO et Al.

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 
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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