Received: 13 September 2020 | Revised: 5 January 2021

Accepted: 7 January 2021

DOI: 10.1111/andr.12970

REVIEW ARTICLE

ANDROLOGY @ EH RV IV

COVID-19 and male reproduction: Current research and

unknown factors

Yangcheng Yao

Reproductive Medicine Center, Tongji
Hospital, Tongji Medical College,
Huazhong University of Science and
Technology, Wuhan, China

Correspondence

Yufeng Li, Reproductive Medicine Center,
Tongji Hospital, Tongji Medical College,
Huazhong University of Science and
Technology, 1095 Jiefang Avenue, Wuhan,
Hubei 430030, China.

Email: yufengli64@tjh.timu.edu.cn

Funding information

National Natural Science Foundation of
China, Grant/Award Number: 81701520
and 81771654

| Xiaoqgiong Yuan | LinjingWu | NaGuo | LiYin | YufengLi

Abstract

Background: The testes are suspected target organs of SARS-CoV-2. However, the
results of studies on the effect of COVID-19 on male reproduction are controversial.
Objective: To summarize current research on the effects of COVID-19 on male
reproduction.

Methods: A systematic review of English literature was performed using PubMed and
Ovid Embase up to 18 August 2020. Research articles on the presence of SARS-CoV-2
in semen, the effects of the virus on semen parameters and any pathological changes
in the testes were evaluated.

Results: Fourteen studies were included in this review. Six of 176 survivors (3.4%) and
1 of 13 decedents (7.7%) in 2 of 12 studies were positive for viral RNA in semen and
testicular tissue, respectively. After stratification of patient groups, we found that the
virus was detected in the relatively early stage of infection, 6-16 days after disease
onset, in semen from survivors. Two of 3 studies reported that some participants had
substandard semen quality after COVID-19, and 1 study found that COVID-19 may
impair semen quality in a severity-related manner. Pathological analyses showed that
injuries to the seminiferous tubule occurred in all decedents (N = 11). Another study
found that orchitic and testis fibrin microthrombi occurred in patients with fatal dis-
ease (100%, N = 2). Scrotal discomfort of orchiepididymitis or spermatic cord inflam-
mation has also been reported in COVID-19 patients.

Conclusion: Current studies suggest that semen is rarely considered a carrier of
SARS-CoV-2 genetic material during the infection period but not in the semen of re-
covered patients. Fatal COVID-19 may cause testicular structure damage without the

presence of virus.
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1 | INTRODUCTION

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 20201
SARS-CoV-2 uses angiotensin-converting enzyme Il (ACE2) to
enter host cells, similar to SARS-CoV, which emerged 18 years ago.?
COVID-19 induces respiratory-predominant multiorgan dysfunc-
tion, including myocardial, renal, enteric and hepatic dysfunction,
which coincides with the tissue expression of ACE2.% Meanwhile,
several studies have shown that ACE2 is expressed in human testes
(eg spermatogonia, Leydig cells and Sertoli cells),** suggesting that
the testes may be another organ affected by COVID-19.

Numerous viruses have been detected in human semen.® 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.”*°
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.®*12 Furthermore, some viruses (eg HIV, Zika virus, herpes
simplex virus (HSV) and human papillomavirus) can adhere to or be
internalized by spermatozoa,”*® 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,”** have been found to impair semen quality, and they may di-
rectly interact with spermatozoa or affect spermatogenesis by in-
ducing local inflammation.*>?” 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,*® could
cause orchitis ¥ 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,?*23 it is imperative to determine the effect
of COVID-19 on male reproduction.?

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,?>3* while others reported that SARS-CoV-2 RNA was
found in the semen or testes of COVID-19 patients.>>3® 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,®>®” 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.8
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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FIGURE 1 Flow chart of the study
identification process.

Records identified through

database searching Records identified through
(PubMed = 113, other sources (n = 2)

Embase = 122)

Records identified (n = 237)

2534 and 2 studies

in semen, prostatic secretion or testicular tissue,
reported that some subjects were positive for viral RNA in semen or
testicular tissue.3>3¢ Among 12 studies, 170 of 176 survivors and 12
of 13 decedents did not have SARS-CoV-2 RNA in the reproductive
tract (96.6% and 92.3%, respectively); however, 6 survivors (3.4%)
and 1 decedent (7.7%) had viral RNA in semen and testicular tissue,
respectively.

Cases were stratified by infection status (recovered period de-
fined as 2 consecutive negative reverse transcription polymerase
chain reaction (RT-PCR) tests or as defined in the article 2%; oth-
erwise, the participants were classified as being in the infection
period) and clinical severity (ie mild, moderate, severe and critical
39). Patients with mild illness were negative for SARS-CoV-2 RNA

in semen during the infection period 28-31:33:34

and recovered pe-
riod.?%?” Patients with moderate illness were negative for viral RNA
in semen during the infection period 27334 and recovered period.?’
Other findings include that asymptomatic subjects did not have
viral RNA in semen,?¢3233 that patients during the infection period
who were not grouped by clinical severity did not have viral RNA

in semen and prostatic secretions,?>?’

and that a deceased patient
(with a positive RNA test from a pharyngeal swab) did not have viral

RNA in his testicular tissue.?® All 7 cases (from 2 studies) who were

Duplicates removed
sl (n=282)

Records screened

(n = 155)
Records excluded
» based on title and
abstract (n = 133)
Y
Full-text articles assessed
for eligibility (n = 22)
Records excluded
» based on full text

(n=8)

Studies included in
review (n = 14)

positive for SARS-CoV-2 RNA in semen or testicular tissue were in
the infection period.®>3¢ Four and 2 of the patients who were pos-
itive for viral RNA in semen were in the acute infection and clini-
cal recovery periods, respectively, with interval times (from onset
of symptoms to testing of semen) of 6-11 and 12-16 days, respec-
tively. This was a shorter duration than most studies that reported
negative viral RNA in semen 24272931 put a longer duration than 1
study that reported negative viral RNA within an interval time of
0-7 days (median: 1 day),>* suggesting that SARS-CoV-2 may be
shed into semen at a relatively early stage of COVID-19 and then
cleared. However, some details of the research were not available,
and therefore, its accuracy cannot be fully verified. (1) The subjects
may have included severe or critical cases. The study was conducted
in the only COVID-19-designated hospital in a local city, and some
patients were excluded because they were comatose or dying; how-
ever, the disease severity of the participants was not provided. (2)
The detection of SARS-CoV-2 in semen is also an arguable point
due to lacking information on RNA extraction, amplification, limit of
detection (LoD), gene target and cycle threshold (C).4° (3) In addi-
tion, the sample collection procedure was not described. In another
study, 1 of 12 deceased COVID-19 patients who died 30 days after
the onset of disease had viral RNA in his testicular tissue and lung
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tissue.> However, considering that testicular tissue contains both
fibrovascular tissue and seminiferous tubules, viral RNA loads from
blood or semen are unknown.

Of 2 studies that reported the presence of SARS-CoV-2 RNA
in the male reproductive tract, 1 provided the threshold cycle (Ct)
value of the RT-PCR test, with values of 31.68, 30.53 and 30.46 for
the RdRP, E and N genes, respectively.® This patient had a high viral
load, and his lung, kidney, spleen and testes were all positive for viral
RNA, suggesting that the presence of virus in the testes was associ-
ated with whole-body viral load. However, the relationship of viral
load between the testes and other organs cannot be evaluated. On
the other hand, almost all of the studies used RT-PCR technology to
detect SARS-CoV-2 RNA, which may have caused false-negative re-
sults because the sensitivity of RT-PCR is approximately 60-95%.4
In addition, the detection of viral nucleic acids alone does not in-
dicate the presence of infectious virus in testis or the infection of
sperm cells.*>*® Therefore, whether SARS-CoV-2 can be sexually
transmitted is still unclear.

There are several limitations in the above studies. First, the col-
lective sample size was relatively small, with viral RNA detected in
a total of 189 samples from 12 studies, which may have led to im-
precise estimates. For example, SARS-CoV-2 was detected and iso-

lated in urine samples by some researchers,?>%4

while another study
reported that none of their 72 urine samples were positive for viral
RNA by RT-PCR.*® Second, the current research mainly consists of
cross-sectional studies with a single semen sample from each pa-
tient. However, a single sample may be insufficient for the determi-
nation of viral RNA.*¢ Third, the studies were based on patients with
asymptomatic, mild or moderate disease or deceased patients and
lacked data on severe and critical cases. The degree of severity has
been associated with viral load and illness duration *”%%; therefore,
the reproductive tract may be more likely to be affected by COVID-
19 in patients who suffer more severe disease. Fourth, some details
of the study process were not recorded or provided, such as sam-
ple collection, recovery criteria and viral detection. Despite these
limitations, the above studies demonstrated that SARS-CoV-2 may
be present in the male reproductive tract during a relatively early
stage of COVID-19, within approximately 2 weeks of infection. No
evidence has shown that SARS-CoV-2 persists in the male reproduc-
tive tract of recovered patients. Therefore, the testes may not be
a reservoir of SARS-CoV-2, and the risk for sexual transmission of
SARS-CoV-2 is low, although it cannot currently be ruled out.

3.2 | Association of COVID-19 and semen quality

Three of the above studies further investigated the semen param-
eters (Table 2). Some patients who were enrolled during the infec-
tion period (prior to 2 consecutive negative RT-PCR tests) showed
decreased sperm quality parameters, such as altered sperm motility
(progressive spermatozoa (PR) + non-progressive (NP), 10.1-31.1%),
sperm DNA fragmentation index (DFI, 16.2-23.7%), sperm morphol-
ogy (normal spermatozoa, 3.4-3.5%), sperm volume (<0.5-1.2 ml per

ejaculate) and sperm concentration (2 million/ml).3%3! In 3 patients
with moderate disease for whom semen parameter information
from before they became ill with COVID-19 was available, 1 patient
showed a decrease in sperm motility (PR+NP, 26.7 + 35.0 = 61.7%
before and 27.4 + 3.7 = 31.1% after), 1 patient showed a decrease
in total mobile sperm number (111.67, 122.40 before and 97.93
after, million per ejaculate), and the remaining patient had been diag-
nosed with asthenospermia prior to becoming ill with COVID-19 and
showed little alteration after infection.%°

One study investigated the effect of COVID-19 on semen quality
among recovered males.”’ Subjects who had recovered from mod-
erate disease (N = 4, defined as patients requiring hospitalization
with up to 6 L of oxygen supplied to achieve >92% peripheral ox-
ygenation) showed significantly lower sperm quality (ie sperm con-
centration, total number of spermatozoa per ejaculate, total number
of spermatozoa with progressive motility and total number of com-
pletely motile spermatozoa) than those who recovered from a mild
infection (N = 14, defined as cases that did not require hospitaliza-
tion) or those in the control group (N = 14, healthy volunteers with
no reported andrological pathology). These results suggested that
COVID-19 impairs semen quality in a disease severity-related man-
ner. When 2 patients with moderate illness were excluded due to
cryptozoospermia, the sperm volume, sperm concentration, PR and
spermatozoa with complete motility were lower in the moderately
ill group (left N = 2) than in the mildly ill group or control group,
but only the decrease in sperm concentration showed a significant
difference between groups. Additionally, SARS-CoV-2 was not de-
tected in the semen of any subject in these 3 studies.

Disease symptoms may affect semen quality. In Holtmann et al.’s
study, when the recovered patients were stratified by whether fever
occurred during infection, the fever-positive group (N = 10) showed
significantly lower sperm volume and total number of completely
motile spermatozoa and a tendency for lower sperm concentration
and total number of spermatozoa per ejaculate than the fever-neg-
ative group (N = 8).2” When 2 patients with cryptozoospermia were
excluded, the fever-positive group (N = 8) showed lower sperm vol-
ume, PR and complete motility than the fever-negative group (N = 8).
However, only sperm volume was significantly decreased. Moreover,
this analysis may have been biased because the 2 cryptozoospermia
patients were both in the moderately ill group, and the 4 moderately
ill patients were all in the fever-positive group. COVID-19 may affect
male reproduction by interfering with autophagy or inducing oxida-
tive stress during spermatogenesis and endocrine processes.’®>!
Additionally, ACE2, as a component of the renin-angiotensin-aldoste-
rone system (RAAS), plays an important role in male reproduction (eg
steroidogenesis and spermatogenesis).SZ’53 The entry of SARS-CoV-2
into cells via ACE2 led to marked downregulation of ACE2 receptors.’*
Therefore, virus-induced ACE2 deficiency may impair male reproduc-
tion. More studies are needed to test these hypotheses.

In addition to sperm characteristics, other reproduction-re-
lated symptoms of COVID-19 have been reported. Ma et al. found
an increase in serum luteinizing hormone (LH) and a decrease in

the ratios of testosterone (T):LH and follicle-stimulating hormone
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TABLE 2 Summary of studies determining the impact of COVID-19 on sperm quality

Reference Sample size SARS-CoV-2 RNA status

Ma et al.%° 12
viral RNA 5 days before trial,

and 11 moderate cases tested

negative on the day of trial.

Guoetal3t 232 12 cases tested positive for viral
RNA, and 11 cases tested

negative on the day of trial.

4 recovered from NA
moderate infection

Holtmann
etal.?’

14 recovered from NA
mild infection

2 in acute phase NP

14 control cases NA

One mild case tested positive for

Abstinence

duration

(day) Results

2-7 Four of 11 moderate cases showed low sperm
motility (PR +NPR, 10.1-31.1%) with higher
sperm DFI (16.2-23.7%), and 2 of these 4
cases showed poor sperm morphology (normal
spermatozoa, 3.4-3.5%).

3-6 Seven cases showed low semen volume (<0.5-1.2 ml
per ejaculate), 1 case showed low sperm
concentration (2 million/ml), 4 cases showed PR
<32% (10-30%), and 2 cases showed PR +NPR
<40% (25-30%).

2.5+1.0° Lower sperm concentration, total no. of spermatozoa
per ejaculate, and total no. of progressive motile,
total no. of completely motile, and total no. of
immotile spermatozoa than control or male who
recovered from mild infection.

32+1.1° No significant alteration.

NP NP

33+19° NA

DFI, DNA fragmentation index; PR, progressive motility; NP, not provided; NA, not applicable; NPR, non-progressive motility.

“Two cases were excluded due to sperm volume <0.5 ml and non-liquefaction; the remaining 21 cases underwent semen parameter analysis.

PData are presented as the means +standard deviation.

(FSH):LH among COVID-19 patients.2° This suggests that there is
a relationship between hypogonadism and COVID-19.5° Similarly,
Rastrelli et al. found that higher LH and lower testosterone were
associated with adverse outcomes in male COVID-19 patients.”®
Whether reduced testosterone in patients represents a pre-existing
condition or virus-induced hypogonadism is unclear. It is also possi-
ble that testosterone might contribute to COVID-19 by upregulating
TMPRSS2 expression and modulating coagulation.”” Conversely,
testosterone may favour resistance to COVID-19 by maintaining re-
spiratory muscle activity and suppressing immune and inflammatory
responses.’”%8 In summary, the relationship between testosterone
and COVID-19 is multifactorial and needs further research.’® The
research also reported that 3 of 12 enrolled patients experienced a
loss of libido, and 1 experienced the loss of morning erections after
having COVID-19.% It was suspected that COVID-19 might affect
male sexual health.® However, a large-sample cross-sectional on-
line survey found that sexual desire and sexual frequency were also
decreased among the non-COVID-19 population during the pan-
demic,®! suggesting that the COVID-19 pandemic and related con-
tainment measures may generally affect sexual health.

Currently, the evidence is insufficient to link COVID-19 and semen
quality impairment. First, the results of the included studies were
limited by small sample size or the lack of a control group. Second,
most studies did not report semen parameters of participants before
SARS-CoV-2 infection. Third, sperm parameters may also be affected
by systemic disease, such as fever, which is a common symptom ac-
companying COVID-19.2* However, the semen parameters of pa-

tients with severe or critical disease in either the infection period or

recovered period have not been investigated. In addition, since the du-
ration of spermatogenesis in humans is approximately 74 days,? the
long-term effects of COVID-19 on male fertility remain unclear, and it
is important to clarify this for COVID-19 patients.>®

3.3 | Pathological characteristics of the testes of
COVID-19 patients

Three studies investigated the pathological changes in the testes
of deceased COVID-19 patients (Table 3). Yang et al. found that all
the study cases (N = 11) showed seminiferous tubule injury, with
2 (18.2%), 5 (45.5%) and 4 (36.4%) cases showing <10%, 10-50%
and >50% of seminiferous tubules affected, respectively.>® The ob-
served injuries included Sertoli cell damage (eg swelling, vacuolation,
cytoplasmic rarefaction and detachment from the tubular basement
membranes) and spermatogenesis alteration. Additionally, the num-
ber of Leydig cells in the testes of deceased COVID-19 patients was
lower than that in the testes of non-COVID-19 deceased patients.
Interstitial oedema and lymphocytic inflammation (infiltrates of
CD3+ T lymphocytes and CD68+ histiocytes) were also observed.
In another study assessing the systemic pathological changes due
to COVID-19, Duarte-Neto et al. found that orchitis and testes fibrin
microthrombi occurred in all investigated testes samples from pa-
tients with fatal COVID-19 (N = 2).3” However, Barton et al. reported
that a 77-year-old male who died 6 days after the onset of symptoms
displayed pathologically normal testes.®® Most of the above cases
with damaged testes were sampled 20-75 days after the onset of
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disease %°; detailed interval times were not provided in 2 cases.’’
These results, combined with those of 1 patient who had pathologi-
cally normal testes 6 days after onset,®® suggest that destruction of
the testes may occur after the middle stage of infection.

In addition, several studies have reported scrotal discomfort in
COVID-19 patients during the infection period. In 2 of the studies ref-
erenced above, this symptom was reported in 1 of 4 patients with mod-
erate illness %7 and 6 of 34 participants with mild-moderate illness.?’
These findings were suggestive of viral orchitis, although a comprehen-
sive genitourinary examination was not performed. The other 3 studies
were case reports. Kim et al. reported a 42-year-old male COVID-19 pa-
tient who had testicular pain, although no abnormalities were found by
physical examination.®* Ozveri et al. reported a COVID-19 patient with
the first clinical sign of COVID-19 being that of external genital pain.®
A 49-year-old male was admitted to the clinic with initial symptoms
of a swelling sensation and pain in his left groin and testicle, without
other urinary symptoms. Scrotal ultrasound suggested spermatic cord
inflammation with no signs of orchitis, while urinalysis, RT-PCR and cul-
ture for potential sexually transmitted diseases were all negative. His
pharyngeal swab for SARS-CoV-2 was positive, and he did not have
any other systemic symptoms. Gagliardi et al. reported the first case
of orchiepididymitis associated with COVID-19 in a 14-year-old boy
who presented at the hospital due to high fever, pain and swelling in his
right testis, and the patient was diagnosed with orchiepididymitis after
physical and ultrasonic examination.®® The patient's nasopharyngeal
swab was positive for SARS-CoV-2. The urine culture was sterile, and
serologic studies for possible viruses and mycoplasma were negative,
suggesting that the symptoms could be due to COVID-19. Similar to
the other case report, the boy had no respiratory or urinary tract symp-
toms. The simultaneous presence of male genital tract symptoms and
COVID-19 with the absence of other common aetiologies suggested
that COVID-19 may affect male genitalia.

Consistent with the pathological changes in the testes due to
COVID-19, a study of 6 patients who died of SARS found that or-
chitis occurred in all cases, with widespread germ cell destruction
and decreased spermatozoa in the seminiferous tubule, a thick-
ened basement membrane, and CD3+ T lymphocyte and CD68+
macrophage infiltration. Likewise, SARS-CoV was not detected in
the testes by in situ hybridization but was detected in the lungs.
The study further found extensive IgG precipitation in the sem-
iniferous epithelium, interstitium, some degenerated germ cells

and Sertoli cells of the testes,*’

suggesting that immunological
and inflammatory injury of the testes occurs during fatal SARS-
CoV infection. Immune and inflammatory reactions have been as-
sociated with virus-related testis damage. For example, in mouse
models, MuV and Zika virus could induce the innate immune re-
sponse of Sertoli cells, Leydig cells or epididymal epithelial cells,
resulting in the expression of proinflammatory cytokines and
chemokines.>!¢ These findings indicated that, although SARS-
CoV-2 was rarely detected in the reproductive tract of COVID-19
patients, pathological damage to the testes may have occurred,
and the impairment may be attributed to local inflammatory and

immunological reactions,®”® hyperthermia, secondary infection,

hypoxia, steroids 3 or vasculitis.>® Similarly, pathological evidence
of COVID-19 destruction in the testes was derived from deceased

patients, and data from survivors are lacking.

4 | CONCLUSION AND FUTURE
DIRECTIONS

Several conclusions can be drawn from these studies. First, SARS-
CoV-2 was rarely present in the reproductive tract of men with
mild-moderate COVID-19, and viral RNA was not present in the re-
productive tract of recovered patients. Therefore, the testes may
not be a reservoir of SARS-CoV-2, and the risk of sexual transmis-
sion of the virus is low. Second, COVID-19 may cause testicular
structure damage via immune or inflammatory reactions, which may
further affect spermatogenesis. Based on the current preliminary
understanding, we suppose that SARS-CoV-2 may shed into the
male reproductive tract in the relatively early stage of COVID-19
and then be cleared; the destruction of the testes may occur in the
middle stage of infection, depending on the disease course and se-
verity, and the immune and inflammatory reactions may be respon-
sible for the impairment. More studies are needed to address this
hypothesis.

With the efforts of numerous scientists, our understanding
of the effects of COVID-19 on male reproduction is expanding.
However, there are still some unknown factors: (1) Does SARS-
CoV-2 definitively present in the male reproductive tract? If so,
(1.1) what is the prevalence and clearance time of SARS-CoV-2
in semen? (1.2) Is the virus present in semen infectious? In addi-
tion, (2) Does COVID-19 impair semen quality? If so, (2.1) How?
Most importantly, (2.2) Are impairments to the male reproductive
system temporary or persistent? These questions require more
research. Additionally, patients with different clinical severity of
disease (ie mild, moderate, severe and critical) and infection sta-
tuses (infection period and recovery period) should also be consid-
ered in future research.
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