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ABSTRACT

Background and objectives
Coronavirus disease 2019 (COVID-19) has become a pandemic. Preliminary data reported that severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) might not be found in the semen of patients in 
the early stages of COVID-19; however, the virus may be seen in the semen in the late, severe stages. To 
determine the effects of SARS-CoV-2 infection on the male reproductive system.
Materials and methods
We reviewed the relationship between previously reported infections with mumps virus (MuV), HIV, Zika 
virus, hepatitis virus B, hepatitis virus C, SARS-CoV, and influenza viruses that could possibly damage the 
male reproductive system, and then investigated whether SARS-CoV-2 infection could cause any damage 
to the male reproductive system.
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INTRODUCTION

Pneumonia was the primary manifestation 
of SARS-CoV-2 infection that appeared in Hubei 
Province, China, in December 2019. Researchers 
quickly discovered a new coronavirus that caused 
cause acute respiratory distress syndrome and severe 
pneumonia. The World Health Organization named 
it coronavirus 2019 (COVID-19).1,2 Subsequently, 
COVID-19 caused a pandemic, with patients in 188 
countries. To date, the total number of COVID-
19 patients worldwide has reached an alarming 
24,746,587, including 5,917,439 confirmed cases in 
the United States (Data from https://coronavirus.
jhu.edu/map.html, 2020/8/29).

Medical professionals and researchers around the 
world are diligently working together to fight this pan-
demic, and a large number of COVID-19-related arti-
cles have been published in peer-reviewed journals. 
We found that COVID-19 was more common in men, 
and the conditions were mainly mild among those 
receiving treatment in the general ward. There was 
also a proportion of patients of reproductive age.1–5

In the past, viruses (e.g., mumps virus [MUV], 
human immunodeficiency virus [HIV], hepatitis 
virus B [HBV], and others) were shown to affect 
the reproductive function of male patients, and 
caused symptoms of testicular pain or abnormal 
semen quality. In addition, a large group of these 

men infected by SARS-CoV were of reproductive 
age. This raises concerns for the possible effect 
of SARS-CoV-2 on fertility. In the present study, 
we investigated the possible mechanisms of dam-
age to male reproduction by MuV, HIV, Zika virus 
(ZIKV), HBV, HCV, and SARS-CoV, specifically 
focused on the impact of SARS-CoV-2 to attract the 
attention of medical staff and scientific researchers 
around the world.

Viruses related to male reproduction
Studies have found that some viruses can affect 

male fertility via various mechanisms. However, 
some viruses are suspected of causing damage to 
male fertility without compelling evidence, requir-
ing more future research. Below, we have reviewed 
viruses related to the impairment of male reproduc-
tion and reviewed the literature of damage to the 
reproductive tract by the possible mechanisms. The 
specific methodology is showed in Table 1.

MuV
MuV is an enveloped negative-sense RNA 

virus that belongs to the genus Rubulavirus of the 
family Paramyxoviridae and can cause human tes-
ticular disease. Orchitis is a common complication 
of mumps in men after puberty, and it occurs in 
20–30% of mumps cases.6 MuV infection in some 

Results
There were various reports that viruses could impair male reproduction by entering into the testicular 
cells, inducing inflammation, or both. Regarding SARS-CoV-2, five recent independent studies showed no 
evidence to suggest that SARS-CoV-2 could be found in the semen and testicular tissues, suggesting that 
SARS-CoV-2 would not directly damage the blood–testis barrier (BTB) in the early stages of COVID-19 
infection. However, a study found that viral RNA was found in 6 out of 38 patients. Three studies found 
that there were some changes in the sexual hormone levels.
Discussion and conclusion
There is a lack of substantial evidence to determine how SARS-CoV-2 affects male reproduction at this 
moment. Understanding of the relationship between SARS-CoV-2 and male infertility requires further 
research.
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HIV
Acquired immune deficiency syndrome (AIDS) 

is a potentially deadly infectious disease caused by 
infection with HIV. HIV is a virus that can attack 
the body’s immune system, especially CD4 + T lym-
phocytes, as the main target of attack, ultimately 
severely compromising the immune function. HIV-
infected patients are susceptible to various diseases 
with high case fatality rates,16,17 while there are some 
people living with HIV (PLW-HIV) (there is a lack 
of reports on reproduction in the literature, so the 
corresponding discussion will not be carried out 
below). HIV is classified into two types, HIV-1 and 
HIV-2. HIV-1 is the main cause of most HIV infec-
tions while HIV-2 is rare; there are only a few rele-
vant studies. HIV-1 can be detected in the semen.18 
A number of studies reported that the virus damages 
male infertility in a number ways, as described below. 
Several studies mentioned that HIV-1-positive men 
suffer from testicular injury and endocrine disor-
ders, which manifest as chronic orchitis or progres-
sive hypogonadism.19,20 Surprisingly, testes mostly 
showed atrophy in AIDS, probably due to germ cell 
loss, interstitial fibrosis, or lymphocytic infiltrate,21 
and HIV-1 DNA was detected in male germ cells.22,23 
In some studies, testicular changes in patients who 
died from AIDS were divided into five categories 
(Figure 1).24,25 An article reported that serum tes-
tosterone levels in AIDS patients were low, while 
LH and FSH levels were high, suggesting that tes-
tosterone synthesis was impaired.26 HIV-1 damages 
male reproduction by killing various types of testis 
cells. The mechanism that causes male infertility 
may include damage to germ cells and Sertoli cells, 
causing widespread inflammation, or Leydig cells 
 causing testosterone abnormalities. Nevertheless, 
further mechanisms remain to be clarified.

Human papillomavirus
Human papillomavirus (HPV) infection is one 

of the most common sexually transmitted diseases 
(STD) worldwide. It often infects reproductive-age 
men and women. There is controversy regarding 

patients may transiently reduce the number of sperm 
and change the sperm morphology. Bilateral mumps 
orchitis accounts for 18.2% of cases (2/11 patients) 
and usually leads to infertility associated with tes-
ticular atrophy.7

The mechanism of how MuV infection impairs 
testis was elaborated in some animal experiments. 
MuV induces innate immune responses in mouse 
Sertoli cells via activation of toll-like receptor 2 
(TLR2), which induces the expression of pro- 
inflammatory cytokines TNF-α and IL-6 and 
chemokines MCP-1 and CXCL10.8 Under inflam-
matory conditions, TNF-α can be upregulated, 
and it can inhibit the production of testosterone by 
impairing the Leydig cells.9–11 TNF-α produced by 
Sertoli cells after MuV infection induced apopto-
sis in male germ cells.12 Another study confirmed 
the mechanism of MuV-mediated disruption of 
the blood–testis barrier (BTB) and the impair-
ment of spermatogenesis through the activation of 
TLR2 signaling.13 Other studies demonstrated the 
harmful effects on the production of testosterone 
and spermatogenesis caused by infection with the 
MuV, which targets Leydig cells as a site of repli-
cation within the testes.14,15 Nevertheless, the lack 
of human samples limits the opportunity to study 
the pathogenesis of mumps in patients. Therefore, 
information can only be obtained through animal 
models.

TABLE 1 The Specific Methodology of Literature 
Related to MuV, HIV, Zika Virus, Hepatitis Virus B,  
Hepatitis Virus C, and SARS-CoV.

Animal experiment (9), (12–13), (40–41), (43–44), 
(46), (63), (73–76)

Human cell or tissue 
experiment

(14), (15), (20–25), (29–30), 
(33–34), (38–39), (42), (45), 
(47), (50), (59–60), (64–65), 
(67–68), (70), (72)

Human examination 
or observation

(7), (10–11), (18), (26), (35–36), 
(49), (51–58), (61), (71)
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sperm motility.40 Uraki et al. found that Leydig cells 
served as targets and reservoir cell types for ZIKV 
within the testes and may be impaired by ZIKA virus, 
thereby reducing the serum testosterone levels.41

Other researchers found that Leydig cells were 
highly sensitive to Zika virus infection in human and 
mouse models.42,43 Other studies found that ZIKV 
caused testicular atrophy, infected Sertoli cells, and 
modulated the integrity of the BTB in an in vitro 
model by inducing inflammation.44–47 Nevertheless, 
there is no compelling evidence of ZIKV-reduced 
fertility in humans, limited to two case reports of 
hematospermia.48,49

Hepatitis viruses
Hepatitis viruses are divided into five types; 

they are mostly RNA viruses, except for HBV, 
which is a DNA virus. Both HBV and HCV have 
been found in the semen and may be sexually trans-
mitted, while HCV loads are lower than those of 
HBV.50 Studies have found that both viruses injure 
the semen parameters, thereby reducing male fertil-
ity, including sperm counts, motility, and morphol-
ogy51–57 (Table 2). HBV and HCV were suspected of 
damaging the sperm by causing increases in reac-
tive oxygen species (ROS) and subsequently induc-
ing apoptosis, thereby causing abnormal semen 

whether HPV can cause infertility in infected 
patients. Some studies suggested that the virus 
damaged the sperm quality and caused poor preg-
nancy outcomes.27–31 Other scholars hold different 
views regarding the detection methods of HPV in 
the semen and the effect of HPV infection on the 
semen parameters.32–35 The four possible biological 
mechanisms by which HPV infection causes male 
infertility are as follows.32 HPV could combine 
with the sperm head tightly, leading to a decrease in 
sperm motility;33,36 HPV may jeopardize the integ-
rity of sperm DNA and lead to apoptosis of sperma-
tozoa; HPV infection may induce the generation of 
anti-sperm antibodies, resulting in interference with 
sperm motility and sperm-oocyte binding; finally, 
HPV could be transferred into blastocysts, causing 
adverse pregnancy outcomes. All these mechanisms 
require further research and confirmation.

ZIKV
ZIKV is a positive-stranded RNA virus belong-

ing to the Flavivirus family. It can be sexually trans-
mitted from man to woman, and it is frequently 
detected in the semen of infected men.37,38 ZIKV 
RNA lasts longer, and in most cases, its levels in the 
semen are higher than those in blood.39 Govero et al. 
showed that ZIKV caused epididymitis, reducing 
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FIGURE 1 The categories of testicular changes in patients who died from acquired immune deficiency 
syndrome.
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Influenza
Influenza is a respiratory virus that causes dis-

ease, primarily manifesting as respiratory symp-
toms. Various viruses have been reported in the 
literature, and some scholars detected the impact of 
flu on sperm quality. As a febrile illness, flu may 
affect the semen quality because of the impact on 
the semen parameters and sperm DNA integrity 
caused by fever.71 Evenson et al. studied the charac-
teristics of human sperm chromatin structure after 
influenza and high fever and found that influenza 
may alter sperm chromatin structure.72 Some stud-
ies of animal models found that influenza damaged 
the sperm quality, leading to infertility.73–76

COVID-19
With the global pandemic of COVID-19, the 

general symptoms of the disease are gradually 
being known. Patients with COVID-19 mainly 
present with cough, fever, and dyspnea, as well as 
abnormal findings on the chest CT.1–3 Some patients 
presented with gastrointestinal symptoms or blood 
system abnormalities, with or without cardiac and 
arrhythmic complications.77,78 In addition to these 
patients with obvious symptoms, there are many 
asymptomatically infected patients with abnormal 
imaging findings, worthy of our attention.79

parameters.58–61 Other studies reported hormone 
abnormalities, including lower total serum testos-
terone levels, meaning that the Leydig cells may be 
damaged.55,57

SARS-CoV
The global outbreak of severe acute respira-

tory syndrome (SARS) in 2003 infected more than 
8000 patients, and 774 of them died, mostly in 
China.62 Studies confirmed that SARS-associated 
coronavirus (SARS-CoV) was the causative agent 
of SARS.63–68 In the follow-up research, researchers 
found that the angiotensin-converting enzyme 2 
(ACE2) is the functional receptor for SARS-CoV, 
which is present in the testis. However, no SARS-
CoV RNA has been detected in the testis,69,70 
suggesting that SARS-CoV might not damage 
the testis by entering these cells directly. SARS-
infected testes demonstrated extensive germ cell 
destruction, with few or no spermatozoa in the sem-
iniferous epithelium or the lumen, caused by prob-
able leukocyte infiltration. Immunohistochemistry 
demonstrated abundant IgG precipitation in the 
seminiferous epithelium of SARS testes, suggest-
ing possible immune responses as the cause for the 
damage.70 The question as to whether SARS-CoV 
impairs male infertility requires further validation.

TABLE 2 Review of the Literature on the Influence of Hepatitis Virus B and Hepatitis Virus C Semen 
Infection on Sperm Parameters.

Type of Hepatitis 
viruses References Sperm count Motility Normal morphology

Hepatitis virus B Vicari et al., 200652 ↓ ↓ ↓
Lorusso et al., 201051 ↓ ↓ ↓
Zhou et al., 201153 ↓ ↓

Hepatitis virus C Durazzo et al., 200654 N.D. ↓ ↓
Lorusso et al., 201051 ↓ ↓ ↓
Safarinejad et al., 201057 ↓ ↓ ↓
Hofny et al., 201155 ↓ ↓ ↓
La Vignera et al., 201256 ↓ ↓ ↓

N.D.: No difference.
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SARS-Cov-2 has a 79% similarity to SARS-
Cov-1 based on genomic sequencing. Thus, it is 
not surprising that angiotensin-converting enzyme 
2 (ACE2), previously known as the receptor for 
SARS-CoV, has been confirmed as an essential 
receptor for SARS-CoV-2 to enter cells.86–89 High 
expression levels of ACE2 in testicular cells (i.e., 
germ cells, Sertoli cells, and Leydig cells) have been 
found, especially in this Leydig cells, and this was 
alarming to researchers.

ACE2 is a homolog of carboxypeptidase. It is 
the active peptide of the renin-angiotensin system 
(RAS). ACE2 is a dominant-negative regulator of 
RAS, which can balance the multiple functions of 
ACE. Angiotensin-converting enzyme (ACE) is a 
crucial protease that cleaves angiotensin I to pro-
duce angiotensin II. Angiotensin II is a potent vaso-
constrictor and stimulant of aldosterone release; it 
can also enhance inflammation, oxidative stress, 
and increase coagulation in some experimental and 
clinical models.90–93 However, ACE2 can reduce 
the adverse effects of angiotensin II by degrading 
angiotensin II and generating angiotensin,1–7 which 
is the opposite result of angiotensin II.94

ACE2 is downregulated by entering into cells 
that have bound SARS-CoV-2.95–97 As a result, the 
degradation of angiotensin II is impaired, and the 
product of angiotensin1–7 disappears, which may 
cause subsequent effects induced by angiotensin II 
(i.e., enhanced inflammation, enhanced oxidative 
stress, and increased coagulation).

It is unclear as to whether SARS-CoV-2 dam-
ages male fertility by using the ACE2 receptor 
through testicular cells with subsequent cell apop-
tosis and inflammatory reactions, and whether 
SARS-CoV-2 could be sexually transmitted. 
Therefore, it is critical to examine the SARS-
CoV-2 RNA in the semen samples collected from 
patients at all stages of COVID-19 infection and 
obtain testicular samples from autopsy. There 
are five studies showing no detection of SARS-
CoV-2 RNA in the semen samples,81,82,98–100 while 
Li et al.101 found that there was virus RNA in 6 out 

As studies continue to report more patients 
who present asymptomatically or atypically, Kim 
et al. reported the first case with the initial symp-
tom of abdominal and testicular pain resulting from 
SARS-CoV-2 infection.80 Pan et al. reported tes-
ticular and scrotal pain in 17.9% of SARS-CoV-2-
positive patients in their recent study.81 Holtmann 
et al. found that the semen parameters of some 
SARS-CoV-2-infected patients were impaired82 
The levels of serum luteinizing hormone (LH) in 
men with COVID-19 were significantly increased; 
by contrast, testosterone (T)/LH and the ratio of 
follicle- stimulating hormone (FSH) to LH was sig-
nificantly reduced in comparison to age-matched 
healthy men.83 Some studies returned results con-
sistent with these sexual hormone changes.84,85 
These findings raised our concerns about whether 
SARS-CoV-2 could affect the reproductive func-
tion of male patients, just as other viruses that have 
been demonstrated to affect male fertility. The rela-
tionship between SARS-CoV-2 and male fertility 
deserves our close attention.

After studying the confirmed or suspected 
mechanism of various viruses on male reproduc-
tion, we divided them into two types: 

I. Direct viral injury: Viruses impair male 
reproduction by entering testicular cells, 
affecting the sperm integrity of DNA, or 
transferring into blastocysts to reduce the 
secondary inflammation, leading to impaired 
spermatogenesis and poor semen parameters 
(e.g., HIV, HPV, ZIKV, hepatitis virus…). 

II. Indirect viral injury: Viruses are unable to 
enter cells generally, but can damage tes-
ticular cells and sperm by inflammation 
(MuV, SARS, Influenza…). 

We can also roughly divide the methods of 
viral injury to the initially damaged cells, including 
Leydig cells, Sertoli cells, germ cells, and sperm; 
however, SARS-CoV-2 usually impairs male fertil-
ity by various methods (both I and II types).
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is created by several junctions between Sertoli 
cells, including tight junctions, adhesion junctions, 
and other junction complexes.103 Some viruses 
cause the active receptor to induce the expression 
of pro-inflammatory cytokines and chemokines. 
Following upregulation of pro- inflammatory cyto-
kines and chemokines, the BTB is destroyed and 
then the leukocytes infiltrate. More importantly, 
these testicular cells and their related products, 
inflammatory cytokines, may activate the auto-
immune response and autoantibody development, 
leading to impaired testicular cells, resulting in 
reduced testosterone production and spermatogen-
esis disorders. SARS-CoV-2 might possibly trigger 
a secondary autoimmune response and cause viral 
orchitis by these mechanisms. In these patients, 
leukocytes, lymphocytes, macrophages, or IgG 
might be found in testicular tissues. Nevertheless, 
there remains a lack of research on this subject.

Therefore, studies provide only the “tip of the 
iceberg” regarding the potential impacts of SARS-
CoV-2 on male reproduction. The research sug-
gested that SARS-CoV-2 could both enter the testis 
and destroy the BTB, potentially causing damage to 
testicular function and male fertility, and possibly 
resulting in sexual transmission.

FUTURE RESEARCH DIRECTIONS

As the pandemic of SARS-CoV-2 rages world-
wide, more studies are needed to understand its 
impact on male fertility.

First, a more significant series of semen samples 
from patients from all stages of COVID-19 should 
be collected and there should be an extended dura-
tion of semen collection. If possible, tissues from the 
testis of patients should be collected for testing.

Second, both primary testicular cell damage 
and subsequent spermatogenesis requires time; 
therefore, we need long-term monitoring and fol-
low-up of the semen status and sex hormone levels in 
COVID-19 patients to determine how SARS-CoV-2 
affects male fertility. If there are abnormalities, 

of the 38 patients (four patients in the acute stage 
of infection and two patients who had recovered). 
Pan et al. tested ejaculated semen samples from 34 
adult male patients after a median of 31 days from 
COVID-19 diagnosis, but SARS-CoV-2 was not 
detected.81 Holtmann et al. studied 18 semen sam-
ples from recovered men and two semen samples 
from patients with active COVID-19 infection; 
no RNA was detected using reverse-transcription 
polymerase chain reaction (RT-PCR).82 Song et 
al. did not detect SARS-CoV-2 RNA in the semen 
samples of 12 recovered patients and testicular 
samples from one patient who died of COVID-
19 during the acute phase.98 Paoli et al. found 
no SARS-CoV-2 RNA in the semen and urine 
samples.99 Ning et al. also did not find SARS-
CoV-2 RNA in the semen samples of 17 patients 
with fertility needs.100 We cannot conclude as to 
whether SARS-CoV-2 is sexually transmitted or 
not. However, current studies have many limita-
tions. First, recent reports providing evidence of 
SARS-CoV-2 in the semen or testis were too small 
and immature, and therefore we cannot rule out 
the existence of SARS-CoV-2 in the semen or 
testis cells of other infected patients. Second, the 
absence of virus RNA in the semen analysis does 
not mean that SARS-CoV-2 cannot invade and 
damage testicular cells directly. The production of 
the sperm often takes time to complete spermato-
genesis. Furthermore, Sertoli cells and Leydig 
cells generally do not appear in the semen. Third, 
there have been few severely infected patients, but 
viral loads may be too low to be detected. Fourth, 
patients did not undergo multiple semen tests, and 
this may increase the possibility of false negatives.

In addition to directly entering the cell, viruses 
like HIV, MuV, HBV, and SARS-CoV can also 
cause damage to the testicular cells by inducing 
inflammation and autoimmune reactions. The BTB, 
which is formed by adjacent Sertoli cells near the 
basal membrane of the seminiferous tubules, plays 
a critical role in maintaining the microenvironment 
essential for the function of the testes.102 The BTB 



Uncertainty Based on Virus Reports

e91

J Mens Health Vol 16(4):e84–e96; 28 October 2020 
This article is distributed under the terms of the Creative Commons Attribution-Non 

Commercial 4.0 International License. ©2020 Wei Kang Chen et al.

MMWR Morb Mortal Wkly Rep 2020;69:458–64. 
https://doi.org/10.15585/mmwr.mm6915e3

4. Goyal P, Choi JJ, Pinheiro LC, et al. Clinical 
characteristics of Covid-19 in New York City. N 
Engl J Med 2020; 382: 2372–2374.. https://doi.
org/10.1056/NEJMc2010419

5. Zheng Y, Xu H, Yang M, et al. Epidemiological 
characteristics and clinical features of 32 crit-
ical and 67 noncritical cases of COVID-19 in 
Chengdu. J Clin Virol 2020;127:104366. https://
doi.org/10.1016/j.jcv.2020.104366

6. Masarani M, Wazait H, Dinneen M. Mumps 
orchitis. J R Soc Med 2006;99:573–5. https://doi.
org/10.1177/014107680609901116

7. Casella R, Leibundgut B, Lehmann K, Gasser TC. 
Mumps orchitis: Report of a mini-epidemic. J 
Urol 1997;158:2158–61. https://doi.org/10.1016/
S0022-5347(01)68186-2

8. Liu W, Han R, Wu H, Han D. Viral threat to male 
fertility. Andrologia 2018;50:e13140. https://doi.
org/10.1111/and.13140

9. Xiong Y, Hales DB. The role of tumor necrosis 
factor-alpha in the regulation of mouse Leydig cell 
steroidogenesis. Endocrinology 1993;132:2438–44. 
https://doi.org/10.1210/endo.132.6.8504748

10. Tsigos C, Papanicolaou DA, Kyrou I, Raptis SA, 
Chrousos GP. Dose-dependent effects of recombi-
nant human interleukin-6 on the pituitary- testicular 
axis. J Interferon Cytokine Res 1999;19:1271–6. 
https://doi.org/10.1089/107999099312948

11. Adamopoulos DA, Lawrence DM, Vassilopoulos P, 
Contoyiannis PA, Swyer GI. Pituitary-testicular 
interrelationships in mumps orchitis and other 
viral infections. Br Med J 1978;1:1177–80. https://
doi.org/10.1136/bmj.1.6121.1177

12. Jiang Q, Wang F, Shi L, et al. C-X-C motif chemo-
kine ligand 10 produced by mouse Sertoli cells in 
response to mumps virus infection induces male 
germ cell apoptosis. Cell Death Dis 2017;8:e3146. 
https://doi.org/10.1038/cddis.2017.560

13. Wu H, Jiang X, Gao Y, et al. Mumps virus infection 
disrupts blood-testis barrier through the induction 
of TNF-α in Sertoli cells. FASEB J 2019;33:12528–
40. https://doi.org/10.1096/fj.201901089R

14. Le Tortorec A, Denis H, Satie AP, et al. Antiviral 
responses of human Leydig cells to mumps virus 

intervention should be made in advance to preserve 
fertility.

Third, due to the ethical limits of human 
research, more animal models of COVID-19 are 
needed to determine meaningful outcomes, includ-
ing studying the possibility of sexual transmission.

CONCLUSIONS

Many viruses cause direct or indirect impact 
and damage to male reproduction. With the pan-
demic of SARS-CoV-2, the issue of whether 
COVID-19 damages male reproduction needs to be 
further evaluated with greater attention. Although 
limited evidence might complicate the process 
of determining whether there is SARS-CoV-2 in 
the semen and the testicular tissues of COVID-19 
patients, the impact of how SARS-CoV-2 affects the 
testicular cells, seminal fluid, and testicular pain at 
all stages of the infection needs to be further inves-
tigated. Notably, the possibilities of SARS-CoV-2 as 
a STD should be carefully studied.
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