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Abstract: Coronavirus disease 2019 (COVID-19) is now a major public health problem worldwide. Severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) infectivity is extremely strong. One major target of the virus is 
the lung, which can lead to death due to the development of respiratory distress syndrome and even multiple sys-
tem organ failure. The possible pathophysiology by which SARS-CoV-2 affects the object is by way of the receptor, 
angiotensin-converting enzyme 2 (ACE2). From the study of the viral structure and infection mechanisms, research-
ers have discovered that the ACE2 acts as a receptor for SARS-CoV-2. According to previous studies, ACE2 is one 
of the key enzymes in the RAS system. Physiological functions can be found in angiosarcomas and in the kidney, 
liver, intestine and so on. Whether SARS-CoV-2 infection leads to male fertility impairment has recently received 
attention. Nevertheless, the association between SARS-CoV-2 infection and reproductive health is currently poorly 
understood. Using key words including “SARS-CoV-2”, “reproductive health”, “ACE2” and “2019-nCoV”, we retrieved 
original articles and reviews from the PubMed and WEB OF SCI databases published before December 16, 2020 
and performed a thorough review of them. Compared with females, we discovered that infected person with SARS-
CoV-2 was higher in males. Men who were infected with SARS-CoV-2 may be easy to suffer from impaired reproduc-
tive health. These investigations would help for a comprehensive grasp of the relationship between SARS-CoV-2 
infection and reproductive health.
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Introduction

Coronavirus disease 2019 (COVID-19) is a  
communicable disease due to severe acute 
respiratory syndrome coronavirus 2 (SARS-
CoV-2). The World Health Organization (WHO) 
announced that the COVID-19 outbreak enter- 
ed a global pandemic on March 11, 2020 [1]. 
As of December 16, 2020, 7,2196,732 cases 
and 1630,521 deaths have been confirmed 
globally (WHO,2020). The sequence of the 
major genes is 5’-orf1a/b-s-e-m-n-3’, including 
a 5’-end methylated cap and a 3’-end poly A  
tail [2], which is similar to the mRNA structure 
of eukaryotes. The virus was found to specifi-
cally recognize receptors via the S protein on 
the surface of cell membranes, angiotensin-

converting enzyme 2 (angiotensin I-converting 
enzyme 2, ACE2) [3, 4] and modulate cell mem-
brane fusion between virus and host. The 5’ 
end Orf1a/B gene is translated by cell protein 
translation system and RNA polymerase com-
plex is produced. Then applying the template  
of viral genome produces a negative chain and 
positive chain. Because templates are from 
RNA genomes, the infection can therefore lead 
to viral genome replication [5] (Figure 1). In the 
early stage of COVID-19 infection, most of 
patients show reduced or normal counts of 
white blood cell, reduced counts of lympho- 
cyte, high level of C-reactive protein, normal 
level of procalcitonin and positive findings of 
imaging examinations. Patients who were se- 
verely infected by COVID-19 showed increased 
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proinflammatory cytokines including TNF-α, 
IFN-γ and IL-6. And some patients even had 
cytokine storm characteristics [6, 7]. An autop-
sy of the first patient who died of COVID-19 
found diffuse alveolar injury and pulmonary 
clear membrane formation [8], which was con-
sistent with the manifestations of acute respi-
ratory distress syndrome and similar to the 
pathological features of SARS and MERS (Mi- 
ddle East respiratory syndrome). More and 
more data and information about the histo-

entry of the virus into host cells [14, 15]. The 
expression of ACE2 in Sertoli cells, spermato-
gonia cells in the tubules of human testes and 
Leydig cells in the interstitial region, indicates 
the widespread presence of the novel coro- 
navirus receptors in testicular tissue. Support 
cells expressed ACE2 at a high level, while  
early spermatocytes, late spermatocytes and 
sperm cells expressed ACE2 at very low levels 
[16, 17] (Figure 2). Among the different testi- 
cular cell types, the expression patterns of the 

Figure 1. Schematic diagram of the SPIKE protein interaction with the ACE2 
protein.

pathological changes in multi-
ple organs have been found, 
especially in the lungs [9, 10]. 
Nevertheless, data or infor-
mation about the COVID-19 
impact on reproductive health 
is scarce.

A recent research applying 
single-cell RNA sequencing 
showed that the ACE2 recep-
tor can be expressed in germ 
cells, Leydig cells, and sertoli 
cells of testes [1] and ovaries 
[11], which suggests that the 
testes are a possible target  
for SARS-CoV-2 infection.

Possibility of the molecular 
basis of testicular injury by 
SARS-CoV-2

The cell membranes of rele-
vant tissues (the lung, heart, 
kidney endothelial cells and/
or epithelial cells) express  
a functional receptor, ACE2, 
which can be bound by the 
novel coronavirus. However, 
ACE2 alone is not enough to 
induce virus infection in host 
cells, and the assistance of 
other viral receptors or “co-
receptors” in different tissues 
is needed to mediate the in- 
vasion of the virus into cells 
[12, 13]. In virus-infected 
cells, infection depends on 
the presence of transmem-
brane serine protease 2 
(TMPRSS2) on the cell mem-
brane, which activates the S 
protein and mediates the 

Figure 2. A review of severe acute respiratory syndrome coronavirus 2 infec-
tion in the reproductive system [19]. The transmission pathway of SARS-
CoV-2 and the impact of male genital organ infection. Several organs (lung, 
kidney) and male genital cells (Sertoli cells, Leydig cells) that have the ACE2 
receptor could be infected by SARS-CoV-2. The damage to Leydig cells 
caused by viral infection may result in an increased level of LH from the 
pituitary gland, which could consequently stimulate Leydig cells. Note: SARS-
CoV-2, severe acute respiratory syndrome coronavirus 2; ACE2, angiotensin-
converting enzyme 2; S protein, spike protein; LH, luteinizing hormone.
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TMPRSS2 and ACE2 genes are different,  
among which, the expression level of the 
TMPRSS2 gene is the highest in supporting 
cells, while the expression level of the ACE2 
gene is very low, and the TM-PRSS2 gene is 
also expressed in the interstitial cells [18]. In 
addition, the BSG, CTSL and CTSB genes asso-
ciated with COVID-19 were also expressed in 
different degrees in spermatogenic cells and 
stromal cells at different developmental sta- 
ges [18, 19]. Therefore, both spermatogenic 
cells and somatic cells in the human testis  
have a molecular basis for the attachment of 
the novel coronavirus; therefore, the testis has 
a potential risk for infection by the novel coro-
navirus. However, whether the novel coronavi-
rus damages the testis and invades the testi- 
cular cells and the mechanism involved have 
not been confirmed.

Female reproduction

Although there is no report about the effect of 
the novel coronavirus on the female reproduc-
tive system, evidence suggests that renin-an- 
giotensin-aldosterone system (RAS) is involved 
in the female reproductive process, including 
follicle formation, steroid production, oocyte 
maturation and ovulation, while there is no 
effect of the novel coronavirus on the female 
reproductive tract. Reis et al. [20] confirmed 
that the Ang (1-7)-MAS receptor-ACE2 axis 
exists in human ovaries, and ACE2 markers  
are present at all levels in follicles. ACE2 has 
also been found in the bovine follicular mem-
brane and in granulosa cells, and its ex- 
pression has been significantly increased in 
granular cells that produce dominate follicles, 
confirming its involvement in follicular develop-
ment [21]. ACE2 is expressed in the endome-
trium, mainly in the epithelial cells, but less  
in the stromal cells. Moreover, its expression 
level can change with the menstrual cycle, and 
its expression level is significantly higher in the 
secretion stage than in the proliferation stage 
[22]. Combined with the relationship between 
the expression and distribution of ACE2 and 
the reported viral pneumonia, it is speculated 
that novel coronavirus may attack the follicular 
membrane and granular cells of the ovary, 
affect the growth of follicles and the quality of 
oocytes, reduce the ovarian reserve function, 
and cause female infertility or pregnancy loss. 
At the same time, it may damage the endome-
trial epithelial cells and affect early embryo 

implantation. Previous studies have shown  
that the incidences of maternal and infant  
complications such as spontaneous abortion, 
premature delivery, intrauterine growth restric-
tion and disseminated intravascular coagula-
tion (DIC) in pregnant women infected with 
SARS are high [23]. Two recent studies, from 
the Weill Cornell Medical College in New York 
and Northwestern University, found that some 
of the placental maternal vessels were dam-
aged and blood clots (which limit the delivery  
of oxygen and nutrients to the fetus) were sig-
nificantly increased in women who were preg-
nant and infected with COVID-19. In general, 
infection with SARS-COV-2 may indirectly affect 
fetal growth in pregnant women. A study by the 
fetal medicine specialist, Malavika Prabhu, 
suggests that it is necessary to closely monitor 
fetal growth during the second half of pregnan-
cy in women infected with SARS-COV-2 [24].

At present, the report about COVID-19 affect- 
ing pregnancy outcomes is rare. On account of 
the small number of “susceptible cells” at the 
maternal-fetal interface in the first trimester, 
the potential for vertical transmission between 
mother and child is extremely low [25]. The lat-
est study also indicated that there was no evi-
dence of vertical mother-to-child transmission 
of SARS-CoV-2. However, relevant literatures 
regarding SARS-CoV-2 infection in pregnancy, 
especially pregnancy outcomes are still lack-
ing, which should be considered along with  
the pregnant woman’s illness and pregnancy 
situation. If the pregnancy continues, the heal- 
th of the fetus and the newborn should be 
closely observed with appropriate follow up. 
Interestingly, recent literature has shown sig-
nificant changes in breast milk proteins and 
metabolism associated with COVID-19 using 
proteomics and metabolomics. It is worth not-
ing that the altered proteins in the breast milk 
of COVID-19 patients are mainly involved in the 
immune response. In breast milk, the down-
stream metabolites of AAAs metabolized by 
microorganisms were also significantly alter- 
ed. Changes in breast milk composition may 
reflect the mother’s systemic physiological 
response to SARS-CoV-2 or may be caused by 
SARS-CoV-2-mediated effects on breast milk 
production and/or breast secretion. In addi- 
tion, COVID-19 may affect the microbes in the 
maternal body, leading to changes in the mi- 
crobial metabolites secreted into the breast 
milk. Taken together, this work suggests that 
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the lack of immune-related components of the 
breast milk may be detrimental to the early 
development of the immune defenses in new-
borns, a possibility that needs further investi-
gation [26]. However, expectant mother who 
are infected with COVID-19 have higher risk of 
complications. Although there are regional dif-
ferences in the rates of undesirable effect, ver-
tical transmission is still possible [27, 28].

Male reproduction

Xu et al. [29] showed that all SARS patients  
had orchitis at autopsy. The specific symptoms 
are extensive destruction of germ cells, the 
thickening of the basement membrane in tes-
ticular tissue, the decrease or even complete 
loss of sperm cells in the spermatogenic 
tubules, and a large amount of leukocyte infil-
tration. Recently, Wang et al. [30] reported the 
high expression of ACE2 in renal tubule cells, 
testicular stromal cells and spermatogenic 
cells. Fan et al. studied the expression pat- 
tern of ACE2 and the transcription level of 
TMPRSS2 in single cells of adult testes and 
showed that ACE2 was mainly concentrated in 
the spermatogonia cells, stromal cells and sup-
porting cells.

TMPRSS2 expression was concentrated in 
spermatogonial cells and sperm cells. GO anal-
ysis showed that in ACE2-positive spermatogo-
nial cells, the expressions of genes related to 
virus reproduction and transmission were up- 
regulated, while the expressions of genes re- 
lated to spermatogenesis were downregulated 
[31]. In ACE-positive mesenchymal cells and 
supporting cells, the expressions of intercellu-
lar connection genes and immune-related ge 
nes were increased, and the expressions of 
reproductive-related genes were decreased 
[29]. These findings in support cells are parti- 
cularly important because stromal cells are in 
charge of androgen biosynthesis and play an 
important role in the testicular microenviron-
ment. Recent literature has also shown that 
age is associated with the expression of ACE2 
in testicular cells, with the lowest ACE2 expres-
sion in the 60-year-old group and the highest 
expression in the 30-year-old group (2.84%).  
To some extent, these results suggest that 
SARS-COV-2 infection may affect the male 
reproductive system [32].

It is suggested that SARS-CoV-2 infection could 
influence the male reproductive system. The 

occurrence and development of SARS-CoV-2  
is thought to be due to direct cell infection, 
which leads to cellular damage. Just as stated 
previously, ACE2 receptors permit the virus to 
get into host cells and then accomplish the  
process of replication cycle. Cells with higher 
ACE2 mRNA expression have a higher risk of 
SARS-CoV-2 infection, which may cause male 
sterility, including a decrease in spermatogen-
esis, thereby worsening the survival of male 
gametes [33, 34].

In addition, SARS-CoV-2 may lead to more se- 
vere testicular damage in young men of child-
bearing age than that in older men. Constant 
high-temperature changes in the testes can 
cause the degeneration and destruction of 
germ cells. Fever is a very common symptom 
related to SARS-CoV-2 and can indirectly cau- 
se testicular dysfunction. Pan et al. analyzed 
semen samples from 34 recovered men diag-
nosed with COVID-19. There was no SARS-
CoV-2 detected in the investigation samples 
(semen analysis was not performed in the 
study). Whether semen could transmit SARS-
CoV-2 is unclear. During the acute phase of 
SARS-CoV-2 infection, only 3 semen samples 
(8.82%) were provided. Moreover, the disease 
severities of the men recruited in the study 
were classified as mild. It suggests that the 
presence of the virus in semen cannot be ruled 
out (especially in cases of acute infection or 
severe symptoms) [35]. A total of 38 semen 
samples were provided. 23 participants were 
undergoing recovery period and 23 partici- 
pants were in the acute phase. Semen analy- 
sis discovered that the total positive rate was 
15.8%. The positive rate of patients who were 
in the acute stage of infection and undergoing 
recovery period was 26.7% and 8.7%, respec-
tively [36]. At the same time, a research was 
conducted to get a better understanding of  
the effect of SARS-CoV-2 infection by using 
semen analysis results. Holtmann et al. [37] 
investigated the semen parameters for 20 
patients and 14 healthy volunteers. And 20 
patients consisted of 18 recovered patients 
and 2 acute stage patients. Furthermore, fur-
ther classification of patients (mild or moder-
ate) was performed according to whether 
patients were admitted to hospital during the 
stage of active infection. Patients with an  
infection of moderate degree showed lower 
sperm concentration, lower total number of 
sperm per ejaculate, motile sperm and prog- 
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ressively motile sperm than patients with mild 
symptoms and healthy volunteers.

However, the results of these studies were not 
in agreement but were limited by the sam- 
ple sizes. Therefore, the relationship between 
SARS-CoV-2 and male fertility should be urgent-
ly investigated and explored [38]. In recent lit-
erature, sexually related hormones were com-
pared between SARS-CoV-2-infected men of 
childbearing age and age-matched healthy 
men. Serum luteinizing hormone (LH) was sig-
nificantly increased, but the testosterone (T) to 
LH and follicle-stimulating hormone (FSH) to LH 
ratios were significantly decreased in the 
COVID-19 men. Some of the significant prod-
ucts of Leydig cells are sex hormones (T, ros-
tenedione, and dehydroepiandrosterone). Addi- 
tionally, LH plays a role in stimulating Leydig 
cells. Due to the enrichment of ACE2 expres-
sion, Leydig cells may lead to a dysfunction as 
a result of SARS-CoV-2 infection [39, 40]. 
Considering the potential impact of the virus on 
the reproductive tissues, some scholars sug-
gest that more attention should be given to the 
evaluation of gonadal function, especially in 
men of childbearing age, during hospitalization 
and subsequent follow-up of COVID-19 patients 
(Figure 2) [41].

Conclusion and prospects

The association of SARS-CoV-2 infection to fer-
tility deficit in males and females is a novel 
research field. Current studies have shown that 
the testes and the female reproductive system 
have a molecular basis where the viruses can 
attach. A literature review of past and recent 
studies showed that COVID-19 may have poten-
tial effects on both male and female reproduc-
tive systems. More analysis of clinical speci-
mens, the application of various experimental 
techniques and the establishment of effective 
animal models will reveal the relationship of the 
infection with the novel coronavirus and fertility 
deficit. At the same time, medical professionals 
should make a comprehensive assessment 
according to the patient’s fertility needs, dis-
ease status and psychological status to provide 
reasonable fertility guidance and counseling.
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