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A B S T R A C T   

Since the emergence of the severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) infection in 
December 2019, it has rapidly spread across many countries and it has become a crucial global health concern. 
Furthermore, SARS-CoV-2 infection not only effect on respiratory system, but on reproductive system of human. 
However, there has been not any review described the transmission paths and effects of SARS-CoV-2 infection on 
human reproductive system, systematically. In order to describe the transmission paths of SARS-CoV-2, effect on 
the male/female reproductive system of SARS-CoV-2 and some successful prevention measures. We would like to 
review effect of SARS-CoV-2 on reproductive system. To conclude, SARS-CoV-2 infection might damage to male 
reproductive system via ACE2 receptor mediating and male patients were reportedly slightly more affected than 
women by SARS-CoV-2 infections.   

1. Introduction 

Since the emergence of the 2019 novel coronavirus (2019-nCoV) 
infection in December 2019, it has rapidly spread across many countries 
say, United Nations, Japan, P.R. China, etc. As of 13 December 2020, the 
number of 2019-nCoV cases and deaths continued to rise with 70 million 
cumulative cases and 1.6 million deaths globally (Chen et al., 2020a, 
2020b, 2020c; Holshue et al., 2020; Illiano et al., 2020; National Health 
Commission of the People’s Republic of China, 2020; Reusken et al., 
2020; Tauseef et al., 2020; Wold Health Organization, 2020) (Fig. 1). 
2019-nCoV has become a crucial global health concern (Li et al., 2020a, 
2020b, 2020c). Initially, the World Health Organization (WHO) have 
been confirmed that full genome sequence data from the 2019-nCoV 
viruses have been shared officially with WHO in January 17, 2020 
(Ceraolo and Giorgi, 2020; Dong et al., 2020a, 2020b; Paraskevis et al., 
2020). After that, WHO announced a new name for the epidemic disease 
caused by 2019-nCoV: coronavirus disease (COVID-19), in 11 February 
2020. Then the International Committee on Taxonomy of Viruses has 
renamed the 2019-nCoV as severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) (Feng et al., 2020; Li et al., 2020a, 2020b, 
2020c). In 11 March 2020; WHO announced SARS-CoV-2 as a pandemic 
(Muralidar et al., 2020). Additionally, several studies have revealed that 
SARS-CoV-2 infection not only damage to respiratory system, but other 

organs of human, such as heart, liver, oesophagus, kidney, bladder and 
ileum, and specific cell types such as type II alveolar cells, myocardial 
cells, proximal tubule cells of kidney, ileum and oesophagus epithelial 
cells, and bladder urothelial cells (Chai et al., 2020; Liang et al., 2020; 
Zhang et al., 2020). Furtherly, Wang’s results indicated that the virus 
and anti-viral drugs with certain renal toxicity could result in the kidney 
damage and potential pathogenicity to testicular tissues (Fan et al., 
2020). Even more, an astounding case reported that on February 6, 
2020, a neonate born to a pregnant woman with SARS-CoV-2 neumonia 
tested positive for SARS-CoV-2 infection 36 h after birth (Chen et al., 
2020a, 2020b, 2020c). However, there has been not any review 
described the transmission paths and effects of SARS-CoV-2 infection on 
human reproductive system, systematically. In this study, we will 
discuss the potential transmission paths of SARS-CoV-2 infection on 
human reproductive system, then we will further describe effect on the 
male/female reproductive system of SARS-CoV-2 and some successful 
prevention measures. 

2. The potential transmission paths of SARS-CoV-2 infection on 
human reproductive system 

Above all, as of February 7, 2020, 44 strains of SARS-CoV-2 have 
been sequenced and uploaded to GenBank (Flynn et al., 2020; Luczak- 
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Fig. 1. The data on SARS-Cov-2 on 13 December 2020. (A) SARS-Cov-2 cases per 1 million population reported in the last seven days by countries, territories and 
areas, 7 December through 13 December 2020. (B) SARS-Cov-2 cases reported weekly by WHO Region, and global deaths, as of 13 December 2020. (Wold Health 
Organization, 2020). 
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Roesch, 2020). Detailed genomic and structure-based analysis of SARS- 
CoV-2, suggested that the novel virus is a new type of bat coronavirus 
and it is genetically distant from the human severe acute respiratory 
syndrome coronavirus (SARS-CoV) or Middle East Respiratory Syn
drome coronavirus (MERS-CoV) (Benvenuto et al., 2020; Ceraolo and 
Giorgi, 2020). These three viruses belong to the genus Betacoronavirus of 
subfamily Coronavirinae of the family Coronaviridae of the order Neo
virales (Rastogi et al., 2020). Then, through analyzing among the genetic 
distances from the SARS-CoV-2 strain to the coronaviruses residing in 
animal hosts, the genomic and protein data, researches established that 
the host identification found the most possible transmission chain was 
from bats to pangolins to humans (Benvenuto et al., 2020; Ji et al., 2020; 
Zhou et al., 2020). The most importantly, as we known, profiling the 
genetic evolution and dynamic spreading of SARS-CoV-2 was crucial, 
and some reports have suggested that SARS-CoV-2 with single stranded 
RNA genome were tend to evolve by accumulation of mutations, which 
could lead to fast transmission among hosts and cross species (Benve
nuto et al., 2020; Kumar et al., 2020; Tang et al., 2020). 

It was widely accepted that coronavirus human transmission is 
driven by the interactions of its spike protein (S protein) with human 
receptor on host cell surface (Tian et al., 2020). In detail, a coronavirus 
contains four structural proteins, including spike (S), envelope (E), 
membrane (M), and nucleocapsid (N) proteins (Dong et al., 2020a, 
2020b) (Fig. 2). Among them, S protein plays the most important roles in 
viral attachment, fusion and entry, and it serves as a target for devel
opment of antibodies, entry inhibitors and vaccines (Rastogi et al., 
2020). However, several researches have indicated that SARS-CoV and 
MERS-CoV RBDs recognize different receptors. SARS-CoV recognizes 
angiotensin-converting enzyme 2 (ACE2) as its receptor, whereas MERS- 
CoV recognizes dipeptidyl peptidase 4 (DPP4) as its receptor (Letko and 
Munster, 2020). It has detected that SARS-CoV receptor-binding domain 
(RBD) contains a core structure and a receptor-binding motif (RBM), and 
in the case of SARS-CoV, some of its critical RBM residues were adapted 
to human ACE2 (Ding et al., 2004; Letko and Munster, 2020). Similar to 
SARS-CoV, SARS-CoV-2 also recognizes ACE2 as its host receptor 
binding to viral S protein (Letko and Munster, 2020; Zhao et al., 2020). 
In order to reveal the potential cell receptor mediating mechanism of 
SARS-CoV-2, a number of researchers have been doing a lot of system
atically studies (Beal et al., 2020; Dong et al., 2020a, 2020b; Zhao et al., 
2020). Especially, the latest study reported by Balistreri and Simons, etc. 
demonstrated that Neuropilin-1 (NRP1) co-expression with ACE2 and 
transmembrane protease serine 2 (TMPRSS2) markedly enhanced SARS- 
CoV-2infection in HEK-293T cells (Cantuti-Castelvetri et al., 2020). It 
may be explained based on a broadly recognized hypothesis that the 
SARS-CoV-2 S protein mediates viral entry into host cells by first binding 
to a host receptor, through the sequence of SARS-CoV-2 RBD, including 
its RBM that directly contacts ACE2, in the S1, second, providing 
favorable interactions with human ACE2 through several critical resi
dues in SARS-CoV-2 RBM, and then fusing the viral and host membranes 

through the S2 (Beal et al., 2020; Cantuti-Castelvetri et al., 2020; Dong 
et al., 2020a, 2020b; Drak Alsibai, 2020; Huang and Herrmann, 2020; 
Letko and Munster, 2020; Rastogi et al., 2020; Tai et al., 2020; Tian 
et al., 2020; Wan et al., 2020; Wang et al., 2020; Zhao et al., 2020; Zhou 
et al., 2020; Zhu et al., 2020). Meanwhile, the research of Cullen and 
Yamauchi, etc. suggested that there is the presence of a polybasic furin- 
type cleavage site, RRAR, at the S1/S2 boundary in the SARS-CoV-2 S 
protein but that is absent in SARS-CoV. The presence of the polybasic 
cleavage site in SARS-CoV-2 results in two protein units, S1 and S2, 
remain non-covalently associated with the serine protease TMPRSS2, 
further enhanced pathogenicity by priming the fusion activity of the S2 
and could potentially create additional cell surface receptor binding 
sites (Daly et al., 2020). Proteolytic cleavage of RRAR by furin exposes a 
conserved carboxyterminal (C-terminal) motif RXXROH (where R is 
arginine and X is any amino acid; R can be substituted by lysine, K) 
termed the ‘C-end rule’ (CendR) in the S1 (Drak Alsibai, 2020). CendR 
peptides bind to NRP1 and NRP2, transmembrane receptors at the cell 
surface, which could regulate pleiotropic biological processes, including 
axon guidance, angiogenesis, and vascular permeability. NRP1 binding 
to the CendR peptide in the S1 is thus likely to play a role in the 
increased infectivity of SARS-CoV-2 compared with SARS-CoV (Daly 
et al., 2020). Several results have confirmed that NRP1 could represent 
such an ACE2 potentiating factor, however, it was also possible that 
SARS-CoV-2 can enter cells independently of ACE2 when viral loads 
were high. The reason why a number of viruses use NRPs as entry factors 
could be because of their high expression on epithelia facing the external 
environment, and their function in enabling cell, vascular, and tissue 
penetration. The ability to target this specific interaction may provide a 
route for COVID-19 therapies (Cantuti-Castelvetri et al., 2020; Esa
kandari et al., 2020; Harrison et al., 2020; Illiano et al., 2020; Li et al., 
2020a, 2020b, 2020c; Yousefi et al., 2020) (Fig. 3). 

Several studies revealed that ACE2 not only expression profiled in 
respiratory system, concentrated in a small population of type II alveolar 
cells (AT2), but in another system and organ of human during the SARS- 
CoV-2 infection (Chai et al., 2020; Liang et al., 2020; Zhang et al., 2020). 
Says, the study of Meng, Zhou and Liu, etc., confirmed that ACE2 highly 
expressed in absorptive enterocytes such as ileum and colon. These re
sults indicated that digestive system is a potential route for SARS-CoV-2 
infection (Zhang et al., 2020). Meanwhile, Cai, Fan and Lan’s results 
indicated that virus could directly bind to ACE2 positive cholangiocytes 
but not necessarily hepatocytes. This finding suggested that the liver 
admages of SARS-CoV and SARS-CoV-2 patients may be result in chol
angiocyte dysfunction and another causes like drug induced and sys
temic inflammatory response induced liver injury (Chai et al., 2020). 
Importantly, there are several studies confirmed that ACE2 expression 
profile both in male and female reproductive systems (Abhari and 
Kawwass, 2020; Fan et al., 2020; Verdecchia et al., 2020; Yan et al., 
2020) (Fig. 4). Thus, we could infer that the potential transmission paths 
of SARS-CoV-2 infection on human reproductive system might be 
mediated via ACE2 receptor. 

3. Effect of SARS-CoV-2 on male reproductive system 

3.1. Dose SARS-CoV-2 affect the male reproductive system 

As mentioned above, ACE2 has recently been demonstrated as a re
ceptor in SARS-CoV-2 infection. On the one hand, as a pivotal role in the 
cardiovascular system by generating the vasoconstrictor peptide 
angiotensin II (Ang II), the metallopeptidase angiotensin-converting 
enzyme (ACE) is a constitutive product of adult-type leydig cells and 
the expression of ACE2 by leydig cells suggests a regulatory role for the 
enzyme in steroidogenesis via limiting testosterone inhibition by Ang II 
(Batiha et al., 2020; Li et al., 2020a, 2020b, 2020c; Muñoz et al., 2014; 
Reis et al., 2010; Verdecchia et al., 2020; Zou et al., 2020). On the other 
hand, Reis’ study suggested that the testicular samples of infertile men 
with impaired spermatogenesis expressed ACE2 mRNA at lower Fig. 2. The structure of SARS-CoV-2 (Muralidar et al., 2020).  
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Fig. 3. Effects and mechanisms of SARS-CoV-2 infection in the male/female reproductive system. S1 and S2: S domain; PD: peptidase domain; RBD: receptor-binding 
domain. (Fan et al., 2020; Illiano et al., 2020; Khalili et al., 2020; Kumar et al., 2020; Rasmussen et al., 2020). 
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concentrations than samples with full spermatogenesis (Reis et al., 
2010). These results implied that ACE2 plays an important role in male 
reproductive system and SARS-CoV-2 infection might damage to male 
reproductive system via ACE2 receptor mediating. 

3.2. Testicle 

As we known, the spikes of SARS-CoV-2 infected the cell via inter
acted with ACE2 on the cell membrane (Hoffmann et al., 2020). 
Nevertheless, ACE2 not only expression in the lung, but extensively 
expresses in spermatogonia, sertoli and leydig cell in testicle (Fan et al., 
2020; Groner et al., 2021; Vishvkarma and Rajender, 2020; Wang and 
Xu, 2020). Indeed, it has detected that testicle might be infected by 
SARS-CoV-2, which probably lead to further reproductive system dis
eases (Cheng et al., 2020; Fan et al., 2020; Fraietta et al., 2020; Guo 
et al., 2020; Hoffmann et al., 2020; Illiano et al., 2020; Verdecchia et al., 
2020; Wang and Xu, 2020; Yang et al., 2020; Zou et al., 2020). Similarly, 
it was well known that viruses could enter the testicular cells and cause 
viral orchitis, and even could result in male infertility and testicular 
tumor (Illiano et al., 2020; Xu et al., 2006; Yang et al., 2020). Previous 

researches have also investigated that SARS-CoV damage to the testicle 
in SARS patients and risk to spermatogenesis (Xu et al., 2006). Mean
while, the cases of secondary infection also provided that testicle might 
be the potential host for SARS-CoV-2. In detail, Wang’s study indicated 
that the results of using the online datasets to analyze ACE2 expression 
in different human organs suggested that ACE2 highly expresses in renal 
tubular cells, leydig cells, testicular cells and cells in seminiferous ducts 
in testicle (Fan et al., 2020). Then, Gene ontology analyses revealed that 
GO categories associated with SARS-CoV-2 reproduction and trans
mission were highly enriched in ACE2-positive spermatogonia but were 
down-regulated in male gamete generation related terms. Cell-cell 
junction and immunity related GO terms were increased but mito
chondria and reproduction related GO terms were decreased in ACE2- 
positive leydig and sertoli cells. ACE2-positive cells possessed higher 
abundance of transcripts associated with SARS-CoV-2 reproduction and 
transmission and lower abundance of transcripts related with male 
gametogenesis. ACE2 expression in human testicle suggested that SARS- 
CoV-2 could infect the male gonad and risk male reproductive 
dysfunction (Wang and Xu, 2020). In summary, there were evidences 
that the testicle was susceptible to SARS-CoV-2 infection, and it was 

Fig. 4. Data of ACE2 protein expression level in different human tissues from HPA portal. ACE2 protein expression level in different tissues (Fan et al., 2020).  
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important to reveal the mechanism of SARS-CoV-2 infection in testicle. 
Then, several articles have implied the possible mechanisms of SARS- 

CoV-2 infecting to testicle mediated by ACE2 reporter (Cardona Maya 
et al., 2020; Fan et al., 2020; Fraietta et al., 2020). On the one hand, 
studies suggested that the SARS-CoV-2 infection into cells was mediated 
by the binding of the S protein to the ACE2 receptors, as which a 
transmembrane type I glycoprotein uses a single extracellular catalytic 
domain to remove one single amino acid from the octapeptide angio
tensin II to generate angiotensin 1–7 and converts angiotensin I into 
angiotensin 1–9. The first step that SARS-CoV-2 entry process is that the 
N-terminal portion of the protein unit S1 bind to the ACE2 peptidase 
domain (PD) through the RBD and facilitates viral attachment to the 
surface of target cells. The second step that the polybasic furin-type 
cleavage site promotes the protein cleavage between the S1 and S2 
units by the TMPRSS2, a member of the Hepsin/TMPRSS subfamily and 
contiguous to ACE2 receptor, at the S1/S2 and the S2′ site and then the 
proteolytic cleavage of RRAR by furin exposes CendR in the S1, and 
CendR could bind to NRP1, an ACE2 potentiating factor, enhancing the 
mediating capacity of ACE2. It was the most crucial that the process 
driven by the S2 allows fusion of viral and cellular membranes with 
subsequent entry of the virus into cell and infection of other cells via 
replication releasing (Beal et al., 2020; Cantuti-Castelvetri et al., 2020; 
Daly et al., 2020; Dong et al., 2020a, 2020b; Drak Alsibai, 2020; Huang 
and Herrmann, 2020; Letko and Munster, 2020; Rastogi et al., 2020; Tai 
et al., 2020; Tian et al., 2020; Wan et al., 2020; Wang et al., 2020; Zhao 
et al., 2020; Zhou et al., 2020; Zhu et al., 2020) (Fig. 3). On the other 
hand, ACE2 is also a crucial component of the renin-angiotensin system 
(RAS). The classical RAS, ACE-Ang II-AT1R regulatory axis and the 
ACE2-Ang 1–7-MasR counter-regulatory axis, play an essential role in 
maintaining homeostasis in humans. In the COVID-19 infection process, 
ACE2 receptors are saturated by binding with the virus to giving rise to 
the increased availability of angiotensin II. However, this process could 
be blocked by the conversion of angiotensin II into angiotensin (1–7) via 
ACE2. Next, angiotensin (1–7) binds to the ART2 and MAS receptors, 
which in the testicles, specifically in leydig and sertoli cells (Douglas 
et al., 2004; Glowacka et al., 2011; Green et al., 2018; Grive et al., 2019; 
Guo et al., 2018, 2017; Lukassen et al., 2018; Muñoz et al., 2014; 
Omolaoye et al., 2020; Reis et al., 2010; Verdecchia et al., 2020) (Fig. 3). 

3.3. Semen 

Furthermore, it has been confirmed that SARS-CoV-2 could be spread 
by human-to-human transmission, mainly through respiratory droplets 
and contact (Mohseni et al., 2020). Several results suggested that the 
SARS-CoV-2 have been found in the semen and testicle in men infected 
by SARS-CoV-2 at both acute and recovery phases. Thus, it supported 
that the SARS-CoV-2 can be sexually transmitted by men (Karia et al., 
2020; Karia and Nagraj, 2020). Due to the imperfect blood-testicle/ 
deferens/epididymis barriers, SARS-CoV-2 might be seeded to the 
male reproductive tract, especially in the presence of systemic local 
inflammation (Kayaaslan et al., 2020; Khalili et al., 2020). Even more, 
the virus cannot replicate in the male reproductive system, it might 
persist and possibly resulting from the privileged immunity of testicle. 
Nevertheless, the presence of viruses in semen may be commonplace, 
and traditional non-sexually transmitted viruses might be assumed to be 
appear in genital secretions (Li et al., 2020a, 2020b, 2020c). These re
sults suggested that SARS-CoV-2 was detected in the semen of recov
ering patients and sexual transmission might be a critical part of the 
prevention of transmission (Kayaaslan et al., 2020; Khalili et al., 2020; Li 
et al., 2020a, 2020b, 2020c). Indeed, abstinence or condom use might be 
considered as preventive for these patients. In conclusion, researchers 
found results that male patients were reportedly slightly more affected 
than women by both SARS-CoV and SARS-CoV-2 infections (Holtmann 
et al., 2020; Karia et al., 2020; Karia and Nagraj, 2020; Kayaaslan et al., 
2020; Khalili et al., 2020; Li et al., 2020a, 2020b, 2020c; Ma et al., 2020; 
Paoli et al., 2020; Vishvkarma and Rajender, 2020). 

4. Effect of SARS-CoV-2 on female reproductive system 

4.1. Ovary 

As we known, SARS-CoV-2 enter host cells via ACE2 receptors (Li 
et al., 2020a, 2020b, 2020c). Researches indicated that the expression of 
ACE2 mRNA transcripts was abundant in the ovaries of childbearing age 
and postmenopausal women (Yan et al., 2020). Therefore, it was implied 
that the female reproductive system may be at risk of SARS-CoV-2 
infection. To confirm that several researchers used single cell 
sequencing to analyze the expression of ACE2, TMPRSS2, cathepsin B 
and L (CTSB and CTSL, respectively) in human ovarian cells and found 
that the expression of ACE2 was very low in stromal cells and peri
vascular cells of the ovarian cortex, TMPRSS2 was not expressed in 
different types of ovarian cells, CTSB and CTSL were expressed in all 
tested ovarian cell types. No co-expression of ACE2/CTSB or ACE2/CTSL 
was observed in all cell types of ovary. Because ACE2 needed the co- 
expression of protease TMPRSS2 or CTSB/L, which causes the S pro
tein on its surface to enter the host cell. ACE2 was expressed in less than 
5% of ciliated cells, secretory cells and leukocytes. On the contrary, the 
expression levels of protease TMPRSS2 and CTSL/B were different in 
different fallopian tube cells, and the expression of CTSL was not 
detected in any fallopian tube cells. No co-expression of ACE2, TMPRSS2 
or CTSB was observed in any fallopian tube cells. The ciliated cells in the 
fallopian tube were essential for the lumen movement of oocytes and 
spermatozoa (Goad et al., 2020). These results showed that SARS-CoV-2 
was unlikely to infect ovarian cells or affect oogenesis and early fertil
ization events (Goad et al., 2020; Segars et al., 2020). 

4.2. Uterus 

Above all, the ability of SARS-CoV-2 to damage tissue depended on 
its ability to enter and infect cells in the tissue (Bilal et al., 2020; 
Henarejos-Castillo et al., 2020). After getting the entry path of cells, 
SARS-CoV-2 would affect the renin-angiotensin system and down- 
regulate the expression of ACE2, and up-regulate the pro- 
inflammatory response through angiotensin II (Chadchan et al., 2020). 
Recently, a novel entry path for SARS-CoV-2 into the cell has revealed, 
which is using Basigin (BSG), also known as CD147 or EMMPRIN, 
instead of ACE2 as the receptor. S protein of SARS-CoV-2 bind to ACE2 
into the host cell, resulting in the fusion of the virus with the cell 
membrane and endocytosis. Transmembrane protease TMPRSS2 could 
cleave S protein. TMPRSS4 itself increases viral infectivity, at least in 
intestinal epithelial cells. The expression of CTSB and CTSL were 
observed in SARS-CoV-2-infected TMRPSS2-cell line, indicating that 
CTSB and CTSL have partial activity to cleave S protein. Furin is another 
protease that cleaves S protein, which exists in the epithelium of several 
oral mucosa tissues together with ACE2. MX dynamin-like GTPase1 
(MX1) could regulate neutrophil infiltration and facilitate virus infec
tion through S protein modification of neutrophil elastase. A study based 
on the human protein map (HPA) found that ACE transcripts were low in 
the endometrium and were not expressed in protein form. The expres
sion of TMPRSS4 and furin RNA was also low and the protein level was 
moderate, while CTSB, MX1 and BSG had moderate RNA expression and 
high protein expression. However, several results indicated that 
TMPRSS4, CTSL, CTSB, furin, MX1 and BSG were highly expressed in the 
whole stages of endometrium, and proteases such as CTSL, CTSB, furin 
could be co-expressed with TMPRSS4, cutting S protein at different sites, 
thus increasing infectivity. The expression of ACE2 was low. TMPRSS4 
was expressed in all menstrual cycles, especially during menstruation, 
which cleaves S protein and enables SARS-CoV-2 to bind to ACE2, to 
infect cells, even if the expression of ACE2 was low (Abhari and Kaw
wass, 2020; Henarejos-Castillo et al., 2020). Especially, Diaz-Gimeno’s 
study also found that from the proliferative phase to the middle secre
tory stage of the endometrium, especially in the early secretory stage, 
there was a positive correlation between age and ACE2, which mean that 
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older women may be more likely to be infected with SARS-CoV-2 
(Henarejos-Castillo et al., 2020) (Fig. 4). 

Nevertheless, in myometrium, the expression of ACE2 was low in 1% 
of fibroblasts, but no expression of TMPRSS2 was observed in any cell 
type of normal myometrium. CTSB and CTSL may promote the entry of 
SARS-CoV-2 into cells without the participation of TMPRSS2. CTSB and 
CTSL were expressed in myeloid cells, endothelial cells, lymphoendo
thelial cells, T cells, NK cells and fibroblasts in the myometrium. How
ever, no co-expression of CTSB or CTSL and ACE2 was found in these 
cells. These findings suggested that SARS-CoV-2 was less likely to infect 
smooth muscle cells in the myometrium, and SARS-CoV-2 infection was 
unlikely to cause myometrial inflammation and potential preterm de
livery (Henarejos-Castillo et al., 2020). 

4.3. Maternal-fetal transmission 

The ways of SARS-CoV-2 transmission has been indicated as follows: 
1, it can be transmitted through respiratory tract, 2, fecal-oral trans
mission and 3, pollutant transmission 4, inhalation of small aerosols 
diffused in the air. So far, there was no definite answer to whether SARS- 
CoV-2 can be transmitted vertically and the mechanism by which it 
occurs (Schwartz and Graham, 2020). Several studies have shown that 
70 pregnant women with SARS-CoV-2 had symptoms including fever 
(84%), cough (28%) and dyspnea (18%). Obstetrical complications 
included preterm delivery (39%), intrauterine growth restriction abor
tion (10%) and abortion (2%). Amniotic fluid, umbilical cord blood, 
throat swabs and milk of newborns were collected from 9 pregnant 
women infected with SARS-CoV-2 in Wuhan. All results indicated that 
there was no direct evidence of vertical transmission of SARS-CoV-2 
(Chen et al., 2020a, 2020b, 2020c). But a study showed that ACE2 
was expressed in placental barrier cells suggesting the possibility of 
vertical transmission (Singh et al., 2020). Another study suggested that 
ACE2 had transient overexpression and increased activity during preg
nancy, especially in the placenta (Schwartz and Graham, 2020). These 
studies implied that there may be vertical transmission of SARS-CoV-2. 
As we known, ACE2 receptors were widely distributed in maternal-fetal 
interface cells and special cell types of fetal organs. In the maternal-fetal 
interface, the expression of ACE2 was increased in these cells, including 
stromal cells of uterine decidua, perivascular cells, cytotrophoblast cells 
and plasmoditrophoblast cells in placenta (Mauvais-Jarvis et al., 2020). 
Previous clinical studies have not observed evidence of vertical trans
mission of SARS-CoV-2 in cases, and this phenomenon still needed to be 
studied more carefully in clinical practice (Chen et al., 2020a, 2020b, 
2020c). Schwartz’s research confirmed this study, they tested the 
newborn samples, including RT-PCR tests and placental SARS-CoV-2 
tests, which showed negative results. Therefore, there was no evidence 
that SARS-CoV-2 virus was transmitted to the fetus through intrauterine 
or transplacental transmission in infected pregnant women (Schwartz 
and Graham, 2020). According to a significant report that there was a 
pregnant woman who had a fever for 8 h. According to her typical 
symptoms and CT images before admission, she was diagnosed as SARS- 
CoV-2 pneumonia. Throat swabs of newborns 30 h after birth were 
collected after emergency caesarean section, and still no direct evidence 
of intrauterine infection was provided. In addition, tissue samples in the 
uterus, such as amniotic fluid, cord blood or placenta, were not directly 
tested to confirm that SARS-CoV-2 infection in newborns was caused by 
intrauterine transmission (Schwartz, 2020). Therefore, we have been 
not sure whether intrauterine SARS-CoV-2 infection occurs. When 
considering whether there was vertical transmission of SARS-CoV-2, the 
following questions should be considered: 1. Whether this vertical 
transmission was related to pregnancy. 2. Whether vaginal delivery 
increased the risk of mother-to-child transmission during delivery. 3. 
The risk of infection in pregnant women and the impact of the time or 
mode of delivery on pregnancy outcomes needed to be assessed. 4. 
Whether SARS-CoV-2 could damage the placenta was an important part 
of vertical transmission, which should further investigation (Bilal et al., 

2020; Egloff et al., 2020). 

5. Successful solutions of controlling and prevention 

From the above, China played a critical role in control and prevent 
the SARS-CoV-2 (Chen et al., 2020a, 2020b, 2020c; Feng et al., 2020; 
National Health Commission of the People’s Republic of China, 2020). 
In order to control and prevent the further epidemic outbreaks of 
coronavirus into people, Chinese government has been implementing 
several strong initiatives. These primary initiatives were fruitful and 
effective to prevent spreading of epidemic outbreaks of coronavirus 
(Feng et al., 2020; Prasse et al., 2020; Wu et al., 2020). Especially, a 
medical team that composed of the military medical universities went to 
Wuhan and started the treatment work during the dates of Chinese 
traditional lunar new year holiday (Gao and Fan, 2020; Zhang, 2020). 
For countries outside China, Chinese government had sent 29 medical 
expert groups to 27 countries, meanwhile the government has provided 
or was providing assistance to 150 countries and four international or
ganizations to control and prevent the SARS-CoV-2, as of May 31 (The 
Xinhua News Agency, 2020). After that, the monitoring of passing 
tourists has been increased at airports, ports and other transportation 
arteries, mainly including temperature detection and symptom 
screening recently, to avoid the occurrence of imported cases (Feng 
et al., 2020). At present, China’s epidemic control was relatively stable, 
and its various measures were worth studying and have been copied by 
other countries (Feng et al., 2020; National Health Commission of the 
People’s Republic of China, 2020; Prasse et al., 2020; Wu et al., 2020). 

Indeed, the effects of SARS-CoV-2 on the male/female reproductive 
system should be study in long term, such as the effects on fetal devel
opment. However, no much clinical/experimental data were reported at 
present. The reason might be that firstly, the most researchers preferred 
to focus on the studies of the damages to respiratory system than 
reproductive system, primarily; secondly, the time is not so long enough 
since the start of the pandemic, as a result that not any data of fetal 
development could be detected; thirdly, despite some results implied 
that SARS-CoV-2 infection might damage to male reproductive system 
via ACE2 receptor mediating, the potential cell receptor mediating 
mechanisms of SARS-CoV-2 have not been detected very clearly. With 
the studies of effects of SARS-CoV-2 on the male/female reproductive 
system become increasingly further deeper and the more effective vac
cine could be manufactured, we would control and prevent the SARS- 
CoV-2 infection in the male/female reproductive system more and 
more efficient. 
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