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Abstract 
Objective: The purpose of this review was to investigate current knowledge of COVID-19 by highlighting 

its effect on female reproductive tract. 

Materials and methods: In this study, all articles related to the effect of SARS, MERS, and CoV-19 

viruses on the female reproductive system from 2003 to 2021 were reviewed. 

Results: The coronavirus enters the host cell by binding to the enzyme that is most abundant in the host 

lung. The corona or spike (S) protein of this virus is the main tool for binding to the receptor in the host 

cell membrane and facility the entrance of CoV into the target cells. This receptor is the Angiotensin-

Converting Enzyme-2 (ACE2), but the high expression of this receptor can be a mystery to increase 

infection in host cells. The overexpression of ACE2 in different tissues has a close connection to the 

severity of this viral infection. Infection in the female reproductive system requires more attention 

because it may affect the generation and future progeny by damaged gametes. 

Conclusion: The existing evidence proposes that ACE2 is widely expressed in the reproductive tract 

includes: ovary, uterus, vagina, and placenta. 
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1Introduction 
1. Renin-angiotensin system (RAS) 

The renin-angiotensin system (RAS) is an important 

regulator of electrolytes, blood volume, and systemic 

vascular resistance that plays a vital role in 

cardiovascular homeostasis.  Angiotensinogen is the 

main protein of this system (RAS) which is 

synthesized in the liver. RAS consists of different 

regulatory components with effective peptides that 

can help dynamically control the vascular system in 

both healthy and pathological conditions. Although 

these components may have conflicting functions, 
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they must ultimately provide a coordinated response 

to the stimulus. Angiotensin-converting enzyme 

(ACE) metabolizes angiotensin I (Ang-I) to 

angiotensin II (Ang- II) as the dipeptide 

carboxypeptidase enzyme and angiotensin-converting 

enzyme2 (ACE2) converts Ang-II to Ang 1-7 (1). 

Studies show that the RAS activity in the local tissue 

can also control the functional proteins Ang-I and 

Ang-II. Angiotensinogen must be converted into 

Ang-I by Renin from the renal organ and then Ang-I 

by the angiotensin-converting enzyme (ACE) 

becomes Ang-II. In 1988, the human endothelial 

ACE was first cloned by Soubrier and described as a 

glycoprotein (170‐kDa) with two homologous active 

sites (2). ACE2 as homologue of ACE is not inhibited 
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by ACE inhibitors.  Angiotensin 1-7 is the main 

product of ACE2 activity which therefore opposes 

Ang-II. Therefore, the main function of ACE2 is to 

act as an equalizer for ACE and the increasing of 

Ang-II level can up-regulate ACE2 activity. Thus, 

ACE2 plays a vital role in cardiovascular and cardio-

renal functions (3). ACE2 is a suitable target for 

drugs, and Lowers blood pressure by hydrolysis of 

Ang-II (a vasoconstrictor peptide) into Ang-1-7  

(a vasodilator) (4). 

1-1 Local Physiological response of RAS & 

Female reproductive system: The ovarian renin-

angiotensin system (RAS) shows an important 

physiological role in steroidogenesis, follicular 

growth, oocyte maturation, ovulation and follicular 

atresia. Gonadotropins regulate ovarian RAS 

expression, and RAS is an important regulator in 

autocrine/paracrine mechanisms at different stages of 

the female reproductive cycle (5). In humans, all of 

the RAS family members have been demonstrated at 

the protein level, but in the ovaries of rat (6), porcine 

(7), and bovine only single combinations of the RAS 

have been expressed (8).   

1-2 RAS & Ovary function/follicular growth: The 

presence of RAS compounds appears to be 

considerably involved in regulating fetal growth. The 

RAS expression in the porcine ovary can be 

recognized about 45 days of gestation. It is observed 

by detection of angiotensin receptors (ATR1 and 

ATR2) of primordial, primary, and secondary follicles 

phases in the granulose cells (7). Ang II is a significant 

modulator for steroidogenesis, and formation of the 

corpus luteum. It has a stimulator role in the oocyte 

maturation and ovulation through Ang II- receptors on 

the granulosa cells, and is a main regulator for follicle 

atresia stage (5). Therefore, Ang II and its receptors 

ATR1 and ATR2   play regulatory role on maturation 

of the oocyte nuclear and ovulation (9). AT2R 

antagonist can significantly inhibit bovine ovulation 

(10, 11). In rats, expression AT1R was observed in 

healthy follicles (12) and expression AT2R was clearly 

involved in follicular atresia by apoptosis (13). Studies 

show that there are considerable differences between 

the species. Of course in physiologic system, 

irregularities result can be increased the risk of 

pathologic states. Then disorders in the ovarian RAS 

can be the result of polycystic ovarian syndrome 

(PCOS), ovarian hyperstimulation syndrome, ovarian 

tumors, and ectopic pregnancy. In humans, 

[ACE2/Ang-(1–7)/MAS1] axis has a significant role in 

physiologic and pathological stages of follicular 

growth (Figure 1) (14).  

 

Figure 1: ACE2/Ang-(1–7)/MAS1 axis role in 

physiologic and pathological stages of follicular growth 

 

1-3 RAS & the other reproductive organs: The 

effects of RAS on vascular function in the corpus 

luteum are mediated by Ang-II. It stimulates 

microvascular endothelial (MVE) function in the 

corpus luteum. ACE expression of MVE in the 

corpus luteum by Hayashi et al. in 2000 showed that 

MVE cells are able to convert Ang-I into Ang-II. The 

Ang-II production synergistically rises significantly 

by estradiol stimulation with vascular endothelial 

growth factor (VEGF) (15).  

All localized RAS components are expressed in 

the fallopian tube and endometrium (16). Of course 

RAS expression varies during the menstruation cycle 

(17). Ang-II is augmented in the proliferative phase, 

and reduced in the secretory phase by AT1/AT2 

receptors. Ang-(1–7) and its MAS receptor is existent 

during the menstrual cycle but rise in the glandular 

endometrium (18). In pregnancy, RAS family can be 

identified from 6 weeks of pregnancy until birth.  For 

example mRNA of ACE is elevating in gestation but 

declines near term. AT1R protein and mRNA are 

increasing during pregnancy, but their level reaches 

the highest at the end time (19). There is a direct link 

between Ang-II and AT1R in the placenta; it has been 

hypothetical that Ang-II may have a regulator role on 

the AT1R expression (20). Studies in the past few 

years show the pathophysiological features of RAS in 

reproductive tract for example in polycystic ovary 

syndrome (PCOS) (21), hypertension and 

preeclampsia (22, 23) ovarian cancer (24) and 

endometrial cancer (25). In components of the  

renin-angiotensin system, ACE2 plays a vital role and 

is a suitable target for drugs.   
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2- Angiotensin-converting enzyme 2 (ACE2) 

In 2000, the novel ACE2 was known as a 

homolog of ACE, with removal ability of the 

carboxy-terminal phenylalanine in Ang-II for 

producing the heptapeptide Ang-(1–7) (26). ACE2 is 

a critical enzyme at the cell surface that can cut up 

the long chains of angiotensinogen protein, to enter 

the cell and then regulate cell functions. ACE2 is a 

suitable receptor for COVI-19 especially in epithelial 

cells, which can make defensive barriers. ACE2 

inhibitors are the most commonly suggested classes 

of drugs for cardiology and are choice drugs in 

hypertension and heart failure treatment. It attaches to 

the cell membranes of lungs, arteries, heart, kidney, 

and intestines organs (27). The expression map for 

ACE shows a widespread distribution in the heart and 

kidney tissues, and is also high in the lungs and 

pulmonary blood vessels, intestinal (ileum, jejunum, 

duodenum, and colon), testes and prostate (28). 

ACE2 is a zinc metalloprotease enzyme with 805 

amino acids. ACE2 has a single HEXXH zinc-

binding design with a high affinity for production 

Ang-(1-7) from Ang-II (29). Ang-(1-7) through the G 

protein-coupled receptor increases vasodilation and 

cares the heart function (30), and reduces metabolic 

syndrome (31). ACE2/Ang-(1–7)/mitochondrial 

assembly receptor [ACE2/Ang-(1–7)/Mas R] axis is 

the portion of the RAS. Recently, this axis has been 

recognized as a critical component of pulmonary 

endothelial, gastric mucosa, and cancer. This axis can 

be a possible novel therapeutic strategy for cancer 

(32). In this review, we investigated the spreading and 

function of ACE2 as a suitable target for effect on the 

female reproductive system and coronavirus receptor. 

2-1 ACE2 & female reproductive system/Ovarian 

function: ACE2-mRNA transcriptions were 

identified in the ovaries from reproductive-age until 

postmenopausal women (14). Pereira et al in 2009 

showed that ACE2/Ang-(1–7)/Mas axis in the rat 

ovary increased the ovarian expression of Ang-(1–7), 

Mas receptor, and ACE2 (8).  

In 2012, Honorato-Sampaio et al. reported an 

animal immunohistochemistry study that showed that 

LH amplified Ang-(1-7) and ACE2 staining in pre-

ovulatory follicles (33).  ACE2 is the critical enzyme 

with a synergistic role that can balance the Ang II and 

Ang-(1-7) levels for steroid secretion (34), facilitates 

follicle growth (11), oocyte maturation (35), ovulation 

(36), follicular atresia (10), and retains corpus luteum 

development (37). Ang-(1-7) stimulates the production 

of estradiol and progesterone (13) and improves 

ovulation (38), and the resumption of meiosis in the 

oocyte (16). In human, Ang-(1-7) level is related to the 

maturation of oocytes (39).  

2-2 ACE2 & uterus: Many studies confirm the 

role of angiotensin II in the endometrium which is 

important for regular menstruation cyclic. An 

alteration in the distribution of angiotensin II and its 

receptors is associated with dysfunction of the uterine 

bleeding by the hyperplastic endometria (40). The 

pattern of Ang (1–7) localization in the endometrium 

during menstrual cycle, agreed with the ACE2 

mRNA, which is increased in the epithelial than 

stromal cells (2-fold) and in the secretory phase 

against proliferative phase (6.6-fold). Mas’ receptors 

were similarly distributed between epithelial and 

stromal cells and did not alteration through menstrual 

cycle (41). Can able coronavirus disturb the female 

reproductive functions via ACE2 or does it adversely 

affect the mother and fetus during pregnancy?   

2-3 ACE2 & pregnancy: In early gestation ACE2 

level is highest. During early gestation, ACE2 is 

expressed in the primary and secondary decidua zone, 

luminal, and glandular epithelial cells. During late 

gestation, ACE2 is expressed in the labyrinth placenta, 

amniotic, and yolk sac epithelium (42), but in rat 

placenta, ACE2 increases from mid-gestation (43).  

In 2006 Valdes et al reported that placental villi 

are the main sites of immunocytochemical expression 

of Ang-(1-7)/ACE2. This expression was reported in 

syncytotuboblast, cytotrophoblast, endothelium and 

vascular smooth muscle of primary and secondary 

villi. In the maternal stroma, ACE2 was also 

expressed in the intravascular trophoblast, decidual 

cells and was been found in endothelium and smooth 

muscle of the umbilical cord (44).   

Studies show that during pregnancy, Ang II and 

Ang- (1-7) / ACE2 can principally regulate blood 

pressure and fetal growth by maintaining the normal 

physiological function of the uterus through the local 

autocrine/paracrine system (45) in the early 

(angiogenesis, apoptosis and growth), and in the late 

gestation (uteroplacental blood flow) (46). ACE2 as 

the hydrolyze enzyme converts Ang II into Ang-(1-

7), and Ang I into Ang-(1-9), which can rapidly 

convert to Ang-(1-7) and thus ACE2 control the 

blood pressure and hydro-salinity equilibrium in the 

pregnant women (47). The abnormal expression of 

Ang II and Ang-(1-7)/ACE2 may be led to 

hypertension of pregnancy, pre-eclampsia and 

eclampsia (48). Based on the GeneCart, ACE2 

expression in the placenta is higher than in the lung. 
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Most recently, coronavirus infection was been 

recognized in infants with positive tests in the 

nasopharyngeal and anal swabs, on the second and 

fourth day of their birth (49). In a newborn from an 

infected mother by a coronavirus, has been reported a 

high level of the IgM antibody in the serum 2 hours 

after birth (50). Wong et al in 2004 reported the 

pregnant women infected by CoV are at high risk for 

adversative consequences include spontaneous 

abortion, premature labor, and intra-uterine 

development limitation (51, 52). These findings 

indicate which; there are expressions of CoV 

receptors in the human maternal-fetal border.     

3- Coronavirus 

In the last two decades, after severe acute 

respiratory syndrome (SARS) and Middle East 

respiratory syndrome (MERS), COVID-19 (Corona-

virus-disease-2019) as coronavirus disease is the third 

respiratory infection that was firstly defined in Asia. 

The first report of COVID-19 was in December 2019 

in Wuhan, China. Coronavirus (nCoV) of Wuhan 

2020 belongs to the Betacoronavirus.   

3-1 Coronaviridae Family: The Coronaviridae 

family is the causative agent of respiratory, intestinal, 

hepatic, and neurological diseases in humans and 

animals. Coronaviruses (CoVs) are the largest group 

of positive‐sense RNA viruses with a wide range of 

natural hosts. The first coronavirus in 1937 was 

isolated from chicken embryos (53). Coronaviruses 

have been widely distributed and have been found as 

a human pathogen since the 1960s. These zoological 

viruses are common between animals and humans. 

The name coronavirus is due to the presence of a 

structure with a crown on its surface (like the sun) 

under an electron microscope. Coronavirus (CoV) is 

a member of the Orthocoranavirinae sub-family with 

four types that was differentiated by their protein 

classification: Alpha, Beta, Gamma and 

Deltacoronaviruses (54). The first report of the 

COVID-19 was from Wuhan, Hubei Province, China, 

with the novel severe acute respiratory syndrome 

coronavirus 2 (SARS-CoV-2). ''Symptoms of  

SARS-Cov-2 infection range from asymptomatic 

disease to life-threatening acute respiratory distress 

syndrome (ARDS), severe pneumonia, acute kidney 

injury, myocarditis, multiple organ failure, and death'' 

(55). Several neurological manifestations, including 

cerebrovascular events, have been reported in patients 

with severe infection, even ischemic stroke in the 

setting of PCR-confirmed SARS-CoV-2 infection (56). 

3-2 Coronavirus & S-protein: The single-

stranded RNA genome of coronavirus encodes four 

major structural proteins: the spike (S) protein, 

nucleocapsid (N) protein, membrane (M) protein, and 

the envelope (E) protein (46). The S-protein is the 

main vehicle for the virus attachment to receptors on 

the host cell surface and following to facilitate 

entrance of viral into the target cell (57). S-protein 

expression at the cell membrane can be a facilitator for 

the cell to cell fusion signal, between infected and 

uninfected cells. S-protein consists of two subunits, S1 

and S2. The S1 subunit covers binding to ACE2 in the 

host cell, while the S2 subunit facilitates the receptor 

recognition, cell attachment, and fusion during viral 

infection through making a six-helical bundle by the 

two-heptad repeat domain (Figure 2) (58).  

 

Figure 2: Structure of the SARS-CoV-2 S protein 

a Schematic representation of the SARS-CoV-2 spike. b–c 

The S protein RBD closed and opened status. d The S 

protein binds to ACE2 with opened RBD in the S1 subunit. e 

The six-helix structure formed by HR1 and HR2 of the S2 

subunit (58). 

 

N-protein (nucleocapsid) is the only coronavirus 

protein with the function of binding to the CoV-RNA 

genome, for making nucleocapsid (59). N-protein 

through the viral genome can involve in the features 

of the CoV replication cycle and then in the host 

cellular response against viral infection (60).  

N-protein localization to the endoplasmic reticulum 

(ER)-Golgi system can be suggested as the function 

of assembly and budding processes (61). 

 The M-protein as the structural protein describes 

the form of the viral envelope (62). Communication 

between S with M proteins is essential for maintenance 

https://www.nature.com/articles/s41401-020-0485-4/figures/2
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of S-protein in the ER-Golgi intermediate 

compartment (ERGIC)/Golgi complex, but is not 

necessary for the assembly process. The binding 

between M to N proteins helps to stabilization of the 

nucleocapsid (N protein-RNA complex), which 

promotes termination of viral assembly (63).  

The E-protein is the smallest structural protein, 

but it is more of a mystery. In the infected cell during 

the replication cycle, E-protein initiates to expression, 

but only a small segment is fused into the virion 

envelope (64). Golgi intermediate compartment 

(ERGIC)/Golgi complex is the site of virus assembly 

and budding processes (65). E-protein has a 

significant role in virus production and maturation. 

Recombinant CoV without the E-protein is caused a 

reduction in the viral titers, crippled viral maturity 

and products the incompetent progeny (66).  

3-3 Coronavirus/ACE2 & female reproductive 

tract: These findings indicate the potential 

participation of the local RAS as a regulator in the 

physiological antagonistic pathways in the 

reproductive tract. Coronavirus after interval and 

invasion in the host cell, down-regulates the ACE2 

expression that leads to an augmented pro-

inflammatory response by Ang II (67). Ang II, ACE2 

and Ang-(1-7) regulate growth of follicle and its 

maturation, ovulation (folliculogenesis, 

steroidogenesis), luteal angiogenesis and atresia 

processes. It is also a regulator for variations in the 

endometrial tissue (regeneration) and embryo 

improvement. ACE2 receptor dispersion in the male 

reproductive system is higher in the female. For 

example, Low expression of ACE2 is in the ovary, 

fallopian tube, vagina, cervix and endometrium (68). 

In female, a severe acute disease may modify the 

function of the hypothalamic-pituitary-gonadal 

(HPG) axis function and leads to reduction of sex 

hormones. The expression of the estrogen receptors 

on the lymphocytes, macrophages, and dendritic cells 

(DC) show that sexual hormones can be a regulator 

for the immune responses with a protective role 

against direct antiviral activity in women. Estradiol 

and progesterone are the important modulators in 

inflammatory processes, and behavior (69).   

Conclusion 

This review summarizes the existing literature on RAS 

local tissue in the reproductive system with respect to 

physiological and pathological clinical conditions. 

RAS obviously affects the maturation and quality of 

oocyte, endometrial coating, hormone production, and 

therefore RAS is a vital system for the regulation of 

physiological pathways in the reproductive tract. The 

activity of RAS is different between men and women, 

and this gender difference contributes to the rate of 

coronavirus infection and its resulting mortality, which 

is more common in men (70). 

Reduction in sex hormones is the main in tissue-

specific dysfunction because these hormones have a 

wide range of protective actions. Deficiency in aging 

is not only associated with loss of reproductive 

function but is also significant in the brain (neuro-

protective) and the cardiovascular system (cardio-

protective). Prospective studies show that hormones 

replacement therapy (HRT) as a promising strategy 

for delaying and preventing Alzheimer’s disease 

(AD) is not successful. HRT might raise dementia 

risk by some mechanisms (71), and also large clinical 

trials have been unsuccessful to establish an 

advantage from HRT on the risk of dementia (72, 73). 

But Zhou 2020 in the systematic review reported that 

HRT can improve cognitive function in women with 

AD (74). Results of the observational studies suggest 

that the association of HRT with AD should be 

related to the timing and type of HRT use. This 

suggestion can be true of HRT in the treatment of the 

elderly with coronavirus. Although sex hormones 

reduce the inflammatory response and modulate 

ACE2 expression, can they be considered as a 

supported hypothesis for the treatment of patients 

with COVID-19?   
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