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Abstract: Since its discovery in Wuhan, China, SARS-CoV-2 has spread over the world, having a huge impact on people's lives and health. The respiratory system is often targeted in people with Covid-19. The virus can also infect many organs and tissues in the body, including the reproductive system. The consequences of SARS-CoV-2 infection on fertility and pregnancy in hosts are poorly documented. Available data on other coronaviruses such as severe acute respiratory syndrome (SARS-CoV) and Middle Eastern Respiratory Syndrome (MERS-CoV) coronaviruses identified pregnant women as a vulnerable group with increased pregnancy-related complications. COVID-19 was also shown to impact pregnancy, which can be seen in either the mother or the fetus. Pregnant women more likely require COVID-19 intensive care treatment than non-pregnant women, and they are susceptible to give birth prematurely and to have their newborns admitted to the neonatal intensive care unit. Angiotensin converting enzyme 2 (ACE2), a key player of the ubiquitous renin-angiotensin system (RAS), is the principal host cellular receptor for SARS-CoV-2 spike protein. ACE2 is involved in the regulation of both male and female reproductive systems, suggesting SARS-CoV-2 infection and associated RAS dysfunction could affect reproduction. Herein, we review current knowledge about COVID-19 consequences on male and female fertility, pregnant women, and their fetuses. Also, we describe the effects of COVID-19 vaccination on reproduction.
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1. Introduction
The novel coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute respiratory syndrome coronavirus type 2 (SARS-CoV-2) viral infection, is a significant, exponentially developing global public health emergency, with new abnormalities being diagnosed and reported on a daily basis [1]. The pandemic touched the whole globe and overwhelmed the medical system [2]. The viral infection shares some epidemiological and clinical features with other coronaviruses such as severe acute respiratory syndrome (SARS-CoV) and Middle Eastern Respiratory Syndrome (MERS-CoV) (reviewed in [3]). COVID-19 can range from asymptomatic cases to moderate flu-like symptoms to severe respiratory illness. The main symptoms of SARS-CoV-2 infection disease include dry cough, dyspnea, and fever. Fatigue, musculoskeletal discomfort, headaches, gastrointestinal problems, and a loss of smell and taste are also well-documented [4–6]. More studies are now investigating the effects of SARS-CoV-2 infection on systems other than the respiratory system [7]. Among these, whether the coronavirus can harm the male and female reproductive systems is currently being considered. 
Angiotensin-converting enzyme 2 (ACE2) acts as an cellular attachment site to SARS-CoV-2 spike protein which anchors the virus to the target cells [8]. ACE2 is expressed on several different organs or tissues and is an important component of Renin-Angiotensin System (RAS). Angiotensin-2 (AngII), a product of the cleavage of angiotensin-1 (AngI) by ACE, acts as a potent vasoconstrictor, pro-inflammatory, and pro-fibrotic [9]. AngII can further be cleaved by ACE2 to form the peptide Ang1-7, which counteracts the activity of AngII and has vasodilatory, anti-inflammatory, and anti-fibrotic effects [10]. The balance between these two faces of RAS is therefore assured by ACE2 (For review see [11]). However, SARS-CoV-2 invasion and cellular internalization lead to down-regulation of membrane bound ACE2 and increases serum ACE2 which leads to Ang1-7 depletion and an unopposed AngII activity [9] (Figure 1A). Since the RAS is known to be of great importance in regulating different physiological processes (such as vasoconstriction, inflammation, angiogenesis, oxidative stress, apoptosis) [5], the complications following SARS-CoV-2 infection are likely due to RAS impairment [12–14]. ACE2 can be found at the surface of many cell types, including respiratory epithelial cells, cardiac fibroblasts, cardiomyocytes, endothelial cells, vascular smooth muscle cells (VSMCs), kidneys, gut,  central nervous system (CNS) and the reproductive system [15]. This ubiquitous expression of ACE2 makes different organs susceptible to SARS-CoV-2 infection and explain multiple-organ damage seen in COVID-19. Notably, the expression of RAS components in both the male and female reproductive systems indicates that they are susceptible to SARS-CoV-2 infection (Figure 1B).
In this review, we summarize the literature reporting the effects of COVID-19 on the male and female reproductive systems. Whether the viral infection affects both men and women's fertility, and how it impacts pregnancy will be also discussed. We will also address whether the COVID-19 vaccines have any effect on the reproductive systems.
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Figure 1. SARS-CoV-2 interaction with ACE2 receptor and impairment of RAS leads to deleterious effects (vasoconstriction, profibrosis, proapoptosis, oxidative stress, proinflammation, proangiogenesis, prothrombosis, prohypertrophy) in different biological systems (A) and potentially procreation (B).

2. Covid-19 effect on fertility
2.1. Does COVID-19 affect male fertility? What is the possible role of RAS? 
The interaction of the SARS-CoV-2 viral spike protein with angiotensin converting enzyme 2 (ACE2) on cells co-expressing ACE2 and the cellular transmembrane protease serine 2 (TMPRSS2) has been identified as the SARS-CoV-2 virus's cellular entry mechanism. Since the testes express ACE2 receptors, researchers are investigating the effects of COVID-19 on male fertility [16]. Endocrinologically, the hypothalamic-pituitary-gonadal (HPG) axis connects the brain and the testes. The production of gonadotropins and testosterone, as well as the HPG feedback loop, are responsible for this connection. The effects of COVID-19 on the hypothalamic-pituitary-gonadal axis are still under investigation; however, aberrant gonadotropin levels have been reported in COVID-19 patients [17]. 
Maintaining a normal testosterone production requires a healthy HPG axis. Several studies reported that COVID-19 influences testicular hormone production. In fact, researchers discovered high luteinizing hormone (LH) levels and reduced testosterone to LH ratios in COVID-19 patients. These findings were linked to systemic inflammation in the patients examined [18]. Moreover, when compared to more moderate cases, 12.9 percent of patients who died or had severe Covid-19 had reduced total and free testosterone and raised LH [19]. 
Researchers related circulating gonadotropin levels in COVID-19 patients to neuropathology. Neuroimaging of a single patient indicated hyperintense signals, which could indicate hypothalamic abnormalities, as well as an expanded pituitary gland [20]. Even though these data are preliminary, they suggest that hypothalamic perturbation in COVID-19 patients may disrupt gonadotropin release regulation, resulting in a drop in testosterone levels.
Furthermore, it has been proven that SARS-CoV-2 can cross the blood-brain barrier and infect ACE2-expressing cells, causing neuroinflammation [17,21]. Normal physiologic activities like temperature regulation and hormone balance can be disrupted by inflammation [20,22]. Fever is the body's reaction to systemic inflammation and one of the most reported symptoms of COVID-19 [23]. A temperature higher than 39°C for more than three days has been linked to a considerable drop in semen concentration and motility [24]. Therefore, the possible effect of COVID-19 on male fertility can be an indirect consequence of associated fever.
The blood-testes barrier offers the testicles special immunity. Inflammation, both systemic and local, can enhance permeability and allow immune cells to invade [25]. SARS-CoV-2 infection generates a proinflammatory response in the body and can trigger cell pyroptosis, a programmed cell death associated with the production of proinflammatory cytokines. Inflammatory cytokines induce immune cell recruitment, which might lead to a cytokine storm and uncontrolled systemic inflammation affecting various organ systems [26]. Inflammatory markers such as interleukine-6 (IL-6), IL-8, and tumor necrosis factor-alpha (TNF-a) have been detected in semen samples from individuals recovering or suffering from COVID-19 [27,28]. Inflammatory cytokines and oxidative stress have both been shown to harm testes biological components [29]. In fact, oxidative stress damages Leydig cells, impairing testosterone synthesis and spermatogenesis [30]. Therefore, the testicular damage reported in COVID-19 patients has been linked to oxidative stress as a possible cause. For example, in an autopsy investigation of COVID-19 patients, a statistically significant increase in reactive oxygen species (ROS) and a reduction in glutathione disulfide (GSH) levels [31]. 
Furthermore, the membrane-bound ACE2, a significant component of the RAS, is the human gate that allows the SARS-CoV-2 virus to enter host cells [32,33]. Since RAS appears to have various effects on male fertility, it could be possible that COVID-19 consequences on male fertility is linked to RAS impairment. In fact, in human and mammalian animal models, typical components of the RAS have been identified in the testis and epididymis [34–36] (Figure 2A). In humans, ACE2 expression is high in spermatogonia, Leydig, and Sertoli cells of adult human testis in the testes [37,38]. In addition, abnormal expression of genes implicated in mitochondrial function and testicular steroidogenesis was observed in knockout mammalian models of RAS components [34,39]. Together, the RAS and its ACE2 receptor play an important role in male reproduction by regulating steroidogenesis, testosterone production, and spermatogenesis in the testis in human males (Figure 2B). Since COVID-19 impairs these pathways, it is not surprising that male fertility is affected after SARS-CoV-2 infection. In addition, since ACE2 is expressed on endothelial cells, SARS-CoV2 infection of these cells can lead to endothelial dysfunction and inflammation affecting male fertility (inducing erectile dysfunction) [40].
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Figure 2. Expression of RAS components in different localizations of human male reproductive system (A) and throughout spermatozoa (B). tACE: testicular angiotensin converting enzyme; AT1R: angiotensin II type 1 receptor; AT2R: angiotensin II type 2 receptor; MAS: Mas receptor; TMPRSS2: transmembrane protease serine 2; ACE: angiotensin-converting enzyme; sACE: somatic ACE. 1: vas deferens; 2: prostate; 3: epididymis; 4: seminal plasma; 5: Testis.
2.2. The effect of COVID-19 on female fertility
Women that were infected by SARS-CoV-2 reported changes in menstrual cycle frequency and regularity, altered menstrual duration and volume, worsening premenstrual syndrome, and increased dysmenorrhea. Therefore, questions were raised about the impact of COVID-19 on female reproduction after the viral infection. 
The abundance of RAS components in the female reproductive system suggests its vulnerability to SARS-CoV-2 infection. ACE2 is widely expressed in the ovary, uterus, vagina, and placenta [15]. ACE2 controls follicular development and ovulation, as well as luteal angiogenesis and degeneration, along with endometrial tissue alterations and embryo development [15]. Other components of RAS are abundant in the female reproductive system such as the Ang1-7 that is expressed in theca-interstitial cells. The presence of ACE2 and Ang1-7 in all phases of follicular development suggests that they may play an important role in fertility [15,36]. Based on these evidence, SARS-CoV-2 infection may disrupt female fertility by damaging ovarian tissue, granulosa cells, and endometrial epithelial cells [41]. By downregulating ACE2 levels, the infection results in higher levels of AngII, which has been linked to proinflammatory, profibrotic, and proapoptotic effects. Consequently, this could influence ovarian function and lead to an increase in ovarian oxidative stress [42]. Of note, SARS-CoV-2 was not identified in vaginal fluid and cervical exfoliated cells, suggesting that the lower female genital tract may not be a transmission route for SARS-CoV-2 [43]. These findings were contradicted in another study in which SARS-CoV-2 was detected using vaginal RT-PCR in some patients [44]. Whether there is a link between viral load and the detection threshold of the virus vaginal levels should be investigated further. Taken together, the findings suggest that the female reproductive system, which expresses ACE2, is vulnerable to SARS-CoV-2 infection, and thus fertility could be affected.
The dynamic expression of RAS in stromal and epithelial cells of the endometrium during the cycle could explain the changes in menstrual cycle observed during SARS-CoV-2 infection [15,45,46]. In fact, the RAS is effective for controlling menstrual cycles, enabling blood vessel renewal, and triggering menstruation [15]. The balanced expression of the stimulatory factor AngII and the inhibitory factor Ang1-7 regulates these processes [15]. Since SARS-CoV-2 infection affects RAS, complications touching RAS-regulated physiological systems are possible.
SARS-CoV-2 encodes proteins that can activate the NOD-, LRR- and pyrin domain-containing protein 3 (NLRP3) inflammasome assembly [47,48]. In fact, one of the first defenses against viral infections is the inflammasome, which is a key player of the innate immunity. When NLRP3 is activated, it attracts Caspase-1, which boosts the expression of interleukins IL-1β and IL-18 [49,50]. Since women with a history of recurrent miscarriages have higher levels of NLRP3 and proinflammatory cytokines in their endometrium [51], it is possible that SARS-CoV-2-associated inflammation affects female fertility. 
3. The effect of COVID-19 in pregnant women
According to the world health organization (WHO), pregnant women do not seem to have higher risk in getting SARS-CoV-19 infection, and they don’t show an increased risk of mortality when infected [52]. However, a study showed that most infected pregnant women required hospitalization compared to non-pregnant women [53]. These findings showed that pregnancy confers substantial additional risk of morbidity.   
Increased risk of serious outcomes of COVID-19 have been linked to pregnant women who are older, overweight or have preexisting medical conditions (especially hypertension and diabetes). Out of various maternal characteristics evaluated (including maternal age, gestational age at delivery, gravidity, nulliparity, multiparity, and medical comorbidities), both gestational age at delivery and medical comorbidity showed statistically significant difference between SARS-CoV-2-negative and SARS-CoV-2-positive pregnant women [54]. However, none of the obstetric complications including anemia, gestational diabetes mellitus, pregnancy-induced hypertension, intrahepatic cholestasis, antepartum hemorrhage, and postpartum hemorrhage showed a statistically significant difference between SARS-CoV-2-positive, and SARS-CoV-2-negative pregnant women admitted for delivery [54].  
Clinical manifestation of COVID-19 in pregnant women included common symptoms such as fever, cough, myalgia, diarrhea, dyspnea, headache, and chest tightness. Some cases of pregnant women were asymptomatic at the time of admission, while others developed severe pneumonia, requiring therefore mechanical ventilation and admission into the intensive care unit (ICU). Mortality cases of COVID-19-positive pregnant women were reported due to severe pneumonia and multiple organ dysfunction [55]. In addition, comparing SARS-CoV-2-positive to SARS-CoV-2-negative pregnant women showed that mild COVID-19 was associated with preeclampsia, preterm birth, and stillbirth. However, severe COVID-19 lead to preeclampsia, preterm birth, gestational diabetes, and low birth weight [56]. These findings suggest that the complications observed in pregnant women could be linked to the severity of the viral infection. 
COVID-19 was also linked to increased complications in pregnant women such as coagulation and respiratory systems (Figure 3). In the following sections, we focus on the perturbation of these two systems during COVID-19, while focusing on pregnancy and the RAS.
3.1. Pregnancy, COVID-19, and Coagulopathy 
The RAS has an important role in the pathophysiology of coagulopathy in COVID-19 patients. Many reported thromboembolic complications were seen in SARS-CoV-2 positive patients [57]. As such, 29.4% of ICU patients with COVID-19 within a large New-York City health system had a thrombotic event (13.6% venous and 18.6% arterial), whereas 11.5% of non-ICU patients had thrombotic events (3.6% venous and 8.4% arterial) [58]. Another study of hospitalized patients with COVID-19 in China, found that 46% developed lower extremity deep venous thrombosis [59].
Since pregnancy is a hypercoagulable state (pregnancy induced hypercoagulability), COVID-19 can also affect the coagulation cascade in pregnant patients. In pregnancy, there is increased thrombin production and increase in intravascular inflammation that serves as an adaptive mechanism to prevent post-partum bleeding. Several prothrombotic factors such as factors VII, VIII, X, XII, von Willebrand factor and fibrinogen are increased, while protein S decreases in addition to altered fibrinolysis [60]. In addition, during pregnancy, there is overexpression of many RAS components such as Ang1-7 that has a vasodilator role [61]. Contrarily, the ACE is decreased during normal pregnancy [62], suggesting a perturbation of the RAS. Together these findings highlight the possible emergence of coagulopathies in COVID-19 pregnant patients due to an accentuated downregulation of the ACE. 
Thus, the hypercoagulable state in both pregnancy and COVID-19 patients may have synergistic risk factors for thrombosis in pregnant women with COVID-19. This conclusion is further supported by the fact that in patients with symptomatic COVID-19, the levels of D-dimer and C-reactive protein (CRP) were about 2.5 and 6 times higher, respectively, compared to pregnant women without SARS-CoV-2 infection [63]. Moreover, a case report described the first maternal death of a 29‐year woman of Pakistani origin at 29 weeks pregnancy with COVID-19 due to large pulmonary embolism and basilar artery embolism [64].
3.2. Complications of COVID-19 on the Pulmonary System of Pregnant Women
During healthy pregnancy, several physiological changes occur in the respiratory tract through biomedical and mechanical pathways. Both estrogen and progesterone increase during pregnancy. Estrogen upregulates progesterone receptors within the hypothalamus and medulla, the central neuronal respiratory-related areas and further increases these receptors’ sensitivity. High progesterone increases both oxygen consumption and tidal volume leading to an increase in minute ventilation which, in turn, increases arterial partial pressure of oxygen PO2 and decreases arterial partial pressure of carbon dioxide [65]. The enlarging uterus acts mechanically in displacing the diaphragm superiorly and altering the thoracic configuration. Although there is a 30–40% increase in tidal volume, there is reduction in functional residual capacity (FRC) and expiratory reserve volume (ERV) [65,66]. Thus, the altered total lung capacity (TLC) during pregnancy may raise susceptibility women to pneumonia and respiratory distress syndrome following infection with SARS-CoV-2.  
Furthermore, the AngII/Ang1-7 imbalance during COVID-19 leads to increased vascular permeability leading to further recruitment of neutrophils into the lung parenchyma [9]. Neutrophils accumulation can lead to alveolar epithelial cells loss through its prooxidative role and the development of acute respiratory distress syndrome (ARDS) [67]. Therefore, pregnant women required extensive follow up and monitoring since severe infection and pulmonary deterioration lead to preterm birth in many reported cases [5].  That was the case of a COVID-19 positive pregnant woman, at 34 weeks, who developed severe ARDS after 4 days of fever and dyspnea. Respiratory failure on the fourth day of admission required an emergency cesarean section. Furthermore, mechanical ventilation was initiated after delivery due to severe distress [68]. 
On the other hand, a meta-analysis conducted on SARS-CoV-2 positive pregnant women indicated that most women had only a mild form of the disease and recovery rate was estimated to be 99.9% [69]. No severe cases of COVID-19 pneumonia were reported. In fact, pneumonia was reported as mild or moderate in 78% of total cases and 31% were asymptomatic [69].
4. The debate about vertical transmission of SARS-CoV-2 
Whether vertical transmission occurs during SARS-CoV-2 infection is still under debate and the risk of fetal infection is not yet established. Several studies aimed to gather statistical evidence of possible vertical transmission and if the virus impacts the normal development of the fetus. In normal pregnancy, the placenta acts as a barrier and prevents fetal infection from several microorganisms. Both syncytiotrophoblasts and cytotrophoblasts act as a barrier to infections through complex architecture and innate immune mechanism [70]. Other immunological defenses are also present in the decidua including maternal natural killer (NK) cells, decidual macrophages and T cells which provide further immunity against pathogens [71].
	To assess whether vertical transmission of SARS-CoV-2 is possible, it is vital to check if the virus can cross the placenta. As previously mentioned, ACE2 is the main receptor of the virus along with transmembrane serine protease 2 (TMPRSS2), a protease that is essential for SARS-CoV-2 entry and replication in the cells [72]. In several studies, ACE2 expression was detected in syncytiotrophoblasts in COVID-19-positive pregnant women and controls, while TMPRSS2 expression was absent in the two groups [72]. Since ACE2 is required for viral entry and replication, syncytiotrophoblasts could be vulnerable to SARS-CoV-2. However, the absence of TMPRSS2, a protease that is also ‘key’ for viral entry makes the hypothesis of viral transmission through this pathway less likely [73], although an TMPRSS2-independent endosomal pathway of SARS-CoV-2 entry into targets cells, via a furin- or cathepsin-based spike protein cleavage (spike protein priming), does exist. 
Neonatal Covid-19 status was examined in several reports. According to the American Academy of Pediatrics (AAP) Perinatal COVID-19 Registry, about 2% of infants from more than 3000 deliveries were tested positive within 96 hours of birth from mothers who were tested positive for SARS-CoV-2 around the delivery time. Of 18 newborns with positive tested mothers, 15 tested negative, 2 had unclear results on day of life 0 but then turned out negative when repeated on day 1, and the remaining newborn showed an indeterminate test result that was considered to be negative [74]. In several other studies, vertical transmission was not detected since all neonates were tested negative [69,75] creating a serious confusion about vertical transmission. Of note, there were no differences in birth weight and presence of asphyxia in neonates when compared between COVID-19-positive and COVID-19-negative mothers [75]. 
Other studies reported positive neonatal cases and raised the suspicion of vertical transmission [76]. Although real-time reverse transcriptase–polymerase chain reaction (RT-PCR) for SARS-CoV-2 nucleic acid was negative, several studies assessed the presence of antibodies (Immunoglobulin G (IgG) and Immunoglobulin M (IgM)) in neonates as a possible indicator for intrauterine infection transmission. In one study, six COVID-19 positive mothers had elevated serum IgG and IgM levels. Three of the infants had elevated IgG and elevated IgM. The remaining 3 infants had elevated IgG but normal IgM levels [77].  Similar results showing elevated antibody and cytokine levels (with negative SARS-CoV-2 RT-PCR) obtained 2 hours after the birth of a healthy neonate from a COVID-19 positive mother having elevated antibody levels [78]. The reliability of antibodies to assess the possible vertical transmission remains under question especially that maternal IgG pass to the fetus via the placenta, which may lead to false positive observations. Contrarily, in normal conditions, IgM are less likely to cross the placenta [79], except in the presence of infection, in which mother to fetus IgM transfer is increased [79]. 
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Figure 3. The effects of SARS-CoV-2 on pregnant women.
5. Complications of neonates born to SARS-CoV-2 infected mothers
As discussed earlier, most of the statistical studies have shown that neonates born to infected mothers had negative RT-PCR results and were asymptomatic. Also, the possibility of having vertical transmission is not well defined. However, possible neonatal comorbidities that might occur due to maternal SARS-CoV-2 infection are well documented. In fact, two neonates born to previously healthy mothers, having positive nasopharyngeal swab for SARS-CoV-2, had negative nasopharyngeal swabs for SARS-CoV-2. However, the first baby developed low-grade fever with abdominal distention and lymphopenia, while the second neonate developed lymphopenia and mild pneumonia [80].  
Another study also revealed the effect of maternal COVID-19 infection on 10 newborns with negative RT-PCR results. The newborns showed several symptoms including fever, thrombocytopenia, dyspnea, rapid heart rate, and vomiting. Five neonates were cured and discharged, four remained in the hospital but were stable, and 1 died due to various factors including shock induced by viraemia, multiple organ failure, and disseminated intravascular coagulation [81].
6. Vaccination effect
Multiple COVID-19 vaccines are being developed, licensed, and manufactured quickly due to the severity of the disease. Among these, mRNA vaccines are seen as great options because of their distinctive features. However, certain serious adverse effects have been documented following their administration, raising concerns about the vaccines' safety and efficacy [82]. Although various fertility associations have stated that COVID-19 mRNA vaccines are unlikely to influence fertility, the existing research is relatively limited, which is one of the causes for vaccine apprehension among the public, particularly among pregnant women. Since the vaccination produces native-like conformation of the spike protein that can interact with ACE2, it is imaginable that the vaccine impairs RAS and affect therefore fertility. Given the important role of RAS in spermatogenesis (discussed above), the overactivation of AngII and deficiency in Ang1-7, that counteracts the deleterious effects of AngII, could affect male fertility. Further studies should be conducted to investigate in this hypothesis.
Both of the COVID-19 mRNA vaccines that have been granted emergency use authorization (mRNA-1273 and BNT162b2) show the potential to promote Th1 immunity and stimulate interferon+ CD8+ T-cell responses in males and non-pregnant women [83]. Given how important a proper balance of Th1/Th2 immunity is for good obstetric outcomes, these findings aroused questions about whether the vaccine's effect on the cellular immune system could pose a risk to pregnancy. Several studies found that vaccinated gravidas and the general population have similarly low rates of pregnancy problems and unfavorable obstetric outcomes like miscarriage and premature birth [84,85].  In addition, no differences were reported in neonatal complications (such as newborn respiratory complications) between vaccinated and unvaccinated groups [86]. 
Furthermore, maternal Abs, whether produced after infection or vaccination, may protect neonates from infection, reducing pregnant women's reluctance to be vaccinated [87–89]. In fact, IgG against spike protein (both S1 and S2) and receptor-binding domain (RBD) of spike protein of the virus are produced in response to the COVID-19 vaccine, whereas IgG against spike protein (both S1 and S2), RBD of spike protein, and other viral proteins are produced following COVID-19 infection. [90]. The antibodies generated in response to COVID-19 vaccination are passed on to the fetus during pregnancy. Blood antibodies from the mother and the fetus were found to be nearly identical [91]. Antibodies to IgG were discovered in 98.5% of babies born to moms who had received two doses of the Pfizer–BioNTech vaccine. On the other hand, 43.6% of neonates whose mothers had received one dose of the Pfizer–BioNTech vaccination developed Covid-19-specific IgG antibodies in their blood [92]. 
Even though COVID-19 vaccination has been shown to be more or less effective in up to 90% of cases, only about three-quarters of non-pregnant women agreed to get vaccinated, compared to around 50% of pregnant women [93]. In both the Moderna and Pfizer–BioNTech vaccines, the most common consequence in pregnant mothers is reportedly injection site discomfort [94].
The incidence of systemic adverse events of Moderna and Pfizer–BioNTech vaccines increased after the second dose of immunization [85]. The most reported systemic adverse effects included fatigue, headaches, shivering, malaise, rash, and vomiting. The majority of these were only transient, and only a few lasted more than three days. The frequency of such systemic adverse events was substantially higher after the second dose than it was after the first dose. The Moderna vaccination group had more participants with these systemic adverse effects than the Pfizer-BioNTech group in terms of numbers.
When compared to unvaccinated expecting mothers, vaccination has apparently no effect on gestation or delivery. No significant changes in the prevalence of gestational hypertension or thrombosis were found when comparing vaccinated and unvaccinated pregnant women [95]. In addition, there was no substantial negative influence on the incidence of premature birth, endometrial rupture, or unexpected ICU hospitalization among vaccinated expecting mothers when it came to delivery [96]. Together, these findings suggest that the administered vaccines might have limited secondary effects of on pregnant woman. This information could potentially change as we expect to have more data about the long-term effect of COVID-19 vaccines in the upcoming few years.
7. Conclusion 
Studies about COVID-19 are increasing exponentially whereby several researchers are eager to unravel unanswered questions regarding fertility, pregnancy, and fetal outcome. COVID-19 was described as just a mild to moderate condition in some articles, but as a severe disease in others. Negative impacts of SARS-CoV-2 infection and associated RAS dysfunction were evident in both male and female fertility; however, whether the effect is due to direct effect of the virus or a consequence of the inflammatory state of the patient is still debated. The virus has also shown an increased morbidity among pregnant patients. This group was especially susceptible to respiratory and coagulation problems. Considering maternal physiological changes during pregnancy with the SARS-CoV-2 infectious process will help researchers better understand the potential consequences for both the mother and the fetus. ACE2, a major key player of RAS, is a critical component of the pathophysiology of SARS-CoV-2 in the reproductive system and has sparked significant study attention. Vertical transmission of COVID-19 is not yet established and remains an important question to be answered. In addition, the safety and effectiveness of COVID-19 vaccination on pregnant women and their fetus need further investigation. To answer all these questions, larger studies are still required, and global united efforts are needed to collect reliable and large-scale data. In fact, these speculations need to be supported by evidence-based studies. To this end, multicentric retrospective studies and/or cohort studies could be conducted to investigate in the possible consequences of SARS-CoV-2 infection on fertility, pregnancy, and neonatal Life.
Author Contributions: Conceptualization, Z.F. and J.-M.S.; writing—original draft preparation, J.H. and N.D.; writing—review and editing, M.R., Z.F. and J.-M.S.; visualization, M.R.; validation, Y.W., Z.C., H.K., Z.F. and J.-M.S.; supervision, Z.F., and J.-M.S. project administration, Z.F. and J.-M.S. All authors have read and agreed to the published version of the manuscript.
Funding: This research received no external funding. 
Acknowledgments: The figures were prepared using Biorender. The authors thank Dr Bonabes de Rouge for helpful discussion and Campus France for financial support. 
Institutional Review Board Statement: Not applicable. 
Informed Consent Statement: Not applicable.
Data Availability Statement: Not applicable.
Conflicts of Interest: The authors declare no conflict of interest.
References
1. 	Sharma A, Tiwari S, Deb MK, Marty JL. Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2): a global pandemic and treatment strategies. Int J Antimicrob Agents. 2020;56(2):106054. 
2. 	Sahin TT, Akbulut S, Yilmaz S. COVID-19 pandemic: Its impact on liver disease and liver transplantation. World J Gastroenterol. 2020;26(22):2987–99. 
3. 	Ganesh B, Rajakumar T, Malathi M, Manikandan N, Nagaraj J, Santhakumar A, et al. Epidemiology and pathobiology of SARS-CoV-2 (COVID-19) in comparison with SARS, MERS: An updated overview of current knowledge and future perspectives. Clin Epidemiol Glob Heal. 10:100694. 
4. 	Knight D, Downes K, Munipalli B, Halkar MG, Logvinov II, Speicher LL, et al. Symptoms and Clinical Outcomes of Coronavirus Disease 2019 in the Outpatient Setting. SN Compr Clin Med. 2021;3(1):247–54. 
5. 	El-Arif G, Khazaal S, Farhat A, Harb J, Annweiler C, Wu Y, et al. Angiotensin II Type I Receptor (AT1R): The Gate towards COVID-19-Associated Diseases. Molecules. 2022;27(7):2048. 
6. 	ANNWEILER C, CAO Z, WU Y, FAUCON E, MOUHAT S, KOVACIC H, et al. Counter-regulatory ‘Renin-Angiotensin’ System-based Candidate Drugs to Treat COVID-19 Diseases in SARS-CoV-2-infected Patients. Infect Disord - Drug Targets. 2020;20(4):407–8. 
7. 	Fajloun Z, Kovacic H, Annweiler C, Wu Y, Cao Z, Sabatier J-M. SARS-CoV-2-Induced Neurological Disorders in Symptomatic Covid-19 and Long Covid Patients: Key Role of Brain Renin-Angiotensin System. Infect Disord - Drug Targets. 2022;22. 
8. 	Datta PK, Liu F, Fischer T, Rappaport J, Qin X. SARS-CoV-2 pandemic and research gaps: Understanding SARS-CoV-2 interaction with the ACE2 receptor and implications for therapy. Theranostics. 2020;10(16):7448–64. 
9. 	Abassi Z, Higazi AAR, Kinaneh S, Armaly Z, Skorecki K, Heyman SN. ACE2, COVID-19 Infection, Inflammation, and Coagulopathy: Missing Pieces in the Puzzle. Front Physiol. 2020;11. 
10. 	Khajah MA, Fateel MM, Ananthalakshmi K V., Luqmani YA. Anti-Inflammatory Action of Angiotensin 1-7 in Experimental Colitis. Bader M, editor. PLoS One. 2016;11(3):e0150861. 
11. 	Khazaal S, Harb J, Rima M, Annweiler C, Wu Y, Cao Z, et al. The Pathophysiology of Long COVID throughout the Renin-Angiotensin System. Molecules. 2022;27(9):2903. 
12. 	Cao Z, Wu Y, Faucon E, Sabatier J-M. SARS-CoV-2 &amp; Covid-19: Key-Roles of the ‘Renin-Angiotensin’ System / Vitamin D Impacting Drug and Vaccine Developments. Infect Disord - Drug Targets. 2020;20(3):348–9. 
13. 	El-Arif G, Farhat A, Khazaal S, Annweiler C, Kovacic H, Wu Y, et al. The Renin-Angiotensin System: A Key Role in SARS-CoV-2-Induced COVID-19. Molecules. 2021;26(22):6945. 
14. 	Diamond B. The renin–angiotensin system: An integrated view of lung disease and coagulopathy in COVID-19 and therapeutic implications. J Exp Med. 2020;217(8). 
15. 	Jing Y, Run-Qian L, Hao-Ran W, Hao-Ran C, Ya-Bin L, Yang G, et al. Potential influence of COVID-19/ACE2 on the female reproductive system. Mol Hum Reprod. 2020;26(6):367–73. 
16. 	Chen Y, Guo Y, Pan Y, Zhao ZJ. Structure analysis of the receptor binding of 2019-nCoV. Biochem Biophys Res Commun. 2020;525(1):135–40. 
17. 	Selvaraj K, Ravichandran S, Krishnan S, Radhakrishnan RK, Manickam N, Kandasamy M. Testicular Atrophy and Hypothalamic Pathology in COVID-19: Possibility of the Incidence of Male Infertility and HPG Axis Abnormalities. Reprod Sci. 2021;28(10):2735–42. 
18. 	Ma L, Xie W, Li D, Shi L, Ye G, Mao Y, et al. Evaluation of sex‐related hormones and semen characteristics in reproductive‐aged male COVID‐19 patients. J Med Virol. 2021;93(1):456–62. 
19. 	Rastrelli G, Di Stasi V, Inglese F, Beccaria M, Garuti M, Di Costanzo D, et al. Low testosterone levels predict clinical adverse outcomes in SARS‐CoV‐2 pneumonia patients. Andrology. 2021;9(1):88–98. 
20. 	Pascual-Goñi E, Fortea J, Martínez-Domeño A, Rabella N, Tecame M, Gómez-Oliva C, et al. COVID-19-associated ophthalmoparesis and hypothalamic involvement. Neurol - Neuroimmunol Neuroinflammation. 2020;7(5):e823. 
21. 	Zhang L, Zhou L, Bao L, Liu J, Zhu H, Lv Q, et al. SARS-CoV-2 crosses the blood–brain barrier accompanied with basement membrane disruption without tight junctions alteration. Signal Transduct Target Ther. 2021;6(1):337. 
22. 	Wu Y, Xu X, Chen Z, Duan J, Hashimoto K, Yang L, et al. Nervous system involvement after infection with COVID-19 and other coronaviruses. Brain Behav Immun. 2020;87:18–22. 
23. 	Gul MH, Htun ZM, Inayat A. Role of fever and ambient temperature in COVID-19. Expert Rev Respir Med. 2021;15(2):171–3. 
24. 	Jung A, Schuppe H-C. Influence of genital heat stress on semen quality in humans. Andrologia. 2007;39(6):203–15. 
25. 	Pérez C V., Theas MS, Jacobo P V., Jarazo-Dietrich S, Guazzone VA, Lustig L. Dual role of immune cells in the testis. Spermatogenesis. 2013;3(1):e23870. 
26. 	Tay MZ, Poh CM, Rénia L, MacAry PA, Ng LFP. The trinity of COVID-19: immunity, inflammation and intervention. Nat Rev Immunol. 2020;20(6):363–74. 
27. 	Gacci M, Coppi M, Baldi E, Sebastianelli A, Zaccaro C, Morselli S, et al. Semen impairment and occurrence of SARS-CoV-2 virus in semen after recovery from COVID-19. Hum Reprod. 2021;36(6):1520–9. 
28. 	Flaifel A, Guzzetta M, Occidental M, Najari BB, Melamed J, Thomas KM, et al. Testicular Changes Associated With Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2). Arch Pathol Lab Med. 2021;145(1):8–9. 
29. 	Asadi N. The Impact of Oxidative Stress on Testicular Function and the Role of Antioxidants in Improving it: A Review. J Clin DIAGNOSTIC Res. 2017; 
30. 	Aitken RJ, Roman SD. Antioxidant Systems and Oxidative Stress in the Testes. Oxid Med Cell Longev. 2008;1(1):15–24. 
31. 	Moghimi N, Eslami Farsani B, Ghadipasha M, Mahmoudiasl G-R, Piryaei A, Aliaghaei A, et al. COVID-19 disrupts spermatogenesis through the oxidative stress pathway following induction of apoptosis. Apoptosis. 2021;26(7–8):415–30. 
32. 	Shang J, Wan Y, Luo C, Ye G, Geng Q, Auerbach A, et al. Cell entry mechanisms of SARS-CoV-2. Proc Natl Acad Sci. 2020;117(21):11727–34. 
33. 	Nazerian Y, Vakili K, Ebrahimi A, Niknejad H. Developing Cytokine Storm-Sensitive Therapeutic Strategy in COVID-19 Using 8P9R Chimeric Peptide and Soluble ACE2. Front Cell Dev Biol. 2021;9. 
34. 	Leal MC, Pinheiro SVB, Ferreira AJ, Santos RAS, Bordoni LS, Alenina N, et al. The role of angiotensin-(1-7) receptor Mas in spermatogenesis in mice and rats. J Anat. 2009;214(5):736–43. 
35. 	Al-Maghrebi M, Renno WM. The tACE/Angiotensin (1–7)/Mas Axis Protects Against Testicular Ischemia Reperfusion Injury. Urology. 2016;94:312.e1-312.e8. 
36. 	Pan P-P, Zhan Q-T, Le F, Zheng Y-M, Jin F. Angiotensin-Converting Enzymes Play a Dominant Role in Fertility. Int J Mol Sci. 2013;14(10):21071–86. 
37. 	Pascolo L, Zito G, Zupin L, Luppi S, Giolo E, Martinelli M, et al. Renin Angiotensin System, COVID-19 and Male Fertility: Any Risk for Conceiving? Microorganisms. 2020;8(10):1492. 
38. 	Wang Z, Xu X. scRNA-seq Profiling of Human Testes Reveals the Presence of the ACE2 Receptor, A Target for SARS-CoV-2 Infection in Spermatogonia, Leydig and Sertoli Cells. Cells. 2020;9(4):920. 
39. 	Xu P, Santos RAS, Bader M, Alenina N. Alterations in gene expression in the testis of angiotensin-(1–7)-receptor Mas-deficient mice. Regul Pept. 2007;138(2–3):51–5. 
40. 	Delli Muti N, Finocchi F, Tossetta G, Salvio G, Cutini M, Marzioni D, et al. Could SARS-CoV-2 infection affect male fertility and sexuality? APMIS. 2022;130(5):243–52. 
41. 	Li R, Yin T, Fang F, Li Q, Chen J, Wang Y, et al. Potential risks of SARS-CoV-2 infection on reproductive health. Reprod Biomed Online. 2020;41(1):89–95. 
42. 	Cavallo IK, Dela Cruz C, Oliveira ML, Del Puerto HL, Dias JA, Lobach VN, et al. Angiotensin-(1–7) in human follicular fluid correlates with oocyte maturation. Hum Reprod. 2017;32(6):1318–24. 
43. 	Cui P, Chen Z, Wang T, Dai J, Zhang J, Ding T, et al. Severe acute respiratory syndrome coronavirus 2 detection in the female lower genital tract. Am J Obstet Gynecol. 2020;223(1):131–4. 
44. 	Schwartz A, Yogev Y, Zilberman A, Alpern S, Many A, Yousovich R, et al. Detection of severe acute respiratory syndrome coronavirus 2 (SARS‐CoV‐2) in vaginal swabs of women with acute SARS‐CoV‐2 infection: a prospective study. BJOG An Int J Obstet Gynaecol. 2021;128(1):97–100. 
45. 	Herr D, Bekes I, Wulff C. Local Renin-Angiotensin System in the Reproductive System. Front Endocrinol (Lausanne). 2013;4. 
46. 	Vinson GP, Saridogan E, Puddefoot JR, Djahanbakhch O. Tissue renin-angiotensin systems and reproduction. Hum Reprod. 1997;12(4):651–62. 
47. 	Lee S, Channappanavar R, Kanneganti T-D. Coronaviruses: Innate Immunity, Inflammasome Activation, Inflammatory Cell Death, and Cytokines. Trends Immunol. 2020;41(12):1083–99. 
48. 	Man SM, Karki R, Kanneganti T-D. Molecular mechanisms and functions of pyroptosis, inflammatory caspases and inflammasomes in infectious diseases. Immunol Rev. 2017;277(1):61–75. 
49. 	Zhao C, Zhao W. NLRP3 Inflammasome—A Key Player in Antiviral Responses. Front Immunol. 2020;11. 
50. 	Sandall CF, Ziehr BK, MacDonald JA. ATP-Binding and Hydrolysis in Inflammasome Activation. Molecules. 2020;25(19):4572. 
51. 	D’Ippolito S, Tersigni C, Marana R, Di Nicuolo F, Gaglione R, Rossi ED, et al. Inflammosome in the human endometrium: further step in the evaluation of the “maternal side.” Fertil Steril. 2016;105(1):111-118.e4. 
52. 	Juan J, Gil MM, Rong Z, Zhang Y, Yang H, Poon LC. Effect of coronavirus disease 2019 (COVID‐19) on maternal, perinatal and neonatal outcome: systematic review. Ultrasound Obstet Gynecol. 2020;56(1):15–27. 
53. 	Qeadan F, Mensah NA, Tingey B, Stanford JB. The risk of clinical complications and death among pregnant women with COVID-19 in the Cerner COVID-19 cohort: a retrospective analysis. BMC Pregnancy Childbirth. 2021;21(1):305. 
54. 	Gupta P, Kumar S, Sharma SS. SARS‐CoV‐2 prevalence and maternal‐perinatal outcomes among pregnant women admitted for delivery: Experience from COVID‐19‐dedicated maternity hospital in Jammu, Jammu and Kashmir (India). J Med Virol. 2021;93(9):5505–14. 
55. 	Mirbeyk M, Saghazadeh A, Rezaei N. A systematic review of pregnant women with COVID-19 and their neonates. Arch Gynecol Obstet. 2021;304(1):5–38. 
56. 	Wei SQ, Bilodeau-Bertrand M, Liu S, Auger N. The impact of COVID-19 on pregnancy outcomes: a systematic review and meta-analysis. Can Med Assoc J. 2021;193(16):E540–8. 
57. 	Klok FA, Kruip MJHA, van der Meer NJM, Arbous MS, Gommers D, Kant KM, et al. Confirmation of the high cumulative incidence of thrombotic complications in critically ill ICU patients with COVID-19: An updated analysis. Thromb Res. 2020;191:148–50. 
58. 	Mui LW, Lau JF, Lee HK. Thromboembolic complications of COVID-19. Emerg Radiol. 2021;28(2):423–9. 
59. 	Zhang L, Feng X, Zhang D, Jiang C, Mei H, Wang J, et al. Deep Vein Thrombosis in Hospitalized Patients With COVID-19 in Wuhan, China. Circulation. 2020;142(2):114–28. 
60. 	Thornton P, Douglas J. Coagulation in pregnancy. Best Pract Res Clin Obstet Gynaecol. 2010;24(3):339–52. 
61. 	Brosnihan KB, Neves LAA, Anton L, Joyner J, Valdes G, Merrill DC. Enhanced expression of Ang-(1-7) during pregnancy. Brazilian J Med Biol Res. 2004;37(8):1255–62. 
62. 	Rodriguez M, Moreno J, Hasbun J. RAS in Pregnancy and Preeclampsia and Eclampsia. Int J Hypertens. 2012;2012:1–6. 
63. 	Vladimir Y K, Natalia Y S. Coagulation Abnormalities in Pregnant Women with COVID-19. Int J Blood Res Disord. 2021;8(2). 
64. 	Ahmed I, Azhar A, Eltaweel N, Tan BK. First COVID‐19 maternal mortality in the UK associated with thrombotic complications. Br J Haematol. 2020;190(1). 
65. 	LoMauro A, Aliverti A. Respiratory physiology of pregnancy. Breathe. 2015;11(4):297–301. 
66. 	Wastnedge EAN, Reynolds RM, van Boeckel SR, Stock SJ, Denison FC, Maybin JA, et al. Pregnancy and COVID-19. Physiol Rev. 2021;101(1):303–18. 
67. 	Yang S-C, Tsai Y-F, Pan Y-L, Hwang T-L. Understanding the role of neutrophils in acute respiratory distress syndrome. Biomed J. 2021;44(4):439–46. 
68. 	Chinen Y, Kinjyo Y, Mekaru K, Kinjo T, Higure Y, Kinjo T, et al. Critical respiratory failure in pregnancy complicated with COVID-19: A case report. Case Reports Women’s Heal. 2021;30:e00309. 
69. 	Kasraeian M, Zare M, Vafaei H, Asadi N, Faraji A, Bazrafshan K, et al. COVID-19 pneumonia and pregnancy; a systematic review and meta-analysis. J Matern Neonatal Med. 2022;35(9):1652–9. 
70. 	Delorme-Axford E, Sadovsky Y, Coyne CB. The Placenta as a Barrier to Viral Infections. Annu Rev Virol. 2014;1(1):133–46. 
71. 	Mahyuddin AP, Kanneganti A, Wong JJL, Dimri PS, Su LL, Biswas A, et al. Mechanisms and evidence of vertical transmission of infections in pregnancy including <scp>SARS‐CoV</scp> ‐2s. Prenat Diagn. 2020;40(13):1655–70. 
72. 	Taglauer E, Benarroch Y, Rop K, Barnett E, Sabharwal V, Yarrington C, et al. Consistent localization of SARS-CoV-2 spike glycoprotein and ACE2 over TMPRSS2 predominance in placental villi of 15 COVID-19 positive maternal-fetal dyads. Placenta. 2020;100:69–74. 
73. 	Azinheira Nobrega Cruz N, Stoll D, Casarini DE, Bertagnolli M. Role of ACE2 in pregnancy and potential implications for COVID-19 susceptibility. Clin Sci. 2021;135(15):1805–24. 
74. 	Breslin N, Baptiste C, Gyamfi-Bannerman C, Miller R, Martinez R, Bernstein K, et al. Coronavirus disease 2019 infection among asymptomatic and symptomatic pregnant women: two weeks of confirmed presentations to an affiliated pair of New York City hospitals. Am J Obstet Gynecol MFM. 2020;2(2):100118. 
75. 	Liao J, He X, Gong Q, Yang L, Zhou C, Li J. Analysis of vaginal delivery outcomes among pregnant women in Wuhan, China during the COVID‐19 pandemic. Int J Gynecol Obstet. 2020;150(1):53–7. 
76. 	Yu N, Li W, Kang Q, Xiong Z, Wang S, Lin X, et al. Clinical features and obstetric and neonatal outcomes of pregnant patients with COVID-19 in Wuhan, China: a retrospective, single-centre, descriptive study. Lancet Infect Dis. 2020;20(5):559–64. 
77. 	Zeng H, Xu C, Fan J, Tang Y, Deng Q, Zhang W, et al. Antibodies in Infants Born to Mothers With COVID-19 Pneumonia. JAMA. 2020; 
78. 	Dong L, Tian J, He S, Zhu C, Wang J, Liu C, et al. Possible Vertical Transmission of SARS-CoV-2 From an Infected Mother to Her Newborn. JAMA. 2020; 
79. 	Ben-Hur H, Gurevich P, Elhayany A, Avinoach I, Schneider D, Zusman I. Transport of maternal immunoglobulins through the human placental barrier in normal pregnancy and during inflammation. Int J Mol Med. 2005; 
80. 	Fan C, Lei D, Fang C, Li C, Wang M, Liu Y, et al. Perinatal Transmission of 2019 Coronavirus Disease–Associated Severe Acute Respiratory Syndrome Coronavirus 2: Should We Worry? Clin Infect Dis. 2021;72(5):862–4. 
81. 	Zhu H, Wang L, Fang C, Peng S, Zhang L, Chang G, et al. Clinical analysis of 10 neonates born to mothers with 2019-nCoV pneumonia. Transl Pediatr. 2020;9(1):51–60. 
82. 	Angeli F, Reboldi G, Trapasso M, Santilli G, Zappa M, Verdecchia P. Blood Pressure Increase following COVID-19 Vaccination: A Systematic Overview and Meta-Analysis. J Cardiovasc Dev Dis. 2022;9(5):150. 
83. 	Saito S, Nakashima A, Shima T, Ito M. Th1/Th2/Th17 and Regulatory T-Cell Paradigm in Pregnancy. Am J Reprod Immunol. 2010;63(6):601–10. 
84. 	Bookstein Peretz S, Regev N, Novick L, Nachshol M, Goffer E, Ben‐David A, et al. Short‐term outcome of pregnant women vaccinated with <scp>BNT162b2 mRNA COVID</scp> ‐19 vaccine. Ultrasound Obstet Gynecol. 2021;58(3):450–6. 
85. 	Shimabukuro TT, Kim SY, Myers TR, Moro PL, Oduyebo T, Panagiotakopoulos L, et al. Preliminary Findings of mRNA Covid-19 Vaccine Safety in Pregnant Persons. N Engl J Med. 2021;384(24):2273–82. 
86. 	Wainstock T, Yoles I, Sergienko R, Sheiner E. Prenatal maternal COVID-19 vaccination and pregnancy outcomes. Vaccine. 2021;39(41):6037–40. 
87. 	Edlow AG, Li JZ, Collier AY, Atyeo C, James KE, Boatin AA, et al. Assessment of Maternal and Neonatal SARS-CoV-2 Viral Load, Transplacental Antibody Transfer, and Placental Pathology in Pregnancies During the COVID-19 Pandemic. JAMA Netw Open. 2020;3(12):e2030455. 
88. 	Beharier O, Plitman Mayo R, Raz T, Nahum Sacks K, Schreiber L, Suissa-Cohen Y, et al. Efficient maternal to neonatal transfer of antibodies against SARS-CoV-2 and BNT162b2 mRNA COVID-19 vaccine. J Clin Invest. 2021;131(13). 
89. 	Atyeo C, Pullen KM, Bordt EA, Fischinger S, Burke J, Michell A, et al. Compromised SARS-CoV-2-specific placental antibody transfer. Cell. 2021;184(3):628-642.e10. 
90. 	Gray KJ, Bordt EA, Atyeo C, Deriso E, Akinwunmi B, Young N, et al. Coronavirus disease 2019 vaccine response in pregnant and lactating women: a cohort study. Am J Obstet Gynecol. 2021;225(3):303.e1-303.e17. 
91. 	Gill L, Jones CW. Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Antibodies in Neonatal Cord Blood After Vaccination in Pregnancy. Obstet Gynecol. 2021;137(5):894–6. 
92. 	Rottenstreich A, Zarbiv G, Oiknine-Djian E, Zigron R, Wolf DG, Porat S. Efficient Maternofetal Transplacental Transfer of Anti- Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Spike Antibodies After Antenatal SARS-CoV-2 BNT162b2 Messenger RNA Vaccination. Clin Infect Dis. 2021;73(10):1909–12. 
93. 	Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl J Med. 2020;383(27):2603–15. 
94. 	Kadali RAK, Janagama R, Peruru SR, Racherla S, Tirumala R, Madathala RR, et al. Adverse effects of COVID-19 messenger RNA vaccines among pregnant women: a cross-sectional study on healthcare workers with detailed self-reported symptoms. Am J Obstet Gynecol. 2021;225(4):458–60. 
95. 	Cavalcante MB, Cavalcante CT de MB, Sarno M, Barini R, Kwak-Kim J. Maternal immune responses and obstetrical outcomes of pregnant women with COVID-19 and possible health risks of offspring. J Reprod Immunol. 2021;143:103250. 
96. 	Theiler RN, Wick M, Mehta R, Weaver AL, Virk A, Swift M. Pregnancy and birth outcomes after SARS-CoV-2 vaccination in pregnancy. Am J Obstet Gynecol MFM. 2021;3(6):100467. 


Biomedicines 2022, 10, x. https://doi.org/10.3390/xxxxx	www.mdpi.com/journal/biomedicines
image3.tiff
TMPRSS2
SACE, tACE
AT1R, ACE2
MAS

Impaired spermatogenesis





image4.tiff
Hematologic:
Hypercoagulation, thrombi formation and embolization

Respiratory:
Pneumonia

Cardiovascular:
Cardiac strain

Breastfeeding:
Possible transmission through lactation

Immunological:
Hyperthermia and possible cytokine storm

Placenta:
Viral infiltration and thromboembolic events

Fetus:
Potential Vertical Transmission





image1.png




image2.tiff
A SARS-CoV-2

S1 T Vasoconstriction
Angl, Angll Profibrosis
™ recég‘izr ahAngll Proapoptosis
0 .- lA“91'7 Oxidative stress
"""" TMPRSS2 Proinflammation
Spike
protein

I SON I ¥

Reproductive systems Pregnancy , Neonatal life





image5.png
’ [ ] [ ] [ ]
Wl hiomedicines
(<=|=)=]




image6.png




