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Abstract 

     Pregnant women are currently worrying about both the effects of COVID-19 infection as well as the vaccine on their fetus 

and newborn. This narrative review is a summary of the literature on COVID-19 psychological problems of pregnant women, 

and infection effects on the women, their fetuses and neonates. The psychological problems studies have consistently shown a 

prevalence of approximately 20-40% anxiety and depression in pregnant women during COVID-19. Although early pandemic 

research suggested that the severity of COVID infection and the clinical course for infected pregnant women was no worse 

than for non-pregnant infected women, later pandemic, larger sample studies and meta-analyses suggest that infected pregnant 

women have more obstetric complications and negative outcomes than pregnant women without infection. Greater prevalence 

of pre-eclampsia, fetal distress, premature rupture of the membranes and preterm delivery have been reported for pregnant 

women who are infected, especially during the third trimester. Older pregnant women and those with comorbidities including 

elevated BMI, diabetes and hypertension are also at greater risk for obstetric complications. Mixed data have been presented 

on vertical transmission of the virus to the fetus as well as questions about vertical transmission via reduced natural killer cells 

protecting the placenta and increased ACE-2 receptors. Although the neonatal infection rate has been relatively low, antibodies 

noted in some neonates (IgG and IgM) suggest intrauterine, delivery or postnatal transmission. The very limited data on 

vaccination during pregnancy suggest positive effects. Although the data are even more limited on vaccination and fertility, 

there are no known negative effects. Methodological limitations of this literature include the data having been cross-sectional 

and derived from samples of symptomatic, hospitalized pregnant women at different gestational ages and different times during 

the pandemic. 
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Introduction 

    The literature on COVID-19 effects on pregnancy, the fetus and the 

neonate is extensive. Hundreds of studies and review papers published in 

2020-2021 have reported on these effects. The present review of the 

literature is a non-technical summary of studies and review papers on 

COVID effects on the pregnant woman, the fetus and the neonate as well 

as the assessment of vaccine effects on pregnancy and fertility. The terms 

COVID-19, pregnancy, fertility and vaccination were entered into the 

PubMed advanced search engine. That literature search yielded 136 

papers including systematic and narrative reviews of the literature. 

Following exclusion criteria of case studies and foreign language papers 

and the inclusion of peer-reviewed papers, this narrative review includes 

brief summaries of the findings from 34 publications including 14 

systematic and narrative review papers. This paper is organized around 

the topics that are reflected in that literature including effects on the 

pregnant woman, the placenta, the fetus,  and the newborn as well as 

vaccine effects on pregnancy and fertility and methodological limitations 

of the literature. 

    To provide a brief synopsis, two separate literatures have emerged, with 

one addressing the psychological problems of pregnant women during 

COVID-19 and the other assessing the effects of infection on pregnant 

women, their fetuses and newborns. The psychological problems 

literature consistently shows a prevalence of approximately 20-40% 

depression and anxiety in pregnant women during COVID-19. But this 

literature doesn’t address problems of infection. And the infection 

research has not assessed the potentially confounding effects of 

depression and anxiety on COVID-19 infection in pregnant women. The 

early literature on infection effects generally suggested that pregnant 

women with COVID were not notably different from non-pregnant 

women with COVID in terms of the severity of infection and their clinical 

course. However, the effects of COVID infection are confounded with 

pregnancy complications that don’t necessarily derive from infection, 

making comparisons between pregnant and non-pregnant women less 

valid. Larger sample studies and meta-analyses on comparisons between 

pregnant women with and without COVID infection in the more recent 

literature have suggested more frequent obstetric complications and 

negative outcomes for pregnant women experiencing COVID infection 
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versus pregnant women who are not infected. Those complications 

include a greater prevalence of pre-eclampsia, fetal distress, premature 

rupture of the membranes and preterm birth. Although the evidence is 

mixed for vertical transmission of the pregnant woman’s infection to the 

fetus, COVID infection has been detected in amniotic fluid. In addition, 

despite relatively limited infection noted in neonates, evidence of IgM and 

IgG   antibodies in the newborn suggests fetal development of those 

antibodies and vertical transmission inasmuch as those antibodies are not 

known to cross the placenta. Although the placenta is thought to be an 

effective barrier that prevents maternal infection spreading to the fetus, 

given that it is surrounded by natural killer cells, the potential for viral 

invasion of the placenta is not clear. And, there are mixed data on ACE-2 

(angiotensin converting enzyme) receptors (that receive the virus) in the 

placenta. 

        In addition, concerns have been raised about vaccine effects on 

pregnancy and fertility. Although there is limited research on those 

questions because pregnant women were not included in the vaccine 

trials, there are at least two studies indicating the absence of vaccine 

effects on fertility.  

COVID-19 Effects on Pregnant Women 

Psychological Problems 

     With regard to the psychological problems literature, a few meta-

analyses have highlighted the prevalence of anxiety and depression in 

pregnant women during COVID-19, but infection was not assessed. In 

one meta- analysis on 11,187 pregnancies from 15 studies, depression was 

noted in 30% of the women, anxiety in 34 % and comorbid depression  

and anxiety in 18% (Sun et al, 2021). The authors reported that all these 

problems occurred more frequently in pregnant women than in the non-

pregnant women controls. They also noted extreme heterogeneity of the 

data. 

      In another meta-analysis on 19 articles, 25% were depressed, 42% 

were experiencing anxiety and the younger pregnant women experienced 

greater anxiety (Fan et al, 2020). This meta-analysis included studies from 

China, Israel, Italy, Belgium and Turkey. After depression and anxiety, 

fear and stress were the most commonly experienced psychological 

problems. Again no mention was made of infection and again, the authors 

highlighted the fact that the data were highly heterogeneous.  

     In a third meta-analysis on 46 studies, depression was noted in 37 

studies (N= 47,677) at a prevalence of 26% and anxiety was noted in 34 

studies (N= 42,773) at a prevalence of 31% (Tomfohr-Madsen et al, 

2021). The authors reported that anxiety was more prevalent in studies 

conducted later in the pandemic. A few studies that have appeared more 

recently include one on- line survey that included the Pregnancy-Related 

Anxiety Scale on pregnant women (N=2740) from 47 states (Moyer et al, 

2020). 93% reported increased stress about getting infected. The more 

COVID-related stressors the pregnant women experienced, the greater 

their anxiety levels. 

     In a cross-sectional survey during the first month of lockdown in Italy, 

no women reported infection (N=737) (Ravaldi et al, 2021). Anxiety was 

noted in 22% of the women and PTSD in 10%. Previous anxiety and 

depression were independently associated with PTSD. Previous anxiety 

was a greater predictor of PTSD in those who experienced greater worries 

about the health of the baby. In another cross-sectional study (N= 283), 

COVID-related symptoms predicted PTSD symptoms, although none of 

the women were diagnosed with COVID infection (Hocaoglu et al, 2020).  

     These studies collectively suggest that about a third of pregnant 

women during COVID-19 are experiencing worries about infection, 

anxiety, depression and PTSD. Despite the prevalence of these problems 

and their potential for confounding and compounding infection effects, 

they have not appeared in the literature on infected pregnant women. The 

lack of consideration of infection in the psychological studies may relate 

to: 1) the focus being exclusively on psychological problems in the larger 

population of pregnant women; 2) the studies being conducted early in 

the pandemic when the prevalence of infection was low; and 3) the 

research being based on survey and prenatal clinic samples as opposed to 

hospital records that were the primary data base for the infection studies. 

Infection Effects 

      Regarding the literature on infected pregnant women, small sample 

studies at the beginning of the COVID-19 pandemic suggested that 

pregnant women did not differ from non-pregnant women on the severity 

of their COVID infection and symptoms (Maleki et al, 2020).The 

prevalence of different level severity among COVID-infected pregnant 

women appeared to be similar to that of non-pregnant women including 

80% mild, 15% severe and 5% critical (Ryan et al, 2020). Like non-

pregnant women, the COVID symptoms for pregnant women were fever 

(62%) and cough (45%) (Mirbeyk et al, 2021).  However, a CDC report 

of June 2020 suggested that 32% of pregnant women with COVID needed 

hospitalization versus 6% of non-pregnant women (Elsaddig & Khalil, 

2021). The odds were 1.62 greater for pregnant women with COVID to 

require hospitalization and 1.88% more likely to require invasive 

ventilation than non-pregnant women with COVID (Elsaddig & Khalil, 

2021). In another study, 11% of women with COVID required intensive 

care (Elsaddig & Khalil, 2021).  Most frequently noted indications for 

hospitalization were pneumonia, acute respiratory disease syndrome, 

pulmonary embolus and acute coronary syndrome (Elsaddig & Khalil, 

2021). 

     As has been suggested, a more relevant assessment of the additive 

effects of COVID on pregnancy complications would be comparisons 

between pregnant COVID-infected versus pregnant non-infected women 

given that changes naturally occur during pregnancy (Wastnedger et al, 

2021). Typical pregnancy changes include, for example, enhanced 

immune function, cardio-pulmonary changes and increased demand for 

oxygen for the mother and the fetus (Kumar et al, 2021). When pregnant 

women with and without COVID have been compared, more obstetric 

complications have been noted for those with COVID. For example, 

recent large sample studies and meta-analyses have suggested 

significantly more obstetric complications in pregnant women with 

COVID versus those without COVID. In a review of 20 studies including 

230 pregnant women, for example, 35% more pregnant women with 

COVID were reported to have obstetric complications (Chi et al, 2020).  

     Obstetric complications were noted primarily in the third trimester 

(88%) in a systematic review of 37 papers based on 364 pregnant women 

(Mirbeyk et al, 2021). Others reported greater odds for the need of 

intensive care during the third trimester (Elsaddig & Khalil, 2021). But 

these authors suggested that the greater need for intensive care may reflect 

a lower threshold for providing treatment for late pregnancy women with 

COVID rather than severity of their obstetric complications. However, 

that severity would be greater during the third trimester is not surprising 

given that it has been noted as a pro-inflammatory period (Narang et al, 

2020).  Reputedly, for example, there is a decrease of the protective anti-

viral, natural killer cells at this time as well as an upregulation of ACE-2 

receptors (Narang et al, 2020). Others have also reviewed data suggesting 

that there is a suppression of natural killer cells and T cells late in 

pregnancy as well as a twofold increase in ACE-2 receptors in the 

placenta (Kumar et al, 2021). 

     Early studies suggested that unlike MERS and SARS, COVID did not 

affect the maternal death rate.  However, one of these studies was based 

on a small sample (N=38) and occurred early in the pandemic (Schwartz, 

2020). It was not clear why the similar MERS and SARS viruses could 

lead to a greater prevalence of maternal death than COVID-19. But, the 
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death rate cited in the 2020 CDC report was 70% greater for pregnant 

versus non-pregnant women with COVID and was attributed to acute 

respiratory distress syndrome related to significant inflammation 

(Wastnedger et al, 2021). However, again, the comparison between 

pregnant women with and without COVID may have been more relevant 

than the more frequent comparison between pregnant women with 

COVID versus non-pregnant women with COVID in order to determine 

the combined effects of pregnancy plus COVID. Further, the pregnancy 

status in the CDC report was only reported by 50% of the sample 

(Elsaddig & Khalil, 2021). Notably, the pregnant women with COVID in 

that sample were more likely to be minority status including Hispanic or 

Black (Elsaddig & Khalil, 2021). In addition, they were not only lower 

socioeconomic status, but they also had a greater incidence of 

comorbidities including vitamin D deficiency, diabetes, chronic 

hypertension and higher BMI levels (Elsaddig & Khalil, 2021). Further, 

in another recent review, older pregnant women and those with pre-

existing comorbidities including hypertension, diabetes and cardio 

pulmonary disease were at a greater risk of mortality (Kumar et al, 2021).  

COVID-19 Obstetric Complications and Effects on 
the Fetus 

     Several obstetric complications have been noted in the COVID-19 

literature including pre-eclampsia, fetal distress, premature rupture of the 

membranes, Caesarean section and preterm delivery. Although as many 

as 27-35% of pregnant women with COVID are noted to have these 

pregnancy complications (Chi et al, 2020;  Moore & Suthar, 2021), the 

prevalence has been highly variable, likely as a function of the severity of 

the mother’s infection and the source of information for the various 

studies and reviews which has mostly been medical records.  

     Miscarriage and stillbirths have been discussed in the context of 

insufficient data on prevalence (Elsaddig & Khalil, 2021; Panahi et al, 

2020). In contrast, sufficient data on termination of pregnancy have 

suggested that it has increased across the pandemic which has, in turn, 

been related to the fear of fetal infection (Elsaddig & Khalil, 2021).  

     Pre-eclampsia has been noted by several investigators (DiMascio et al, 

2020; Kumar et al, 2021; Narang et al, 2020; Wastnedger et al, 2021). The 

prevalence has varied from 16% noted in asymptomatic COVID-19 

(DiMascio et al, 2020) to 63% in the case of severe COVID-19 (Kumar 

et al, 2021). Some have attributed pre-eclampsia to the elevation of the 

cytokines including IL-6 and the associated increase in inflammation 

(Moore & Suthar, 2021). 

     Fetal distress (insufficient oxygen through the placenta) has 

surprisingly been mentioned in only  a few reviews. In one review, 14% 

of COVID-19 pregnancies involved fetal distress and 8% ruptured 

membranes, (Kumar et al, 2021). In a narrative review of 13 studies, fetal 

distress and miscarriage rates were not different for COVID versus non-

COVID pregnancies (Panahi et al, 2020). However, in this review, those 

pregnancies also did not differ on prematurity rates which is inconsistent 

with data from most of the other reviews. For example, in a review of 21 

studies, that only included 90 pregnant women, fetal distress was more 

frequent in pregnant women with COVID than pregnant women without 

COVID (Ashraf et al, 2020). The authors speculated that the fetal distress 

resulted from an overproduction of pro-inflammatory cytokines that they 

called a “cytokine storm”. In a similar review based on 13 studies, the 

authors suggested a greater prevalence of fetal distress among pregnant 

women with COVID (Panahi et al, 2020). And in another review paper, 

as many as 14% of pregnant women with COVID had experienced fetal 

distress (Kumar et al, 2021). Not surprisingly, intra-amniotic infection 

can lead to an inflammatory cascade, in turn initiating spontaneous labor 

and preterm delivery, and intrauterine infection accounted for 40% of 

preterm deliveries in at least one review (Prochaska et al, 2020). 

     Caesarean section of course would explain a significant amount of the 

variance in preterm deliveries in COVID-infected women. The 

prevalence of Caesarean section has widely ranged from 43% to 92% in 

one review of the literature (Ryan et al, 2020). Those authors suggested 

that C-sections were performed due to maternal respiratory problems. 

Another reason given for high Caesarean rates was excessive weight gain 

associated with less physical activity during the pandemic (Elsaddig & 

Khalil, 2021). Others have variously reported a prevalence of 48% 

(Kumar et al, 2021), 57% (Mark et al, 2021) and 84% (DiMascio et al, 

2020). The high 84% prevalence was based on a meta-analysis of 19 

studies, but only 41 of the pregnant women were experiencing COVID. 

In a similar review on a high prevalence (86%), 60% of the COVID 

infected pregnant women expressed fear of infection effects on their 

fetuses leading them to elective Caesarean sections (Mirbeyk et al, 2021). 

And 83 % expressed concerns about infecting their newborn during 

delivery in another study (Akgor et al, 2021). This was especially 

prevalent among the older and more anxious pregnant women. Further 

evidence of elective Caesarean sections comes from a study from China 

in which the odds of a Caesarean delivery were 3.34 greater for women 

with COVID (Elsaddig & Khalil, 2021). For these reasons, the greater 

prevalence of preterm delivery among COVID pregnant women has been 

called iatrogenic preterm delivery. Preterm delivery has been called 

iatrogenic reputedly because it derives from frequent Caesarean section 

deliveries related to maternal complications.  

    Independent of Caesarean sections, the prevalence of preterm delivery 

has been notably lower. For example, it has been noted as 13% in one 

study, which is not significantly different from 10% in the general 

population (Moore & Suthar, 2021). The prevalence has been greater for 

symptomatic than asymptomatic women (19% versus 9%). Others have 

reported prevalence of preterm births ranging from 20 to 30% including 

22% (Kumar et al, 2021), 25% (Chi et al, 2020), 24% (Mirbeyk et al, 

2021), 28% (Mark et al, 2021), suggesting some consistency across 

reviews of the literature, although an outlier of 41% has also been reported 

(DiMascio et al, 2020).  

     Significant cross-cultural differences have been noted for the 

prevalence of preterm delivery (Elsaddig & Khalil, 2021). For example, 

the average prevalence of preterm delivery for women with COVID has 

been noted as 19% for Europe, 17% for China and 12% for the U.S. 

(Elsaddig & Khalil, 2021). These rates seem inconsistent with the cross-

cultural differences in Caesarean section rates of 38% in Europe, 91% in 

China and 40% in the U.S. (Elsaddig & Khalil, 2021). These authors 

suggested that the wide variation in C-section prevalence is likely related 

to the differences in the stage of the pandemic and the relative thresholds 

for performing Caesarean sections. Nonetheless, iatrogenic preterm birth 

has been consistently more prevalent for COVID versus non-COVID 

pregnancies (Elsaddig & Khalil, 2021). 

         The fact that 40% of cortisol is transmitted across the placenta 

(Glover, 2015) suggests that cortisol elevation could itself contribute to 

the prematurity that is being seen in the offspring of pregnant women 

experiencing COVID-19 infection. And, cortisol has notably explained a 

significant amount of the variance in preterm gestational age in a pre-

COVID study (Field et al, 2006). The transmission of cortisol across the 

placenta could have independent effects on the neonatal outcomes of 

women experiencing COVID-19 infection. The protective immunity of 

pregnant women may reduce the infection-related conditions and the 

vertical transmission of the infection to the fetus. Aside from some 

evidence of infection in amniotic fluid and the positivity in some 

neonates, it would appear that the immunity of pregnancy is not only 

protecting the pregnancy but also the fetus and the neonate. The greater 

prevalence of fetal distress and premature delivery may result from 

prenatal depression, elevated cortisol and the resulting reduction of 

natural killer cells independent of COVID-19 infection itself. The fetal 
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distress and preterm delivery could be independently explained by the 

women’s depression and anxiety and the related crossover of cortisol from 

the mother to the placenta causing premature rupture of the membranes 

and preterm delivery independent of infection or vertical transmission. 

However, there is increasing evidence for vertical transmission of 

COVID-19.                    

Vertical Transmission of COVID-19 

     Maternal-fetal immunity is a rapidly developing field (Prochaska et al, 

2020). One of the continuing arguments in this literature relates to vertical 

transmission of the infection from the mother to the fetus. The placenta is 

thought to be an effective barrier to prevent maternal infection from 

spreading. The natural killer cells (at least 30% of protective cells) are 

thought to protect the placenta (Moore & Suthar, 2021). In a review of 17 

studies, the authors suggested that even 70% of the protective cells are 

natural killer cells that regulate the production of cytokines (especially 

IL-10) (Alberca et al, 2020). As the NK cells are decreased in COVID-

infected pregnant women, there is an increase of IL-10 as well as other 

pro-inflammatory cytokines including IL-6 and C-reactive protein 

(Alberca et al, 2020).        

      The absence of infection detected in most samples of newborns has 

led several to suggest the absence of vertical transmission (DiMascio et 

al, 2020; Maleki et al, 2020; Panahi et al, 2020; Schwartz 2020).However, 

data from larger samples have suggested infection in amniotic fluid, the 

presence of IgM in the umbilical cord and both IgM and IgG in newborns 

(Moore & Suthar, 2021; Wastnedger et al, 2021). Because these 

antibodies reputedly cannot cross the placenta, in utero exposure has been 

assumed as well as development of those cells by the fetus. The same 

authors have suggested that while there may be a prevalence of 3 - 8% 

vertical transmission, this could also occur during delivery. In addition, 

they have acknowledged that the mechanism of viral invasion of the 

placenta is not clear. Further evidence for vertical transmission is that 

placentas from infected patients have shown inflammatory, thrombotic 

and vascular changes that have been found in other inflammatory 

conditions (Prochaska et al, 2020). 

 Viral Invasion of the Placenta 

     COVID infection has been noted to trigger hyper-activation of 

inflammatory and immune responses resulting in a “cytokine storm” and 

an increased inflammatory response in the placenta (IL-6, IL-8,IL-10, 

TNF) (Kumar et al, 2021). The protection of the placenta by surrounding 

natural killer (NK) cells may also be compromised by COVID infection 

(Narang et al, 2020). 

    Another contributor to inflammation, as already mentioned, is related 

to prenatal depression and anxiety that are notably exacerbated during 

COVID-19 for fear of infection (Wastnedger et al, 2021). That would 

predictably lead to elevated cortisol (which can cross the placenta) and its 

negative effects on immune function, most particularly its reduction of 

natural killer cells.  Inasmuch as natural killer cells are a protective factor 

for the placenta, an infection could invade the placenta via a reduction of 

the protective natural killer cells (Narang et al, 2020). Natural killer cells 

surrounding the placenta could in part be depleted by their activity in 

warding off the viral cells infecting the pregnant woman. Given that there 

is a significant literature on the negative effects of prenatal depression and 

anxiety leading to increased cortisol levels and prematurity, it is 

noteworthy that this possibility has not been discussed in this literature on 

COVID-19 pregnancy (Field et al, 2006).  

    Further, as already mentioned, the data are mixed on the presence of 

ACE-2 receptors in the placenta, as was noted in a review of 31 studies 

including one of the largest samples in this literature (N= 12,260) 

(Wastnedger et al, 2021). 

Newborn Course 

     The more recent literature has documented evidence of the neonate 

having been infected. In a UK study, 12 of 265 infants were infected 

(Kumar et al, 2021).  Of those neonates, 4% had G.I. problems, 3% had 

fever and 6% had shortness of breath (Kumar et al, 2021). In a CDC study 

32% of infected neonates required hospitalization (Kumar et al, 2021). In 

a meta-analysis, 22% were preterm, 48% had Caesarean deliveries and 

7% required intensive care (Kumar et al, 2021).  

     Based on a review of 60 studies totaling 1287 neonates, the authors 

concluded that it’s still unclear whether neonatal COVID derived from 

infection in utero, intrapartum or post-partum (Pettirosso et al, 2020). The 

elevated levels of antibodies including IgM and IgG that have been 

detected in neonates of COVID-infected mothers, has suggested in utero 

exposure (Moore & Suthar, 2021). In a review on 37 studies, high IgM 

levels were reported in at least two studies (Mirbeyk et al, 2021). In this 

review, 3 out of 8 newborns with negative throat swab tests had elevated 

IgM and IgG against SARS COV-2, suggesting a vertical transmission 

rate of 4% (Mirbeyk et al, 2021). These authors also argued that there is 

no possibility of IgM crossing the placenta. In addition, pro-inflammatory 

cytokines including IL-6 have been found in neonates of mothers who 

only had mild COVID (Moore & Suthar, 2021). 

     The infection symptoms noted in neonates have included dyspnea 

(42%) and fever (19%) in a study on 129,000 pregnant women that was 

recently reviewed (Elsaddig & Khalil, 2021). In another study, 21% of the 

newborns had respiratory distress syndrome (Mark et al, 2021). A meta-

analysis of 19 studies suggested that 57% of the neonates of infected 

mothers have been admitted to neonatal intensive care nurseries, although 

this review included only 41 COVID-infected mothers (DiMascio et al, 

2020).  

     Elevated prematurity rates have been reported in virtually all of the 

reviews in this literature. Although it is not clear whether COVID-19 is 

an independent risk factor for prematurity, there is consensus that the rates 

are higher for pregnant women with COVID (Wastnedger et al, 2021). As 

already noted, some have referred to prematurity as iatrogenic, following 

elective Caesarean sections indicated by the symptoms of the infected 

women.  (Moore & Suthar, 2021; Wastnedger et al, 2021). Preterm birth 

in these neonates has also been associated with necrotizing enterocolitis 

(inflammatory disease of the G.I. tract) and bronchopulmonary dysplasia 

(Prochaska et al, 2020). 

     Low birthweight has also been reported for the offspring of COVID-

infected pregnant women (Elsaddig & Khalil, 2021; Wastnedger et al, 

2021). The greater prevalence of low birthweight noted in these reviews 

was based on very large samples.  

     The literature has been mixed on Apgar scores. In one large sample 

survey, no differences were noted between the offspring of women with 

COVID versus those without COVID (Elsaddig & Khalil, 2021).But in 

another review, Apgar scores were lower in the neonates of women with 

COVID (Kumar et al, 2021). Despite these problems, the authors of one 

of these reviews suggested that there may have been “less newborn 

problems than expected due to travel bans and greater emphasis on 

infection protection” (Elsaddig & Khalil, 2021).  

      Although the data are mixed on newborn infection, some have 

expressed concern that maternal inflammation is a “Neurodevelopmental 

disease primer“(Prochaska et al, 2020). Examples these authors have 

given for the long-term effects on children of mothers with inflammatory 

diseases included autism spectrum disorder, depression and bipolar 

disorder (Prochaska et al, 2020). And elevated C-reactive protein has also 

lead to neuropsychological disorders in children (Abdali et al, 2020). 

Although developmental follow-ups of children of COVID infected 

mothers have not yet appeared in the literature, the inflammatory 
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condition of the COVID infected pregnant women and the potential 

vertical transmission could ostensibly lead to these developmental 

disorders  

Vaccine Effects on Pregnancy  

     Although at least one lengthy review has been published in 2020 on 

the importance of vaccines and the development of specific vaccines for 

pregnant women, no mention was made about COVID-19 vaccines 

(Maertens et al, 2020). As in this review, the authors of another recent 

review have reiterated that the pregnant woman’s immunity is thought to 

pass through the placenta (Kumar et al, 2020). Specifically, IgG 

antibodies have actively been transferred through the placenta to provide 

passive immunity for the newborn (Kumar et al, 2020). The transfer of 

IgG antibodies are uniquely thought to cross the placenta as, for example, 

IgA antibodies reputedly cannot cross the placenta, as already mentioned. 

Although pregnant women have been cited as a priority for vaccination, 

no studies could be found in the COVID literature on the effects of 

vaccine on pregnant women. 

     At least one research group has recommended the inclusion of 

pregnant women in vaccine trials.  As the authors said, “First, these 

vaccines contain mRNA encapsulated in a lipid nanoparticle that is 

delivered into host cells. The body's own host cells generate coronavirus 

spike proteins that stimulate antibodies against SARS-CoV-2. This 

activity occurs robustly in regional lymph nodes. There is no biological 

reason to suspect that this process is different during pregnancy, so we 

expect similar efficacy in pregnant and non-pregnant persons. Second, 

these vaccines contain no live virus or adjuvants that could affect the 

developing fetus. Further, available data about developmental and 

reproductive toxicity generated from rats administered the Moderna 

mRNA vaccine show no safety signals concerning female reproduction, 

fetal or embryonal development, or postnatal development “(Riley & 

Jamieson, 2021). In light of these recommendations, it is noteworthy that 

data could not be found on the effects of current vaccines on pregnant 

women and their fetuses.  

Reproductive Health, Fertility and Vaccines During 
COVID 

Reproductive Health 

     COVID-19 has had a significant impact on women’s reproductive 

health as reported in a recent survey on 1031 women (with a mean age of 

37) (Phelan et al, 2021). In this survey, 46% of women reported a change 

in their menstrual cycle during COVID-19, 53% worsening premenstrual 

symptoms, 18% menorrhagia (heavy bleeding), 30% new dysmenorrhea 

(cramps and pelvic pain with menstruation) and 73% missed periods. 

Although there was a reported increase in weight, there was also a 30-

minute increase in weekly exercise. 50% of the women said their diet was 

worse and 40% reported working more. They also self-reported a 

significant increase in depressed mood, poor appetite, binge eating, poor 

concentration, anxiety, poor sleep, loneliness and excess alcohol use. 

More specific stressors included 48% work stress and 25% having 

difficulty accessing healthcare. Lower prevalence data were noted for 

financial difficulties, homeschooling or childcare, family and partner 

conflict and family illness.  

     These data suggest that even without infection, women during 

COVID-19 have experienced negative effects on their reproductive 

health. The anxiety surrounding potential infection and/or the 

physiological/biochemical effects of lockdown, social distancing and 

limited activity may have contributed to these effects.  

Fertility 

     Although women’s fertility would seemingly also be affected by 

COVID-19, the only literature has focused on women’s stress 

surrounding the closing of fertility clinics during the pandemic (Ben-

Kimhy et al, 2020).  Many studies, in contrast, have explored the specific 

effects of COVID-19 on male fertility.  A recent review on COVID-19 

effects on male fertility, for example, concluded that although there are 

limited data, viral mRNA has been identified in the semen of infected 

men, with some evidence of altered seminal parameters (Khalili et al, 

2020). Low testosterone and dihydrotestosterone with increased 

luteinizing hormone were also reported for pregnant women with 

infection in this review paper.  

Vaccine Effects on Fertility 

        Only two studies could be found in the literature on vaccine effects 

on women’s fertility. In the first study, the full human dose of the Pfizer 

vaccine was given intramuscularly to 44 female rats on the 21st and 14th 

day prior to mating  and then on gestation days nine and 20 (the end of 

lactation)(Bowman et al, 2021). No effects were noted on the mating 

performance, the fertility, the embryo, fetus or neonate. In addition, 

postnatal development was normal including growth, physical 

development and neurological functions at the end of lactation. The 

authors concluded that the Pfizer vaccine was safe for women’s fertility, 

pregnancy and offspring. 

     Similarly, the Pfizer vaccine had no negative effects on human 

women’s fertility in a study conducted in Israel (Safrai et al 2021). Only 

intracytoplasmic sperm injection (ICSI) patients were included in the 

study (N=47). As has been noted, this in vitro fertilization procedure 

involves injection of a single sperm cell directly into the cytoplasm of an 

egg in cases where the egg’s outer layer may be difficult to penetrate or 

the sperm unable to swim. As the authors reported, the characteristics of 

the ICSI cycles were similar before and after the vaccinations and the 

number of clinical pregnancies did not differ between the pre-and post-

vaccination groups. The authors concluded that the Pfizer vaccine 

appeared to have no impact on the women’s fertility. 

 Methodological Limitations of this Literature 

     Many methodological limitations of this literature can be mentioned 

including that most of the publications are reviews of prevalence studies 

that are based on data from medical records. As such, the studies have 

been focused on infection prevalence and laboratory measures of maternal 

infection, antibodies in placental and umbilical tissues and positivity of 

neonatal oropharyngeal swabs, all of which are critically informative for 

clinical treatment. However, there are many potentially confounding 

variables that have not been assessed in this research.  

     Very few of the studies, for example, have entered the potentially 

confounding demographic variables of ethnicity, socioeconomic status, 

maternal age and parity in their analyses even though these variables have 

notably affected pregnancies and neonatal outcomes in previous studies 

and could readily be derived from medical records. Further, behavioral 

variables that may not have appeared in most medical records such as the 

consumption of alcohol, illicit drugs, tobacco, caffeine and diet as well as 

weight gain and sedentary behavior have had notable effects in pre-

COVID studies but have not been considered as potentially compounding 

the effects of infection on COVID-19 pregnancies. 

     As other examples of confounding variables, mood states and sleep 

disturbances are not only emotional but also have physiological and 

biochemical effects. Pregnant women are notably worried/fearful of 

infection effects not only on themselves but on their fetus and newborn 

(Elsaddig & Khalil, 2021; Mirbeyk et al, 2021; Wastnedger et al, 2021). 

Infection worries can lead to anxiety and depression even in women 

without those pre-existing mood state problems (Field et al, 2021). Pre-

COVID data have documented the comorbidity of depression, anxiety and 

anger in pregnant women and the accompanying physiological and 

biochemical effects (Field et al, 2003). These have included low vagal 
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activity, right frontal EEG activation, increased cortisol and 

norepinephrine levels and lower dopamine and serotonin levels. These 

variables, in turn, have  significantly predicted prematurity and low 

birthweight in pre-COVID structural equation modeling analyses (Field 

et al, 2006). The degrees to which these effects may be contributing to 

prenatal and postpartum effects of COVID infection have not been 

assessed even though hundreds of studies have documented COVID-19 

associated worries, anxiety, depression and sleep disturbances in non-

infected folks during the pandemic (Field et al, 2021). All of these 

measures could be readily taken from brief self-report scales, Fitbit 

watches and from saliva samples in future studies. 

     The data have also been cross-sectional and derived from typically 

small samples of symptomatic, hospitalized pregnant women at different 

gestational ages and different times during the pandemic. This variability 

in the time frames of the data collection and in the variability in the 

severity of the infection effects at variable gestational ages would 

contribute to the mixed findings in this literature. The cross-sectional data 

could not be interpreted for causality or direction of effects. Longitudinal, 

multivariate studies are needed that control for these variables and those 

just listed.  

     Aside from the Apgar test that is routinely taken at birth and reported 

in two conflicting studies in this literature (Elsaddig & Khalil, 2021;  

Kumar et al, 2021), there are no other neonatal assessments that have 

appeared in this literature. For example, the Brazelton Neonatal Behavior 

Assessment Scale that includes neurological and behavioral items and that 

has been routinely administered in most neonatal intensive care nurseries 

in recent years has not been given in the studies on neonatal outcomes. 

That is surprising inasmuch as many assessments of that kind had been 

made decades ago on HIV-exposed, Cocaine-exposed and even caffeine-

exposed neonates. However, neonatal neurological and behavioral data 

are not routinely entered into medical records. Although some have 

speculated that COVID-infection could have serious neurological and 

behavioral effects in later childhood, there are virtually no data on those 

effects on the neonate. Neurological signs during the neonatal period have 

been significant predictors of later neurological dysfunction and 

importantly can help differentiate prenatal from postnatal environmental 

effects. 

     Despite the relative longevity of the COVID-19 pandemic and the 

negative effects reported on infected pregnancies early in the pandemic, 

no intervention studies other than medical interventions could be found in 

this literature. At least educational and physical activity zoom sessions 

could be offered to pregnant women who are infected or those at risk for 

infection or even those at risk for negative effects due to worries and 

anxiety/depression/sleep problems during COVID. And, hotlines and 

supportive services in addition to the intensive care that has been critically 

provided could invariably help infected pregnant women, their fetuses 

and their newborns during this COVID-19 pandemic. Research on these, 

in turn, would help inform future efforts to reduce the psychological and 

physical effects associated with COVID-19 in pregnant women. 
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