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Abstract: The COVID-19 pandemic unnerved the global population in 2019 and has continued to
evolve ever since. Throughout this time, investigations concerning the health of the groups most
susceptible to this virus, including the elderly, those with compromised immunity or chronic diseases,
and pregnant women, have taken place. Numerous articles have been formulated on the effects
of COVID-19 infection on maternal, fetal, and neonatal health, but there are many controversies
that still exist within the current literature. Even three years later, it is not fully understood how a
maternal infection or vaccination of COVID-19 can impact pregnancy and the fetus, and these topics
require further investigation and conclusive results. The aim of this article is to explain the risks
for a mother and the neonate, during and after pregnancy, with the emergence of the COVID-19
pandemic. Additionally, this report presents the current state of the literature on whether vaccination
during pregnancy is more beneficial or harmful. Finally, this review examines studies regarding the
exacerbation of the effects of COVID-19 on pregnancies in various organ systems, particularly the
cardiovascular system, in relevance to pre-existing and emerging conditions and the ethnicity of
the mother.
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1. Introduction

Pregnancy is a period in which the mother and fetus are significantly more vulnerable
to infectious diseases and health conditions. This is a result of the several biomechanical and
pathophysiological changes that occur within the mother’s cardiovascular and respiratory
systems [1] and the immune system in order to accommodate the fetus [2,3]. Since 2019, a
new obstacle for pregnant women has emanated with the spread of the coronavirus disease
(COVID-19), an infectious disease caused by the SARS-CoV-2 virus [4]. When compared
with uninfected mothers, pregnant women with a COVID-19 infection are at a higher
risk for maternal mortality [5]. With the additional difficulties of the COVID-19 infection,
pregnant persons also have higher hospitalization and ICU admission rates, increased risk
of requiring ventilation, and elevated mortality rate than non-pregnant women who are
infected, according to the Centers for Disease Control and Prevention (CDC) COVID-19
surveillance system [6]. Not only does COVID-19 infection cause immediate problems
with maternal health, but it can also cause long-term adverse events such as difficulties
with delivery and pre-term labor, compromised postpartum immunity and breastfeeding
complications, and life-long effects on the neonate. These effects can be exacerbated
by many factors, such as pre-existing cardiovascular issues, especially with the higher
prevalence of heart disease in women. The infection attacks the compromised immune
system of the pregnant individual, as well as the neonate, and socioeconomic factors, such
as ethnicity, daily stress factors, and access to proper antenatal, perinatal, and postpartum
care can worsen this effect as well.
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Within the pregnant population, disparities especially occur among different ethnic
groups, as there are several cultural and socioeconomic factors that may be involved
in both the mother’s health and recovery, as well as proper fetal development [7]. The
maternal mortality rate of Black women is 1.8 times the rate of the maternal mortality of
Caucasian women [8]. According to data collected by the CDC from 2016–2018, 46.9% of
pregnancy-related deaths were accounted for by cardiovascular conditions [9]. These are
only a few considerations for what situations could have the ability to aggravate health
concerns during pregnancy. The most common impediments to healthy and safe gestation
and delivery are distributed between various direct or indirect causes and across body
systems because of COVID-19’s tendency to affect several organ systems at once [10]. They
include pre-term labor, stillbirth, miscarriage, pre-eclampsia, and other complications that
occur in pregnancy. Vertical transmission appears to be rare, but in a few cases has resulted
in impediments for the fetus [11,12].

Vaccination for COVID-19 became available to individuals above the age of 16 in De-
cember 2020 [13]. However, there was initial hesitation amongst researchers and the general
population as to whether this vaccination is proven to be safe for pregnant and lactating
women, leading to low vaccine coverage for pregnant individuals. Ethical concerns arose,
and there was a consequent lack of clinical testing when considering vaccinating pregnant
women [14]. Keeping more recent studies in mind, vaccines are reported with no significant
increase in the risk of stillbirth, spontaneous abortions, or miscarriage events [15].

2. Ethnicity and Underlying Conditions Complicate COVID-19 Pregnancies

When examining COVID-19 and its effect on pregnant women, it is important to
consider the situations that may make their pregnancies more difficult before the COVID-19
infection. Each individual pregnancy occurs under different circumstances. There are
many factors that can make a pregnancy unique and even high-risk. These factors include
pre-existing health conditions, the mother’s demographics, and lifestyle [16]. Current
data points to the fact that health problems and ranging ethnicities can also influence the
aftermath of the infection and of the pregnancy.

2.1. Ethnicity

Differences in how an individual can respond to and recover from infection have been
proven over time to vary based on a plethora of factors [17]. Ethnicity plays a vital role
in the risk factors of those experiencing COVID-19 [18]. Not only do different ethnicities
have different immune system characteristics due to genetic makeup, but associated factors
also play a role in maternal and fetal outcomes during and after pregnancy, as shown in
Figure 1. There has been an excessive increase in deaths due to COVID-19 in minority
groups when compared with white individuals [19]. This included a striking loss of
life of those younger than 65 years of age, despite the smaller size of these minority
groups in comparison with the non-Hispanic White group. Minority populations are at
a disproportionate disadvantage concerning underlying comorbidities, such as diabetes
and cardiovascular disease (CVD) [19]. A deeper investigation into the correlation between
ethnicity and COVID-19 infection during pregnancy is needed to understand how to best
care for minority individuals.
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Figure 1. Pregnancy is a complex process affected by various factors, some of which are beyond the
scope of the mother’s medical or health-related concerns. With the COVID-19 pandemic, all of these
elements have only worsened (i.e., postpartum depression [20], minority stress [21], and financial
instability [22]).

Black women are three times more likely to die from pregnancy-related causes when
compared to White women [23]. Due to many factors, such as structural racism and
underlying chronic health problems that have a higher prevalence and less control, the
risk of pregnancy-related mortality in Black women is significantly increased [8,24]. For
example, Black women in the US are at a significantly higher risk for CVD, which can
result in significant issues during fetal development [25]. Figure 1 demonstrates some of
the socioeconomic factors that also play a role in this statistic, such as hazardous living
conditions and financial instability.

Perinatal complications such as depression, pre-term labor, hypertensive disorders,
cardiovascular disorders, and postpartum bleeding, are also more likely in Black patients
who are pregnant [23]. Consequently, is there a higher concern for Black women regarding
COVID-19 infection while pregnant? Without a doubt, the COVID-19 pandemic has ex-
acerbated health disparities experienced by vulnerable populations, including the Black
pregnant populations [23]. As data on COVID-19 has evolved, it appears that susceptibility
rates mirror those of the general population and Black pregnant persons are more suscepti-
ble to infection [23]. According to the 2023 update on Heart Disease and Stroke Statistics
by Circulation, peripartum cardiomyopathy is correlated with ethnicity; the highest risk
is demonstrated in women with Black ancestry [26]. Pregnant Hispanic women are also
exposed to a higher probability of being acutely infected by COVID-19 at delivery or being
exposed during pregnancy than their non-Hispanic counterparts [27]. There are many spec-
ulations on why this is an occurrence, and social determinants of health are suspected to be
contributing to this statistic. The proven disparities in both risks of infection and disease
severity among minority pregnant women highlight the need to address and investigate
the drivers of reverberations in these populations.

2.2. Underlying Conditions

Pregnant women with chronic diseases, such as epilepsy, kidney disease, diabetes,
hypertension, and obesity, are at a higher risk of a range of adverse pregnancy out-
comes [28,29]. Current research has found that maternal mortality correlated with a
COVID-19 infection is higher in those with underlying conditions, especially mothers with
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CVD. Pregnancy has many effects on the cardiovascular system, such as an increase in
cardiac output, arterial compliance, and extracellular fluid levels, as well as a decrease in
blood pressure and total peripheral resistance [30]. These changes may also be unmasked
underlying conditions or complications, such as pre-eclampsia, that may need to be mon-
itored and treated appropriately, which makes it a challenge to both obstetricians and
cardiologists [30]. Pre-existing CVD can also be worsened by gestational changes in the
body [30]. Therefore, COVID-19, which has been shown to be associated with cardiovascu-
lar manifestations, presents a further challenge [31]. Patients with cardiac dysfunction are
at risk for developing arrhythmias, pulmonary edema, and congestive heart failure because
they do not tolerate the physiological changes of pregnancy well [32]. If the mother had a
pregestational history of stroke, then pregnancies were associated with pre-term labor or
pre-labor cesarean section [26]. It is important to understand how these conditions may
play a role in a COVID-19 infection in pregnancy to find ways to combat negative effects.

A growing concern for the mother and her child during pregnancy is the relationship
between COVID-19 and hypertensive disorders of pregnancy. Pregnant women diagnosed
with COVID-19 have a higher likelihood of being diagnosed with pneumonia, hyperten-
sive disorders of pregnancy, such as pre-eclampsia or eclampsia, and thromboembolic
disease [33]. Another analysis found that pregnant women who contracted SARS-CoV-2
had notably higher odds of developing pre-eclampsia compared to those who did not have
the infection [33]. A multicenter study conducted in Brazil found that among pregnant
women who tested positive for COVID-19, those with pre-eclampsia had a higher rate of
cesarean section delivery, and their newborns were more likely to require admission to the
neonatal intensive care unit, likely due to complications related to preterm birth [34]. This
is particularly concerning as hypertensive disorders affect 5% to 6% of all pregnant women
and are the primary causes of maternal and fetal morbidity [35]. These findings indicate
that pregnant women with both SARS-CoV-2 infection and pre-eclampsia experience a
more severe clinical manifestation of the disease and are at higher risk of maternal and
neonatal morbidity in comparison to those with either COVID-19 or pre-eclampsia alone.

Diabetes is another concern for an underlying condition that could make COVID-
19 symptoms worse in pregnant women. An article has shown that pregnant women
with COVID-19 who are of non-White ethnicity, older, overweight, and have pre-existing
maternal conditions like chronic hypertension and diabetes, as well as pregnancy-related
complications, such as gestational diabetes and pre-eclampsia, are at a higher risk for
severe COVID-19, admission to an intensive care unit, invasive ventilation, and maternal
death [36]. Additionally, women who had pre-existing diabetes mellitus were reported to
have almost twice the possibility of contracting COVID-19 [37]. The increased risks for
pregnant women with diabetes emphasize the importance of taking necessary precautions
to prevent contraction and ensure a safe pregnancy.

There are many health concerns attributed to obesity that can lead to severe complexi-
ties during pregnancy, and in turn, during a COVID-19 infection. The immune system and
mechanisms that defend the body are negatively affected by obesity. This is because obesity
is associated with chronic activation of the immune system and inflammation, which can
have negative effects on the immune system’s functionality [38]. Individuals with obesity
have characteristics of a decrease in chest wall compliance, respiratory muscle strength
and function, lung volumes, and peripheral airway size [39]. Therefore, decreased immune
and respiratory function attributed to obesity can present specific risks to both COVID-19
and pregnancy.

It is apparent that pregnant women between the ages of 35 and 44 are at increased
risk for severe disease, four times as likely to require ventilation, and twice as likely to die
than nonpregnant women in the same age group [27]. Understanding these underlying
conditions is crucial as it can allow for more personalized care plans to alleviate the
increased risks associated with COVID-19 and pregnancy, which can improve both maternal
and fetal outcomes.
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3. Effects of COVID-19 Infection on Maternal and Fetal Health

Initially, it was unclear the impact a COVID-19 infection would have on pregnant
individuals and their offspring. There has been evidence of past outbreaks of viral infections,
specifically respiratory illnesses, such as the Middle East respiratory syndrome, ending
poorly for both mother and baby [40]. There is also evidence to support that pregnant
women are at an increased risk for more severe infections of the influenza virus, hepatitis
E virus, herpes simplex virus, as well as malaria parasites [41]. At first, it was believed
that because of the weakened immune system during pregnancy, they are more at risk
for encountering COVID-19 [42]. However, it has been indicated that pregnancy does
not raise the risk of contracting the disease, but it has the possibility to result in acute
illness [27,43]. The CDC states that if an individual is pregnant or was recently pregnant,
they are more likely to become severely ill from COVID-19 compared with those who are
not pregnant, meaning that the individual may need hospitalization, admission into an
ICU, and potentially a ventilator or other device to help them breathe [44–46].

Some earlier observations during the pandemic, including one published in November
2020, concluded that a COVID-19 infection in pregnancy was not associated with adverse
maternal and fetal health outcomes [45]. Although, over the last three years, more data
has been collected and published as the virus has evolved, that conclude that COVID-19
could very well be correlated with dire consequences in pregnancy. A recent meta-analysis
published concluded that infection of SARS-CoV-2 in pregnancy at any time leads to an
increased incidence of maternal mortality, maternal morbidities, and adverse newborn
outcomes. It was found that those with an infection had a higher risk for several fatal
effects, such as hypertensive disorders of pregnancy, pre-eclampsia or eclampsia, pre-
term labor, and thromboembolic disease. The analysis included data from 12 studies and
included 13,136 pregnant individuals from 12 different countries [5]. A systematic review
also found that an increased risk of pre-eclampsia and pre-term birth is associated with a
COVID-19 infection [46]. Pre-eclampsia has been associated with cardiovascular sequelae,
such as hypertension and altered vascular function in the neonate. It is also a major cause
of maternal morbidity and is connected to fetal health concerns [47]. More information
on COVID-19 and pre-eclampsia is needed as it is a concern both for mother and baby,
and COVID-19 infections could be contributing to increased incidence of developing
the condition.

Furthermore, the gestational age can vary the turnout of COVID-19 infection in preg-
nancy. There are varying data on whether the incidence of adversities is higher in those
at a lower gestational age or a higher one. A retrospective cohort study conveyed that a
first- or second-trimester infection accounted for an increase in pre-term labor and still-
birth. The results concluded that regardless of the severity of the COVID-19 infection,
pregnant people are at an increased risk for pre-term birth. The infected individuals were
unvaccinated, highlighting a need for information on maternal infections in vaccinated
mothers [48]. However, a different investigation concluded otherwise: that an infection in
the first trimester showed no evidence of increased complications in the pregnancy [49].
The outcomes of COVID-19 in pregnancy should be further examined based on gestational
age to understand how the two are correlated.

3.1. Risk of Stillbirth or Miscarriage

According to the CDC, a miscarriage is defined as the loss of a baby before 20 weeks
of gestation or before viability, and stillbirth is defined as a loss of a fetus after 20 weeks
of gestation [50]. Approximately 1 in 100 pregnancies at or after 20 weeks gestation is
impacted by stillbirth [51,52]. There are some circumstances that can greatly higher the risk
of an individual having a stillbirth, including being overweight or obese, being 35 years
of age or older, and having pre-gestational and gestational medical disorders, such as
hypertension and diabetes [53]. In total, 15.3% of pregnancies end in miscarriage, and risk
factors for miscarriage include age, body mass index (BMI), and ethnicity [54]. Maternal
infection in previous coronavirus epidemics has been linked with a higher incidence of
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pregnancy losses and miscarriage [55]. Furthermore, it has been a question since the
beginning of the pandemic whether the same applies to COVID-19. As of today, COVID-19
has been proven to potentially have adverse effects on pregnant women and their fetuses,
but there are still gaps in the literature to conclude whether infection with COVID-19 may
or may not have a causal or correlational relationship with stillbirth or miscarriage.

Studies have been conducted to determine how infection of COVID-19 plays a role
in the incidence of miscarriage, but the results are varied. COVID-19 appears to increase
the risk of delivering a stillborn infant, according to the CDC [56,57]. However, a study
published in early 2021 concluded that there was no difference in the cumulative incidence
of miscarriage between those infected with the virus and the control group [58]. Eleven
percent of the cases of infection ended in first-trimester pregnancy loss, and 9.6% of the
control cases ended in a first-trimester loss and concluded that SARS-CoV-2 infection in
the first trimester does not appear to cause early pregnancy loss as the difference was not
considered significant [58]. Similarly, another article demonstrated that pregnant women
with a self-reported COVID-19 infection had a 14% rate of miscarriage, compared to 5% in
a group who were uncertain of their infection status and 8% in the presumed uninfected
group [57]. The risk of early miscarriage did appear to be higher among women with a
self-reported infection than those without an infection of COVID-19, but this data was not
concluded to be statistically significant [57]. It was concluded by an analysis performed
in 2021 that the miscarriage rates of pregnant people with COVID-19 seemed to be in the
range of the rates in negative pregnant people. However, these results were limited by a
small number of cases and lacked proper controls. It also concluded that the presence of
symptoms during the acute phase of COVID-19, plasma viral load, severity, and obstetrical
risk factors seem to increase the prevalence of miscarriage for women with a SARS-CoV-2
infection [58].

3.2. Postpartum Difficulties

Furthermore, investigating the effects of the infection during pregnancy in the post-
partum period is important as well because although the pregnancy has ended, the mother
may still be dealing with the ramifications of the infection. Because long-term outcomes of
COVID-19 infections are not fully known at this point, as the pandemic began only three
years ago, this makes determining the effects on the mother immediately after birth and
forward more complex. Continued research, including long-term studies, is needed to
determine the postpartum risks of a COVID-19 infection in pregnancy. Controversy has
arisen as to whether COVID-19 is spreading through breast milk from mother to baby.
However, it is not apparent that transmission of COVID-19 occurs through breast milk [59].
Having to stop breastfeeding abruptly can be a challenging and distressing experience
for new mothers. While breastfed infants have tested positive for COVID-19, the mode of
infection cannot be determined, and it is not recommended to interrupt breastfeeding.

There are other potential long-term complications for the mother after giving birth.
Circulation by AHA found that women who had at least one pregnancy before menopause
and those who experienced pre-eclampsia during their pregnancy were at a higher risk of
stroke later in their lifetime [11,59]. With the prevalence of pre-eclampsia in COVID-19-
infected mothers, these statistics raise a concern about the long-term effects of the infection
on not just the neonate but also the mother.

3.3. Potential Adverse Effects on Fetus

There is little evidence to support whether mothers infected by COVID-19 transmit
the virus to the fetus in utero. It has been demonstrated by the Boston University School of
Medicine that Angiotensin-Converting-Enzyme 2 (ACE2) is found in lower concentrations
in the placentas of those infected by COVID-19 compared to those pregnancies without
infection [60]. It is currently known that the SARS-CoV-2 virus binds to ACE2 using a
spike-like protein, acting as a cellular doorway for the virus [61,62]. Hence, because the
placenta sheds these ACE2 receptors, it can be interpreted that the body performs this
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to protect the fetus from the virus. However, this phenomenon needs to be investigated
deeper to form a solid conclusion.

Vertical transmission is defined as the possibility of an infection transmitting to the
fetus from the mother before or during delivery or to the neonate after the delivery [57].
Furthermore, Figure 2 demonstrates the three possible ways that vertical transmission
may occur. Vertical transmission is a rare incidence of COVID-19 infections, but there
has been some evidence that it occurs in some cases, and the literature has no consensus
on if it occurs and how it occurs. According to a systematic review conducted in 2021,
vertical transmission of COVID-19 was found in 3.2% of the cases by infant nasopharyngeal
swab testing. From this data, it is evident that vertical transmission is possible and does
occur, albeit rarely [63]. This study highlighted the need for information on how the
gestational age of the pregnancy plays a role in the incidence and severity of a case of vertical
transmission. On reviewing the effect of infection on fetal health, vertical transmission was
of high concern, especially during the beginning of the pandemic. Long-term investigations
would be needed to explore the possible effects of infection during pregnancy.
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Figure 2. With most infectious diseases, as well as COVID-19, vertical transmission can occur in
three ways: intrapartum transmission (top), transplacental transmission (middle), and intrauterine
transmission (bottom). Intrapartum transmission (A) happens when neonates are exposed to maternal
blood or an environment containing the COVID-19 virus. Transplacental transmission (B) occurs
when the virus crosses the protective placental barrier and infects the fetus. Intrauterine transmission
(C) happens when the virus is swallowed by the fetus through amniotic fluid.

When assessing a group of COVID-19-positive mothers in 2020, 6.6% of neonates were
found also to be COVID-19 positive; however, biological samples from the time of birth,
such as cord blood, placental membrane, vaginal fluid, amniotic fluid, and peritoneal fluid
from C-sections all tested positive, and so the study concluded that vertical transmission
was not a possibility [64]. As mentioned in Figure 2, intrapartum transmission may
have occurred after birth, where the babies may have been exposed to the virus after
birth. However, there is no evidence of how the vertical transmission may have occurred.
Conclusively, the neonates were discharged after two weeks with all routine immunizations,
having shown no severe reactions to infection [64]. In yet another case, a baby tested
positive 36 h after birth to an asymptomatic mother, and it was concluded that in utero
transmission must have occurred [65].
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While vertical transmission of the virus has not been observed in an overwhelming
number of cases, there is still potential for maternal immune activation [66]. When maternal
immune activation occurs, it has been stated that an impact on the developing fetal brain
is likely. A case report published in April showed that two infants born to mothers who
had COVID-19 during the second trimester were born with fatal brain injuries [67]. One
infant was born prematurely and later died from an episode of asystole cardiac arrest.
The other infant was born at full term and tested positive for SARS-CoV-2 at birth. The
infant has suffered from clinical seizures, microcephaly, significant neurological delay, and
multiple respiratory infections and is now in hospice [67]. Though cases like these are rare
occurrences, they still raise a concern about the exact mechanisms under which they may
have occurred at all. As discussed in earlier sections, the underlying conditions, ethnicity,
associated factors, genetics, and vaccination status of the mother could also play a role since
the mothers were of a minority ethnicity [63]. Another study concluded that among the
offspring exposed to COVID-19 in utero, there was a higher risk for male offspring to have
a neurodevelopmental diagnosis one year after birth. This is an association that needs to be
further examined on a larger scale, as this was limited by a smaller cohort of infants [68].
Aside from neurological concerns, it has also been reported that COVID-19 infection in the
third trimester could cause fetal kidney developmental injury [69]. This article included
a limited number of newborns, and this conclusion needs to be investigated further on a
larger scale.

In a contradictory observation, intrauterine vertical transmission was found to be a
rare issue in COVID-19 during pregnancy which may lead to placental dysfunction. Upon
assessing neonatal outcomes, the study concluded that the results were not severe [70].
Clinical observation also confirms this finding, where there were no serious effects on the
neonate [71]. Comparing these cases above shows us two potential ramifications: one
where vertical transmission has led to dire consequences for the baby and one where
the effects are not grave. Most literature shows that vertical transmission of COVID-9 is
rare [72], but if it is transpiring and has a possibility to affect future generations, then it
should certainly be investigated. Despite these concerns, many studies show evidence that
the transplacental transfer of antibodies occurs between the mother and the fetus, whether
it is in the form of infection or vaccination [73–75]. Notably, the role of vertical transmission
in fetal health is clearly undescribed and needs to be researched further.

4. COVID-19 Vaccination in Relevance to the Pregnant Populations

In the first few months of the rapid emergence of the COVID-19 virus, research was
conducted on the adverse effects of the disease on every population, including men, women,
the elderly, children, as well as pregnant women. Reviews performed in 2020 show that
pregnant women infected with COVID-19 experienced a greater number of admissions to
the ICU, cesarean deliveries, and an on-average higher rate of pre-term deliveries [76].

However, a lot of research funding was also directed toward creating a vaccine for
the new disease. Factors that aided such a fast production and distribution of the vaccine
included the past knowledge of coronaviruses, worldwide collaboration of scientists and
leaders, funding, and especially mRNA technology [77]. Despite this feat of technology, it
raised a significant concern when COVID-19 vaccines were first introduced to the pregnant
population, where the dilemma concerned reducing the higher risks of mortality associated
with COVID-19 infection during pregnancy but not without considering the ethics of testing
and delivering vaccines on pregnant individuals.

This concern was proliferated by the fact that the vaccine-making process had been
completed within a year, and the results of clinical trials on pregnant women had not been
included [78–80]. Even a year after the emergence of the virus, a review of the COVID-19
vaccine clinical studies reports that clinical trials were performed on the vaccines ChAdOx1
nCoV-19, BNT162b2, mRNA-1273, and Ad26. COV2.5 and NVX-CoV2373 were all shown
to have an efficacy of at least 70% in their respective tested populations, but results on
the efficacy on pregnant and breastfeeding women were not tested [80]. A poll conducted
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in 16 different countries showed that even with 90% COVID-19 vaccine efficacy, only
52% of pregnant women were considering receiving the vaccine. The primary concerns
were confidence in vaccine safety, COVID-19 itself, belief in the importance of vaccines
in the specific country compliance to mask guidelines, and general trust of public health
agencies [81–83]. To clear vaccination safety for pregnant individuals, substantial evidence
was imperative. In April 2021, the CDC first highlighted new data regarding the safety
of COVID-19 vaccination and concluded that it was safe for pregnant women to get the
vaccine, and that would aid in countering any adverse effects on their pregnancy in the
case of exposure or even infection [84]. Since then, researchers have been able to report on
the effects of the vaccines on this vulnerable population.

4.1. Effects of COVID-19 Vaccination on Pregnancy

Studies have been reporting on some of the more common side effects of vaccination
in pregnant women. This data is relatively recent, as vaccination for pregnant women
was only cleared and recommended by the CDC in 2021 [84], and only afterward were
researchers able to gain access to the specified population and any effects they may have
had. Injection-site discomfort was the most common unpleasant response, noted to affect
both pregnant and non-pregnant women who received vaccinations. Upon the second dose,
the incidence of adverse reactions increased and included tiredness, migraines, shivers,
malaise, rash, and vomiting. Even though these effects were noted, vaccination was
not shown to have gestational or delivery impacts compared to unvaccinated pregnant
women, with no significant differences in gestational hypertension or thrombosis, as well
as incidence or premature birth, endometrial break, or unexpected ICU admission [83].
In a retrospective observational study, acute adverse events were noted up to 21 days
after vaccination in pregnant women, namely lymphadenitis, acute myocardial infarction,
appendicitis, Bell’s Palsy, cerebral venous sinus thrombosis, hemorrhagic and ischemic
stroke, seizures, pulmonary embolism, and venous thromboembolism. These events did
not occur with a significant difference between the vaccinated and unvaccinated groups
but were of higher probability in the unvaccinated group [84].

There are concerns about whether vaccination of the mother in the first few weeks
of pregnancy is related to spontaneous abortion of the fetus. One demonstrated that
spontaneous abortions were the most reported adverse event in vaccinated mothers, with
most cases occurring in the first trimester [85,86]. However, most literature shows that the
risk of spontaneous abortion is not significantly increased in vaccinated mothers [87–93].
However, if there are cases in which vaccinations correlate with adverse effects on the fetus
in the initial stages of pregnancy, then it should not be overlooked. There may be other
aspects relating to the mothers’ health and stress conditions that may have contributed to
these results and should be researched to prevent further occurrences.

4.2. COVID-19 Vaccination Timing in Pregnant Women

As differences in outcomes have been shown with the timing of infection of the mother
during pregnancy, the timing of vaccinations was also examined in the literature for any
correlations with effects on maternal and fetal health, either beneficial or harmful. An inves-
tigation compared pregnancy complications in pregnant women who were unvaccinated
to pregnant women who had received at least one dose of the COVID-19 vaccine during
the second and third trimesters [93]. The pregnant women that were vaccinated were at a
similar risk for stillbirth, fetal abnormalities, postpartum hemorrhage, cesarean delivery,
small gestational size of the neonate, maternal high-dependency unit for intensive care
admission, or neonatal care unit admission. Intrapartum pyrexia, however, was increased
in the vaccinated group, but this significance was lost after excluding women who were
also infected with COVID-19 during their pregnancy. A case study found that a mother
who was vaccinated during the third trimester of her pregnancy delivered a baby that
obtained passive immunity [94]. Overall, the literature presents that vaccination is not
associated with a higher risk of pregnancy difficulties and, for the time being, is a safe
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practice for pregnant women. Even with emerging variants of concern of the SARS-CoV-2
virus, such as Delta or Omicron, and their associated increased adverse maternal and fetal
outcomes, vaccination has proven to be reducing severe maternal complications [95–97].

5. Conclusions and Future Directions

The COVID-19 pandemic presented a new obstacle for the entire world, especially
for those groups who are most vulnerable. The most susceptible groups in this pandemic
include people of ages 50 years or older, those with underlying health conditions and
compromised immunity, and pregnant women [98]. The CDC also identifies that there
are ethnic and socioeconomic disparities in populations prone to infection, and these
discrepancies could be a great cause for concern in pregnant populations [98]. Moreover,
pregnancy brings many physiological changes that have the potential to change the way
the body fights an infection, such as COVID-19, as discussed previously. It is important to
continue expanding on how COVID-19 can affect pregnant persons and their offspring to
determine the best method of care and protection against the virus.

Preexisting conditions of the mother, especially CVD, can contribute to unfavorable
events in pregnancy during a COVID-19 infection [99]. Ethnicity certainly plays a significant
role, as even before the pandemic, non-Hispanic Black mothers faced a higher maternal
mortality rate than their non-Hispanic White counterparts [100]. During pregnancy, Black
women are more likely to experience difficulties, such as peripartum cardiomyopathy, than
White women [101,102]. This is due to biological and psychological factors combined,
including the stress of being a part of a minority group in the U.S. [7]. Furthermore,
only a small number of reports have examined COVID-19-infected mothers that are of
Hispanic descent, which is a concerning matter considering that this is a minority group
highly susceptible to being infected and less likely to be vaccinated due to the various
socioeconomic factors on their part.

COVID-19 has proven to be correlated with potential adverse outcomes for both
mother and baby, including increased need for admittance to ICU, higher ventilation rate,
CVD, preterm delivery, and altered neurodevelopment in offspring. Although there is
some data to support these occurrences, more investigation is needed to confirm exactly
what the risks are, especially as the virus has continued to appear in variants. The results
of whether COVID-19 is correlated with a higher risk of miscarriage or stillbirth vary, but
the literature shows that if there is a greater incidence, it is not a significant one. Long-term
clinical trials will be needed to determine how the infection affects the mother and their
offspring during and after the postpartum period. There are observations that focus on
neurodevelopmental outcomes in offspring after a COVID-19 infection; however, they can
only draw results from the first year or two of the life of the baby as infections only began
three years ago [69,76]. Additional data is needed to investigate this, especially focusing on
the age, ethnicity, and any underlying conditions in the pregnant person, as these categories
have been previously overlooked due to ethical concerns and the lack of access to certain
populations. Furthermore, vaccination is important for pregnant persons as it is the best
way to protect against the virus. The overall protection the vaccine offers outweighs the
slight risk of an adverse event. However, if negative effects are in place, then they should
not be disregarded for the purposes of promotion of vaccination.

Since the pandemic began only three years ago, comprehensive data is inadequate
for reliable presumptions about the effects of the pandemic on pregnancy. COVID-19 has
influenced the world and especially those groups who are most vulnerable. It is important
to evaluate COVID-19 infections in these groups to best prevent and mitigate an infection
of COVID-19 during pregnancy for improved maternal and fetal health. While current
literature highlights outcomes of COVID-19 in pregnancy, more research and data are
needed to draw definite conclusions on the long-term, widespread impact of COVID-19
on pregnancy.
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