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Populations identified to be severely affected by COVID-19, such as pregnant patients, require special
consideration in vaccine counseling, access, and provider education. Maternal infection with COVID-19
poses a significant risk to the maternal-fetal dyad with known adverse placenta destruction [1-5]. Despite
the widespread access and availability of vaccinations, vaccine hesitancy continues to persist and is highly
prevalent in pregnant populations [6-9]. Addressing the multitude of social ecological factors surrounding
vaccine hesitancy can aid in providing holistic counseling [10]. However, such factors are foremost shaped
by maternal concern over possible fetal effects from vaccination. While changes in policy can help foster
vaccine access and acceptance, increasing global provider education and incorporation of motivational
interviewing skills are the first steps towards increasing maternal acceptance.

INTRODUCTION

Human vaccination continues to be a vital and
life-saving achievement throughout modern history. Ac-
cording to the United States Centers for Disease Control
and Prevention (CDC), 4 million deaths are prevented
yearly from childhood vaccination [11]. However, despite
the widespread access and availability of vaccinations,

vaccine hesitancy continues to persist. Furthermore, a
significant spike in vaccination hesitancy has occurred
during the COVID-19 pandemic with the newly created
COVID-19 vaccines. This hesitancy has expanded to
disapproval of other commonly accepted vaccines, such
as the measles-mumps-rubella (MMR) vaccine, causing
an increase in the incidence of childhood measles [12].
In particular, minority groups and populations at high
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risk for poor outcomes and those identified to be severe-
ly affected by COVID-19 need special consideration in
vaccination counseling, access, and provider education.
Maternal infection with COVID-19 poses a severe risk
to the maternal-fetal dyad and requires closer attention as
prior research has shown higher levels of vaccine hesitan-
cy in pregnant populations [1-3,13-16]. We aim to discuss
maternal and neonatal outcomes of COVID-19 infection,
the consequences to the mother, fetus, and placenta of
being unvaccinated for COVID-19, development of the
COVID-19 vaccine, vaccine approval in pregnancy, vac-
cine hesitancy in pregnant populations, and motivational
interviewing in vaccine acceptance.

METHODS

This review article was conducted using the follow-
ing databases: Medline, PubMed, and Scopus. The initial
search revealed over 5082 results. After careful selection,
the authors chose articles with the following criteria: fa-
voring articles published in the last 5 years, article type
limited to systematic reviews, peer-reviewed journal arti-
cles, randomized controlled trials, and/or book chapters.
Additionally, guidelines and articles from national orga-
nizations, such as the CDC, were also sourced. A detailed
review of all articles was performed, and 78 articles were
selected for use with careful attention made by the au-
thors for avoidance of bias.

OUTCOMES FROM COVID-19 VACCINE
REFUSAL IN PREGNANCY

Maternal Effects of COVID-19 Vaccine Refusal

Pregnancy exacerbates the clinical course of SARS-
CoV-2 causing more severe disease [17]. Whether a pa-
tient was asymptomatic or symptomatic, those who are
infected have a higher risk of rapid deterioration, severe
disease, and death. COVID-19 in pregnant individuals
has shown higher rates of preeclampsia, gestational
diabetes, thrombotic disease, preterm birth, low birth
weight, severe obstetrical hemorrhage, intra-amniotic in-
fection, pulmonary morbidity, oxygen therapy, cesarean
delivery, admission to intensive care unit (ICU), and need
for ventilatory support [18-21]. Some of these adverse
outcomes in pregnant women may be due to the effects
of SARS-CoV-2 on the placenta. SARS-CoV-2 enters the
body and infects pulmonary cells by binding to the an-
giotensin-converting enzyme 2 receptor (ACE2). ACE2
is expressed on various organs in the body, including the
placenta [21]. This could provide an explanation for the
higher rates of preeclampsia, fetal growth restriction,
and preterm birth occurring in pregnant women having
COVID-19. Advanced maternal age, gestational age, and

existing hypertension are significantly associated with
worse maternal outcomes [21]. These adverse effects of
COVID-19 jointly effect the maternal-fetal dyad.

Maternal vaccination to COVID-19 has shown sig-
nificant reduction in overall maternal mortality during
pregnancy. In a systematic review by Rahmati et al.,
they found that vaccinated patients had reduced risks of
SARS-CoV-2 infection by 60% (41%-73%), COVID-19
hospitalization during pregnancy by 53% (31%-69%),
and intensive care unit admission by 82% (12%-99%).
They saw no increase in maternal adverse outcomes
during pregnancy including gestational diabetes, gesta-
tional hypertension, unassisted vaginal delivery, cesarean
section, postpartum hemorrhage, and placental abruption
[22].

Fetal Effects of COVID-19 Vaccine Refusal

Maternal COVID-19 vaccine refusal can potential-
ly affect the fetus in three ways. Firstly, unvaccinated
pregnant women are at high risk for developing severe
morbidity from SARS-CoV-2 infection, especially in
women with co-morbidities. These morbidities include
but are not limited to pneumonia and respiratory distress
syndrome, need for mechanical ventilation, acute myo-
cardial infarction, sepsis syndrome, coagulopathy and
thrombosis, hemorrhage and shock, and hypertensive
disease [14,23-25]. All of these conditions are potentially
harmful, and even life-threatening to the fetus because
they affect the mother’s cardiovascular system and can
inhibit the adequate maternal perfusion and oxygenation
of the placenta, causing fetal hypoxia.

As the COVID-19 pandemic developed, studies of
pregnant women infected with SARS-CoV-2 revealed
increased risk for adverse neonatal outcomes [26]. How-
ever, the relationship between maternal SARS-CoV-2
infection and stillbirth initially remained uncertain during
the early phases of the pandemic [3,27-29]. It has now
been unequivocally demonstrated that COVID-19 during
pregnancy is associated with an increased risk for still-
birth [30]. The CDC in Atlanta, GA, analyzed 1 249 634
hospitalizations from March 2020 to September 2021,
and found pregnant women having COVID-19 were at
increased risk for stillbirth compared with uninfected
women (adjusted relative risk (aRR) = 1.90; 95% CI =
1.69-2.15) [15]. This association was highest during the
period when the SARS-CoV-2 B.1.617.2 (Delta) variant
circulated in the community. In Scotland, Stock et al.
analyzed the clinical outcomes of 2364 infants delivered
to vaccinated and unvaccinated mothers from December
1, 2020 to October 31, 2021 [31]. There were 11 still-
births and eight live-born infants who died in the neona-
tal period, all occurring in unvaccinated mothers. At the
close of study enrollment, COVID-19 vaccine coverage
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remained significantly lower among pregnant women
when compared to non-pregnant childbearing-age wom-
en — just 32.3% of women giving birth in October 2021
had received two vaccine doses in contrast to 77.4% of all
women. Prasad et al. performed a systematic review and
meta-analysis examining perinatal outcomes between 66
067 COVID-19 vaccinated and 424 624 unvaccinated
pregnant patients and found vaccination was associated
with a 15% reduction in stillbirths [32].

A multicenter cohort study at Providence St. Jo-
seph Health system examined 86 833 pregnant patients
and found significantly lower stillbirth in vaccinated
women (p<0.01) [33]. Furthermore, they found patients
who were vaccinated and boosted had significantly low-
er rates of preterm birth (p<0.05), stillbirth (p<0.01),
small for gestational age (SGA) (p<0.05), and very low
birthweight babies (VLBW) (p<0.01) when compared
with those pregnant women who had been vaccinated
for COVID-19 but had not receive a third booster dose
5 months after completing the initial vaccination series.

In Switzerland, Favre et al. evaluated the multicenter
Swiss COVI-PREG registry to examine the associations
between maternal COVID-19 vaccination and stillbirth
[34]. They found that among 1012 women in Switzerland
who had been administered at least | dose of mRNA vac-
cine between March 1 and December 27, 2021, there was
no increase in adverse pregnancy or neonatal outcomes
compared with historic data on background risks, and no
stillbirths reported [34]. In a recent meta-analysis, Rah-
mati et al. evaluated the association between maternal
COVID-19 vaccination and perinatal outcomes includ-
ing 862 272 individuals (308 428 vaccinated and 553
844 unvaccinated) reported in the medical literature up
to November 2022 [22]. Stillbirth risk showed a reduc-
tion of 45% (17%-63%) in association with vaccination.
Maternal vaccination was associated with a decreased
probability of preterm birth at levels of 15% (3%-25%),
33% (14%-48%), and 33% (17%-46%) before 37-, 32-
and 28-weeks’ gestation, respectively, when compared
with unvaccinated mothers. The necessity for neonatal
intensive care was significantly lower by 20% when preg-
nant mothers had received the COVID-19 vaccine (16%-
24%). An important multicenter cohort study by Hui et al.
has provided evidence that maternal vaccination against
SARS-CoV-2 results in a decreased risk of stillbirth
when compared with unvaccinated women [35]. This ret-
rospective study conducted at 12 maternity hospitals in
Melbourne, Australia and evaluated the clinical perinatal
outcomes of 17 365 women who received >1 doses of the
mRNA COVID-19 vaccine before or during pregnancy,
comparing this data with 15 171 unvaccinated pregnant
women during the period from July 1, 2021 to March 31,
2022. The vaccinated mothers had a lower rate of stillbirth
compared with the unvaccinated cohort (0.2% vs 0.8%;

adjusted odds ratio, 0.18; 95% CI, 0.09-0.37; P<.001).
When these data were stratified for gestational age, this
association was statistically significant only for preterm
stillbirths [35]. Morgan et al. compared the frequency
of perinatal death between 2069 pregnant patients who
completed COVID-19 vaccination series with 13 796
unvaccinated patients within the Ochsner Health System
in Louisiana between January 1% and December 3152021
[26]. The results demonstrated that vaccination was as-
sociated with a lower incidence of perinatal death (0.5%
vaccinated group vs 0.8% unvaccinated group, aOR 0.20
0.05-0.88). Maternal COVID-19 vaccination was also as-
sociated with lower rates of preterm delivery (aOR 0.63,
0.48-0.82), VLBW (aOR 0.35, 0.15-0.84), and necessity
for NICU (aOR 0.66, 0.52-0.85).

Placental Effects of COVID-19 Vaccine Refusal

It is important that the placenta, the largest of fetal
organs, functions properly to ensure its ability to support
oxygenation and nutritional support of fetal growth and
development. In addition, the placenta serves as the first
line of defense against infectious diseases. The mater-
nal-fetal interface is a complex structure that regulates
hormonal, biochemical, and maternal immunological
factors that are necessary for fetal development. This in-
terface consists of cytotrophoblasts which have a prolif-
erative capability, and the syncytiotrophoblast, which are
multinucleated and fused terminally differentiated cells.
It is the syncytiotrophoblast that covers the surface of the
chorionic villous trees, where it is in direct contact with
maternal blood flowing through the intervillous space.
The syncytiotrophoblast layer is the most important cel-
lular component of the maternal-fetal interface, is strong-
ly resistant to infection from numerous infectious agents,
and provides a critically important function in protecting
the fetus against viruses and other pathogens [4,36,37].

Multiple clinicopathological studies have established
that SARS-CoV-2 can infect the placenta and result in
significant pathological changes to that vital fetal organ
[5,38-44]. The most common findings include chronic
histiocytic intervillositis (CHIV), increased perivillous
fibrin deposition that in the majority of placentas reaches
the level of massive perivillous fibrin deposition (MPFD),
and trophoblast necrosis. MPFD and CHIV are unusual
placental abnormalities that were rarely observed in pla-
centas prior to the COVID-19 pandemic. The simultane-
ous result of these three pathologic findings in placentas
infected with SARS-CoV-2 from pregnant women with
COVID-19 has been termed “SARS-CoV-2 placentitis”
by Watkins et al. [40]. Additional pathological findings
can accompany SARS-CoV-2 placentitis that include
findings of maternal vascular malperfusion (MVM) and
fetal vascular malperfusion (FVM), villitis, hemorrhages,
and thrombohematomas [38]. Schwartz et al. examined
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placentas from 64 stillborn fetuses and four early neona-
tal deaths from 12 countries that were confirmed using
immunohistochemistry or nucleic acid methodology to
have infection with SARS-CoV-2. In all 68 cases the
mother had not received vaccination for COVID-19 [39].
Findings demonstrated that all 68 placentas had severe
destructive pathology resulting from SARS-CoV-2 pla-
centitis, and that there was coexistent CHIV, increased
fibrin deposition or MPFD, and trophoblast necrosis in
97% of placentas. The severity of tissue necrosis was
striking as the average infected placenta had 77.7% tissue
destruction resulting from widespread involvement with
SARS-CoV-2 placentitis; many placentas had >90% of
the parenchyma destroyed. Placental tissue destruction to
this extent must significantly impede the capability of the
placental vascular network to deliver adequate oxygen
and nutrients to the fetus to maintain its viability and is
thus incompatible with fetal survival. It was concluded
that the placental destruction and resulting insufficiency
from SARS-CoV-2 placentitis and consequent severe
fetal hypoxia produced a hypoxic-ischemic fetal or
neonatal demise. Additional studies have confirmed that
placental destruction from SARS-CoV-2 placentitis can
result in stillbirth in pregnant women who have not re-
ceived the COVID-19 vaccine. In Sweden, Zaigham et al.
described five stillborn fetuses from unvaccinated moth-
ers with COVID-19 in which all placentas were infected
with SARS-CoV-2 and had developed SARS-CoV-2 pla-
centitis and tissue destruction [42]. A report from Greece
by Konstantinidou et al. described six stillborn fetuses
from unvaccinated mothers with SARS-CoV-2 infection
during pregnancy, with all placentas exhibiting SARS-
CoV-2 placentitis [30].

When examined together, the placental pathology,
clinical and epidemiologic studies strongly suggest that
COVID-19 vaccination of pregnant women may prevent
stillbirth. Vaccination probably does this via a mechanism
of inhibiting maternal viremia and development of pla-
cental infection, thus preventing the formation of SARS-
CoV-2 placentitis and placental insufficiency. It appears
highly unlikely that the lack of maternal vaccination is
coincidental in the multiple reports of SARS-CoV-2 pla-
centitis associated with stillbirths and neonatal deaths.

Effects of COVID-19 Herd Immunity on Pregnancy
and Vaccine Refusal

Following 4 years of global COVID-19 infections
there are scant current data on the effects of herd immu-
nity to SARS-CoV-2 and its relationship to pregnancy
outcomes in unvaccinated persons. Recent data from
the Centers for Disease Control and prevention indicate
that the COVID-19 vaccine remains an effective method
for prevention of neonatal morbidity and hospitalization
during the Omicron subvariant predominance, a time

when community herd immunity to SARS-CoV-2 is high
[45]. The Omicron variants have produced large numbers
of infections due to their highly contagious nature, and
that plus continued distribution of COVID-19 vaccines
including the BA.4/BA.5-Adapted Bivalent Booster has
increased herd immunity to the virus. This has had the
effect of reducing overall morbidity and mortality from
COVID-19 during the Omicron variant surges among
pregnant persons, and especially among unvaccinated
individuals [46].

COVID-19 VACCINATION

Mechanism of Action Vaccine—mRNA

The Coronaviridae are a family of viruses that cause
a range of upper respiratory tract illnesses in humans,
with the most severe manifestations resulting in acute re-
spiratory distress syndrome, pneumonia. and multiorgan
disease syndrome. Human-to-human transmission occurs
through close contact, respiratory secretions, and aero-
sols. SARS-CoV-2 is a coronavirus that is an enveloped,
positive-sense, single-stranded RNA virus containing 12
open-reading frames encoding protein, including four
structural proteins: envelope, membrane, nucleocapsid,
and lastly, the spike protein [47]. The molecular mecha-
nism of host entry is through the surface spike glycopro-
tein (S protein). The S protein is composed of a region
that attaches to the ACE2 receptor found commonly in
the respiratory epithelial cell, and which facilitates fusion
of the host and virus membranes [48]. This spike protein
represents the primary target for neutralizing antibodies
and current vaccines. The two most popular COVID-19
vaccines are Moderna and Pfizer-BioNTech vaccines
that are mRNA vaccines administered intramuscularly.
They stimulate both cellular and humoral immunity. The
mRNA codes for the spike protein of the virus and is
included in a lipid nanoparticle that once injected intra-
muscularly into the human body, it attaches to host cells,
inserts its mRNA into the cytoplasm, and synthesizes the
viral spike proteins. The proteins are then recognized by
antigen presenting cells (APCs), such as dendritic cells,
macrophages, and B cells, which have MHC-1 and MHC-
2 molecules on their surface. The binding of the protein
acts as an antigen to the MHC molecules and leads to
the immune recognition of cytotoxic T cells and helper
T cells. This leads to production of cytokines that cause
B cells antibodies that target the viral spike protein and
memory T-cell proliferation [49,50]. Presentation of the
spike proteins by MHC-1 proteins to the T-cell receptors
of CD8+ T-cells also result in the production of cytotoxic
T-cells which causes the death of virus-infected cells and
helps further amplify the immune response [49,50]. An-
other popular vaccine was the Johnson & Johnson vaccine
(Janssen) (no longer available as of May 2023), a DNA
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vaccine that uses its recombinant human adenovirus se-
rotype 26 (Ad26) to introduce a DNA sequence encoding
the entire SARS-CoV-2 spike protein. The DNA sequence
is not integrated and remains distinct from the host cells.
Once the viral spike proteins present themselves on the
surface of the host cell, they activate formation of CD4+
and CD8+ T cells, B-cells, plasma cells, and cytokines,
resulting in both a cellular and humoral immune response
[49]. However, this vaccine was less efficacious than the
Moderna and Pfizer-BioNTech vaccines [49].

Speed of Creation and Mass Circulation

December 2019 was the first known human case of
COVID-19 in Wuhan, China [3]. In December 2020, the
FDA approved an emergency use authorization for the
Pfizer vaccine [51]. One month later, the FDA issued an
emergency use authorization for Moderna’s vaccine [51].
Prior to the identification of SARS-CoV-2 there were
no reports of a vaccine being developed in less than 1
year, and no there were no vaccines for preventing other
coronavirus infections such as MERS and SARS-CoV
in humans [49]. The previous record for development of
a vaccine was the mumps vaccine, which took 4 years
to develop in the 1960s. According to the WHO, there
have been 770 875 433 confirmed cases of COVID-19
as of September 27", 2023, including 6 959 316 re-
ported deaths. As of September 19" 2023, a total of
13 505262 477 vaccine doses have been administered
[52]. The high levels of coverage of the COVID-19
vaccine have been a significant reason for the declining
rates mortality and morbidity of COVID-19. Encourag-
ing mass circulation of the COVID-19 vaccine is key to
mitigating the impact of the pandemic on the community,
and especially pregnant mothers.

FDA Approval for Pregnant Patients

During the development of the COVID-19 vaccines,
pregnant women and children were excluded from the
pre-authorization clinical trials. There was initially insuf-
ficient evidence to support the use of COVID-19 vacci-
nation in pregnant patients. As time went on, evidence
showed that pregnant patients were more likely to suffer
severe illness with COVID-19 infection. COVID-19
during pregnancy is associated with an increased risk of
preterm delivery, maternal severe illness, admission to an
intensive care unit, acute respiratory distress syndrome,
and death [53,54].

Studies have revealed an association between
COVID-19 vaccination and lower severity of COVID-19
infection in pregnant people [55]. Vaccinated individu-
als were also less likely to experience adverse pregnant
outcomes [56,57]. Another study by Munoz et al. also
revealed that COVID-19 vaccination or booster during

pregnancy elicited an efficient transplacental antibody
transfer to the newborn and significantly increased ma-
ternal and cord blood antibodies [58]. The CDC in col-
laboration with the American College of Obstetricians
and Gynecologists (ACOG) have provided guidance
strongly recommending that pregnant individuals be vac-
cinated against COVID-19 [59-61]. The Food and Drug
Administration (FDA) issued a statement of support for
COVID-19 vaccination for pregnant patients, breast-
feeding women, and/or women of reproductive age [62].
Despite these recommendations, vaccine hesitancy is a
major barrier to COVID-19 vaccine acceptance due to
concerns about safety for the unborn child and mistrust
of the vaccine [56,63]. Increased attention is needed to
increase vaccination acceptance in pregnant patients by
emphasizing the safety and benefits for the mother and
the fetus.

COVID VACCINATION HESITANCY IN
PREGNANCY

What is Vaccination Hesitancy?

Vaccination hesitancy is defined as the diffidence
towards accepting and receiving vaccinations [16,64,65].
This hesitancy continues to transcend across time not
only with the creation of new vaccines, but also vaccines
that have been available since the early 20" century. The
reluctance to vaccination persists despite vaccine avail-
ability, status, and high-quality evidence of efficacy and
safety. The concept of vaccination hesitancy stems back
to the origins of this process and the advent of Jenne-
rian vaccination for smallpox. Such hesitancy threatens
COVID-19 vaccination programs and wide-spread vac-
cination and potential for creation of a population benefit
with herd immunity [64]. The importance of vaccination
during the current global COVID-19 pandemic is para-
mount toward increasing herd immunity and stabilization
of disease. There exists a drastic disparity in COVID-19
vaccination rates amongst populations, especially preg-
nant patients.

Concept of Vaccination Hesitancy in Pregnancy

COVID-19 vaccination in pregnancy is a severe
health concern given the increased maternal mortality
and severe disease possible with COVID-19 infection in
pregnancy [1,2,66,67]. Evidence of vaccination hesitancy
in pregnancy can be observed in the study by Germann
et al. who conducted a multivariate Poisson regression
analysis to estimate vaccination by baseline vaccination
hesitancy status. In their study of 459 individuals sur-
veyed, they found that 290 provided vaccination status
and of those 40% reported vaccination hesitancy at initial
survey and of those 52% reported subsequent vaccination
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at follow-up. More importantly, they noted that only 10%
of patients who identified as vaccination hesitant transi-
tioned to vaccinated during the study period [16]. They
noted that individuals who were older, parous, employed,
and with higher educational degrees were more likely to
be vaccinated vs non-Hispanic Black individuals; Medic-
aid patients being less likely to be vaccinated [16]. This
highlights the significant ethnic and racial disparities that
exist in COVID-19 vaccination access, education, and
acceptance in pregnancy.

Kiefer et al. conducted a cross-sectional study in
pregnant and postpartum patients from March to April
of 2021 and found after adjusting for age, parity, race,
and trimester and chronic conditions, that vaccination
hesitancy was 46% in pregnant patients. They found that
non-Hispanic Black patients, younger age, lower educa-
tion, higher parity, and substance use were more likely to
decline vaccination and experience hesitancy about be-
coming vaccinated [68]. Factors that were associated with
high rates of vaccination: a family or friend receiving the
vaccine, being concerned about contracting COVID-19,
acceptance of tetanus or influenza vaccine, and reporting
benefits of vaccination for COVID-19 for the baby. Levy
et al. sent surveys to 1002 women from December 2020
to January of 2021 with a response rate of 66.1% and
completion of the survey was after emergency authoriza-
tion of the Pfizer vaccine. They found most respondents
were >30 years (82.9%), had advanced degrees (87.7%),
and were White (62.7%). Most respondents were already
vaccinated to influenza during pregnancy; 77.9% and
58.3% stated they would accept the Pfizer vaccination.
The main concern in declining vaccination in pregnant
individuals was the effect of the vaccine on the fetus
(45.8%) followed by how the vaccine would affect them-
selves (17.7%) [69]. Age, ethnic minority, educational
status, and whether they received the seasonal influenza
vaccine had a huge influence on vaccine hesitancy.

It is possible that COVID-19 vaccine hesitancy in
pregnancy may change over time because of evolving
knowledge about the vaccine and changes in vaccine-re-
lated attitudes and beliefs. However, significant vacci-
nation hesitancy exists with other vaccines commonly
recommended in pregnancy for pertussis and influenza,
with reports showing that only 50% of pregnant patients
are found to be vaccinated for these illnesses each year,
despite widespread acceptance and safety, without a large
influence and coverage within the media [68]. General
factors that were found with other past vaccinations have
mirrored the hesitancy associated with the initial vacci-
nation to COVID-19 including social, political, religious,
and other beliefs [70]. Although organizing these above
factors into various categories surrounding a social-eco-
logical framework can help guide policy change and
interventions, each factor is potentially linked, thus ne-

cessitating a holistic approach to understanding vaccine
hesitancy when counseling patients [10].

CAUSES OF COVID VACCINATION
HESITANCY IN PREGNANCY

Knowledge and Information of Vaccination in
Pregnancy

Vaccination rates in pregnant women remains low
for a variety of well-known infections that are commonly
preventable and/or mitigated by vaccination in the post-
partum and intrapartum periods. These include influenza,
pertussis, measles, mumps, rubella, COVID-19, and most
recently respiratory syncytial virus (RSV). Although
there is emerging safety data regarding all these vaccines,
some which are more well studied then others, there are
limited randomized controlled trials in pregnant patients
given the ethical consideration of pregnant patients serv-
ing as research subjects. Vaccination hesitancy during
the early pandemic was expected given that the CDC did
not authorize pregnant individuals to receive the vaccine
until the end of July, 2021 [9]. Initial data surrounding
safety of COVID-19 vaccination during pregnancy were
limited. Given the vaccine was an mRNA vaccination,
their safety was hypothesized to be acceptable for use
in pregnancy, but again pregnant patients were excluded
from early trials.

Furthermore, lack of awareness of national recom-
mendations and provider support for vaccination in preg-
nancy can impact acceptance. Maternal health providers
including midwives, obstetricians/gynecologists, and
advanced practitioners rely heavily on guidance from
national organizations such as the Society for Maternal
Fetal Medicine (sMFM) and the American College of
Obstetrics and Gynecology (ACOG) for consensus state-
ments supporting vaccination [71]. Some maternal health
providers may be hesitant to endorse recommendations
for vaccination based on political influence and current
geographic location.

Society and Politics

The timely creation of the COVID-19 vaccine in less
than 1 year drastically impacted wide-spread acceptance.
The initial vaccine created against COVID-19, Pfizer-Bi-
oNTech COVID-19 vaccine, was created, evaluated, and
authorized for emergency use in under a year [64]. The
rapid need for a vaccination during a global pandemic
was paramount and emergency authorization of federal
funding as well as concerns about profits obtained from
vaccine manufacturers competing to provide the initial
COVID-19 mass-distributed vaccination only added to
heightened vaccination hesitancy [64]. Furthermore, the
negative relation between vaccination intentions and
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anti-vaccine conspiracy beliefs is mediated by perceived
dangers of vaccines, and feelings of powerlessness, disil-
lusionment, and mistrust in political authorities [12].

Conspiracy Theories, Social Media

Conspiracy theories have continued to propagate
despite evidence discrediting their existence. For exam-
ple, many believe that the US government is covering up
life outside of Earth or that the British government had
Princess Diana murdered [12]. Conspiracy theories also
transcend into vaccination where prior polls have shown
at least 20% believe vaccination causes autism [12]. An-
ti-vaccine conspiracy theories are present in modern so-
ciety and garner social media and popular attention with
attempts to discredit safety, efficacy, and widespread ac-
ceptance. Some of these conspiracy theories surrounding
vaccination stem from distrust in pharmaceutical compa-
nies and their ultimatums for capital gain. Likewise, these
conspiracy theories also have foundations in general mis-
trust in science. Jolley et al. conducted an anti-vaccine
conspiracy study with 89 British parents requiring them
to fill out surveys regarding the perception of vaccines
and found in regression analyses that anti-vaccine con-
spiracy beliefs reflected negatively towards vaccination
intention, and this strongly correlated with “perceived
danger of vaccines, and feelings of powerlessness, disil-
lusionment and trust in authorities [12].”

Furthermore, the mass dissemination of social
media in modern society allows for global circulation
of vaccine conspiracy theories, especially in the age of
COVID-19, which was a highly covered and debated
media topic. During the COVID-19 pandemic, Twitter
reported a COVID-19 tweet happened every 45 millisec-
onds making it the 2™ most used tweet hashtag in 2020
[72]. Social media platforms have created immediate
access to non-editorial information and are widely dis-
tributed on platforms such as Facebook, Reddit, TikTok,
and YouTube. These forums have not undergone edito-
rial or scientific screening and the anonymous nature of
such communities allows for propagation of unsolicited
opinions for the masses. The instantaneous information
processed through social media networks is further pub-
licized by bot accounts and internet trolling. Puri et al.
have found that certain social media users, those with
cognitive impairments, older age, lower literacy, and less
digital literacy, are more susceptible to the negative sen-
sationalism of these topics [72]. Studies have shown that
healthcare providers and national medical organizations,
such as SMFM or ACOG, and their involvement in social
platforms can help rewrite widely disseminated narra-
tives. Social media platforms themselves have a morality
to uphold by filtering and flagging harmful content [72].
Not only has social media impacted vaccine acceptance
but there has been a public outcry over vaccine mandat-

ing in the public workplace and society.

Vaccine Policies, Mandates, Religious Objections

Vaccination policies at various institutions have im-
pacted the requirement for employees to be vaccinated
to COVID-19. A study by Townsel et al. showed that
in a population of female healthcare workers including
physicians, nurses, staff with patient contact etc. showed
that compared to other women of reproductive age, preg-
nant women in the cohort were six times more likely to
delay the vaccination and twice as likely to decline [73].
Not only has vaccination in the healthcare setting been
mandated, but throughout the pandemic various restau-
rants and social settings implemented vaccine mandates
for attendance. These vaccine mandates have caused
concern amongst different governing bodies, such as
religious affiliations, some of which are strongly against
vaccination. The main concerns regarding objection to
mandatory vaccination center on limiting freedom of
choice. Conservative Christians and some other religions
have had resistance toward vaccination with distrust in
science and ideology of divine health and intervention
[74]. Furthermore, a vast majority believe in the concept
of herd immunity.

Herd Immunity

Herd immunity is the concept that one can obtain in-
direct protection from disease if a large portion of society
is vaccinated against the disease. Herd immunity within
the COVID-19 pandemic is present and some pregnant
patients reluctant to become vaccinated for numerous
reasons may have relied on herd immunity to assure
them of possible viral protection. However, Kirkcaldy
et al. note that the herd immunity to COVID-19 is not
well understood and that the duration of neutralizing IgM
antibodies is not well defined; detection of IgG within the
immune system is not synonymous with future protec-
tion [75]. Specifically, with the rapid COVID-19 variant
prevalence throughout the last 2 years, coverage and
protection against COVID-19 will likely require yearly
administration of a vaccine based on circulating variants
globally, similar to influenza vaccination.

Concerns about Fetal Safety, Infertility

The major reason for maternal reluctance to
COVID-19 vaccination is concern about safety and
potential adverse outcomes for the fetus [71]. A mul-
titude of large-scale studies have shown safety of the
COVID-19 vaccine in pregnant patients and acceptance
is increasing [9,53,55,58,59,76]. Yet, patients continue to
be concerned about harming their fetus without factoring
in the thrombogenic effect of COVID-19 to the placenta
increasing risk of stillbirth [77]. Reproductive concerns
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surrounding COVID-19 vaccination exists with early the-
ories of leading to infertility or decreased egg quality, but
are disproven in statements by sMFM and ACOG and the
American Society for Reproductive Medicine (ASRM)
with no clear evidence to support such claims [8]. For
these reasons, a majority of pregnant patients indicate
that they prefer to defer vaccination till after pregnancy.
Increasing maternal acceptance and participation in vac-
cination will gain support with proven foundations that
increase education, counseling, and awareness of disease
severity in pregnancy.

PATIENT COUNSELING AND EDUCATION

Dispatrities in Minorities

Major racial disparities exist in COVID-19 ac-
cess, vaccine dissemination, education, and treatment.
Unrepresented minorities and populations with lower
socioeconomic status are more severely affected from
COVID-19 having more severe disease and likewise
vaccination rates in these populations are some of the
lowest. Part of the reason for low vaccination rates in
minorities stems from increased fear surrounding vacci-
nation. A systemic review by Abba-Aji found that there
was consistent evidence of COVID-19 vaccine hesitancy
among Black/Afro-Caribbean groups in the US and the
UK. However, studies of Hispanic/Latino populations in
the US and Asian populations in the UK had a variety
of results with levels similar, less, and higher compared
to their White counterparts [78]. Major factors associated
with vaccine hesitancy in this population surround dis-
trust in science and concerns for vaccine safety, and in
migrant populations, language barriers, lack of access,
and fear of deportation [78]. Improving provider-patient
communication and increasing access and prompting
awareness within religious communities can help reduce
the disparities seen with migrants. Finney et al. highlight
the importance of policy-level changes that can enhance
vaccination rates with reducing cost for vaccines and
increasing implementing vaccine mandates for daycares,
schools, and public places [64].

Education and Policy

Increased vaccine acceptance and decreasing vac-
cine hesitancy is integral to improving vaccination rates
in pregnant patients. Improving counseling and education
amongst providers and patients and increasing govern-
ment support for vaccination programs are vital steps
toward prompting change in vaccination in pregnancy. A
variety of studies have shown that provider endorsement
and education surrounding the importance of vaccina-
tion has a tremendous impact on vaccine acceptance. An
anonymous survey by Siegel et al. found that when pro-

viders recommended the COVID-19 vaccination, 58.4%
of patients were more likely to accept immunization (OR
5.82, 95% (CI) 3.68-9.26, p <0.005) [79]. Additionally,
provider support and recommendations outside of prena-
tal care during the preconception phase can highly impact
vaccination. Such discussions can be addressed by pri-
mary care physicians (PCPs) and advanced practitioners
who ideally provide longstanding global care for patients.
Having a PCP who has a long-established relationship
with their patient discuss recommended vaccines in preg-
nancy in the preconception phase, prior to their first visit
with an OBGYN, can help spark the initial educational
process and influence potential vaccine acceptance.

Motivational Counseling

Cultivating a culture of partnership with patients
is fundamental to promoting change. Foundations in
motivational interviewing are key to improving provid-
er-patient communication and interactions surrounding
conversations about vaccines. Various studies have
shown that motivational interviewing increases vaccine
acceptance [7]. In a study by Gagneur et al. in 2017, they
instituted a motivational program to discuss childhood
vaccinations with mothers in the postpartum period;
incorporating these principles increased an intent to
vaccinate from 78% to 89% [6,7,80]. Incorporation of
open-ended questions, providing affirmation statements
such as “The health of your unborn child seems to be your
top priority,” and reflective listening can increase patient
participation. Rather than providing a plethora of facts
surrounding the benefits of vaccination, engaging the
patient in conversation, and asking permission to discuss
vaccination is vital to success. Leading phrasing for such
conversations should start with open-ended questions.
The conversational principles surrounding motivational
interviewing encompasses four processes: engagement,
focus, evoking, and planning [7].

CONCLUSIONS

Significant disparities exist in COVID-19 vaccine
administration in specific populations who are most
likely to acquire severe illness from COVID-19, name-
ly pregnant patients. Historical vaccination hesitancy
in pregnancy has complicated promoting vaccination in
these populations. A variety of reasons for vaccine hesi-
tancy exist including, but not limited to, perceived dan-
gers of vaccines, mistrust in political authorities, social,
religious, education, knowledge, and issues with access.
Yet, the major contributing factor for vaccine hesitancy
in pregnancy is ultimately concerns over fetal safety and
risks to the unborn child. Multiple studies have shown
safety of the COVID-19 vaccine in pregnant patients.
Increasing maternal education and knowledge about vac-
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cination in pregnancy is paramount. However, more im-
portant is improving provider education on motivational
interviewing and increasing rapport with patient-provider
interactions to decrease vaccination myths and hesitancy
and prompt and inclusive environment of acceptance.

Support from the government is also key to increase
access and lessen cost and from large organizations, such
as SMFM and ACOG, to guide provider support and ed-
ucation. Such principles should be carefully considered
for future vaccinations, such as the newly recommended
RSV vaccine [81].

REFERENCES

1. Antoun L, Taweel NE, Ahmed I, Patni S, Honest H. Mater-
nal COVID-19 infection, clinical characteristics, pregnan-
cy, and neonatal outcome: A prospective cohort study. Eur
J Obstet Gynecol Reprod Biol. 2020;252:559-62. Epub
20200715. https://doi.org/10.1016/j.ejogrb.2020.07.008.

2. Mendoza M, Garcia-Ruiz I, Maiz N, Rodo C, Garcia-Manau
P, Serrano B, et al. Pre-eclampsia-like syndrome induced
by severe COVID-19: a prospective observational study.
BJOG. 2020;127(11):1374-80. Epub 20200621. https://doi.
org/10.1111/1471-0528.16339.

3. Schwartz DA, Graham AL. Potential Maternal and Infant
Outcomes from (Wuhan) Coronavirus 2019-nCoV Infect-
ing Pregnant Women: Lessons from SARS, MERS, and
Other Human Coronavirus Infections. Viruses. 2020;12(2).
Epub 20200210. https://doi.org/10.3390/v12020194.

4. Schwartz DA, Morotti D. Placental Pathology of COVID-19
with and without Fetal and Neonatal Infection: Tropho-
blast Necrosis and Chronic Histiocytic Intervillositis as
Risk Factors for Transplacental Transmission of SARS-
CoV-2. Viruses. 2020;12(11). Epub 20201115. https://doi.
org/10.3390/v12111308.

5. Facchetti F, Bugatti M, Drera E, Tripodo C, Sartori E,
Cancila V, et al. SARS-CoV2 vertical transmission with
adverse effects on the newborn revealed through integrated
immunohistochemical, electron microscopy and molecular
analyses of Placenta. EBioMedicine. 2020;59:102951.
Epub 20200817. https://doi.org/10.1016/j.ebi-
om.2020.102951.

6. Gagneur A, Battista MC, Boucher FD, Tapiero B, Quach C,
De Wals P, et al. Promoting vaccination in maternity wards
— motivational interview technique reduces hesitancy and
enhances intention to vaccinate, results from a multicentre
non-controlled pre- and post-intervention RCT-nested
study, Quebec, March 2014 to February 2015. Euro Sur-
veill. 2019 Sep;24(36):1800641.

7. Gagneur A. Motivational interviewing: A powerful tool
to address vaccine hesitancy. Can Commun Dis Rep.
2020;46(4):93-7. Epub 20200402. https://doi.org/10.14745/
cedr.v46i104a06.

8. Hsu AL, Johnson T, Phillips L, Nelson TB. Sources of
Vaccine Hesitancy: Pregnancy, Infertility, Minority
Concerns, and General Skepticism. Open Forum Infect
Dis. 2022;9(3):0fab433. Epub 20210818. https://doi.
org/10.1093/ofid/ofab433.

9. Kharbanda EO, Vazquez-Benitez G. COVID-19 mRNA Vac-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

81

cines During Pregnancy: New Evidence to Help Address
Vaccine Hesitancy. JAMA. 2022 Apr;327(15):1451-3.

Lun P, Gao J, Tang B, Yu CC, Jabbar KA, Low JA, etal. A
social ecological approach to identify the barriers and facil-
itators to COVID-19 vaccination acceptance: A scoping re-
view. PLoS One. 2022;17(10):e0272642. Epub 20221003.
https://doi.org/10.1371/journal.pone.0272642.

Prevention CfDCa. Fast Facts on Global Immunization.
Available from: https://www.cdc.gov/globalhealth/immuni-
zation/data/fast-facts.html

Jolley D, Douglas KM. The effects of anti-vaccine
conspiracy theories on vaccination intentions. PLoS

One. 2014;9(2):e89177. Epub 20140220. https://doi.
org/10.1371/journal.pone.0089177.

Delahoy MJ, Whitaker M, O’Halloran A, Chai SJ, Kirley
PD, Alden N, et al. Characteristics and Maternal and Birth
Outcomes of Hospitalized Pregnant Women with Labo-
ratory-Confirmed COVID-19 - COVID-NET, 13 States,
March 1-August 22, 2020. MMWR Morb Mortal Wkly
Rep. 2020;69(38):1347-54. Epub 20200925. https://doi.
org/10.15585/mmwr.mm6938el.

Villar J, Ariff S, Gunier RB, Thiruvengadam R, Rauch

S, Kholin A, et al. Maternal and Neonatal Morbidity and
Mortality Among Pregnant Women With and Without
COVID-19 Infection: The INTERCOVID Multinational
Cohort Study. JAMA Pediatr. 2021 Aug;175(8):817-26.
DeSisto CL, Wallace B, Simeone RM, Polen K, Ko JY,
Meaney-Delman D, et al. Risk for Stillbirth Among
Women With and Without COVID-19 at Delivery Hos-
pitalization - United States. -September 2021. MMWR
Morb Mortal Wkly Rep. 2021;70(47):1640-5. Epub.

2020 Mar;20211126: https://doi.org/10.15585/mmwr.
mm7047el.

Germann K, Kiefer MK, Rood KM, Mehl R, Wu J, Pandit
R, et al. Association of initial COVID-19 vaccine hesitancy
with subsequent vaccination among pregnant and post-
partum individuals. BJOG. 2022;129(8):1352-60. Epub
20220519. https://doi.org/10.1111/1471-0528.17189.

Wang CL, Liu YY, Wu CH, Wang CY, Wang CH, Long
CY. Impact of COVID-19 on Pregnancy. Int J Med Sci.
2021;18(3):763-7. Epub 20210101. https://doi.org/10.7150/
1jms.49923.

Wei SQ, Bilodeau-Bertrand M, Liu S, Auger N. The impact
of COVID-19 on pregnancy outcomes: a systematic review
and meta-analysis. CMAJ. 2021;193(16):E540-E8. Epub
20210319. https://doi.org/10.1503/cmaj.202604.
Conde-Agudelo A, Romero R. SARS-CoV-2 infection
during pregnancy and risk of preeclampsia: a system-

atic review and meta-analysis. Am J Obstet Gynecol.
2022;226(1):68-89 3. Epub 20210721. https://doi.
org/10.1016/j.aj0g.2021.07.009.

Gulersen M, Rochelson B, Shan W, Wetcher CS, Nima-
roff M, Blitz MJ. Severe maternal morbidity in pregnant
patients with SARS-CoV-2 infection. Am J Obstet Gynecol
MFM. 2022;4(4):100636. Epub 20220406. https://doi.
org/10.1016/j.ajogmf.2022.100636.

Rad HS, Rohl J, Stylianou N, Allenby MC, Bazaz

SR, Warkiani ME, et al. The Effects of COVID-19

on the Placenta During Pregnancy. Front Immunol.
2021;12:743022. Epub 20210915. https://doi.org/10.3389/



82

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Moriarty et al.: COVID vaccination in pregnancy: history, outcome and hesitancy

fimmu.2021.743022.

Rahmati M, Yon DK, Lee SW, Butler L, Koyanagi A,
Jacob L, et al. Effects of COVID-19 vaccination during
pregnancy on SARS-CoV-2 infection and maternal and
neonatal outcomes: A systematic review and meta-analysis.
Rev Med Virol. 2023;33(3):e2434. Epub 20230310. https:/
doi.org/10.1002/rmv.2434.

Matsuo K, Green JM, Herrman SA, Mandelbaum RS,
Ouzounian JG. Severe Maternal Morbidity and Mortality
of Pregnant Patients With COVID-19 Infection During

the Early Pandemic Period in the US. JAMA Netw

Open. 2023;6(4):¢237149. Epub 20230403. https://doi.
org/10.1001/jamanetworkopen.2023.7149.

Metz TD, Clifton RG, Hughes BL, Sandoval GJ, Grobman
WA, Saade GR, et al.; National Institute of Child Health
and Human Development Maternal-Fetal Medicine Units
(MFMU) Network. Association of SARS-CoV-2 Infection
With Serious Maternal Morbidity and Mortality From Ob-
stetric Complications. JAMA. 2022 Feb;327(8):748-59.
Auger N, Ukah UV, Wei SQ, Healy-Profitos J, Lo E, Dayan
N. Impact of Covid-19 on risk of severe maternal morbidi-
ty. Crit Care. 2023;27(1):344. Epub 20230905. https://doi.
org/10.1186/s13054-023-04584-6.

Morgan JA, Biggio JR, Jr., Martin JK, Mussarat N,
Elmayan A, Chawla HK, et al. Pregnancy Outcomes

in Patients After Completion of the mRNA Corona-

virus Disease 2019 (COVID-19) Vaccination Series
Compared With Unvaccinated Patients. Obstet Gyne-

col. 2023;141(3):555-62. Epub 20230202. https://doi.
org/10.1097/A0G.0000000000005072.

Schwartz DA. An Analysis of 38 Pregnant Women With
COVID-19, Their Newborn Infants, and Maternal-Fetal
Transmission of SARS-CoV-2: Maternal Coronavirus In-
fections and Pregnancy Outcomes. Arch Pathol Lab Med.
2020 Jul;144(7):799-805.

Kumar M, Puri M, Yadav R, Biswas R, Singh M, Chaud-
hary V, et al. Stillbirths and the COVID-19 pandemic:
Looking beyond SARS-CoV-2 infection. Int ] Gynaecol
Obstet. 2021;153(1):76-82. Epub 20210113. https://doi.
org/10.1002/ijgo.13564.

Bahrami R, Schwartz DA, Karimi-Zarchi M, Javaheri

A, Dastgheib SA, Ferdosian F, et al. Meta-analysis of

the frequency of intrauterine growth restriction and
preterm premature rupture of the membranes in pregnant
women with COVID-19. Turk J Obstet Gynecol. 2021
Sep;18(3):236-44.

Konstantinidou AE, Angelidou S, Havaki S, Paparizou K,
Spanakis N, Chatzakis C, et al. Stillbirth due to SARS-
CoV-2 placentitis without evidence of intrauterine trans-
mission to fetus: association with maternal risk factors.
Ultrasound Obstet Gynecol. 2022 Jun;59(6):813-22.
Stock SJ, Carruthers J, Calvert C, Denny C, Donaghy J,
Goulding A, et al. SARS-CoV-2 infection and COVID-19
vaccination rates in pregnant women in Scotland. Nat
Med. 2022;28(3):504-12. Epub 20220113. https://doi.
org/10.1038/s41591-021-01666-2.

Prasad S, Kalafat E, Blakeway H, Townsend R, O’Brien P,
Morris E, et al. Systematic review and meta-analysis of the
effectiveness and perinatal outcomes of COVID-19 vacci-
nation in pregnancy. Nat Commun. 2022;13(1):2414. Epub

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

20220510. https://doi.org/10.1038/s41467-022-30052-w.
Piekos SN, Hwang YM, Roper RT, Sorensen T, Price

ND, Hood L, et al. The effect of COVID-19 vaccination
and booster on maternal-fetal outcomes: a retrospective
multicenter cohort study. medRxiv. 2022. Epub 20220818.
https://doi.org/10.1101/2022.08.12.22278727.

Favre G, Maisonneuve E, Pomar L, Winterfeld U, Daire
C, Martinez de Tejada B, et al. COVID-19 mRNA vaccine
in pregnancy: Results of the Swiss COVI-PREG registry,
an observational prospective cohort study. Lancet Reg
Health Eur. 2022;18:100410. Epub 20220529. https://doi.
org/10.1016/j.1anepe.2022.100410.

Hui L, Marzan MB, Rolnik DL, Potenza S, Pritchard N,
Said JM, et al. Reductions in stillbirths and preterm birth
in COVID-19-vaccinated women: a multicenter cohort
study of vaccination uptake and perinatal outcomes. Am J
Obstet Gynecol. 2023;228(5):585 el- el6. Epub 20221103.
https://doi.org/10.1016/j.aj0g.2022.10.040.

Ander SE, Diamond MS, Coyne CB. Immune respons-

es at the maternal-fetal interface. Sci Immunol. 2019
Jan;4(31):eaat6114. https://doi.org/10.1126/sciimmunol.
aat6114.

Hoo R, Nakimuli A, Vento-Tormo R. Innate Immune
Mechanisms to Protect Against Infection at the Hu-

man Decidual-Placental Interface. Front Immunol.
2020;11:2070. Epub 20200910. https://doi.org/10.3389/
fimmu.2020.02070.

Schwartz DA. Stillbirth after COVID-19 in Unvaccinated
Mothers Can Result from SARS-CoV-2 Placentitis, Placen-
tal Insufficiency, and Hypoxic Ischemic Fetal Demise, Not
Direct Fetal Infection: Potential Role of Maternal Vacci-
nation in Pregnancy. Viruses. 2022;14(3). Epub 20220223.
https://doi.org/10.3390/v14030458.

Schwartz DA, Baldewijns M, Benachi A, Bugatti M,
Bulfamante G, Cheng K, et al. Hofbauer Cells and
COVID-19 in Pregnancy. Arch Pathol Lab Med. 2021
Nov;145(11):1328-40.

Watkins JC, Torous VF, Roberts DJ. Defining Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Pla-
centitis. Arch Pathol Lab Med. 2021 Nov;145(11):1341-9.
Schwartz DA, Avvad-Portari E, Babal P, Baldewijns M,
Blomberg M, Bouachba A, et al. Placental Tissue Destruc-
tion and Insufficiency From COVID-19 Causes Stillbirth
and Neonatal Death From Hypoxic-Ischemic Injury. Arch
Pathol Lab Med. 2022 Jun;146(6):660-76.

Zaigham M, Gisselsson D, Sand A, Wikstrom AK, von
Wowern E, Schwartz DA, et al. Clinical-pathological
features in placentas of pregnancies with SARS-CoV-2
infection and adverse outcome: case series with and with-
out congenital transmission. BJOG. 2022;129(8):1361-74.
Epub 20220422. https://doi.org/10.1111/1471-0528.17132.
Schwartz DA, Bugatti M, Santoro A, Facchetti F. Molecu-
lar Pathology Demonstration of SARS-CoV-2 in Cytotro-
phoblast from Placental Tissue with Chronic Histiocytic
Intervillositis, Trophoblast Necrosis and COVID-19. J Dev
Biol. 2021;9(3). Epub 20210825. https://doi.org/10.3390/
jdb9030033.

Morotti D, Cadamuro M, Rigoli E, Sonzogni A, Gianatti A,
Parolin C, et al. Molecular Pathology Analysis of SARS-
CoV-2 in Syncytiotrophoblast and Hofbauer Cells in Pla-



45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Moriarty et al.: COVID vaccination in pregnancy: history, outcome and hesitancy

centa from a Pregnant Woman and Fetus with COVID-19.
Pathogens. 2021;10(4). Epub 20210415. https://doi.
org/10.3390/pathogens10040479.

Simeone RM, Zambrano LD, Halasa NB, Fleming-Dutra
KE, Newhams MM, Wu MJ, et al. Effectiveness of
Maternal mRNA COVID-19 Vaccination During Preg-
nancy Against COVID-19-Associated Hospitalizations

in Infants Aged <6 Months During SARS-CoV-2 Omi-
cron Predominance - 20 States. -May 31, 2023. MMWR
Morb Mortal Wkly Rep. 2023;72(39):1057-64. Epub.
2022 Mar;20230929: https://doi.org/10.15585/mmwr.
mm?7239a3.

Adhikari EH, MacDonald L, SoRelle JA, Morse J,
Pruszynski J, Spong CY. COVID-19 Cases and Disease
Severity in Pregnancy and Neonatal Positivity Associated
With Delta (B.1.617.2) and Omicron (B.1.1.529) Variant
Predominance. JAMA. 2022 Apr;327(15):1500-2.

Hebel C, Thomsen AR. A survey of mechanisms under-
lying current and potential COVID-19 vaccines. AP-

MIS. 2023;131(2):37-60. Epub 20221211. https://doi.
org/10.1111/apm.13284.

Chary M, Barbuto AF, Izadmehr S, Tarsillo M, Fleischer
E, Burns MM. COVID-19 Therapeutics: Use, Mechanism
of Action, and Toxicity (Vaccines, Monoclonal Antibodies,
and Immunotherapeutics). ] Med Toxicol. 2023;19(2):205-
18. Epub 20230302. https://doi.org/10.1007/s13181-023-
00931-9.

Bellamkonda N, Lambe UP, Sawant S, Nandi SS,
Chakraborty C, Shukla D. Immune Response to SARS-
CoV-2 Vaccines. Biomedicines. 2022;10(7). Epub
20220621. https://doi.org/10.3390/biomedicines10071464.
Cox RJ, Brokstad KA. Not just antibodies: B cells and T
cells mediate immunity to COVID-19. Nat Rev Immunol.
2020 Oct;20(10):581-2.

CDC. FDA takes key action in fight against COVID-19 by
issuing emergency use authorization for first COVID-19
vaccine. CDC; 2020.[ [cited 2023 Oct 3]].

Organization WH. WHO Coronavirus (COVID-19) Dash-
board: WHO; 2023 [cited 2023]. Available from: https://
covid19.who.int

Shimabukuro TT, Kim SY, Myers TR, Moro PL, Oduye-
bo 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. Epub 20210421.
https://doi.org/10.1056/NEJMo0a2104983.

Zambrano LD, Ellington S, Strid P, Galang RR, Oduyebo
T, Tong VT, et al. Update: Characteristics of Symptomatic
Women of Reproductive Age with Laboratory-Confirmed
SARS-CoV-2 Infection by Pregnancy Status - United
States, January 22-October 3, 2020. MMWR Morb Mortal
Wkly Rep. 2020;69(44):1641-7. Epub 20201106. https://
doi.org/10.15585/mmwr.mm6944e3.

Tormen M, Taliento C, Salvioli S, Piccolotti I, Scutiero G,
Cappadona R, et al. Effectiveness and safety of COVID-19
vaccine in pregnant women: A systematic review with me-
ta-analysis. BJOG. 2023;130(4):348-57. Epub 20221212.
https://doi.org/10.1111/1471-0528.17354.

Goncu Ayhan S, Oluklu D, Atalay A, Menckse Beser

D, Tanacan A, Moraloglu Tekin O, et al. COVID-19
vaccine acceptance in pregnant women. Int J Gynaecol

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

83

Obstet. 2021;154(2):291-6. Epub 20210501. https://doi.
org/10.1002/ijgo.13713.

Morgan JA, Biggio JR Jr, Martin JK, Mussarat N, Chawla
HK, Puri P, et al. Maternal Outcomes After Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2)
Infection in Vaccinated Compared With Unvaccinated
Pregnant Patients. Obstet Gynecol. 2022 Jan;139(1):107-9.
Munoz FM, Posavad CM, Richardson BA, Badell ML,
Bunge KE, Mulligan MJ, et al. COVID-19 booster vacci-
nation during pregnancy enhances maternal binding and
neutralizing antibody responses and transplacental anti-
body transfer to the newborn. Vaccine. 2023;41(36):5296-
303. Epub 20230613. https://doi.org/10.1016/j.vac-
cine.2023.06.032.

Gynecologists ACoOa. COVID-19 Vaccines and Pregnan-
cy: Key Recommendations and Messaging for Clinicians.
2020 [cited 2023 October 3]. Available from: (https://
www.acog.org/clinical/clinical-guidance/practice-advisory/
articles/2020/12/vaccinating-pregnant-and-lactating-pa-
tients-against-covid-19)

Gynecologists ACoOa. COVID-19 Vaccines and Pregnan-
cy: Key Recommendations and Messaging for Clinicians.
September 2023.

Prevention CfDCa. COVID-19 Vaccines While Pregnant
or Breastfeeding 2023. Available from: https://www.cdc.
gov/coronavirus/2019ncov/vaccines/recommendations/
pregnancy.html

Ling VW, Fan BE, Lau SL, Lee XH, Tan CW, Lee SY; Ad-
ministration USFaD. COVID-19. Vaccines (Basel). 2022
Nov;10(12):2023—4. Available from: https://www.fda.gov/
emergency-preparedness-and-response/coronavirus-dis-
ease-2019-covid-19/covid-19-vaccines-2023-2024#:~:tex-
t=The%20CDC%20recommends%20COVID%2D19,re-
ceiving%20a%20COVID%2D19%20vaccine

Rikard-Bell M, Elhindi J, Lam J, Seeho S, Black K,
Melov S, et al. COVID-19 vaccine acceptance among
pregnant women and the reasons for hesitancy: A
multi-centre cross-sectional survey. Aust N Z J Obstet
Gynaecol. 2023;63(3):335-43. Epub 20221019. https://doi.
org/10.1111/ajo.13622.

Finney Rutten LJ, Zhu X, Leppin AL, Ridgeway JL, Swift
MD, Griffin JM, et al. Evidence-Based Strategies for Clini-
cal Organizations to Address COVID-19 Vaccine Hesitan-
cy. Mayo Clin Proc. 2021;96(3):699-707. Epub 20201230.
https://doi.org/10.1016/j.mayocp.2020.12.024.
MacDonald NE, Hesitancy SWGoV. Vaccine hesi-

tancy: Definition, scope and determinants. Vaccine.
2015;33(34):4161-4. Epub 20150417. https://doi.
org/10.1016/j.vaccine.2015.04.036.

Mercedes BR, Serwat A, Naffaa L, Ramirez N, Khalid F,
Steward SB, et al. New-onset myocardial injury in preg-
nant patients with coronavirus disease 2019: a case series
of 15 patients. Am J Obstet Gynecol. 2021;224(4):387
el-e9. Epub 20201022. https://doi.org/10.1016/j.
ajog.2020.10.031.

Zhou J, Choi S, Liu H, Zhang J, Tian Y, Edlow AG, et al. Is
SARS-CoV-2 Infection a Risk Factor for Early Pregnancy
Loss? ACE2 and TMPRSS2 Coexpression and Persistent
Replicative Infection in Primitive Trophoblast. J Infect Dis.
2021 Dec;224 Suppl 6:S660-9.



84

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

Moriarty et al.: COVID vaccination in pregnancy: history, outcome and hesitancy

Kiefer MK, Mehl R, Costantine MM, Johnson A, Cohen

J, Summerfield TL, et al. Characteristics and perceptions
associated with COVID-19 vaccination hesitancy among
pregnant and postpartum individuals: A cross-sectional
study. BJOG. 2022;129(8):1342-51. Epub 20220216.
https://doi.org/10.1111/1471-0528.17110.

Levy AT, Singh S, Riley LE, Prabhu M. Acceptance of
COVID-19 vaccination in pregnancy: a survey study. Am J
Obstet Gynecol MFM. 2021;3(5):100399. Epub 20210518.
https://doi.org/10.1016/j.ajogmt.2021.100399.

Jacobson RM, St Sauver JL, Finney Rutten LJ. Vaccine
Hesitancy. Mayo Clin Proc. 2015 Nov;90(11):1562-8.
Swamy GK, Heine RP. Vaccinations for pregnant women.
Obstet Gynecol. 2015 Jan;125(1):212-26.

Puri N, Coomes EA, Haghbayan H, Gunaratne K. Social
media and vaccine hesitancy: new updates for the era of
COVID-19 and globalized infectious diseases. Hum Vaccin
Immunother. 2020;16(11):2586-93. Epub 20200721.
https://doi.org/10.1080/21645515.2020.1780846.

Townsel C, Moniz MH, Wagner AL, Zikmund-Fisher

BJ, Hawley S, Jiang L, et al. COVID-19 vaccine hesitan-
cy among reproductive-aged female tier 1A healthcare
workers in a United States Medical Center. J Perina-

tol. 2021;41(10):2549-51. Epub 20210908. https://doi.
org/10.1038/s41372-021-01173-9.

Jones DG. Religious Concerns About COVID-19 Vac-
cines: From Abortion to Religious Freedom. J Relig
Health. 2022;61(3):2233-52. Epub 20220411. https://doi.
org/10.1007/s10943-022-01557-x.

Kirkcaldy RD, King BA, Brooks JT. COVID-19 and Post-
infection Immunity: Limited Evidence, Many Remaining
Questions. JAMA. 2020 Jun;323(22):2245-6.

Mascellino MT, Di Timoteo F, De Angelis M, Oliva A.
Overview of the Main Anti-SARS-CoV-2 Vaccines: Mech-
anism of Action, Efficacy and Safety. Infect Drug Resist.
2021;14:3459-76. Epub 2021083 1. https://doi.org/10.2147/
IDR.S315727.

Moriarty K, Yu M, Hussain N, Zgutka K, Sanders MM,
Harigopal M, et al. COVID-19 & differential effects

in twins: Insights from Placenta Pathology. Placenta.
2022;124:62-6. Epub 20220520. https://doi.org/10.1016/j.
placenta.2022.05.014.

Abba-Aji M, Stuckler D, Galea S, McKee M. Ethnic/racial
minorities’ and migrants’ access to COVID-19 vaccines:

A systematic review of barriers and facilitators. ] Migr
Health. 2022;5:100086. Epub 20220218. https://doi.
org/10.1016/j.jmh.2022.100086.

Siegel MR, Lumbreras-Marquez MI, James K, McBay BR,
Gray KJ, Schantz-Dunn J, et al. Perceptions and Attitudes
toward COVID-19 Vaccination among Pregnant and Post-
partum Individuals. Am J Perinatol. 2022;29(14):1489-95.
Epub 20220616. https://doi.org/10.1055/a-1877-5880.
Gagneur A, Quach C, Boucher FD, Tapiero B, De Wals P,
Farrands A, et al. Promoting vaccination in the province of
Quebec: the PromoVaQ randomized controlled trial proto-
col. BMC Public Health. 2019;19(1):160. Epub 20190206.
https://doi.org/10.1186/s12889-019-6468-z.

Kampmann B, Madhi SA, Munjal I, Simoes EAF, Pahud
BA, Llapur C, et al. Bivalent Prefusion F Vaccine in
Pregnancy to Prevent RSV Illness in Infants. N Engl J

Med. 2023;388(16):1451-64. Epub 20230405. https://doi.
org/10.1056/NEJMo0a2216480.



