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COVID-19 Vaccination During Pregnancy
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ABSTRACT

A global health crisis named coronavirus disease-2019 (COVID-19) pandemic was caused by severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2). COVID-19 pandemic created an immediate
occasion to establish strategies for vaccination. Increasing evidence suggests the pregnancy-related
COVID-19 risks substantially above the risk of non-pregnant woman. Women with pregnancy
and lactation were not included in COVID-19 vaccination studies. To date, subsequent data from
pregnant COVID-19 vaccinated women showed safety and efficacy during pregnancy. There
is no evidence of harmful effects on pregnancy, fetal development, parturition and postnatal
development both directly and indirectly for the COVID-19 vaccines. Vaccination for pregnant
women is a healthy and safe way to prevent infection of SARS-CoV-2 and should be considered.
From the knowledge of similar prior non-COVID-19 vaccine trials’ experience, reproductive and

developmental toxicology trials from animals, datas from trials of humans and different advisory C
committees of healthcare have published guidelines supporting vaccination for COVID-19 during
pregnancy and breastfeeding. A :
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Introduction

The extraordinary years of 2020 to 2022 will never been
forgotten due to the impacts of severe acute respiratory
syndrome coronavirus-2 (SARS-CoV-2). A global health crisis
named coronavirus disease-2019 (COVID-19) pandemic was
caused by SARS-CoV-2. Human lives, global economies and
public healthcare systems have been devastated by COVID-19
(1). To date, more than 452 million confirmed illness and 6
million deaths have been globally attributed to COVID-19 (2).
The most promising control patterns for this pandemic were
personal hygiene, social distancing, face mask, isolation and
vaccination (3). For this reason, pandemic of COVID-19 created
an immediate occasion to establish strategies for vaccination.

Multiple vaccines were developed, manufactured and
approved for global COVID-19 pandemic use. In this process,
many vaccines have been researched for safety and efficacy.
It has been shown that vaccination reduces SARS-CoV-2
infection risk and reduces the disorder severity (4). It is critical
to mention that women with pregnancy and lactation were
not included in COVID-19 vaccine trials. Since the start of the
pandemic, millions of people have had pregnancy and labor.
This has become an ethical and clinical situation to protect
them with lacked empirical evidence. Therefore, the COVID-19
pandemicand rapid developed novel vaccines need to decode
the vaccine-induced immunity and safety for pregnancy.

Pregnancy and Infection of SARS-CoV-2

A RNA virus named SARS-CoV-2 causes an infectious
process. The host receptor for cell entry is a receptor named
angiotensin-converting enzyme-2 (ACE-2). This receptor is
found mostly in the alveolar stroma and epithelium. Variants
have evolved in two years period (3). Person to person direct
transmission is the primary way to SARS-CoV-2 transmission.
The routes of transmission, infectious period, immune
response and reinfection risk are the same for pregnant and
non-pregnant women. Most related COVID-19 issues are the
same for women with and without pregnancy, with a few
exceptions (5).

Pregnancy includes complex immunological differences,
involving immun system modulation to tolerate the fetus
as semiallograft (6). The infections could be more complex
because of this immune tolerance state. Pregnancies with the
infection of SARS-CoV-2 may be asymptomatic or symptomatic.
An increased risk factor for severe sequelae of COVID-19 and
some pregnancy complications is common in symptomatic
pregnancy infection. It is known that SARS-CoV-2 infected
pregnant women are increased probability of hospitalization,
severe illness, ventilation support, intensive care unit

admission and preterm labor compared with uninfected
women pregnancy. Miscarriage and congenital anomalies do
not appear to be increased in infected pregnancy. In utero
vertical transmission is rare, and the neonatal outcome is
usually good. Pregnant women are potential candidates for
COVID-19 prevention (3).

To date, all the available evidence supports the assurance
of administering current vaccines of SARS-CoV-2 during
pregnancy (7). The known limited data, World Health
Organization (WHO), American College of Obstetricians and
Gynecologists, Centers for Disease Control and Prevention
(CDQ), Advisory Committee on Immunization Practices,
American Academy of Pediatrics and the Republic of Turkey
Ministery of Health have published guidelines indicating that
current COVID-19 vaccines should not be retained from the
women with pregnancy (8,9,10,11,12).

COVID-19 Vaccines

Multiple effective vaccines have been unprecedently
developed by the scientists, goverments, and pharmaceutical
companies. None of these vaccines contained replicative
live viruses. They do not cause SARS-CoV-2 infection (7). The
vaccines can be separated mainly into three various categories
with their action mechanism. These main groups are mRNA,
viral vector and inactivated COVID-19 virus vaccines.

i- mRNA Vaccines

These are vaccines of mRNA with lipid nanoparticle. The
mRNA vaccine codes for SARS-CoV-2 spike protein, that holds this
virus for ACE-2 receptor to start the infective process. At the site
of vaccine injection, nanoparticles of lipid simplify to enter the
cell of host. Then, the mRNA transcribed in this cell to produce
the spike protein, that is presenting to T and B lymphocytes on
the cell surface for the immune response (13,14,15). Food and
Drug Administration and WHO approved mRNA vaccines (16,17).
mRNA-based vaccines have presented strong immunity reaction
and prevention against severe illness. Moderna and Pfizer-
BioNTech vaccines use mRNA technology. In Turkey, Pfizer-
BioNTech (Pfizer, Inc. Philedelphia, PA, USA) is the only available
mRNA vaccine for COVID-19 protection to date. Pfizer-BioNTech
vaccine’s reported efficacy is 95% in phase Il clinical trials for
protecting COVID-19. Injection site reactions (most common),
muscle pain, fatigue, chills, headache, fever, joint pain are
common side effects. All of the side effects generally resolve
within two days. Most of these side effects were observed after
the second dose. mRNA-based vaccines may rarely cause Bell’s
palsy, anaphylaxis, pericarditis and myocarditis (18). Because of
this reason, CDC recommended monitoring recipients for 15-
30 minutes after the COVID-19 mRNA vaccine. Pfizer-BioNTech
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confirmed for people 12 years old and above. Pfizer-BioNTech
mMRNA vaccine requires two doses, 21 days apart (19). Moderna
(ModernaTX, Inc., Cambridge, MA, USA) is another form of
mMRNA vaccine that can be used in the United States of America
and different countries.

ii- Inactivated Virus Vaccines

Such vaccine uses an inactivated virus of COVID-19 to
activate an immune reaction. The inactivated vaccines do
not include a live COVID-19 virus. Therefore, these vaccines
may not cause the disorder. Aluminum hydroxide is used as
an adjuvant in these vaccines. In Turkey, Coronavac (Sinovac,
Beijing, China) is the first available inactivated vaccine
for COVID-19 protection. The phase Il trials reported the
efficacy of Sinovac as 83.5%. The vaccine requires doses for
twice. More common side effects are injection site reaction,
headache, fatigue, chills, muscle pain, fever and joint pain.
These side effects usually resolve within two days. Sinopharm
(Sinopharm, Beijing, China) is another form of inactivated
virus vaccine that can be used in different countries. Sinovac
and Sinopharm are not confirmed for usage in the United
States of America and some of the European countries (7).
In Turkey, another form of inactivated virus vaccine named
Turkovac (ERUCOV-VAC, Kayseri, Turkey) was applied for
emergency use by the Turkish Minister of Health on 2021
November (20).

iii- Viral Vector Vaccines

These types of vaccines used viral vectors to deliver the
spike protein mRNA into the host cell. A non-replicated
modified version of adenovirus is used as a viral vector in
such vaccine. The vaccine product finally contains SARS-CoV-2
spike protein and eliminated as an immune response with the
same mechanism as mRNA vaccines (7). Oxford/AstraZeneca
(AstraZeneca, Cambridge, UK) and Janssen (Janssen Biotech,
Inc, Johnson & Johnson, New Brunswick, NJ, USA) are two
forms of viral vector vaccines. The vaccine of Oxford/Astra
Zeneca requires doses twice. The vaccine named Janssen
requires a single dose (21). The reported efficacy of Janssen
is 72% and Oxford/AstraZeneca is 63.1% from the phase IlI
trials. The Janssen vaccine’s side effects include injection
site pain, myalgia, fatigue and headache. These side effects
usually resolve within two days. On rare, this vaccine may
cause thrombotic thrombocytopenic purpura, raduculitis,
Guillain-Barré syndrome. The side effects of thrombosis cases
have been noted in women. Pregnancy, oral contraceptives,
hormonal therapeutics are thrombotic risk factors. Therefore,
pregnant women have increased thrombosis risk with Janssen

vaccine (22,23). In Turkey, there is no available viral vector
vaccine for COVID-19 protection to date.

COVID-19 Vaccine Studies During Pregnancy

Women with pregnancy are generally excluded from
COVID-19 vaccine studies, because of liability and safety
concerns about mother and fetus. Systemic non-inclusion of
this wide population from clinical studies means available
very limited data on COVID-19 vaccines’ safety and efficacy
during pregnancy (24,25). Increasing evidence suggests that
pregnancy-related COVID-19 risks substantially above the
risk of non-pregnant woman. Pregnancy-related risks may
be minimized and reduced by standard preventive strategies,
including COVID-19 vaccines (26). Previous studies with
non-COVID-19 mRNA-based vaccines on human, including
influenza, rabies and Zika virus noted good safety and
immunogenic profile in pregnant women (5).

To date, subsequent data from pregnant COVID-19
vaccinated women showed safety during pregnancy. There
is no evidence of harmful effects on pregnancy, fetal
development, parturition and postnatal development both
directly and indirectly for the COVID-19 vaccines (27,28,29).
After the vaccine administration during pregnancy; a
maternal immune response, a reduced incidence of maternal
COVID-19 and a reduced severe and critical infection of
SARS-CoV-2 incidence was demonstrated. Also, the transfer
of maternal vaccine-induced antibodies across the placenta
to confer passive immunity against SARS-CoV-2 infection for
fetus/newborn. Protective vaccine-induced antibodies have
been demonstrated in umbilical cord serum after the 15" day
of the first maternal COVID-19 vaccination (30).

Although pregnant women were not included from
the vaccination studies and participants were warned to
avoid pregnancy, 53 accidental pregnancy occurred in these
trials. The miscarriage rates are comparable with the non-
vaccinated groups vaccination does not have any effect on
early pregnancy complications (31).

The CDC has recommended an application named V-safe
after vaccination health checker for smartphones. The app
includes pregnant people, to register adverse events following
vaccination. The V-safe COVID-19 vaccine pregnancy registry
has greater than 50,000 data from completed pregnancies.
There are no obvious safety signals with congenital
abnormalities, miscarriage, fetal growth, preterm labor,
stillbirth and neonatal mortality (32). And also Vaccine
Adverse Event Reporting System (VAERS) of the CDC has 154
pregnancy data. There was no excess observed in adverse and
side effects compared with the CDC national birth data. The
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Clinical Immunization Safety Assessment and Vaccine Safety
Datalink of CDC have almost 40,000 pregnancy data. These
data mostly for mRNA vaccines and have not shown adverse
outcomes (33). Developmental and reproductive toxicity
studies’ early data have also not shown adverse effects for
women reproduction, fertility, miscarriages, embryonal/fetal/
postnatal development (17,34).

Shimabukuro et al. (35) studied the data on 35,691
vaccinated pregnancy from the registries of safety surveillance,
including VAERS and V-safe. They noted fatigue, headache,
injection site pain, myalgia and fever as common reactions
to vaccines. The reactions were more common after the
second vaccine dose. They reported that these patterns were
similar in women who were not pregnant. Only vomiting and
nausea were more slightly common in pregnant individuals
compared with non-pregnant women after a second dose of
vaccines (35).

In another study, 2,456 pregnant women who received
COVID-19 mRNA vaccine before conception or before 20
weeks of getation have cumulative miscarriage risk of 12.8%.
This is a similar rate in the general obstetric population (36).
A different trial demonstrated that 13,000 miscarriages from
92,000 pregnant women had similar odds with and without
mRNA COVID-19 vaccine exposure (29). Similar safety data
were noted for viral vector vaccines (37).

Another study has noted poor pregnancy outcomes in
non-vaccinated and infected women. COVID-19 related
hospital admission was 77.4%, COVID-19 related critical care
admission was 98%, perinatal death was 100% for the non-
vaccinated at the time of SARS-CoV-2 infection. The perinatal
death rate of COVID-19 vaccinated women was similar to
obstetrics population rates (38).

In another study, the authors noted that mRNA vaccines
caused a strong humoral immune response during pregnancy.
Antibody responses were quickly developed after vaccine
administration. This quick response was not shown with
the natural infection of SARS-CoV-2. Reactogenicity and
immunogenicity were similar in women with or without
pregnancy. The authors also noted the passed preventive
immunoglobulins (Ig) to the fetus/newborn by the placenta (39).

Lastly, Pfizer declared a global phase 2/3 study to evaluate
the vaccine's immunogenicity, safety, and tolerability in
pregnancy. This trial was placebo-controlled, observer-blind,
randomized. It is planned to include 4,000 healthy women
with pregnancy vaccinated between 24-34 weeks of gestation.
The estimated completion date of the study is August 2022
(40). The other companies are planning similar studies.

Impact of COVID-19 Vaccination on the Fetus

Vaccination in pregnancy (e.g. pertusis, influenza, Zika)
is a well known factor to protect to mother and fetus from
infection (5). Experts suggest that mRNA based, viral vector
and inactivated vaccines do not have indicative risk to
newborn and fetus. There are directly no data that particles of
vaccines pass the placenta and cross into fetal tissues. Trials
on different vaccinations of lipid nanoparticle showed that
they may not pass the placental barrier (41,42).

In Shimabukuro’s study, pregnancy loss and adverse
pregnancy results of small size for gestational age and preterm
birth have similar incidences before the COVID-19 pandemic.
They did not report any neonatal deaths (35).

Many experts suggest that vaccine-induced Ig antibodies
can cross to the breastmilk and protect the infant against
infection of SARS-CoV-2. A study noted the existence of
vaccine-induced IgA in milk after four weeks of mRNA-based
vaccine administration. They also reported IgA levels in milk
were similar between vaccination and infection (43). Another
study showed anti-spike antibody transfer via the placenta
after maternal mRNA-based vaccination (44).

Hesitancy of COVID-19 Vaccination

The COVID-19 vaccines’ acceptance level is inadequate
to meet necessity for developing global immunity against
SARS-CoV-2 infection. The number of infected individuals
are affecting the herd immunity. The community level of
vaccination to stop the pandemic needs to reach a level of
75% and above in a time period (45). WHO has categorized
hesitancy of COVID-19 vaccination as one of the prior global
health threat. It is critical to address and understand the
reasons for vaccination hesitancy (46).

Skjefte et al. (46) noticed the causes for women with
pregnancy to decline vaccines of COVID-19 in pregnancy as (i)
not to sustain developing fetus to probable harmful effects, (ii)
approve of the vaccines could be hurried for political causes,
(iii) to have effectiveness and safety data during pregnancy.

Hesitancy for vaccination is a complex problem based on
region, race, education level, ethnicity, social influence and
pregnancy status (47). It is important to improve vaccine
acceptance with effective and consistent public steps.

Choice of Vaccine

If both an mRNA and inactivated virus vaccine are
available, pregnant are advised to select the vaccine beyond
the benefits and risks. Some inactivated COVID-19 vaccines
contain adjuvants. Insoluble aluminum salt, is one of the
inactivated vaccine adjuvant, has a good safety profile (48).
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Novel adjuvants containing vaccines are generally avoided
during pregnancy. There is a lack of safety data of novel
adjuvants. This theory must be balanced with the risk of
COVID-19 pandemic, severe infection of SARS-CoV-2 and
mortality risk in pregnancy.

CDC commends that pregnant with an early allergic and
severe reaction to an mRNA-based vaccine's first dose, should
not approve mRNA-based vaccines without evaluation by an
immunology specialist (10).

Thrombosis is slightly more common in pregnancy,
therefore pregnant people should be warned sensitive for the
thromboembolic event's increased risk with Janssen vaccine

(7).
Timing of the Vaccine

It is an appropriate advice that women planning pregnancy
should be vaccinated as soon as possible. The current available
COVID-19 vaccines do not have any effect on fertility. It is not
necessary to receive a pregnancy test before vaccination. There
is no data to delay pregnancy after vaccination for COVID-19. If
a female has pregnancy after receiving the COVID-19 vaccine
series' first dose, the secondary dose could be carried out at
the exact time as non-pregnant persons (3).

Other Vaccine and Anti-D Ig Administration with
COVID-19 Vaccines

A separation between other and COVID-19 vaccines
is unnecessary. The vaccines of COVID-19 can be carried
out at the same period as routine-administered vaccines.
The immunoglobin of anti-D does not change the immun
response to vaccines. A seperation period between the
COVID-19 vaccines and anti-D Ig is also unnecessary. Standard
protocols can be used for alloimmunization prevention with
COVID-19 vaccines (3,8).

Lactation and COVID-19 Vaccines

Lactation should not effect timing of COVID-19 vaccines.
Vaccine induced maternal serum antibodies of SARS-CoV-2
may pass into milk and can protect newborn with passive
immunization. Although breastfeeding women excluded from
vaccine studies, available COVID-19 vaccines are unlikely to
get a risk to the lactated child. The vaccines do not contain
infectious viruses and a minimal amount can pass into milk,
but they are inactivated by the child’s digestive system (49).

Conclusion

Pregnant women should be offered the vaccination for
COVID-19 where the benefits outweigh few potential risks.
Women with SARS-CoV-2 infection and pregnancy are more
likely to have severe disease, need intensive care, deliver
preterm and because of these newborns are more likely to be
hospitalized to neonatal unit. Vaccination can reduce these
risks. Vaccination for pregnantwomen isa healthy and safe way
to prevent infection of SARS-CoV-2 and should be considered.
From the knowledge of similar prior non-COVID-19 vaccine
trials’ experience, reproductive and developmental toxicology
trials from animals, datas from trials of humans and different
advisory comitees of healthcare have published guidelines
supporting vaccination for COVID-19 during pregnancy and
breastfeeding.
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