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Abstract: Effective strategies are urgently needed to decrease the risk of untoward outcomes of pregnant women with severe\
acute respiratory syndrome coronavirus 2 (coronavirus disease 2019 [COVID-19]) infection. Pregnant women are a vulnerable popu-
lation to infectious disease pandemics with dramatically increased infectious diseases-related serious complications, such as the need
of hospitalizations, the need of admission to intensive care unit, and the final disease-related death compared with those nonpregnant
counterparts or those pregnant women without infection. Several studies have shown that vaccinations in pregnancy are a safe and
highly effective strategy, not only for pregnant women but also for fetus and/or newborn because of the passive transplacental transfer
of antibodies to the offspring. Active and passive prevention of infectious diseases is approved as effective strategies for women who
attempt to become pregnant or during pregnancy. Despite the large and proven scientific evidence, pregnant women still puzzle over
whether they should get vaccinated. The question therefore arises: Why are pregnant women so reluctant to receive vaccination? The
explanation is more likely in the way that the benefits of vaccination have been communicated “confusedly.” In fact, like virtually all clini-
cal trials, all the COVID-19 vaccine trials have excluded pregnant and lactating women from participating, contributing to uncertainty
of safety and efficacy in COVID-19 vaccines that have been well prepared and available for the general adult population worldwide.
Moreover, messenger RNA vaccine is a relatively brand-new vaccine, and experience with this type of vaccine is still scarce. It is hard
to overcome this innovation deadlock. The knowledge and awareness of pregnant women who are at risk, and full information on the
knowledge of vaccines and related preventable diseases in pregnant women may avoid hesitancy and increase vaccine acceptance.
The current review is a part two addressing the impact of COVID-19 on pregnant women. We focus on the up-to-date information
about the application of vaccination on pregnant women, especially during this COVID-19 pandemic.
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1. INTRODUCTION

Because severe acute respiratory syndrome coronavirus 2, SARS-
CoV-2 (coronavirus disease 2019 [COVID-19]), is rapidly and
widely disseminating to the world and evidence-based knowledge

about COVID-19 in pregnant is limited,'~* a better understand-
ing of knowledge about COVID-19-related impact on pregnant
women, who are a vulnerable population to infectious disease
pandemics, is of paramount importance.®® Therefore, we have
conducted a series of review addressing the impact of COVID-19
on pregnant women. The first part (which focused on the clinical
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presentations and untoward outcomes of pregnant women with
COVID-19) has been published in the September issue of the
Journal of the Chinese Medical Association.” We found pregnant
women have less frequency to present symptoms or signs when
they get SARS-CoV-2 infection compared with non-pregnant
women did. Additionally, if they have COVID-19-related symp-
toms, their symptoms tend to be mild than those of non-preg-
nant women with COVID-19.° Unpredictably, these pregnant
women with COVID-19 are more likely to progress to severe
diseases, needing admission to intensive care unit (ICU, risk
ratio [RR] 2.1-3.0), mechanical ventilation (RR 2.6-2.9), and
extracorporeal membrane oxygenation (ECMO, RR 2.0-2.4),
and finally result in more COVID-19-related deaths (RR 1.1-1.7)

903



Wang et al.

compared with non-pregnant women. "' Moreover, these preg-
nant women with COVID-19 not only have the higher risk of
severe diseases and death compared with non-pregnant women,
but also have a continuously higher risk of morbidity and mortal-
ity compared with pregnant women without SARS-CoV-2 infec-
tion. These dramatically increased risks include the development
of severe diseases, needing ICU administration (RR 3.6-18.6),
mechanical ventilation (RR 12.7), preterm birth before 37
gestational weeks (GWs) (RR 1.5-1.6) and cesarean section
(RR 1.1-1.3), and disease-related maternal death (RR 2.9-22.3),
than pregnant women without COVID-19.%-* Besides the sig-
nificantly increased risk of maternal morbidity and mortality,
the perinatal and neonatal outcomes of children born to preg-
nant women with COVID-19 are significantly worse, such as
the need to be admitted to the neonatal ICU (RR 4.9), as well as
an increased risk of intrauterine fetal death (RR 2.8) and peri-
natal death (RR 2.8) than those born to pregnant women with-
out COVID-19.%%-1* All emphasize an urgent need of national
or international recommendations and guidelines to optimize
prevention and management strategies for COVID-19 in preg-
nancy.”'>"* The healthcare team should help pregnant women to
minimize the risk of SARS-CoV-2 infection and provide an ade-
quate counseling and optimal medical service for those pregnant
women, regardless of whether they have SARS-CoV-2 infection
or not.!3!*

Several studies have shown that vaccinations in pregnancy
are a safe and highly effective strategy that is not only good
for pregnant women themselves but also beneficial for fetus
and newborn mediated through passive transplacental transfer
of antibodies (Abs).'*¢ Active and passive prevention of infec-
tious diseases is approved effective strategies for women who
attempt to be pregnant or during pregnancy. Despite the large
and proven scientific evidence, pregnant women still puzzle over
whether they should get vaccinated. The real reason is unknown,
but we are wondering why vaccination of the pregnant women
faces impasse? The explanation is more likely in the way that
these benefits of vaccination have been communicated “confus-
edly”. Like virtually all clinical trials, all the COVID-19 vaccine
trials have excluded pregnant and lactating women from par-
ticipating, contributing to uncertainty of safety and efficacy in
COVID-19 vaccines that have been well prepared and available
for the general adult population worldwide. Furthermore, mes-
senger RNA (mRNA) vaccine is a relatively brand-new vaccine
because the idea of using RNA in vaccines has been around for
nearly three decades.®!>"'7 Moreover, two vaccines made using
mRNA technology (Pfizer/BioNTech Comirnaty [BNT162b2]
vaccine and Moderna COVID-19 vaccine, focusing the SARS-
CoV-2’ spike protein, a surface protein used to enter cells)
proved effective at warding off COVID-19, but they are expen-
sive and must be stored at -70°C to maintain the integrity of the
RNA, and most importantly, both vaccines cannot be stored for
a reasonable period.!” Finally, RNA vaccines tested for human
use against COVID-19 have generally required a double dose to
be effective (an initial prime dose followed by a boost to stimu-
late the immune system’s memory cells and amplify the immune
response). The adverse events (AEs, reactogenicity) are substan-
tially and dramatically increased, which became greater after the
second shot (greater with Moderna than with Pfizer vaccine and
greater in younger than in older subjects).'2° All are associated
with poor compliance of the acceptance of the second shot. In
real-world clinical practice, many people who get the first shot
probably won’t get the second shot. Taken together, it is hard
to overcome this innovation deadlock. With the knowledge and
awareness of pregnant women who are at risk, and full infor-
mation about knowledge of vaccines and related preventable
diseases in pregnant women may avoid hesitancy and increase
vaccine acceptance. The current review is a part II addressing
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the impact of COVID-19 on pregnant women. We focus on the
up-to-date information about the application of vaccination to
pregnant women, and use the experience of common and wide-
accepted vaccines as examples to introduce the COVID-19 vac-
cination in pregnant women.

2. SPECIAL FEATURES OF THE IMMUNE SYSTEM
IN PREGNANCY

As shown in part I,” immune tolerance to the semi-allogeneic
fetus by the maternal immune system is critical for a success-
ful pregnancy, but pregnancy is an immunologically dynamic
state with high levels of human chorionic gonadotropin
(hCG, produced by the blastocyst and later by trophoblasts to
stimulate the production of interleukin [IL]-10* Breg [regulatory
B 10 cells: B10] and IL-35* Breg cells that function to downregu-
late effector cells) and the sex hormones estradiol (estriol [E3]
causes thymic involution, leading to decrease in T cell devel-
opment and suppresses B cell lymphopoiesis) and progesterone
(inhibiting Toll-like receptor [TLR]-induced cytokine produc-
tion and promoting T helper cell type 2 (Th2) immune responses
while inhibiting T helper cell type 1 (Th1) immune responses
and stimulating Th2 cells to release C-X-C motif cytokine
ligand 10 [CXCL10] and upregulating non-classical human leu-
kocyte antigen-G [HLA-G] expression), modifying the immune
responses (driving bone marrow precursor cells to formation of
cluster differentiation 11¢ [CD11<] dendritic cells and decrease
antiviral responses in addition to augmenting Th2 responses,
including interferon gamma [IFNYy] production and to expand
Treg populations) and shifting the Th1/Th2 ratio toward a more
tolerogenic Th2 profile, and subsequently attenuating cell-medi-
ated immunity by comprising IL-4, IL-10, IL-13, and transform-
ing growth factor-beta and, suboptimal to certain viral infection,
contributing to the unique susceptibilities to infectious diseases
pandemics and increased severity of virus-related diseases. All
were experienced previously by the Spanish influenza, HIN1
(influenza A, swine flu), Severe Acute Respiratory Syndrome
(SARS), Middle East Respiratory Syndrome, and more recently
SARS-CoV-2 pandemics.!*-1221-2¢ These infectious diseases pre-
dispose pregnant women to the untoward pregnancy outcomes
not only presenting a dramatically increased risk of maternal
and perinatal morbidities, but also resulting in both maternal
and perinatal deaths.!-1421-2427

As strong evidence supporting the highest risk of pregnant
women in this COVID-19 pandemic, the rapid development of a
vaccine to protect against COVID-19 has been a historic scien-
tific achievement in most people aged 18 years and older.!5-2228-32
Challenges still arise in the healthcare system when COVID-19
vaccination possibly improve maternal health but brings the
possibility of risk to fetal health, resulting in uncertainty of
safety and efficacy for these subjects who were not included in
these clinical trials.? Because the goal of any preventative pre-
natal intervention is to minimize risk to both mother and fetus,
while maximizing health benefits, experience from a precedent
for immunization during pregnancy, such as tetanus, diphtheria,
and acellular pertussis (Tdap) vaccine between the 27th and the
36th GWs, and influenza vaccine at any stage of pregnancy, may
be an acceptable and well-documented reference.?!-?233-37

However, past pandemics with accelerated vaccine develop-
ment timelines have included pregnant women in immunization
efforts, such as HIN1, but unfortunately, a few pregnant women
decided to be vaccinated against HINT1 in 2009.%” Therefore, the
following section attempts to summarize the vaccines routinely
administered during the pregnancy, based on primary benefits
to mother against infection as well as secondary benefits to the
fetus, including prevention of complications during labor and
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the transmission of protective Abs (high and protective levels of
immunoglobulin G [IgG]) passing through the placenta or giving
through breastfeeding.?$3%3%3% In general, immunization in preg-
nancy can provide a promising contribution to globally reduc-
ing neonatal and under-five childhood mortality and morbidity
secondary to transmitting infections.?>*’ Additionally, maternal
vaccinations may also directly provide passive immunity early in
life, which is the period of vulnerability for the infant.*

3. TYPES OF VACCINATION AVAILABLE DURING
PREGNANCY

To provide the protection of vaccination-preventable infec-
tious disease for pregnant women and their offspring, timely
administration of the standard vaccines from birth and avoid-
ance of gaps in the vaccination status of women of childbearing
potential are recommended.?'»***%> One of the best examples
is vaccination of live viral and bacterial vaccines (live attenu-
ated vaccines [LAIV]) that are attenuated before being used in
a vaccine, such as Rota virus, chickenpox (varicella), measles,
mumps, rubella (MMR), Bacillus Calmette~Gue'rin (BCG), live
herpes zoster (shingles) vaccine, live attenuated influenza vac-
cine, oral live polio vaccine, and typhoid live oral vaccine, and
some of them are highly recommended as standard vaccination
of women during their infancy, finishing preconceptional vac-
cination of women of childbearing potential with gaps in the
vaccination status.?'?>* These infectious diseases are associ-
ated with risk of severe maternal infection as well as congenital
viral syndrome, resulting in severe congenital fetal abnormali-
ties; when pregnant women get infected during the pregnancy
period, the risk is highest in the first 12 GWs.21224 As shown in
Special Features of the Immune System in Pregnancy, adminis-
tration of these LAIV to the pregnant women is not encouraged;
however, no evidence shows that inadvertent vaccinations to the
pregnant women will increase clinically significant AEs to both
mother and fetus in a real-world scenario.?"*> Moreover, it is
sometimes suggested that the vaccinations can be given under
special circumstances based on the significant benefits over
their potential risks, when exposure of the disease threatens
the global health of both mother and/or fetus, and cannot be
avoided.® Infectious disease outbreak is a typical example, in
which it is hard to escape from the disease exposure.** Of the
utmost importance is that the potential benefits of the vaccine
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outweighing its potential risk to the mother and the fetus should
be thoroughly discussed and consulted.*

LAIV are generally avoided in pregnancy because the vaccine
virus can spread to the fetus and theoretically, put the fetus at
risk.21-22284142 A maximum risk, in theory, for congenital rubella
syndrome (CRS) is 0.2% based on the detection rate of antiru-
bella IgM in the cord blood following inadvertent vaccination
with rubella vaccination during the early pregnancy.?# It is
often recommended that conception should be delayed at least
one month after LAIV.?! However, the above-mentioned com-
ment is not based on evidence. For example, the data are not
obtained from the clinical trial. The description “the overstate-
ment of an increased risk in pregnant women with inadvertent
LAIV vaccination” should be interpreted with caution. No data
from the well-designed clinical trials (evidence) supported the
safety of inadvertent LAIV vaccination in pregnant women, and
clinical trials demonstrating AEs of pregnant women treated
with LAIV are also absent. In a real-world scenario, pregnant
women, regardless of which trimester their pregnancy belong
to, may be vaccinated by LAIV inadvertently. So far, no cases of
CRS or congenital varicella syndrome had been reported among
more than 3500 susceptible women who have received rubella
vaccinations or varicella vaccinations shortly before or in the
early trimester of pregnancy.?’*'*> Furthermore, even though
vertical transmission of rubella vaccination to the fetus had been
reported before, no clinical significance had been demonstrated
in these infants.?’* Similar to rubella vaccine, other LAIV, such
as measles, mumps, or combination, yellow fever, and oral polio-
virus, are also not recommended for pregnant women.?"#!4
The contraindication of LAIV to the pregnant women may be
a purely precautionary measure, and inadvertent vaccination of
pregnant women with LAIV cannot be used as an indication
for termination of the pregnancy.?* Basically, if any concern
of safety of these vaccinations by LAIV should not be underes-
timated, but it is not worthy of overemphasis. All we can do is
providing adequate knowledge or information to the women in
the reproductive age, regardless of who plans to get conceived
or who are pregnant. Table 1 is a summary of the vaccines that
may not be suitable for pregnant women.

Besides the relatively controversial issue about LAIV vac-
cination in pregnancy, other vaccines have been frequently
mentioned in pregnancy. These vaccines can simply be classi-
fied as vector vaccines and non-vector vaccines. Conventionally,

Summary of vaccines that are not recommended in pregnancy

Vaccines Comments Real-world experience
MMR LAIV: Not recommended in pregnancy. No congenital rubella syndrome is reported in pregnant women with inadvertent vaccination.
Recommended from birth as well as avoidance of gaps in the
vaccination status of women of childbearing potential.
Varicella LAIV: Not recommended in pregnancy. No congenital varicella syndrome is reported in pregnant women with inadvertent vaccination.

BCG LAIV: Not recommended in pregnancy.

Shingles (H2) Both LAIV (ZVL) and RZV (a liposome-based adjuvant system)
are not recommended in pregnancy.
Influenza LAIV: Not recommended in pregnancy.

OPV LAIV: Not recommended in pregnancy.
Inactivated vaccine is acceptable.
LAIV: Not recommended in pregnancy.
Inactivated vaccine is acceptable.

Oral live typhoid

Smallpox Preexposure vaccination is contraindicated in any trimester
of pregnancy
HPV No need in pregnancy.

No association between vaccination and poor pregnancy outcome, but vaccine-associated
paralytic polio in the general population.

No congenital smallpox syndrome is reported in pregnant women with inadvertent vaccination

No risk is reported to both mother and fetus in pregnant women with inadvertent vaccination.

BCG = Bacillus Calmette—Gue rin; HPV = human papilloma virus; HZ = Shingles (Herpes zoster); LAIV = live attenuated vaccines; MMR = measles-mumps-rubella; OPV = a live attenuated oral poliovirus types

1,2, and 3 (Sabin vaccine); RZV = recombinant zoster vaccine; ZVL = live zoster vaccine.
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one or more types of live microorganisms (bacteria or viruses,
such as large DNA viruses as adenoviruses, vaccinia, and pox-
viruses) that are non- or low-pathogenic to the targeted species
(eg, human beings) are used as vectors in which one or more
genes or RNA (subunit vaccines) that encode antigens have been
inserted, usually surface proteins of pathogens.?? These subunit
vaccines include toxoid vaccines, polysaccharide vaccines, con-
jugate vaccines, DNA vaccines, and RNA vaccines.? Different
components of vaccines may affect the potential efficacy of the
neonate, since different subclasses of IgG have a different effi-
ciency to pass through the placenta to the fetus.?? In terms of
efficient transferring to the fetus, the most effective IgG is IgG 1,
which can reach the highest concentration to the fetus, and the
other order of efficiency is IgG4, 1gG3, and IgG2.2? Therefore,
the content of vaccinations is a key factor to determine the
efficacy of passive immunization of the fetus and newborns.
Furthermore, IgG transfer from the mother to the fetus can
occur from the 13th GWs, with the largest amount of transfer
occurring during the third trimester of pregnancy.*

Because polysaccharide vaccine often elicits predominately
IgG2 response, and in contrast, protein or protein-conjugated
vaccines elicit I[gG1 and IgG3 response,?? it is easily understood
that for achieving maximal protection of neonates, protein-
conjugated vaccination to pregnant women is a better choice.
Furthermore, vaccination can be delayed to the second or third
trimesters if the safety issue is still under the consideration (con-
cerns of safety).*’

Table 2 provides a summary of the vaccines that are often
recommended in all women during the reproductive age, regard-
less of whether they are pregnant or not.*"#24-51 Table 3 lists
the vaccinations that are indicated for medical needs during
pregnancy, 424647

4. ANTI-SARS-COV-2 INFECTION VACCINATION
(COVID-19 VACCINATION) DURING PREGNANCY

4.1. Safety and adverse events

Before the introduction of anti-SARS-CoV-2 vaccination during
pregnancy, so far, several different vaccines are in use, includ-
ing Pfizer/BioNTech Comirnaty vaccine (BNT162b2, which was
listed for the World Health Organization (WHO) Emergency
Use Listing (EUL) or Emergency Use Authorization on
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December 31, 2020; SII/Covishield and AstraZeneca/AZD1222
vaccine (Oxford/AstraZeneca [AZ], listed for the WHO EUL on
February 16, 2021); Janssen/Ad26.COV 2.S vaccine (Johnson
& Johnson, listed for the WHO EUL on March 12, 2021);
Moderna COVID-19 vaccine (mRNA 1273, listed for the WHO
EUL on April 30, 2021); Sinopharm COVID-19 vaccine (Bio-
Institute of Biological Products Co Ltd, listed for the WHO EUL
on May 7, 2021); and Sinovac-CoronaVac vaccine (listed for
the WHO EUL on June 1, 2021).* In general, all six different
COVID-19 vaccines are safe for most people aged 18 years and
older, including those with pre-existing conditions of any kind
of auto-immune disorders, hypertension, diabetes, asthma, pul-
monary, liver and kidney diseases, as well as chronic infections
that are stable and controlled. However, the following four con-
ditions, such as a compromised immune system, pregnancy, a
history of severe allergies—particularly to a vaccine (or any of
the ingredients in the vaccine)—and severe frailty should be dis-
cussed with healthcare providers if vaccinations are planned.*

Among the aforementioned special circumstances, pregnant
women constitute one of the most important population who
need more care and much communication, not only for any ethi-
cal issue but also for the safety of both the mother and fetus. In
theory, either administration of drugs or vaccination to preg-
nant women is encouraged if the goals of “win-win” situations
for both maternal and fetal interests can be achieved. However,
sometimes, a challenge or a dilemma situation will occur when
maternal and fetal interests are misaligned. Although it is well
known that no treatment that improves fetal well-being can
occur without going through the body of the pregnant woman,
and most obstetrical ethicists believe that the pregnant woman
is the most appropriate individual to make choices regarding if
and how to proceed the treatment, pregnant patients will go to
great ends to optimize the outcome of their pregnancy, and, be
informed of the options and possible risk and benefits.*

A recent review was conducted to identify the safety concerns
(including AEs during pregnancy and the neonatal period) of
COVID-19 vaccines, such as their components and their techno-
logical platforms (whole virus, protein, viral vector, or nucleic acid)
used in other vaccines. The review found that the most frequent
exposure was to AS03 adjuvant (the oil-in-water emulsion-adju-
vant AS03 system, including AS03, as 11.86 mg of tocopherol,
and AS03, as 5.93 mg of tocopherol) in the context of A/HIN1
pandemic influenza vaccines (24 studies), aluminum-based

Summary of vaccines that are recommended in pregnancy

Vaccines Comments Real-world experience
Tdap Current guidelines (CDC, and ACOG) suggest that all pregnant women Moderate: no evidence of increased risk of both mother and fetus
should get vaccinated between 27 and 36 gestational weeks.
CDC recommends the administration of Tdap in very consecutive pregnancy.
Tdap-IPV UK Department of Health recommends of all previously immunized pregnant Moderate: no evidence of increased risk of both mother and fetus
women between 16 and 32 gestational weeks.
Hepatitis B Insufficient evidence to draw a conclusion about key adverse events in pregnant
women
Inactivated Evidence shows the vaccine can be given at any trimester. Insufficient evidence to draw a conclusion about key adverse events in pregnant
influenza  Global policies that recommend maternal influenza vaccination have been in women.

place for a decade.
Women planning to become pregnant should be vaccinated beforehand.

The data supporting the benefits and safety of maternal influenza vaccination during
any gestation stage.

The data from population-based cohort showed that maternal influenza vaccination
during pregnancy was not significantly associated with an increased risk of
adverse early childhood health outcomes.

ACOG = the American College of Obstetricians and Gynecologists; CDC = the center for disease control; hepatitis B = hepatitis B vaccine, including Engerix-B, and Recombivax HB; inactivated
influenza = quadrivalent inactivated influenza vaccines or quadrivalent recombinant influenza vaccine; Tdap = tetanus—diphtheria—acellular pertussis; Tdap-IPV = tetanus—diphtheria—acellular pertussis and

inactivated polio vaccine (salk vaccine).
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Summary of vaccines that are given for medical indications in pregnancy

Vaccines Comments

Real-world experience

RHBV (surface antigen) CDC and ACOG:

No apparent risk of congenital anomalies to the developing fetus.

Completion of the vaccination scheme that started before

conception.
High risk of infection with HBV in pregnancy.

Pneumococcal (PPSV23 and PCV13)  ACIP: Given before conception.

Safety data available in the second and third trimesters.
ACIP: Polysaccharide and toxin or recombinant protein vaccine. Risk of patterns of adverse events after MenACWY vaccination may not be

Meningococcal (MenACWY

and MenB)
Rabies (RABV) CDC: Recommended after an animal bite.
Hepatitis A CDC: Recommended in high risk for exposure to HAV.
PV CDC: IPV for pregnant women in high risk.

Japanese encephalitis
encephalitis virus.
Yellow fever
fever virus.

Typhoid fever Oral Ty21a: Contraindication for pregnant women

CDC: A LAIV consulted in high risk for exposure of yellow

No increase incidence of congenital anomalies is reported in pregnant
women with inadvertent vaccination.

increased.

A favorable safety profile during all three trimesters.

VAERS reports did not identify safe issue in pregnancy

No risk reports.

IVP vaccination combined with Tdap recommended for pregnant women in
the United Kingdom.

CDC: Recommended in high risk for exposure of Japanese

No identified risk reports.

Injected Vi: CDC and ACIP: suggested in high risk and delayed

to the second and third trimester.
Smallpox CDC:

Preexposure vaccination is contraindicated in any trimester of

pregnancy.

Only after direct exposure to smallpox.

Anthrax
trimester of pregnancy.

CDC: Only after direct exposure to smallpox.

CDC: Preexposure vaccination is contraindicated in any

Fetal smallpox infection, although the risk is low.
Not recommended to terminate pregnancy after vaccination.

Birth defects were slightly more common in infants born to mothers
vaccinated in the first trimester when compared with infants born to
women vaccinated outside the first trimester.

Japanese encephalitis: inactivated mosquito-borne flavivirus; Yellow fever: a live attenuated mosquito-borne flavivirus; Typhoid fever: two types: a live attenuated oral Salmonella typhi (Ty21a) and Vi
polysaccharide injected vaccine; Smallpox: a live attenuated smallpox (or variola) virus; Anthrax: a live attenuated antigenic protein of Bacillus anthracis.

ACIP = the Advisory Committee on Immunization Practices; ACOG = the American College of Obstetricians and Gynecologists; CDC = the center for disease control; hepatitis A vaccine = inactivated Hepatitis
Avirus; IPV = inactivated poliovirus types 1,2 and 3 (Salk vaccine); MenACWY = Neisseria meningitidis meningococcal group A, G, W-135 and Y vaccine (protein-conjugated vaccines); MenB = meningococcal
B vaccine (recombinant vaccines); PCV13 = 13-valent pneumococcal conjugate vaccine; PPSV23 = 23-valent pneumococcal polysaccharide vaccine; RABV = inactivated Rhabdoviridae lyssavirus,
RHBV = recombinant hepatitis B vaccine; Tdap = Tetanus- Diphtheria- Acellular pertussis; VAERS = the Vaccine Adverse Event Reporting System.

adjuvants (11 studies), aluminum phosphate in respira-
tory syncytial virus fusion candidate vaccines (three studies),
Tdap vaccines (three studies), different aluminum-based adju-
vants in hepatitis vaccines, the replication-deficient simian
adenovirus (ChAdOx1) in rift valley fever vaccine, and lipid
nanoparticles in mRNA COVID-19 vaccine.’*? The authors
finally found no evidence of pregnancy-associated safety con-
cerns of COVID-19 vaccines that were selected for review by
the COVAX MIWG or of their components or platforms when
used in other vaccines. However, the need for further data on
several vaccine components and platforms is warranted, given
their novelty.!

One report of the Morbidity and Mortality Weekly Report
Early Release on the MMWR website (https://www.cdc.gov/
mmwr) in the United States can be used to monitor the safety
of COVID-19 vaccination to pregnant women because they are
eligible for and can receive any of the three COVID-19 vaccines
(Janssen/Ad26.COV 2.S [Johnson & Johnson] vaccine, Pfizer/
BioNTech Comirnaty or Moderna vaccines) available in the
United States via EUL.> Additionally, data from Vaccine Safety
Datalink, a collaboration between the Centers for Disease
Control and Prevention’s (CDC’) Immunization Safety Office
and nine health care organizations starting from 1990, can be
analyzed to assess receipt of one or greater dose of COVID-19
vaccination during pregnancy.’* Among 135 968 pregnant
women between December 14, 2010 and May 8, 2021, 22 197
(16.3%) had received one or greater dose of COVID-19 vaccina-
tion during pregnancy.’® In total, 15 043 pregnant women had

Www.ejcma.org

a completion of two doses of vaccination (8226 for Pfizer, and
5992 for Moderna) and the remaining had a single shot (3658
for Pfizer, 3496 for Moderna, and 825 for Janssen).%
Shimabukuro and colleagues used data from the “v-safe after
vaccination health checker” surveillance system, the v-safe preg-
nancy registry, and the Vaccine Adverse Event Reporting System
to characterize the initial safety of mRNA COVID-19 vaccines in
pregnant women, and a total of 35 691 v-safe participants (age
16-54 years) were identified as pregnant, with the primary vari-
able of pregnancy.® Because 87% of participants were pregnant
during vaccination, it can be considered as a real-world data.
The most common AE associated with mRNA vaccinations
among pregnant women was injection-site pain, which was
reported in 90% of cases, and more than half of pregnant
women experienced fatigue (or tiredness), headache, myalgia
(muscle or body aches) after the second shot of vaccine, and in
general, the frequency of AEs is dramatically increased after the
second dose of vaccine compared with that after the first dose
of vaccine. To compare with AEs of non-pregnant women after
mRNA vaccinations, injection-site reactions were slightly more
common in pregnant women. However, systemic reactions were
less common in pregnant women compared with those in non-
pregnant women.* In terms of severe reactions, they were also
very similar in comparing pregnant and non-pregnant women,
except for nausea or vomiting with a more frequent occurrence
among pregnant women.>’ For other COVID-19 vaccines, such
as AZ vaccine and Janssen vaccines, local infection site reac-
tions, fatigue, headache, fever, and muscle pain were common,
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and most common AEs of Janssen vaccines are injection site
pain (48.6%), headache (38.99%), fatigue (38.2%), and myal-
gia (33.2%).5658

Spontaneous abortion rate was 11.6% if GW was defined
as <13 GWs.%> When abortion mildly increases to 12.6%, the
GW was defined as <20 GWs. It is interesting to find that more
than one quarter (28.6%) of pregnant women received the first
shot of mRNA vaccinations, but no congenital anomaly in new-
born was reported for these pregnant women.** Additionally,
although congenital anomaly rate was 2.2%, and all newborns
with congenital anomaly were born to pregnant women who
received the first shot of mRNA vaccination in their third tri-
mester, these congenital anomalies may be unrelated to mRNA
vaccinations because the vaccination time is beyond the period
of organogenesis. Moreover, the aforementioned adverse preg-
nancy outcomes reported by the v-safe vaccine database seemed
to be very similar to background data from national statistics
measured before the COVID19 pandemic.”® All suggest that
COVID-19 mRNA vaccine has no safety concerns for preg-
nant women. A summary of the common AEs after COVID-19
vaccination in pregnant women is shown in Table 4.7
Post clinical real-world AE analyses are ongoing, and have
revealed some concern for thrombotic disease with use of
the Janssen and AZ vaccines. Preclinical developmental and
reproductive toxicity studies have been completed for at least
three vaccines (Pfizer, Moderna, and Janssen); none found any
adverse effects on animal reproduction or fetal development.*®

Adverse events of messenger RNA vaccinations in pregnant
women

First shot Second shot
Adverse events P-M (Total) P-M (Total) Janssen
Injection-site pain (%) 84-92.8 (88.1)  88.7-95.6 (91.9) 48.6
Fatigue (%) 26.6-33(29.6)  63.7-80.6 (71.5) 38.2
Headache (%) 16.5-19.1 (18.1) 47.3-65 (55.4) 389
Myalgia (%) 8.8-14.7 (11.6)  43.9-66.1 (54.1) 33.2
Chills (%) 2.8-5.6 (4.1) 26.3-48.9 (36.7)
Fever (%) 2.8-5.7(4.2) 24.8-46 (34.6)
>38°C (%) 0.3-0.8 (0.5) 47-11.8(8)
Nausea (%) 5.4-8.0 (6.7) 20.4-33.9 (26.6)
Joint pain (%) 2.3-43(3.2) 19.1-33.2 (25.6)
Injection-site swelling (%) 3.5-9.3(6.2) 6.2-18.7 (11.9)

Pregnancy outcome Number/total number (%)
Abortion (<20 GW) 104/827 (12.6)
Abortion (<13 GW) 96/827 (11.6)
Stillbirth (=20 GW) 1/725(0.1)
Preterm birth (<37 GW) 60/636 (9.4)

SGA 23/724 (3.2)
Congenital anomalies 16/724 (2.2)
Neonatal death 0/724

The data are presented as percentage (%) from P (Pfizer-BioNTech vaccinations) to M (Moderna
vaccinations) and a combination of both (total).

The data are presented as number/total number (percentage: %).

First shot is based on 9052 pregnant women with Pfizer-BioNTech vaccinations and 7930 pregnant
women with Moderna vaccinations.

Second shot is based on 6638 pregnant women with Pfizer-BioTech vaccination and 5635 pregnant
women with Moderna vaccinations.

Total is based on 16 982 pregnant women with the first shot of messenger RNA vaccinations and
12 273 pregnant women with the second shot of messenger RNA vaccinations.

Congenital anomaly is defined according to the Metropolitan Atlanta Congenital Defects Program
6-Digit Code Defect List (https://www.cdc.gov/ncbddd/birthdefects/macdp.html).

Neonatal death is defined as newborn died within the first 28 days after delivery.

The data were modified from references % and .

GA = gestational weeks; GW = gestational week; M = Moderna; P = Pfizer-BioNTech; SGA = small
size for gestational age.
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According to the results of Shimabukuro et al, as a member
of the healthcare team, the following information about the
safety of application of mRNA COVID-19 vaccination to the
pregnant women can be given, because of no obvious adverse
events among women who received mRNA COVID-19 mRNA
vaccines during the pregnancy period.

4.2. Immunogenicity after COVID-19 vaccination

in pregnancy

Immunogenicity after vaccination is a determinant factor to eval-
uate the efficacy of the vaccination. Arunachalam et al®’ tested
the immunogenicity of Pfizer vaccine in healthy adult volun-
teers, and they found that the second dose of Pfizer vaccination
resulted in the robust production of neutralizing Abs against the
wild-type SARS-CoV-2 as well as significant increases in anti-
gen-specific polyfunctional CD4 and CD8 T cells. Additionally,
the second shot stimulated a notably enhanced innate immune
response when compared with the first shot of vaccination,
including (1) a greater frequency of CD14*CD16*inflammatory
monocytes; (2) a higher concentration of plasma IFNy; (3) a
transcriptional signature of innate antiviral immunity; and
(4) 100-fold increase in the frequency of a myeloid cell clus-
ter enriched in IFN-response transcription factors and reduced
in AP-1 transcription factors, after secondary immunization.'
All suggested that at least two shots of Pfizer vaccinations are
needed to achieve the goals of protection to be against SARS-
CoV-2 infection.

What is the effect of mRNA vaccinations in pregnancy? One
study showed that pregnant women had significantly lower
SARS CoV-2 IgG levels in the maternal serum, regardless of
which trimesters or GWs they were vaccinated with Pfizer vac-
cination compared with non-pregnant women (27.03 = 10.72
vs 34.35 = 10.25). In contrast, another study showed no
difference of maternal to neonatal anti-COVID-19 Abs ratio
between Pfizer vaccination and Natural SARS CoV-2 infec-
tion.®® Collier et al*' found there are no differences of binding,
neutralizing, and functional non-neutralizing Ab responses as
well as CD4 and CDS8 T-cell responses among pregnant, lactat-
ing, and nonpregnant women following vaccination by either
Moderna or Pfizer vaccines. Gray’s study found that Ab titers
induced by both vaccines were not statistically significantly dif-
ferent among pregnant, lactating, and nonpregnant women.®!
However, Gray’s study found that the titers of Ab were higher
in the vaccination group than in the natural SARS CoV-2
infection group.®' Although binding and neutralizing Ab titers
against the SARS-CoV-2 B.1.1.7 and B.1.351 variants of con-
cern were reduced, T-cell responses were preserved against viral
variants.’! All studies demonstrated that vaccinations to preg-
nant women will deliver the IgG Ab to fetus via placental trans-
fer and to newborns via breastmilk feeding.

It is interesting to find that Bearer and colleagues showed
IgG transfer ratio at birth was significantly lower for third-
trimester as compared with second-trimester infection.®
Adhikari and Spong further emphasized this critical point that
SARS-CoV-2-specific Abs appear to be inefficiently transferred
across the placenta following third-trimester maternal infec-
tion compared with Ab transfer following natural infection
with influenza or pertussis.®? Additionally, changes in SARS-
CoV-2-specific Ab glycosylation patterns and placental selec-
tivity for these Abs may compensate for suboptimal protection
and could be an important lesson for vaccine development.®>-68
Furthermore, the gestational age of de novo maternal Ab pro-
duction influences the level of SARS-CoV-2-specific Ab in
the cord blood, implying that there may be an ideal time for
maternal vaccination prior to delivery to optimize protection
of the fetus.®? Taken together, it can be supposed that mRNA
COVID-19 vaccination applied to pregnant women in the
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second trimester or earlier may be a better choice than given in
the third trimester.

In conclusion, the guidance from professional societies, agen-
cies, and governments has been limited, without an explicit rec-
ommendation for COVID-19 vaccination in pregnancy.®® The
lack of adequate data to support the safety, immunogenicity, and
efficacy in pregnant and lactating women has made the decision
of COVID-19 vaccination during pregnancy much challenging
for nearly all.’>5%¢°7¢ To face this challenge, inclusive, reactive,
self-reflecting, and inspiring science communication based on
honesty, transparency, and a genuine intention to apply science
for the common good should become central to the mission of
science, especially for those pregnant women who are a vulnera-
ble population to infection pandemics but often excluded in new
therapeutic studies or clinical trials, with the fact that COVID-19
causes significant morbidity and mortality, with respiratory
illness requiring hospitalization in 5%—-6% of all SARS-CoV-
2-infected pregnant women.>”¢*7¢ A health-provider (an obstet-
rical doctor), as part of the discussion, should acknowledge with
empathy the limited available evidence, and the tension over the
potential benefits of COVID-19 vaccination weighted against
the potential risks (whether it is real or theoretical) and be pre-
pared to dispel myths.?27¢
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