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Abstract

The current COVID-19 pandemic is a global concern. The recent introduction of vaccines has provided a rea-
son for hope, but new problems, such as vaccine hesitancy, have arisen. One of the most important of these
issues is the safety of vaccines for pregnant women. In this article, we collected worldwide indications for
vaccination, including women who are pregnant or who wish to become pregnant, and reports of adverse
reactions to COVID-19 vaccination. The Japan Society of Obstetrics and Gynecology and the Japanese Soci-
ety of Infectious Diseases in Obstetrics and Gynecology have published recommendations for the vaccination
of pregnant women with a COVID-19 vaccine. The guidelines are as follows: (1) pregnant women should
not be excluded from vaccination; (2) informed consent should be obtained before vaccination; (3) healthcare
workers and pregnant women with complications such as diabetes, hypertension, and obesity should be vac-
cinated preferentially; (4) vaccination should be avoided until 12 weeks of gestation during organogenesis;
(5) spouse and family members should be vaccinated actively; and (6) nursing mothers are not particularly
affected. This policy has been adopted in government guidelines. Additional efforts should be made to pro-
tect pregnant women from infection and severe illness with COVID-19 by eliminating vaccine hesitancy.
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Introduction

Vaccination is the most effective way to control the
COVID-19 pandemic. Its success relies on the devel-
opment of safe and effective vaccines as well as public
acceptance. Technical innovation of vaccine develop-
ment in the past century and understanding of the
pathophysiology of COVID-19 enabled clinical use of
anti-SARS-CoV-2 vaccines within 6 months of the
onset of the COVID-19 epidemic.'

To date, three vaccines are administered worldwide.
Among them, the Pfizer and Moderna mRNA vac-
cines are approximately 95% effective in preventing
the development of COVID-19 in adults 16 or 18 years

of age and older.>” AstraZeneca’s chimpanzee adeno-
virus vector vaccine has a protective effect (VE) of
approximately 60%—90% against the development of
COVID-19 in adults 18 years of age and older.®” No
serious adverse events have been identified so far for
any of these vaccines.

However, whether these vaccines are effective in
preventing infection in others, that is, whether herd
immunity can be acquired, is still unknown. At the
very least, the benefits to the individual who receives
the vaccination are becoming clear. Priority for vacci-
nation should be given to medical staff and to people
who are at risk of severe or life-threatening illness
due to COVID-19. Of course, the possibility of future
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reports of serious adverse events or antibody-
dependent enhancement (ADE) of infection must be
carefully considered. Nevertheless, when the risk of
unknown serious adverse events, which is expected
to be less than one in tens of thousands, is weighed
against the risk of contracting COVID-19 in Japan,
where the infection is spreading, the benefits of vacci-
nation far outweigh the risks.

Pregnancy and the possible risk of COVID-19

In Japan, we are collecting information on the severity
and clinical courses of patients contracting COVID-19
during pregnancy. Although the general prognosis,
including mortality rates, is not changed in age-
matched nonpregnant female patients in Japan,® there
have been several case reports of rapid progression to
respiratory failure that required ventilator or extracor-
poreal membrane oxygenation (ECMO) management
in the third trimester. In the United States, the Centers
for Disease Control and Prevention (CDC) and the
American Journal of Obstetrics and Gynecology
(AJOG) categorize pregnancy as a risk factor for
severe disease. In addition, COVID-19 infection is an
independent risk factor for premature birth and cesar-
ean section due to fetal distress and maternal indica-
tions. In addition, there are restrictions on the choice
of therapeutics during pregnancy. Recently, reported
new variant viruses spreading from the UK and
South Africa are believed to be highly contagious and
can easily infect young people of childbearing age.’

Our recommendations

The Japan Society for Infectious Diseases in Obstetrics
and Gynecology (JSIDOG) and Japan Society of
Obstetrics and Gynecology (JSOG) make the follow-
ing proposals in the current situation on January
27,2021."°

1) The safety of the COVID-19 vaccine in pregnant
women, especially regarding mid- to long-term
adverse reactions and fetal and neonatal safety, is
currently unknown.

2) Considering the current situation of the pan-
demic, we advocate that pregnant women should
not be excluded from vaccination.

3) Before vaccination, pregnant women should be
fully informed that the long-term adverse reac-
tions are unknown and that the safety of the
vaccine for the fetus and the child is not yet
established.

4) The safety of the vaccine for the fetus and the
baby should be fully explained before vaccination.

5) Inoculation should be performed after obtaining
consent, and 30 minutes of in-hospital observa-
tion after vaccination is recommended.

6) Vaccination should be avoided during organo-
genesis (up to 12 weeks of pregnancy).

7) Vaccination should be performed at an obstetrics
and gynecology facility to check fetal heart move-
ment before and after administration.

8) For the following people, vaccination is rec-
ommended. Pregnant healthcare workers who are
at high risk of infection and those with underly-
ing diseases, such as obesity and diabetes, may be
at risk of severe disease.

9) Vaccination should be considered for partners of
pregnant women to prevent infection in the home.

10) Those who wish to become pregnant should be
vaccinated before becoming pregnant, if possible.
Long-term contraception is not required after vac-
cination because anti-SARS-CoV-2 vaccines are
not live vaccines.

11) As each patient has a different background, they
are strongly recommended to consult their obste-
trician if they have any questions.

Safety of anti-SARS-CoV-2 vaccines

In the United States, the Pfizer vaccine was approved
by the Food and Drug Administration (FDA) on
December 11, 2020, and vaccination began rapidly on
the December 14. Twenty-one cases of anaphylactic
reactions after Pfizer vaccination among 1 893 360
doses have been reported to the US Post-Vaccination
Adverse Event Reporting System (VAERS). The
median age of the 21 patients was 40 years, ranging
from 27 to 60 years, and 19 of the 21 individuals
(90%) were female. Fifteen of the 21 cases occurred
within 15 min of vaccination; the median time course
was 13 min, ranging from 2 to 150 min. Seventeen of
the 21 patients had a history of allergy, and seven of
them had a history of anaphylactic reaction. Eighteen
of the 21 patients started treatment with intramuscu-
lar adrenaline, and one patient started treatment with
subcutaneous adrenaline. Three of the 21 patients
were admitted to the intensive care unit (ICU), one
was admitted to the general hospital ward, and
17 were treated in the emergency room. At the time
of this report, 20 of the patients had recovered and
returned to home."!

For the Moderna vaccine, almost identical results
have been reported. A total of 10 cases of anaphylactic
reactions after the Moderna vaccination were reported
to the VAERS. During this period, 4 041 396 doses of
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the Moderna vaccine were administered as the first
dose. The median age of the 10 patients was 47 years,
with a range of 31-63 years. All 10 patients (100%)
were female. Nine of the 10 cases occurred within
15 min of vaccination; the median time course was
7.5 min, with a range of 1-45min. Nine of the
10 patients had a history of allergy, and five of them
had a history of an anaphylactic reaction. All
10 patients were started on intramuscular adrenaline.
Five of the 10 patients were admitted to the ICU (four
of them were intubated), one was admitted to the gen-
eral hospital ward, and four were treated only in the
emergency room. As of the time of this report, eight of
these patients had recovered and returned home.

Types of vaccines

In the present battle against COVID-19, humanity has
an entirely new weapon, RNA vaccines."> Conven-
tional vaccines have been divided into three types:
live vaccines, in which viruses or bacteria are live but
weakened; inactivated vaccines, in which these patho-
gens are killed; and component vaccines, in which the
antigens are purified from these pathogens or chemi-
cally synthesized. All three types of anti-COVID-19
vaccines currently in use worldwide are based on
new molecular biological technologies. The Pfizer-
BioNTech and Moderna vaccines contain mRNA
encoding viral spike proteins encased in lipid
nanoparticles, while the AstraZeneca vaccine contains
fragments of SARS-CoV-2 ¢cDNA in an adenovirus
vector'® that does not replicate in the human body.
When both are injected intramuscularly, macrophages
and dendritic cells locally take them up and translate
them into proteins, which are digested into peptides
and finally presented as antigens. Antigenic viral pep-
tides are presented with class I or class II MHC mole-
cules, which are recognized by helper T (Th) cells to
induce B cells to produce neutralizing antibodies and
cytotoxic T cells to destroy infected cells.

Humoral immune responses to SARS-CoV-2 are
mediated by neutralizing antibodies directed to viral
surface glycoproteins, such as the spike glycoprotein
and the nucleocapsid proteins.” However, not every
antibody has neutralizing activity, and some of them
may enhance viral infection. To solve this problem,
mRNA encoding a spike protein that binds to the
receptor ACE2 was chemically synthesized and
encapsulated in lipid nanoparticles to create an RNA
vaccine. Although COVID-19 was the first disease for
which an RNA vaccine was clinically applied to
humans, the vaccine development has been a long
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process with a background of technological innova-
tion. Both AstraZeneca’s adenovirus vector vaccine
and the Pfizer/BioNTech, Moderna mRNA vaccines
evoke cellular immune responses mediated by Thl
cells and CD8" cytotoxic T cells that recognize
digested viral antigens presented on class I MHC mol-
ecules (Figure 1). In contrast, the induction of regula-
tory T cells has not been reported to date in vaccine-
induced immune responses.'*

Other types of anti-COVID-19 vaccines, including
inactivated viruses (SinoVac and SinoPharm), adeno-
virus serotypes 5 and 26 (Sputnik), and DNA vaccines
(AnGes), are now in use or phase I/1I clinical trials.”

How many doses of the COVID-19 vaccine do I
need to receive?

Both the Pfizer and Modena vaccines are rec-
ommended to be inoculated with doses 21 days apart.
Although a single dose induces neutralizing anti-
bodies at some level, effective induction is achieved
after a second vaccination."” For sufficient prime-
boost effects, the same vaccine must be administered
twice. If the vaccine recipient claims any adverse
effects, including severe allergic reactions or intolera-
ble pain after the first inoculation, he or she could try
two doses of another vaccine.

Test dose administration

If vaccine recipients have a history of anaphylaxis,
they might have a higher frequency of anaphylaxis
after anti-SARS-CoV-2 vaccine administration. The
CDC recommends test dose administration of 0.1 ml
under careful observation. After 30 min or more of
observation, asymptomatic recipients can be inocu-
lated with a full dose of the vaccine.'®

How long are the vaccines effective?

At this time, it is not known how long the vaccine will
be effective in preventing viral infection or whether it
will be effective against the new mutant strains. It has
been reported that the number of memory B cells does
not decrease even when antibody titers decrease and
that antibodies cross-reactive to mutated viruses are
produced by hypermutation in memory B cells, but
clinical efficacy remains obscure. If novel strains
become resistant to previous vaccinations, additional
inoculation with newly designed vaccines is possible
to induce additional neutralization effects. In addition,
mRNA can be manufactured against novel strains
based on their sequences without induction of anti-
vector antibodies. In contrast, in the cases of
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Figure 1 How SARS-CoV-2 vaccines are processed in antigen-presenting cells and recognized by immune cells

adenovirus (or other virus) vector vaccines, additional
vaccinations are limited due to the production of anti-
bodies against the vector itself.

Genomic incorporation of mRNA vaccines

Some people worry that injected mRNA will be
incorporated into the genome, but in principle, this
is never probable. mRNA needs reverse transcriptase
to be incorporated into genomic DNA; however,
human cells do not express reverse transcriptase.
The placenta expresses several endogenous retrovi-
ruses, but they express no active reverse transcrip-
tase.'” If vaccinated people are infected with
retroviruses such as human immunodeficiency virus
(HIV) and human T-lymphotropic virus (HTLV), it is
possible that exogenous mRNA can be reverse tran-
scribed by these retroviruses, but there are no reports
of SARS-COV-2 being reverse transcribed into
genomes in HIV-infected patients with COVID-19.
There have been many cases of human and animal
models of retroviral infections. However, there have
been no reports of the integration of RNA sequences
from other viruses or abundant host mRNAs into
their genomes. The FACT check states that mRNAs
are not incorporated into DNA, and mRNA integra-
tion is a malicious hoax.

Vaccine-induced infertility

Another famous rumor is that the vaccine not only
targets the coronavirus spike protein as designed but
also causes infertility by producing antibodies
reacting with the trophoblastic protein syncytin-1.
Because the viral protein and the placental protein are
structurally similar, antibodies to the coronavirus are
thought to inhibit the development of the placenta
and subsequently cause infertility. However, this
description is completely incorrect. As reported by
Lu-Culligan and Iwasaki, no molecular similarities
were observed between coronavirus spike proteins
and placental syncytin-1."®  Furthermore, sera
obtained from women with COVID-19 did not react
with syncytin-1 or other placental antigens. Clinically,
many women became pregnant after recovery from
COVID-19 or vaccination. In summary, immune
responses against natural SARS-CoV-2 infection or
vaccination do not impair fertility.'®

ADE of infection

ADE is a rare phenomenon observed in several animal
models and humans. After infection or vaccination,
antibodies produced by the host against various path-
ogenic viruses interact with the pathogen but aggra-
vate the infection when the host is subsequently
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infected with the same pathogen. This phenomenon is
mediated by the production of antigen-specific anti-
bodies that do not neutralize the pathogenic viruses
and are incorporated into host cells via Fc receptors.
Among various mammalian coronaviruses, feline
infectious peritonitis virus (FIPV) causes severe infec-
tious peritonitis in cats after a second infection by
ADE." Fortunately, no ADE has been reported in
human coronaviruses, but during the development
phase of the SARS vaccine, a theoretical possibility of
ADE at the T cell level has been reported in rhesus
monkeys.”> As we cannot completely discount the
possibility of ADE, careful observation of a second
infection with COVID-19 among naturally infected or
vaccinated people is indispensable.”!

Vaccination policies of other countries

According to the American College of Obstetricians
and Gynecologists (ACOG) and the American Advi-
sory Committee on Immunization Practices (ACIP),
data on the safety of the COVID-19 vaccine adminis-
tered during pregnancy are still under investigation,
but the ACIP did not exclude pregnant subjects from
vaccination.

As pregnant and lactating women were excluded
from Pfizer’s and Moderna’s COVID-19 vaccine clini-
cal trials, there are still no solid safety data available
to know if the vaccine is safe for pregnant or lactating
people. However, according to Moderna, rats vacci-
nated with the Moderna COVID-19 vaccine before or
during pregnancy have not shown any safety con-
cerns. In addition, as of November 14, 2020, Pfizer
reported that 23 pregnant individuals, including 12 in
the vaccine group, were inadvertently enrolled in the
clinical trial. These pregnancies are now progressing
without problems. Moderna reported 13 pregnancies
in the clinical trial, including six in the vaccine group
and seven in the placebo group. All of these pregnan-
cies are so far uneventful for both mothers and
fetuses.?*?® The Joint Committee on Immunization
(JCVI) also advises that there is no risk of vaccination
to lactating women. Furthermore, considering the vac-
cine’s mechanism of action and safety profile, the
COVID-19 mRNA vaccine is not considered to
increase the risk of infertility.**

In the UK, the JCVI advocated that the evidence is
insufficient to recommend routine use of the COVID-
19 vaccine during pregnancy. However, vaccination
may be considered during pregnancy for conditions in
which COVID-19 infection may cause serious illness
(e.g., after organ transplantation, immunosuppressive
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drug use, dialysis therapy, and other immunosuppres-
sive conditions).

The British Society of Obstetricians and Gyn-
aecologists (BSOG) states that vaccination during
pregnancy should be considered for women who are
front-line health or social care workers or who have
an underlying condition that puts them at very high
risk of serious complications if infected with COVID-
19. It also states that women who are trying to
become pregnant do not need to avoid pregnancy
after vaccination.”

Possible induction of autoimmune disorders

Compared to conventional methods, mRNA vaccines
are expected to be more effective in preventing infec-
tion. However, the disadvantage of mRNA vaccines is
that the frequency of side effects cannot be predicted
since they have not yet been commercialized. Several
researchers are concerned that injected RNA may act
as a neoantigen or modify autoantigens to induce
autoimmune diseases.”® However, from experimental
and clinical observations, the frequency of allergies
and autoimmune diseases is expected to be quite rare
since the administered mRNA will eventually be
degraded. Both RNA vaccines have been administered
to over 30 million people in the USA, and there have
been no reports of autoimmune diseases among them.

Organogenesis and vaccination

Currently, over 30 types of vaccines are approved in
Japan. Of these, six (BCG, mumps, rubella, varicella-
zoster virus [VZV], yellow fever, and rotavirus) are live
vaccines, all of which are contraindicated in pregnant
women. Among them, only the anti-rubella vaccine is
potentially teratogenic. However, vaccine strains pos-
sess low virulence, and there have been no reports of
fetal malformation after vaccination during pregnancy.
Commercially available anti-SARS-CoV-2 vaccines are
mRNA vaccines or adenovirus vector vaccines, and the
possibility of replication in the placenta or uptake by
the fetus is not probable. However, we cannot
completely rule out the integration of exogenous RNA
into the host genome by endogenous reverse transcrip-
tase originating from endogenous retroviruses in the
placenta, and we recommend that vaccination be
avoided during the period of organogenesis. It is not
necessary to hesitate to vaccinate people who wish to
become pregnant or for vaccinated women to avoid
pregnancy after receiving the mRNA COVID-19
vaccine.
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Vaccination for spouses, parents, and older
children

In both Japan and foreign countries, husbands whose
wives are pregnant are important targets for vaccina-
tion to prevent intrafamilial transmission. If the preg-
nant woman has older children, transmission from
the children to the mother can occur, but vaccination
for children is not yet approved. If a woman is living
together with the elderly or sees them frequently, they
should be vaccinated. This is also recommended con-
sidering that elderly individuals are more likely to
become seriously ill if they contract COVID-19.

Indication for COVID-19 vaccination in Japan

The Ministry of Health, Labour, and Welfare
(MHLW) of Japan officially licensed Pfizer’s vaccine
on February 14.* To achieve herd immunity, the gov-
ernment recommends that citizens aged 16 and over
be vaccinated with their consent but excludes preg-
nant women from mandatory efforts. However, this
policy does not mean that pregnant women should
refrain from being vaccinated but rather that they
should not be denied access to vaccination if the situa-
tion warrants it. In other words, it is taking the same
position as in other countries that healthcare workers
and pregnant women at risk, including those with
obesity, diabetes, and so on, should be actively vacci-
nated. We truly appreciate that the government offi-
cials are considering our recommendations (Table 1).

Concluding Remarks

Generalized vaccination is the most essential way to
control the current COVID-19 pandemic. Although
we lack enough clinical information of long-term side
effects, we can expect protective effects of vaccines to
terminate this pandemic because many countries

Table 1 Priority for COVID-19 vaccination by the Min-
istry of Health, Labour, and Welfare (February 14,
2021)

1) Medical personnel (physicians, dentists, nurses, and
SO on).

2) Elderly individuals (those born on or before April 1,
2021, and who will reach the age of 65 during
the year).

3) Those who are not elderly but have an underlying
disease or work in an institution for elderly
individuals.

4) Others.

decreased numbers of new cases, severely ill patients
as well as mortalities. Considering that more than
two million people worldwide have lost their lives to
COVID-19, it is essential to protect as many people as
possible by vaccination. It is also essential to enlighten
uninformed people including pregnant and nursing
mothers who are dominated by a baseless aversion to
vaccines by correct official information by govern-
ment and academies.
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