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Abstract 
Maternal adaptations in pregnancy induce complex physiological changes of the immune system which 

protect mother’s health and ensure the accommodation of the growing embryo. The innate immunity is 
amplified and the adaptive immunity is partially suppressed, preserving the ability to produce antibod-
ies. Vaccination during pregnancy constitutes a fundamental preventive measure in the antenatal care, 
as it achieves both the immunization of the mother and the baby. Besides passive immunization through 
the placenta, also active transfer of IgG via placenta occurs throughout pregnancy. Live attenuated vac-
cines (LAV) are contraindicated in pregnant women, while the others should be recommended if benefits 
overshadow risks. 
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Introduction
Pregnancy has been considered as a period of 

immunosuppression for the mother1,2. Nowadays, 
these data seems to be overturned, since immune 
system adaptations keep maternal defense ability in 
satisfactory levels2. Moreover these changes maintain 
an immunologic tolerance to the hemi-allogenic em-
bryo which partially consists of paternal antigens3. 
Immunological changes take place to almost all the 
immune cell lines. Regarding innate immunity and 

especially the antigen presenting cells (APCs), the 
adaptations include:
•	The rise in number and effectiveness of phagocytes 

and granulocytes2. This is strongly supported by 
the rise of granulocyte and macrophage colony 
stimulating factors (G-CSF, M-CSF) in maternal 
serum2

•	The rise in a-defensins which displaying either 
direct antimicrobial activity and/or immune sig-
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naling activities2 and
•	The rise in dendritic cells, especially in plasmato-

cytoid dendritic cells2.
Regarding adaptive immunity it seems to incur 

different changes, including:
•	The reduction of the natural killer (NK) cells and 

CD4, especially after the 20th week of gestation2 

and the reduction of T-lymphocytes as pregnancy 
progresses, particularly after the 2nd trimester2.

•	Serum cytokines also diminished following the 
pattern of T-lymphocytes. The Th1 cytokines 
reduction appears to be more profound than the 
Th2 cytokines2,4. 

•	B-lymphocytes decrease during pregnancy, espe-
cially in the 3rd trimester2.
The trigger factors of these changes are still ob-

scure. However, the hormonal changes during preg-
nancy may play a central role as they are involved in 
a number of body functions, including the immune 
system regulation. Estrogens, for example, are known 
to suppress the production of B-lymphocytes in 
the bone marrow4. On the other hand, estrogens 
seem to help B-lymphocytes to survive for longer 
periods in circulation and also robust their ability 
to produce antibodies4. Interestingly, the reduction 
of B-lymphocytes in mother’s serum is not accom-
panied with an equal maternal antibody reduction 
or weaker immune response2.  

Pregnancy adaptations affect maternal response 
to infections and vaccination. Studies on maternal 
vaccination, have shown that these adaptations do not 
suppress antibody production throughout pregnancy 
and especially during the 3rd trimester were most 
vaccinations are performed if necessary 5,6. Influenza 
vaccines studies have shown that the percentage 
of response differs during the course of pregnancy 
with the most weak to be noted before the 13th week 
and the most robust after the 34th gestational week5. 
Other studies have shown decreased immunological 
responce7 or a result of memory response from the 

already sensitized mature maternal B-lymphocytes 
(boosting effect)5,8. 

Regarding the safety of vaccination during preg-
nancy, the majority of the studies show that they 
are safe and effective not only for the mother her-
self, but also for the fetus and newborn6,9,10. In a 
small study, there was a correlation between first 
trimester vaccination and the delivery of small for 
gestational age (SGA) newborns11. Interestingly, 
one study showed a correlation between strong 
immune response of the pregnant woman and 
preterm birth11.  Women that delivered preterm 
after being vaccinated against H1N1, had higher 
percentages of seroconversion versus women who 
delivered full term11.

The impact of vaccines in fetus
The highest transport of maternal antibodies to 

the fetus happens during the last 4 weeks of the third 
trimester. This replica of maternal chemical immunity 
provides equal protection to infants during the first 
6 months of life. Therefore, this mechanism is the 
basic modulator of neonatal immunity12,18. 

Detection of maternal IgG in the umbilical cord 
blood is observed as early as the 8th to 10th week. In 
the second trimester, during the 17th to 22nd week 
almost 10% of maternal IgG is transferred to the fetus 
while up to 50% of maternal IgG is transferred from 
the 28th to 32nd week. The greatest quantity of IgG 
is transferred after the 32nd week from the extended 
surface of the developing placenta and after the 36th 
week of pregnancy an abrupt increase of IgG in the 
umbilical cord blood is detected. The levels of IgG in 
the fetal blood often exceed the 20-30% of maternal 
levels in the 37th to 40th week of pregnancy13,17. 
(Figure 1). After maternal vaccination the increasing 
in infant IgG titers occurs in 2 weeks18.

Transportation of maternal antibodies
IgG antibodies are the only class of maternal anti-
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bodies that crosses extensively the human placenta. 
The IgG are transported either as a single molecule 
or as an IgG-immune complex (IgG-IC) 12,13.

The neonatal FcRn receptor binds the Fc portion 
of IgGs at acidic pH (≤6.5) and mediates IgG traffick-
ing. FcRn is expressed in placental cytotrophoblast, 
in endothelium, in epithelium, macrophages (Mfs), 
and dendritic cells (DCs), in hematopoietic cells and 
in the mucinous cells of the fetal lung and gastroin-
testinal tract12,13,14,19. 

IgG enter in cells from the micro-environment 
(fluid or blood) through phagocytosis. In an acidic 
compartment (pH≤6.5) FcRn binds to IgG and recycles 
it by accompanied it back to the cell surface where 
releases it (pH 7.0–7.4). (Figure 2) FcRn binds prefer-
entially with IgG and in this way, a high distribution 
and levels of IgG all over the body is ensured. FcRn 
receptor expression depends on gestational age and 
it is over-expressed in the third trimester of preg-
nancy, leading to a higher rate of IgG transportation 
during late pregnancy, as said above13,19.

The placental transport system is extremely 
selective, as it allows only IgG antibodies to pass 

through and blocks the transport of other major 
immunoglobulin classes including IgE, IgM, IgA15. 
Maternal IgG antibodies are divided into 4 sub-
classes (IgG1, IgG2, IgG3 and IgG4). Every subclass 
response to vaccines is varied up on the vaccine 
components. Vaccines containing protein antigens 
(e.g. tetanus toxoid) induce the production of IgG1 
antibodies, whereas vaccines containing polysac-
charide antigens (e.g. pneumococcus) induce the 
production of IgG2 antibodies. IgG1 and IgG4 sub-
classes own a higher affinity for the FcRn receptor 
compared to IgG2 and IgG3. For that reason IgGs 
exhibit different transportation ability with the 
IgG1 presenting the highest preferential transport 
ability while the IgG2 the lowest. The IgG transport 
shows saturation kinetics, because it is paused when 
IgG levels reach up to 15g/L. Thus high levels of IgG 
antibodies lead to the saturation of FcRn receptors 
and consequently to an unbound IgG fraction that 
it will be degraded by lysosomal enzymes within 
the vesicles12,13,17. 

Factors that positively affect placental transmis-
sion are late gestational age, current maternal vac-

Figure 1. Τhe bars depict the total concentration of IgG antibodies in mg/dl per gestational week.
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cination, balanced maternal nutrition and the male 
gender12 while transmission barriers are developed 
in placenta disorders (insufficiency), maternal im-
munity diseases (HIV, malaria) and maternal hyper-
gammaglobulinemia13,17,18. 

In the fetal circulation maternal IgG bind to FcRn 
receptors expressed at barrier sites, such as the 
blood-brain barrier, the glomerular filter, and the 
intestinal epithelium and are transported to promote 
fetal defense or control13,19. FcRn receptors on the 
intestinal epithelial cells bind IgG molecules from the 

ingested amniotic fluid mediating their intracellular 
transport to the fetus and promoting the activation 
and maturation of the fetal immune system in the 
first months of pregnancy14,16,19.

Vaccines contraindicated in pregnancy
Vaccines containing live attenuated microorgan-

isms are contraindicated in pregnancy as they reach 
the fetal circulation through the placenta and con-
sequently have the potential to cause infection and 
congenital anomalies to the fetus20.

Figure 2. Syncytotrophoblast cells, which are soaked by maternal blood, endocytes maternal IgG, into endosomes. The 
FcRn receptor is expressed on the inner surfaces of the endosomes. Two IgG molecules bind to each FcRn receptor under 
acidic environment and get protected from degradation by lysosomal enzymes. The acidic endosomes are transported and 
fused to the membrane on the fetal compartment of the syncytotrophoblast, where the pH is normal and IgG is released 
from the FcRn receptor into the fetal circulation and subsequently can be recycled performing another transport cycle. The 
FcRn receptor shows much higher affinity for IgG in acidic environments (pH 6) compared to the normal (pH 7.4) which 
characterizes maternal and fetal blood.
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Therefore, the following vaccines should not be 
given to pregnant women20:
	1.	MMR (measles, rubella, mumps)
	2.	Varicella
	3.	Zoster
	4.	Human Papillomavirus (HPV)
	5.	BCG

MMR vaccine
•	It contains live attenuated measles, rubella and 

mumps viruses and therefore should not be used 
during pregnancy as there is a risk of maternal 
death and fetal infection or teratogenicity20

•	It is suggested avoiding conception for 4 weeks 
after vaccination21

•	Routine screening of childbearing potential women 
for possible pregnancy before vaccination is not 
recommended22

•	All pregnant women should be tested for immunity 
to rubella and those without immunity should be 
vaccinated immediately after delivery21

•	In unvaccinated women when exposed to the 
viruses during pregnancy, IgG immunoglobin 
should be administrated within 6 days23

Varicella vaccine
•	It contains live attenuated varicella viruses20

•	It is recommended to avoid conception for 1 month 
after vaccination20

•	Routine screening of childbearing potential women 
for possible pregnancy before the vaccination is 
not recommended22

•	Routine screening for varicella should be done in 
early pregnancy in all pregnant women21

•	On confirmed exposure to the virus, a varicella- 
zoster immunoglobulin should be administered 
immediately21

•	Pregnant women infected with the virus should 
take two doses of the vaccine after delivery, the 

first immediately after delivery and the second 
after 4-8 weeks21

Herpes Zoster vaccine
•	Two types of vaccine are available: a recombinant 

zoster vaccine (RZV) and a live zoster vaccine 
(ZVL)20

•	The RZV has not been studied in pregnant women20

•	The CDC suggests that RZV vaccination should be 
given after pregnancy20

•	Pregnancy should be avoided for 3 months after 
vaccination22

BCG
•	Regarding BCG vaccination, no adverse effects 

have been documented concerning the fetus but 
the data supporting the safety of BCG vaccine 
are inadequate and therefore more studies are 
required 20. 

Human Papillomavirus vaccine (HPV)
•	Three types of HPV vaccines are available (2-valent, 

4-valent and 9-valent). They are all recombinant 
vaccines20

•	When vaccination is applied soon after conception, 
then we defer the other two doses after delivery20

•	Routine screening of childbearing potential women 
for possible pregnancy before the vaccination is 
not recommended22

•	The vaccine has not been associated with adverse 
pregnancy outcomes or spontaneous abortion, late 
fetal death and congenital anomalies20

Vaccines which should be used  
only under certain circumstances
The following vaccines should be given only when 

the benefits outweigh the risks20:
	1.	Hepatitis A
	2.	Hepatitis B
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	3.	Pneumococcal
	4.	Meningococcal
	5.	Polio (IPV)
	6.	Typhoid fever
	7.	Smallpox

Hepatitis A vaccine
•	Hepatitis A vaccine contains dead inactivated 

hepatitis A viruses20

•	The CDC recommends the use of vaccine in preg-
nant women at high risk of exposure20:
-- Intravenous drug users
-- Travellers to countries with poor sanitation 
(sub-Saharan Africa and South Asia)

-- Women in close contact with HAV-infected peo-
ple or if they have an HAV-infected sexual partner

•	There are insufficient data about safety during 
pregnancy. However, the vaccine is rare to cause 
harm to the fetus21 and a small number of studies 
agree that there are no adverse effects in pregnant 
women or their infants after hepatitis A vaccina-
tion during pregnancy20

•	In addition, the damage of hepatitis A infection 
during pregnancy is greater than the danger from 
vaccination. Premature birth, fetal ascites, pla-
cental abruption, vaginal bleeding or premature 
rupture of membranes are some of the adverse 
outcomes after hepatitis A infection.20

Hepatitis B vaccine
•	It is a recombinant vaccine containing the hepatitis 

B virus surface antigen (HBsAg)20

•	Data on vaccine safety are limited and are not as-
sociated with adverse maternal or fetal outcomes21

•	However, it is only recommended for completing 
the vaccination schedule started before concep-
tion and for pregnant women who have not been 
vaccinated before and are at high risk for infection 
(multiple sexual partners in the last 6 months, 
HBsAg positive partner, HIV positive, intravenous 

drug users or those who had previous STDs)20

•	Routine screening (HBsAg) for all pregnant women 
should be recommended 21

•	Pregnant women positive for HBsAg, should be 
tested for HBV DNA and if a high viral load is 
diagnosed then antiviral therapy should be rec-
comented.21

•	Intrauterine transmission is most likely to hap-
pen during mother’s primary infection towards to 
the end of pregnancy21 In this case, the newborn 
is given the immunoglobulin and the hepatitis B 
vaccine within 12 hours of birth21

Pneumococcal vaccine
•	There are two unconjugated polysaccharide vac-

cines PCV13 and PPSV23
•	There are currently insufficient data to support 

routine PCV13 (conjugated polysaccharide) or 
PPSV23 (unconjugated polysaccharide) during 
pregnancy21

•	In a study of PPSV23 effects on pregnancy, it 
did not show an increase in spontaneous abor-
tion, teratogenesis, preterm birth or congenital 
anomalies21

•	PPSV23 vaccine should be administered during 
pregnancy only in women in high risk for20:
-- High risk of pneumococcal infection20

-- Chronic diseases (congestive heart failure, car-
diomyopathy, chronic lung disease, cirrhosis, 
diabetes)

-- Immunosuppression (congenital immunodefi-
ciency, HIV infection, hematological malignan-
cies, bone marrow or organ transplantation, 
treatment with alkylating agents and antime-
tabolites or corticosteroids)

-- Chronic renal failure and nephrotic syndrome
-- Ear cochlear implants

•	Vaccine safety is proven for the second and third 
trimester while there are few data for the first 
trimester20
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Meningococcal vaccine
•	Two types of meningitis vaccine are available: 

the group A, C, W-135 and Y vaccine (MenACWY) 
and the meningococcal group B vaccine (MenB)20

•	MenACWY vaccination is not contraindicated 
during pregnancy based on the CDC recommenda-
tions.20 Vaccine seems to be safe and studies have 
associate vaccination mostly with spontaneous 
abortion20,21

•	MenB is contraindicated for pregnant women. 
However vaccination is recommended when the 
benefits outweigh the potential risks20 such as
-- Anatomical or functionall asplenia
-- Complement components deficiency 
-- Travellers to endemic areas (sub-Saharan Africa)
-- Microbiologists frequently exposed to Neisseria 
meningitides

Poliomyelitis vaccine (IPV)
•	There are two types of polio vaccines: one with 

inactivated viruses (Salk or IPV vaccine) and one 
with live attenuated viruses (Sabin or OPV vac-
cine) which is currently not licensed globally due 
to the vaccine-associated paralytic polio (VAPP)20 

Although no major adverse effects have been 
reported after IPV administration, vaccination of 
pregnant women should be avoided20

However, the CDC recommends IPV for pregnant 
women at high risk of infection. High risk groups 
include travellers to endemic countries20

Typhoid fever vaccine
•	The two types of typhoid fever vaccine are the 

live attenuated vaccine and the Vi polysaccharide 
which contain the Vi capsular antigen21 

•	The attenuated vaccine is contraindicated 22 dur-
ing pregnancy and if it is necessary to vaccinate 
a pregnant woman (high risk group), then the Vi 
polysaccharide one should be used22 

•	Vaccination during pregnancy is recommended 

in high risk groups such as:
--  travellers to countries with poor sanitation or 
endemic areas

-- persons in close contact with typhoid-infected 
people 

-- workers exposed to Salmonella Typhi20

It is recommended to delay the vaccination until 
the second or third trimester to avoid possible tera-
togenic effects20

Smallpox vaccine
•	The vaccine contains live attenuated strains of 

variola20 Due to the severe consequences after 
fetal infection (fetal or neonatal death1) the small-
pox vaccine is contraindicated for women who 
are pregnant or might be pregnant within 4 weeks 
after vaccination 22 although there are no clear 
and consistent data of adverse perinatal outcome 
after vaccination.

•	However, pregnant women who had been directly 
exposed to the virus should be vaccinated as the 
risks to the mother and fetus are greater than the 
potential risks of vaccination22

Consulting a woman after a contraindicated 
vaccination during pregnancy
Vaccines containing live attenuated pathogens, 

such as MMR, BCG, Varicella, smallpox e.t.c., are 
contraindicated during pregnancy as they present a 
hypothetical risk of overcoming the placental barrier 
and infect the fetus20.

 The reports for poor perinatal outcome are weak, 
due to the lack of studies.  If the vaccine is inadver-
tently administered during pregnancy or when preg-
nancy happens earlier than 28 days after vaccination, 
consultation should be done about the potential fetal 
risks26. Regarding rubella, the Advisory Committee on 
Immunization Practices (ACIP) gathered data from 
vaccination registries in the Europe (years 1971-1990 
and 2001-2004) and the USA (1971-1988). Among 
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680 live births to rubella-susceptible women, none 
of the infants was diagnosed with Congenital Rubella 
Syndrome (CRS)25. Studies in Canada, Latin America 
and Islamic Republic of Iran reveal that among 3500 
rubella-susceptible women, who had been vaccinated 
against rubella shortly before or during pregnancy, 
there was none case presented congenital defects 
(e.g. hearing loss, cataract, mental retardation, con-
genital heart disorders) 25. According to the available 
data, vaccination during or shortly before pregnancy 
should not be a reason of pregnancy termination20.

In 1995 a study was conducted by the Merk and 
Co. in collaboration with the CDC, in order to examine 
the maternal and fetal outcomes, after the inadver-
tent vaccination of women with the varicella vaccine 
within 3 months before pregnancy period or during 
pregnancy27.  None case of congenital varicella syn-
drome (CVS) or birth defects documented (e.g limb 
hypoplasia, microcephaly, low birth weight, cortical 
atrophy, chorioretinitis, cataract)20. The rate of major 
birth defects was similar to the background popula-
tion (3.2%)20. The study results do not exclude the 
contingent risk to the fetus, however the risk is low 
and pregnancy termination is irrational 20. 

According to a review article of 2014, about the 
safety of vaccines during pregnancy, it seems that live 
attenuated vaccines (e.g. measles, mumps, rubella) do 
not rise safety concern for the fetus and the infant25. 
The benefits of vaccination outweigh the potential 
risks and the results are reassuring that the risk is 
absent or minimum 25. 

For the recombinant technology HPV vaccine, 
and especially for the quadrivalent HPV vaccine 
(qHPV) more data are available in the literature 
comparing to the prior ones. The rate of adverse 
pregnancy outcomes (e.g. spontaneous abortion, 
congenital anomalies, late fetal death) is not raised 
by the vaccination with the qHPV 28. Τhe data for the 
9-valent HPV vaccine are limited, but equally reas-
suring. The results from a combined analysis study 

of seven phase-III clinical trials on the 9-valent HPV 
vaccine, have shown that the spontaneous abortion 
frequency was higher in the inadvertent vaccination 
of pregnant women with the 9v-HPV vaccine than 
with the qHPV, but always within the range of the 
background population and none of the congenital 
anomalies was associated with the vaccination28.

SARS-Cov-2 and pregnancy
CDC data from 29th March 2020 to 14th October reveal 

that, pregnant women do not have an increased risk of 
Sars-Cov-2 infection compared to non pregnant women, 
but the infection of a pregnant woman increases the 
risk of severe complications 30. The data regarding the 
efficiency and safety of COVD19 vaccines in pregnant 
women are limited, because pregnant women have been 
excluded from any clinical trial30. However vaccina-
tion during or shortly before pregnancy do not cause 
disease but nonspecific side effects from activation of 
the immune system may occur30,31. 

Conclusion
The immune system of women changes and adapts 

to pregnancy, as is incited by the hormonal and 
physiological changes developing during pregnancy. 
The innate immunity becomes enforced and modi-
fied in order to prevent the maternal infections. The 
adaptive immunity seems to be partially suppressed, 
but the B lymphocytes preserve and enhance their 
ability to produce immunoglobulins, as is proven 
by vaccination studies, especially during the 3rd 
trimester. Fetal immunization is achieved by ma-
ternal IgG antibodies transportation through the 
placenta assisted by neonatal FcRn receptor. There 
are some proven risks of receiving live attenuated 
vaccines during pregnancy and for that reason they 
are contraindicated. However, vaccines containing 
other ingredients could be given, when the benefits 
outweigh the potential risks. It is important to stress 
that, in case of an inadvertent vaccination during 
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pregnancy, pregnancy termination should not be 
recommended.  
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