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The study of vaccines during pregnancy is one of the most rapidly evolving fields
in medicine today. Pregnant women and young infants are particularly at risk of
acquiring and developing complications from infectious diseases [1] . Vaccines administered during pregnancy have the potential to benefit both the mother and her
newborn infant [2,101] . Along with the active and ongoing development of safe and
effective vaccines, the importance of including pregnant women in clinical research
is increasingly recognized.
The unique susceptibility of pregnant women and newborns to infections has
been recognized for decades, and preventive interventions have been implemented,
when available, based on their potential for benefit and the relatively low risk for the
mother and fetus. Routine administration of tetanus vaccine during pregnancy was
recommended by the WHO in the 1960s after a small study conducted in a high-risk
region demonstrated a significant reduction in mortality from neonatal tetanus in
infants born to vaccinated mothers. Tetanus vaccination during pregnancy has successfully reduced maternal and neonatal tetanus mortality worldwide [102] . Similarly,
influenza vaccine was recommended for pregnant women in the USA after increased
morbidity and mortality were documented in women who were pregnant during
the influenza pandemics of the early twentieth century and during interpandemic
periods [3] . However, it was the 2009 A/H1N1 influenza pandemic that served as a
stark reminder of the severity of influenza in pregnancy, its impact on prematurity
and fetal–neonatal mortality, and the need to improve influenza vaccine coverage in
pregnant women [4] . More recently, the global resurgence of pertussis has resulted in
risk-based recommendations to vaccinate pregnant women with tetanus-diphtheriapertussis vaccine in the USA and other countries, in order to provide protection during the period of highest vulnerability to pertussis by increasing the concentrations
of maternally transmitted antibodies to the newborn [5] .
While the impact of routine maternal immunization with influenza and pertussis vaccines remains to be determined, immunization during pregnancy is now a
recognized and accepted strategy to provide protection against specific pathogens
that are relevant to the mother and the newborn. These include tetanus, influenza
and pertussis, and other infections for which vaccines are currently available, such
as meningococcus and pneumococcus, or for which vaccines are in development,
including group B streptococcus and respiratory syncytial virus [6,7] . The possibility to protect mothers and infants with vaccines against other relevant pathogens is
evident. Maternal immunization is a high priority for research worldwide given its
potential to significantly impact maternal and infant health.
As interest in maternal immunization as a desirable and feasible strategy to
reduce maternal and child morbidity and mortality increases, the challenges associated with vaccinating pregnant women also continue to evolve. Probably the most
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important change in the scientific community has been
the transition from a culture where pregnant women
were routinely excluded from clinical research to one
where inclusion of pregnant women in clinical trials of
vaccines and therapeutics is considered fundamental to
ensure the health of mothers and their infants. Women
who are pregnant deserve to have access to preventive
and therapeutic interventions, as non-pregnant adults
do. The challenge for scientists, physicians, vaccine
manufacturers and regulatory agencies, is to develop
acceptable methods to carry out research in pregnant
women. These should take into consideration multiple
factors specifically related to working with a vulnerable
and high-risk study population, such as understanding
ethical and cultural issues associated with conducting
research during pregnancy, the potential risk versus
benefit of the study interventions and the safety of the
mother and fetus, as well the need to strictly adhere to
scientific and regulatory requirements.
Until recently, guidelines on how to conduct clinical trials of vaccines in pregnant women have not
been available, and a defined regulatory pathway to
achieve approval for the specific indication for a vaccine to be administered to pregnant women has not
been established. From a regulatory viewpoint, clinical
trials in pregnant women are subject to human subject
protection requirements as described in the Code of
Federal Regulations in the USA, and by the Council for
International Organizations of Medical Sciences worldwide [8,103–105] . The US FDA requirements for the use of
vaccines and drugs in pregnancy is changing from one
where biologicals were classified in pregnancy categories (A to D and X) based on whether studies had been
performed in pregnant women, to one of acceptance of
any available data (not restricted to clinical trials, and
inclusive of observational, clinical and research data) to
support or contraindicate their use in pregnancy [9,10] .
“Women who are pregnant deserve to have
access to preventive and therapeutic
interventions, as non-pregnant adults do.”

Clinical trials of vaccines in pregnant women must
be carefully designed to ensure the safety of the mother
and baby. Guiding principles on how to design and conduct pregnancy trials that conform with the requirements of the Division of Microbiology and Infectious
Diseases of the National Institutes of Health have now
been published [11] . Vaccines that are studied in pregnancy must comply with minimum requirements that
include the completion of supporting preclinical studies, reproductive toxicology testing in animal models to
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document a lack of fetal toxicity, and successful Phase I
and II clinical trials in non-pregnant adults that show
that the vaccine is safe and immunogenic. Guidance
from regulatory agencies is also recommended early on
in the process. Once a vaccine candidate is considered
adequate for testing in pregnant women, special attention must be given to define inclusion and exclusion
criteria for the study, as well as definitions of clinical
and laboratory parameters to assess the safety of the
vaccine in mothers and their offspring [11,12] . This is of
particular importance in pregnancy studies given that
pregnancy itself is a condition associated with potential
complications, and that there is a possibility for adverse
events to occur at all stages of pregnancy, at the time of
delivery, and in the post-partum period, which should
be assessed for their association with the study vaccine
or lack thereof. A particularly challenging issue is that of
determining the potential impact of maternal vaccination on the infant’s ability to respond to pathogens or to
active immunization in early life. However, when taken
in the context of vaccination as a potential life-saving
intervention for a period of time when active vaccination of the infant is not feasible, such as in tetanus or
pertussis prevention, the value of maternal immunization is high. Furthermore, maternal antibodies are
only present in the infant’s circulation for the first few
months of life, mostly disappearing by 1 year of age.
Whether maternal immunization could result in late,
long-term consequences to the child (presenting later in
childhood, adolescence or even adulthood) is unknown.
With the rapid evolution of the field, clinical trials
of vaccines in pregnancy face challenges, including the
need to educate the public, healthcare providers, local
and national authorities, and anyone involved in clinical
research on the importance of carrying out these studies. Recruitment of women who are pregnant in clinical
trials of vaccines must take into consideration the existing perception of the need to avoid any intervention or
administration of medications or vaccines during pregnancy fueled by unfortunate historic experiences where
administration of drugs for common symptoms seen in
pregnancy resulted in birth defects. Also important, are
cultural beliefs about factors (real or perceived) that might
affect pregnancy and its outcomes, access to pre- and postnatal care, maternal level of education and previous maternity experience, involvement of the father and extended
family, provider beliefs and reservations, particularly concerns of causing harm and of liability, local practices and
adherence to recommendations of standard of care.
Investigators also realize that their understanding
of the physiology of pregnancy and of the immunologic factors that affect the mother and the fetus is
relatively limited. Research is needed to help decipher
the intricate interactions between the mother and the
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fetus during different stages of pregnancy, fetal development, placental physiology, the effects of natural
infections versus those of vaccines, maternal, fetal and
early infancy immunology, and the potential short- and
long-term consequences of immunizing women during
pregnancy. In order to improve implementation of vaccination of pregnant women with existing vaccines and
encourage the development of promising vaccines, it is
important to describe and understand the epidemiology
and impact of vaccine-preventable diseases in different
populations and geographic regions, variations in local
practices, and factors that might affect the knowledge
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and acceptance of maternal immunization as a critical
health-sustaining strategy of global applicability.
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