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Inﬂuenza vaccination during pregnancy
has been recommended for more than
70 years in the United States because of
the high risk of complications resulting
in hospitalization and mortality in
pregnant women who acquire seasonal
or pandemic inﬂuenza infection,
particularly in the third trimester of
pregnancy and during the postpartum
period.1,2 Concerns regarding the safety
of maternal immunization continue to
be an important barrier to wide
implementation and high rates of
coverage for vaccines currently
recommended for pregnant women,
including inﬂuenza and pertussis
vaccines.3
In this issue of Pediatrics, Foo et al4
report on their evaluation of potential
adverse effects on long-term health
outcomes for infants who were exposed
to maternal inﬂuenza vaccination while
in utero. Many studies conducted
before, during, and after the 2009
inﬂuenza A (H1N1) pandemic
consistently have shown that the
administration of inactivated inﬂuenza
vaccines during pregnancy is safe for
the mother and is not associated with
an increased risk of fetal or neonatal
adverse outcomes such as stillbirth,
preterm birth, low birth weight, or
congenital anomalies.5,6
The potential long-term effects of fetal
exposure to maternal vaccines are not
often evaluated, as evidenced by the
small number of publications that met
criteria for review in the current
systematic review and which precluded
a formal meta-analysis. The paucity of

studies does not indicate a lack of
concern. In a prospective study
conducted .60 years ago, Heinonen
et al7,8 evaluated 50 000 women with
various exposures during pregnancy,
including to live and inactivated polio
vaccines, inactivated inﬂuenza vaccines,
and tetanus and diphtheria toxoid
vaccines, closely following their
children for 7 years for malformations,
hearing impairment, and the
development of learning disabilities
and malignancies. Immunization of
women during pregnancy was not
associated with an increased risk of any
adverse long-term health outcome in
the children studied.
The study design and methods in Foo
et al’s systematic review4 are solid. A
systematic review of the literature was
conducted to include all studies
evaluating health outcomes of infants
6 months of age and older after
maternal inﬂuenza vaccination. Studies
were identiﬁed through various search
engines and scientiﬁc databases by
using a comprehensive list of keywords.
Exposure to both seasonal and
pandemic inﬂuenza vaccines at
different trimesters of gestation was
considered, data were carefully
extracted from selected comparative
observational or randomized controlled
studies, and risk of bias was assessed.
Pooled effect estimates for each of the
numerous outcomes reported in the
studies were generated by conducting
an a priori random effects metaanalysis, and potential confounders,
particularly those related to maternal
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health and pregnancy characteristics,
were addressed.
Unfortunately, all the studies that met
inclusion criteria originated from
North America or Europe, with no
data from low- and middle-income
countries. This ﬁnding highlights the
need for a more representative
evaluation of both the
implementation and the safety of
maternal inﬂuenza vaccination
globally, particularly in low- and
middle-income countries.9 In most
studies, authors evaluated exposure
to the 2009 inﬂuenza A (H1N1)
pandemic vaccine, including
adjuvanted and nonadjuvanted
vaccines, demonstrating missed
opportunities for the assessment of
safety of seasonal vaccines. However,
in the largest study in Foo et al’s
systematic review,4 the authors
prospectively evaluated .45 000
pregnant women who received
a seasonal inﬂuenza vaccine and
followed their children through
15 years of age.10 Otherwise, the
period of follow-up of exposed
children was 1 to 5 years in most
studies. Similar to Heinonen et al’s7,8
assessment, the outcomes evaluated
in this systematic review were varied,
ranging from common infections and
atopy to more complex outcomes
categorized as autoimmune or
neurodevelopmental conditions,
malignancy, and all-cause morbidity
and mortality. Several of these
chronic conditions, including autism
spectrum disorder, are important
outcomes to address in the context of
maternal immunization given
potential concerns among providers
and parents.11
The robust results of Foo et al’s
study,4 indicating that inﬂuenza
vaccination during pregnancy is not
associated with various long-term
adverse health outcomes in infants
and young children, including no
effects on all-cause morbidity and
mortality, support current global
recommendations to immunize
women against inﬂuenza during

pregnancy.1–3,12 Although the
evidence provided on the potential
long-term effects on infant health
outcomes after maternal inﬂuenza
vaccination is limited by the small
number of studies and lacks
geographic generalizability, the
known beneﬁts of maternal inﬂuenza
vaccination for the mother and for the
infant are unequivocal.13,14 Taken
together, these ﬁndings should lead
providers to offer inﬂuenza vaccines
to pregnant women conﬁdently,
factually, and in a manner that
presumes rather than queries their
acceptance of the recommendation.
This can also be reassuring to
expectant mothers interested in
inﬂuenza vaccination.
Meanwhile, the assessment of the
safety of maternal vaccination must
continue through well-conducted
prospective studies and the use of
efﬁcient surveillance systems. Safety
surveillance must be strengthened
given the need to evaluate health
outcomes in mothers and their
infants in a time of active vaccine
development targeting pregnant
women, as well as of health
uncertainties and disparities
potentiated by the severe acute
respiratory syndrome coronavirus 2
pandemic in 2020.9,15–17 Foo et al4
have astutely delineated the
knowledge gaps that need to be
addressed in future studies. They
have also provided important
methodologic suggestions to help
design the epidemiological studies
needed to evaluate the safety of
maternal inﬂuenza vaccination during
pregnancy in relation to relevant
short- and long-term childhood
health outcomes.
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