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a b s t r a c t

Background: Studies have shown that influenza vaccination during pregnancy reduces the risk of influ-
enza disease in pregnant women and their offspring. Some have proposed that maternal vaccination
may also have beneficial effects on birth outcomes. In 2014, we conducted an observational study to test
this hypothesis using data from two large hospitals in Managua, Nicaragua.
Methods: We conducted a retrospective cohort study to evaluate associations between influenza vacci-

nation and birth outcomes. We carried out interviews and reviewed medical records post-partum to col-
lect data on demographics, influenza vaccination during pregnancy, birth outcomes and other risk factors
associated with adverse neonatal outcomes. We used influenza surveillance data to adjust for timing of
influenza circulation. We assessed self-reports of influenza vaccination status by further reviewing med-
ical records of those who self-reported but did not have readily available evidence of vaccination status.
We performed multiple logistic regression (MLR) and propensity score matching (PSM).
Results: A total of 3268 women were included in the final analysis. Of these, 55% had received influenza

vaccination in 2014. Overall, we did not observe statistically significant associations between influenza
vaccination and birth outcomes after adjusting for risk factors, with either MLR or PSM. With PSM, after
adjusting for risk factors, we observed protective associations between influenza vaccination in the sec-
ond and third trimester and preterm birth (aOR: 0.87; 95% confidence interval (CI): 0.75–0.99 and aOR:
0.66; 95% CI: 0.45–0.96, respectively) and between influenza vaccination in the second trimester and low
birth weight (aOR: 0.80; 95% CI: 0.64–0.97).
Conclusions: We found evidence to support an association between influenza vaccination and birth out-

comes by trimester of receipt with data from an urban population in Nicaragua. The study had significant
selection and recall biases. Prospective studies are needed to minimize these biases.
Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Infection with influenza during pregnancy and its association
with adverse birth outcomes has been documented since the early
1900s [1,2]. For instance, infection with influenza virus during
pregnancy may prompt an inflammatory [cascade] response that
is associated with preterm birth [3,4]. Influenza vaccination has
been shown to reduce the risk of influenza virus disease and its

complications among pregnant women and their infants [5–15].
Furthermore, some studies have found a beneficial effect of influ-
enza vaccination on birth outcomes, specifically a decreased likeli-
hood of delivering a baby preterm or small for gestational age [16–
22]. Other studies, however, have found no evidence to support
this hypothesis [23–30]. Published studies have differed substan-
tially from one another in design and in ability to account for vari-
ations in circulating influenza viruses, vaccine components, target
population, and place of study, making cross-study comparisons
difficult [31].

Historic influenza surveillance data from Nicaragua shows that
influenza circulates between June and November [32]. Since 2007,
the Nicaraguan Government has provided influenza vaccination to

http://dx.doi.org/10.1016/j.vaccine.2017.04.045
0264-410X/Published by Elsevier Ltd.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

⇑ Corresponding author at: Influenza Division, National Center for Immunization
and Respiratory Diseases, Centers for Disease Control and Prevention, 1600 Clifton
Rd, MS A-32, Atlanta, GA, USA. Tel.: +1 404 718 4589.

E-mail address: wus3@cdc.gov (C.S. Arriola).

Vaccine 35 (2017) 3056–3063

Contents lists available at ScienceDirect

Vaccine

journal homepage: www.elsevier .com/locate /vaccine

http://crossmark.crossref.org/dialog/?doi=10.1016/j.vaccine.2017.04.045&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.vaccine.2017.04.045
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:wus3@cdc.gov
http://dx.doi.org/10.1016/j.vaccine.2017.04.045
http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine


women with high-risk pregnancies in the month of May, following
the vaccination schedule for countries with southern hemisphere
circulation of influenza viruses [33,34]. In May 2014, Nicaragua
expanded influenza vaccination to all pregnant women in the
country. With the aim of evaluating the hypothesis that influenza
vaccination has a beneficial effect on birth outcomes, we collected
birth outcome data, current influenza vaccination status, and risk
factors for adverse pregnancy outcomes by interviewing post-
partum women at two large hospitals in Managua.

2. Methods

2.1. Survey

2.1.1. Sample size calculation
Sample size planning was informed by calculating sample needs

in order to detect a 40% reduction of low birth weight among new-
borns of vaccinated (regardless of vaccination trimester) compared
to unvaccinated mothers [20,21], assuming a two-sided 95% confi-
dence level, 80% power, and a ratio of unvaccinated to vaccinated
of 2:5 [33]. A design effect of 1.5 was considered to account for
any potential biases. The sample size required was estimated to
be 2769 (1938 vaccinated and 831 unvaccinated pregnant
women).

2.1.2. Inclusion criteria
We selected two large public hospitals, Hospital Aleman Nicar-

agüense and Hospital Bertha Calderon Roque. Inclusion criteria
were being a resident of the Department of Managua and having
a singleton birth. Exclusion criteria were delivering a stillborn or
newborn with congenital or neonatal anomalies, receiving influ-
enza vaccination before May 1st, 2014 -the start date for the
national influenza vaccination campaign [32]- or less than 14 days
before delivery, and having a gestational age <28 or >42 weeks at
delivery which are the viability and post-term cut-offs, respec-
tively [35,36]. The study was designed as an observational study
where a cohort of women who provided informed consent were
interviewed between July 21st and December 4th 2014, within
48 h after delivery. Participants were selected in a convenience
manner.

2.1.3. Questionnaire
The questionnaire included demographic information (age, race,

living environment, education level, type of fuel used for cooking,
number of persons in the household, delivery hospital), antenatal
care (number of antenatal visits, vaccinations received during
pregnancy, consumption of antenatal supplements), presence of
medical conditions prior to pregnancy (obesity, diabetes, asthma,
renal disease, liver disease, blood disease, neurologic disease),
any complications during pregnancy (hospitalization for any speci-
fic complication such as preeclampsia, eclampsia, hemorrhage,
sepsis, urinary infection, diabetes, severe acute respiratory infec-
tion, or influenza-like illness), other risk factors for adverse preg-
nancy outcomes (alcohol consumption and smoking before and
during pregnancy), obstetric characteristics of the mother (number
of parturitions, number of abortions, number of livebirths and still-
births, type of delivery), and characteristics of the offspring (sex,
weight, gestational age at delivery). Pregnancy and birth outcome
data were obtained from antenatal and hospital medical records
and included date of last menstrual period (LMP), gestational age
calculated by ultrasound when LMP was not available from ante-
natal medical records, delivery date, and birth weight. Influenza
vaccination was self-reported; however, interviewers validated
this information using vaccination cards and/or antenatal medical
records if available.

2.1.4. Assessing self-reported influenza vaccination
We assessed the validity of self-reporting influenza vaccination

or non-vaccination through random sampling of the self-reported
vaccinated and unvaccinated group. Sample size of the random
sample, per group, was calculated using the formula to estimate
a proportion assuming that 90% of those who self-reported being
vaccinated or unvaccinated status were truly vaccinated or unvac-
cinated, respectively [37]. The sample size in each group was 123
and 128 for the vaccinated and unvaccinated groups, respectively.
For each selected mother, we reviewed vaccination records of the
Expanded Program on Immunization at the Health Unit where
the mother received antenatal care and/or we contacted the
mother and documented the vaccination date directly from the
vaccination card (during a home visit) or as reported by the mother
reading from the card (by telephone); influenza vaccination was
considered confirmed if an exact date for vaccination could be pro-
vided by any of these methods. Likewise, non-vaccination status
was corroborated if no information on vaccination including speci-
fic date for vaccination was identified from these sources. The pos-
itive predictive value (PPV) and negative predictive value (NPV) of
self-reporting vaccination and non-vaccination status were then
calculated. Out of all participants randomly selected for this assess-
ment who self-reported receiving influenza vaccination (n = 123),
61% (75) had evidence of vaccination. Of the total (n = 128) of par-
ticipants who self-reported not receiving influenza vaccination,
only 2 (2%), had evidence of influenza vaccination. Thus, PPV was
61% (75/123) for self-reporting receiving influenza vaccination,
and NPV was 98% (126/128) for self-reports of being unvaccinated.
Due to the low PPV and high NPV, we excluded from further anal-
yses women who self-reported vaccination status but did not pre-
sent evidence of vaccination, and we included all participants who
self-reported non-vaccination status.

2.2. Data analysis

2.2.1. Variable definitions
Age was categorized into three groups: <18, 18–34 and

�35 years old. A proxy variable was calculated for cumulative
influenza exposure using influenza surveillance data from Nicara-
gua [38]. This variable was calculated in stages, first by dividing
the number of positive influenza samples by the total number of
samples tested per week from the surveillance data and then
assigning the cumulative sum of the influenza positive proportions
per week to the weeks that women were pregnant; we dichoto-
mized this variable by high or low exposure using the median
cumulative influenza exposure as a cutoff. Birth outcome data
were defined and calculated as follows: (1) gestational age at deliv-
ery was calculated using LMP, if available, or gestational age at any
ultrasound obtained from antenatal medical records (see Supple-
mentary material A1 for gestational age calculation algorithm);
(2) small for gestational age (SGA) was calculated from weight
and gestational age at delivery according to the International Fetal
and Newborn Growth Consortium for the 21st Century, or
intergrowth-21st standards [36]; (3) preterm birth (PTB) was
defined as born with <37 weeks of gestational age; and (4) low
birth weight (LBW) was defined as born weighing <2500 g.

2.3. Statistical analysis

We compared all variables by vaccination status using
chi-square test to compare differences between vaccinated and
unvaccinated women regardless of trimester of receipt of influenza
vaccination. We performed multivariable logistic regression (MLR)
analyses per birth outcome (SGA, PTB and LBW) as the variable of
interest and influenza vaccination as the exposure variable. We
used the Akaike Information criterion (AIC) to identify the most
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