1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Vaccine. Author manuscript; available in PMC 2021 February 28.

Published in final edited form as:
Vaccine. 2020 February 28; 38(10): 2326-2332. doi:10.1016/j.vaccine.2020.01.059.

Trivalent inactivated influenza vaccine (lIV3) during pregnancy
and six-month infant development

Lyndsay A. Avalos, PhD, MPH1, Jeannette Ferber, MPH!, Ousseny Zerbo, PhD?, Allison L.
Naleway, PhD?, Joanna Bulkley, PhD2, Mark Thompson, PhD3, Janet Cragan, MD#4, Jennifer
Williams, PhD, MSN, MPH, FNC-BC#, Roxana Odouli, MSPH1, Tia L. Kauffman, MPHZ2, Sarah
Ball, PhD, MPH®, Pat Shifflett, RN, MS®, De-Kun Li, MD, PhD1

1Division of Research, Kaiser Permanente Northern California, Oakland, California
°Center for Health Research, Kaiser Permanente Northwest, Portland, Oregon
SInfluenza Division, Centers for Disease Control and Prevention, Atlanta, Georgia

4National Center on Birth Defects and Developmental Disabilities, Centers for Disease Control
and Prevention, Atlanta, Georgia

5Abt Associates, Cambridge, Massachusetts

Abstract

Objective: Despite recommendations by professional organizations that all pregnant women
receive inactivated influenza vaccine, safety concerns remain a barrier. Our objective was to assess
the effect of trivalent influenza vaccines (11VV3) during pregnancy on parent report 6-month infant
development.

Methods: We conducted a multi-site prospective birth cohort study during the 2010-2011
influenza season and followed pregnant women and their newborns through 6 months of age.
Information on 113 during pregnancy was ascertained from the EHR and self-report. The Ages
and Stages Questionnaire-3(ASQ-3) was completed by the mother to assess 6-month infant
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neurodevelopment in five domains (communication, gross motor, fine motor, problem-solving, and
personal adaptive skills). Scores for each domain above the cut-off point indicating typical
development were categorized as “on schedule” while scores in the zones indicating the need for
either monitoring or further assessment were categorized as “not on schedule”. Multivariable
logistic regression was conducted.

Results: Of the 1225 infant-mother pairs, 65% received 113 during pregnancy. In bivariate
analysis, infants of women who received 113 during pregnancy were moderately-less likely to
need monitoring or further assessment in the personal social domain compared with infants of
unvaccinated women (10.0% vs. 14.1%, p=0.033; crude OR (cOR): 0.68(95%C1:0.48,0.97)).
However, after controlling for potential confounders, the findings were no longer statistically
significant (aOR:0.72,95%ClI: 0.49,1.06,p=0.46). No significant unadjusted or adjusted
associations emerged in any other ASQ-3 domain.

Conclusion: There was no significant association between 113 exposure during pregnancy and
6-month infant development. Studies of 113 during pregnancy to assess longer-term
developmental outcomes are indicated.

Keywords
trivalent inactivated influenza vaccine (11V3); pregnancy; infant development; Ages and Stages

(ASQ)

INTRODUCTION

Influenza infection during pregnancy is related to an increased risk of severe maternal
complications and adverse pregnancy outcomes including stillbirth and preterm delivery?.
The Centers for Disease Control and Prevention’s (CDC) Advisory Committee on
Immunization Practices (ACIP), the American College of Obstetricians and Gynecologists
(ACOG), and the American Academy of Pediatrics (AAP) recommend that all pregnant
women receive an inactivated influenza vaccine regardless of the trimester of pregnancy, to
protect themselves and their babies from complications of influenza infection?:3,

An increasing body of epidemiological evidence on maternal and pregnancy outcomes
suggests that influenza vaccination during pregnancy is safe*® and efficacious in reducing
influenza infections in pregnant women and their infants 8. However, despite its
demonstrated efficacy, concerns over safety for the fetus remain a barrier to influenza
vaccination among pregnant women’. Research on influenza vaccination during pregnancy
and child developmental outcomes is lacking. This is the first epidemiologic study to
examine whether receipt of trivalent inactivated influenza vaccine (11VV3) during pregnancy
impacts 6-month infant development.

METHODS

Study Design

The Pregnancy and Influenza Project (PIP) was a multi-site, prospective cohort study of
pregnhant women who were members of Kaiser Permanente Northern California (KPNC) and
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Northwest (KPNW; Oregon and southwest Washington) during the 2010-2011 influenza
season. Women and their newborns were followed until 6 months post-delivery. Details of
the study have been described previously10. Potential participants were pregnant women
identified through Kaiser Permanente’s electronic health records (EHR) and were contacted
for recruitment between December 2010 and May 2011. Women were contacted by
telephone, screened for eligibility and administered the baseline enrollment interview by
computer assisted telephone interview (CATI) after providing informed consent. Women
were then asked to contact the study staff weekly via a web-based site or an interactive voice
response system (IVR) to inform the study of any acute respiratory illness (ARI) symptoms
from the time of enrollment through one month post-delivery. Information on ARI was
ascertained through EHR data and self-report. Influenza infection was confirmed through
reverse transcription polymerase chain reaction (RT-PCR) for participants who had ARI that
included fever and cough within eight days of illness onset and consented to nasopharyngeal
swab collection. At the 6-month post-delivery follow-up, women completed the Ages and
Stages Questionnaire-3 (ASQ-3)1 for their infant. Study staff scored the ASQ-3 and were
blinded to the mother’s vaccination status. The Institutional Review Boards at both Kaiser
Permanente sites and Abt Associates which managed the contract for the CDC approved this
study.

Trivalent inactivated influenza vaccine (11V3) vaccination status between the date of the last
menstrual period (LMP) and the delivery date was ascertained from the EHR and from self-
report (for vaccinations administered outside of KP). Trimester of vaccination was
calculated by the following: 15t trimester, less than or equal to 91 days of gestation; 2"
trimester, greater than 91 days of gestation and less than or equal to 182; 3 trimester
greater than or equal to 183 days of gestation through delivery. A list of vaccine components
in the study year (2010 — 2011) are included in Appendix A.

Mothers completed the ASQ-311 as part of the 6-month post-delivery follow-up. The ASQ-3
is validated!? and widely used in the US. It has been identified by the American Academy of
Pediatrics!3 as a high-quality tool for use in clinical practice to screen for developmental
delays in children between the ages of 1-66 monthsl. The ASQ-3 screens for delays in
infant and child development in five domains: communication, gross motor, fine motor,
problem-solving, and personal adaptive skills. Scores for each of the five domains were
calculated based on the ASQ-3 scoring guidel®. Scores for each domain above the cut-off
point indicating typical development were categorized as “on schedule” while scores in the
zones indicating the need for monitoring or the need for further assessment were categorized
as “not on schedule”. To age adjust for prematurity the number of weeks premature was
subtracted from the infant’s agel4, per the ASQ-3 scoring instructions. Infants with a
completed ASQ-3 between 5 and 6 months of age and premature infants with a completed
ASQ-3 between 5 and 6 months age adjusted were included in the analysis.
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Information on maternal demographic and behavioral characteristics, and medical conditions
identified in the literature as related to either influenza vaccination during pregnancy or
infant development were ascertained from the EHR and maternal interviews. These variables
include maternal race/ethnicity (Non-Hispanic White, Non-Hispanic Black, Hispanic, Asian,
and Other/Unknown), age (<30, 30-34, 35+ years), education (high school or less, some
college/college graduate, Master’s degree or higher), prenatal vitamin use (yes/no), alcohol
use during pregnancy (yes/no), smoking during pregnancy (yes/no), parity (0, 1+), and
month of conception during typical wintertime flu season (November-March) or not during
flu season (April — October). Influenza vaccination status in the year prior to pregnancy was
also ascertained from the EHR.

A three-category variable was created to classify women as having ARI symptoms and
positive influenza testing, ARI symptoms and negative or no influenza testing, and no ARI
symptoms and no influenza testing. High risk medical conditions associated with an
increased risk of influenza complications (e.g. cancer, diabetes, neurological disorders as
well as lung, heart, immune system, and kidney disease) were defined by ICD-9 codes in the
year prior to conception. Additional covariates examined included study site (KPNC,
KPNW), infant sex and the infant age (or adjusted age for premature infants) in the month
the ASQ-3 was completed (i.e. 5 or 6 months)14.

Data Analysis

Chi-square tests were conducted to test differences between categorical variables.
Multivariable logistic regression was conducted to assess the relationship between 11V3
vaccination during pregnancy and infant development for each of the five ASQ-3 domains
while adjusting for potential confounders. It was decided a priori to include six variables in
all models: study site and month of conception along with influenza vaccination receipt in
the year prior to pregnancy, influenza/ ARI status during pregnancy, high risk medical
conditions, and infant age when the ASQ-3 was completed (i.e. 5 or 6 months). Infant age
when ASQ-3 was completed was included given the significant relationship with infant
development. Month of conception was included given the significant relationship with 11V3
vaccination during pregnancy (e.g., women would not receive an 113 vaccination in non-
influenza season months). 11\V3 in the year prior to pregnancy is an important proxy for
health seeking behavior. Women vaccinated in the year prior to pregnancy may be more
likely to seek healthcare and be more aware of their child’s development, which may
influence the way the ASQ-3 was completed. The presence of ARI symptoms was also
included as influenza infection induces an inflammatory responsel>~17 which has been
shown to induce abnormal brain structure and behavior in the offspring in animal
models'8-20, Further, high cytokine levels during pregnancy, as released through an
inflammatory response, have resulted in neurodevelopmental abnormalities of the
offspring21:22, Additionally, high risk medical conditions may exacerbate the immune
response to influenza and thus, may adversely impact infant development. Additional
covariates that were significantly associated (p<0.05) with both 113 vaccination and a given
ASQ-3 domain in bivariate analysis were included in the respective model as potential
confounders.
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Sensitivity analyses were conducted restricting the sample to infants born at term or after (37
weeks or greater) to address potential confounding by preterm birth. A second sensitivity
analysis was conducted to assess 113 status in relation to the outcome of normal
development versus delayed development after adjusting for a priori confounders. Infants
were categorized as normal development if they scored “on schedule” in all five ASQ-3
domains and delayed development if they scored “needs further assessment” in any of the
five ASQ-3 domains. Infants whose scores across the five ASQ-3 domains did not match one
of these outcomes were excluded from this sensitivity analysis.

RESULTS

The current analysis includes 1225 mother-infant pairs and excludes 391 (24%) of the 1616
women originally recruited into the PIP study. The reasons for exclusion (see Supplemental
Table 1) were: missing vaccination status (n=16), multigestation pregnancy (n=38), lost to
follow-up at 6-months of age (n=171), or the infant was not in the correct age range (5-6
months) when the ASQ-3 was completed (n= 166). Women excluded from the current
analysis were similar to women included in the current analysis with regard to 113
vaccination status during pregnancy. While women of Other/Unknown race (45%) were less
likely to be included in the current analysis compared to Non-Hispanic Whites (83%), Non-
Hispanic Blacks (71%), Hispanics (75%) and Asians (77%; p<0.001), there were no other
significant differences between women included in the current analysis and those who were
not with regards to influenza or other ARI during pregnancy, high risk for influenza
complications, or maternal age or education.

A majority of the women received 113 during pregnancy (n=799, 65%) (Table 1). Of these
women, 40% received the 113 during the first trimester, 44% in the second trimester, and
16% in the third trimester. Overall, Non-Hispanic Blacks were less likely to receive 11V3
during pregnancy compared to women of all other races and ethnicities (Table 1).
Additionally, women <30 years of age (compared to 30—-34 or 35+) and women with a high
school degree or less (compared to some college- college graduate or Master’s degree or
higher) were less likely to receive 11V3 during pregnancy. Participants from KPNW were
less likely to receive 113 during pregnancy compared to participants from KPNC and
women who conceived between November and March were also less likely to receive 113
during pregnancy compared to women who conceived between April and October. Women
vaccinated in the year prior to pregnancy were more likely to receive 113 during pregnancy
compared to women who were not vaccinated in the year prior to pregnancy. Finally, women
who had confirmed influenza during pregnancy were less likely to receive 11V3 during
pregnhancy compared to women who did not have confirmed influenza during pregnancy.

In bivariate analysis, infants of women who received 113 during pregnancy were less likely
to need monitoring or further assessment in the personal social domain compared with
infants of unvaccinated women (10.0% vs. 14.1%, p=0.033; crude OR (cOR): 0.68 (95% CI:
0.48, 0.97)) (Table 2). However, after controlling for potential confounders, the findings
were no longer statistically significant (aOR: 0.72, 95%CI: 0.49, 1.06). No significant
bivariate associations emerged in any of the other four ASQ-3 domains: communication
(cOR: 0.90, 95%CI: 0.56-1.44), gross motor (cOR: 0.89, 95% CI: 0.61-1.28), fine motor
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(cOR: 1.14, 95%CI: 0.74, 1.75) and problem solving (cOR: 0.86, 95%CIl: 0.54-1.38) (Table
2). These non-significant findings persisted after adjusting for potential confounders (Table
2). Similar findings emerged in our sensitivity analysis restricting the sample to infants born
full term (Supplemental Table 2). In the second sensitivity analysis, a similar pattern was
found such that there was no significant association between 113 status and any delayed
development across the ASQ-3 domains after adjusting for potential confounders (aOR:
0.82, 95%CI: 0.50, 1.33). There were no significant associations by trimester of 113
exposure (Supplemental Table 3).

DISCUSSION

We did not observe an effect on 6-month infant development, as screened for using the
ASQ-3, associated with 113 exposure during pregnancy after adjusting for potential
confounders. The only other study on influenza vaccination during pregnancy and
development of the offspring did not find an association with autism spectrum disorders23.
Thus, our study adds to the nascent epidemiologic research on the longer-term impact of
influenza vaccination during pregnancy on child development.

A significant body of research has demonstrated that pregnant women and young infants are
at increased risk for complications from influenza. Influenza infections during pregnancy
have been associated with adverse outcomes of the mother and offspring including preterm
delivery, pneumonia, hospitalization for respiratory illness, sepsis, schizophrenia in the adult
offspring and even death?4. Further, animal models have documented an association between
maternal influenza infection during pregnancy and behavioral and brain abnormalities of the
offspring19:25-27_ Thus, control of influenza infections for these vulnerable populations is an
important public health concern. Influenza vaccination is the most effective way for
controlling and protecting against infection. Influenza vaccination during pregnancy has
consistently been found to be safe with regards to maternal, fetal and neonatal outcomes.
Previous research, including from the PIP cohort28, has found no association between
influenza vaccination during pregnancy and maternal outcomes such as gestational diabetes,
gestational hypertension, or chorioamnionitis28:2%. A majority of the studies focusing on the
association of influenza vaccination during pregnancy and fetal and neonatal outcomes such
as spontaneous abortion and major structural defects similarly have not found an
association?9-32. Additionally, a few studies suggest a reduction in the risk of preterm birth
and a small-for-gestational-age (SGA) or low birthweight infant#:> with a randomized
control trial demonstrating a higher mean birth weight and smaller proportion of infants with
SGA in mothers randomized to receive the influenza vaccination33. Further, studies have
demonstrated the efficacy of the influenza vaccination in reducing severe influenza
infections in pregnant women and their newborns®. However, despite the extensive amount
of research suggesting influenza vaccination during pregnancy is safe with regards to
maternal, fetal and neonatal outcomes, little research has been conducted assessing the
longer-term outcomes of the offspring.

Research suggests that the relationship between maternal infection during pregnancy and
brain abnormalities found in animal models may be mediated by immune activation and the
subsequent increased cytokine levels18:20, Studies in humans have documented a
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relationship between elevated levels of cytokines and developmental delay?1:34. Although
vaccination induces an inflammatory response during pregnancy, it is a transient increase in
the levels of pro-inflammatory cytokines3®, lower in magnitude and shorter in duration than
a viral infection3®. Recent findings from animal models suggest that inactivated influenza
vaccination during pregnancy improves cognitive function in the offspring, has a positive
effect on postnatal neurogenesis including proliferation and neuronal differentiation, blocks
viral-induced cognitive impairment of the offspring® and improves autism-related social
interaction behaviors in mice®. These findings suggest inactivated influenza vaccination
during pregnancy may induce a protective immune response in the development of the
offspring. Although the direction of the relationship between 113 during pregnancy and
infant development that emerged in our study is in line with the two recent animal models8?,
our study did not find a significant association.

Limitations and Strengths

The ASQ-3 is not a diagnostic instrument, however it has been validated'?, is widely used in
the US, and identified by the American Academy of Pediatrics!3 as a high-quality screener
for developmental delays with high sensitivity (82%) and specificity (78%)36. Further, given
the small number of infants with scores indicating the need for further assessment we
combined infants with scores indicating the need for further assessment and need for
monitoring into a single category which was defined as not on schedule. As a screening tool
these categories are different and, for example, some children in the needs monitoring
category at one point may later be on schedule. While approximately a quarter of infants of
the women recruited into the original study were excluded from the current analysis, there
were no differences in receipt of 113 between women included in the current analysis and
those who were not included. Thus, the exclusion of those mother-infant pairs in our
analysis is unlikely to have biased our results. Women recruited into the PIP study who were
excluded from our analytic sample were more likely to be of Other/Unknown race than
women in the study sample in large part because they were missing race/ethnicity data from
the baseline survey. However, we do not believe this would bias our study findings. There is
a possibility that our sample size was not large enough to detect a statistically significant
association. Nevertheless, the direction of the observed relationship suggested more
favorable infant developmental outcomes for women who received 11V3, which is opposite
to the concern about the potential adverse effects of vaccination. Future studies with larger
sample sizes are warranted. The influenza vaccine, which is safe and immunogenic for
pregnant women3’ stimulates a cell-mediated immune response (with cytokine production)
in addition to a neutralizing antibody response.38 The immunogenicity of the influenza
vaccine is influenced more by host characteristics such as baseline antibody titer and
antibody landscape than the vaccine strain.3? The FDA requires that all vaccine strains meet
minimum standards for antibody response. Thus, it is reasonable to conclude that our
findings are generalizable to seasonal 113 use in other flu seasons.

Our study has several strengths. First, it is among the limited epidemiological studies that
have assessed longer-term outcomes in the offspring. Second, our prospective study design
and enrollment of women during pregnancy decreased the possibility of recall bias.
Additionally, our ascertainment of 113 exposure during pregnancy from a combination of
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EHR and self-report allowed us to identify vaccines received outside of the Kaiser
Permanente healthcare system. Finally, the study included a diverse sample of pregnant
women from two large geographic areas.

CONCLUSIONS

Our findings further inform the evidence on the use of 113 during pregnancy. We found no
association between 113 exposure during pregnancy and infant development at 6-months.
Replication of these findings and longer-term follow-up of development are indicated.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1.

Characteristics of the Cohort by 11V Status during Pregnancy

Vaccinated n=799

Not Vaccinated n=426

Total N n (row %) n (row %) p-value
Demographic Characteristics
Maternal Race/Ethnicity
Non-Hispanic White 769 504 (65.5%) 265 (34.5%) <0.01
Non-Hispanic Black 40 17 (42.5%) 23 (57.5%)
Hispanic 151 94 (62.3%) 57 (37.8%)
Asian 165 120 (72.7%) 45 (27.3%)
Mixed/Other/Unknown 100 64 (64.0%) 36 (36.0%)
Maternal Age (years)
<30 418 249 (59.6%) 169 (40.4%) <0.01
30-34 498 349 (70.1%) 149 (29.9%)
35+ 309 201 (65.1%) 108 (35.0%)
Maternal Education
High school or less 109 65 (59.6%) 44 (40.4%) 0.02
Some college - college graduate 647 404 (62.4%) 243 (37.6%)
Master’s degree or higher 432 302 (69.9%) 130 (30.1%)
Parity
0 598 402 (67.2%) 196 (32.8%) 0.13
1+ 598 377 (63.0%) 221 (37.0%)
Behavioral Characteristics during Pregnancy
Smoking Status
Yes 63 39 (61.9%) 24 (38.1%) 0.59
No 1134 740 (65.3%) 394 (34.7%)
Alcohol Use
Yes 365 240 (65.8%) 125 (34.3%) 0.75
No 827 536 (64.8%) 291 (35.2%)
Prenatal/Multivitamin Use
Yes 1131 742 (65.6%) 389 (34.4%) 0.17
No 63 36 (57.1%) 27 (42.9%)
Infant Characteristics
Preterm Birth (birth < 37 weeks)
Yes 39 25 (64.1%) 14 (35.9%) 0.87
No 1183 773 (65.3%) 410 (34.7%)
Sex of Child
Female 615 399 (64.9%) 216 (35.1%) 0.74
Male 608 400 (65.8%) 208 (34.2%)

Other Characteristics
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Page 11



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Avalos et al.

Vaccinated n=799

Not Vaccinated n=426

Total N n (row %) n (row %) p-value
Month of Conception
November-March 254 94 (37.0%) 160 (63.0%) <0.01
April-October 971 705 (72.6%) 266 (27.4%)
Vaccination in the Year Prior to Pregnancy
Yes 413 295 (71.4%) 118 (28.6%) <0.01
No 812 504 (62.1%) 308 (37.9%)
Infant age (months) at ASQ-3
5 225 145 (64.4%) 80 (35.6%) 0.79
6 1000 654 (65.4%) 346 (34.6%)
High risk medical conditions
Yes 260 170 (65.4%) 90 (34.6%) 0.95
No 965 629 (65.2%) 336 (34.8%)
Influenza or ARI symptoms during pregnancy
Influenza-positive/ARI symptoms 42 18 (42.9%) 24 (57.1%) <0.01
Influenza negative or not tested/ARI symptoms 406 278 (68.5%) 128 (31.5%)
Not tested/no ARI symptoms 777 503 (64.7%) 274 (35.3%)
Site
KPNW 552 325 (58.9%) 227 (41.1%) <0.01
KPNC 673 474 (70.4%) 199 (29.6%)

IlIness; KPNW, Kaiser Permanente North West; KPNC, Kaiser Permanente Northern California
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Abbreviations: 11V3, trivalent inactivated influenza vaccination, ASQ-3, Ages and Stages Questionnaire Third Edition; ARI, Acute Respiratory
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