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Abstract

Children aged <9 years may require two doses of influenza vaccine to achieve an adequate
immune response to protect against the disease. We analyzed data for >2 million children in each
influenza season from 2007 to 2012 from eight Immunization Information System Sentinel Sites
to assess trends in two-dose compliance. Compliance was calculated by influenza season, age
group, and influenza vaccination history. Two-dose compliance increased from 49% to 60%
among 6-23 month olds from 2007 to 2012; no increase was observed for 2—4 or 5-8 year olds. In
each season, compliance was 3-12 times higher among 6-23 month olds compared to older
children and was two times higher among influenza vaccine naive children compared to previously
vaccinated children. Improved messaging for providers and parents about the importance of the
two-dose recommendation, about which children are eligible for two doses, and provider access to
complete influenza vaccination histories for all children are needed.
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1. Introduction

Influenza vaccination is the most effective way to protect children from influenza and its
complications. Circulating influenza virus strains can change from year to year; therefore, in
most seasons, one or more seasonal vaccine antigens are changed in order to protect against
influenza viruses expected to cause disease during the upcoming season. As a result, unlike
other vaccinations for children, seasonal influenza vaccine recommendations need to be
updated yearly and providers must re-familiarize themselves with current recommendations.

To achieve high levels of vaccine-induced antibodies and decrease the risk for illness caused
by virus strains that are antigenically similar to those strains included in the vaccine,
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children aged 6 months to 8 years require two influenza vaccine doses during their first
vaccination season [1,2]. Children who receive only one vaccine dose in their first year of
vaccination are less likely to have protective vaccine-induced antibody response when
administered a single dose of an antigenically different vaccine in their second year of
vaccination [3,4] consequently, two doses are also recommended for these one-dose vaccine-
primed children. However, when vaccine antigens do not change from season to season, a
single vaccine dose given to children who received only one dose during their first
vaccination season can produce adequate vaccine-induced immune response [4,5]. Once
previously vaccinated children enter their third season of influenza vaccination, only one
vaccine dose is recommended, regardless of how many vaccine doses were previously
administered.

Poor compliance with the two-dose vaccine regimen has been described [6-10], however
limited data are available reporting recent trends. We used data from population-based
surveillance systems including >2 million children aged 6 months to 8 years to assess trends
in seasonal influenza vaccine two-dose compliance from the 2007-2008 through the 2011-
2012 seasons.

2. Methods

We used data from the Immunization Information System (11S) Sentinel Site Project, which
is a collaborative project between CDC and selected state/city-based 1S with high data
quality to conduct evaluations and estimate vaccination coverage. For the 20082012 project
period, Arizona, Colorado, Michigan, Minnesota, Oregon, and Wisconsin used subsets of
their state 11S as their sentinel sites. North Dakota and New York City used their entire state/
city.

Children were selected for inclusion in the study if they were aged 6—23 months, 2—4 years,
or 5-8 years during each influenza vaccination season assessed (2007-2008 through 2011-
2012). Vaccination seasons were defined from August 1 through March 31, with two
exceptions: (1) the 2007-2008 season was defined from September 1 through March 31, as
vaccine was not available in August that year; (2) the 2011-2012 influenza vaccination
season was defined from August 1 through May 31. Analyses included only those children
who were in the specified age groups during the entire influenza season to ensure that all
children evaluated had the same opportunity for vaccination; children who aged into or out
of an age group during the season were excluded.

For each child, influenza vaccine doses administered prior to the start of each “current”
influenza season were reviewed to determine the number of doses the child was
recommended to receive. In accordance with Advisory Committee on Immunization
Practices (ACIP) recommendations, for the 2007-2008 through 2009-2010 seasons,
children were recommended to receive two doses of trivalent inactivated influenza vaccine
(TIV) or live attenuated influenza vaccine (LAIV)! if they: (1) had never received influenza

1| ive attenuated influenza vaccine is recommended for healthy people 2 through 49 years of age, who are not pregnant and do not
have certain health conditions such as asthma, heart/lung/kidney/liver diseases or diabetes.
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vaccine (“seasonal vaccine naive”), or (2) received only one dose of seasonal influenza
vaccine for the first time in the previous season (“seasonal vaccine primed”) [11-13]. For the
2010-2011 season, children were recommended to receive two doses if they: (1) had no
history of influenza A (HLIN1)pdm09 vaccination (“pdmH1N1 vaccine naive”), (2) received
>1 influenza A (HLN1)pdm09 vaccine dose but had no history of seasonal influenza
vaccination (“pdmH1N1 vaccine primed/seasonal vaccine naive”) at the start of the 2010-
2011 season, or (3) received =1 influenza A (HLN1)pdmQ9 vaccine dose and received only
one dose of seasonal influenza vaccine for the first time in the 2009-2010 season
(“pdmH1N1 vaccine primed/seasonal vaccine primed”) [14]. For the 2011-2012 season,
children aged 6 months to 8 years who did not receive =1 dose of 2010-2011 seasonal
influenza vaccine were recommended to receive two doses [15]. Doses that were invalid
according to ACIP recommendations were excluded from the analyses. Doses of TIV were
considered invalid if (1) they were administered less than age 6 months minus 4 days or (2)
they were administered <24 days from the previous influenza vaccination. Doses of LAIV
were considered invalid if (1) they were administered less than age 2 years minus 4 days, (2)
were administered <24 days from a previous LAIV dose, or (3) were administered 1-27
days from any other live vaccine.

Full and partial vaccination coverage were calculated for each season. Full vaccination was
defined as having received the appropriate number of influenza vaccine doses (one or two),
based on ACIP recommendations for that season. Partial vaccination was defined as having
received only one influenza vaccine dose when the child was recommended to receive two
doses that season. Full and partial vaccination coverage combined reflects the percentage of
children in the population that received =1 influenza vaccine dose during the evaluated
season. Census denominators were used to calculate coverage [16,17]. Two-dose compliance
was defined as the percentage of children receiving a second influenza vaccine dose during a
season from among those children who were recommended to receive two doses and who
had received their first dose that season. Coverage and compliance were calculated by
influenza season and age group (6—-23 months, 2—4 years, and 5-8 years). Compliance was
also calculated by influenza vaccination history (i.e. seasonal vaccine naive, seasonal
vaccine primed, pdmH1N1 naive, pdmH1N1 vaccine primed/seasonal vaccine naive,
pdmH1N1 vaccine primed/seasonal vaccine primed). Unweighted averages for the eight
sites were calculated by summing the percentages at each site and dividing by the total
number of sites. This study was exempt from IRB review since it involved examination of
secondary, de-identified data.

3. Results

The number of children aged 6 months to 8 years evaluated during each influenza season
ranged from 2,069,384 in the 2011-2012 season to 2,186,447 in the 2007-2008 season;
sample sizes varied across sentinel sites from a low of 12,901 in Colorado (2011-2012) to a
high of 1,027,647 in New York City (2007-2008). From the 2007—-2008 through 2011-2012
seasons, vaccination coverage increased for all age groups (Fig. 1). Full vaccination
coverage increased from 25.2% to 44.3% among 6—23 month olds, from 19.6% to 29.9%
among 2-4 year olds, and 15.8% to 21.5% among 5-8 year olds.
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In each season, the percentage of children recommended to receive two doses was highest
among children aged 6-23 months, followed by 5-8 years, and 2—4 years (Fig. 2). In each
age group, the percentage of children recommended to receive two doses decreased from the
2007-2008 to the 2009-2010 season, when ACIP recommendations did not change. In the
2010-2011, this increased to the highest percentage in any season, as the majority of these
children were pdmH1N1 vaccine naive.

Across seasons, two-dose compliance among 6-23 month olds was 3.1-6.8 times higher
than among 2—4 year olds and 4.1-11.9 times higher than among 5-8 year olds (Fig. 3).
From the 2007-2008 to 2010-2011 seasons, compliance among 6—23 month olds increased
from 48.7% to 59.8%. Little change was observed during this time among children aged 2—-4
years (16%) and 5-8 years (11%); in the 2011-2012 season, decreases in two-dose
compliance were observed in both age groups to 8.8% and 5.0%, respectively.

From the 2007-2008 through 2009-2010 seasons, seasonal vaccine naive children were
approximately two times more likely to be two-dose compliant than seasonal vaccine primed
children; this was true for all age groups (results not shown). In the 2010-2011 season, a
similar pattern was observed for pdmH1N1 and seasonal vaccine naive children compared to
children previously vaccinated with pdmH1N1 and seasonal vaccine.

4. Discussion

This study represents the first investigation of two-dose compliance since recommendations
for universal influenza vaccination for children =6 months of age were issued, utilizing
population-based, provider-verified data for several influenza seasons. Findings suggest that
while two-dose compliance with seasonal influenza vaccine increased modestly from 2007
to 2012 among 6-23 month olds, it remained unchanged among older children. Overall, two-
dose compliance was <50% in all age groups and was lowest among older children and
children previously primed with influenza vaccine.

There are several possible reasons for low two-dose compliance. One, the complexity of
influenza vaccination recommendations might make it difficult for providers to know which
children are recommended to receive two doses in each season. One survey of physicians
administering influenza vaccination to children found that 40% did not know which children
should receive two doses [18]. Two, providers might have limited access to complete
vaccination records to determine the number of doses needed in a season. In 2011, 34% of
U.S. children visited more than one vaccination provider and in 2009, 34% of children were
vaccinated for influenza at school [unpublished data, CDC]. Thus, children might have
fragmented vaccination records in multiple vaccination settings. Three, provider knowledge
about the importance of administering two doses to adequately protect children from
influenza might be limited. Lastly, parents may not be able or willing to overcome barriers,
such as missing work and/or school and difficulty accessing a physician’s office [19], twice
for their child’s influenza vaccinations. This might disproportionately affect older children,
who have fewer provider visits compared to children aged <2 years for well-child visits
and/or administration of other vaccines. Monitoring two-dose compliance, in addition to full
vaccination coverage, is important for assessing the success of influenza vaccination
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programs. Because compliance metrics are based on a subset of the population that is likely
less affected by influenza vaccine hesitancy and avoidance, as they have initiated their series,
interventions to improve two-dose compliance might focus more on improving access to
vaccine, rather than on educating parents on the importance of influenza vaccination and
influenza vaccine safety.

I1S can assist providers with some of the challenges mentioned above as they consolidate
vaccination records for each child, regardless of where vaccine was administered, to create a
complete history. All U.S. IIS have the ability to remind providers about the number and
timing of recommended vaccine doses, based on a child’s vaccination history, and generate
reminder notifications for children who are due for vaccination. State and local health
departments, vaccination providers, and other vaccine stakeholders should work to ensure
that all influenza vaccinations are reported to 11S by traditional and complementary
vaccination providers. These efforts can be supported through training, education, policy
making and legislation. Increased provider awareness about the importance of administering
two doses to adequately protect children from influenza, and about which children are
recommended to receive two doses, is also needed. Effective interventions for improving
influenza vaccination, which might also improve two-dose compliance, include expanded
hours of operation, walk-in influenza vaccination clinics within provider practices, reminder/
recall notifications, year-round scheduling, standing orders, and parent education [20,21].

This investigation has several limitations. Our results are based on eight localities and might
not be generalizable to the entire U.S. population. Incomplete vaccination histories might
exist in this study, which could underestimate coverage and compliance and overestimate the
percentage of children recommended to receive two doses. Incomplete vaccination histories
might have a greater impact on estimates for older children, who are more likely to be
vaccinated in complementary settings, have fewer co-administered vaccinations, and fewer
vaccinations co-reported to 11S, compared to younger children. However, 11S Sentinel Sites
have >85% provider site participation, which reduces the potential impact of incomplete
histories. The National Immunization Survey (NIS) last published provider-verified
vaccination coverage estimates for children aged 6-23 months in the 2007-2008 season
[22]. NIS-based vaccination coverage estimates for this age group were comparable to 11S-
based estimates for this season. Vaccination coverage estimates from the NIS in more recent
seasons are parent-reported, not provider-verified, making comparisons difficult [23].

In conclusion, the majority of children aged <9 years eligible for two-dose influenza
vaccination have not received two doses, leaving them susceptible to influenza disease and
its complications. While a modest increase in two-dose compliance was observed among 6—
23 month olds, no progress has been made among older children who are at highest risk of
infection and might transmit the virus to their family and community. Steps should be taken
to emphasize the importance of the two-dose recommendation to providers and parents, to
make complete vaccination histories available at the time of vaccination, and to maximize all
opportunities to vaccinate children against influenza.
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Fig. 1.

Influenza vaccination coverage among children aged 6 months to 8 years by age group and
influenza season, 2007-2012.
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Percentage of children recommended to receive two influenza vaccine doses by age group,
influenza season, and influenza vaccination history, 2007-2012.
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