
Multicomponent Interventions to Enhance Influenza
Vaccine Delivery to Adolescents

WHAT’S KNOWN ON THIS SUBJECT: Vaccination of adolescents is
important to reduce the transmission of influenza in households
and communities. Vaccination in schools is 1 strategy to reach
this population. School-based influenza vaccination intervention
studies have been predominantly conducted in elementary
schools comprising nonminority populations.

WHAT THIS STUDY ADDS: In this study the efficacy of school-
based influenza education to improve vaccination rates among
adolescents regardless of location of vaccination is
demonstrated. School-based influenza vaccination intervention
was associated with higher levels of vaccination coverage
compared with provider-based influenza vaccination intervention.

abstract
OBJECTIVE: To compare school- versus provider-based approaches to
improving influenza vaccination coverage among adolescents in rural
Georgia.

METHODS: We used a nonrandomized, 3-armed design: (1) a middle-
and high school-based influenza vaccination intervention in 1 county;
(2) a provider-based influenza vaccination intervention in a second
county; and (3) a standard-of-care condition in a third county. Interven-
tions also included distribution of an educational brochure, school
presentations, and community-based outreach to enhance vaccine
knowledge and awareness among adolescents and their parents.

RESULTS: During the 2008–2009 influenza season, 70 (19%) of 370
students were vaccinated in the school-based county and 110 (15%) of
736 students were vaccinated in the provider-based county, compared
with 71 (8%) of 889 students in the standard-of-care county (risk ratio
[RR]school: 2.4 [95% confidence interval (CI): 1.7–3.2]; RRprovider: 1.9
[95% CI: 1.4–2.5]). During 2009–2010, seasonal influenza vaccination
coverage was 114 (30.4%) of 375 of students in the school-based
county, 122 (16.9%) of 663 of students in the provider-based county,
and 131 (15.2%) of 861 students in the standard-of-care county
(RRschool: 2.3 [95% CI: 1.9–2.9]; RRprovider: 1.2 [95% CI: 0.97–1.5]).

CONCLUSIONS: Special efforts to promote influenza vaccination
among rural, predominantly black students were associated with in-
creased vaccination coverage. The school-based influenza vaccination
intervention was associated with the highest levels of vaccination cov-
erage. This study revealed the efficacy of school-based influenza edu-
cation to improve vaccination rates among adolescents. Pediatrics
2011;128:e1092–e1099
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Despite efforts to enhance vaccination
among persons at highest risk of com-
plications, influenza remains a signifi-
cant health burden in the United
States.1 Research indicates that vacci-
nating school-aged children against in-
fluenza not only protects them directly,
but may also reduce transmission to
persons at high risk for complica-
tions such as infants and the el-
derly.2,3 Despite these findings, esti-
mates of vaccination coverage
remain low for school-aged children,
with only 15.3% of those aged 13 to 18
years vaccinated against seasonal in-
fluenza in 2009–2010.4

School-based vaccination clinics have
the potential to efficiently vaccinate
large numbers of children at lower to-
tal cost than primary care physicians
or public clinics.5–7 Previous studies
have shown that school-based vaccina-
tion clinics have vaccinated 40% to
50% of targeted school-aged children
for influenza,3,5,8–10 reduced influenza
illness directly among the students
and indirectly in the community,3,10–12

and have reduced costs from a soci-
etal perspective by decreasing school
and work absenteeism.2,5

Although demonstrating effectiveness,
school-based vaccination interven-
tions have been predominantly con-

ductedwith younger students and non-
minority populations. Whether this
vaccine delivery strategy would be
comparably efficacious for adolescent
and minority populations is unknown.
Given the Advisory Committee on Im-
munization Practices recently ex-
panded recommendations to vacci-
nate all persons older than 6 months
of age, including school-aged children
aged 5 to 18 years,13 it is important to
develop strategies for reaching these
traditionally underserved popula-
tions.14–22 Multicomponent interven-
tions, which include providing educa-
tion about immunizations to a target
population and improving access to
vaccination, may be an effective deliv-
ery strategy.23 The purpose of this
study was to determine the efficacy of
2 multicomponent interventions de-
signed to enhance influenza vaccina-
tion coverage among a predominantly
black adolescent population attending
public middle and high-schools in 3
counties in rural Georgia.

METHODS

Study Design

This study employed a nonrandom-
ized, 3-armed controlled design (Fig
1). Three counties in rural Georgia

were each assigned to 1 of the follow-
ing intervention arms: (1) a multicom-
ponent school-based influenza vacci-
nation intervention condition; (2) a
multicomponent provider-based influ-
enza vaccination condition; and (3) a
standard-of-care condition. In the
school-based county, the multicompo-
nent intervention consisted of an edu-
cational component and a structural
component (provision of free influenza
vaccination via school-based influenza
vaccine clinics). In the provider-based
county, the multicomponent interven-
tion included the same educational
component but a different structural
component (provision of free influenza
vaccination by local health care pro-
viders). The trial was conducted in 2
intervention cycles (IC1 and IC2) dur-
ing 2 consecutive influenza seasons
(2008–2009 and 2009–2010).

Study Setting and Population

Three counties within the same public
health district in eastern Georgia were
selected for this study. The 3 partici-
pating counties were selected because
they are relatively small (with 1 public
middle and high school), rural and
have substantial low income and black
populations (Table 1).24

FIGURE 1
Study design.
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Educational Intervention

The educational intervention was
implemented in both multicomponent
intervention counties at the beginning
of each intervention cycle, before im-
plementation of the structural inter-
ventions. Both intervention counties
received the same educational inter-
vention25 consisting of (1) a brochure
mailed home through the school (tar-
geted toward adolescents and their
parents) and (2) a school presentation
(targeted toward adolescents). The ed-
ucational intervention in both multi-
component intervention counties was
based on the health belief model,26 and
the theory of reasoned action.27 The
school presentation included a skit
presented by a volunteer group of stu-
dents, question-and-answer session
facilitated by study staff. The skit ad-
dressed health belief model and the-
ory of reasoned action constructs, in-
cluding self-efficacy, social norms,
perceived benefits, perceived barriers,
perceived susceptibility, perceived se-
verity, and students’ sense of invinci-
bility. The skit itself served as a cue to
action. Both the brochures and school
skits were developed collaboratively
by trained study staff and participants
from the community.

Vaccine Eligibility

To be eligible to receive the vaccine for
this study, (1) adolescents must have
been enrolled at a target school in a
participating county, (2) families re-
sided in the target counties, (3) par-
ents provided written informed per-

mission for their adolescent to be
vaccinated, and (4) parents completed
a brief medical history form docu-
menting adolescents’ medical condi-
tions that might contraindicate in-
fluenza vaccination. The primary vaccine
was a live-attenuated influenza vaccine
(LAIV). Trivalent inactivated vaccine was
made available to students with contra-
indications to LAIV. Both vaccines were
offered free in both intervention coun-
ties. Study protocols were approved by
Emory University, Medical College of
Georgia, and the Georgia Department of
Community Health institutional review
boards.

Recruitment

In both intervention counties, informa-
tional packets were mailed to the
home of each adolescent enrolled in
middle and high-school. The packets
contained (1) a cover letter describing
the project, co-signed by the school
principal and the county health officer,
(2) a parental consent form for influ-
enza vaccination, (3) a brief medical
history form, (4) an educational bro-
chure designed to enhance influenza
vaccine acceptance, (5) Centers for
Disease Control and Prevention–
approved vaccine information state-
ments for LAIV28 and trivalent inacti-
vated vaccine,29 and (6) an envelope for
parents’ convenience and confidential-
ity in returning forms to the school. A
second information packet wasmailed
approximately 1 month after the initial
mailing to increase the number of par-
ticipants. To further increase enroll-

ment, study staff attended school open
house events and advertisements
were placed in local newspapers to
alert parents about the dates that in-
fluenza vaccine would be available and
when packets would be mailed home
or available for pick-up at school.

Study Procedures

School-Based Intervention

We met with school officials to estab-
lish tailored implementation plans for
the educational and school-based
components. The school-based inter-
vention activities were implemented
from October to November for both in-
tervention years. On days in which the
school-based vaccinations were ad-
ministered, the research project coor-
dinator registered nurse provided a
list of students eligible to receive in-
fluenza vaccination to the on-site
screener. The screener checked the
list of eligible students to ensure that
each student could receive vaccination
and informed the nurse (from the local
health department) which vaccine they
should receive. One copy of the vacci-
nation record was retained for the
study and another copy was given to
the student for their personal records.
Staff recorded required information re-
garding each vaccination in the Georgia
Registry of Immunization Transactions
and Services (GRITS), Georgia’s immuni-
zation information system. All students
vaccinated at the clinic were observed
for potential adverse events for at least
20 minutes before returning to class.

TABLE 1 Demographic Information of Study Counties

School-Based Provider-Based Standard of Care

Total county population (2006), n 5949 8257 10 468
County, % black students 57 32 53
Total No. of students (middle and high, 2007–2008) 418 757 853
Students, % black 96a,b 38c 53
Students eligible for free or reduced lunch, % 82d 65 69
a School-based versus provider-based: P� .001; school-based versus standard of care: P� .001.
b The percentage of students who were black was higher than the population percent because a large proportion of white students attend private rather than public schools.
c Provider-based versus standard of care: P� .001.
d School-based versus provider-based: P� .001; school-based versus standard of care: P� .001.
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One or 2 clinic days per intervention cy-
clewere conducted, and the vaccinewas
made available at the county health de-
partment for those students unable to
attend a school clinic. Vaccine was pro-
vided to students and school staff free.

Provider-Based Intervention

In the provider-based county, a list of
eligible students was given to 3 partic-
ipating health care providers (2 pri-
vate physicians and the county health
department). Starting each October,
vaccine was shipped to the participat-
ing providers. As the health depart-
ment and private physicians adminis-
tered the vaccine, they were asked to
submit the completed list of children
vaccinated, and were reimbursed for
administering the vaccine at the Medi-
care rate. Vaccine was provided to stu-
dents and school staff free. Also, clinic
staff documented demographic infor-
mation and type of vaccine received.
Both intervention counties had an es-
tablished plan for reporting adverse
events, although no severe reactions
were reported in either intervention
year.

Data Collection

Vaccination Rates

Receipt of influenza vaccination was
the primary outcome. Baseline influ-
enza immunization data for all 3 coun-
ties was obtained by using GRITS. Dur-
ing IC1 and IC2, information regarding
vaccine coverage levels and student
demographics was collected for the in-
tervention counties by the health de-
partment or physician’s offices. Vacci-

nation rates were determined by the
number of adolescents vaccinated di-
vided by the total number eligible for
vaccination.

Absenteeism

To assess the potential effect of influ-
enza vaccination on school atten-
dance, each school provided anony-
mous all cause absentee data for the
academic year for baseline and both
intervention years for all 3 study
conditions.

Data Analyses

Effect of the interventions on vaccina-
tion coverage was assessed by com-
paring the percentage of vaccination
coverage in each county’s middle and
high schools during baseline, IC1, and
IC2. A Bonferroni adjustment was used
to adjust the significance level and pro-
vide a set of 95% confidence intervals
comparing the 3 counties’ schools
(middle and high school) within a
school year. All data were analyzed by
using SAS 9.2 (SAS Institute, Inc, Cary,
NC).

RESULTS

Demographics

School sizes varied, with the standard-
of-care county being the largest and
the school-based intervention county
the smallest. The school-based inter-
vention county had a significantly
higher percentage of black students,
followed by the provider-based county,
and students eligible for free or re-
duced lunches (a proxy for family in-
come) compared with the provider-

based intervention and standard-
of-care counties (Table 1).

Vaccination Coverage

Influenza vaccination coverage for
each of the counties during baseline,
IC1, and IC2 are shown in Table 2. On
the basis of data from GRITS, back-
ground vaccination rates of students
in each county at baseline were com-
parable between the school-based and
standard-of-care counties. At baseline,
adolescents in the provider-based
county were �50% more likely to re-
ceive the influenza vaccine than were
adolescents in the standard-of-care
county (risk ratio [RR]: 1.5; P � .008)
and adolescents in the school-based
county were half as likely to receive an
influenza vaccine as adolescents in the
provider-based county (RR: 0.5; P �
.002) (Table 3). For both intervention
years we continued to use GRITS data
to assess vaccination coverage in the
standard-of-care county.

In IC1, in the school-based county, 87
(24%) of 370 students returned a con-
sent form. Of those returning con-
sents, 70 of 87 students were vacci-
nated (81%). This represents 19% of
the total school population and re-
flects a 72% increase in influenza vac-
cination coverage from baseline to IC1
(P � .001) (Table 2). In the provider-
based county, 20% (145/736) of stu-
dents returned consents. Of those re-
turning consents, 110 were vaccinated
(76%). This represents 15% of student
population and reflects a 33% increase
from baseline to IC1 (P � .006) (Table

TABLE 2 Influenza Vaccination Coverage

Baseline (2007–2008) IC1 (2008–2009) IC2 (2009–2010)

Total No. of
Students Enrolled

No. Vaccinated (%) Total No. of
Students Enrolled

No. Vaccinated (%) Total No. of
Students Enrolled

No. Vaccinated (%)

School-based county 418 22 (5.2) 370 70 (18.9)a 375 114 (30.4)b

Provider-based county 650 65 (10.0) 736 110 (14.9)a 663 122 (18.4)
Standard-of-care county 853 56 (6.6) 889 71 (8.0) 861 131 (15.2)b

a Increase from baseline: P� .001 and P� .006, respectively.
b Increase from IC1: P� .0005.
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2). Of students vaccinated, 83% re-
ceived LAIV in the school-based county
and 87% received LAIV in the provider-
based county. When compared with
the standard-of-care county (6.6%
from GRITS), both the school- and
provider-based intervention counties
demonstrated significantly higher
rates of vaccination. The students in
the school-based county were more
than twice as likely to be vaccinated
compared with students in the
standard-of-care county (RR: 2.4; P �
.0001) (Table 3). The students in the
provider-based county were 1.9 times
more likely to be vaccinated compared
with the students in the standard-
of-care county (RR: 1.9; P� .0001) (Ta-
ble 3). However, no significant differ-
ence between the school- and
provider-based interventions was ob-
served (RR: 1.3; P� .09) (Table 3).

In IC2, 127 (34%) of 375 students in the
school-based county returned a con-
sent form; 114 (90%) students were
vaccinated, representing 30% of the to-
tal school population, reflecting a 61%
increase in coverage from IC1 to IC2
(P � .0003). In the provider-based
county, 28% (183/663) of students re-
turned a consent form; 122 (67%) stu-
dents were vaccinated, totaling 18% of
the student population; this was a 19%
increase from IC1 to IC2 (P� .08) (Ta-
ble 2). Of those vaccinated, 72% re-

ceived LAIV in the school-based county
and 89% received LAIV in the provider-
based county. For the second inter-
vention year, when we compared
the intervention counties to the
standard-of-care county (15.2%
from GRITS), only the school-based
intervention demonstrated signifi-
cantly higher vaccination prevalence
among adolescents. Students were
more than twice as likely to be vacci-
nated in the school-based county
compared with students in the
standard-of-care county (RR: 2.3; P�
.0001). The school-based interven-
tion also demonstrated significantly
higher vaccination prevalence than
the provider-based intervention (RR:
1.9; P� .0001) (Table 3).

Subsequently, we examined a subset
of the data to assess the effect of the
intervention on black adolescents in
our 2 intervention counties. In IC1, 18%
of black students were vaccinated in
the school-based county (64/355) com-
pared with 16% of black students in
the provider-based county (45/283)
(RR: 1.1; P� .48). In IC2, black students
were twice as likely to be vaccinated in
the school-based county (31%; 110/
360) than in the provider-based county
(16%; 40/256) (RR: 2.0; P � .0001).
Black adolescents in the school-based
county were 70%more likely to receive
influenza vaccine than those in the

provider-based county (Table 4). No
significant differences in absenteeism
were observed between the 2 interven-
tion counties and standard-of-care
county.

DISCUSSION

The aim of this study was to compare
the efficacy of 2 multicomponent influ-
enza vaccination interventions (1
school-based and 1 provider-based in-
tervention) to a standard-of-care ap-
proach and to each other. In the first
year, vaccination coverage was higher
in both intervention counties than in
the standard-of-care county. In the sec-
ond year, the school-based interven-
tion county had significantly higher
coverage than the provider-based in-
tervention county and the standard-
of-care county, as well as a 61% in-
crease in vaccination coverage from
the first year. The provider-based in-
tervention county also showed an in-
crease in vaccination coverage over
the 2 intervention years compared
with baseline. The substantial increase
in vaccination coverage in IC2 in the
school-based county compared with
the minimal increase seen in the
provider-based county may be attrib-
uted to the difficulty that family-
practice physicians face in these rural
counties of sustaining vaccination
compliance because of the overwhelm-

TABLE 3 Comparison of Influenza Vaccination Rates

Baseline RR (95% CI) IC1 RR (95% CI) IC2 RR (95% CI)

School-based county vs standard-of-care county 0.8 (0.50–1.29) 2.4 (1.74–3.22)c 2.3 (1.90–2.87)c

Provider-based county vs standard-of-care county 1.5 (1.08–2.15)a 1.9 (1.41–2.48)c 1.2 (0.97–1.51)
School-based county vs provider-based county 0.5 (0.33–0.84)b 1.3 (0.96–1.66) 1.7 (1.32–2.06)c

CI indicates confidence interval.
a P� .05.
b P� .005.
c P� .0001.

TABLE 4 Effects of Intervention on Influenza Vaccination Rates Among Black Students

Intervention Type IC1, n/N (%) RR (95% CI) IC2, n/N (%) RR (95% CI)

School-based county 64/355 (18) 1.1 (0.80–1.61) 110/360 (31) 2.0 (1.41–2.71)a

Provider-based county 45/283 (16) 40/256 (16)

CI indicates confidence interval.
a P� .0001.
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ing demands on their time and com-
peting priorities. Overall, the findings
suggest that the educational interven-
tion helped improve influenza vaccina-
tion coverage among adolescents re-
gardless of venue of vaccination;
however, the school-based influenza
vaccination program was associated
with greater vaccine acceptance than
the provider-based intervention.

The effect of the educational interven-
tion may be attributed to several fac-
tors. First, both parents and students
were targeted. Educating students
may have motivated them to protect
themselves,30 whereas educating par-
ents may have influenced their deci-
sion to allow vaccination, as well as
influencing adolescents’ acceptance of
their parents’ decision.31 Second, the
interventions were developed in col-
laboration with local community mem-
bers, which may have increased their
salience and effect in the target popu-
lation.25 Finally, the study team was
available in person (during open
houses and the school presentation)
to answer parents’ and students’ ques-
tions and address concerns.

We observed lower influenza vaccina-
tion coverage rates than previously
published; however, this may be partly
attributable to our sample: middle and
high school students consisting of
a rural, low-income, predominantly
black population.3,5,8–10 Previous stud-
ies have evaluated influenza vaccina-
tion interventions in either elementary
schools or day care programs. These
studies observed a trend for lower
participation rates with lower socio-
economic status and black race.3,5,8–10

We found that the school-based inter-
vention was associated with higher
vaccination levels among black adoles-
cents compared with the provider-
based intervention.

The educational intervention was tai-
lored for students in the school presen-
tation and was well received, possibly

increasing adolescents’ vaccination in-
tention.32 Educating students about influ-
enza vaccine and the adversehealth con-
sequences of influenza that can
be prevented with vaccination may pro-
vide motivation for students to get
vaccinated.30

In this study, themajor obstacle to vac-
cination was obtaining parental con-
sent for children, although there was
an increase in returned consents from
the first year to the second. This im-
provement could be attributed to the
familiarity of parents with our pro-
gram or the educational brochures
mailed to the parents, but we cannot
rule out an effect of the media cover-
age of the 2009 H1N1 influenza pan-
demic. Despite the 2009 H1N1 influenza
pandemic, planning and implementa-
tion of our education and vaccination
clinics were consistent in both inter-
vention years. Another barrier to ob-
taining parental consent may have
been the complexity of the consent
forms. We used several methods to im-
prove parental consent, including par-
ticipating in school open houses, plac-
ing a cover sheet with instructions in
the packets, using different colored
stickers to indicate what lines should
be signed, and including the telephone
number of the research project coor-
dinator registered nurse so parents
could call and ask questions.

Although the ensuing media spotlight
on the 2009 H1N1 influenza pandemic
may have played some role in increas-
ing vaccination coverage, the school-
based intervention county still showed
significantly higher vaccination cover-
age than either the provider-based in-
tervention or standard-of-care coun-
ties, which suggests that increases in
coverage from IC1 to IC2 in the school-
based county could not be attributed
solely to the 2009 H1N1 influenza
pandemic.

This campaign required extensive re-
source commitment by both the health

departments and the school systems.
The demands on health departments
in small rural counties were substan-
tial, including the need to close the
health department during school clinic
hours. Leadership of health depart-
ment supervisors and support of
school administrators were key to the
success of this study.

Several factors might have contrib-
uted to the lack of observed differ-
ences in absenteeism among the 3
counties. Herd immunity effects would
not be likely with 18% or 30% vaccina-
tion rates. The sample size was small
and reduced the power of our analysis
and the ability to detect small changes.

This study had several limitations.
First, although the study was imple-
mented in 3 rural counties, the num-
ber of adolescents and numbers of
schools was limited, reducing the pre-
cision of the effect estimates. Second,
results may not be generalizable to
other rural or urban geographic loca-
tions. Third, influenza vaccination data
for the standard-of-care county was
available only on a countywide level,
whereas our intervention counties had
vaccination data within our study
schools. Fourth, the GRITS data may be
incomplete. Fifth, during our second
intervention year, the 2009 H1N1 influ-
enza pandemic occurred, which may
have played a role in increasing vacci-
nation coverage.

CONCLUSIONS

Improving vaccination of children as
a strategy for community control of
influenza continues to be a topic of
substantial interest, particularly af-
ter the 2009 H1N1 influenza pan-
demic and recent expansion of Advi-
sory Committee on Immunization
Practices recommendations. In this
study we demonstrate the efficacy of
a brief, tailored influenza education
program delivered in schools that
improved influenza vaccine uptake,
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regardless of whether vaccine was
provided at the school or local physi-
cians’ offices. This study also
demonstrated acceptance of a
school-based influenza immuniza-
tion program by parents and adoles-
cents in a rural, predominantly mi-
nority population. This evaluation
provides important information indi-
cating the feasibility of implementing
school-based influenza education
and vaccination programs in tradi-
tionally hard-to-reach populations.
Study findings demonstrate poten-
tial implications for improving cover-

age of other vaccines recommended
for adolescents. Expansion of the
definition of the medical home to in-
clude schools may also help to reach
adolescents and improve vaccina-
tion compliance.
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