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We studied the feasibility of using an internet-based panel survey to obtain timely and accurate
population-based data on influenza vaccination. We surveyed a nationally representative sample of US
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adults (n = 3043) via the internet about use of influenza vaccination during the 2007–8 influenza vacci-
nation season. We compared the internet-based rates to those from the 2004 and 2008 National Health
Interview Surveys (NHIS). The internet-based rates were comparable to those from the NHIS and were
obtained in less than six weeks following the end of influenza vaccination season. We conclude that an
internet-based approach can yield accurate estimates of end-of-season influenza vaccination rates in time
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to support improved man

. Introduction

The federal government’s Healthy People 2010 initiative set
0-year targets for increasing influenza vaccination [1]. However,
accination rates for adults remain well below these targets [2,3].
rogress toward 2010 targets requires improving management of
accine distribution and administration.

There are many approaches to process improvement [4], but
ommon to all is timely data to identify deficiencies and measure
rogress toward performance targets. In order to inform ordering
nd distribution decisions, vaccination rate data should be rou-
inely available soon after the end of influenza vaccination season
5] and include rates for subgroups indicated in ACIP recommenda-
ions or for subgroups where there is reason to be concerned about
nder-vaccination.

Current reporting of influenza vaccination rates from the
ational Health Interview Survey (NHIS) and the Behavioral Risk

actor Surveillance Survey (BRFSS) is not timely enough, specific
nough, or comprehensive enough to support improved manage-
ent. Because NHIS interviews are conducted throughout the

ear, annual NHIS estimates released each June based a ques-

� Disclaimer: The sponsor had no role in the research design or in the preparation,
eview, or approval of the document. The study design, data management, analysis
nd opinions expressed here are solely those of the authors and do not represent
hose of RAND or GlaxoSmithKline.
∗ Corresponding author at: RAND Corporation, 1200 Hayes Street, Arlington, VA

2202-5050, United States. Tel.: +1 703 413 1100x5466; fax: +1 703 413 8111.
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ent of the subsequent season.
© 2008 Elsevier Ltd. All rights reserved.

ion about influenza vaccine in the prior 12 months refer to
he prior two influenza vaccination seasons [6]. NHIS estimates
eleased each September based on interviews conducted during
he first quarter of the calendar year may not include vaccines
dministered in January and early February, so may underesti-
ate coverage [2,7]. Neither NHIS release includes information

bout high-risk subgroups. Centers for Disease Control and Preven-
ion (CDC) reports vaccination rates from the BRFSS for a variety
f clinically and policy-relevant subgroups at the national and
tate-level. However, these reports occur on an occasional basis
8,9].

To address this data gap, we explore the feasibility of obtaining
ata on vaccination rates by conducting an internet-based survey
sing a nationally representative survey panel soon after the end of
he 2007–8 influenza vaccination season. Surveys of internet pan-
ls can be conducted rapidly because respondents are recruited in
dvance of the survey, demographic information is already avail-
ble and all panelists can be surveyed simultaneously.

We assessed feasibility by measuring the timeline required to
btain analyzable data and by assessing accuracy by comparing
nternet panel estimates to two sources of influenza vaccine rates
erived from the NHIS [2,10].

. Methods
.1. Survey design

We used the Knowledge Networks survey panel to con-
uct a nationally representative survey of influenza vaccine

http://www.sciencedirect.com/science/journal/0264410X
http://www.elsevier.com/locate/vaccine
mailto:kharris@rand.org
dx.doi.org/10.1016/j.vaccine.2008.11.052


816 K.M. Harris et al. / Vaccine 27 (2009) 815–818

F Inter
i l popu
d

u
N
p
t
d
s
i
h
i
p
c
S

i
T
a
c
g

2

g
e
o
“
T
l
d

2

ig. 1. Influenza vaccination rates from Knowledge Networks and National Health
ntervals. Lu et al. [10] did not report NHIS-based coverage estimates for the genera
id not report estimates by risk status.

se during the 2007–8 influenza vaccination season. Knowledge
etworks operates a nationally representative online research
anel consisting of roughly 40,000 households. Panelists are ini-
ially recruited with known probabilities using random digit
ialing. They agree to respond to surveys in exchange for
mall financial incentives or free internet access. (Additional
nformation about Knowledge Networks can be obtained at
ttp://www.knowledgenetworks.com/knpanel/index.html.) Stud-

es using the Knowledge Networks panel have been widely
ublished in the peer-review literature [11–14]. Our survey pro-
edures and questionnaire were approved by the RAND Human
ubject Projection Committee.

We stratified our sample by age and race and administered

t to a random subsample of 4458 panelists 18 years and older.
he sample size was designed to obtain coverage estimates with
margin of error of ±4.0 percentage points for each of three racial

ategories and ±2.5 percentage points for each of three age cate-
ories.

b
b
a
W

view Survey by Risk Status and Age Group. Note: Brackets denote 95% confidence
lation age18–49 and high-risk and non high-risk individuals age 65 and older. CDC

.2. Measurement

We measured vaccine use by asking respondents “Did you
et a flu vaccine in the last flu season?” Consistent with fed-
ral influenza vaccine recommendations [15], we measured risk
f influenza complications by asking whether respondents had
ever been diagnosed with any of the following health problems?”
hese problems included diabetes, heart disease, asthma, chronic
ung disease, immune system problems, kidney disease, and blood
isorders.

.3. Analytic approach
We calculated vaccination rates for subgroups defined on the
asis of age, high-risk status, and race/ethnicity to be compara-
le with estimates from the 2004 NHIS reported by Lu et al. [10]
nd from the first quarter of the 2008 NHIS reported by CDC [2].
e considered influenza vaccination rates reported by Lu et al.

http://www.knowledgenetworks.com/knpanel/index.html
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ig. 2. Influenza vaccination rates from Knowledge Networks and National Health I
u et al. [10] reported NHIS estimates for Hispanics only.

10] to offer the most appropriate comparison. Lu et al. report
stimates for policy-relevant subgroups based on high-risk status
nd race/ethnicity not included in first quarter estimates pub-
ished by CDC. Estimates reported by Lu et al. also refer more
pecifically to the 2003–4 influenza vaccination season spanning
eptember 2003 through January 2004 because they are based
n responses about vaccination in the past 12 months obtained
rom interviews conducted during the seven month period between
ebruary and August 2004. The fact that influenza vaccination rates
ave remained stable between 2003 and the present, with the
xception of those measured during the influenza vaccine short-
ge during the 2004–5 season [2], makes it reasonable to compare
stimates from the 2004 NHIS to estimates derived from our Knowl-
dge Networks survey. Estimates from the first quarter of 2008
eported September 2008 were the most recent available at the
ime this study was conducted [2]. However, first quarter may
nderstate influenza vaccination rates because individuals inter-
iewed in early January they are subsequently vaccinated later in
he month.

We considered Knowledge Network and NHIS estimates to be
omparable when the 95 percent confidence interval surround-
ng the Knowledge Network estimates included NHIS-based point
stimates. All analyses were conducted using STATA 9.0. Sampling

eights were used to correct for oversampling (e.g., Hispan-

cs, Blacks, phone numbers that can be matched to an address,
versampling of large states). They also reflect a post stratifica-
ion adjustment to the most recent Current Population Survey
o adjust to the correct marginal distributions of age, gender,

o
(
2
w
b

ew Survey by Race and Age Group. Note: Brackets denote 95% confidence intervals.

ace/ethnicity, educational attainment, geographic distribution,
nd internet access.

. Results

.1. Response rate and timeliness

After a two-week pilot test, the survey was fielded over a three
nd a half week period between February 14th and March 10th
008. The survey yielded 3043 completed surveys for an overall
esponse rate of 68 percent of invited panel members. Knowledge
etwork provided analyzable data to the project team electroni-
ally 3 days after the survey closed.

.2. Vaccination rates

Overall, 37.6% (95% CI: 34.5–40.7%) of adults 18 and older were
accinated against influenza during the 2007–8 season. Among
igh-risk individuals between the ages of 18 and 64, 42.4% (95% CI:
5.3–49.5%) reported being vaccinated, compared to the 2010 tar-
et of 60%; among those age 65 and over, 71.2% (95% CI: 66.9–75.5%)
eported having been vaccinated compared to the 2010 target of
0%. Reported vaccination rates were higher for individuals 18 and

lder at risk of influenza complications 52.5% (95% CI: 46.8–58.2%)
p < 0.001) compared to their counterparts not at risk 32.3% (95% CI:
8.7–36.0%). In the general population of adults, vaccination rates
ere higher (p = .002) for whites (40.8%, 95% CI: 36.8–.44.9) than for
oth blacks (32.1%, 95% CI: 26.3–37.9) and Hispanics/others (29.4%,
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5% CI: 23.6–35.1%). Likewise, among adults 18 and older with high-
isk conditions, vaccination rates where higher (p = 0.84) among
hites (56.5, 95% CI: 48.9–64.0) than for both blacks (46.8, 95% CI:

6.8–56.8) and Hispanics/others (41.9, 95% CI: 30.9–53.0).

.3. Comparisons to the NHIS-based estimates

Overall, vaccination rates obtained from Knowledge Network
anelists mirror those from the 2004 NHIS and the first quar-
er 2008 NHIS. Vaccination rates from all three sources were
igher among those who were older, high-risk, and white (See
igs. 1 and 2). While the 2007–8 Knowledge Network estimates
ere uniformly higher than the NHIS-based estimates, the Knowl-

dge Network 95% confidence intervals included 14 of the 18
HIS-based point estimates shown in Figs. 1 and 2. Knowledge Net-
ork estimates were within 6 percentage points of the first quarter
008 NHIS estimates for all adults age 18–49, 50–64, and 65 and
lder (See Fig. 1). Knowledge Network estimates were within 6 per-
entage points of the 2003–4 NHIS estimate for individuals age
8–49 with and without high-risk conditions, whites age 18–64
ith high-risk conditions (See Fig. 1), whites age 65 and older, and
ispanics/others age 65 and older (See Fig. 2). The gap between

he 2007–8 Knowledge Network estimates and 2004–5 NHIS esti-
ates is largest for blacks, differing by 13.3 percentage points for

hose with high-risk conditions, by 14.1 percentage points for those
ge 50–64, and 8.9 percentage points for those age 65 and older.

. Discussion

Our results demonstrate that it is possible, through the use of an
nternet-based survey panel, to obtain national influenza vaccina-
ion rate estimates that are comparable to a large, national health
urvey and available to analyze within 6 weeks following the end of
nfluenza vaccination season. It may be possible to obtain analyz-
ble data as early as 1 month after the end of influenza vaccination
eason with the elimination or acceleration of pilot testing. This
pproach could potentially be useful in obtaining national-level
overage estimates during the middle of influenza season in time
o inform resource planning issues surrounding the promotion and
dministration of late-season vaccination.

Even if the reporting of federal data were accelerated, an
nternet-based survey designed especially for measuring influenza
accination may be uniquely informative. Such a survey can be
apidly modified to accommodate questions about emerging top-
cs (e.g., vaccination in non-traditional settings) or key subgroups
e.g., young adults or health care workers). Rapid modifications of
arge, multipurpose surveys, like the NHIS or the Behavioral Risk
actor Surveillance Survey, can be difficult to implement because
uestionnaire changes must be made according to established pro-
edures and require reducing time spent on other topics [16].

The Knowledge Networks rates generally reflected the same pat-
erns in vaccination rates across subgroups obtained from the NHIS.

onetheless, the Knowledge Networks rates were uniformly higher
fter weighting to the US population. Potential explanations for
hese differences include differences in the methodologies used by
nowledge Networks and CDC including sampling design (RDD vs.
rea probability sample), questionnaire administration (internet vs.

[

[

27 (2009) 815–818

ace-to-face interview), questionnaire content (focus on influenza
accination vs. multipurpose) and subtle differences in the wording
f questions.

In summary, timely data on influenza vaccine coverage rates
s required to achieve substantial increases the recommended use
f influenza vaccine, particularly among minority populations and
igh-risk individuals. Our study showed that internet-based sur-
eys can provide national data coverage rates for key subgroups
n time to implement mid-course changes in the planned manage-

ent of the upcoming flu season.
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