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Many vaccines given to older children, adoles-
cents, and adults require multiple doses for
optimal immunogenicity and efficacy. Varicella
vaccine is recommended in a 2-dose series for
children 13 years or older without evidence of
immunity.1 The hepatitis A2 and B3,4 vaccine
series require 2 and 3 doses, respectively. Most
recently, in 2007, vaccination with the 3-dose
human papillomavirus vaccine series was recom-
mended for adolescent and young adult women.5

Timely and complete vaccination with multiple-
dose schedules is of public health importance,
because an incomplete series may yield subopti-
mal disease protection.6–17 Comprehensive
monitoring is conducted annually to evaluate
compliance with vaccination schedules among
infants and young children.18 However, there is
little information on compliance with multiple-
dose vaccine series in general populations of older
children, adolescents, and adults.19–21

We conducted a large, population-based,
retrospective cohort study of older children,
adolescents, and adults in the Vaccine Safety
Datalink population of approximately 8.8 mil-
lion Medical Care Organization (MCO) enroll-
ees, which represents about 3% of the US
population. During the study period (1996–
2004), we determined compliance with the
2- or 3-dose varicella, hepatitis A, or hepatitis B
vaccine series in this population. We also
assessed factors associated with noncompli-
ance, and among those who completed the
vaccination series, we examined the timeliness
of completion to determine the excess duration
of time that individuals remained undervacci-
nated.

METHODS

The study population was composed of
enrollees of 7 of the 8 MCOs participating in

the Vaccine Safety Datalink project: Group
Health (Washington), Kaiser Permanente
Northwest (Oregon), Kaiser Permanente Medi-
cal Care Program of Northern California,
Southern California Kaiser Permanente Health
Care Program, HealthPartners Research
Foundation (Minnesota), Marshfield Clinic
(Wisconsin), and Kaiser Permanente Colorado.
Each MCO has administrative data systems that
record information on demographics, enroll-
ment, immunizations, and International Classi-
fication of Disease, Ninth Revision, Clinical
Modification (ICD-9-CM)22 codes assigned to
medical encounters.23 The study period for each
MCO was based on the availability of data from
the MCO’s immunization registry. Most sites
contributed data from January 1, 1997 to De-
cember 31, 2004. One site’s immunization reg-
istry extended back to 1996, and a second site

began contributing data in 2000. Four sites did
not contribute data on adults 18 years and older.

Three cohorts of older children, adoles-
cents, and adults were drawn from this popu-
lation: (1) those who received a first dose of
varicella vaccine on or after their13th birthday,
prior to their 46th birthday, and during the
study period; (2) those who received a first
dose of hepatitis A vaccine on or after their
second birthday and during the study period;
and (3) those who received a first dose of
hepatitis B vaccine on or after their fifth birth-
day and during the study period. We chose
lower age cutoffs for hepatitis A and B vaccines
to exclude vaccines potentially received as part
of the infant series and for varicella vaccine to
include the population for which a 2-dose
series has been recommended since vaccine
licensure in 1996. To ensure complete
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identification of doses received as part of the
multiple-dose series, participants were required
to be continuously enrolled for at least 1 year
prior to and at least 2 years following the date
of the first dose of varicella, hepatitis A, or
hepatitis B vaccination. Dates of first vaccina-
tion thus ranged from 1996 to 2002, with
follow-up through 2004.

Vaccination Data

For each vaccine (varicella, hepatitis A, and
hepatitis B), the date of the first and all sub-
sequent doses of the same vaccine were
identified. To ensure that we correctly identi-
fied the first vaccination recorded in the MCO
immunization registry, we ascertained prior
vaccination status from all available vaccina-
tion information in the registry—that is, not
just in the 1 year prior if more than 1 year of
data were available. If 2 doses of the same
vaccine were recorded within 7 days, the
second dose was assumed to be a duplicate
record and was not counted as part of the
vaccination series.

Outcome Measures

For each vaccine, the primary outcome was
completion of the series within 1 year of initi-
ation (full compliance). In addition, to provide a
more thorough assessment of compliance, we
also identified those who completed the series
more than 1 year but less than 2 years after
receipt of the initial vaccination (late compli-
ance) as well as those who completed the series
more than 2 years after initiation (very late
compliance). All of these definitions of compli-
ance excluded the small fraction of persons
who completed the vaccination series but re-
ceived a second or third vaccination at less than
the minimum recommended interval between
doses (28 days between dose 1 and 2 for
varicella vaccine, 180 days between dose
1 and 2 for hepatitis A vaccine, and 28 days
between dose 1 and 2 and 56 days between
dose 2 and 3 for hepatitis B vaccine). That
group was defined as completing off-schedule.
Last, persons who initiated but did not com-
plete the vaccine series during the study
period were defined as incomplete. To assess
vaccine series completion, participants were
followed for 2 to 9 years after the first vacci-
nation, depending on the timing of the first
vaccination during the study period and the

duration of the study participant’s enrollment
in the MCO following vaccination.

Covariate Data

Characteristics of study participants, which
were defined based on administrative data,
included age in years at the time of the first
dose of each vaccine (varicella, hepatitis A, and
hepatitis B), gender, duration of continuous

MCO enrollment prior to and after the first
dose, calendar year of receipt of first dose, the
number of visits (outpatient, emergency de-
partment, or hospital) in the year prior to the
first dose, selected chronic conditions recorded
during the year preceding the first dose, and
Medicaid status in the year prior to the first
dose. Participants were defined as having a
chronic condition if, during an outpatient,

TABLE 1—Demographic, Enrollment, and Risk Factor Characteristics of Vaccine Recipients:

Vaccine Safety Datalink, 1996–2004

Varicella Vaccine

Recipients (n = 16 075)

Hepatitis A Vaccine

Recipients (n = 594 917)

Hepatitis B Vaccine

Recipients (n = 590 445)

Site, %

1 6 6 6

2 51 55 45

3 6 4 6

4 3 < 1 4

5 1 < 1 3

6 1 < 1 1

7 32 35 35

Age, %

2–4 y 27

5–8 y 15 15

9–12 y 19 44

13–17 y 73 17 26

18–29 y 13 4 4

30–49 y 14 8 7

50–64 y 7 3

‡ 65 y 3 1

Male, % 46 49 49

Years of continuous enrollment during study period, mean (range)

Before first dose 4.5 (1.0–11.9) 4.8 (1.0–12.0) 4.4 (1.0–12.0)

After first dose 4.2 (2.0–9.2) 3.8 (2.0–9.3) 5.1 (2.0–9.3)

Total 8.7 (3.0–14.1) 8.6 (3.0–14.1) 9.5 (3.0–14.1)

Year when first dose was received, %

1996 13 2 15

1997 15 4 22

1998 17 5 22

1999 17 6 19

2000 14 28 10

2001 13 30 7

2002 11 25 5

Any chronic condition, % 7 9 7

No. of medical visits in year prior to first dose

0 55 49 57

1–10 42 48 41

> 10 3 3 2
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emergency department, or hospital visit in the
year prior to the receipt of first vaccine dose,
they were assigned an ICD-9-CM code for any
of the following conditions: diabetes, cancer,
congestive heart failure, ischemic heart disease,
renal disease, HIV, chronic obstructive pul-
monary disease, liver disease, rheumatoid
arthritis or systemic lupus erythematosus, di-
alysis recipient, or transplant recipient. A par-
ticipant was defined as a Medicaid recipient if
there was a record of receiving Medicaid ben-
efits for at least 1 month in the year preceding
the first dose. Analyses involving Medicaid
information were restricted to the 4 sites for
which this information was available.

Statistical Analysis

For each vaccine (varicella, hepatitis A, and
hepatitis B), we computed the proportion of
study participants who were full, late, and very

late compliers, as well as the proportion who
completed off-schedule or did not complete the
series. To assess factors associated with being
fully compliant with each vaccine series, we
performed multivariable relative risk regres-
sion.24 Specifically, we modeled the probability
of full compliance as a function of risk factors
using a generalized linear model with a log link
and binomial error distribution. When the model
did not converge with the binomial error (<5%
of models), we used Gaussian error and com-
puted model-robust (Huber–White) standard
errors. We used this approach instead of logistic
regression to estimate the relative risks because a
large proportion of vaccine recipients (>10%)
are not fully compliant and the odds ratios
obtained from logistic regression models would
overestimate the desired relative risks except
when the relative risk is zero. To further evaluate
the timeliness of series completion, we plotted

the cumulative proportion who completed each
series (i.e., received all subsequent doses) over
time by age groups among those who completed
the vaccine series at any time after the minimum
interval had elapsed (i.e., among full, late, and
very late compliers).

RESULTS

A total of 16075 participants received a first
dose of varicella vaccine, 594917 received a
first dose of hepatitis A vaccine, and 590445
received a first dose of hepatitis B (Table 1).
Two sites contributed most (80%–90%) of the
data. About half of all vaccine recipients were
female, the mean duration of MCO enrollment
was about 9 years, and most vaccines were
received by children and adolescents. Because
of the age study criteria, those receiving the
hepatitis A vaccine tended to be younger and

TABLE 2—Percentage of Participants in Each Compliance Category, by Vaccine and Age Group:

Vaccine Safety Datalink, 1996–2004

Age at First

Dose, y

No. of Series

Initiators

Completed Series

Within 1 Year

of First Dose, %

Completed Series

1–2 Years After

First Dose, %

Completed Series

> 2 Years After

First Dose, %

Completed Series

Off-Schedule,a %

Did Not Complete

Varicella or Hepatitis A

Series Within

Study Period, %

Did Not Complete

Hepatitis B Series

Within Study Period

Received Only

1 Dose, %

Received Only

2 Doses, %

Varicella vaccine

13–17 11 681 35.9 4.4 3.6 0.5 55.6

18–29 2 141 49.3 1.8 2.1 1.4 45.3

30–49 2 253 55.6 1.6 2.2 1.2 39.4

Hepatitis A vaccine

2–4 159 916 50.1 30.8 9.5 1.7 7.9

5–8 91 352 39.3 22.3 17.1 1.7 19.7

9–12 115 765 48.4 22.5 13.1 2.0 14.0

13–17 101 226 40.3 19.7 9.2 1.9 28.8

18–29 21 351 25.0 6.9 7.3 3.0 57.8

30–49 48 219 35.2 7.1 8.7 4.2 44.9

50–64 38 700 43.6 7.0 8.9 5.5 35.0

‡ 65 18 388 43.6 6.3 6.9 6.3 37.0

Hepatitis B vaccine

5–8 91 740 56.9 14.1 20.6 1.4 3.0 3.9

9–12 259 549 63.4 15.2 10.5 1.4 3.8 5.7

13–17 150 445 45.1 13.4 10.2 1.3 13.9 16.1

18–29 23 179 41.4 4.9 4.6 2.1 25.7 21.2

30–49 41 359 55.7 4.0 3.1 2.7 18.1 16.4

50–64 18 776 62.2 3.3 2.8 3.0 15.1 13.7

‡ 65 5 397 61.1 2.8 2.0 3.3 18.3 12.5

aOff-schedule completers completed all required doses but received a second or third vaccination at less than the minimum recommended interval between doses.
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those receiving the varicella vaccine were
older. Most first doses of hepatitis A were
received later in the study period (2000–
2002), more hepatitis B was received in the
earlier study years (1996–2000), and the
proportion of first varicella doses received was
similar across all study years.

Compliance With the Varicella

Vaccine Series

Among those aged 13 years and older who
initiated the varicella vaccine series, only 36%
to 56% received the second dose within
1year, depending on age (Table 2). Over 40%
of persons never received the second dose,

and only a relatively small proportion com-
pleted the series more than 1 year after receipt
of the first dose. Full compliance increased
with age and was highest among adults aged
30 to 49 years (Table 2), a trend that was
consistent across sites with adult data (see
figure 2, available as a supplement to the
online version of this article at http://
www.ajph.org). Compliance also varied by site,
particularly among adolescents: 24% to
60% for 13- to 17-year-olds, 48% to 60% for
18- to 29-year-olds, and 54% to 63% for
30- to 49-year-olds. Higher compliance was
also observed for women, for those with 12 or
more years of MCO enrollment, and in earlier
study years (Table 3).

Compliance With the Hepatitis A

Vaccine Series

Among those who received a first dose of
hepatitis A vaccine, the proportion who re-
ceived the second dose within 1 year ranged
from 40% to 50% in most age groups (Table
2). However, younger adults were less com-
pliant, with only 25% of 18- to 29-year-olds
and 35% of 30- to 49-year-olds completing
the series within 1 year, and this effect was
consistent across adult sites (see figure 2,
available online). In contrast to what was
found with varicella vaccine, most adoles-
cents who did not complete the series within
1 year eventually received the second dose
during the study period. As with varicella
vaccine, most adults who did not receive a
second dose within 1 year never received
the dose within the study period. Full com-
pliance with the hepatitis A series also
varied by site (Table 3; see also figure 2,
available online); however, sites with the
lowest hepatitis A vaccine compliance were
not the same as those with the lowest vari-
cella vaccine compliance. Full compliance
also increased with duration of MCO enroll-
ment, number of medical visits in the year
prior to the first dose, and calendar year of
the first dose (Table 3).

Compliance With the Hepatitis B

Vaccine Series

Rates of full compliance were generally
higher with hepatitis B than with the other
vaccines, with close to 60% of series initiators
receiving all 3 doses within 1 year in most age

TABLE 3—Relative Risks (RRs) for Vaccine Series Completion Within 1 Year of Initiation:

Vaccine Safety Datalink, 1996–2004

Varicella Vaccine

Recipients, RR (95% CI)

Hepatitis A Vaccine

Recipients, RR (95% CI)

Hepatitis B Vaccine

Recipients, RR (95% CI)

Site

1 Reference Reference Reference

2 0.86 (0.81, 0.92) 1.03 (1.02, 1.04) 1.17 (1.16, 1.18)

3 0.69 (0.62, 0.76) 1.19 (1.17, 1.22) 1.12 (1.10, 1.13)

4 0.80 (0.70, 0.91) 0.88 (0.81, 0.94) 1.41 (1.39, 1.43)

5 0.87 (0.72, 1.05) 0.89 (0.83, 0.95) 1.34 (1.32, 1.36)

6 1.08 (0.89, 1.32) 1.19 (1.01, 1.40) 1.74 (1.72, 1.77)

7 0.46 (0.42, 0.50) 1.06 (1.04, 1.07) 1.08 (1.06, 1.09)

Age group, y

2–4 Reference

5–8 0.78 (0.77, 0.79) Reference

9–12 0.93 (0.92, 0.94) 1.11 (1.10, 1.11)

13–17 Reference 0.77 (0.76, 0.78) 0.82 (0.82, 0.83)

18–29 1.06 (1.00, 1.12) 0.51 (0.49, 0.52) 0.75 (0.73, 0.76)

30–49 1.19 (1.13, 1.25) 0.74 (0.73, 0.75) 1.00 (0.99, 1.01)

50–64 0.91 (0.89, 0.92) 1.10 (1.08, 1.11)

‡ 65 0.90 (0.89, 0.92) 1.07 (1.05, 1.10)

Male 0.93 (0.90, 0.96) 0.98 (0.97, 0.99) 0.97 (0.96, 0.97)

Enrollment duration, y

3–6 Reference Reference Reference

7–9 1.02 (0.97, 1.08) 0.97 (0.96, 0.98) 1.05 (1.04, 1.06)

10–11 1.04 (0.98, 1.11) 1.01 (1.00, 1.02) 1.11 (1.10, 1.12)

‡ 12 1.07 (1.01, 1.14) 1.11 (1.09, 1.12) 1.22 (1.21, 1.23)

Year of first dose

1996 Reference Reference Reference

1997 0.88 (0.83, 0.93) 1.13 (1.10, 1.17) 1.04 (1.03, 1.04)

1998 0.84 (0.79, 0.89) 1.17 (1.14, 1.20) 1.09 (1.08, 1.10)

1999 0.83 (0.78, 0.88) 1.21 (1.18, 1.25) 1.08 (1.07, 1.09)

2000 0.78 (0.73, 0.83) 1.32 (1.29, 1.35) 1.04 (1.03, 1.05)

2001 0.77 (0.72, 0.83) 1.32 (1.29, 1.35) 1.08 (1.07, 1.09)

2002 0.77 (0.72, 0.82) 1.29 (1.26, 1.32) 1.10 (1.09, 1.11)

Any chronic condition 0.96 (0.90, 1.03) 1.00 (0.99, 1.00) 0.99 (0.98, 1.00)

No. of medical visits in year prior to dose 1

0 Reference Reference Reference

1–10 1.02 (0.98, 1.07) 1.05 (1.04, 1.06) 1.01 (1.00, 1.02)

> 10 1.04 (0.94, 1.14) 1.15 (1.13, 1.16) 1.05 (1.04, 1.06)

Note. CI = confidence interval. RRs are estimated from multivariable models that adjust for all covariates. For varicella vaccine
recipients, n = 16 075. For hepatitis A vaccine recipients, n = 594 917. For hepatitis B vaccine recipients, n = 590 445.
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groups (Table 2). Full compliance rates were
lower among adolescents (45%) and 18- to
29-year-olds (41%), and this pattern was con-
sistent across sites (see figure 2, available
online). Among those not fully compliant,
children aged 12 years or younger tended to
receive subsequent vaccine doses late, adults
tended not to complete the series, and ado-
lescents contributed to both late and incom-
plete compliance categories in relatively

similar proportions. Full compliance also var-
ied by site and increased with duration of
MCO enrollment (Table 3).

Compliance Among Medicaid

Recipients

A total of 71%, 94%, and 61% of the
varicella, hepatitis A, and hepatitis B cohort
members at 4 sites had information in their
administrative record about their Medicaid

status, which represented 11399, 560073,
and 361577 first vaccinations, respectively
(see table 4, available as a supplement to the
online version of this article at http://
www.ajph.org). Among these individuals, 3%
were Medicaid recipients; compared with
nonrecipients of Medicaid, recipients had
relative risks of being fully compliant with the
varicella, hepatitis A, and hepatitis B vaccine
series of 0.80 (95% confidence interval
[CI]=0.68, 0.94), 0.91 (95% CI=0.90,
0.93), and 0.81 (95% CI=0.80, 0.83), re-
spectively, as estimated from multivariable
models. This suggests that those who re-
ceive Medicaid are less likely to complete
multiple-dose vaccine series than those who
do not receive Medicaid.

First to Last Dose Interval Among

Vaccine Series Completers

Even among persons who completed the
vaccine series at any time during the study
period after the minimum recommended in-
terval had elapsed, there was often a relatively
long interval between receipt of the first and
last vaccinations in the series, and children and
adolescents were generally slower to complete
all multiple-dose series than adults (Figure 1).
Among the approximately 50% who com-
pleted the varicella vaccine series, 35% of
adolescents and about 20% of adults had not
received the second dose within 3 months of
the first dose, and nearly 20% of adolescents
and 10% of adults still had not completed
the series after 1 year. Among the 75% of
persons who completed the hepatitis A vaccine
series, 40% to 50% of older children and
adolescents and 25% to 40% of adults had not
received a second dose within 1 year of the
first, and by 2 years about 20% in all age
groups still had not completed the series.
Among the 80% of those who received all 3
doses of hepatitis B vaccine, 30% to 40% of
children and adolescents and 10% to 20% of
adults were not fully compliant after1year, and
even after 2 years, 15% to 25% of children
and adolescents had not completed the 3-dose
series.

DISCUSSION

In this large, population-based study of
older children, adolescents, and adults, we

FIGURE 1—Cumulative proportion of individuals who completed the vaccine series, by time

(in days) since first dose for (a) the varicella vaccine, (b) the hepatitis A vaccine, and (c) the

hepatitis B vaccine vaccine: Vaccine Safety Datalink, 1996–2004.
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found that compliance with multiple-dose
varicella, hepatitis A, and hepatitis B vaccine
series was low, particularly among adoles-
cents, young adults, and those of low socio-
economic status as defined by receipt of
Medicaid benefits. Rates of completion of all
required vaccine doses within 1 year of the
first dose were highest for hepatitis B vaccine
(55%–65% in most age groups), whereas
hepatitis A and varicella vaccine compliance
was lower (40%–50% for most age groups),
even though those vaccination series require

only 2 doses. Even among the relatively
modest proportion of individuals who ulti-
mately received the recommended number of
doses, the interval between series initiation
and completion was long (1–2 years or more)
for many persons, especially children and
adolescents, leaving many undervaccinated
and thus at higher risk for disease for ex-
tended time periods. These results, which
indicate poor compliance in our study popu-
lation of insured individuals enrolled in MCOs,
are especially concerning because rates

could be even lower among those with more
limited access to health care.

In addition to age and socioeconomic sta-
tus, full compliance with multiple-dose vac-
cine series among older children, adolescents,
and adults increased modestly with duration
of MCO enrollment and the number of medical
visits in the year prior to the first dose, and it
varied by MCO site, although the trends in
compliance rates across sites differed depend-
ing on the vaccine, with some sites demon-
strating high levels of compliance for 1 vaccine
series but not for others. The association be-
tween calendar year and compliance also var-
ied by vaccine; compliance rates decreased
over time for varicella and increased for hepa-
titis A and B vaccines. Other measured fac-
tors, including gender and the presence of a
chronic condition, were not consistently asso-
ciated with multiple-dose compliance for the
vaccines we studied.

The lowest rates of completion of multiple-
dose vaccine series within 1 year (25%–35%)
were observed among adolescents and Med-
icaid recipients for varicella vaccine and
among younger adults for the hepatitis A
vaccine series. These rates were unexpectedly
low, and the reasons for such low compliance
were unclear and therefore warrant further
investigation. In particular, that over half of
adolescents who initiated the varicella vaccine
series never received a second dose is con-
cerning. In light of the low levels of compli-
ance in these subgroups and in our study
population in general, further efforts that fo-
cus on increasing completion rates among
those who initiate the series should be made.
Possible approaches include improving im-
munization tracking systems and developing
methods for following up on undervaccinated
individuals.

Comparisons to evidence from other

settings

Unlike multiple-dose vaccine series coverage
among infants aged 19 to 35 months, which is
estimated annually by the Centers for Disease
Control and Prevention using provider-
reported data from the National Immunization
Survey,18 relatively little data are available on
compliance with multiple-dose series among
older children, adolescents, and adults. Although
existing national vaccine surveys among

FIGURE 1—continued
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adolescents19 and adults20 estimate coverage
with the 3-dose hepatitis B series and with at least
1 dose of varicella vaccine among adolescents
with no prior history of varicella disease, they do
not report on series completion rates among
varicella, hepatitis A, or hepatitis B vaccine series
initiators. Existing studies in the literature on
completion of hepatitis A and B vaccine series
among adults generally have been limited to
highly restricted populations, such as those with
high-risk sexual behaviors or intravenous drug
users.25–27

The limited data that are available, however,
are consistent with our main finding that
compliance is suboptimal in these age groups.
Several studies that collected survey data
with provider-verified immunization histories
have found that the rates of 2-dose hepatitis A
vaccine completion among older children and
adolescents who initiate the series is modest
(63%–69%),28–30 even in the context of an
aggressive community-based vaccination inter-
vention.30 Estimated rates of hepatitis B series
completion among adolescents have varied from

45% to 73%, depending on the population and
study design,31,32 with some of the highest rates
achieved only after allowing longer follow-up,
sending postcard reminders, and offering a re-
imbursement incentive.32

In contrast to the low compliance with
multiple-dose vaccine series observed in our
study and by previous studies with older
children, adolescents, and adults, compliance
with infant vaccination series is markedly
higher.20 Factors probably facilitating compli-
ance for infant vaccinations include routine
well-child visits, a good understanding of uni-
versally recommended vaccination schedules by
pediatric medical providers, high parental
awareness of the importance of vaccination, and
external requirements such as school entry
laws and Healthcare Effectiveness Data and
Information Set (HEDIS) measurements. Con-
versely, potential compliance barriers among
older children, adolescents, and adults include
lack of routine medical visits, lack of prioritization
of vaccination relative to other medical care,
population mobility, lack of a medical home, a
relative lack of familiarity by patients and med-
ical staff with the recommended schedules
(since these vaccinations are often not given as
part of a universal schedule), lack of tracking
by health systems and, with the exception of
hepatitis B vaccine for adolescents, lack of in-
clusion of such vaccinations as part of HEDIS
measures or other quality assurance activi-
ties.30,33–36

Strengths and Limitations

The main strengths of our study include the
geographically diverse, population-based sam-
ple of participants, the quality of the immuni-
zation data available from the MCO systems,37

and the large sample size, which provided sta-
tistical power to examine a wide variety of
potential factors associated with noncompliance.
Our population may not represent those with less
access to health care, however, and thus it is
possible that our data overestimate compliance
rates in the general population. Another limita-
tion of our study is that we only evaluated
potential predictors of compliance that were
available in administrative data sources. A more
comprehensive assessment of predictors of
and barriers to compliance beyond these factors,
such as better markers of socioeconomic status,
would be useful. Last, we did not validate the

FIGURE 1—Continued
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vaccination data from the administrative immu-
nization registries by reviewing medical charts,
which could introduce some error into our
analyses. However, data from the Vaccine Safety
Datalink immunization registries are well estab-
lished, are monitored regularly for quality, and
have been shown to have high agreement with
vaccine data obtained via medical chart abstrac-
tion.37

Conclusions

Our population-based study of compliance
with multiple-dose vaccination schedules
among older children, adolescents, and adults
provides a compelling assessment of compli-
ance rates in practice. The low rates of com-
pliance that we observed offer an opportunity
to raise awareness of existing gaps in com-
pliance, indicate that system changes may be
needed to improve vaccination practices,
and may also inform decisions regarding
vaccine formulations. If, for example, ap-
proximately equivalent immunogenicity, ef-
fectiveness, and duration of protection
could be achieved by use of either a single
dose of a vaccine with a higher antigen
content or a multiple-dose series of a combi-
nation vaccine, clinical effectiveness might
be maximized by vaccine options that
involve fewer doses. Such changes could
ultimately lead to improved vaccine compli-
ance, which could in turn reduce both indi-
vidual and community risk for serious vac-
cine-preventable diseases. j
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