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Abstract
Objectives. Meningitis and bacteremia due to Neisseria meningitidis are rare
but potentially deadly diseases that can be prevented with immunization.
Beginning in 2008, Arizona school immunization requirements were amended
to include immunization of children aged 11 years or older with meningococcal
vaccine before entering the sixth grade. We describe patterns in meningococcal vaccine uptake surrounding these school-entry requirement changes in
Arizona.
Methods. We used immunization records from the Arizona State Immunization
Information System (ASIIS) to compare immunization rates in 11- and 12-yearolds. We used principal component analysis and hierarchical cluster analysis to
identify and analyze demographic variables reported by the 2010 U.S. Census.
Results. Adolescent meningococcal immunization rates in Arizona increased
after implementation of statewide school-entry immunization requirements. The
increase in meningococcal vaccination rates among 11- and 12-year-olds from
2007 to 2008 was statistically significant (p,0.0001). All demographic groups
had significantly higher odds of on-schedule vaccination after the school-entry
requirement change (odds ratio range 5 5.57 to 12.81, p,0.0001). County
demographic factors that were associated with lower odds of on-schedule vaccination included higher poverty, more children younger than 18 years of age,
fewer high school graduates, and a higher proportion of Native Americans.
Conclusions. This analysis suggests that implementation of school immunization
requirements resulted in increased meningococcal vaccination rates in Arizona,
with degree of response varying by demographic profile. ASIIS was useful for
assessing changes in immunization rates over time. Further study is required to
identify methods to control for population overestimates in registry data.
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Neisseria meningitidis (N. meningitidis) is a bacterium that
causes meningitis and bacteremia, which often result in
brain damage, amputations, and death. Meningococcal
disease has an estimated case fatality rate of 10%–14%.1
N. meningitidis can be transmitted through contact with
large-droplet respiratory secretions of infected patients
or asymptomatic carriers. Meningococcal disease is a
nationally notifiable disease in the United States; in
2009, 980 cases of meningococcal disease were reported
(all serogroups).2
Three vaccines are currently licensed in the U.S.
to prevent meningococcal disease. In May 2005, the
Centers for Disease Control and Prevention’s (CDC’s)
Advisory Committee on Immunization Practices (ACIP)
recommended one dose of quadrivalent meningococcal conjugate vaccine (MCV4/Menactra®) for all
children aged 11–12 years, those entering high school,
and others at increased risk, such as people traveling
to an infectious area or those with a preexisting medical condition.1 In 2007, ACIP’s recommendations were
adjusted to include routine immunization of all 11- to
18-year-olds at the earliest opportunity.3 As a consequence, national uptake of the vaccine appears to be
increasing. The National Immunization Survey-Teen
(NIS-Teen) estimated that coverage of meningococcal
vaccine was 53.6% (95% confidence interval [CI] 52.4,
54.9) in adolescents aged 13–17 years in the U.S. in
20094 and increased to 62.7% (95% CI 61.5, 63.9) in
2010.5 Arizona coverage rates for 13- to 17-year-olds
were 69.7% (95% CI 63.4, 75.3) in 20094 and 78.9%
(65.3%) in 2010.5
Rates of vaccination against meningococcal disease for children and adolescents in Arizona can also
be estimated using the Arizona State Immunization
Information System (ASIIS). Since 1998, the Arizona
Department of Health Services (ADHS) has used ASIIS
to facilitate reporting and storage of immunization
data for Arizona children.6 Under Arizona Revised
Statute §36-135, providers are required to report all
immunizations administered to children younger than
18 years of age to ADHS using ASIIS.7
In 2008, the Arizona school-entry requirements
were changed to include new meningococcal vaccine
specifications for children entering sixth grade.7,8 The
requirements indicated that unless exempt, children
who were 11 years of age or older entering sixth grade
who had not yet received a vaccine to prevent meningococcal disease had to be vaccinated by September
1, 2008. The requirements also included grades seven
through 12, but these grades were phased in incrementally, taking effect each year on September 1.
Immediately following these changes to the schoolentry requirements, ADHS launched an education and

awareness campaign. The campaign aimed to raise
awareness of vaccination requirements and educate the
public on the role of vaccines in preventing diseases
caused by pathogens such as N. meningitidis. The campaign, which was designed by ADHS staff and CDC’s
“It’s Their Turn” campaign partners, included print
and electronic materials as well as media coverage. The
2008 summer and fall campaign targeted adolescents,
their parents, school personnel, health-care providers,
and community organizations. Results indicated that
the campaign was successful and had a high degree
of parental acceptance, but reported that a small yet
significant proportion of the population chose not to
vaccinate.9
Although meningococcal vaccine coverage appears
to be increasing in Arizona and nationally, questions
remain about the level of vaccine uptake in Arizona
subpopulations and how changes to school immunization requirements affected uptake across the state.
The purpose of this study was to use ASIIS data to
determine the coverage rates for meningococcal vaccines in Arizona in 11- and 12-year-old children and
determine the influence that statewide school vaccination requirements have on the odds of an on-schedule
meningococcal vaccination. This study also aimed to
enumerate demographic characteristics associated
with differences in geographic response to vaccination
requirements for school entry.
METHODS
Data and inclusion criteria
We extracted de-identified individual records for
meningococcal vaccinations administered from January 2006 to January 2011, for children born between
January 1, 1993, and January 1, 2000, from ASIIS. The
dataset included records for children in the specified
age range regardless of whether the child’s record
contained a meningococcal immunization. Records
containing ambiguous birth dates were excluded. We
used the following variables in the analysis: patient ZIP
code, patient date of birth, date of meningococcal vaccination, provider identification, and provider type (e.g.,
private or public). Patient ZIP codes were matched to
corresponding Arizona counties, and records with ZIP
codes indicating addresses outside of Arizona were
omitted from county and regional analyses.
Analysis of vaccination data from
the immunization registry
We calculated proportions of children vaccinated at
11 and 12 years of age for each school year (SY) for
SY 2006–2007 through SY 2009–2010. Because ASIIS
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does not record a child’s grade level, and most children start sixth grade at either 11 or 12 years of age,
we assumed that the school-entry requirement applied
to all children who were 11 or 12 years of age (as of
September 1 of the given school year). Children who
received the meningococcal vaccine during their 11th
or 12th years were considered on schedule.
We calculated overall vaccination rates for children
aged 11 and 12 years, both prior to and after implementation of the school requirement (SYs 2006–2010). We
calculated coverage rates using the number of children
who were either 11 or 12 years of age with meningococcal vaccination, divided by the total number of children
in ASIIS who were 11 or 12 years of age during that
school year. For 2010, we also calculated immunization coverage rates using population estimates from
the 2010 U.S. Census. Using this external source of
population data helps provide perspective on limitations of ASIIS population estimates. To determine if
the meningococcal vaccination requirement had a
significant impact on vaccination uptake among eligible
children in Arizona, we performed Pearson’s corrected
Chi-square analysis for vaccination in 2007 vs. 2008.

sus. A total of 13 variables were included in the PCA,
including the percentage of the population that is
younger than 18 years of age; the percentage that is
white, Hispanic, or Native American; the percentage
of high school graduates; the percentage of home
owners; the median home value, household income,
and people per household; the percentage living in
poverty; the number of people per square mile; federal dollars spent per capita; and the percentage of
2005–2009 U.S. veterans.
The PCA provides insight into which of the 13
variables are most important to drive demographic
heterogeneity in meningococcal vaccine coverage
among Arizona counties. Those variables considered
most important were then selected to perform a hierarchical cluster analysis using Ward’s linkage to assign
counties into groups with similar demographic compositions. We performed multivariate logistic regression
to determine the odds of vaccination by end of age
12 years for each demographic group following the
meningococcal immunization requirement in 2008.

Grouping county demographics followed by
regression modeling
In addition to the changing school requirements for
meningococcal vaccine, additional demographic factors (e.g., race/ethnicity, education level, and income)
may influence vaccination rates. Many of these statistics
are available at the county level from the 2010 U.S.
Census. To determine which demographic variables
may explain differences among Arizona counties and
provide insight into how to cluster counties into groupings, we performed a principal components analysis
(PCA). The PCA is a useful technique in exploratory
data analysis for finding patterns in complex datasets
with many dimensions (e.g., many potentially intercorrelated variables).10,11 Its goal is to extract the
important information from the dataset, represent it
as a set of new orthogonal variables called “principal
components,” and display the pattern of similarity of
the observations and the variables as points on a map.11
We used the PCA method because when a multitude
of variables are available, such as in the case of U.S.
Census data, variables are more likely to be correlated
with each other. A major benefit of PCA is that it
functions as an exploratory analysis that identifies the
most important variables—that is, those variables that
are responsible for the most variation in the response.
Variables for the PCA were taken from county-
specific information reported in the 2010 U.S. Cen-

The final dataset comprised 954,953 ASIIS records that
met the aforementioned inclusion criteria. Annual
immunization coverage rates for 2006–2010 were
calculated as the number of children who received
meningococcal vaccination by end of age 11 years
according to ASIIS, divided by the total number of
11-year-old children in ASIIS. We repeated the calculation for 12-year-olds, and again for all children aged
6–18 years. Across all years, 506,375 children (59.3%
of the ASIIS population) received meningococcal vaccinations between 6 and 18 years of age. Of the 506,375
vaccinated children, the majority (n5339,801, 67.1%)
were vaccinated by 12 years of age, and 96.4% of those
children were vaccinated at either 11 or 12 years of age
(12,368 were vaccinated before 11 years of age). This
finding suggests that the majority of Arizona children
who received the immunization were vaccinated before
entering sixth grade.
We also reported immunization coverage for 2010
using the U.S. Census for children aged 11 and 12 years
and compared ASIIS-derived immunization rates with
U.S. Census-derived rates. We found that in 2010, there
were 89,797 11-year-olds in Arizona according to the
U.S. Census, whereas ASIIS reported 139,747 11-yearolds for the same year. The lower population estimate
from Census data resulted in a higher immunization
rate of 74.9% compared with the ASIIS-only coverage
rate of 48.8% (Table).

RESULTS
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Increases in on-schedule vaccination rates following
state requirement change
During SY 2006–2007, only 20.1% of 11-year-olds
and 21.0% of 12-year-olds in the registry received the
meningococcal vaccine. This proportion increased during SY 2007–2008 to 48.2% of 11-year-olds and 40.3%
of 12-year-olds. Vaccination coverage for 11-year-olds
remained constant, and the proportion of children
vaccinated by the end of age 12 years continued to rise
in SY 2008–2009 (Table). The increase in on-schedule
vaccination rates between 2007 and 2008 was statistically
significant (Pearson’s corrected Chi-square value 5
2,426.07, degree of freedom 5 1, p,0.0001) at 95% CI.
We observed a large difference in observed immunization rates when data from the 2010 U.S. Census were
used as denominators for coverage rate calculations.

and higher poverty. Component 2 was driven by a high
Hispanic population, more children younger than
18 years of age, fewer veterans, and higher income.
Component 3 was driven by a high Native American
population, fewer Hispanic people, more high school
graduates, and higher home values.
We identified seven key variables from the first two
components of the PCA that were responsible for the
majority of demographic diversity among Arizona
counties. We performed hierarchical cluster analysis
with Ward’s linkage to assign counties to groups with
similar demographic profiles based on the following
key variables: percentage of the population younger
than 18 years of age, percentage living in poverty,
percentage Native American, percentage Hispanic,
percentage white, percentage high school graduates,
and percentage home owners (Figure 1).
Based on logistic regression modeling in all groups,
the odds of an on-schedule vaccination (vaccination at
11 or 12 years of age) were significantly higher after
the Arizona rule change. The odds ratios (ORs) for
vaccination by age 12 years following the Arizona rule
change ranged from 5.57 to 12.81, demonstrating that
substantial variability in odds exists among the eight
demographic groups (Group 1 OR 5 5.57, Group 2
OR 5 7.34, Group 3 OR 5 10.55, Group 4 OR 5 12.81,
Group 5 OR 5 11.14, Group 6 OR 5 12.42, Group 7
OR 5 9.58, and Group 8 OR 5 8.66) (Figure 1). For

Variability in vaccination uptake associated
with demographics
Variability in county demographic characteristics can be
reasonably described by the components from the PCA.
The first three components described 75.74% of the
total variability among Arizona counties. Component
1 accounted for 41.88%, Component 2 accounted for
20.70%, and Component 3 accounted for 13.16% of
the variability.
Component 1 was driven by a high Native American
population, fewer high school graduates, lower income,

Table. Percentage of Arizona children with at least one dose of meningococcal vaccine,
by school year and age:a ASIISb vs. 2010 U.S. Census-derivedc rates
School year
2006–2007b
N (percent)

2007–2008b
N (percent)

2008–2009b
N (percent)

2009–2010 b
N (percent)

2010 Censusc
N (percent)

Age: 11 years
Total population on September 1
Vaccinated by September 1
Vaccinated between September 1
   and most recent birthday

133,306
26,852 (20.1)
26,509 (19.9)

135,107
65,075 (48.2)
62,669 (46.4)

138,634
67,019 (48.3)
62,833 (45.3)

139,747
68,167 (48.8)
64,190 (45.9)

89,797d
67,230 (74.9)e
NAc

Age: 12 years
Total population on September 1
Vaccinated by September 1
Vaccinated between September 1
   and most recent birthday

142,097
29,882 (21.0)
24,053 (16.9)

133,306
53,725 (40.3)
26,873 (20.2)

135,107
75,015 (55.5)
9,940 (7.4)

138,634
75,962 (54.8)
8,943 (6.5)

89,061d
76,425 (85.8)f
NAc

Characteristic

Age as of September 1 of the specified school year

a

b

According to records in ASIIS

The U.S. Census Bureau measures decennial Census data, thereby limiting U.S. Census-derived immunization rate comparison with 2010.

c

d

As of 2010

Vaccinated by 11 years of age

e

Vaccinated by 12 years of age

f

ASIIS 5 Arizona State Immunization Information System
NA 5 not applicable
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12.81
11.14
9.58

10.55
12.42

Group 4
Group 5
Group 7

Group 3
Group 6

Yes
Yes
Yes

Yes

Yes

Yesd
Yes
Yes

.25.5%
younger
than age
18 years

Yes
Yes

Yesd
Yes
Yes

,83.9%
high
school
graduates

Yes

Yes
Yes

Yesd
Yes
Yes

.16.5%
live in
poverty

A 2008 statewide rule change required meningococcal vaccination for school entry at sixth grade.

Yes
Yes
Yes

Yesd
Yes
Yes

,25.7%
college
graduates

Education

Yes

Yes

,68.3%
own
home

Yes

Yes

Yes

,$40,000
median
household
income

Income

Yes
Yes

Yesd
Yes

.4.6%
Native
American

Yes

Yes

Yesd

.29.6%
Hispanic

Race/ethnicity

Yes
Yesd

Yes
Yes

Less children,
more
education, less
poverty, more
white people

Somewhat
more children,
more
education,
more poverty,
racially diverse

More children,
less education,
more poverty,
more Native
Americans,
fewer white
people

.73.0% Demographic
white
profilec

Denotes that the group has the lowest or highest value for that statistic

OR 5 odds ratio

d

c

Statistics within each characteristic were assigned risk thresholds according to state-reported averages in the 2010 Census. Groups falling outside these thresholds are noted with a “yes”
for that statistic and contributes to an overall group demographic profile.

b

a

Groups are listed in the order of their perceived sociodemographic risk profile.

5.57
7.34
8.66

Group 1
Group 2
Group 8

Groupa

Post rule-change
.2.76
odds of vaccination
people
by end of age 12
per
years (OR)b
household

Family

Figure 1. Eight demographic profiles of Arizona counties based upon similarities in household, education, income, and race/ethnicity,
along with their associated odds of an on-schedule vaccination by end of age 12 years, following the 2008 statewide rule
change requiring meningococcal vaccination
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example, Group 1, which had the highest poverty rates,
most children per family, fewer white people, and more
Native Americans, had significantly lower odds of vaccination by end of age 12 years following the rule change
(OR55.57, 95% CI 5.16, 6.02) than that of Group 4
(OR512.81, 95% CI 11.54, 14.21) (Figure 2). These
findings suggest that additional demographic factors
may be contributing to the observed differences in ORs.
Logistic regression using patient-level variables (e.g.,
age at vaccination, vaccination date, and provider type)
found that provider type explained some of the variation in vaccination uptake rates; i.e., a patient’s odds
of an on-schedule vaccination by a private provider
were 1.5 to 4.5 times that of public providers (data
not shown).
To explore which socioeconomic factors were associated with the lower odds of up-to-date vaccination
following the rule change, we compared each group’s
OR against several demographic characteristics. We
found that groups with a higher percentage of Native
Americans, lower percentage of white people, more
children younger than 18 years of age, and higher

percentage of people living in poverty were associated
with a lower OR. Figure 3 shows that as the proportion
of non-Hispanic white people increases, the odds of
having an up-to-date vaccination following the rule
change also increases.
DISCUSSION
Meningococcal vaccination rates increased during the
study period, suggesting that 2008 adolescent school
immunization requirements were successful in improving vaccine coverage. Similar results were found in a
study of North Dakota adolescent immunization rates12
and in a study about hepatitis A vaccination uptake
in Arizona.13 Concurrent activities—an educational
campaign launched after the rule change,9 increasing provider focus on adolescent immunizations, and
communication improvements surrounding meningococcal vaccine—may have also influenced trends in
immunization rates.
We observed differences in vaccination coverage
when using registry vs. Census-derived populations.

Figure 2. Logistic regression model ORsa for meningococcal vaccination of children by end of age 12 years, by
Arizona demographic groups based on household, income, education, and racial profiles
Vaccinated post-requirement change

16

Vaccinated by private provider
14

Odds ratio

12
10
8
6
4
2
0
1

2

8

7

3

5

6

4

Arizona demographic group
a
This figure illustrates the relationship between the lower ORs in demographic groups 1, 2, and 8 as opposed to ORs in the other demographic
groups. These three groups represent the demographic groups with overall highest poverty rates, more children per family, lowest educational
attainment, and highest proportion of Native Americans with fewer white people. The ORs are for either the odds of an on-schedule (by end of
age 12 years) meningococcal vaccination following the Arizona statewide rule change in 2008 requiring vaccination (dark gray bars), or the odds
of an on-schedule vaccination (by end of age 12 years) given by a private provider vs. a public provider (light gray bars).

OR 5 odds ratio
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Figure 3. Associations between demographic profiles and odds ratios for meningococcal vaccination of children
by end of age 12 years, following the rule changea in Arizona

b

A 2008 statewide rule change required meningococcal vaccination for school entry at sixth grade.

a

b

Pearson’s correlation coefficient p-value at 95% confidence interval

OR 5 odds ratio

In 2010, the U.S. Census Bureau reported 89,797
total 11-year-old children and 89,061 total 12-year-old
children in Arizona.14 Closely corresponding year and
birth date criteria (as of September 1, 2009) showed
that ASIIS contained 139,747 records of 11-year-olds
and 138,634 total 12-year-olds. Registry population
overestimates have been observed in other states12 and
may be explained by children who have left the state
but remain active in the registry, an issue identified
by the American Immunization Registry Association.15
Vaccine coverage estimates are higher when using the
Census population because it is 60% of the registry’s
population estimate. This discrepancy is a significant
issue regarding the use of registry data vs. Census data.
Because the Census Bureau lacks detailed data (by year,
county, and age in a given year) for non-decennial Census years, we used registry information for vaccination
coverage calculations and logistic regression analysis.
Our analysis revealed that patients were more likely
to receive a meningococcal vaccination by end of age
12 years from private rather than public providers following the vaccination requirement change. Patients
served by public providers may be less likely to have
a medical home and have less adequate insurance

coverage, resulting in lower odds of on-schedule immunization. However, to suggest that there is a reliance
on private providers would be an oversimplification
of very complex interactions among factors including
socioeconomic status, insurance coverage, and availability of health care.
Communities with a greater proportion of individuals having a high school education, higher median
household incomes, and a larger proportion of
non-Hispanic white residents had the best odds of
on-schedule vaccination following the requirement
change. That is, the requirement change had less
impact on vaccination rates in poorer communities
with higher Native American populations and fewer
high school graduates. Lower income, lower family
education level, and nonwhite race have all been identified as risk factors for underimmunization in other
national studies,16 and our findings suggest that these
communities might also exhibit less reaction to state
vaccination requirement mandates.
The observed difference in responses to requirement changes may be due to a stronger initial
response to vaccine recommendations as opposed to
requirements. In fact, demographic groups with lower
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observed response to the requirement change actually had higher immunization coverage prior to the
requirement change. This finding suggests that there
was a response by these communities to the initial ACIP
recommendation in 2005,1 which leads to additional
questions about the proportion of public providers
who responded to the initial recommendation and
differences between responses of public and private
providers to recommendations vs. requirements. These
questions merit further exploration, as they could
impact future targeting of educational campaigns
aimed at providers in Arizona.
Strengths and limitations
This study had several strengths and limitations. ASIIS
offers a large dataset from a well-established surveillance
system; in 2009, at least 95% of 19- to 35-month-olds in
Arizona had two or more immunizations recorded in
ASIIS.17 Data extracted from ASIIS were invaluable in
completing this study, although systematic biases are
present within this passive surveillance system. One
limitation was the population overestimate observed in
the immunization registry.9 Another limitation was that
missing or incomplete records may have been present.
Arizona does not currently conduct statewide reminder
recalls, which may help in identifying children who no
longer live in a certain jurisdiction. Still, the exceptional statewide coverage of ASIIS,17 the presence of
individual-level rather than aggregated data, and data
availability make it a sound choice for immunization
coverage research. Further exploration of the issue of
population overestimates will lead to analytically sound
ways to address this challenge.
The NIS-Teen surveyed nationally a total of 2,947
adolescents aged 13–18 years in 2007, 17,835 in 2008,
20,066 in 2009, and 19,257 in 2010.4,5,18,19 In contrast,
the 2011 ASIIS dataset used in our study contains a
total of 816,980 Arizonans aged 13–18 years (born
1993–1999). The sheer number of patients within ASIIS
demonstrates the power of using state immunization
registries to investigate trends in vaccine uptake and
coverage.
The use of ASIIS data allows for a population-level
assessment and flexibility in the analyses that cannot
be achieved using other vaccination data sources.
Our study employed the use of PCA and OR methods
that are more robust than simple rates, even with the
inflated denominators in the ASIIS data. Our novel
approach was useful for identifying population-level
factors associated with changes in vaccination coverage estimates for jurisdictions smaller than the state
level and between communities with very different
demographic compositions.

We assigned ASIIS records to counties based on
patient ZIP code, acknowledging several limitations.
Some ZIP codes span several counties; in these cases,
the record was assigned to the most populous county,
potentially leading to inaccuracies in coverage estimates. Future analyses examining provider or school
location may identify additional geographic patterns
in vaccine uptake.
More extensive analyses should examine additional
factors such as the year the child entered sixth grade,
provider demographics, the child’s school, and differences in school practices regarding immunization
requirements and exemptions. Because of imperfect
data, we used several proxies in our analysis, including age, to estimate entry into the sixth grade. We
also used the provider identified as “owner” as the
provider of record for the child. This proxy cannot
account for instances when a child has moved from
one provider/owner to another between the date of
meningococcal vaccine administration and when the
data were extracted from ASIIS.
More detailed information from additional datasets
could bolster future analyses. For example, we could
account for children exempt from the immunization
requirement, and although most sixth-grade exemptions in 2010 in Arizona were religious/philosophical
rather than medical (3,026 of 3,428),20 examining these
data will add valuable information for future public
health initiatives. School district-level data and detailed
demographic data on providers will facilitate exploration into other important areas that may influence
immunization coverage. In addition, an exploration
of the factors responsible for artificial denominator
inflation observed in ASIIS might suggest ways to better account for that inflation in analyses.
CONCLUSIONS
This study offers a unique presentation of important
population-level information about changes in vaccine
coverage in Arizona in response to a new statewide
meningococcal vaccination mandate. Our study made
use of ASIIS, a rich and valuable data source, and
used novel methods that allowed for flexible analyses
of changes to coverage estimates. We also identified
demographic characteristics of populations that may
be less likely to respond to state mandates for vaccinations. The methods we used may be useful to other
immunization programs in which similar initiatives
and rules may be under consideration, or where such
programs have been implemented but whose results
have not yet been measured.
Immunization data from Arizona’s registry, ASIIS,
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were useful in conducting a descriptive analysis of
vaccine coverage for meningococcal vaccine in Arizona and in examining the impact of statewide policy
changes in Arizona on the odds of on-schedule vaccination. Meningococcal vaccine coverage increased
after ACIP recommendations were released, and again
after school-entry requirements were changed in all
Arizona demographic populations, but in varying
magnitude associated with demographic compositions.
The observed differences in response to the school
requirement due to demographic factors are important
and can help immunization programs effectively target
educational messages and/or resources to support
adherence to requirements. Issues regarding registry
overestimates of the total population may lead to systematic errors in estimating vaccination coverage in a
population; estimates should be reserved for understanding trends over time as opposed to an absolute
measure of coverage. More work is necessary to determine the most appropriate methods for handling this
bias inherent in immunization data sources.
The authors thank Patty Gast at the Arizona Department of
Health Services (AZDHS) for her expertise and helpful feedback.
The AZDHS determined that this study used de-identified data
and was exempt from Institutional Review Board review.
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