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Abstract

Introduction: In recent years, there has been an increase in personal belief exemption and a 
corresponding decrease in vaccination coverage for school-required vaccines among children in 
Maricopa County. Trends in personal belief exemption (PBE) as well as documented immunity 
to measles, mumps, rubella (MMR) was reviewed retrospectively for four consecutive academic 
years among Maricopa County kindergarten and sixth grade students.
Methods: Data of immunization coverage was obtained online via the publicly available Arizona
Reporting Schools Coverage Report for the represented years. Data from 1,280 schools was 
available for analysis from 2015-2016, 1,298 schools from 2016-2017, 1,281 schools from 2017-
2018, and 1,280 schools from 2018-2019. This data was stratified based on school type 
(public, charter, private) and free and reduced lunch subsidy was used as a surrogate of 
socioeconomic status for each participating school. 
Results: Overall, for every increase in academic year, there was an increase in PBE to at least 
one required immunization and an increase in PBE to all required immunizations by 0.43% and 
0.5%, respectively. For each increase in academic year, there was a decrease in documented 
MMR immunity by 0.26%. Higher rates of exemption were seen in charter and private schools 
when compared to public schools. Additionally, parents of children attending schools utilizing 
less free and reduced lunch subsidy have a higher tendency to exempt their children from school-
required vaccinations. 
Conclusion: These results demonstrate a growing need to limit personal belief exemptions as the
lack of vaccination coverage continues to threaten the health of Maricopa County children.

Introduction

Since their origination, vaccines have become integral in ensuring public health and 
decreasing overall infectious disease burden. The first vaccine was developed in 1796 by Edward
Jenner when he formally demonstrated that human inoculation with cowpox material could 
confer protection against smallpox infection. Since then, many additional vaccines have been 
developed and are routine in preventive medicine. Routine vaccination has had a profound affect 
in eradicating previously common illnesses, such as smallpox and polio.1 

As the majority of vaccines are administered during childhood, legislation for school 
vaccine requirements was enacted as early as the 1850s, and by the 1960s twenty states had laws 
regarding mandatory vaccines for school admission. By the 1980s, all fifty states had similar 
legislation.1 Presently, vaccine requirements continue to be dictated by local state government, 
including legislation surrounding exemption from mandatory vaccinations. Vaccination 
exemptions are subdivided into medical, religious, and personal belief/philosophical exemption. 
A religious belief exemption is defined as an exemption from vaccination because the vaccine 
contradicts with sincere religious beliefs. A personal belief or philosophical exemption is defined
as an exemption for philosophical or conscientiously held beliefs of the parent or guardian. A 



medical exemption is defined as an exemption for a child who is unable to receive a vaccine due 
to a serious medical condition. 2 Medical exemptions are permissible in all fifty states. Forty-five
states allow parents to exempt their child from required vaccination for religious convictions and 
fifteen of those states allow parents to exempt for reasons related to personal belief. The option 
of a vaccine exemption, particularly personal belief vaccine exemption, presents a threat of 
declining immunization coverage, and a threat to the herd immunity of a population at large. In 
response, many states have developed policies for parents who are seeking non-medical 
exemption for their child(ren) while other states have banned non-medical exemptions 
altogether.2,3 

States requiring educational curriculum prior to obtaining nonmedical immunization exemption

Oregon has been a pioneer state in this regard and was one of the first to implement 
policy surrounding immunization exemption. Oregon was the first state to trial educational 
modules for parents seeking nonmedical exemptions, since the passing of the Senate Bill 132A 
in June of 2013. This bill requires parents seeking exemption to complete an educational 
curriculum where they are educated on the risks and benefits of vaccines. Parents must obtain 
certificate of completion or have documentation stating they have discussed the risks and 
benefits prior to obtaining a personal belief exemption for their school-aged child. Prior to this 
legislation in 2014, 3,331 Oregon kindergarteners claimed nonmedical exemption to one or more
school-required vaccines. Following the bill in 2015 the number of Oregon kindergarteners 
claiming nonmedical exemption for one or more school-required vaccines had decreased to 
2,693 students. While the initial nonmedical exemption rate fell from 7 percent to 5 percent, the 
rates have steadily begun to increase again, with a nonmedical exemption rate of 7.5 percent in 
2018.4,5

Utah sought to adopt a similar model with the passing of House Bill 308 in 2017, which 
requires parents to complete an online education module prior to obtaining exemptions from 
required vaccines. This bill was implemented after nonmedical exemption rates from 2011-2016 
had increased from 3.4% to 4.7% and 8.4% and 9.4% for public and charter schools, 
respectively. Since the enactment of legislation, however, nonmedical immunization exemptions 
have steadily continued to increase, although a further stratification of the recent data by school 
type has yet to be completed.7

States banning forms of nonmedical immunization exemptions

While some states have outlined policies for obtaining a nonmedical immunization 
exemption, California, Missouri, West Virginia, Maine, and, New York have banned all 
nonmedical exemptions in attempt to increase overall immunization coverage. Vermont was the 
first state to abolish personal belief exemptions with House Bill 98 in 2015. This bill disallows 
all personal belief exemption for school-required vaccination, while still allowing parents to 
exempt for religious reasons. The bill also required Vermont schools to provide current school 
immunization rates to parents. California also enacted similar legislation in 2015 with the 
passing of Senate Bill 277, which removed all immunization exemptions based on personal 
belief, which also includes religious beliefs. New York, Maine, and Washington all took similar 
action in 2019. New York Senate Bill 2994 removed the religious exemption option, Maine 
House Bill 586 removed both personal belief and religious exemption, and Washington House 



Bill 1638 removed the personal belief exemption for measles, mumps, rubella vaccine 
requirement.2,3

Immunization Legislation in Arizona

Currently the state of Arizona allows both personal belief and religious exemptions. 
These exemptions are fairly easy to obtain, with the requirement of a completed exemption form 
and parent signature. Over the last several years, Arizona has begun to see an increase in 
personal belief exemption with a corresponding decrease in vaccination coverage. From 2011 to 
2016, personal belief exemption increased from 3.4% to 4.5% and 4.0% to 4.4% among Arizona 
kindergarteners and 6th graders, respectively.8 With these numbers increasing, an intervention 
was set forth in an attempt to increase vaccination coverage in Arizona. An Immunization 
Education Course (IEC) with comprehensive modules was developed by The Arizona 
Department of Health Services (ADHS) and is currently in a pilot testing phase. This course is 
similar to the protocol modeled in Oregon and Utah, where parents must complete online 
educational modules before obtaining a valid personal belief exemption. This IEC was piloted in 
the 2019-2020 academic year and exemption rates and vaccine coverage has yet to be publicly 
released by ADHS. 

Research objective

There is a national trend toward nonmedical exemptions for school-required vaccines 
despite the overwhelming medical literature supporting the utility and effectiveness of vaccines 
for preventing infectious diseases. Arizona, and specifically Maricopa County, has mirrored this 
trend. This retrospective review highlights the declining rates in immunization in Maricopa 
County school children with a corresponding increase in personal belief exemption. The 
objective of this research was also to stratify the rates of immunization coverage and personal 
belief exemption (PBE) by school type as well as socioeconomic status. While the immunization 
data in Arizona is publicly available, a thorough stratification has yet to be done highlighting the 
specific demographics of schools that are more likely to have a higher proportion of parents 
seeking exemption for their child(ren). By identifying characteristics that may be correlated with 
an increase in personal belief exemption and decrease an immunization, health and legislative 
officials can accurately target areas in need of effective intervention to increase immunization 
coverage and therefore protect the health of Maricopa County school children and more broadly, 
the state of Arizona. 

Methods

To conduct this study, immunization data and exemption rates from 2015 through 2019 
was reviewed. Data of immunization coverage was obtained through online via publicly 
available Arizona Reporting Schools Coverage Report for the represented academic years.9 As 
this data is publicly available, it was deemed exempt from the Institutional Review Board. 
Vaccination coverage, as well as personal belief exemption (PBE) rates were compiled from this 
data set. The data were stratified using free and reduced lunch (FRL) data available from 
Maricopa County Department of Public Health. School free and reduced lunch utilization was 
divided into even quartiles and used as a surrogate for socioeconomic status. Schools were 



omitted from analysis if immunization data was not reported and/or information regarding free 
and reduced lunch subsidy (FRL) was unavailable. Data from 1,280 schools was available for 
analysis from 2015-2016, 1,298 schools from 2016-2017, 1,281 schools from 2017-2018, and 
1,280 schools from 2018-2019

The age groups of kindergarten and sixth grade students was chosen as these are the 
grades that schools report coverage for in the annual ADHS Immunization Data Report. As 
personal belief exemptions (PBE) are the focus of this study, medical and/or religious exemption
rates were not analyzed. Maricopa County was chosen as it contains the highest density of 
Arizona schools with a distribution of school type that closely resembles the state of Arizona. 
The main objective of the study was to assess the trend in personal belief exemption rates as well
as the trend in documentation of complete immunization for measles, mumps, rubella (MMR) in 
Maricopa County schools. A secondary aim of this review was to assess if these trends had any 
relation to socioeconomic status. As socioeconomic status of a school is difficult to appropriately
quantify, free and reduced lunch utilization was used as a surrogate. Data analysis was completed
via statistical support at The University of Arizona College of Medicine – Phoenix.

Results

Table 1. Collective demographic data of Maricopa County schools included in study including 
school type, free and reduced lunch utilization quartiles, mean percentage of students with: PBE 
to at least one required immunization, all required school immunizations, and documentation of 
complete MMR immunization.

Academic Year 2015-2016
N=1,280

2016-2017
N=1,298

2017-2018
N=1,281

2018-2019
N=1,280

p-value

School Type (%, 95% CI)
Charter
Private
Public

21.9 (19.8,
24.3)

5.93 (4.76,
7.37)

72.1 (69.5,
74.5)

21.7 (19.5,
24.0)

6.31 (5.11,
7.77)

71.9 (69.4,
74.3)

21.5 (19.3,
23.8)

6.94 (5.67,
8.47)

71.6 (69.0,
73.9)

22.0 (19.8,
24.4)

6.71 (5.46,
8.22)

71.2 (68.7,
73.7)

0.96

FRL Utilization Quartiles (%, 95% 
CI)

< 31
>31 - < 66
>66 - < 86

>86

24.9 (22.3,
27.6)

25.0 (22.4,
27.7)

22.5 (20.0,
25.1)

27.6 (24.9,
30.4)

24.4 (21.8,
27.2)

24.0 (21.4,
26.8)

24.8 (22.2,
27.6)

26.7 (24.0,
29.5)

23.7 (21.1,
26.5)

25.4 (22.7,
28.2)

25.6 (23.0,
28.5)

25.2 (22.6,
27.9)

25.8 (23.3,
28.6)

25.1 (22.6,
27.9)

24.9 (22.3,
27.6)

24.0 (21.5,
26.7)

0.66

Grade (%, 95% CI)
Kindergarten

6th
53.2 (50.4,

55.9)
46.7 (44.1,

49.5)

53.1 (50.3,
55.9)

46.9 (44.2,
49.6)

53.2 (50.4,
55.9)

46.7 (44.0,
49.5)

52.7 (49.9,
55.4)

47.3 (44.6,
50.0)

0.99



Mean percentage of students with 
PBE to at least 1 required 
immunization (mean, 95% CI)

5.08 (4.73,
5.45)

5.67 (5.30,
6.05)

6.13 (5.75
(6.51)

6.76 (6.37
(7.15)

<0.001

Mean percentage of students PBE 
to ALL required immunizations 
(mean, 95% CI)

2.07 (1.86,
2.28)

2.29 (2.06,
2.52)

3.32 (3.08,
3.56)

3.71 (3.40,
4.02)

<0.001

Mean percentage of students with 
documentation of complete MMR 
immunization (mean, 95% CI)

95.1 (94.7,
95.4)

94.9 (94.5,
95.3)

94.4 (94.0,
94.8)

94.1 (93.7,
94.5)

<0.001

Table 2. Stratified Linear Mixed Model representing trends as academic year increases for: 
percentage of students with PBE to at least one required immunization, PBE to all required 
immunizations, and percentage of students with documented of complete MMR immunization 
stratified by school type, free and reduced lunch (FRL) quartile, and grade.

Per each 1-year increase in
academic year

Percent increase in students with PBE to at
least 1 required immunization

Beta (95% CI) P-value

School Type  
Public 
Private
Charter

0.45 (0.32, 0.57)
0.31 (-0.35, 0.96)
1.08 (-0.32, 2.48)

<0.001
0.36
0.13

FRL Utilization Quartiles 
< 31

>31 - < 66
>66 - < 86

>86

0.88 (0.48, 1.28)
0.33 (0.03, 0.63)
0.33 (0.10, 0.55)
0.31 (0.13, 0.49)

<0.001
0.026
0.004
0.001

Grade 
Kindergarten

6th
0.41 (0.23, 0.58)
0.45 (0.26, 0.65)

<0.001
<0.001

Percent increase in students PBE to ALL 
required immunizations

Beta (95% CI) P-value

School Type  
Public 
Private
Charter

0.41 (0.31, 0.52)
0.95 (0.59, 1.32)

0.367 (-0.55, 1.89)

<0.001
<0.001

0.28
FRL Utilization Quartiles 

< 31
>31 - < 66
>66 - < 86

>86

0.84 (0.52, 1.17)
0.56 (0.35, 0.76)
0.32 (0.18, 0.47)
0.23 (0.14, 0.32)

<0.001
<0.001
<0.001
<0.001

Grade 
Kindergarten 0.56 (0.44, 0.68) <0.001



6th 0.41 (0.26, 0.57) <0.001

Percent decrease students with 
documentation of complete MMR 
immunization

Beta (95% CI) P-value

School Type  
Public 
Private
Charter

-0.26 (-0.38, -0.15)
-0.26 (-0.89, 0.36)
-1.13 (-4.55, 2.28)

<0.001
0.40
0.51

FRL Utilization Quartiles 
< 31

>31 - < 66
>66 - < 86

>86

-0.49 (-0.79, -0.19)
-0.25 (-0.52, 0.03)
-0.14 (-0.48, 0.19)
-0.10 (-0.34, 0.12)

0.002
0.08
0.40
0.36

Grade 
Kindergarten

6th
-0.30 (-0.52, -0.09)
-0.22 (-0.36, -0.08)

0.005
0.001

Figure 1. Mean percentage of students with PBE to at least 1 required immunization and all 
required immunizations in Maricopa County per academic year
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Figure 2. Mean percentage of students with documented completion of MMR immunization in 
Maricopa County per academic year
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Figure 3. Mean percentage of students with 
PBE to at least 1 required immunization 
stratified by grade

Figure 4. Mean percentage of students with 
PBE to all required immunizations stratified 
by grade
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Figure 5. Mean percentage of students with 
PBE to at least 1 required immunization 
stratified by school type. 

Figure 6. Mean percentage of students with 
PBE to all required immunizations stratified 
by school type
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Figure 7. Mean percentage of students with PBE to at least 1 required immunization stratified by 
FRL utilization. Schools with lower utilization of free and reduced lunch subsidy are likely 
schools of higher socioeconomic status. 
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Figure 8. Mean percentage of students with PBE to all required immunizations stratified by FRL 
utilization. Schools with lower utilization of free and reduced lunch subsidy are likely schools of 
higher socioeconomic status
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Figure 9. Mean percentage of students with documentation of completed MMR immunization 
stratified by grade
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Figure 10. Mean percentage of students with documentation of completed MMR immunization 
stratified by school type
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Figure 11. Mean percentage of students with documentation of completed MMR immunization 
stratified by FRL utilization. Schools with lower utilization of free and reduced lunch subsidy are
likely schools of higher socioeconomic status. 



Discussion

The presented data in this review depicts the trend in personal belief exemptions as well 
as immunization coverage in Maricopa County stratified by school type and socioeconomic 
status. Table 1 outlines the demographics of the schools included in the analysis. Schools were 
omitted from the study if immunization and/or free and reduced lunch data was not available. 
The percentage of charter, private, and public schools in Maricopa County is similar to those in 
Arizona, supporting the potential generalizability. 

In the past four academic years, there has been a gradual increase in PBE alongside a 
gradual decrease in MMR immunity. For every increase in academic year, there was a 
statistically significant increase in PBE to at least one required immunization and a statistically 
significant increase in PBE to all required immunizations by 0.43% and 0.5%, respectively. For 
each increase in academic year, there was a statistically significant decrease in documented 
MMR immunity by 0.26%. The mean percentage of students with PBE to at least one required 
immunization or all required immunizations has steadily increased, while the percentage of 
students with documented immunity to measles has steadily decreased. Table 1 as well as 
Figures 1 and 2 show the overall trend in immunization coverage in the past four academic years,
using documented MMR immunity as a proxy. It is important to bear in mind that the herd 
immunity threshold of measles is 95%, and Maricopa County children on average have fallen 
below this herd immunity threshold. This has major public health implications. Herd immunity is
the indirect protective effect of the majority of a population being immunization from an 
infectious disease, typically through vaccination. When a population is at or above the herd 
immunity threshold, there is limited potential for spread should a single case arise. When a 
population falls below the herd immunity threshold, the possibility of an outbreak increases. 

Stratifying the data further based on school type, charter and private schools have a 
higher mean percentage of students with PBE to at least one immunization or PBE to all required
immunizations when compared to public schools. Charter and private schools also have a lower 
percentage of students with documented MMR immunity. Children of private or charter schools 
are 4 and 3 times less likely to have complete documentation of MMR immunity. These 
documented differences were statistically significant. 

Addressing the data in terms of socioeconomic status of the school, free and reduced 
lunch government subsidy was used as a surrogate marker, as average socioeconomic status of 
families with children in a particular school is difficult to assess. Schools with lower utilization 
of this assistance program, are likely schools of higher socioeconomic status. Conversely, 
schools with higher utilization of this assistance program as likely schools of lower 
socioeconomic status. Free and reduced lunch utilization was stratified into evenly distributed 
quartiles. Schools with lower utilization of free and reduced lunch, and therefore presumed 
schools of higher socioeconomic status had higher rates of both PBE to at least one required 
immunization and PBE to all required immunizations. Schools in this quartile also had the lowest
rate of students with documentation of complete MMR immunization, below the herd immunity 
threshold of 95% for measles. Children attending schools with a lower proportion of students 
eligible for free and reduced lunch (higher SES) are 3 times more likely to exempt their children 
from all school-required vaccinations. These results were statistically significant.

Future Legislation in Arizona



Legislation surrounding school-required immunization is determined on a state-by-state 
basis. As previously discussed, many states have enforced strict exemption requirements to 
address the declining immunization coverage. Despite these declining rates of immunization 
coverage, Arizona seeks loosen exemption requirements. Currently House Bill 2050 sponsored 
by Representative Jon Filmore is being heard in the Arizona Legislature. The language of this 
bills reads, “The decision to immunize a pupil is solely the decision of the pupil’s parent.” This 
bill also aims to change all language of “school-required immunizations” to “school-
recommended immunizations.”10 If this legislation passes, the immunization coverage will 
continue to decline in the state of Arizona, well below the herd immunity thresholds for vaccine-
preventable diseases. When immunization coverage falls below these thresholds, it threatens 
both the health of Arizona children as well as the health of Arizona at large. 

Limitations and Future Developments

This finalized project deviates from the initial research plan. The initial plan was to 
analyze the vaccination coverage rates and percentage of personal belief exemption rates before 
and after the implementation of the Immunization Education Course. The vaccination data was 
obtainable for the years prior to the IEC, but for various reasons, some political in nature, was 
unobtainable following the implementation of the IEC, which halted the comparative analysis. 
Additionally, during this study period, Arizona legislatures drafted House Bill 2050, negating the
aim of this intervention. In response to this, the decision was made to complete a retrospective 
analysis of immunization coverage and personal belief exemption to highlight the need for an 
effective intervention in Arizona and to highlight the expected detrimental effects should 
legislation similar to HB2050 pass into law. 

Future studies are needed assessing the impact of the ADHS Immunization Education 
Course. If the implementation of this course correlates with an increase in vaccination coverage, 
this could be a viable intervention. Further analysis is also needed regarding other state models. 
Vaccination requirements and laws are evolving, and many states have enacted changes to these 
laws within the last ten years. Following the trends in various states could provide a useful model
for ensuring adequate immunization coverage in Arizona.
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