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Abstract

Background—Rates of nonmedical exemptions to kindergarten-entry immunization 

requirements have increased over the past 2 decades, especially in states that permit philosophical 

exemptions and/or have easier administrative policies for obtaining nonmedical exemptions. We 

evaluated trends in school personal belief exemption rates over the period 1994–2009 in 

California, and associated school and community characteristics.

Methods—We used data on personal belief exemptions from 6392 public and private elementary 

schools from the California Department of Public Health, as well as census tract and school 

demographic data. Generalized estimating equations were used to model annual mean increases in 

personal belief exemption rates, and to identify school and community characteristics associated 

with personal belief exemption rates.

Results—Over the study period, the average school personal belief exemption rate increased 

from 0.6% in 1994 to 2.3% in 2009, an average of 9.2% (95% CI: 8.8–9.6%) per year. The average 

personal belief exemption rate among private schools over the entire study period was 1.77 (95% 

CI: 1.55–2.01) times that among public schools. The annual rate of increase was slightly higher 

among private schools (10.1%, 95% CI: 9.1–11.1%) than among public schools (8.8%, 95% CI: 

8.4–9.2%). Schools located within census tracts classified as rural had 1.66 (95% CI: 1.26–2.08) 

times higher personal belief exemption rates than schools located within urban census tracts. 

Exemption rates were also associated with race, population density, education, and income.
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Conclusions—This study confirms concerns about increasing rates of nonmedical exemptions to 

kindergarten vaccine requirements within the state of California, using data collected over a 16-

year period.
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1. Introduction

All U.S. states and the District of Columbia (DC) have state laws that require children to 

receive routine immunizations before entering kindergarten. In all states, medical 

exemptions are granted when vaccines are contraindicated for medical reasons. In 48 states 

and DC, parents can also obtain nonmedical exemptions if they oppose immunization on 

religious or philosophical grounds. Non-medical exemption rates increased between 1994 

and 2011, especially in states that permit philosophical exemptions and/or have less 

complicated administrative policies for obtaining nonmedical exemptions [1–4]. California 

permits personal belief exemptions to kindergarten school entry immunization requirements; 

at the state level, the personal belief exemption rate increased from 1.2% to 2.3% between 

the 2004–2005 and 2010–2011 school years [2].

There are growing concerns about parental vaccine refusal, especially in light of state-level 

increases in kindergarten nonmedical exemption rates, and recent outbreaks of vaccine-

preventable diseases (e.g., measles, pertussis) [1,5]. Factors associated with geographic 

clustering of nonmedical exemptions include: school policies for obtaining nonmedical 

exemptions, beliefs about immunization among school personnel responsible for 

implementing policies, higher population density, higher percentage of racial/ethnic 

minorities, higher percentage of children <5 years, and larger family size [5–7].

There are few published findings evaluating community characteristics associated with 

nonmedical exemption rates. This study used data on personal belief exemption rates by 

school for kindergarten classes in California schools between 1994 and 2009. We evaluated 

trends in personal belief exemption rates over time, and the association of school and 

community characteristics with changes in personal belief exemption rates.

2. Materials and methods

We obtained data on personal belief exemptions and kindergarten enrollment for all 

California public and private schools that enroll 10 or more kindergartners per year from the 

California Department of Public Health (CDPH). The study period comprised school years 

1994–1995 through 2009–2010. The number of personal belief exemptions for each school 

reflected the total number of students who had a personal belief exemption for any vaccine, 

based on required vaccines for the study year. We computed the annual personal belief 

exemption rate by dividing the number of personal belief exemptions by total kindergarten 

enrollment in that school for each year.
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We geocoded schools to California census tracts using geographic positioning system 

coordinates, and assigned schools the demographic characteristics of the census tracts in 

which they were located. We obtained publicly available data on the following census tract 

demographic variables from the U.S. Census Bureau (2000 data): population density, 

average family size, racial distribution (proportion of population that was white), proportion 

of population with college degree, median household income, proportion of families with 

children under age 5 in poverty, proportion of the population aged less than 5 years, 

proportion of population that spoke a primary language other than English, and proportion 

of population that was unemployed. We also obtained data on public/private school status 

and degree of urbanicity (defined as Rural Urban Commuting Area (RUCA) code, which 

characterizes zip codes according to their rural and urban status) [8].

Personal belief exemptions and kindergarten enrollment were measured as counts. All 

analyses used generalized estimating equations (GEE) based on the negative binomial 

distribution, treating each school as a repeated cluster. Kindergarten enrollment for each 

school year was used as the population denominator to calculate the personal belief 

exemption rate and was used as the offset term in GEE models. We used a stationary 15-

dependent correlation structure to account for within-cluster correlation between 

observations over the 16-year study period. First, we modeled the annual mean increase in 

personal belief exemption rate over the study period across all schools. We then stratified 

these analyses by public versus private school, California Postsecondary Education 

Commission (CPEC) regions of California, and time period (1994–1999 versus 2000–2009).

Additionally, we used GEE models based on the negative binomial distribution to obtain 

incidence rate ratios comparing mean personal belief exemption rates between public and 

private schools and between time periods (1994–1999 versus 2000–2009) in California 

overall and within each region. Then, we used GEE models based on the negative binomial 

distribution to model the associations between school and community characteristics and 

personal belief exemption rates. From an initial model containing all a priori predictors 

(census tract demographic variables, public/private school, and RUCA code), we removed 

predictors that contributed to collinearity. Collinearity was assessed using condition indices 

and variance decomposition proportions, using a SAS macro for GEE models [9]. Then, we 

used a backwards elimination strategy to choose our final model, removing variables that 

were not significant at p < 0.05.

Statistical analyses were performed using SAS v9.3 (Cary, NC). School addresses were 

geocoded using ArcGIS v10 (ESRI, Redlands, CA). Results were considered significant at α 
= 0.05.

The data were obtained from CDPH in two stages. First, 1994–2003 data were obtained and 

use of the data for this study was approved by the Emory University Institutional Review 

Board (IRB) and the CDPH IRB. Subsequently, 2004–2009 data were obtained; use of those 

data for this study was approved by the Emory University IRB and deemed non-human 

subjects research by the CDPH IRB.
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3. Results

There were a total of 126,756 school years of data representing 11,032 schools in our study 

period. We excluded schools based on the following criteria: could not be geocoded and 

matched to demographic data (n = 1358 school years), had more than one personal belief 

exemption count entered for the same year (i.e., duplicated data or mislabeled entries) (n = 

182 school years), located within census tracts with zero households (n = 33 school years), 

or could not be identified as public or private school (n = 19,814 school years). We also 

excluded schools with less than 10 school years of data (n = 6530 school years). Therefore, 

our final dataset included a total of 98,839 school years of data representing 6392 schools 

over 16 years. Results from the dataset with incomplete follow-up were similar to those from 

the analytic dataset (analyses available upon request).

The average school personal belief exemption rate increased over the study period from 

0.6% in 1994 to 2.3% in 2009, an average annual increase of 9.2% (95% CI: 8.8, 9.6%) 

(Tables 1 and 2, Fig. 1). The average annual increase in school personal belief exemption 

rates significantly increased in all California Postsecondary Education Commission (CPEC) 

regions, and was heterogeneous across regions (Table 2). The regions with the highest 

average annual increase in personal belief exemption rate were: Los Angeles (12.0% [95% 

CI: 11.0%, 13.0%] representing an increase from 0.4% in 1994 to 1.1% in 2009), Orange 

County (11.9% [95% CI: 10.5%, 13.4%] representing an increase from 0.7% in 1994 to 

1.6% in 2009), and San Francisco Bay (10.9% [95% CI: 9.9%, 11.8%] representing an 

increase from 0.7% in 1994 to 1.7% in 2009). The regions with the lowest average annual 

increase in personal belief exemption rate were: Inland Empire (3.7% [95% CI: 2.4%, 5.0%] 

representing an increase from 0.7% in 1994 to 1.1% in 2009), Central Coast (7.0% [95% CI: 

5.2%, 8.8%] representing an increase from 1.8% in 1994 to 3.2% in 2009), and South San 

Joaquin Valley (7.1% [95% CI: 5.5%, 8.8%] representing an increase from 0.5% in 1994 to 

1.1% in 2009). Mean personal belief exemption rates over the entire study period were 

highest in the Superior California (4.5%) and North Coast (4.1%) regions.

Mean personal belief exemption rates were significantly higher during 2000–2009 as 

compared to 1994–1999 in all CPEC regions (Table 2). Overall, the mean personal belief 

exemption rate over the period 1994–1999 was 0.8% compared to 1.7% during 2000–2009. 

In the Inyo Moyo, Superior California, Los Angeles, and Upper Sacramento Bay regions, 

the average personal belief exemption rate during 2000–2009 was more than twice as high as 

during 1994–1999. Across all California regions, mean personal belief exemption rates were 

1.83 (95% CI: 1.77, 1.88) times higher during the 2000–2009 time period than during the 

1994–1999 time period (Table 2).

Personal belief exemption rates increased at a significantly higher rate among private 

schools than among public schools over the study period (Tables 1 and 3, Fig. 1). Among 

private schools, the average school personal belief exemption rate increased from0.9% in 

1994 to 3.4% in 2009, an average annual increase of 10.1% (95% CI: 9.1%, 11.1%). In 

comparison, the average school personal belief exemption rate among public schools 

increased from 0.6% in 1994 to 2.0% in 2009, an average annual increase of 8.8% (95% CI: 
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8.4%, 9.2%). Over the study period, the average rate of personal belief exemptions among 

private schools was 1.77 (95% CI: 1.55, 2.01) times higher than among public schools.

In the final adjusted model, census tracts classified as “rural” had 1.66 (95% CI: 1.26, 2.08) 

times the rate of personal belief exemptions compared to “urban” areas over the study period 

(Table 4). For each 1% increase in the proportion of the census-tract population self-

identifying as “white” race/ethnicity, the average personal belief exemption rate increased by 

2.8% (95% CI: 2.4%, 3.2%). For each 1% increase in the proportion of the census-tract 

population with college education, the average personal belief exemption rate increased by 

1.9% (95% CI: 1.4%, 2.2%). In contrast, for each 1000-person increase in population per 

square mile, the average personal belief exemption rate decreased by 3.3% (95% CI: 2.1%, 

4.5%). For each $10,000 increase in median household income, the average personal belief 

exemption rate decreased by 8.6% (95% CI: 5.3%, 11.7%). The remaining covariates were 

dropped due to multicollinearity or due to non-significance.

4. Discussion

This study confirms growing concerns about increasing rates of nonmedical exemptions to 

kindergarten vaccine requirements, using a comprehensive dataset covering California 

schools from 1994 through 2009. Personal belief exemption rates increased in California 

over the 16-year period, and average rates of increase varied by region and between public 

and private schools. These findings demonstrating sustained increases in personal belief 

exemption rates highlight the need for state-level policies that minimize rates of nonmedical 

exemptions. States with policies making it more difficult for parents to obtain nonmedical 

exemptions have been shown to have lower nonmedical exemption rates – and lower rates of 

increase in nonmedical exemptions over time – than states with less complicated 

administrative requirements [3]. At the time of this report, the state of California recently 

passed legislation (A.B. 2109) that will require parents seeking a personal belief exemption 

to submit a statement signed by a healthcare practitioner indicating that they have received 

information about risks and benefits of vaccines, starting in 2014 [10]. Our findings provide 

critical evidence highlighting the importance of this legislation in addressing increasing rates 

of personal belief exemptions in California.

Further, we identified community characteristics that are positively and negatively associated 

with personal belief exemption rates among California schools. Our findings that certain 

community characteristics are associated with personal belief exemption rates add insight 

into current understanding of geographic clustering of vaccine refusal. Schools with higher 

rates of personal belief exemptions were located in communities with higher proportions of 

the population of white race, higher proportions of the population college-educated, and 

were more likely to be located in rural than urban areas. Schools with higher rates of 

exemptions were located in communities that had lower population density, and lower 

median household income. We also found that the mean annual increase in personal belief 

exemption rates varied across California regions, demonstrating within-state heterogeneity 

in exemption rate trends. This finding is further evidence of within-state geographic 

heterogeneity in nonmedical exemption rates, as previously found in Oregon, Washington, 

and Michigan [5,11,12].
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While it has been previously shown that nonmedical exemptions rates are higher among 

private schools [6], this is the first study to evaluate differences in longitudinal trends in 

nonmedical exemption rates between public and private schools. Our findings suggest that 

not only are nonmedical exemption rates higher on average among private schools, but they 

are also increasing faster. Further investigation of differences in public- and private-school 

nonmedical exemption rates is warranted in order to develop appropriate interventions 

addressing vaccine refusal and exemption rates among different types of schools. State-level 

administrative procedures for obtaining nonmedical exemptions may be implemented in 

different ways across school types, and there may be important differences in demographics 

of populations attending public and private schools.

The major strength of our study was the comprehensive nature of our dataset: we obtained 

data on all schools that enrolled kindergartners over the period 1994–2009. Using these data, 

we were able to obtain precise and accurate estimates of longitudinal changes in exemption 

rates, as well as associations of community factors with exemption rates. However, there is a 

possibility of selection bias due to our decision to evaluate only schools that had data for all 

years in the study period and that were not missing values for any covariates. Further, our 

dataset contained information only on whether a nonmedical exemption was obtained for 

any vaccine; data were not available on exemptions for specific vaccine antigens. Hepatitis B 

and varicella vaccines were added to required kindergarten immunizations over the study 

period (in 1997 and 2001, respectively) [13], which may have contributed to the increase in 

number of nonmedical exemptions for any vaccine. However, in an earlier analysis of 

longitudinal trends in immunization exemption rates, adjusting for new hepatitis B and 

varicella vaccine requirements had little impact on results [1]. Our study may be limited by 

our assignment of community characteristic data to schools by census tract, because census 

tract information may not always reflect individual schools’ communities. However, in this 

study, we have not made inferences at the individual level (e.g., for individual students 

attending schools in our study) regarding tendency to obtain personal belief exemptions.

5. Conclusions

Our findings demonstrate increasing rates of nonmedical exemptions, and heterogeneity 

among school types and rural versus urban communities. Understanding community 

characteristics associated with nonmedical exemption rates is critical for developing 

interventions to address vaccine refusal. In order to maximize effectiveness, such 

interventions should focus on high risk areas and, more specifically, should prioritize private 

schools.
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Fig. 1. 
Average school personal belief exemption rates overall and by school type, 1994–2009.
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Table 3

Longitudinal trends in personal belief exemption rates in California by school type, 1994–2009.

School type State-years (N) Annual change in average personal belief exemption rate Incidence rate ratio (95% Cl)

Public 74,310 1.088 (1.084,1.092)

Private 24,529 1.101 (1.091, 1.111)

Overall 98,839 1.092 (1.088, 1.096)
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Table 4

Characteristics associated with average school personal belief exemption rates in California, 1994–2009.

Censustract/school characteristic Incidence rate ratio, by characteristic (95% CI)

Percent white (1% increase) 1.028 (1.024, 1.032)

Population per square mile (1000 person increase) 0.967 (0.955, 0.979)

Percent with college education (1% increase) 1.019 (1.014, 1.023)

Median household income ($10,000 increase) 0.914 (0.883, 0.947)

Private school (versus public) 1.774 (1.519, 2.071)

RUCA classificationa,b

 Urban 1 (reference)

 Micro 1.115 (0.954, 1.304)

 Small town 1.122 (0.841, 1.497)

 Rural 1.662 (1.263, 2.083)

a
RUCA, Rural Urban Community Area code.

b
Construct p-value for RUCA classification was p = 0.010 based on score equation chunk test.
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