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ABSTRACT

[bookmark: _Toc106717784]As infectious diseases such as pertussis and measles re-emerge, the public health significance of vaccination becomes pivotally important within communities.  In Allegheny County, of the 161,534 students with data reported, 97.1% were fully immunized, which exceeds the Healthy People 2020 goal aiming that 95% of school age children in the United States are fully vaccinated.  The only school types that did not meet the Health People 2020 goals for percentage of fully immunized students were Montessori (92.3%), Private-Special Education (91.8%) and Public-Special Education (91.6%) schools.  Allegheny County overall had a low rate of both medical and religious/medical exemptions, with rates of 0.7% and 1.8%, respectively.  These exemptions however were clustered mostly in special education and non-public schools, illustrating that in certain school types, the percentage of exemptions present makes it impossible for the school to meet the Healthy People 2020 goals.  Vaccine-specific coverage in Allegheny County was better in public than in private schools, which is consistent with the rates of fully immunized students in both school types.  As previously rare infectious diseases continue to re-emerge, it is pivotal that both health and school officials are aware of the vaccination status in the students under their jurisdiction.  This work contributes to the available literature about the state of vaccination in Allegheny County students.
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[bookmark: _Toc279741619]herd immunity and School vaccine requirements
Immunization is an essential part of a healthy community.  Through direct protection to the person receiving the vaccine and indirect protection via the concept of herd immunity, immunizations protect members of the community who are unable to be vaccinated from diseases that can be debilitating or deadly.  Herd immunity is achieved when the proportion of individuals vaccinated against a given disease reaches a high enough rate to halt the spread of the disease due to lack of susceptible hosts.1 This proportion is called the critical vaccination fraction, which can be calculated using the formula pc = 1-1/R0.2 R0 is the basic reproductive rate, which in this equation means the number of secondary cases caused by one primary case introduced into a completely susceptible population.2 This number is estimated based on the host population and the properties of the infectious agent.  Based on commonly used R0 values3 for varying diseases, pc, the proportion of vaccinated individuals needed for eradication can be calculated (Table 1). 




Table 1. Sample Critical Vaccination Fraction Calculations
	Disease
	R0
	Proportion of vaccinated individuals for eradication (pc)

	Measles
	12-18
	0.92-0.94

	Mumps
	4-7
	0.75-0.86

	Rubella
	6-7
	0.83-0.86

	Diphtheria
	6-7
	0.83-0.86

	Polio
	5-7
	0.8-0.86

	Smallpox
	5-7
	0.8-0.86



The smallpox eradication campaign, spanning from 1966-1980 was successful, partially because of a lower relative R0, but also because of the pathology and symptomology of the disease.4 There is currently a polio eradication campaign underway and it has been fairly successful, for reasons similar to why smallpox was successful.  Polio is 99% eradicated and is currently present only in Afghanistan, Nigeria and Pakistan5.  The more individuals that become vaccinated, the less susceptible hosts are present in the population, making eradication and prevention possible for certain diseases.
In order to promote a healthy population, the U.S. Department of Health and Human Services has created goals every decade since 1979, called Healthy People goals, to provide a guide to both health agencies and the American public towards achieving a healthier overall community.  One of the most important vaccination goals on the Healthy People 2020 list, is to achieve or maintain full vaccination (complete dosing regimens of all required vaccines) in 95% of American school children.6  
Every child attending school in Allegheny County must meet federal vaccination requirements, as the commonwealth of Pennsylvania follows the national immunization schedule (Figure 1).7 

[image: ]
Figure 1. United States, CDC Recommended Vaccination Schedule, Ages 0-18

In order to track and report immunization within in the schools, Allegheny County requires vaccines based on grade level rather than age.  The four to six age group shown in the chart is considered Kindergarten and 11-12 is considered 7th grade.  This means that in order to attend Kindergarten, students must be immunized against Diphtheria, Tetanus, Polio, Measles, Mumps, Rubella, Varicella and Hepatitis B).7-9 These requirements remain the same up until 7th grade, when the Meningococcal (MCV4) vaccine is required as well as a Tetanus/Diphtheria booster shot if the student has not received one within the last five years.  The initial requirement necessary for Kindergarten attendance and the addition of vaccines prior to 7th grade makes these grade levels the most important points of reference when assessing vaccination among students in a community. If a student receives each dose of these vaccines at the recommended time intervals, they are considered fully vaccinated. 
[bookmark: _Toc279741620]Provisional enrollment and vaccine exemptions
Each state has their own rules and provisions pertaining to provisional enrollment and vaccine exemptions; and though there is no specific national recommendation for each state to adopt, many states choose eight months since that is the length of the immunization catch up schedule.7 In the commonwealth of Pennsylvania, there are two ways a student can attend school if they are not fully vaccinated: temporarily, through provisional enrollment, or permanently, using an exemption from vaccination.  
Provisional enrollment in Pennsylvania is an eight month period in which a student who has received at least one of the doses in the series for a required vaccine may attend school.9 A student who is provisionally enrolled must, within the eight month period, either finish the series of the vaccine(s) they are missing or obtain an exemption.  If they do not, they will be excluded from school until they either finish the vaccine series or obtain an exemption.
There are two types of exemptions that a student can obtain in the commonwealth of Pennsylvania: medical and religious/moral.  Medical exemptions are obtained through a physician and religious/moral exemptions are obtained via parent or guardian signature.  The Pennsylvania Code, in reference to medical exemptions states that:  “Children need not be immunized if a physician or a physician’s designee provides a written statement that immunization may be detrimental to the health of the child”.9 Common contraindications to childhood vaccines are allergies to a component of the vaccine, an adverse reaction to a previous vaccination dose, personal or familial history of seizures and a compromised immune system.10 Medical exemptions for vaccination are currently permissible in all 50 states, but there is not a specific list of criteria for medical exemption; it is left to the discretion of the physician.11  According to the CDC, during the 2012-2013 school year, of 4.2 million Kindergartners whose data was reported to the CDC, state medical exemption rates ranged from less than 1% to 1.6% (median of 0.3%).12 
Religious/moral exemptions (sometimes called philosophical exemptions) are not permissible in each state; some states allow religious, but not moral (philosophical) exemptions and a few do not allow either of them13.  Religious exemptions are allowed in all states except West Virginia and Mississippi.11 Moral exemptions are allowed in 19 states: Arizona, Arkansas, California, Colorado, Idaho, Louisiana, Maine, Michigan, Minnesota, Missouri (only applicable to daycare, preschool and nursery school), North Dakota, Ohio, Oklahoma, Pennsylvania, Texas, Utah, Vermont, Washington and Wisconsin.11 In Pennsylvania, both religious and moral exemptions are permitted, per the Pennsylvania code which states that: “Children need not be immunized if the parent, guardian or emancipated child objects in writing to the immunization on religious grounds or on the basis of a strong moral or ethical conviction similar to a religious belief”.9 According to the CDC, state nonmedical exemption rates ranged from 0.2% to 6.4% (median of 1.5%).12 
[bookmark: _Toc279741621][bookmark: _Toc106513532][bookmark: _Toc106717790]Current trends in vaccination
Decreases in the incidence of vaccine preventable diseases (VPD’s) since vaccines became available and widely used has led to the public perception that severity and susceptibility of VPD’s such as polio, measles and pertussis has decreased. 13-18 Additionally, one of the most noted reasons for philosophical exemption stems from fraudulent research published by Andrew Wakefield in 1998 stating that vaccines were linked to autism.14,19-26 Decreases in perceived risk, fraudulent research and public concern about real or perceived adverse effects associated with vaccination has lead to an increased number of unvaccinated children. 13,15-18 Earlier generations of parents, such as those who lived during severe polio epidemics between 1916 and the late in1950’s, have experienced the seriousness of vaccine preventable diseases, whereas more recent generations of parents may not view these diseases with similar concern, currently making parents less inclined to vaccinate their children.15 In terms of reasons to not vaccinate, the three largest determining factors are: religious or moral objections and a greater perceived risk than benefit in they eyes of a parent (often termed a philosophical objection). 13,15,27-30 
There is evidence of an increase in vaccine refusal dating back to 1980.   The controversy in 1980 started when it was suggested that the diphtheria/tetanus/pertussis (DTP) vaccine was a cause of infant deaths and other permanent injuries.31 Following the controversy with DTP was the measles/mumps/rubella (MMR) vaccine in 1998 due to Wakefield’s paper associating the MMR vaccine with autism onset.31 These controversies are contributing factors in vaccine refusal, which increases the risk for unvaccinated children to contract measles or pertussis and creates the potential to infect those with medical exemptions, those too young to be vaccinated or individuals who are immunocompromised.13,32,33 This increase in refusal is also in part due to the success of earlier vaccination campaigns in decreasing the incidence of re-emerging diseases such as measles and pertussis, giving a sense of security that these disease are no longer a threat.13,34 Currently, the number of school age children receiving non-medical vaccine exemptions is on the rise 32,35,36 In states that only allow religious exemptions, the mean exemption rates from 1991-2004 remained constant around 1%.37 In states that allowed exemptions for philosophical or personal beliefs, the mean exemption rate increased from 0.99% to 2.54%.37  A retrospective cohort study conducted in Colorado showed that from 1987-1998 that children with exemptions (as compared with unvaccinated children) were 22 times more likely to have had measles (RR, 22.2; 95% CI, 15.9 to 31.1) and almost six times more likely to have had pertussis (RR, 5.9; 95% CI, 4.2 to 8.2). 38 This study shows that the risk of disease is much higher in exempt students and the steadily increasing number of exempt students could contribute to the re-emergence of these diseases. 
One of the vaccine preventable diseases that has re-emerged is measles.  Despite being declared eliminated from the United States in 2000, the number of cases has increased to 222 cases (17 outbreaks) in 2011 from 60 cases (4 outbreaks) spanning from 2001-2010.32,39,40 This could suggest that the increase in number of vaccine preventable diseases might be a result of decreasing numbers of vaccinated persons within the United States, among other potential factors such as an increasing population.  Another re-emerging disease is pertussis (whooping cough).  In 2010, the state of California had 9,120 reported cases of pertussis, which was the highest reported number since 1947.41 Reasons for the outbreak were cited as better identification of disease, waning immunity, changes in the pertussis pathogen leading to decreased vaccine efficacy and the number of non-medical exemptions clustered across the state.41 Two years later, nearby Washington state experienced a large pertussis outbreak (2,520 cases), its largest since 1942.42 Similar to the outbreak in California, waning immunity and unvaccinated individuals were cited as reasons for the outbreak.42 As the number of unvaccinated individuals increases, the ability for the principle of herd immunity to hold true decreases. This makes it pivotally important to understand the level of vaccination within communities.
[bookmark: _Toc279741622]Public health significance IN Pennsylvania
Rates of vaccination across the United States have slowly decreased beginning around 1980 which has led to increased incidence of VPD’s in recent years.13-17,31,41-43 There are a lot of factors that contribute to why vaccination has decreased, but it is clear that decreased vaccination has contributed to increased incidence of vaccine preventable diseases.43 This re-emergence of vaccine preventable diseases has been observed across the United States, therefore affecting Pennsylvania and its surrounding states (Figure 2).44,45 

Figure 2. Incidence of Pertussis in West Virginia, Pennsylvania, Ohio and Maryland, 1999-2013
As shown in Figure 2, from mid-2002 to mid-2005 there were no reported cases of pertussis (whooping cough) in West Virginia (WV), Pennsylvania (PA), Ohio or Maryland (MD).  After mid-2005, the number of pertussis cases spiked in each state listed except for Maryland and despite some fluctuation, have continued to steadily increase over time.  Pertussis, however, is not the only disease experiencing this trend.  Measles has become a re-emergent disease as well.  As of October 31st, 2014 there have been 603 cases of measles reported to the Centers for Disease Control and Prevention (CDC) since January 1st, 2014, more than three times higher than any year since 2000, when the disease was considered eliminated in the United States. 43 This makes the decrease in vaccination and the resulting increase in VPD’s a serious public health issue for the health officials and residents of Pennsylvania and more specific to this report, Allegheny County.  Diseases once considered either eliminated (measles) or controlled (pertussis) are re-emerging and posing a threat to public health, making it imperative for health officials to be informed about the vaccination status of the community that falls within their jurisdiction.  
[bookmark: _Toc279741623]objectiveS
The objective of this summary is to describe overall vaccination rates, provisional enrollment rates, exemption (medical, religious/moral) rates and vaccine specific rates of students in Allegheny County during the 2012-2013 school year.  Because the incidence of VPD’s is increasing, it is important for public health officials as well as the general public to be aware of the vaccination status of children in their county.  In order to keep the residents of Allegheny County healthy informed, public health officials as well as lawmakers should have all available information at their disposal to assess the overall health of the community.  This summary details the immunization rates of students in Allegheny County and compares the rates of immunization in Allegheny County to the Pennsylvania commonwealth average when comparable data are available.  This work is related to a similar report written during my internship at the Allegheny County Health Department as part of the Pittsburgh Summer Institute in Applied Public Health.  The original report is a shorter document and functions as a routine update on the state of student immunization in Allegheny County.  This aim of the original report was to serve as a resource for both health officials and the residents of Allegheny County detailing student immunization within the County.  The original report is available via the Allegheny County Health Department webpage.
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[bookmark: _Toc279741626]ALLEGHENY COUNTY REPORTED DATA
The data in this report pertaining to fully vaccinated students in Allegheny County were compiled directly from immunization forms filled out by school nurses of all schools within Allegheny County in October 2012 and March 2013.  These forms were due to the Allegheny County Health Department on October 15, 2012 and March 15, 2013 to be entered into a database by staff members.   
[bookmark: _Toc279741627]STATE REPORTED (VACCINE SPECIFIC) DATA
Data on vaccine-specific coverage for both Allegheny County students and students in the commonwealth of Pennsylvania was obtained via a request to the Pennsylvania Department of Health (PA DOH).   The PA DOH compiled this data through forms filled out by the school nurses at every school in Pennsylvania. These forms were due October 15, 2012 to the PA DOH in Harrisburg, Pennsylvania.
[bookmark: _Toc279741628]Data set variables  
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The vaccination data obtained from the Allegheny County Health Department contains the following set of variables:
Unique ID: A unique identifier given to each row of data within the data set.  A row of data contains immunization information for one grade level in one school.
School ID: A unique identifier given to each school within the data set.  Data were arranged alphabetically first by school district, then by school name and assigned identification numbers in this order.
School Name: The legal name of the school as it would appear on a transcript document.  No nicknames or abbreviations were used.
School District:  The district that the school is listed as under the jurisdiction of.
School Type: A variable created by the Allegheny County Health Department to classify the different schools.  This variable was created; it was not part of the data collection form filled out by the school nurses.  The inputs for this variable are as follows:
Charter—A public (state funded) school open to all children within the school district that does not charge tuition, but does require application in order to attend.
Public—A state funded school students attend based on the attendance zone in which they live.
Montessori—A non-state funded school with values and operations guided by the founder of the Montessori philosophy, Dr. Maria Montessori.
Private—A non-state funded school that charges tuition and requires application, but does not have a basis in religion.
Private-Religious—A non-state funded school that charges tuition and requires application and has a basis in religion
Public-Special Education—A state funded school for special education students
Private-Special Education—A non-state funded school for special education students
Street Number, Street Prefix, Street Name, Street Type, Address2, City, Zip, Zip2: These variables combine to create the school.  This is the mailing address for the school.
Phone Number:  This is the phone number for the school nurse reporting the information.
Email: This is the email address for the school nurse reporting the information.
Nurse FName, Nurse LName: The first and last name of the nurse reporting the data.       
Job Title: This lists the qualifications of the school nurse in terms of the level of degrees and certifications they have completed.
Complete IMM Count: The number of students who have received all the required vaccines for their grade level.
Medical Exempt CT: The number of students who have obtained a medical exemption to vaccination in the school and grade level denoted in this row of data.
Home Cyber CT: The number of home school or cyber school students included.
Religious Moral Exempt Count: The number of students who have obtained religious/moral exemptions to vaccination in the school and grade level denoted in this row of data.
Prov Enroll CT: The number of students who are provisionally enrolled at the time of data collection.
Tot Stud Enroll CT: The total number of students enrolled in the school and grade level denoted in this row of data.
Closed YN: This variable denotes whether or not the school is open or closed during the date period denoted in this row.
Date Period: This variable denotes the reporting date (month and year) for the data contained in the row.
Grade: This variable denotes the grade of the students.
[bookmark: _Toc279741630]STATE REPORTED (VACCINE SPECIFIC) DATA 
The vaccine specific data obtained from the PA DOH contains the following variables:
Municipality: This variable denotes the county in which the school referenced in the line of data is located.
School Year: This variable denotes the school year for the data set.
School Type: This variable denotes the type of school, public or private.
Grade: This variable indicates the grade for the row of data.
Total Students Enrolled: This variable is the number of students enrolled in the school and grade contained in the row. 
DT, 3 doses or more: The number of students receiving 3 or more doses of the diphtheria tetanus vaccine in the school and grade contained in the row of data. 
DT, 4 doses or more: The number of students receiving 4 or more doses of the diphtheria tetanus vaccine in the school and grade contained in the row of data.
Polio, 3 doses or more: The number of students receiving 3 or more doses of the polio vaccine in the school and grade contained in the row of data. 
MMR, 2 doses or more: The number of students receiving 2 or more doses of the measles, mumps, rubella vaccine in the school and grade contained in the row of data.
Hep B, 3 doses or more: The number of students receiving 3 or more doses of the hepatitis B vaccine in the school and grade contained in the row of data. 
Varicella, Had Disease: The number of students reporting they have had varicella in the school and grade contained in the row of data. 
Varicella, 1 dose: The number of students receiving 1 or more doses of the varicella (chicken pox) vaccine in the school and grade contained in the row of data. 
Varicella, 2 doses: The number of students receiving 2 or more doses of the varicella (chicken pox) vaccine in the school and grade contained in the row of data.  
Tdap, 1 dose: The number of students receiving 1 or more doses of the tetanus, diphtheria, pertussis vaccine in the school and grade contained in the row of data.    
Td, 1 dose: The number of students receiving 1 or more doses of the tetanus, diphtheria vaccine in the school and grade contained in the row of data.    
MCV, 1 dose: The number of students receiving 1 or more doses of the meningitis vaccine in the school and grade contained in the row of data.    
Medical Exemptions: The number of students with medical exemptions in the school and grade contained in the row of data. 
Religious Exemptions: The number of students with religious/moral exemptions in the school and grade contained in the row of data.
Provisional Enrollments: The number of students provisionally enrolled in the school and grade contained in the row of data.
Denied Admission: The number of students denied admission due to expiration of their provisional enrollment period.
[bookmark: _Toc279741631]DATA ANALYSIS
Both of the data sets in this report were cleaned and formatted by the Allegheny County Health department using Microsoft Excel. Both Microsoft Excel and Word were used to format the data to produce the figures and tables within this document.  
[bookmark: _Toc279741632]ALLEGHENY COUNTY REPORTED DATA
These data were analyzed in Microsoft Excel.  The data set was first filtered by the variable date period, to select data for only October 2012 and March 2013.  The data were then re-sorted by the variable closed YN to ascertain if the school had closed within that school year.  
The immunization rate for Allegheny County overall was obtained by using a pivot table filtering for data from only March 2013 and cell values set to tot stud enroll CT (sum), complete imm count (sum).  The sum of complete imm count was divided by the sum of tot stud enroll CT to yield the immunization rate for students in Allegheny County.  
To ascertain the distribution of students in Allegheny County, a pivot table was created in Microsoft Excel.  The filter for date period was set at March 2013, the row label was set as school type and the cell values were set as tot student enroll CT (sum) and school name (count) to yield the number of students and number of schools for each respective school type.  The number of students in each school type was subsequently used as the denominator for related calculations.  To calculate the immunization percentage by school type, complete imm count (sum) was added as a cell value in the pivot table.  The cell corresponding to complete imm count (sum) for the proper school type was divided by the number of students attending that school type to calculate the immunization rate for the school type.  
To calculate the percentage of schools in each school type that met the 95% immunization goal, a pivot table with a filter for date period was set at March 2013, the row label was set as school type followed by school name and the cell values were set as tot student enroll CT (sum), school name (count), complete imm count (sum) was created.  This yielded the complete imm count (sum) and the tot stud enroll CT (sum) for each individual school.  Complete imm count (sum) was divided by tot stud enroll CT (sum) for each school.  The number of schools that met the goal was divided by the total number of schools of that school type.  The data in this pivot chart were subsequently rearranged to create the graph illustrating the percentage of fully vaccinated students by school size.  School size was broken down into 6 size categories, 0-49, 50-249, 250-499, 500-999, 1000-1499, 1500+.  Schools were assigned to categories based on the value of the cell corresponding to tot stud enroll CT (sum).  The total number of fully immunized students in each school size category was calculated by adding the cell values of complete imm count (sum) for each school of appropriate size and the total number of students in each school size category was calculated by adding the tot stud enroll count for each school of the appropriate size.  To calculate the immunization percentage for each of the school size categories, the total number of fully immunized students in the school size category was divided by the total number of students in that school size category.
The analysis of provisional enrollment was obtained by beginning with a pivot chart with the filter set to include both October 2012 and March 2013, the row label set to grade and the cell value set to prov enroll CT (sum) and tot stud enroll CT (sum).  Percentages were then calculated by dividing the prov enroll CT (sum) by the tot stud enroll CT (sum) for each grade. To obtain rates by school type in Kindergarteners, Kindergarten was the only included grade in the grade filter and school type was added under grade as a row label.  Percentages in each school type were calculated by dividing prov enroll CT (sum) by tot stud enroll CT (sum).  
To obtain information on changes in provisional enrollment, a pivot table with no filter was created.  The row label was set to school type, column type was set to date period and the cell values were set to prov enroll CT (sum) and tot stud enroll CT (sum).  Dividing percent provisional enrollment in March by percent provisional enrollment in October for each school type and subtracting that value from 1 calculated the percentage change in provisional enrollment. 
The analysis of exemptions was conducted by using a pivot table with the date period filter set at March 2013, a row label of school type and cell values of tot stud enroll CT (sum), medical exempt CT (sum) and religious moral exempt count (sum).  To calculate the percentage of medical and religious/moral exemptions in each school type, both medical exempt CT (sum) and religious moral exempt count (sum) were divided by tot stud enroll CT (sum).
[bookmark: _Toc279741633]STATE REPORTED (VACCINE SPECIFIC) DATA
These data were analyzed in Microsoft Excel.  The data were first analyzed to assess public versus private schools within Allegheny County.  The data were first filtered for the correct reporting date (October 2012) within the variable school year.  The data were then filtered to only include data points where the variable municipality was listed as “Allegheny County”.   The data was then filtered to only include Kindergarten students. A pivot chart was then created with row label set as school type and cell values (listed as sums) of total students enrolled, DT 4 doses or more, Polio 3 doses or more, MMR 2 doses or more, Hep B 2 doses or more, Varicella had disease and Varicella 2 doses.  The cells corresponding to total students enrolled served as the denominator for the respective school type (public or private).  The cells corresponding to the proper school type and vaccine were used as the numerators.  In the case of Varicella, Varicella had disease and Varicella 2 or more doses were combined to comprise of the numerator for Varicella coverage.
The data were then analyzed to compare Allegheny County to the commonwealth of Pennsylvania.  The original data were first filtered for the correct reporting date (October 2012) within the variable school year.  A pivot chart was then created with no row label set and cell values (listed as sums) of total students enrolled, DT 4 doses or more, Polio 3 doses or more, MMR 2 doses or more, Hep B 2 doses or more, Varicella had disease and Varicella 2 doses.  The cell corresponding to total students enrolled served as the denominator for calculations for vaccine coverage in the commonwealth of Pennsylvania.  The numbers in the cells corresponding to the correct vaccines were used as the numerators for calculating vaccine coverage in the commonwealth of Pennsylvania.  In the case of Varicella, Varicella had disease and Varicella 2 or more doses were combined to comprise of the numerator for Varicella coverage in Pennsylvania.  To calculate vaccine coverage in Allegheny County (not stratified by school type), the same pivot table was used, with the added row label of municipality.  The cell corresponding to total students enrolled as the column label and Allegheny County as the row label served as the denominator for calculation for vaccine coverage in Allegheny County.  The numbers in the cells corresponding to the correct vaccine as the column label and Allegheny County as the row label were used as the numerators for calculating vaccine coverage in Allegheny County.  In the case of Varicella, Varicella had disease and Varicella 2 or more doses were combined to comprise of the numerator for Varicella coverage in Allegheny County.
Microsoft Word was used to create the figures derived from the pivot tables in Microsoft Excel.
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In March of the 2012-2013 school year, there was immunization data submitted for 161,534 students enrolled in 388 Allegheny County schools (Table 2).  84.3% of students in Allegheny County attended public schools, but public schools only account for 64.7% of the schools in the county that reported data for the 2012-2013 school year.  Generally, there are more students per school in public schools than in any of the other school types.  

Table 2. Enrollment Information, Allegheny County Schools, March 2013
	School Type
	Number of Students Enrolled N (%)
	Number of Schools                N (%)

	Charter
	3,516 (2.2)
	11 (2.8)

	Montessori
	272 (0.2)
	6 (1.5)

	Private
	3,241 (2.0)
	19 (4.9)

	Private-Religious
	17,099 (10.6)
	84 (21.6)

	Private-Special Education
	964 (0.6)
	14 (3.6)

	Public
	136,122 (84.3)
	251 (64.7)

	Public-Special Education
	320 (0.2)
	3 (0.8)

	Total
	161,534 (100%)
	388 (100%)




Overall, of the 161,534 students with reported data, 97.1% were fully vaccinated (Table 3). But when the percentage of fully immunized students was broken down by school type, not all school types met the goal of 95% of students being fully vaccinated (Table 3).  Montessori, Private Special Education and Public Special Education schools did not meet the goal ranging from 2.7 to 3.4 percentage points lower than the Health People 2020 goal.  

Table 3. Percentage of Fully Immunized Students by School Type, Allegheny County, March 2013
	School Type
	Number of Students Enrolled (N)
	Number of Fully Immunized Students N (%)

	Charter
	3,516
	3,427 (97.5)

	Montessori
	272
	251 (92.3)

	Private
	3,241
	3,138 (96.8)

	Private-Religious
	17,099
	16,404 (95.9)

	Private-Special Education
	964
	885 (91.8)

	Public
	136,122
	132,406 (97.3)

	Public-Special Education
	320
	293 (91.6)

	Total
	161,534
	156,804 (97.1)



Although the percentage of fully immunized students in a given school type may exceed 95%, that does not mean each school within that school type met the 95% goal. The school types with the highest total percentage of schools meeting the 95% vaccination goal were public schools at 90.8% (228 out of 251 schools) and Charter schools at 81.8% (9 out of 11 schools) (Table 4).  Public Special Education (33.3%) and Private Special Education (42.9%) schools had the lowest total percentage of schools that met the goal. Overall, there were 76 schools in the county that did not meet the 95% vaccination goal.


Table 4. Percentage of Schools Meeting the Healthy People 2020 95% Immunization Goal, Allegheny County, 2013
	School Type
	Number of Schools (N)
	Number of Schools that Met 95% Immunization Goal N (%)

	Charter
	11
	9 (81.8)

	Montessori
	6
	3 (50.0)

	Private
	19
	13 (68.4)

	Private-Religious
	84
	52 (61.9)

	Private-Special Education
	14
	6 (42.9)

	Public
	251
	228 (90.8)

	Public-Special Education
	3
	1 (33.3)

	Total
	388
	312 (80.4)



Of the 76 schools in the county that did not meet the Healthy People 2020 goal of 95% vaccination, all schools were above 70% (Figure 3).  66 of the 76 schools were within 10% of the goal, reporting that between 85% and 94.9% of their students were fully vaccinated.  The lowest percentage of fully vaccinated students in the county was 72.9% (data not shown).

Figure 3. Percentages of Fully Vaccinated Students in Schools Not Meeting the Healthy People 2020 Goals, Allegheny County, March 2013
When the percentage of fully immunized students was analyzed by school type and school size, schools with a relatively low number of students had a lower percentage of fully immunized students compared to schools with a large number of students (Figure 4).  Schools with 0-49 students had lowest percentage of fully vaccinated students at 89.5%, which was 6.2-7.9% lower than any of the other categories for school size.  When the percentage of fully immunized students by school size was stratified by school type, there were no significant differences between the different school types.

[image: ]Red Line denotes Healthy People 2020 Goal of 95% Vaccination

Figure 4. Percentage of Fully Immunized Students by School Size, Allegheny County, March 2013
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At the beginning of the 2012-2013 school year, 1.2% of all students in Allegheny County were provisionally enrolled.  By March 2013, provisional enrolment decreased to 0.4% of students in Allegheny County.  
Provisional enrollment is usually below 1% at each grade level, except in Kindergarten and 7th grade (Figure 5).  In October 2012, 8.4% of Kindergarteners and 2.2% of 7th graders were provisionally enrolled.  By March 2013, these numbers decreased to 2.3% of Kindergarteners and 0.6% of 7th graders.  



Figure 5. Percentage of Provisionally Enrolled Students by Grade, Allegheny County, March 2013

To start the school year, Private Special Education (18.2%) and Montessori (17.2%) schools had the highest rates of provisional enrollments in Kindergarten students (Figure 6).  Public Special Education Kindergarteners were the lowest, with no provisional enrollments.  In March 2013, each school type decreased the rate of provisional enrollments in Kindergarten students by at least 40%.  Private Special Education Kindergarteners still had the highest rate of provisional enrollment (10.9%).  Public Special Education and Charter schools had the lowest rates, both at 0%.  Montessori schools, which had the second highest rate of provisional enrollment in October 2012, decreased from 17.2% to 3% in March 2013 to yield a rate closer to the other school types.
Figure 6. Percentage of Provisionally Enrolled Kindergarteners by School Type, Allegheny County, March 2013

Figure 6. Percentage of Provisionally Enrolled Kindergarteners by School Type, Allegheny County, March 2013

Rates of provisional enrollment decreased over the course of the school year in every school type, ranging from a decrease of 24% in Charter schools to 85% in Montessori schools with an average decrease of 63%, median 65% (Table 5).  Charter schools had the lowest rate of provisional enrollment in March 2013 at 0.2% of students and Montessori students had the highest rate at 1.1%, which was overall was only 3 students.  







Table 5. Change in Provisional Enrollment During the 2012-2013 School Year by School Type, Allegheny County
	School Type
	Number of Students (OCT)
	Provisional Enrollments OCT 2012                            n (%)
	Number of Students (MAR)
	Provisional Enrollments MAR 2013                           n (%)
	Percent Change in Provisional Enrollment Rate (±%)

	Charter
	3,349
	10 (0.3)
	3,516
	8 (0.2)
	-24%

	Montessori
	271
	20 (7.4)
	272
	3 (1.1)
	-85%

	Private
	3,225
	44 (1.4)
	3,241
	15 (0.5)
	-66%

	Private-Religious
	17,390
	355 (2.0)
	17,099
	111 (0.6)
	-68%

	Private-Special Education
	948
	25 (2.6)
	964
	9 (0.9)
	-65%

	Public
	137,482
	1,463 (1.1)
	136,122
	562 (0.4)
	-61%

	Public-Special Education
	316
	5 (1.6)
	320
	3 (0.9)
	-41%

	Total
	162,981
	1,922 (1.2)
	161,534
	711 (0.4)
	-63%
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During the 2012-2013 school year, 2.5% of Allegheny County students had either medical or religious/moral exemptions.  Public Special Education schools had the highest percentage of students exempt from vaccines at 7.5%, followed closely by Private Special Education students at 7.3% (Figure 7).  Public schools had the lowest rate of exemptions at 2.3%.  Charter schools, which usually have similar rates to public schools, had an exemption rate of 3.2%.  No significant relationship was found between exemption rates and grade level (data not shown).


Figure 7. Percentage of Students with Vaccine Exemptions by School Type, Allegheny County, March 2013

The rate of medical exemption in Allegheny County in March 2013 was less than 1%.  Private Special Education students had the highest rate of medical exemptions at 3% (Table 7).  Charter and Montessori schools had the lowest rates of medical exemption at 0.4%.  Private and Private Religious schools were close behind at 0.5%. 
The percentage of religious/moral exemptions was higher than medical exemptions in every school type during the 2012-2013 school year (Table 6).  Montessori and Public Special Education schools had the highest medical exemption rates at 6.3%.  The next highest was Private Special Education students at 4.3%.  Public schools had the lowest religious/moral exemption rate at 1.7%, followed closely by Charter schools at 1.9%.




Table 6. Rates of Medical and Religious/Moral Exemption by School Type, Allegheny County, March 2013
	School Type
	 Students Enrolled
	Medical Exemptions     N (%)
	Religious/Moral Exemptions 
N (%)

	Charter
	3,516
	15 (0.4)
	66 (1.9)

	Montessori
	272
	1 (0.4)
	17 (6.3)

	Private
	3,241
	16 (0.5)
	72 (2.2)

	Private-Religious
	17,099
	93 (0.5)
	491 (2.9)

	Private-Special Education
	964
	29 (3.0)
	41 (4.3)

	Public
	136,122
	895 (0.7)
	2,259 (1.7)

	Public-Special Education
	320
	4 (1.3)
	20 (6.3)

	Total
	161,534
	1,053 (0.7)
	2,966 (1.8)
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Vaccine specific coverage in public schools was better than private schools for every vaccine required for Kindergarten students (Figure 8).  Public schools had coverage ranging anywhere from 3% to 6% higher than private schools. Polio had the best coverage among Kindergartners in both school types, with 97% of public school students and 93% of private school students that received the vaccine. MMR (Measles, Mumps, and Rubella) and VZV (Varicella) had the poorest coverage among public school students with 92% of students receiving the vaccine.  Private school students had the lowest coverage for VZV, with 86% of students receiving the vaccination.  Vaccination coverage in in public school Kindergartners ranged from 92%-97% and coverage in private school Kindergartners ranged from 86%-93%.  


[image: ]
Figure 8. Vaccine Coverage in Kindergarten Students, Public vs. Private Schools, Allegheny County, 2012-2013 School Year

Vaccine specific coverage in Allegheny County was also better than the commonwealth of Pennsylvania for every required Kindergarten vaccine (Figure 9).  Allegheny County had vaccine coverage rates anywhere from 1% to 5% higher than the average for the commonwealth of Pennsylvania.  Polio had the highest coverage among Kindergarten students in both Allegheny County (96%) and in Pennsylvania (95%).  Allegheny County had the lowest vaccine coverage for MMR and VZV (both 91%) and Pennsylvania had the lowest coverage for VZV at 86%.  Vaccine coverage ranged, by vaccine type, from 91%-96% in Allegheny County and 86%-95% across the commonwealth of Pennsylvania.




Figure 9. Vaccine Coverage in Kindergarten Students, Allegheny County vs. Pennsylvania, 2012-2013 School Year
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Figure 9. Vaccine Coverage in Kindergarten Students, Allegheny County vs. Pennsylvania, 2012-2013 School Year
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Overall, Allegheny County students met the Healthy People goal of 95% vaccination in school age students.  Of 388 schools reporting data during the 2012-2013 school year, 80.4% (312) school met the goal. 90.8% (228/251) of public schools and 81.8% (9/11) of Charter schools met the 95% vaccination goal.  These numbers are encouraging since a majority of students (86.5%) in Allegheny County attend public schools. The school types of slight concern, with the lowest number of schools meeting the 95% goal were Private Special Education (42.9%, 6/14) and Public Special Education (33.3%, 1/3) schools.  This suggests that although vaccination rates among students in the county as a whole were above 95%, the 95% rate is not uniform across all schools, there is fluctuation above and below the goal based on school type and school size, creating the potential for some schools to be more susceptible to outbreaks than others. Schools with 0-49 students had a full immunization rate of 89.5%, while schools 50 students or larger ranged from 95.7% to 97.4%.  While 97.1% overall vaccination in the county is encouraging, that doesn’t mean that every school within the county has high enough immunization to confer herd immunity, especially in smaller schools with high rates of exemptions to vaccination.
Overall, only 2.5% of students in Allegheny County either have religious/moral or medical exemptions from vaccination meaning that if every student without an exemption were fully vaccinated, 97.5% of students in the county would be fully vaccinated (only 0.4% higher than the current rate).  The overall rate of vaccination exemptions in Allegheny County is low, but the issue that arises is where these exempt students are attending school.  Medical exemptions are unavoidable, as some students would be adversely affected by receiving vaccines.  There are not any school types with so many medical exemptions that they would not have been able to reach 95% vaccination.  But when students with religious/moral exemptions are considered, the maximum percentage of fully vaccinated students in Private Special Education schools would have been 92.7%, which does not meet the Healthy People 2020 goal.  Following the same principle, Montessori and Public Special Education students would have only been able to reach percentages of fully vaccinated students of 93.3% and 92.4%, respectively.  With religious/moral exemption rates this high in these school types, they will never be able to reach the Healthy People 2020 goal of 95% fully vaccinated student populations.
In terms of vaccine specific coverage, Allegheny County had better vaccine coverage for each required Kindergarten vaccine than the commonwealth of Pennsylvania overall.  Of all vaccines, MMR had the lowest coverage in both Allegheny County and in Pennsylvania. This is not surprising since vaccine coverage often follows geographical trends, it is fitting that the MMR has the lowest coverage at both the county and the state level.  Based on the critical vaccination fraction calculations, coverage to confer herd immunity for diseases in MMR (measles, mumps and rubella) is a minimum of 92%, 75% and 83% for each disease, respectively.  Based on these calculations, Allegheny County does not meet this threshold, nor does Pennsylvania.  With 91% MMR coverage in Allegheny County and 87% coverage in Pennsylvania, there are not enough vaccinated students to confer herd immunity.  More specific to Allegheny County, MMR coverage in public schools is 92%, meeting the lower end of the range to confer herd immunity.  Private schools however, have only 87% coverage, which falls short of the vaccination fraction required to promote herd immunity.
There are few limitations associated with this analysis.  One limitation however, is that these data do not account for students moving in and out of the county during the school year.  With the level of granularity present in the way the data is collected, it is not possible to follow student movement in and out of a school district or the county overall.  This issue was addressed by primarily using data from one reporting period (March 2013) falling towards the end of the school year where students who were moving had likely left and students who were coming in had likely arrived based on the point in the academic year.  Additionally, the data collected in this report are considered mandatory, but there is no consequence at the county level for not reporting.  The possibility exists there could be a fundamental difference between schools that report and those that do not, such as lack of resources, information or personnel to do so. This limitation is not considered adversely affect the results however because each school in Allegheny County is required to have a registered nurse, suggesting that there is indeed the personnel available in each school aware and able to submit this information to the county.
Overall, the findings in this report are encouraging for Allegheny County.  97.1% of all students within the county are up to date on their vaccines based on their grade level.  Though not all of the individual schools in the county meet the Healthy People 2020 goals, Allegheny County should not be considered a problem area.  This does not mean however, that there is not more that can be done.  As illustrated, MMR specific coverage in the county is not high enough to confer herd immunity.  School principals and nurses should be aware of the vaccination status of the children in their school so that in an event of an outbreak, swift action can be taken.  Vaccination data from each year should be routinely monitored to make sure that vaccination rates are, at the minimum, being maintained at their current level.  Where the data show schools have low vaccination rates or low vaccine specific coverage, targeted interventions may be warranted to increase the percentage of fully vaccinated students to a level sufficient to confer herd immunity.  Overall, health officials and school nurses throughout the county should be commended for their efforts in promoting a healthy, largely vaccinated student community. 
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West Virginia	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	0.27466174033369201	0	0.16458123949423101	0.27485923084492297	0.110155876072436	5.5193760455768001E-2	5.53396999813505E-2	0.16652964977149401	0	0	0	0	0.834913290775948	0.83137555935986795	0	1.0282637225852711	3.8831893497060102	1.9944113360184219	0.75403408234052205	0.16178576975512099	Pennsylvania	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	1.25759798784322	0.86896620811757097	1.579318101178482	1.300314185348256	0.80844889525050201	0.82356169231327503	1.1315373041392369	0.26831515159399499	0	0	0	0	2.8855048462493511	1.400834786102477	3.116009509775588	2.4236476006915049	4.3192731159000282	3.6103038070653648	7.8890827864052371	4.078660689954388	Ohio	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	1.434661695563892	1.624600957389841	2.454898576665816	1.2946295838643751	2.439986930156965	2.4701260311232351	2.9304240763642122	2.4061673758127839	0	0	0	0	5.4872250867569479	5.2954366726641036	6.7822273685713323	9.2723535714087468	15.677191894458719	6.5022928591144478	7.7295733041831181	11.9870626148148	Maryland	1994	1995	1996	1997	1998	1999	2000	2001	2002	2003	2004	2005	2006	2007	2008	2009	2010	2011	2012	2013	1.234307374389316	0.335303537472044	3.5602601415575079	1.5899706204453159	0.74935670608923399	1.1799389819296151	1.562784196071801	0.68841166868941905	0	0	0	0	1.13729920227346	0.88442228121515398	1.3016790780594081	1.029598693840627	1.0194925242686741	0.89037421572157704	2.8038012067560398	1.5180101787642519	Year

Incidence of Pertussis per 100,000
Population

90%-94.9%	85%-89.9%	80%-84.4%	75%-79.9%	70%-74.9%	48	18	5	4	1	% Provisionally Enrolled (OCT)	K	1	2	3	4	5	6	7	8	9	10	11	12	8.4199999999999997E-2	6.7999999999999996E-3	4.0000000000000001E-3	2.7000000000000001E-3	3.2000000000000002E-3	3.0999999999999999E-3	4.5999999999999999E-3	2.1700000000000001E-2	6.6E-3	4.4999999999999997E-3	4.1999999999999997E-3	3.5999999999999999E-3	2.8999999999999998E-3	% Provisionally Enrolled (MAR)	2.29E-2	3.5000000000000001E-3	2.5000000000000001E-3	1.4E-3	1.2999999999999999E-3	2.5000000000000001E-3	2.8E-3	5.7999999999999996E-3	4.4999999999999997E-3	2.8999999999999998E-3	3.0999999999999999E-3	2.5999999999999999E-3	1.5E-3	Grade

Percentage of Students with Provisional Enrollment Status

October 2012	Charter	Montessori	Private	Private - Religious	Private -    Special Education	Public	Public -     Special Education	2.5899999999999999E-2	0.17169999999999999	6.7400000000000002E-2	0.1109	0.18179999999999999	8.2000000000000003E-2	0	March 2013	Charter	Montessori	Private	Private - Religious	Private -    Special Education	Public	Public -     Special Education	0	3.0300000000000001E-2	1.5800000000000002E-2	2.1899999999999999E-2	0.1087	2.5000000000000001E-2	0	School Type

Percentage of Students Provisionally Enrolled


Percentage of students with Exemptions	
Charter	Montessori	Private	Private - Religious	Private - Special Education	Public	Public- Special Education	3.2193958664546898E-2	6.6176470588235295E-2	2.7152113545202101E-2	3.4154044096146002E-2	7.2614107883817405E-2	2.3170391266657799E-2	7.4999999999999997E-2	School Type

Percentage of Students with Vaccine Exemptions
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